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iNEXT, ‘Infrastructure for NMR, EM and X-rays for

Translational research’, is a EC-funded Horizon 2020

network of national infrastructures aiming to facilitate

EC-supported, trans-national user access to several

high-end structural biology infrastructures and to

expand the use of structural biology technologies

towards new research communities. iNEXT has devel-

oped different access routes offering cutting edge tech-

nologies and expertise, thus targeting the diverse needs

of research groups that desire to perform X-ray crys-

tallography, small-angle X-ray scattering, solution or

solid-state NMR, single particle or cell tomography

electron microscopy, biophysics, and imaging experi-

ments. Specific Joint Research Activities aim at

improving the user experience in ever advancing meth-

ods, and are focused on structure-based drug discov-

ery, membrane protein characterization and structural

cell biology initiatives.
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Structural biology has proven indispensable for

research and development in the life sciences, biotech-

nology and biomedical fields. High-end equipment is

essential for structural biology: synchrotrons to pro-

duce intense, tunable and focused X-ray beams for

macromolecular X-ray crystallography (MX) and

small-angle X-ray scattering (SAXS) studies; high-field

superconducting magnets for NMR; new-generation

electron microscopes with powerful optics and fast

direct readout electron detectors for cryo-electron

microscopy (cryo-EM) applications in single particle

studies and cell imaging. The use of such structural

biology instrumentation has been imperative, but also

very expensive. In the past decades, the European

Commission research policy has put forward the need

to support and widen opportunities for the European

research community to access such extremely expensive

state-of-the-art instrumentation, with the evident goal

of strengthening the European Research Area by

enhancing mobility and by stimulating collaborations

among European researchers, thus promoting the

rational use of infrastructural resources and avoiding

duplication of investments.

The 4-year Research Infrastructure Integrating

Activities Project iNEXT (‘Infrastructure for NMR,

EM and X-rays for Translational research’) has been

granted in 2015 as part of the current EC Framework

Programme 8 (widely known as Horizon 2020). The

iNEXT Consortium embeds 23 well-known structural

biology teams from different European countries1 and

aims to facilitate EC-supported, trans-national user

access to several facilities established for high quality

research and state-of-the-art equipment. Access pro-

posals can come from both academia and industry

users, and are evaluated by external reviewers. Excel-

lent proposals that aim to contribute to the develop-

ment of innovative therapeutics and diagnostics, to the

engineering of biotechnology tools and materials, and

to expand the use of structural biology technology

towards biochemical and biomedical research are the

target for iNEXT support.

Besides NMR and synchrotron equipment, that both

have been accessible to European users since long time

through previous EC-funded projects, iNEXT allows

for the first time access to modern Electron Micro-

scopy equipment for single particle studies, electron

tomography and Correlative Light-Electron Micro-

scopy (CLEM). It is noteworthy that the 2017 Nobel

Prize in chemistry was given in recognition of the spec-

tacular developments in cryo-EM in recent times,

showing the foresight of the Consortium in opening

access also to this technology to all European scien-

tists. iNEXT is also the first EC Infrastructure project
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to facilitate the study of macromolecular interactions

using a variety of biophysical techniques, and to offer

access to advanced light imaging. iNEXT makes

focused efforts to attract also researchers that have

limited experience in structural biology but are leaders

in other life science fields, and wants to ensure that the

open access, but also ongoing research developments,

will impact the industry sector.

Users can choose from different access modalities to

exploit the techniques available through iNEXT, which

take into account both their research needs and the

available expertise. iNEXT access is provided at three

different levels:

1 The Structural Audit level allows nonstructural biol-

ogists to mail-in samples to characterize macro-

molecular systems in terms of their biophysical

stability and propensity to crystallize, of their shape

and low resolution structure by SAXS, of their suit-

ability for NMR experiments by e.g. examining the

[1H;15N]-HSQC spectrum, and of their potential for

successful cryo-EM studies by negative stain EM.

2 The Enhanced Support level allows users to receive

full hands-on support with their projects by experts

working at the research facilities of the iNEXT Con-

sortium. Enhanced support can be requested for:

extensive crystallization trials that may lead to high

quality crystals; beamlines use for acquisition of struc-

tural data for MX; structural characterization of com-

plex samples by SAXS; data acquisition, assignments,

structure calculations and/or ligand binding studies

with solution NMR and solid-state NMR (ssNMR);

optimization of samples for single particle EM;

steady-state and transient kinetics underlying macro-

molecular interactions by fluorescence methods (bio-

physical characterization); advanced light imaging in

structural studies with in-cell measurements of protein

interaction kinetics; ligand and fragment screening.

3 The High-End Data Collection level allows experts

that need access to state-of-the-art equipment but

require limited assistance to: access synchrotron

beamlines for MX or SAXS studies for single or

multiple visits; acquire solution NMR or ssNMR

spectra on high-field instruments at host institutes;

gain access to state-of-the-art Electron Microscopes

for single particle studies, tomography and CLEM.

Interested users can obtain access by registering at the

iNEXT website (http://www.inext-eu.org/access/) and

subsequently submitting a short proposal via the Access

portal. Applicants can also indicate their possible pref-

erence for a particular research infrastructure. The pro-

posal will be reviewed by external expert reviewers,

evaluating on scientific quality, feasibility and

translational aspects (as one of iNEXT’s objectives).

After a positive evaluation, the indicated facility will

contact the user and plan a suitable timeslot for the

requested measurements. A typical application proce-

dure will take 2–3 weeks, also depending on timeslot

availabilities at the involved facilities. Depending on the

requested activity, users may wish to contact the staff of

the involved Research Infrastructures before proposal

submission, for example to discuss feasibility of planned

activities or to plan measurements in collaboration with

researchers of the Research Infrastructure. Since access

in iNEXT is to highly advanced state-of-the-art instru-

mentation in Structural Biology for translational

research, successful applications generally require

demonstration of project feasibility at less advanced

instruments, for example at the home institutions. How-

ever, preliminary basic screening capacity for project

feasibility is also available via iNEXT (Structural Audit

modality). Whereas iNEXT has been primarily setup to

address the needs of researchers working in European

states or in EU associated countries, it can also provide

(limited) access to researchers with excellent projects

from other parts of the world. Within the first 2.5 years

of activity, iNEXT processed more than 500 different

external peer-reviewed user projects in the different

access modalities.

In addition to the provision of access to cutting edge

technologies, iNEXT promotes the organization of meet-

ings and beginner- and expert-training activities, in order

to secure and expand Europe’s leading international role

in structural biology. Moreover, productive interactions

between the academic iNEXT partners and researchers

from industry are cherished, exploring and contributing

to the societal impact of structural biology in the vital

fields of biomedicine and biotechnology. Furthermore,

the iNEXT Consortium members also designed three

joint research activities (JRAs) to advance the develop-

ment and integration of structural biology techniques in

different relevant research field and to improve the qual-

ity as well as the quantity of access provision to the

iNEXT user community.

iNEXT’s JRAs are devoted at ‘Developing structure

guided drug discovery workflows’, ‘Enabling technolo-

gies for integral membrane protein systems’, and

‘Enabling integrative methodologies for cellular struc-

tural biology’. These three highly interactive JRAs have

already proven to be extremely successful. The selected

research areas produced highly relevant output, with sev-

eral interesting developments becoming available for the

benefit of external users. Some highlights that have

emerged from the iNEXT JRAs are described below.

All activities of iNEXT are carried out synergisti-

cally with several infrastructure initiatives of the

1910 FEBS Letters 592 (2018) 1909–1917 ª 2018 Federation of European Biochemical Societies

The Scientists’ Forum

http://www.inext-eu.org/access/


European Strategic Forum for Research Infrastruc-

tures (ESFRI) Roadmap. In particular, iNEXT ser-

vices are complementary to those offered by the

European Research Infrastructure INSTRUCT-ERIC

[1] that provides access to a large portfolio of struc-

tural biology technologies and specifically supports

research that uses integrated, multidisciplinary

approaches and technologies. Besides INSTRUCT-

ERIC and the European Spallation Source ESS, which

are Partners of the iNEXT Consortium, iNEXT also

cultivates productive interactions with the ESFRIs

EU-OPENSCREEN (for efforts towards screening of

small chemical compounds for biological activity, for

instance in drug development) and EuroBioImaging

(combining biomedical imaging approaches).

Developing structure guided drug
discovery workflows

The venture for drug discovery and for the proof of

concept for the therapeutic potential of specific targets

are often linked to structure-based approaches. While

ligand-based drug discovery (LBDD) practices are

well-established in the industry and the academia,

developments in fragment-based drug discovery

(FBDD) are rapidly changing the field, but are often

beyond the reach of most academic laboratories, as

they require skilled experts, specialized instrumentation

and expertise in different areas of research. iNEXT

sets out to contribute to FBDD by assembling and

validating a fragment library and to impact both

FBDD and LBDD practices by enabling technologies

that allow the high-throughput (HT) processing of

crystals in synchrotrons and fragments in NMR facili-

ties and by providing innovative and highly automated

pipelines for screening to scientists both from the aca-

demia and from the industry.

Within a FBDD approach, typically a few hundred

fragments (building blocks of low chemical complexity)

can provide effective sampling of a large swathe of chem-

ical space and have been proven valuable tools in drug

development [2]. A key factor for FBDD success is the

composition of the fragment library itself; we analysed

computationally a large collection of potential fragments

(11 677 in total) from various sources. From this collec-

tion, 782 fragments were selected based on the concept

of ‘poised fragments’ [3] with the aim to streamline the

downstream synthesis of more complex, higher affinity

inhibitors. iNEXT facilities performed a series of valida-

tion and quality control experiments on this library

including liquid chromatography-mass spectrometry and
1H-NMR characterization, and solubility measurements.

In particular, the quality of the library and the buffer

solubility was assessed by NMR for the entire library,

also exploiting the relevant software for HT data acquisi-

tion and data analysis software and for synchronizing

the activities across the different NMR partner sites.

This high quality Diamond-Structural Genomic Consor-

tium-iNEXT Poised Library is currently available at dif-

ferent iNEXT facilities to support FBDD campaigns for

user projects.

To perform FBDD campaigns by X-ray crystallogra-

phy, hundreds of crystals are needed. Crystal mounting,

which could constitute a bottleneck for HT-FBDD, has

been fully automated with the CrystalDirectTM technol-

ogy (Fig. 1) [4]. Efficient and automated X-ray data col-

lection is also key to support large scale FBDD. Some

synchrotrons available to iNEXT users provide fully

automated synchrotron-based macromolecular crystal-

lography [5]. A fully automated HT system for screening

is also indispensable for an efficient FBDD by NMR.

Some of the iNEXT NMR facilities have implemented

robotic systems for sample loading and for data acquisi-

tion. State-of-the-art NMR-based software is also avail-

able to facilitate automatic NMR data analysis.

Collectively, iNEXT facilities are supporting already 14

fragment screening projects through the iNEXT user

access program.

The services developed for the FBDD pipelines can

be attractive not only to academic researchers, but also

to pharmaceutical companies and small-medium (start-

up) enterprises. They are also crucially strengthening

the Europe-wide biomedical research sector, to con-

tribute to an ever faster and more efficient progress in

structure guided drug design projects.

Enabling technologies for integral
membrane protein systems

Integral membrane proteins (IMPs) are perhaps the

most recalcitrant targets for structural biologists,

requiring a lipid environment for both protein stability

and function. This requirement makes structure deter-

mination of IMPs a complicated task. However, as

these proteins are the focus of close to 50% of cur-

rently used therapeutics [6–8] the societal benefit of

overcoming obstacles in their structural characteriza-

tion is obvious. One of the objectives of iNEXT is to

enable technologies for IMP research, delivering proto-

cols for modular membrane protein reconstitution,

strategies for optimizing expression and isotopic label-

ling for ssNMR and solution NMR, and providing

infrastructure for structural studies across a range of

access modalities.

Detergent solubilization is commonly used for both

functional and structural studies of IMPs [9–11].
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Classical approaches involving surfactant molecules

based on maltosides (e.g. Dodecylmaltoside) and gly-

cosides (e.g. Octylglucopyranoside) have been success-

ful, but often impact or even abrogate function [12].

An alternative near-native like membrane scaffold sys-

tem was explored, namely the Saposin-derived

NanoParticle (SapNP) or SALIPROTM system (Fig. 2

[13]). Target IMPs can be assembled in a saposin

nanoparticle in the presence of lipids, stabilized using

the modular nature of the small (~8 kDa) helical sapo-

sin-A protein. SAXS and Size Exclusion Chromatogra-

phy-Multi-Angle Light Scattering (SEC-MALS) on the

discoidal SapNPs reveal a low polydispersity and a

native-like phospholipid bilayer structure encircled by

lipophilic saposin monomers [14] allowing to directly

reconstruct low resolution shapes from SAXS data in

a detergent free environment. We showed that SapNP

reconstituted IMPs are more stable against heat denat-

uration and bind their respective ligands. We can now

offer a highly modular system for implementing the

SapNP approach and a procedure for the rapid struc-

tural characterization of IMPs by SAXS and EM.

The technologies necessary for HT structural charac-

terization of stabilized IMPs in solution are deployed

Fig. 1. The CrystalDirectTM approach. (A) Schematic representation of the methods for automated crystal harvesting, chemical delivery and

cryo-cooling. From top to bottom, crystals are grown on the surface of a low X-ray-background film which is directly compatible with diffraction

data collection. A laser beam operating in the photoablation regime is used to produce an aperture in the film (1). Chemicals can be delivered to

crystals through diffusion by applying a small amount of solution on the outside of the opening that enters into contact with the crystallization

drop (2). After incubation, or immediately after producing the aperture, if no chemicals are delivered both the externally applied and the

crystallization solution are gently aspirated through the aperture by applying a vacuum (3–4). The sample can then be mounted by excising the

film around the crystal with the laser and gluing it to the tip of a data-collection pin (5). The crystal is then moved to a cryo-jet for flash-cooling

(6). (B) The 96-well CrystalDirect microplate. One of the cells of the microplate is shown in detail (outlined in red). Crystals from one of the

drops have been harvested and mounted on a pin (blue outline). (C) X-ray diffraction analysis of crystals prepared using the automated

CrystalDirect harvesting and cryo-cooling method. Reproduced with permission of the International Union of Crystallography from [4].
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at different iNEXT facilities. Specifically, HPLC HT-

SEC-SAXS systems equipped with autoloaders and

additional detectors for complementary data analysis

(dynamic and static light scattering, refractive index,

and UV) were installed at the PETRA-III (Germany)

and SWING (SOLEIL, France) synchrotron SAXS

beamlines, offering fully automated data collection,

data reduction and analysis. Using the SEC-SAXS

infrastructures, detergent solubilized IMPs can also be

studied, with robust buffer subtraction and separation

of protein-detergent complexes from free micelles and

additional components [15].

Enabling integrative methodologies
for cellular structural biology

To fully harvest the power of structural analysis for

cellular systems, the use of approaches enabling the

characterization in a cellular context is essential.

Solution NMR is the technique of choice to obtain

structural information at atomic resolution in physio-

logical conditions. In-cell NMR can uniquely provide

such data directly in living cells. We developed a pro-

tocol for performing protein in-cell NMR in cultured

human cells [16,17]. This approach leverages existing

mammalian protein expression technologies to allow

the proteins of interest to be directly expressed and

isotope-labelled within the cells (Fig. 3), and is espe-

cially useful to characterize protein folding and matu-

ration [18,19], cofactor binding, redox state changes

[20,21] and other physiological processes occurring

after protein synthesis. An in-organello NMR

approach was also developed, in which protein expres-

sion was targeted to mitochondria via a specific target-

ing sequence [22]. Furthermore, a protocol in which

the timing of expression of two different proteins is

controlled by coupling the silencing of a stably

expressing gene with the transient expression of the

second gene was set up, allowing the selective labelling

of only one protein, which is critical to study protein-

protein interactions [23]. These approaches start to

become available to iNEXT users.

Solid-state NMR can probe membrane protein

assemblies at an atomic level, studying proteins both

in artificial bilayer settings and in cellular prepara-

tions. So-called ‘cellular ssNMR’ protocols were devel-

oped few years ago using the model bacterium

Escherichia coli. They involved general protein expres-

sion and cell fractionation procedures that lead to uni-

formly 13C,15N-labelled preparations of whole cells

and cell envelopes [24–26]. These approaches can allow

the characterization of rigid membrane-associated

molecular components, the conformation of the pro-

tein target, and also components that surround the tar-

get protein. Increasing levels of molecular complexity

were tackled by enhancing spectroscopic sensitivity

using Dynamic Nuclear Polarization and proton detec-

tion. These together with the development of dedicated

isotope-labelling schemes enable the study of proteins

in bacterial or eukaryotic membranes, while

(U-13C,15N)-whole cell preparations could also reveal

signals from nucleic acids, notably from RNA, that

are particularly abundant during bacterial exponential

growth phase. We are now working on developing

approaches for integrating cellular ssNMR methodolo-

gies with single-particle cryo-EM [27], high-resolution

fluorescence [28], and possibly with cryo-electron

tomography to study complex cellular systems across

different length and temporal scales [29].

The combination of different signals in cellular

imaging, e.g. from electrons (EM), photons (light) and

X-rays [soft X-ray microscopy (SXRM)], can allow

Fig. 2. Workflow of the assembly of SapNPs with target IMPs. (1) Saposin A and detergent solubilized lipids are mixed together, (2)

detergent solubilized IMP is added to the solution, (3) detergent is removed via SEC purification and/or incubation with biobeads and (4)

SapNP-IMP is formed and separated from empty SapNPs as required. Figure adapted from Ref. [14].
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significant insight into many cellular processes. Typi-

cally, one needs to first obtain images using light

microscopy to highlight the areas of interest by using

fluorescent proteins or marker dyes. A platform to

integrate fluorescence and X-ray images rapidly at the

X-ray microscope facility, to enable fast and accurate

data acquisition was created for SXRM using the USFC

CHIMERA software [30,31]. Volumes and 2D images, as

well as fluorescence images are loaded on the same

coordinate interface, permitting fast and easy pixel size

integration for the user. This workflow can also be

used in most of the microscopies that are potentially

relevant for cellular structural analysis (Light; soft X-

ray; hard X-ray; transmission electron microscopy;

scanning electron microscopy). As the workflow is

independent on the software that controls the system,

users are only required to extract the images acquired

in the microscope and load them in their own laptops,

allowing them to work across many facilities.

Finally, iNEXT has catalysed the development of

protocols and reagents that use the CRISPR/Cas tech-

nology to knock in fluorophores in the native locus of

proteins of interest. Together with vector collections

that allow integration of the same fluorophores in

purified proteins, users can get access to a toolset that

can allow the study of the exact same molecule both in

the cell and by biophysical methods, exploiting the

same fluorophore tags.

Accelerating science output

While the iNEXT partners are engaged in developing

new technologies for the users, a number of European

scientists have already exploited the iNEXT Consor-

tium facilities. They accessed well established tech-

niques available at iNEXT platforms for performing

experiments at high-end instrumentation, and benefited

of the unique expertise of the facility researchers for

advancing their research and/or for getting trained in

specific technologies.

Several scientific publications, reporting data

obtained through iNEXT access opportunities, show

the impact of this project.

Understanding how to reduce side effects during

immunotherapy is a highly relevant topic which was

addressed by a research group from the Medical

University of Vienna [32]. In particular, the work

focused on the characterization by NMR, at the

CERM facility, of the lipid binding properties of the

major peach allergen named Pru p 3, providing evi-

dence that upon ligand binding, the allergen undergoes

local structural changes which modulate its allergenic

activity.

Deciphering microbial virulence mechanisms is of

fundamental importance for the treatment of infectious

diseases. In this frame, the studies conducted by

Romano-Moreno et al. [33], uncovered the molecular

mechanism by which the Legionella pneumophila tar-

gets the host proteins. The X-ray structural characteri-

zation, performed at Diamond synchrotron,

contributed to explain how L. pneumophila, the causa-

tive agent of Legionnaires’ pneumonia, utilizes the

endosomal sorting machinery to facilitate the targeting

of effector proteins.

Florin et al. [34], through the access to CEITEC

high-resolution cryo-EM facility, solved the structure

of the ribosome complexed with release factor 1 and

with the derivative of the insect-produced antimicro-

bial peptide apidaecin named Api137. The latter is an

18-amino-acid derivative of the natural apidaecin 1b,

which was optimized to have improved antibacterial

properties and serum stability. This study revealed the

molecular interactions that lead to release factor 1

trapping, providing a starting point for the rational

Fig. 3. Sample preparation workflow for in-cell NMR in mammalian cells [17]. From left to right: cells are first grown in unlabelled growth

medium; transient transfection with the gene(s) of interest is performed, and the unlabelled medium is replaced with isotope-labelled

medium; cells containing the labelled protein(s) of interest are collected for in-cell NMR analysis.
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design of specific inhibitors of eukaryotic translation

termination.

As a further example, we mention the NMR struc-

ture determination of the high-affinity complex of a

G-quadruplex binding a potential new anticancer agent

[35]. This structure characterization provided a starting

point for rational drug design for a class of targets,

i.e. telomeric G-Quadruplexes, that has received

increasing attention in the last years.

Conclusions

iNEXT is enabling research activities that lead to

innovative therapeutics and diagnostics, better engi-

neering of biotechnology tools and materials and at

the same time promoting the use of structural biology

in biochemical and biomedical research studies. In

addition to service provision initiatives, specific

research efforts have been focused to successfully

develop protocols and methods to benefit the research

community. Many technological achievements have

already been implemented at different research facili-

ties that are involved in the project and are already

offered to iNEXT users.

We welcome researchers who are interested in sub-

mitting their projects to make use of the available

structural biology facilities as well as of our recent

technological developments. Our access procedures are

equally straightforward for both experts and nonstruc-

tural biologists. More details about the iNEXT project

and procedures to obtain access to our activities can

be found on the iNEXT website [36].

We think that the services and technologies offered

by iNEXT have and will have an increasing impact on

a broad range of biological studies, and we are keen

to be the promoters of effective scientific integration

among different domains of science.
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