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EMBL Hamburg 

Activities at EMBL Hamburg focus on state-of-the-art structural biology methods using synchrotron 
radiation, combining cutting-edge technology with an ambitious research programme for structures  
of multifunctional proteins and protein complexes of biomedical relevance. 
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EMBL Hamburg’s laboratories are on the German 

facilities available. In addition, a powerful X-ray free 
electron laser is under construction. EMBL operates 

ring. It comprises three state-of-the-art beamlines for 
macromolecular X-ray crystallography and small angle 
X-ray scattering of biological samples, complemented 
by facilities for sample preparation and characterisa-
tion, and data evaluation. EMBL Hamburg is also one 
of the main partners in the future Centre for Structural 

EMBL Hamburg has set up an ambitious research pro-
gramme for structures of multifunctional proteins and 
protein complexes of biomedical relevance. Present 
research interests of group leaders include cell surface 
receptors, protein assemblies in muscle cells, protein 
kinases, protein translocation into peroxisomes, and 
several projects relating to tuberculosis. Common to 
all projects is the goal to make optimum use of on-site 
high-brilliance synchrotron radiation and to explore 
novel opportunities of the X-ray Free Electron Laser. 
Beyond the tools in structural biology that are avail-

able on-site, EMBL Hamburg groups are engaged in 
many interdisciplinary collaborations with colleagues 
from other EMBL units, enabling access to a large 
variety of in vitro and in vivo functional techniques, 
including cellular imaging techniques.

EMBL Hamburg also has a well-established record for 
the development of novel, innovative technologies in 

automation of data interpretation have been devel-
oped here and are used in a large number of projects 

allows the automatic interpretation of small angle 
X-ray scattering data for structural shape determina-
tion. Finally, there are two groups that focus on the 
development and construction of new equipment for 
experimental stations in structural biology, using syn-
chrotron radiation. Present efforts focus on the instal-
lation of new robotics that allow automatic placement 
of biological samples into specialised synchrotron 
experiment facilities. 

Matthias Wilmanns  
Head of EMBL Hamburg

Structural Biology 

Structural Biology
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Figure 1: DAPK-CaM complex. Colour codes: DAPK, 
green; CaM, red. (de Diego et al., 2010).

Figure 2: AGT-(Pex5p)2-AGT complex. Colour codes: 
AGT, yellow, orange; Pex5p, cyan, magenta. (Fodor  
et al., 2012).

Structural Biology

The architecture of the protein interactome in sarcomeric muscle cells: Many pro-
teins found in muscle cells, when dysfunctional, are associated with cardiovascular 
diseases. We investigate how large protein filament systems forming the overall ar-
chitecture of ‘sarcomeric units’ in muscle cells – such as actin, myosin, nebulin, titin, 
myomesin and obscurin – are connected and interact with each other, frequently 
mediated via small scaffold proteins. We have determined the structure and function 
of some key complexes, including telethonin-mediated assembly of the N-terminus 

et al., 2006) and the overall architecture of the elastic filament protein 
myomesin (Pinotsis et al et al

signalling functions of the protein partners involved.

Activity regulation in protein kinases: The human kinome – the part of the genome 
that expresses protein kinases – comprises about 600 genes. About 70 protein kinases 

of activity regulation in these kinases, we first determined the structure of the ki-
nase domain from the giant filament protein titin, in the inhibited apo-conformation 
(Mayans et al., 1998). More recently, we have unravelled the structure of the apop-

binding leads to kinase activation by withdrawing the autoregulatory domain from 
in vitro 

and in vivo functional studies, to decipher underlying, general molecular mechanisms 
that regulate the activity of members of the CaM-dependent protein kinase family 
and, ultimately, to promote drug discovery against those kinases involved in cancer 
formation and progression.

The architecture of the translocon of peroxisomes: Peroxisomes are cell organelles 
that allow sequestered metabolic processes that would interfere with other processes 
in the cytosol. Proteins involved in these processes are generally translocated as active 
and folded targets. For the first time, we have unravelled the mechanism involved in the 

determining the structure of the cargo-binding domain of the receptor in the absence 
and presence of the cargo protein sterol carrier protein 2 (Stanley et al., 2006) and 

and international research networks, is to provide insight into the overall architecture 
of the peroxisomal translocon, using a broad range of structural biology and imaging 
methods, complemented by genetic and cell biology-oriented approaches.

Structural systems biology in M. tuberculosis: We have determined the X-ray struc-
tures of a number of protein targets, some of them of known function and others 

dyad acyltransferase, which allows activation of several important protein complexes 
by lipoylation (Ma et al

approaches (such as proteomics, metabolomics, lipidomics and transcriptomics) to 
investigate functional processes in living mycobacteria, with the aim of making data 
available to promote the development of new drugs, vaccines and diagnostic markers.

Selected references

Fodor, K., et al. (2012). Molecular requirements 

for peroxisomal targeting of alanine-glyoxylate 

aminotransferase as an essential determinant 

in primary hyperoxaluria type 1. PLoS Biol., 10, 

e1001309 

Pinotsis, N., et al. (2012). Superhelical architecture 

of the myosin filament-linking protein myomesin with 

unusual elastic properties. PLoS Biol., 10, e1001261

Due, A.V., et al. (2011). Bisubstrate specificity 

in histidine/tryptophan biosynthesis isomerase 

from Mycobacterium tuberculosis by active site 

metamorphosis. Proc. Natl. Acad. Sci. USA,  

108, 3554-9

de Diego, I., et al. (2010). Molecular basis of the 

death-associated protein kinase-calcium/calmodulin 

regulator complex. Sci. Signal, 3, ra6

Structure and function of protein complexes in biological systems

PhD 1990, University of Basel.

Postdoctoral research at the University of California,  

Los Angeles.

Group leader at EMBL Heidelberg, 1993-1997.  

Head of EMBL Hamburg since 1997.

Research Director of the Center for Structural Systems 

Biology (CSSB), since 2014.

Matthias Wilmanns 

The Wilmanns group investigates a  
variety of protein-ligand complexes 
within the context of biological systems, 
employing a broad range of molecular 
and structural biology techniques.



  |  113

E
M

B
L H

am
b

urg

Structural Biology

Design of the P14 experimental endstation with sample 
mounting system MARVIN.

Selected references

Siewert, F., et al. (2012). High angular resolution 

slope measuring deflectometry for the 

characterization of ultra-precise reflective x-ray 

optics. Meas. Sci. Technol. 23, 074015

Schultke, E., et al. (2011). Dual energy CT at the 

synchrotron: a piglet model for neurovascular 

research. Eur. J. Radiol., 79, 323-7 

Keyrilainen, J., et al. (2008). Toward high-contrast 

breast CT at low radiation dose. Radiology, 249, 

321-7 

Roessle, M.W., et al. (2007). Upgrade of the small-

angle X-ray scattering beamline X33 at the European 

Molecular Biology Laboratory, Hamburg. Journal of 

Applied Crystallography, 40, S190-4

Synchrotron instrumentation for structural biology beamlines at PETRA III

Previous and current research
EMBL has designed, built and operates three beamlines for structural biology at the 

facilities are dedicated to the leading techniques for X-ray-based structural research 
of biological samples: small angle X-ray scattering and macromolecular crystallogra-

-
ments, experimental endstations, vacuum system, cryogenic system, control system, 
data acquisition system, technical infrastructure and parts of the civil engineering. 

Recent major projects: All three beamlines reached regular user operation. In prepa-
ration for this, it was necessary to install and commission adaptive focusing optics 
at all beamlines, develop a multi-degree-of-freedom heavy-duty detector stage for 
the large-area pixel detectors at the MX beamlines (P13 instrument installed) and to 
develop and install white beam X-ray monitor systems for all beamlines. A cryogenic 
supply system for the beamline endstations has been installed and is in operation and 
a two-floor control hutch area with computing infrastructure was set-up in order to 
allow beamline control and users to perform experiments in a comfortable manner. 

Multilayer optics: An ongoing in-house development is the construction of a dou-
ble multilayer monochromator that is intended to boost the flux density at the P12 
SAXS beamline – this enables time-resolved solution scattering experiments in the 
microsecond range. This instrument has been further developed from a prototype 

also working on the development of downstream experimental instrumentation with 
the level of synchronisation necessary for dynamic measurements. 

Automation: For all beamline facilities, it is important to develop capabilities such as 
automatic operation and remote access. In this context, a robotic sample mounting 

is characterised by high sample storage capacity, high sample mounting speed and flex-

which allows for a heterogeneous control environment and provides distributed access. 

Future projects and goals

PhD 1997, Johann-Wolfgang-Goethe-Universität, Frankfurt.

Postdoctoral fellow then staff scientist  

at ESRF, Grenoble.

At EMBL Hamburg since 2004.  

Team leader since 2006.

Stefan Fiedler

The Fiedler team focuses on the selection, 
customisation and integration of mechanics, 
control electronics and control software for 
X-ray based structural biology research.

 
 the monochromatising optics. 

 
 

 
 

 

 resolution limit for microcrystallographic investigations.  
 

 electron laser with state-of-the-art synchrotron beamlines. 
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A known inhibitor in green, aligned with two hits 
from the ViCi software, in the binding pocket of beta 
lactamase. Important interactions maintained are 
highlighted with red circles and those created for 
exploration with full red spots.

A selection of model-viewing options in ArpNavigator. 
Shown clockwise from the top left are a stick 
representation in solid electron density, a ball-and-stick 
representation in planar density, a skeleton representation 
of the electron density shown as a mesh and the protein in 
cartoon representation in planar density.

Structural Biology

required. We apply and develop cutting-edge computational methods and experimen-
tal approaches for sample quality control, experimentation and data interpretation in 
macromolecular crystallography and with the use of X-ray free-electron lasers that 
may also have potential use in electron microscopy. 

Previous and current research
Methods for biological structure determination: We develop a comprehensive range 

new procedures for dealing with challenging problems (Hattne & Lamzin, 2011). We 
exploit inherent properties of macromolecular structures (Wiegels & Lamzin, 2012) and 
integrate additional information derived from a priori knowledge and dedicated data-

et al., 2008) for macromolecular crystallography, which is based on the use of pattern-
recognition methods. An intuitive and user-friendly molecular viewer – the ArpNavigator 
(Langer et al., 2013) - enables user control of the model building process and provides easy 
access to a range of methods for quality assessment and model completion.

Structure-based drug design: We make use of various novel algorithms and, through 
their combination (Langer et al.

), 
allows for the in silico screening of known ligands to provide new leads for drug design. 

-
genic species associated with human morbidity and mortality, and is focused on the 
probing of bacterial antibiotic resistance.

Biological imaging with Free-Electron Lasers (FEL): Breathtaking results from ini-
tial diffractive imaging experiments using coherent FEL radiation (Siebert et al., 2011) 
show the potential for imaging cellular organelles and understanding dynamics of 
complex formation. In order to exploit the numerous novel and unique opportunities 
for structural biology that will be provided by the European X-ray FEL source near 

www.xfel.eu), we are developing protocols for handling of biological samples 
for FEL experiments as well as novel computational methods for the interpretation of 
measured data (Mancusi et al.
S. cerevisiae cells using ptychographic coherent X-ray diffractive imaging.  

Other targets of biomedical interest: We integrate X-ray crystallography, lower 
resolution imaging, biochemistry, computational biology and biophysical methods 
in order to investigate targets of biomedical interest. These include the nuclear pore 

delivery to solubilise hydrophobic pharmaceuticals. We also investigate the pathway 
of amyloid fibril formation via class I hydrophobins and fragments of human gelsolin. 

Future projects and goals

in Hamburg, future applications of such developments to FEL-based diffraction, and 
by the potential use of such developments in projects of medical or biotechnological 

pilot projects aiming at interpretation of structural data obtained from various sources.

Selected references

Langer, G.G., et al. (2013) Visual automated 

macromolecular model building. Acta Crystallogr. D 

Biol. Crystallogr., 69, 635–41

Langer, G.G., et al. (2012) Fragmentation-tree 

density representation for crystallographic modelling 

of bound ligands. J. Mol. Biol., 419, 211-22

Mancuso, A.P., et al. (2012) Internal structure of an 

intact Convallaria majalis pollen grain observed with 

X-ray Fresnel coherent diffractive imaging.  

Opt. Express, 20, 26778-85

Langer, G.G., et al. (2008). Automated 

macromolecular model building for X-ray 

crystallography using ARP/wARP version 7. Nat. 

Protoc., 3, 1171-9

Integrative modelling for structural biology

PhD 1987, Moscow State University.

Scientist, Inst. Biochemistry, Russian Academy of 

Sciences, Moscow, until 1991.

Postdoctoral researcher at EMBL Hamburg until 1995. 

Staff scientist until 1997.  

Group leader and Deputy Head of outstation  

since 1997.

Victor S. Lamzin 

The Lamzin group applies and develops 
cutting-edge computational methods and 
experimental approaches for structural 
studies of molecules of biological and 
medical interest. 
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Structural Biology

Above: Structure of the ligand bound oligopeptide 
transporter (POT) in the inward open conformation.

Below: Structural differences between the inward open 
and occluded state structures of the sugar transporter 
XylE. In C, the structures were overlayed and the 
transmembrane helices (TM) are labelled and arrows 
designate changes in the position of the helices upon 
opening of the transporter towards the cytoplasm.

Selected references

Löw, C., et al. (2013) Nanobody mediated 

crystallization of an archeal mechanosensitive 

channel. PLoS One, 21, e77984 

Quistgaard, E.M., et al. (2013) Metal-mediated 

crystallization of the xylose transporter XylE from 

Escherichia coli in three different crystal forms.  

J. Struct. Biol., 184, 375-8 

Guettou, F., et al. (2013) Structural insights 

into substrate recognition in proton-dependent 

oligopeptide transporters. EMBO Rep.,14, 804-10

Quistgaard, E.M., et al. (2013) Structural basis for 

substrate transport in the GLUT-homology family 

of monosaccharide transporters. Nat. Struct. Mol. 

Biol., 20, 766-8

Structural and dynamic insights into nutrient uptake systems

Previous and current research
Cell membranes compartmentalise metabolic processes and present a selective bar-
rier for permeation. Therefore, nutrient transport through the plasma membrane is 
essential to maintain homeostasis within the cell. Many proton-coupled secondary 
active transporters of the major facilitator superfamily (MFS) are involved in the 
accumulation of nutrients above extracellular levels in the cell. Structural and func-
tional analyses of MFS transporters suggest an alternating-access mechanism for the 
transport of substrates across the membrane. Here the transporter adopts different 
conformational states, allowing the substrate binding site to face either side of the 
membrane. A full transport cycle involves at least three different conformational 
states (inward open, occluded and outward open), with each of them in a ligand-
bound and ligand-free state.

family) are responsible for the uptake of a range of different di- and tripeptides, de-
rived from the digestion of dietary proteins, and are highly conserved in all kingdoms 
of life. The best studied members of this family include the two human peptide trans-

also accept a number of drugs and amino acid-conjugated pro-drugs as substrates. A 
detailed understanding of the structural basis for substrate recognition can therefore 

-

-
-

brane helices each. There are currently no crystal structures available for any of the 

reported (including one from our lab).

Future projects and goals

Integral membrane proteins are a challenging class of proteins in terms 

have developed and established new tools and a workflow for protein 
production and quality control of membrane proteins including functional 
assays (in whole cells or in reconstituted systems) with the major focus 
on nutrient uptake systems. We will make use of the newest synchrotron 

for macromolecular crystallography. These beamlines are integrated into 
advanced facilities for biological sample preparation, characterisation and 
crystallisation as well as for X-ray data processing and evaluation. 

PhD 2008, Department of Physics at the University  

of Halle-Wittenberg.

Postdoctoral researcher at Karolinska Institutet.

At EMBL Hamburg since 2014. 

Christian Löw

Using biophysical and biochemical  
methods, the Löw group aim to enhance 
understanding of the structural basis for 
substrate recognition in peptide transporters.

 using X-ray crystallography. 
 

 peptides, drugs, and inhibitors. 
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Structural Biology

Previous and current research
Intercellular interactions occur through supramolecular clusters that form asymmetric 
kinapses when a cell is scanning the environment, and symmetric synapses when cell-cell 
recognition is established. This ancient recognition process has been observed in as diverse 
systems as predatory amoeba, lymphocytes scanning for antigens, and nerve cells seek-
ing connections to form a brain map. At the centre of these interactions are very specific 
molecular recognition events that trigger a reorganisation of the cluster on the cell surface, 
amplifying the recognition event, resulting in the activation of a signalling cascade within 
the cell that leads to physiological changes. 

Immune receptors: 
of a supramolecular complex that scans for pathogenic peptides loaded on MHC molecules 
at the surface of host cells. We have studied the molecular basis for the dominant response 
of the adaptive immune system to certain influenza peptides, which provides insights that 
should help in the design of a peptide vaccine against influenza (Meijers et al.

et al.

class II molecule I-Ak shows that the viral envelope protein gp120 and the MHC molecule 

Neuronal receptors: The nervous system consists of neuronal circuits, and it is thought 
that the individual neurons find their targets and establish synaptic connections within the 
circuit following a specific developmental program. Some of the molecules that guide the 
neurons to their targets are cell surface receptors that provide a unique identity tag to each 

Drosophila was identi-
fied as an axon guidance receptor that has the potential to provide a large number of unique 

can provide 19 008 unique cell surface receptor identity tags through splicing. We have 
studied the structural basis for the remarkable specificity of the receptor, which seems to 
interact only with receptors that consist of identical isoforms (Meijers et al., 2007). The 

hydrogen bonding network that is unique for each isoform. 

Future projects and goals

also deregulate the order established in the supramolecular cluster to jam the recognition 
machinery of the host. The same (de)regulation mechanism is used by the immune system 
itself, which employs internal regulators that act on the synapse (such as hormones and cy-
tokines) to tune the response of the immune system. We are using molecular fragments of 
pathogenic and self-regulating factors to gauge the interactions with and within the supra-
molecular complex. A detailed understanding of these interactions will allow us to tinker 
with cell surface receptors in order to manipulate the behaviour of certain individual cells.

Selected references

Meijers, R., et al. (2007). Structural basis of Dscam 

isoform specificity. Nature, 449, 487-91 

Meijers, R., et al. (2005). Crystal structures of 

murine MHC Class I H-2 D(b) and K(b) molecules 

in complex with CTL epitopes from influenza A 

virus: implications for TCR repertoire selection and 

immunodominance. J. Mol. Biol., 345, 1099-110 

Wang, J. H., et al. (2001). Crystal structure of the 

human CD4 N-terminal two-domain fragment 

complexed to a class II MHC molecule. Proc. Natl. 

Acad. Sci. USA, 98, 10799-804

Structural biology of cell surface receptors

PhD 2001, EMBL Hamburg/ University  

of Amsterdam.

Postdoctoral research at the Dana Farber  

Cancer Institute, Boston.

Staff scientist at the Synchrotron Soleil, Saint  

Aubin, France, 2006-2009.

Group leader at EMBL Hamburg since 2009.

Rob Meijers

The Meijers group studies how  
clusters of molecules on a cell’s surface 
rearrange themselves when they 
 encounter another cell.

The identification tag of the Dscam receptor is encoded in a palindromic hydrogen bonding network. Two receptors that contain the same code bind 
together, but a slight difference in amino acid sequence prevents binding. The Drosophila Dscam gene is spliced to generate 19 008 different receptors 
that provide each neuron in the brain with a unique identity tag. This helps the neurons to orient themselves, and to decide where to form a connection 
with another neuron.
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Structural Biology

Selected references

Gati, C., et al. (2014). Serial crystallography on in 

vivo grown microcrystals using synchrotron radiation. 

IUCrJ, 1, online edition 

Schneider, T. R. (2008). Synchrotron radiation: 

micrometer-sized X-ray beams as fine tools for 

macromolecular crystallography. HFSP J., 2, 302-6 

Mosca, R. & Schneider, T. R. (2008). RAPIDO: a web 

server for the alignment of protein structures in the 

presence of conformational changes. Nucleic Acids 

Res., 36, W42-6 

Penengo, L., et al. (2006). Crystal structure of the 

ubiquitin binding domains of rabex-5 reveals two 

modes of interaction with ubiquitin. Cell, 124, 1183-95 

Tools for structure determination and analysis 

Previous and current research

in close collaboration with the Cipriani (page 104) and Fiedler (page 113) teams. 
Since 2012, the beamlines for small angle X-ray scattering on solutions (SAXS) and 
X-ray crystallography on crystals of biological macromolecules (MX) are open for 
users. The beamlines are embedded in an Integrated Facility for Structural Biology 
that supports non-specialists in taking a project from producing a suitable sample to 

Partly due to the enormous progress in synchrotron radiation-based structural biol-
ogy, structural data on biological macromolecules are produced at an ever-increasing 
rate, creating the need to develop tools for efficient mining of structural data. We are 
developing tools for which the central concept is to use coordinate errors throughout 
all calculations. The necessity of this approach becomes clear when one considers that 
in contrast to sequence data, where a nucleotide entry can only be right or wrong, 
the precision in the location of an atom in a crystal structure can vary over several 
orders of magnitude. While the position of an atom in a rigid region of a protein giv-
ing diffraction data to high resolution may be known to within 0.01 Å, for an atom in 
a flexible region of a poorly diffracting protein the coordinate error may reach more 
than 1.0 Å.

From a technical point of view, extracting information from large amounts of raw 
structural data (as many as hundreds of structures containing thousands of atoms 
each) is a very complex task and requires sophisticated algorithms, both for the analy-

Future projects and goals
We will continue the commissioning work on the new beamlines and strengthen the 
user programme to full capacity. The two beamlines for macromolecular crystallogra-
phy will offer excellent conditions for data collection on small (micron-sized) crystals, 
crystallographic phasing, and the development of new experimental protocols for 
challenging systems.

models underlying our methods and on expanding our compu-
tational framework using genetic- and graph-based algorithms. 
We also plan to use recurrent structural fragments extracted 
from ensembles of structures as search models in molecular re-
placement and for the interpretation of low-resolution electron 
density maps. In fact, this aspect of our computational work will 
be very helpful in the interpretation of experimentally phased 

For further information, see:  
.

PhD 1996, Technical University of Munich/EMBL.

Postdoctoral research at the MPI for Molecular  

Physiology, Dortmund, and the University  

of Göttingen.

Group leader at the FIRC Institute of Molecular  

Oncology, Milan.

Group leader at EMBL since 2007.   

Coordinator MX@PETRA3

Thomas R. Schneider

The Schneider group is operating two beam-
lines for macromolecular crystallography 
at the PETRA III synchrotron and develops 
new methods for structure determination. 

Rigid regions (centre; blue and green) identified from ensembles of structures can be used for superposition and subsequent analysis (left) or as 
fragments to interpret experimental data from methods with lower resolution than X-ray crystallography (right).
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Structural Biology

Previous and current research
Small-angle X-ray scattering (SAXS) reveals low-resolution (1-2 nm) structures of 
biological macromolecules and functional complexes in solution. Recent experimen-
tal and methodical developments have significantly enhanced the resolution and reli-
ability of the SAXS-based structural models, and the last decade saw a renaissance of 
biological SAXS worldwide. 

structural models from the scattering data. Special attention is given to the joint use 
of SAXS with other methods including crystallography, NMR, electron microscopy 

-
tomated experiments, and possesses a data analysis pipeline for building structural 
models online,. The beamline offers FedEx-style and remote data access options, as 
well as an in-line purification and biophysical characterisation setup using size exclu-
sion chromatography (Malvern). 

In collaborative projects, group members help users not only with data collection, but 
also with structural modelling. SAXS is employed to study overall structural organi-
sation of macromolecules, conformational transitions such as upon ligand binding 
(figure 1), and also to quantitatively characterise oligomeric mixtures (figure 2), in-
trinsically unfolded proteins, hierarchical systems and other objects of high biological 
and medical importance.

Future projects and goals

Selected references

Mertens, H.D., Piljic, A., Schultz, C. & Svergun, D.I. 

(2012). Conformational Analysis of a Genetically 

Encoded FRET Biosensor by SAXS. Biophys. J., 

102, 2866-75

Petoukhov, M.V. et al. (2012). New developments 

in the ATSAS program package for small-angle 

scattering data analysis. J. Appl. Crystallogr., 45, 

342-350

Elegheert, J. et al. (2012). Allosteric competitive 

inactivation of hematopoietic CSF-1 signaling by the 

viral decoy receptor BARF1, Nat. Struct. Mol. Biol. 

19, 938-947.

Small-angle X-ray scattering from macromolecular solutions

PhD 1982, Dr. of Science 1997,  

Institute of Crystallography, Moscow.

At EMBL since 1991.  

Group leader since 2003. 

Senior scientist since 2011. 

Dmitri Svergun
The Svergun group places special emphasis 
on hybrid approaches combining SAXS 
with X-ray crystallography, NMR  
spectroscopy and computational methods 
to elucidate macromolecular structure and 
conformational transitions in solution.

 structure from X-ray and neutron scattering.  

 copy and bioinformatics to construct and validate structural models.  
 
 

 scattering approaches.

Figure 1:  A spectacular quaternary structure transition of a 
protein complex upon tRNA binding (Koehler et al., 2013)

Figure 2: Model of estrogen-related receptor 
ERR  in complex with IR3 inverted repeat 
DNA obtained from polydisperse SAXS data 
(Petoukhov et al., 2013).
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Dynamic partnerships and exchanges with other international academic research and clinical  
centres, and participation in multiple EU-wide mouse research and informatics initiatives,  
are integral parts of our discovery process into genetics and genomics, cell biology and pathology.

EMBL Monterotondo

The continued refinement and diversification of method-
ologies for introducing genetic and epigenetic perturba-
tions of cellular and physiological function is allowing the 
outstation to generate ever more accurate mouse models of 
human disease and multigenic disorders. The use of engi-
neered nucleases in particular is allowing the ‘democratisa-
tion’ of experimental perturbation to virtually any mouse 
strain, allowing much more sophisticated approaches to 
be applied to understanding the complex interactions 
occurring between genes and across the genome- inter-
actions which will likely have both epigenetic and envi-
ronmental components.

Research groups at EMBL Monterotondo are using these 
powerful tools to investigate wide-ranging aspects of 
mammalian biology, including gene expression during 
early embryogenesis, haemopoietic development and 
differentiation, cancer and regeneration, behaviour and 
sensory perception.

A state-of-art animal facility provides a full range of mouse 
transgenic and gene knock-out production, embryo red-
erivation and cryopreservation services, together with a 

include histology, confocal microscopy and flow cytom-
etry.The many interactions with groups on other EMBL 
campuses including through the Interdisciplinary Post-

-

international collaborations include those with groups at 

Lausanne, the Gordon Institute in Cambridge, the Institut 

 
Philip Avner 

Head of EMBL Monterotondo
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Mouse female trophoectoderm stem cells: The XIST non-coding RNA (green) 
shows partial overlap with the repressive H3K27Me3 histone mark on the inactive X 
chromosome (Morey et al.).

Previous and current research
The genetic material of the cell is not all equally available for transcription and this 
availability, which varies with cell type and developmental stage, is mediated largely 
by epigenetic modifications to the genome playing out mainly at the level of the chro-
matin. The double focus of our research has been on mouse genetics and epigenet-
ics, with a particular emphasis on the interface between genetics and epigenetics, as 
revealed using X-inactivation as an experimental paradigm. X-inactivation, which 
occurs early during development in female mammalian embryos, ensures the dosage 
compensation between females carrying two copies of the X chromosome and males 
with a single copy of the X. Parts of the process in the mouse can be modelled ex vivo 
using female ES cells. We have been at the forefront of research into the characterisa-
tion and functional analysis of the different components of the X-inactivation centre, 

research involves, for instance, the study of the Xce locus (X-controlling element), a 
genetic locus existing in different forms, which appears to influence which of the two 
X chromosomes will be chosen to undergo X-inactivation, and studies on the basis of 
the differences in the stability of the X-inactivation process occurring in the different 
extra-embryonic lineages of the mouse. 

By carrying out this research we are not only discovering the multiplicity and plastic-
ity of mechanisms that feed into this process of epigenetic control but also providing 

involves a combination of genetics, genomics, biochemistry and cell biology and both 
ex vivo and in vivo experimental approaches. 

Future projects and goals
-

tions in the X-inactivation process that occur in different cell lineages and the sensi-
tivity of the process to trans-acting genetic factors. We will use our knowledge of the 
X-chromosome to explore more widely the contribution of epigenetic regulation to 
allele-specific epistasis, the process where the effects of one gene are modified in an 
allele-specific manner by one or several other genes.
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Dynamics of epigenetic regulation 
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Figure 1. Expression 
of the hM4D/CNO 
pharmacogenetic inhibition 
tool in cell bodies and 
projections of the VMH in 
Nr5a1::hM4D-2A-tomatoF 
transgenic mice as revealed 
by farnesylated tomato (red) 
reporter protein (B. Silva).
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Developmental programming of behaviour

Previous and current research
The laboratory is interested in understanding at a molecular and neural circuit level 
how early life events influence brain development in order to establish behavioural 
traits in adulthood, with a particular focus on fear and anxiety. We are currently 
pursuing two areas of research: 

Neural circuits encoding fear and anxiety: Fear is a mental state that is elicited 
by exposure to threats or cues that signal those threats. Fear is part of an organ-
ism’s natural defense mechanism and the accompanying behavioural and physiologi-
cal responses are essential for it to cope with potential bodily harm. However, in its 
pathological form, fear can become excessive or inappropriate – features associated 
with anxiety disorders. It is accepted that the amygdala plays a central role in pro-
cessing fear. However, it is less widely appreciated that distinct amygdala outputs 
and downstream circuits are recruited in response to different types of fear (Gross & 
Canteras, 2012). We have recently shown that fear responses to painful stimuli, preda-
tors, and aggressive members of the same species, depend on distinct neural circuits 
that involve the amygdala, medial hypothalamus, and periaqueductal gray (Silva et 
al., 2013). These data demonstrate that independent fear circuits exist to respond 
to different classes of threat and imply that pathological fear may come in different 
flavours and be amenable to selective therapeutic treatment. Current work in the 
lab combines molecular genetic, electrophysiological, and genetically encoded neural 
manipulation tools (figure 1) with behavioural methods in mice to understand how 
amygdala, hypothalamic, and brainstem circuits support and adapt fear responses to 
diverse threats.

Developmental programming of brain wiring by microglia: Microglia are non-neu-
ronal cells of the hematopoetic lineage that infiltrate the brain during development 
and are thought to play a role in brain surveillance. Recent studies from our group 
and others have shown that microglia are particularly abundant during the period of 
postnatal brain development when synapses are formed (figure 2) and that they play a 
key role in the elimination of synapses during this period, a phenomenon called ‘syn-
aptic pruning’ (Paolicelli et al., 2011). Mice with deficient synaptic pruning show weak 
functional brain connectivity, poor social behaviour, and increased repetitive behaviour 
– all hallmarks of autism – suggesting that some features of this neurodevelopmental 

et al., 2014). 
We are currently using a variety of tools to identify the ‘eat me’ and ‘spare me’ signals 
that regulate pruning and understand the mechanisms by which synapse elimination 
remodels neural circuits during development. 

Future projects and goals

mechanisms that support individual differences in behavioural traits in health and 
disease. A better understanding of the molecular signals that influence the formation 
and remodelling of these circuits will allow us to form specific hypotheses about how 
human behaviour is determined and lead to improved diagnostic and therapeutic 
tools for mental illness. 

PhD 1995, Yale University.

Postdoctoral research at Columbia University.

Group leader at EMBL Monterotondo since 2003. 

Deputy Head of outstation and senior scientist  

since 2009.

Cornelius Gross

The Gross group uses pharmacological, 
histochemical, electrophysiological and 
behavioural genetic approaches to study 
the neural circuits underlying behaviour 
in mice.

GFP

Figure 2: Microglia (green cells) visualised in the 
hippocampus of Cx3cr1     transgenic mice (cell nuclei 
labelled in blue, R. Paolicelli).
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Previous and current research
Somatosensation is the process by which we sense touch and pain. It is dependent 
upon specialised sensory neurons which extend from the skin to the spinal cord and 
are tuned to detect mechanical, thermal and chemical stimuli. Surprisingly, the mech-
anisms that transduce these forces into electrical signals at the peripheral endings of 

characterising these transduction components and exploring how they are altered 
during chronic pain states.

We use a combination of molecular, imaging and electrophysiological techniques to 
examine functional properties of sensory neurons at their peripheral and central ter-
minals. At the molecular level, we are interested in mechanisms of touch sensitivity 
of sensory neurons. Normal mechanical sensitivity is dependent upon a complex of 
proteins that are localised at the peripheral endings of sensory neurons. Evidence sup-
ports a central role for the cytoskeleton in regulating the composition and function of 

we are characterising the contribution of the cytoskeleton, in particular microtubules 
to mechanotransduction. 

Another focus of the group is to understand the biophysical properties of ion chan-
nels involved in sensory transduction. Much of our work has concentrated on the 

-
tecting noxious chemicals. We demonstrated that intracellular calcium ions directly 

calcium is essential for normal activation of the channel by noxious chemicals. We 

techniques we have mapped the regions in Drosophila

Future projects and goals

The major focus of the laboratory is to correlate cellular studies on somatosensa-
-

ing genetic approaches that, combined with electrophysiological and molecular 
imaging techniques, will enable us to characterise sensory neurons in situ. A better 
understanding of sensory neuron function may ultimately lead to improved thera-
pies for the treatment of chronic pain.
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Molecular physiology of somatosensation
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The Heppenstall group combines molecu-
lar, imaging and electrophysiological tech-
niques to examine how sensory neurons 
turn information about touch and pain 
into electrical signals. 

 Identification of novel genes involved in touch and pain. 

 mine their mechanism of action.  

 defined subpopulations of sensory neurons. 
 

 sensory neurons at their terminals.
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(A) One cell in anaphase divides with the sets of 
chromosomes perpendicular to the apical surface, while 
keeping ZO1 localised to the luminal membrane.  
(B) Confocal microscopy (5mm projection through 
the middle) shows epithelial cell polarity. E-Cadherin, 
(adherens junctions, lateral); ZO1, (tight junctions, apical); 
Integrin a6 (basolateral).  
(C) Doxycycline exposure causes loss of epithelial 
polarity and filling of the lumen; Removal of doxycycline 
results in survival of a re-polarised cell layer, that 
acquires the ability to exclude Hoechst 33342. Left 
panels: Confocal microscopy (5mm projection through 
the middle) shows  Dapi, GM130 (apical), ZO1 (tight 
junction), Integrina6 (basal) at indicated times. Middle 
panels: Bright-field pictures show: (top) small, hollow 
acini; (middle) filled, irregular shaped spheres (bottom) 
hollow, irregular shaped spheres that show debris of 
internal cells. Right panels: Exclusion of Hoechst 33342 
(1 hour incubation) at indicated times.
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Mechanisms of oncogene dependence and tumour relapse

Previous and current research
Extensive evidence now supports the concept of oncogene addiction (the dependence 
of tumour cells on their initiating lesion for survival). In patients and mouse models 
interference with the activity of cancer-initiating oncogenes can result in tumour 
regression. However, novel therapies that target the products of mutant alleles in 
human cancers are only partly successful, since maintenance of remission requires 

Hence, a better understanding of drug resistance and tumour recurrence is needed 
for the design of more successful anti-cancer strategies.

studying the mechanisms of oncogene dependence, the response and resistance to 
targeted drugs and tumour recurrence. In a complementary approach, we have de-

detailed responses to the induction and de-induction of oncogenes (mimicking treat-

similar to those observed in the mammary glands of the transgenic mice from which 
the cultures were derived. In addition, this new approach identified and isolated cells 
that had survived oncogene withdrawal, exhibited characteristics of mammary gland 
progenitors and could efficiently re-populate the mammary fat pads of immundefi-

-
cogene withdrawal will allow us to characterise these residual ‘dormant’ tumour cells 
in detail.

Future projects and goals

PhD 2002, Institute of Molecular Pathology (IMP) Vienna.

Postdoctoral research at Memorial Sloan-Kettering Cancer 
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 ‘dormant’ cells.
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Figure 1: Time-lapse microscopy analysis of 
haemangioblast differentiation. The formation of a blast 
colony from the haemangioblast can be retrospectively 
divided in two consecutive phases: a generation of a 
structure of tightly associated endothelial cells and the 
production of round non adherent cells expressing the 
haematopoietic marker CD41.

Previous and current research
The continuous generation of blood cells throughout life relies on the existence of 
haematopoietic stem cells (HSC) generated during embryogenesis. They have the 
ability to self-renew and to generate all types of blood cells. Any pathology affecting 
these cells could lead to the development of serious diseases such as leukaemia and 
anaemia. That is why understanding how HSC and haematopoietic progenitors are 
produced during embryonic life is so important.

The origin of blood cells has been the subject of an intense scientific debate during the 
last decade. It has been proposed that during embryonic development, haematopoi-
etic cells arise from a mesodermal progenitor with smooth muscle, endothelial, and 
haematopoietic potential called the haemangioblast. However, a conflicting theory 
instead associates the first haematopoietic cells with a phenotypically differentiated 
endothelial cell with haematopoietic potential (i.e. a haemogenic endothelium).

-
sis based on the differentiation potential of the mouse embryonic stem cells (ESC) in 
vitro. These cells are derived from the inner cell mass of the blastocyst – an early-stage 

coupled with time-lapse microscopy, clonogenic assays and flow cytometry analysis, 
we have demonstrated that the haemangioblast generates haematopoietic progenitors 
through the formation of a haemogenic endothelium stage, providing the first direct 

priori conflicting theories on the origin of haematopoietic development into a single 
linear developmental process. This finding allowed us to identify the haemogenic 
endothelium as the immediate precursor of blood cells (figures 1 and 2).

Future projects and goals
Recently, the generation of the ESC-like induced pluripotent stem cells (iPSC) from 
fully differentiated cell types, such as skin fibroblast, provided a major breakthrough 
in the field of regenerative medicine. Indeed iPSC offer a great opportunity to imple-
ment replacement therapy by bypassing the use of human embryos to generate ESC, 
therefore decreasing ethical concerns. However, important work has to be done to 
differentiate efficiently iPSC or ESC toward specific cell types including blood cell 
progenitors such as HSC.

Consequently, in order to better understand the development of the haematopoietic 
system, the focus of our research is to unravel the mechanisms underlying the gen-
eration of haemogenic endothelium from its precursor, the haemangioblast, and its 
subsequent commitment to haematopoiesis. Combining genomics, time-lapse mi-
croscopy, and loss and gain of function experiments in vitro and in vivo, we plan to 
identify and study the genes responsible for the generation of the first blood progeni-

mechanisms of cell fate decisions leading to the production of the first haematopoietic 
cells and enable the development of new strategies to improve methods of blood cell 
generation from ESC or iPSC for regenerative medicine.
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The haemogenic endothelium: a key stage in the generation of the first blood cells
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The Lancrin group studies the haemat-
opoietic system and looks to develop strat-
egies to improve methods for generating 
blood cells from stem cells. 

Figure 2: New model of blood cell origin: The haemangioblast and 
the haemogenic endothelium are part of the same developmental 
pathway to generate blood cell progenitors during embryonic life



  |  127

E
M

B
L M

onterotond
o

Mouse Biology

Selected references

De Fazio, S., et al. (2011). The endonuclease activity 

of Mili fuels piRNA amplification that silences LINE1 

elements. Nature, 480, 259–63

Rasmussen, K.D. & O’Carroll, D. (2011). The miR-

144/451eGFP allele, a novel tool for resolving the 

erythroid potential of hematopoietic precursors. 

Blood, 118, 2988-92

Yang, J.S., et al. (2010). Conserved vertebrate 

mir-451 provides a platform for Dicer-independent, 

Ago2-mediated microRNA biogenesis. Proc. Natl. 

Acad. Sci. USA, 107, 15163-8

Rasmussen, K.D., et al. (2010). The miR-144/451 

locus is required for erythroid homeostasis.  

J. Exp. Med., 207, 1351-8

Non-coding RNA function and RNA modification in germ/stem cell biology

Previous and current research
The goal of my laboratory is to explore the contribution of non-coding RNA as well 
as RNA modification pathways to tissue development and homeostasis. We have 
garnered much experimental expertise in both haematopoiesis and the germline. 
Within the laboratory, an emphasis (non-exclusive) is now placed on studying the 
immortal lineage. The integrity of the genome transmitted to the next generation 
intrinsically relies on cells of the germline. Processes that ensure germ cell devel-
opment, genomic stability, and reproductive lifespan are essential for the long-term 
success of a species. We tackle fundamental questions regarding the mammalian male 
germline and heredity from an RNA perspective. Specifically, our research explores 
the contribution of non-coding RNA (miRNA, piRNA and lncRNA) as well as RNA 
modification pathways within germ cell development as well as testicular homeostasis  
and regeneration. 

The precise identity of the spermatogonial stem cell (SSC) in vivo that supports 
spermatogenesis throughout life remains unknown. Capitalising on the fact that 
SSC maintenance is dependent upon several RNA-binding proteins, we hope 
that investigation into these pathways may reveal the identity of this stem cell  
in vivo. The maturation of RNA sequencing techniques, in combination with refined 
genetic approaches, now renders the identification and functional evaluation of non-
coding RNAs and RNA modifications in vivo within the realm of experimental feasi-

on the underlying circuitry of self-renewal that underpins the SSC, as well as the 

The acquisition of both pluripotency and totipotency is associated with the deregu-
lation of transposable elements – our goal is understand the mechanisms by which 
the germ cells manage this formidable threat to gametes, and thus transgenerational 
genome stability. Specifically, transposon silencing in the germline by the Piwi-in-
teracting RNA (piRNA) pathway as well as epigenetic mechanisms will be extended 
upon from our previous findings.

Future projects and goals
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Primary mammary cells from TetO-Mad2/TetO-Myc/
MMTV-rtTA mice grown in 3D culture. Left panel 
shows never induced cells that are beginning to form 
a polarized acinus. Right panel: loss of epithelial cell 
polarity in an acinus grown from tritransgenic cells and 
exposed to doxycycline for 36h. White arrows show 
abundant mitotic cells and lagging chromosomes after 
Mad2 overexpression.

 A) The mitotic checkpoint complex (Mad2, Cdc20, BubR1 and Bub3) is shown to inhibit 
the anaphase promoting complex/cyclosome (APC/C) until the last kinetochore is correctly 
attached to microtubules. B) Evidence of lagging chromosomes and aneuploidy measured 
by FISH analysis on cells overexpressing Mad2. C)  MR images of Kras transgenic mice (TI-K) 
and Kras+Mad2 (TI-KM) mice on doxycycline at indicated times showing lung tumours (yellow 
circles) (left panel), after 2-6 weeks of doxycycline withdrawal showing complete regression 
(middle panel) and after 14-16 weeks off doxycycline (right panel) showing recurrent tumours in 
mice that overexpress Mad2. Recurrent tumours from these mice are highly aneuploid.

Mouse Biology

Previous and current research
Chromosomal instability (CIN), the inability to correctly segregate sister chromatids 

protein Mad2, commonly found in human tumours, leads to CIN and the develop-
ment of aneuploid tumours in mouse models. Moreover, CIN can facilitate escape 
from oncogene addiction (the dependence of tumour cells on their initiating lesion 

little is known about the mechanism of how and when CIN promotes tumour relapse. 

the consequences it may have in tumour initiation, suppression and relapse. We hope 
that the genes or proteins identified could be targeted therapeutically. We will use a 

in vitro culture systems.

Future projects and goals
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