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INTRODUCTION
GLyCOVaX - a training Network for the Rational Design of the Next Generation of
Well-Defined Glycoconjugate Vaccines

GLyCOVaX is a European training Network (EtN) funded in the framework of h2020 Marie
Skłodowska- Curie ItN programme. the GLyCOVaX network aims at the education of promising
young scientists who will learn how to rationally design well-defined and innovative
glycoconjugate vaccines to improve current preventive therapies and tackle unmet medical
needs. the project is based on a profound interaction between the academic and industrial
sectors, involving 8 academic groups and 2 industrial partners. In this highly multidisciplinary
environment 14 Early Stage Researchers (ESRs) are trained in the growing field of glycoscience
and vaccinology, enriching their skills and combining different state-of-the-art methodologies for
the rational design of innovative glycoconjugates.

For more details and news, visit the website www.glycovax.eu.

WORKSHOPS
Six workshops will be organized during GLyCOVaX. In these workshops, the ESRs will attend
seminars from internationally recognized experts in scientific areas related to the network
objectives. the topics selected for the workshops aim at covering the state-of-the-art of
disciplines strongly connected with the GLyCOVaX program. these forums are intended also to
stimulate the establishment of new scientific collaborations inside and outside the network.

In particular, the third Workshop “Studying carbohydrate-protein interactions”has
been organized by CIC bioGuNE, bizkaia technology Park, Derio, Spain. Lectures dealt with:

•
•

•
•

Monoclonal antibody production and characterization.
Chemico-physical methods to study qualitatively and quantitatively carbohydrate-protein
interactions.
Carbohydrate modeling and in silico methods for carbohydrate-protein interactions.
applications to carbohydrate antigens.

TRAINING EVENT IV

12 th -15 th March 2018 - CIC bioGUNE, Building 801A - Bilbao, Spain
DAy 1
Monday 12th March 2018

09.00 - 09.30 Registration & Welcome
Jesús Jiménez-barbero - asociacion Centro de Investigación Cooperativa en biociencias, Spain
09.30 - 10.30
10.30 - 11.00

Monoclonal antibody production and characterization
Juan anguita - asociacion Centro de Investigación Cooperativa en biociencias, Spain
Rafael Prados - asociacion Centro de Investigación Cooperativa en biociencias, Spain
Coffee break

Training: Chemico-physical methods to study qualitatively and quantitatively
carbohydrate-protein interactions
11.00 - 12.00

12.00 - 13.00
13.00 - 14.00

14.00 - 15.00
15.00 - 16.00
16.00 - 16.30

16.30 - 17.30
19.30

Glycan recognition: Glycomics & Glycoarrays
Niels Reichardt - Centro de Investigación Cooperativa en biomateriales, Spain
Protein-Carbohydrate Interactions. A General View
Jesús Jiménez-barbero - asociacion Centro de Investigación Cooperativa en biociencias, Spain
Lunch

X-ray Diﬀraction and Protein-Carbohydrate Interactions. I
adriana Rojas - asociacion Centro de Investigación Cooperativa en biociencias, Spain
X-ray Diﬀraction and Protein-Carbohydrate Interactions. II
Nicola abrescia - asociacion Centro de Investigación Cooperativa en biociencias, Spain
Coffee break

NMR and Protein-Carbohydrate Interactions. I
ana Gimeno - asociacion Centro de Investigación Cooperativa en biociencias, Spain
Networking dinner

Meeting venue:
CIC bioGUNE - Bizkaia Science and Technology Park
Building 801 A - 48160 Derio, Bizkaia - Bilbao, Spain
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TRAINING EVENT IV

12 th -15 th March 2018 - CIC bioGUNE, Building 801A - Bilbao, Spain
DAy 2
tuesday 13th March 2018
09.30 - 10.30
10.30 - 11.00

11.00 - 12.00

12.00 - 13.00
13.00 - 14.00

14.00 - 15.15
15.15 - 16.30

16.30 - 18.00
19.30

NMR and Protein-Carbohydrate Interactions. II
ana ardá - asociacion Centro de Investigacion Cooperativa en biociencias, Spain
Coffee break

Molecular Modelling & Protein-Sugar Interactions
Francisco Corzana - universidad de la Rioja, Spain
Molecular Modelling. Overview: Sugars & Proteins
Luca unione - atlas Molecular Pharma, Spain
Lunch

Frontiers in Molecular Modelling
Gonzalo Jiménez-Osés - universidad de la Rioja, Spain
Biophysical Methods to analyze protein-sugar interactions
Oscar Millet - asociacion Centro de Investigacion Cooperativa en biociencias, Spain
Visit to bioGUNE Structural Biology facilities
Networking dinner

DAy 3
Wednesday 14th March 2018

Annual network Symposium 2 - ESRs will report on their projects. 25 min each, including discussions

09.00 - 10.45
10.45 - 11.15

ESR 1-4

Coffee break

11.15 - 13.00

ESR 5-8

14.00 - 16.30

ESR 9-14

13.00 - 14.00
16.30 - 18.00

19.30

Lunch

Coffee break and Supervisory Board Meeting

Networking dinner

Meeting venue:
CIC bioGUNE - Bizkaia Science and Technology Park
Building 801 A - 48160 Derio, Bizkaia - Bilbao, Spain
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TRAINING EVENT IV

12 th -15 th March 2018 - CIC bioGUNE, Building 801A - Bilbao, Spain
DAy 4
thursday 15th March 2018
09.30 - 10.30

Molecular Recognition of carbohydrate antigens
Pablo Valverde - asociacion Centro de Investigación Cooperativa en biociencias, Spain

Course: Frontiers in Cryo-Electron Microscopy
11.00 - 11.10

11.10 - 12.00
12.00 - 12.50
12.50 - 13.40
13.40 - 14.30
14.30 - 15.30

15.30 - 16.20
16.20 - 17.10

17.10 - 18.00
18.00 - 18.50
18.50

19.00

Welcome and indroduction to the Cryo-Electron Microscopy unit at the
CIC bioGUNE
High resolution Cryo-Electron Microscopy
Mikel Valle - asociacion Centro de Investigación Cooperativa en biociencias, Spain
101 images from the daily life of a Microscopy Facility technician
Ricardo andrade - universidad del País Vasco, Spain
Electron microscopy of icosahedral particles and pleomorphic biological systems
Nicola abrescia - asociacion Centro de Investigación Cooperativa en biociencias /
Ikerbasque, Spain
Microscopia electrónica y microánalisys de materiales en la UPV/EHU:
desde la micra hasta la resolutión átomica
Maria Luisa Nó - universidad del País Vasco, Spain
Lunch

Izasa scientiﬁc
Using single particle Cryo-Electron Microscopy to understand antibiotic
action and ribosomal activities
Sean Connell - asociacion Centro de Investigación Cooperativa en biociencias / Ikerbasque, Spain
What the Electron Microscopy Platform at the CIC bioGUNE can do for you
David Gil - CIC bioGuNE Electron Microscopy Platform , Spain
Electron Microscopy Lab at nanoGUNE (San Sebastian): a guided tour
andrey Chuvilin - CIC nanoGune, Spain
Closing comments

Free evening

Meeting venue:
CIC bioGUNE - Bizkaia Science and Technology Park
Building 801 A - 48160 Derio, Bizkaia - Bilbao, Spain

Organization and
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MONOClONAl ANTIBODy PRODUCTION AND CHARACTERIzATION
Juan Anguita - Rafael Prados

Asociacion Centro de Investigación Cooperativa en Biociencias, Spain

Monoclonal antibodies recognize a single epitope in a molecule and can be produced in mass quantities
from a single hybridoma cell culture. they have multiple uses including in research and human health,
including diagnostics and as therapies. the process of creating a monoclonal antibody-producing
hybridoma is initiated by choosing the proper antigen and vaccine formulation, including the need or
not of a carrier for poorly immunogenic antigens. Monoclonals are produced from different animal
species, most commonly rat and mice, but also from rabbits. It involves a regimen of immunization, test
of the antibody titers and the fusion of spleen cells (that contain the antibody producing plasma cells)
with an immortalized cell line. after a selection process, clonal populations are expanded and tested
for their intended use, followed by the mass production of the single specific antibody.
as an example, our group is highly interested in the development of alternative vaccination strategies
with protective mechanism not solely based on cell-mediated immunity against Mycobacterium
tuberculosis (Mtb). In particular we want to target the outermost compartment of this bacterial
pathogen, which corresponds to the capsule. this compartment is key during the initial interaction of
mycobacteria with cells of the immune system. the record of successful vaccines against other
bacteria targeting this compartment is high and we believe that his strategy can be implemented in
mycobacteria. the mycobacterial capsule is of polysaccharide nature. Consequently, we have
developed conjugate vaccines including arabinomannan (aM) one of the major capsular PS and
ag85b, an immunogenic protein from Mtb. after assessing the immunogenicity of this conjugate we
demonstrated its protective efficacy in an experimental mouse model of infection. We moved forward
by trying to exploit the conjugate-specific antibody response through the development of monoclonal
antibodies (mabs) to aM. In particular, we have generated an IgG2a murine mab with specificity for
the mycobacterial capsule as demonstrated by immunogold EM, immunofluorescence and Immunoblot.
We are currently, developing conjugation strategies in collaboration to generate antibody-drug
conjugates (aDC) using first-line drugs to tb. this would be the first proof of concept of a aDC targeting
a truly intracellular pathogen.
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GlyCAN RECOGNITION: GlyCOMICS & GlyCOARRAyS - MICROARRAyS IN
GlyCOMICS
Niels-Christian Reichardt

Centro de Investigación Cooperativa en Biomateriales, Spain

In a similar fashion as the development of microarrays in the late 90s had revolutionized genetics and
protein research to the high throughput technologies genomics and proteomics, microarray technologies
have changed the way we do glycoscience today. hundreds of glycans can be printed with micrometer
precision on a variety of surfaces and thousands of individual interaction events recorded simultaneously
upon incubation with fluorescently marked proteins. Important glycan array applications include the
substrate screening of carbohydrate processing enzymes, affinity screening of newly discovered lectins
or the detection of autoantibodies in glycan array based diagnostic devices.1
New materials and surface chemistries have opened the door for mass spectrometric, radiometric and
surface plasmon readout of carbohydrate protein interactions or screening of enzyme function. Lectin
arrays finally, are being developed into robust platforms for glycan biomarker discovery and with
promising perspectives in clinical cancer diagnosis. the talk will give an overview over the present state
glycan and lectin array technology with examples from the author’s and other laboratories.2,3,4,5,6

References
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PROTEIN-CARBOHyDRATE INTERACTIONS. A GENERAl VIEW
Jesús Jiménez-Barbero

Asociacion Centro de Investigación Cooperativa en Biociencias, Spain

Molecular recognition by specific targets is at the heart of the life processes. In recent years, it has been
shown that the interactions between proteins (lectins, enzymes, antibodies) and carbohydrates mediate
a broad range of biological activities, from fertilization, embryogenesis, and tissue maturation, to
pathological processes. the elucidation of the mechanisms that govern how sugars are accommodated
in the binding sites of these receptors is currently a topic of interest. thus, the determination of the
structural and conformational factors and the physicochemical features that govern the molecular
recognition of these molecules is of paramount importance. this presentation is focused on the key
features that regulate molecular recognition processes between receptors and carbohydrates. Lectins,
antibodies, and enzymes, both wild type and mutants, have been used as receptors with the final aim to
know and to evaluate the relative importance of polar (hydrogen bonding, electrostatic interactions)
and non polar (van der Waals, Ch-π) forces in the molecular recognition processes.
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X-RAy DIFFRACTION AND PROTEIN-CARBOHyDRATE INTERACTIONS. II
SUGARS AlONG My PATH: A SOUR AND SWEET STORy…...WITH A PINCH OF VIRUSES
Nicola Abrescia

Asociacion Centro de Investigación Cooperativa en Biociencias, Spain

We will introduce the impact that glycosylation has on the virus lifecycle of certain viruses, on their
structure, and on cellular proteins for which a structural approach (either cryo-Electron Microscopy or
X-ray crystallography) has been embraced. then I will present a few examples of the efforts made by
our group in elucidating the three-dimensional structure of the integrin alphaVbeta6 (aVb6) which is the
cellular receptor for Foot-and-Mouth Disease virus (FMDV); an animal virus that infects cows and has
caused enormous economical losses worldwide. Despite our attempts at delivering suitable crystals for
X-ray diffraction, our conclusion is that the heavy glycosylation resulting by the aVb6 ectodomain
production in stable ChO cell lines has likely hampered its crystallization.
thus, recently we studied the structure of FMDV in complex with the aVb6 by cryo-EM and
localised-reconstruction techniques. We have now visualized the cellular receptor bound to the virus
and elucidated the region of interaction which shows the viral Gh-loop of the capsid protein VP1
inserting into the crevice formed by the aV and b6 heterodimer. Strikingly, we have also found a glycan
on the av6 interacting with the viral capsid that indicates a clear involvement of cellular sugars into virus
attachment.
the unfolding picture provides the principles governing the recognition of FMDV to the host cell
receptor unravelling strategies to interfere with such process.
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NMR AND PROTEIN-CARBOHyDRATE INTERACTIONS. I
Ana Gimeno

Asociacion Centro de Investigación Cooperativa en Biociencias, Spain

Protein-carbohydrate interactions are at the heart of biological processes. NMR spectroscopy is an
excellent technique to study these molecular recognition processes by observing perturbation of
different NMR parameters, including relaxation times, chemical shifts, inter- and intra-molecular nuclear
Overhauser effect (NOE), exchange of saturation and diffusion constants. herein, basic protein- and
ligand-based NMR methods applied in the field are discussed with deep analysis of how they can be
exploited to deliver a complete picture of the binding process.
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NMR AND PROTEIN-CARBOHyDRATE INTERACTIONS. II
Ana Ardá

Asociacion Centro de Investigación Cooperativa en Biociencias, Spain

Structural information about protein-carbohydrate complexes is important in order to fully understand these
molecular recognition events, of paramount importance from a biological point of view. Information at
atomic level is provided mainly by NMR and X-ray crystallography, with cryo-EM being a promising
technique.
In this presentation these techniques are put into the glycoscience context, with a special focus on the
state-of the-art NMR strategies to study these molecular recognition events. In particular we will focus on
one of the main challenges of NMR, which is to deal with the real complexity of the carbohydrate
structures, and the latest methods to study their interaction with protein receptors.
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MOlECUlAR MODEllING & PROTEIN-SUGAR INTERACTIONS
Francisco Corzana

Universidad de la Rioja, Spain

In this talk, I will give a brief description of the most relevant features of Molecular Dynamics (MD)
simulations, together with a concise presentation of mucins and their implications in the design of
anti-cancer vaccines.
Several cases of MuC1-like glycopeptides in the bound state with lectins and antibodies will be
analyzed using X-ray, StD-NMR and MD simulations. In all cases, the sugar-receptor interactions will be
studied in detail, indicating how the observed ‘contacts’ can be modulated to achieve novel structurebased vaccines.
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MOlECUlAR MODEllING. OVERVIEW: SUGARS & PROTEINS
luca Unione

Atlas Molecular Pharma, Spain

X-ray crystallography gives with the structural details at atomic resolution of the molecule under study,
yet it provides a static representation of the molecular system. On the other side, NMR has the privilege
to provide dynamic features of the system in its proper environment, in solution. however, the time
scales and the amplitude of the motions may be ill-defined by such techniques, often because some
molecular motions are too fast and the different states cannot be singularly detected and weighted
mean values are observed. When this happens, Molecular Modelling provides key dynamic information
on the structure, dynamics, and even thermodynamics of biological molecules and their complexes. In
this lecture, I will provide an extensive overview of the different computational based methods. Special
emphasis will be paid on the molecular behavior of carbohydrates and to their interaction with
molecular receptors.
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FRONTIERS IN MOlECUlAR MODEllING
Gonzalo Jiménez-Osés
Universidad de la Rioja, Spain

the exponential growth of computing power and the development of more efficient theory frameworks
and algorithms to solve problems of increasing complexity, has allowed in recent years an outstanding
boost in the simulation and visualization capabilities of physicochemical processes of relevance in areas
related to life and health, such as molecular biology, enzymology, immunology, genomics, etc. In
particular, simulation methods based on molecular mechanics and quantum mechanics make it possible
to obtain, with great precision, very valuable structural information to understand and predict chemical
reactions involved in metabolism, cell recognition and defense, and advance the development of drugs
and immunotherapies. using the so-called "virtual microscope", scientists can now understand and
visualize the form ("structure") and behavior ("dynamic") of biomolecules of different complexity and
their interaction between them, in environments increasingly similar to the physiological environment.
In this talk I will give a broad view of the different methods and computational resources useful for
multidisciplinary environments in the field of health sciences, with a fundamentally chemical and
structural approach. Our interaction with different experimental groups in the area of chemical biology
have produced successful multidisciplinary collaborations in which computational modeling has been
central to predict more efficient and selective bioconjugation reagents,1 protein decaging (i.e.
activation) technologies,2 and enzyme engineering for boosting natural3 and unnatural reactions.4
Examples of this collaborative research will be described.
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BIOPHySICAl METHODS TO ANAlyzE PROTEIN-SUGAR INTERACTIONS
Oscar Millet

Asociacion Centro de Investigación Cooperativa en Biociencias, Spain

Carbohydrates are "born to be bound": the study of interactions between proteins and carbohydrates is
pivotal to the understanding of biological systems. the growing interest in this problem among investigators
working in different fields of biological science needs to be supported by a deep knowledge of the
existing biophysical tools and approaches dealing with protein interactions. the main goal of this
presentation is to give a short introduction into the broad range of modern biophysical methods (SPR,
FS, CD, ItC, and electro-switchable biosensors) used to study the different aspects of
protein-carbohydrate interactions.
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MOlECUlAR RECOGNITION OF CARBOHyDRATE ANTIGENS
Pablo Valverde

Asociacion Centro de Investigación Cooperativa en Biociencias, Spain

Carbohydrate antigens are essential for many regulatory roles involving all those biological processes
which require cell-cell communication. besides taking part in internal cell pathways to enable
glycoprotein trafficking and enzyme targeting, they have been demonstrated to be significant for
cell-cell attachment, through glycan crosslinking in the extracellular matrix (galectins, selectins); and for
cell-pathogen interaction, constituting a valuable part of the innate immune system.
the enormous existing variability found amongst actually known and characterized antigens unveils the
intrinsic complexity of all those recognition processes involving them and their counterpart proteins, and
have gathered the effort and interest of scientists for so long to establish reliable interaction models at
an atomic level. this knowledge will be useful to provide therapeutic strategies in order to fight
pathogens that use carbohydrate antigens as means for attachment and infection, or for diagnosis,
prevention and treatment of cancers by targeting the so-called tumor-associated carbohydrate antigens
(taCas).
Nuclear Magnetic Resonance offers an unprecedented view of all those recognition processes at atomic
resolution, enabling the observation of carbohydrate antigens acting as ligands of larger systems
(lectins, antibodies) mainly through Saturation transfer Difference (StD) and transferred NOESy
(trNOESy) experiments. It has been applied for the study of important lectins, like DC-SIGN, Langerin
or Selectin, for the development of efficient antibodies in cancer treatment and for unraveling the
complex selectivity underlying infectious processes carried out by noroviruses.

16

FRONTIERS IN CRyO-ElECTRON MICROSCOPy
HIGH RESOlUTION CRyO-ElECTRON MICROSCOPy
Mikel Valle

Asociacion Centro de Investigación Cooperativa en Biociencias, Spain

In the last five years structural determination of biological macromolecules by cryoEM has experienced
a huge leap. the incorporation of direct detection cameras, the improvement of image processing
software, and the technical improvements of transmission electron microscopes, have transformed the
technique. Nowadays, about 20% of the deposited structures in the EM databank are at atomic or
near-atomic resolutions (<4Å). this so-called revolution of resolution has been recognized with the
Nobel prize in Chemistry 2017. In this talk, the recent changes and current state of the art of cryoEM
will be presented.
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101 IMAGES FROM THE DAIly lIFE OF A MICROSCOPy FACIlITy TECHNICIAN
Ricardo Andrade

Universidad del País Vasco, Spain

at the university of the basque Country, the Microscopy Facility in biological Sciences brings together
the areas of both optical and electron microscopy, and it is an open platform available for everyone. as
the title implies, in the present talk I will display a plethora of images obtained on a daily basis by the
researchers that make use of our Facility. the broad spectrum of microscopy techniques and the varied
type of samples will be a good oportunity to sum up the main applications of light and electron
microscopy in the field of biological sciences. hopefuly, the talk will not only show the audience the
possibilities of the different microscopy approaches, but it will also bring up their interest in order to
communicate and colaborate between the ample research community present in the basque region.
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ElECTRON MICROSCOPy OF ICOSAHEDRAl PARTIClES AND PlEOMORPHIC
BIOlOGICAl SySTEMS
Nicola Abrescia

Asociacion Centro de Investigación Cooperativa en Biociencias, Spain

We will introduce the development of the cryo-Electron Microscopy in the field of Structural Virology.
then I will present few examples of the lines of research currently ongoing in my lab that involve membrane-containing viruses and eukaryotic enveloped viruses. Differently techniques will be introduced
from icosahedral cryo-EM reconstruction methods to single-particle cryo-Electron tomography and subtomogram averaging techniques and cellular soft X-ray tomography.
Regarding membrane-containing viruses we have now visualized two large archaeal viruses (Æ 800 Å),
hhIV-2 and hCIV-1, at 4.4 and 4.2 Å resolution, respectively. the near-atomic-resolution has allowed
an unprecedented 3D snapshot for this type of viruses. We built the structural models of the two MCPs,
spike complex proteins and ancillary proteins in the context of the internal membrane vesicle. hCIV-1,
and hhIV-2 are related viruses but discovered at more than 5,000 miles away (hhIV-2 in Foggia, Italy
and hCIV-1 in Samut Sakhon, thailand) .
the unfolding picture provides the principles governing the assembly mechanism of vertical single
beta-barrel viruses.
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USING SINGlE PARTIClE CRyO-ElECTRON MICROSCOPy TO UNDERSTAND
ANTIBIOTIC ACTION AND RIBOSOMAl ACTIVITIES
EXPERIENCES OF A MICROBIOlOGIST TURNED STRUCTURAl BIOlOGIST
Sean Connell

Asociacion Centro de Investigación Cooperativa en Biociencias, Spain

this presentation discusses entering the cryo-EM field from the perspective of a novice user with a background in molecular or cellular biology. It aims to illustrate the power of modern cryo-EM, in particular,
its applicability to an ever-increasing range of biological samples. Moreover, we will discuss expertise
and infrastructure present in the basque Country and beyond that are accessible and enable newcomers
to the field.
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ElECTRON MICROSCOPy lAB AT NANOGUNE (SAN SEBASTIAN): A GUIDED TOUR
Andrey Chuvilin
CICnanoGune, Spain

In my talk I will give an introduction to the instrumentation and methodology we use in electron
microscopy lab at CIC nanoGuNE, and show a variety of application examples done in collaboration
with researchers from different basque institutions. these examples will include environmental SEM
studies, FIb/EbID fabrication of functional nanostructures and nanodevices, high resolution tEM
research on thin films, plasmonic studies, etc.. I will also introduce a research conducted in our lab,
which is aimed for setting up a methodology for quantifying atomic rearrangements observed in the
microscope.
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EXTENDED THE FRONTIER OF CRyO-TEM WITH DIRECT DETECTION CAMERAS
Daniel Monville
GATAN, France

During this last 46 years, multiple works and publications (the “Resolution Revolution”) have shown
incredible increase in resolution achievable by high End Cryo-tEM, mainly thanks to the direct detection
cameras development. In 2017, the Chemistry Nobel price was attributed to 3 Researchers for their
advanced work in this field.
We are explaining in this presentation what is this technology of direct detection, how it works and what
does it bring to the 3D-recontruction of proteins. We will show some amazing results recently achieved.
We will also introduce the next generation of direct detection called K3.
beside this high end products, there is a growing market for so called “screening tEMs”. We will show
that the actual technology of holders, Software and cameras can help to bring these mid-range tEMs to
an upper level of research.
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