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Foreword
The world of NMR is entering a new era: after about fifteen years of research and develop-
ment, the new 1.2 GHz NMR magnet (28.2 T) is ready. During 2019 Bruker announced the 
completion of the development of this new high field magnet, a sizeable field increase, ten 
years after the previous highest commercial magnetic field achievement (1.0 GHz (23.4 T). 
The world first 1.2 GHz NMR magnet will be installed in CERM beginning 2020, and we 
have already recorded the first, exciting spectra on the new machine already in September 
2019 (arXiv:1910.07462v1 [physics.chem-ph]). A significant step forward in resolution and 
sensitivity is achieved by this new instrument for solution samples, and we expect similar 
improvements on solid state samples.  

Having the first 1.2 GHz NMR spectrometer installed in Florence will make our center one 
major-player in this new course of NMR. This ultra high-field offers new opportunities to 
NMR, making it possible to obtain detailed characterisations of biomolecules, complex 
chemical mixtures, living cells, and new materials, unravelling processes that were inac-
cessible before. Especially in biomolecular research, NMR confirms to be an inescapable 
technique to thoroughly characterise biological systems at the molecular level. The re-
search activities that we outline below in this report clearly evidence the uniqueness and 
the complementarity of NMR with respect to other techniques, including the emerging fields 
of molecular microscopies and other structural-oriented techniques. For example, NMR is 
the only technique providing both structural and dynamic information in vitro and in living 
systems. NMR has also a primary role in material/biomaterial characterisation, as well as in 
metabolomics. NMR fingerprinting analysis ranges from metabolomics to the characterisa-
tion of biological drugs, which is increasingly attracting the interest of pharmaceutical com-
panies.  

The research developed at CERM in 2019 follows this spirit of interdisciplinary and integrat-
ed approaches: by browsing through the research section of this report, the variety of ap-
plications of NMR that move toward the interfaces with other disciplines is clearly apparent: 
from structural biology to medicine, from material science to information technology. The 
dialog with other disciplines also stimulates our research to improve its theoretical and 
methodological bases, in order to be more and more effective in the applications. For this 
reason we dedicate a special section of the Research Areas of this report to emerging 
methods. 

In parallel, the role in the European Research Infrastructure scenario of CERM/CIRMMP was 
further reinforced. CERM/CIRMMP is the Italian centre of Instruct-ERIC, an ESFRI landmark 
Research Infrastructure. During 2019, the key role of the Italian centre (Instruct IT) within 
Instruct-ERIC was strongly reaffirmed: as an outcome of Brexit, should Instruct-ERIC not be-
ing able to maintain its statutory seat in Oxford, United Kingdom, the statutory seat of In-
struct-ERIC shall be located in Florence, Italy.  
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This was possible thanks to our strong involvement in most Instruct-ERIC activities, with a 
leading role in the Council and in the Executive Committee, as well as in the support to 
training, internationalization, access and industry engagement, the latter within the Instruct-
ULTRA project which aims at releasing the full potential of Instruct to expand and consoli-
date infrastructure services for integrated structural life science research. The activity of 
CERM/CIRMMP related to Instruct-ERIC were framed also within the CORBEL initiative that 
coordinates 13 Biological and Medical European Research infrastructures (BMS RIs) to 
create a platform for harmonised user access to biological and medical technologies, bio-
logical samples, and data services required by cutting-edge biomedical research. From 
2019, these BMS RIs are also committed in the EOSC-Life project for creating an open, 
digital and collaborative space for biological and medical research and to drive the evolu-
tion of the RI repository infrastructure for the European Open Science Cloud (EOSC). 

Beside structural biology services provided as Instruct-ERIC centre, the access provision 
for translational research continued thanks to the iNEXT project and secured for next 4 
years by the awardee of iNEXT-Discovery. 

Furthermore, we have proceeded with the EuroBioNMR EEIG consortium, which is being 
established to co-ordinate European NMR research in biology and to ensure user access to 
several NMR infrastructures for all excellent scientific projects.  

At the national level we are accelerating the development of Instruct-ITALIA, a national 
consortium of infrastructures providing access to national users in structural biology, offer-
ing access to complementary techniques and providing competences available in each fa-
cility on different research fields: from NMR, to Cryo-EM, to optical microscopy ad X-ray 
techniques. Instruct-ITALIA is expected to start in early 2020.  

Figures 

Also for 2019, the Italian Ministry of Education, University, and Research (MIUR) confirmed 
its support to the Italian centre of Instruct-ERIC within the International Action of the FOE 
funding. CERM/CIRMMP investments and costs in 2019 amounted to € 3.530.000,00: € 
395.000,00 towards training and education, € 1.840.000,00 for new equipment and € 
1.050.000,00 towards research activities. An additional € 245.000,00 covered operational 
costs. The actual replacement value of the instrumentation at CERM is close to € 
53.000.000,00. 

In 2019, in addition to the faculty staff, the body of researchers included 22 PhD students, 
20 postdoctoral scientists, and 28 undergraduate students. 
We wish to thank all the people that contributed to make CERM what it is today and who 
continue to drive it forward, and all the Institutions that provided their support to CERM. 

Prof. Claudio Luchinat Prof. Lucia Banci  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Who we are

Introduction	
CERM, Centre for Magnetic Resonance, is a scientific institution for research, technology 
transfer and higher education of the University of Florence. It operates in synergy and col-
laboration with the Inter-University Consortium for Magnetic Resonance of MetalloProteins 
(CIRMMP) which includes three Italian Universities: Florence, Siena, and Bologna. CERM/
CIRMMP is an infrastructure for Life Sciences with a particular focus on structural biology 
and specialisations in NMR spectroscopy, bioinformatics, molecular and cellular biology, 
novel drug and vaccine design, and metabolomics. Nevertheless it is open towards inter-
faces with other research fields, for example new material and biomaterial development, 
contrast agent and MRI techniques, and ICT technology.   

Being a leading laboratory at both national and international level, CERM/CIRMMP receives 
funding from competitive project calls from the Tuscan Regional Government, the Italian 
Ministry of Higher Education and Research (MIUR), and the European Commission (EC), as 
well as from private institutions. Since 1994, CERM/CIRMMP is providing a transnational 
access to its instrumentation for its expertise and state-of-the-art instrumentation for NMR in 
Life Sciences. 

The core technology at CERM/CIRMMP is NMR spectroscopy, and the onsite instrumenta-
tion is among the most advanced in the world. A European transnational access service, 
funded by EC since 1994 in addition to service provision at national level operating since 
1990, places CERM/CIRMMP at the top of the list for experience among the European NMR 
Research Infrastructures. CERM/CRIMMP actively stimulates interactions between private 
industry and public research institutions such as Universities, National Research Council 
(CNR) Institutes, and European counterparts, promoting synergistic activities such as col-
laborations and services to SMEs. 

CERM/CIRMMP is a core Centre of Instruct-ERIC, which is the European research in-
frastructure in integrated structural biology defined in the European Strategy Forum on Re-
search Infrastructures (ESFRI) Roadmap. The Italian centre of INSTRUCT-ERIC, CERM/CIR-
MMP is also included in the “Roadmap Italiana delle Infrastrutture di Ricerca di interesse 
Pan-Europeo” since 2010. In parallel, CERM/CIRMMP is also the core center of the Instruct-
ITALIA network, a new infrastructure to promote and to foster an integrated approach at the 
national level providing access to X-ray crystallography, NMR, Cryo-EM as well as protein 
expression and crystallization. Instruct-ITALIA will start its activity at begin 2020 promoting 
a more effective interaction within Italian structural biologists as well as at supporting ac-
cess to the facilities of its national network. 
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CERM/CIRMMP is also an e-infrastructure, managing an European GRID-based platform, 
providing access to user-friendly platforms and CPU resources for a broad range of soft-
ware tools for structural biology. CERM/CIRMMP also promoted the creation of the DA VINCI 
EUROPEAN BIOBANK, a “biobank of biological samples and biomolecular resources”. CERM/
CIRMMP has also developed a centre for research and technology transfer: CERM-TT, 
funded by the Tuscany Region and inaugurated in July 2015. Finally, CERM/CIRMMP is co-
ordinating the activities of BIO-ENABLE, a new distributed Infrastructure promoting technolo-
gy transfer to industry and funded by the Regional Government of Tuscany in the frame of 
POR FESR 2014-2020. 

CERM/CIRMMP is located in the Scientific Campus (“Polo Scientifico”) of the University of 
Florence in Sesto Fiorentino, an area just west of the city of Florence. The campus borders 
Florence International Airport and yet is a mere 15 minutes from the centre of Florence, 
world-renowned cradle of renaissance art and culture.  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The Infrastructure

CERM/CIRMMP	labs	
The CERM/CIRMMP building covers an area of 3000 square meters hosting a number of 
laboratories, offices, and common rooms. The flagship of the Center is the impressive col-
lection of NMR spectrometers which feature the largest magnetic field range in the world 
(from 950 MHz to the earth field, 1.2 GHz installed in early 2020) and ranks it among the 
best equipped laboratories in the world. The NMR labs are flanked by molecular and cellu-
lar biology laboratories where samples for the NMR are produced. A complete list of the in-
struments available at CERM/CIRMMP is reported at pag. 38. In addition to the main build-
ing, further 500 square meters in adjacent buildings are available to CERM scientists and 
researchers scientifically associated to CERM/CIRMMP: laboratories at the Department of 
Chemistry Ugo Schiff and at GENEXPRESS; DA VINCI European Biobank; X-rays facilities; He-
lium liquefier.  www.cerm.unifi.it

Instruct-ERIC	
CERM/CIRMMP is an INSTRUCT-ERIC Centre. INSTRUCT-ERIC is the European research in-
frastructure in integrated structural biology, making cutting-edge technologies and high-end 
methods in a palette of tools for structural characterisation available to users.

Structural biology is one of the key approaches that contribute to the understanding of the 
molecular and cellular functions. The main experimental technologies are complementary, 
and increasingly link detailed atomic structure with cellular context. Structural biology is 
currently in the middle of a revolution enabled by significant advances in various technolo-
gies (direct electron detectors in EM, advances in synchrotron sources and detectors, 
XFELs, ultra-high field NMR, super-resolution cryo-light miscroscopy). 

INSTRUCT-ERIC buildups as a number of nodes constituted by Centres featuring the most 
advanced structural biology instrumentation and top-level expertise in the various methods. 
INSTRUCT-ERIC offers a single point of access to both multiple techniques integrated at 
one Center or over various Centres, or to some Centres specialised in specific techniques. 
www.instruct-eric.eu  

INSTRUCT-ITALIA is the Italian Infrastructure for Integrated Structural Biology. It consists in a 
core of excellent research institutions and large centres that have a proven track record in 
structural biology and in service and expertise provision to users. INSTRUCT-ITALIA aims to 
serve as a national consortium covering all main areas of structural biology research within 
Italy. https://talos.cerm.unifi.it/instruct-it  
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CERM	TT	
The CERM TT Competence Centre dedicated to Ivano Bertini, founder of CERM, was estab-
lished in response to the request of the Tuscany Region to make available to the industries 
and production companies in Tuscany centres of technology transfer, innovation clusters 
with advanced equipment and skills to boost the economic growth of the region. 

CERM TT strengthens and optimises the service offered by CERM/CIRMMP to the industry 
of the area: NMR instrumentation and advanced computing, a molecular biology laboratory 
for the production of proteins, scientific expertise and excellence, together with the maxi-
mum protection of industrial IP. 

CERM TT performs analytical services and research and development (R&D) for compa-
nies. In particular it offers the following services: 

• screening of drug candidates and drug-target interaction studies; 
• smart design of drugs; 
• analysis of pharmaceutical formulations. 

Bio-Enable	

BIO-ENABLE is a “distributed research infrastructure” led by CERM/CIRMMP and includes a 
few of other Centres in Tuscany. BIO-ENABLE provides access to equipment and expertise to 
support industrial research and innovation. Tuscan companies operating in fields ranging 
from pharmaceuticals to biotechnology, from vaccines to biomaterials, from food to nan-
otechnology, can exploit the services of BIO-ENABLE in the development of their activities to 
be competitive at international level. 

CERM leads the BIO-ENABLE consortium composed by: 

• Institute of Neurosciences of the CNR – Pisa;  
• BioRobotics Institute of Sant'Anna School of Advanced Studies - Pisa;  
• Department of Medical Biotechnologies – University of Siena. 

BIO-ENABLE can provide support at various levels and through different types of contracts: 
from simple access to instrumentation to specific types of advice, help and assistance to 
industrial research. BIO-ENABLE guarantees total confidentiality of the data collected at the 
various platforms both during the course of the analysis and in the management and ar-
chiving of the data. 

www.bio-enable.it 
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Funded	projects	
CERM/CIRMMP cooperates at the international level with several universities, research insti-
tutions and private industries with which is involved in numerous research projects funded 
by the European Commission. Projects ongoing during 2019 are: 

H2020-INFRADEV INSTRUCT ULTRA - Releasing the 
full potential of Instruct to expand and consolidate 
infrastructure services for integrated structural life 
science research (#731005). https://www.structural-
biology.eu/network/Instruct-Ultra/home

H2020-INFRAIA iNEXT - Infrastructure for NMR, EM 
and X-ray crystallography for translational research 
(#653706)  
http://www.inext-eu.org/

H2020-INFRADEV CORBEL - Coordinated research 
infrastructures building enduring life-science services 
(#654248)  
http://www.corbel-project.eu/home.html

TRANSVAC2 - Improving and accellerating vaccine 
development in Europe

H2020-PHC Propag-ageing - The continuum between 
healthy ageing and idiopathic Parkinson disease within 
a propagation perspective of inflammation and dam-
age: the search for new diagnostic, prognostic and 
therapeutic targets (#634821) https://www.propag-
ageing.eu/

“The Biogenesis of Iron-sulfur Proteins: from Cellular 
Biology to Molecular Aspects (FeSBioNet)” Cost Action 
CA15133 (H2020, 15/04/2016-14/04/2020)

EOSC-hub “Integrating and managing services for the 
European Open Science Cloud” (H2020, #777536, 
01/01/2018-31/12/2020)
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TIMB3 “Twin to Illuminate Metals in Biology and Bio-
catalysis through Biospectroscopy” (H2020, 
#810856, 01/09/2018- 31/08/2021)

ITFoC   Information Technology: The Future of Cancer 
Treatment https://itfoc.eu/

SPIDIA - Standardisation and improvement of generic 
pre-analytical tools and procedures for in-vitro diag-
nosis. http://www.spidia.eu/

EOSC-Life brings together the 13 Life Science 
‘ESFRI’ research infrastructures (LS RIs) to create 
an open, digital and collaborative space for bio-
logical and medical research. https://www.eosc-
life.eu/

National Highly Relevance Projects - “Italia - Argenti-
na”

 

 

!

 

!
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Research Activities

Introduction	
During 2019 a number of projects have been carried out, either as an extension of the activ-
ities of previous years or as new projects. Most of these projects receive specific funding 
from national and/or European organisations. 

NMR is the core technology of CERM, but year by year CERM research has been oriented 
more and more toward new applications and toward the integration with other techniques. 
This is one of the principles of the Integrated Structural Biology that underlays the INSTRUCT-
ERIC consortium, where CERM/CIRMMP is the Italian pole. In the following pages it can be 
appreciated how much the present research in CERM/CIRMMP is spanning a wide range of 
applications, from the structural biology to the bioinformatics methods and Information 
Technology, from paramagnetic NMR methods to the development of new contrast agents 
for MRI, from the metabolomics and biomedicine to the development of new solid-state 
NMR methods for the characterisation of material surfaces and biomaterials. 

In line with our mission to develop 
NMR as a technique and to integrate 
NMR with other techniques, most of 
our publications were done in colla-
boration with other research groups 
(78% of the overall number of publi-
cations). During 2019 we published  
60 papers  in international peer-re-
viewed journals, with an average 
impact factor of 5.2. A complete list 
of publications is available at page 
47. 

CIRMMP has been ranked first 
among the Italian Inter-University 

Consortia in Chemical Science in the last evaluation of the quality of research (VQR 
2011-14) by the National Agency for the Evaluation of the University and Research Sys-
tems. This excellent level of research of CERM/CIRMMP also contributed to having the 
Chemistry Department of the University Florence, to which most CERM scientists belong, 
ranked in the first place in the last Research Evaluation in the Chemical Science Area of the 
Italian Universities (VQR 2011-14). The Chemistry Department of the University of Florence 
was also winner of the national Project for Departments of Excellence. With the funds ar-
rived with this Excellence National Project and in collaboration with CERM, the Department 
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of Chemistry will be endowed with a Cryo-EM microscope for high-resolution investigation 
of biomolecules and materials, and it will be accessible also to CERM researchers. This wit-
nesses the impact of our research not only in the NMR field, but also in the larger chemical 
community and in the whole Italian research community.  

The interdisciplinary character of CERM/CIRMMP research projects, combined with the ex-
cellence of its instrumentation, constitutes a point of reference for the scientific community 
and for the cultural growth in the country, as demonstrated by the significant usage of the 
infrastructure by national scientists.  

Finally, since 2016 CIRMMP has decided to implement a quality system of the NMR lab, 
and is presently undergoing an ISO9001 certification process. The long-term goal is the ob-
tainment of ISO/IEC 17025 accreditation for a set of key validated NMR analyses.  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The	Role	of	Solution	NMR	in	Integrated	
Structural	Biology	  

�15

The major challenge of structural 
biology is understanding how pro-
teins function at the cellular level, 
within macromolecular complexes, 
or in a cellular pathway. 
Understanding dynamic processes 
that are co-ordinated at a cellular 
level is not possible using a single 
technology, but it becomes poten-
tially accessible through the inte-
gration of a number of approaches, 
spanning different resolution 
scales.

References: 
(1) Gourdoupis, S.; Nasta, V.; Ciofi-Baffoni, 
S.; Banci, L.; Calderone, V. Acta Crystal-
logr. D Struct. Biol. 2019, 75, 317-324. 

(2) Polykretis, P.; Luchinat, E.; Bonucci, A.; 
Giachetti, A.; Graewert, M.A.; Svergun, 
D.I.; Banci, L., IUCrJ 2019, 6, 948-957. 

(3) Cerofolini, L; Fragai, M; Ravera, E; 
Diebolder, CA; Renault, L; Calderone, V. 
Biomolecules 2019, 9, 370.

Nowadays solution NMR is an indispensable tech-
nology for determining not only structures of pro-
teins but also their interactions with other macro-
molecules, even when weak and transient, as well 
as for characterising functional processes directly in 
living cells. Through the integration of solution NMR 
with other structural data on different length and 
time scales, we can understand how proteins, pro-
tein complexes or DNA-protein complexes dynami-
cally interact with their functional environment. This 
fundamental understanding will underpin our ability 
to provide new therapeutics to meet the grand chal-
lenges of an ageing society, public health and glob-
al pandemics. 
CERM applies solution NMR in an integrated sys-
tems biology approach for addressing more and 
more challenging questions. Such approach is rou-
tinely used to understand the role played by a pro-
tein in the frame of cellular metabolism, or to ratio-
nally engineer an enzyme for a specific industrial 
process, or to determine how to design novel drugs 
that target a particular protein, or to understand 
what changes might improve them.1-3

The potential of integrated structural biology in unravelling 
biological processes.
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Integrated	Structural	Techniques 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While the number of high 
resolution structures and 
data obtained through dif-
ferent techniques increases 
steadily, it emerges the need 
of computational approach-
es to extract the most of the 
information, without over-in-
terpretation. 
NMR can be used to refine 
protein X-ray structures, 
drive EM reconstruction and 
monitor the presence of mul-
tiple conformational states.  

References: 

(1) Cerofolini, L.; Fragai, M.; Ravera, 
E.; Diebolder, C.A.; Renault, L.; 
Calderone, V. Biomolecules 2019, 9, 
370. 

(2) Carlon, A.; Ravera, E.; Parigi, G.; 
Murshudov, G.N.; Luchinat, C. J. Bio-
mol. NMR 2019, 73, 265-278  

(3) Carlon, A.; Gigli, L.; Ravera, E.; Pa-
rigi, G.; Gronenborn, A.M.; Luchinat, C. 
Biophys. J. 2019, 117, 1948-1953 

(4) Silva, J.M.; Giuntini, S.; Geraldes, 
C.F.G.C.; Macedo, A.L.; Ravera, E.; 
Fragai, M.; Luchinat, C.; Calderone, V. 
J. Biol. Inorg. Chim. Acta 2019, 24, 91-
101. 

(5) Amato, J. Et al. Nucleic Acid Res. 
2019, 47, 9950-9966

Stereo representation of the superposition of the active site 
region between molecule A and B in the asymmetric unit of 
Ni-hCAII. Penta-coordinated in blue and hexa in red. 

Data integration in structural biology has become a par-
adigm for the characterisation of biomolecular systems, 
and it is now accepted that combining different tech-
niques can fill the gaps in each other’s blind spots.1 We 
discuss the effect of imposing restraints based on the 
properties of the system to reduce the number of exper-
imental data needed to obtain a more complete picture. 
We have introduced a set of new features of REFMAC-
NMR that allow for including a-priori knowledge in the 
interpretation of NMR data for multi-domain and multi-
subunit systems.2 We have also developed methods to 
obtain information on the conformational variability of 
proteins with intrinsically disordered regions by using 
the MaxOcc approach. It aimed at identifying individual 
conformations, or groups thereof, that can exist for a 
large share of time in agreement with the average exper-
imental data.3,4 This conformational variability is also 
witnessed in the crystal state where two identical mole-
cules, in the same asymmetric unit, can show different 
conformation geometries giving rise to a well known (yet 
largely unexplained) phenomenon like partial symmetry.
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In-cell	NMR	in	Human	Cells 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The NMR bioreactor design (left) exploits a microdialysis membrane to exchange fresh nutrients and re-
move metabolic by-products. Cell metabolic activity is measured by 31P-NMR ATP measurement (right). 

Understanding of cellular processes requires all the in-
volved partners to be characterised at the structural 
level.1 To this aim, the in-cell NMR approach developed 
at CERM is being further extended and applied to hu-
man cells. The direct protein expression approach al-
lows monitoring functional processes such as protein 
folding and maturation, cofactor binding and redox 
changes in response to external stimuli.2,3  
The approach was applied to investigate the effect of 
cadmium, a highly toxic metal, on the maturation of in-
tracellular superoxide dismutase 1 (SOD1).4 We found 
that cadmium does not bind directly to SOD1 in place of 
zinc or copper. Instead, it induces the over-expression 
of metallothioneins (MTs) at NMR-detectable levels, in a 
zinc-dependent manner. With low-zinc, MT induction is 
inhibited and the consequent Cd-induced redox stress 
causes the premature formation of SOD1 disulfide 
bond. Conversely, high-zinc restores MT induction and 
prevents SOD1 oxidation.  
To further expand the applicability of the methodology, a 
modular flow-NMR system was developed and opti-
mized for multiple applications, both in-cell and in vitro.5 
Specifically, the NMR bioreactor improves cell viability 
and metabolic stability within the NMR spectrometer 
and allows time-resolved NMR experiments. In vitro, it 
allows efficient protein-based ligand screening under 
sample-limiting conditions. The design is now being 
applied to study protein-ligand interactions in human 
cells by time-resolved in-cell NMR. 

In-cell NMR spectroscopy is a 
unique tool for characterizing 
biological macromolecules in 
their physiological environ-
ment at atomic resolution. At 
CERM, we have developed a 
protein expression approach 
in to observe proteins in hu-
man cells by NMR. Functional 
processes and changes in 
response to external stimuli 
can be monitored in their na-
tive environment.

References: 
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Structure-Based	Vaccine	Design  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Vaccination is one of the major 
contributors to the global con-
trol of infections in human popu-
lation. Solid-state NMR and iso-
tope labelling methods can be 
used to characterise the struc-
tural features of the protein 
antigen components of vac-
cines and to investigate the 
preservation of the folding state 
of proteins adsorbed on Alu-
minium–OH matrix.
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Chemical shift perturbations (CSP) of ANSII-AlumOH with respect to rehydrated freeze-dried ANSII 
and electrostatic potential on ANSII crystal structure. 

The aluminum salts are the most commonly used adju-
vants for commercial vaccines and, also due to their 
long-term success, they still remain the “gold stan-
dard” against a new adjuvant. In the final formulation 
the antigen is adsorbed on the Aluminium-based adju-
vant and administered as precipitate. However, the 
mechanism of action of aluminum adjuvants for en-
hancing the immune response remains not fully under-
stood, although they have been used over many years 
in vaccines for human use. The interaction with the ad-
juvant may alter folding, conformation and stability of 
the antigen. Alteration of folding and native conforma-
tional state of the epitopes may affect the immune re-
sponse by influencing the antigen processing and 
presentation, the amount of protein bound to the adju-
vant and its binding affinity. At CERM, the use of struc-
tural biology to develop new vaccines has already 
proved its effectiveness.1 Now, we have shown that 
atomic structural details on protein antigens adsorbed 
on Aluminum gel adjuvant can be achieved, by solid-
state NMR, from vaccine formulations obtained starting 
from isotopically enriched antigens and stored for sev-
eral months.2 The information provided by solid-state 
NMR offer a completely new approach, providing 
semiquantitative information on the adsorbed protein 
antigen and on its folding state. This is suitable for dri-
ving structure-based optimisation of vaccine formula-
tion and manufacturing process. 
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Despite metallo-proteins 
are present in all living or-
ganisms, playing a huge 
variety of fundamental bio-
chemical processes, there 
is a paucity of computa-
tional resources focusing 
on these systems. We have 
developed several online 
resources and algorithms to 
investigate the role of metal 
ions in biological systems.
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Graphical representation of the reparametrisation procedure 
applied to the development of force-field parameters specific 
for zinc-bound Cys and His residues based on a non-bonded 
model.

In 2019 our work mainly focused on the application of our 
more recently developed software tools as well as on the 
exploitation of the contents of the newest release of MET-
ALPDB. In particular, we extended the METALPREDATOR tool 
to include additional metal ions with respect to its first re-
lease, and applied it to determine the zinc-proteome of 
Acinetobacter baumannii. The prediction was used to 
support the interpretation of experimental data on the ex-
pression of zinc proteins under different environmental 
conditions (zinc depletion/repletion). Further, we devel-
oped and validated a novel force-field in the context of the 
AMBER parameterisation for the simulation of zinc(II)-bind-
ing proteins. The proposed force-field assumes nonbond-
ed spherical interactions between the central zinc(II) and 
the coordinating residues. A crucial innovative aspect of 
our approach is to account for the polarisation effects of 
the cation by redefining the atomic charges of the coordi-
nating residues and an adjustment of Lennard-Jones pa-
rameters of Zn-interacting atoms to reproduce mean dis-
tance distributions.1,2 
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Molecular	Grounds	of	Iron-Sulfur	Protein	
Biogenesis	in	Humans	  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Iron-sulfur (Fe-S) clusters are 
ancient protein cofactors in-
volved in fundamental cellular 
processes. Despite the chemical 
simplicity of Fe-S cluster, their 
synthesis and assembly into 
apoproteins is a highly complex 
process in living cells. An in-
creasing number of human dis-
eases related to the misfunction 
of Fe-S protein biogenesis doc-
uments the importance of inves-
tigating such process in humans. 
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Left: Structure of the dimer of dimers of [2Fe-2S] ISCA2-IBA57. Right: Model of [4Fe-4S] cluster as-
sembly pathway on NFU1.

CERM/CIRMMP focused one of its research activities to 
the investigation of the molecular mechanisms respon-
sible of iron-sulfur protein biogenesis in humans. During 
2019, structural information on the last steps of a mito-
chondrial machinery responsible of assembling 
[4Fe-4S] clusters and involving several proteins, namely 
ISCA1, ISCA2, IBA57, BOLA3 and NFU1, have been ob-
tained. The use of an integrative approach, utilising in-
formation from small-angle X-ray scattering (SAXS) and 
bioinformatics-driven docking prediction, allow to de-
termine a low-resolution structural model of the human 
mitochondrial [2Fe-2S]2+ ISCA2-IBA57 complex. The 
latter model allowed us to define the molecular grounds 
of the pathogenic Arg146Trp mutation of IBA57. We also 
defined NFU1 protein as an 'assembler' of [4Fe-4S] 
clusters, that is, a protein able of converting two 
[2Fe-2S]2+ clusters into a [4Fe-4S]2+ cluster. We showed 
indeed that a [2Fe-2S]2+ GLRX5-BOLA3 complex trans-
fers its cluster to monomeric apo NFU1 to form, in the 
presence of a reductant, a [4Fe-4S]2+ cluster bound to 
dimeric NFU1.1,2
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Driving	Iron	Through	the	Ferritin	Cage 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Iron pathway across ferritin: A) iron uptake at the entry-chan-
nel; B) population of iron binding sites that guide iron towards 
the catalytic center of ferritin and C) iron oxidation kinetics of 
ferritin. 

F e r r i t i n i s a p ro t e i n 
nanocage involved in cel-
lular iron homeostasis. The 
iron pathways across dif-
ferent ferritins are continu-
ously studied. A combina-
tion of time-lapse X-ray 
crystallography and kinetic 
data on wild type and se-
lected ferritin variants, re-
vealed new understand-
ings about iron handling in 
ferritin from bullfrog. 
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Ferritin, in animals, is a polymer of 24 subunits that auto-
assemble forming a spherical nanocage pierced by chan-
nels that keep in contact the external environment with the 
internal cavity. The biological function of ferritin is to se-
quester and concentrate iron inside its cavity in a hydrated 
ferric oxide mineral form, in order to prevent Fenton chem-
istry reactions within cells.   
Ferritin’s molecular weight is around 480–500 kDa. It repre-
sented a very challenging system for NMR study on the 
iron paths into the cage that required an integrated ap-
proach of solid-state MAS NMR and 13C-13C NOESY in so-
lution.1,2 
Time-lapse anomalous X-ray diffraction methods have 
been developed, allowing to follow the progressive popula-
tion of transient iron binding sites along the path towards a 
well-defined di-iron ferroxidase site where they get oxi-
dised by oxygen. Coupling structure determination of iron-
loaded ferritin with solution stopped-flow kinetic measure-
ments permits to validate the role played by His54, a key 
accessory iron binding residue affecting the catalytic iron 
oxidation.3 The functional relevance of this site has been 
validated by measuring the reaction efficiency in solution in 
the H54N ferritin variant produced upon mutation of H54 
observed to act as iron ligand.
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Intrinsically	Disordered	Proteins	by	NMR 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Acquiring simultaneous snapshots of IDPs in solution. 

Intrinsically Disordered Pro-
teins (IDPs) represent an 
emerging field of research 
in modern protein chem-
istry. Present in any living 
organism they play key 
roles in a variety of different 
cellular pathways. NMR 
represents a unique tool for 
their investigation. Novel 
methods are under contin-
uous development to identi-
fy functional modules en-
abled by disorder. 
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Novel methods based on NMR 13C-direct detection were 
developed to determine simultaneous snapshots of IDPs 
in solution exploiting multiple receivers and to quantify 
paramagnetic relaxation enhancements originating from 
C’, HN and Hα. In parallel, several IDPs of high bio-
medical interest were investigated. These include α-
synuclein, E7 from papillomavirus, the N-terminal tail of 
the androgen receptor (AR) as well as osteopontin 
(OPN). Highlights from these studies include the elucida-
tion of the role of aromatic-proline motives in the stabili-
sation the compact state of OPN and the identification of 
the mechanisms through which poly-Q tracts in the N-tail 
of AR adopt an α-helical conformation that protects them 
from aggregation.1-5
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Distributed	Computing	in	Structural	Biology 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The central role of MD simulations to understand the role of 
metal ions in cells, with a specific focus on metal homeostasis.

The processing and analysis 
of data describing the 3D 
structure and dynamics of 
biological macromolecules 
require the combined use of 
various software tools. To fa-
cilitate this task we have de-
veloped and applied stan-
dardised workflows using 
web interfaces.  
The same concept will be 
extended to other workflows 
in the whole field of bio-
medicine. 
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Molecular Dynamics (MD), a computer simulation of the 
physical movements of atoms as a function of time, is a 
key computational technique in Structural Biology. 
MD simulations capture the behaviour of biological 
macromolecules in full atomic detail. Such simulations 
provide information into biomolecular mechanisms at 
spatial and temporal scales that are difficult to observe 
experimentally. MD simulations are used also to improve 
the energetics and geometry of newly determined 3D 
structures of biological macromolecules. 
Over the years, we developed methods for free and re-
strained MD simulations using a grid computational in-
frastructure, exploiting both traditional CPUs and GPUs. 
We applied these methods to obtain insight into the 
mechanisms of metal transport within cells. 
To secure the computational power needed to make ad-
vanced MD techniques available to a large user basis, 
we are collaborating with EGI to have access to cloud-
based computational  resources.1-4
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The events of binding of 
a substrate to an iron-
sulfur enzyme, and the 
catalytic mechanism 
can be investigated by 
the large shifts that the 
cluster imposes on the 
neighbouring residues.

In paramagnetic compounds, from small complexes to 
complicated metal sites in protein and protein-protein 
complexes, NMR spectra are broad and/or distributed 
over wide frequency ranges. Tailored experiments can 
be performed to detect these resonances, and en-
hance them over the other resonances. This spectral 
information is key to understanding the electronic 
structure of the paramagnetic center. Iron-Sulfur clus-
ters in proteins (see page 20) give rise to very peculiar 
NMR spectra, which can be used as a diagnostic tool 
for the identification the electron distribution across 
FeS cluster. As an example, the events leading to 
catalysis in a S-Adenosylmethionine enzyme could be 
probed through the spin distribution across two 
[4Fe-4S] clusters via paramagnetic 1H NMR spec-
troscopy.1  
The paramagnetic properties are faithful reporters of 
the electronic structure of metal centres: a straightfor-
ward biunivocal relation among the electronic structure 
and the NMR observables would greatly improve the 
insight on the coordination geometry of metal centres 
in proteins.2-4 We have used copper(II)-substituted 
human carbonic anhydrase to demonstrate the relation 
between EPR and NMR observables.5  
Another example is the case of [Yb((S)-THP)]3+ a chiral 
complex widely used for its magnetic and optical 
properties. Through the NMR investigation we were 
able not only to determine the detailed solution struc-
ture, but we monitored also the dimerisation process 
occurring in solution, and the structural rearrangement 

induced by the intermole-
cular interaction.6

The experimental and the-
oretical developments that 
are achieved to study 
paramagnetic systems by 
NMR are continuously in-
creasing. This offers the 
researchers a unique view 
on the molecular process-
es underlying, for example, 
the catalytic activity of iron-
sulfur enzymes or the be-
haviour of small complexes 
in solution.
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Pharmaceutical research 
demands, wi th always 
greater extent, the charac-
terisation at atomic detail of 
protein targets and biologi-
cal drugs to improve both 
drug activity and safety. 
The advancements of the 
last years in the field of nu-
clear magnetic resonance 
can help to answer these 
growing needs.
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Assessment of the quaternary structure of asparaginase II after PEGylation, by collecting re-
straints from the analysis of solid-state NMR spectra and calculation of a model using  compu-
tational programs.

Structural characterisation of pharmacologically rel-
evant proteins improves understanding and opens 
new ways for a drug rational design. However, the 
PEG coating that is used to evade the immune sys-
tem also causes these molecules to “evade” the 
standard structural biology methodologies. For this 
reason, we have integrated complementary tech-
niques, such as solution NMR, solid-state NMR and 
X-ray crystallography, to investigate the protein prior 
to and after PEGylation and to assess the structure 
preservation of large protein therapeutics upon bio-
conjugation.1  
The pathological relevance of some proteins, such 
as matrix metalloproteinases, has prompted for 
many years the research and development of new 
drugs against these targets. We have summarised 
the recent advancements in the understanding of 
the mechanism of collagenolysis and elastolysis, 
and discussed the perspectives of new therapeutic 
strategies for targeting MMPs.2 
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α-Synuclein (α-syn) is 
found to be naturally 
present in biofluids such 
as cerebrospinal fluid 
(CSF) and serum. Human 
serum albumin (HSA) is 
the most abundant protein 
found in these biofluids. 
HSA, at the concentration 
found in human serum in-
teracts with α-syn and 
slows its aggregation.
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Monomeric α-syn was left to aggregate in the presence of ThT  and different HSA concentrations. 
Surface charge representation of α-syn and HSA, with blue and red representing regions of positive 
and negative electrostatic potentials, respectively. Intensity decreases of the signals of two-dimen-
sional (2D) 15N–1H HSQC experiments acquired at 950 MHz on α-syn, after the addition of HAS.

Misfolding and uncontrolled aggregation of α-synuclein 
(α-syn) is linked to the onset and progression of a branch 
of neurological disorders named synucleinopathies, 
which include Parkinson’s disease (PD). Nowadays, the 
diagnosis of PD and other synucleinopathies still relies 
mainly on clinical symptoms. In this respect, the recent 
developments of real-time quaking-induced conversion 
(RT-QuIC) and α-syn protein misfolding cyclic amplifica-
tion (PMCA) have provided new perspectives for the ear-
ly-stage diagnosis of synucleinopathies. 
Human serum albumin (HSA) is the most abundant pro-
tein found in serum and recently, it has been reported to 
inhibit α-syn aggregation and membrane damage, pro-
duced by α-syn aggregates. However, these results ap-
pear in contrast to two previously published studies. To 
shed light on these contradictions and to clarify the part-
nership between α-syn and the most common protein in 
serum and CSF, we characterised the binding region of 
HSA on α-syn by high-field solution NMR and the inhibito-
ry effect of HSA on α-syn aggregation kinetics by ThT flu-
orescence assays both in a low ionic strength environ-
ment and under physiological conditions. At CERM we 
found that HSA, at the concentration found in human 
serum, significantly slows the aggregation of α-syn. Fur-
thermore, the  interaction among these proteins is sensi-
tive to ionic strength- and pH-dependent manner.1 
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Fast field cycling (FFC) re-
laxometry can provide ac-
cess to the structural and 
dynamic parameters on 
which nuclear relaxation de-
pends, and it represents a 
precious tool for the optimi-
sation of contrast agents for 
MRI, for the characterisation 
of dynamics in IDPs, and for 
understanding the mecha-
nisms responsible for Over-
hauser DNP.
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1H NMRD profiles of CP1 and of its cleaved and aggregated form

FFC relaxometry is used for characterising the efficacy 
of paramagnetic complexes as contrast agents for MRI.  
Caspase probe 1 (CP1) is a bimodal fluorescence-
magnetic resonance probe that exhibits response to 
caspase-3/7, which are enzymes activated during 
apoptosis. CP1 has three distinct components: a 
DOTA-Gd(III) chelate that provides the MR signal en-
hancement, tetraphenylethylene as the aggregation in-
duced emission luminogen, and DEVD peptide which is 
a substrate for caspase-3/7. In response to 
caspase-3/7, the water-soluble peptide DEVD is 
cleaved and the remaining Gd(III)-conjugate aggre-
gates leading to increased relaxation rates, thus provid-
ing an effective biomarker for apoptosis. Monitoring 
apoptosis in real-time provides invaluable information 
for evaluating cancer therapy response and screening 
preclinical anticancer drugs. In fact, effective cancer 
therapy largely depends on inducing apoptosis in can-
cer cells via chemotherapy and/or radiation.1-4
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Dynamic Nuclear Polarisation 
(DNP), makes it possible to 
increase sensitivity in solid-
state NMR (ssNMR) by more 
than two orders of magni-
tude. This revolutionises the 
application of ssNMR in the 
characterisation of materials 
and biomolecule allowing, for 
example, the investigation of 
pharmaceutical directly in 
their commercial formulation. 
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Solid state NMR (ssNMR) is the method of choice for the 
characterisation of many liquid crystals, solid chemicals 
and materials. In analogy with solution NMR, which is a 
well-established technique for structural and dynamic 
investigation in small molecules and even in complex 
biomolecules,1 This technique is particularly useful for 
characterising commercial pharmaceutical formulations, 
which are often compound mixtures that include several 
solid phases. The main limitation to ssNMR is sensitivity, 
which is why we devote our efforts to extend DNP meth-
ods to characterise active pharmaceutical ingredients 
(API) and formulations. Here, we present a new method 
based on the generation of enhanced polarisation direct-
ly on 19F nuclei and its propagation in the pharmaceutical 
formulation using an optimised fluorinated solvent. 19F 
spectra with sensitivity improvements of the order of 
70-80 can be obtained by exploiting the fluorine-fluorine 
spin diffusion. This approach allows us to characterise 
formulations with API in sub-milligram amounts and in 
natural isotopic abundance. The enhanced polarisation 
can then be transferred to spin 13C or even used to ac-
quire multidimensional correlation spectra. The impact of 
this technique on the pharmaceutical research and in the 
pharmaceuti-
cal industry 
can be enor-
mous.

19F Hahn echo spectra of 5-fluorouracil (12 kHz 
MAS, 9.4 T, 110 K), acquired with or without 
𝜇wave irradiation (black). Sample (a) corre-
sponds to 30 mg of API, containing 230 mmol 
of 19F. Sample (b) is 0.293 mg of API mixed 
with 30.8 mg of cellulose, (2 mmol of F), and 12 
mM AMUPol in TFE-d3. The red trace is the 
simulated spectra.

the Supporting Information). The free radical concentration
in this case was limited by solubility. We note that TB,ON and eF

reproducibly approach a steady state after ten insert–eject
cycles(see Figures S4–S6).

The onset of molecular dynamics is well known to
significantly interfere with DNP efficiency, and CH3 rotation
has been shown to act as an efficient relaxation sink.[23] Thus,
in order to maintain the same motional regime to record e, the
spectra were acquired at the same temperature for on and off
(see Figure S10 for details). All temperatures in the samples
were measured using 79Br T1 of KBr (see the Supporting
Information for details). Figure S10b shows a comparison of
eF values acquired with mwave irradiation at different powers.
Higher enhancements were observed for 42 W/124 K (eF =
118(4))than for 10 W/105 K (eF = 81(4); see the Supporting
Information for details).

Finally, we note that the reported enhancements benefit
from the DNP amplification effect through the incorporation
of microcrystalline KBr (see Figure S9).[24] Figures S11 and
S12 demonstrate the increase in the signal-to-noise ratio per
unit mass and square root of experimental time (SNR/mg/

ÅÅÅ
h
p

)
for three samples: neat TFE-d3 (mwave OFF, SNR/mg/

ÅÅÅ
h
p

=
34), 6 mm AMUPol in TFE-d3 (mwave ON, SNR/mg/

ÅÅÅ
h
p

=
346), and 6 mm AMUPol in TFE-d3 with KBr (mwave ON,
SNR/mg/

ÅÅÅ
h
p

= 1385). We conclude that adding AMUPol into
TFE-d3 leads to nearly a factor of ten reduction in T1, which
then leads to a significant additional increase in the sensitivity
per root time.

To illustrate the relevance of 19F MAS DNP enhanced
NMR spectroscopy, we acquired the spectra of an API and
a fluorinated material using the IWI technique. Figure 2
shows the 19F DNP enhanced NMR spectra of a) neat 5-
fluorouracil (230 mmol of F) and b) a diluted sample recorded
using an excipient matrix of cellulose (2 mmol of F). The
crystal structure of this API polymorph is triclinic, with the P�1
space group,[25] where four crystallographically distinct fluo-
rine sites are expected (see Figure S10).[25] Two 19F resonances
are visible for the concentrated sample (diso(

19F) =ˇ165 and
ˇ169 ppm; Figure 3a) with eF = 17(1) for the sample with
a 230 mmol concentration of F. GIPAW-DFTat the GGA PBE
level of theory was carried out to predict the 19F isotropic
shielding parameters (see Table S4 for the values), which
agree with the observed experimental chemical shifts (see the
Supporting Information for details). The results predict that
the three fluorine atoms interacting with the aromatic groups
have similar chemical shifts and are more shielded than the
other fluorine site. The API has a longer T2’ value than the
solvent, hence the solvent TFE-d3 signal is efficiently sup-
pressed by increasing the echo delay before acquisition.[26]

The 19F NMR spectrum of 5-fluorouracil can be simulated to
extract the chemical shift (CS) tensor information (see
Figure 2a and Table S3 for the CS tensor). In addition, we
show that our approach permits to detect mmol quantities of
the fluorinated API diluted (2 mmol) in an excipient matrix
(see Figure 2b). Without MAS DNP, only the probe back-
ground signal is observed for such low amounts of F in
a sample.

Figure 3 shows the 13C CPMAS DNP (polarization is
transferred from 19F to 13C) spectrum of 5-fluorouracil. The

four API carbon resonances are hyperpolarized equally
within error with eC,CP values between 23(3) and 27(6). The
resonances were assigned as follows, based on solution NMR
spectra:[27] C2: 150(3) ppm, C4: 162(2) ppm, C5: 140(3) ppm,
and C6: 132(10) ppm.[28] Finally, we note that by comparison
with the 1H–13C CPMAS spectrum shown in Figure S15, we
can clearly identify the carbon atoms bound to fluorine.

Finally, we also acquired 19F MAS and 13C CPMAS DNP
spectra of a mesostructured hybrid organosilica material that
contains a perfluorobenzene fragment (see the Supporting
Information for details), and observed a surface enhancement
eC-F of 10(2).

In conclusion, we have reported a protocol for performing
direct 19F cross-effect MAS DNP. We have identified suitable
matrices for 19F DNP experiments with the state-of-the-art
polarization agents AMUPol and TEKPol: deuterated tri-
fluoroethanol and perfluorotoluene. The best composition,
12 mm AMUPol in TFE-d3, provides an eF value of 118 (with
KBr) at 124 K using 70 W mwave power. We found that the 19F
enhancement increases sizably with the microwave power,
and better enhancements were observed at high power and in
the presence of microcrystalline KBr, which yielded better
microwave distributions. To demonstrate the robust and

Figure 2. 19F Hahn echo spectra of 5-fluorouracil acquired at 12 kHz
spinning frequency, 9.4 T, and 110 K, acquired with (black trace) or
without (dashed line) mwave irradiation. Sample (a) corresponds to
30 mg of API, which contains 230 mmol of F, and has been impreg-
nated with 8 mm AMUPol in TFE-d3. Sample (b) is 0.293 mg of API
(measured with an analytical balance) mixed with 30.8 mg of cellulose,
which contains 2 mmol of F, and has been impregnated with 12 mm
AMUPol in TFE-d3. Two crystallographically distinct sites are high-
lighted in purple and the other resonances in (a) represent spinning
sidebands (ss), and the red trace corresponds to the simulated
spectra. In (b), the ss are designated on the spectrum by s, and
correspond to the solvent TFE-d3 peaks (see Figure S14).
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A typical metabolomic work-
flow is made up of the pre-
analytical phase, from sam-
ple collection to storage, 
and the analytical phase, in-
cluding sample preparation 
and NMR measurements. 
Both phases comprise sev-
eral steps that influence the 
final results. Validated and 
detailed procedures are re-
quired to improve the accu-
racy and the reproducibility 
of the analyses.
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Typical metabolomic workflow scheme.4

Metabolomics deals with the -omic analysis of low mole-
cular weight metabolites present in biological samples. 
NMR is one of principal analytical techniques used in 
metabolomics. NMR is intrinsically quantitative and high-
ly reproducible and it allows for fast fingerprinting and 
profiling of a variety of samples.1-3 The reliability, accura-
cy and reproducibility of NMR-based metabolomic 
analysis depends on the preservation of the chemical 
composition (in terms both of nature and concentration 
of metabolites) of the ‘original’ metabolome of a sample 
during the entire metabolomic workflow.  
The pre-analytical phase includes different steps (sam-
ple collection, processing, transport and storage) that 
may influence the composition of the sample. Experi-
mental validated procedures are developed to obtain 
high quality samples and to reduce errors in the analysis 
of biofluids like urine, plasma and serum.4,5 Processing 
procedures affecting the metabolomic composition of 
food matrices, like olive oil, were also investigated.6  
Also the analytical procedures, including sample prepa-
ration and NMR measurements, may influence the relia-
bility of the results and detailed procedures are required 
to reduce errors and increase accuracy as far as possi-
ble. In this context, the addition of a small amount of 
paramagnetic gadolinium chelate, during the NMR sam-
ple preparation, enables faster and more efficient quanti-
tative NMR experiments.7
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1H NMR based metabolomics 
provides a dynamic portrait of 
the metabolic status of an indi-
vidual, permitting the simulta-
neous identification and quan-
tification of metabolites and 
small intermediate molecules. 
Thus, NMR metabolomics of-
fers a molecular description of 
the health status of an individ-
ual for the characterisation of 
the metabolic signature of dis-
eases for diagnostic and 
prognostic purposes and for 
the definition of individual sus-
ceptibility to treatments and 
environmental factors.
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We have successfully exploited the application of NMR-
based metabolomics in different pathological contexts, 
providing significant information on a wide range of patho-
logies. For example, we were able to characterise patients 
affected by hepatitis C infection with respect healthy con-
trols and hepatitis B patients1 and patients affected by 
primary cholangitis in comparison with patients affected by 
coeliac disease.2 Metabolomics is particularly appropriate 
to develop prognostic models: we were able to derive a 
prognostic score based on NMR spectra able to identify 
the patients at risk of death within 2 years after the acute 
phase of a myocardial infarction.3 Similarly, we developed 
a score to identify breast cancer patients with high risk to 
develop a relapse in the following 10 years.4 Large scale 
population screening to assess the nutritional behaviour of 
individuals are also possible.5 Urine and serum are the 
most employed human biofluids for metabolomic investiga-
tions, because they are easy to be collected and rich of 
systemic information. However, other more localized bio-
fluids can be analysed, such as exhaled breath condens-
ate (to study pulmonary diseases)6 and saliva (to investig-
ate oral pathologies).7 Beside human samples, metabolo-
mics can be used to study cellular models to investigate in 
vitro the effects of dietary8 or pharmaceutical9 interven-
tions.    

NMR-based metabolomics can investigate different aspects 
of human health. 
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National and Transnational access

INSTRUCT-ERIC	ESFRI	Infrastructure	–	European	
and	National	NMR	Research	Infrastructure	

CERM/CIRMMP is the key centre for application and development of NMR spectroscopy with-
in INSTRUCT-ERIC, an ESFRI infrastructure operative since 2012. 

INSTRUCT-ERIC provides access to unique instrumentation in a variety of different structural 
techniques (see pages 9). This innovative approach allows for a description of biological cells 
at the molecular level, in order to understand how living organisms function in normal and 
pathological conditions and to design drugs and vaccines. The possibility of access to IN-
STRUCT-ERIC represents a unique opportunity for researchers, both at the national and Eu-
ropean level, to strengthen the innovation capacity of the research performed. The request of 
access to Instruct-ERIC has exponentially increased since it became operational. The same 
trend is registered for the CERM/CIRMMP platform.  

Since 2016, the access to European users is also provided through the newly funded iNEXT 
project (http://www.inext-eu.org). iNEXT is a consortium funded by the HORIZON2020 program 
to offer European researchers access to a wide range of advanced structural biology tech-
nologies (including X-ray technologies, NMR spectroscopy, Electron Microscopy and bio-
physics), to study the structure and function of biological macromolecules and their assem-
blies, and aspires to promote biomedicine, biotechnology, and biomaterials, involving scien-
tists with or without previous experience in structural biology. 

Since 2016 has been operative the European access platform CORBEL. CORBEL is an initiative 
of eleven new biological and medical research infrastructures (BMS RIs), which includes IN-
STRUCT-ERIC, that together creates a platform for harmonised user access to biological and 
medical technologies, biological samples, and data services required by cutting-edge bio-
medical research. 

In addition CERM/CIRMMP continues to provide access to its instrumentation to all national 
users whose research is outside the INSTRUCT-ERIC scope, provided their research project 
matches quality criteria in terms of scientific interest, excellence and feasibility. CERM/CIR-
MMP is promoting the development of a national platform INSTRUCT-ITALIA to favour the de-
velopment of a consortium of infrastructures in structural and cellular for national access ser-
vice. 

In all cases access is granted on the basis of peer-review of the received proposals, and after 
a feasibility check by the staff scientists of the receiving infrastructure. Technical assistance is 
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provided for the acquisition of the data. Scientific collaborations are welcome but not re-
quired. The uniqueness of access provision at CERM/CIRMMP infrastructure lies in the wide 

number of available NMR in-
struments, the variety of the 
NMR equipment (probes, au-
tomatic sample changers,…) 
and the exceptional expertise 
of the scientific and technical 
stuff, which represents an 
ideal environment for NMR 
research, especially in the 
field of structural and func-
tional characterisation of bio-
logical systems. This allows 
the optimal use of the instru-
mentation also in a combined 
way, when needed. The de-
scription of the NMR instru-
mentation made available un-

der the above mentioned access projects at CERM/CIRMMP is reported in the dedicate 
paragraph at page 39. 

Molecular biology and cellular biology labs are also strategic for the users needs to prepare 
and/or optimise the large variety of samples for structural characterisation, together with other 
biophysical equipment for EPR, CD, UV-vis, stopped-flow measurements, manual and auto-
mated crystallisation facilities and X-ray diffractometry. Users can also access other university 
infrastructures available in the campus, such as those of mass spectrometry, Raman reso-
nance, and non-linear spectroscopies. 

CERM/CIRMMP also provides access to its computational e-infrastructure which includes a 
cluster for the more intensive calculations, with 16 blades harbouring a total of 80 CPU cores. 
Ten servers are used to host services from web pages to databases and to enable access to 
the European Grid. A number of graphic stations are available for interactive NMR data analy-
sis.  

During 2019 CERM/CIRMMP provided overall 539 days of NMR access to external users. A 
more detailed analysis shows that the access in the frame of INSTRUCT-ERIC, INSTRUCT-ITALIA, 
CORBEL and iNEXT, were overall 368 days in 2019. 
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Collaborations with Industries 

CERM/CIRMMP has a long tradition in collaborations with industries: from simply providing 
access and service to its instrumentation, to establishing a more collaborative activity in re-
search projects or to the participation as partners in international project calls. In 2019, thanks 
to the freshly inaugurated centre CERM TT and the BIO-ENABLE project, the pay-for-services 
access to industries was overall 171 days. This number does not include the access provided 
industrial partners through collaborative projects. 

We warmly thank the following companies for stimulating interactions: 

Bracco SpA 

Bruker BioSpin

Dompé Pharmaceutical

Italmatch Chemicals

Glaxo Smith Kline

Giotto Biotech Srl

Merck
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Menarini  Srl

Valagro S.p.a.

Abiogen S.p.a.

Infineum

Danger and Safety

Buona Steve Jones 

A special acknowledgment to Gruppo 
SAPIO Srl, 

official supplier of all the cryogenic gases of 
CERM/CIRMMP�
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Flanking Institutions

Da Vinci European BioBank 

The Da Vinci European Biobank (daVEB) is handled by CsaVRI (Centro Servizi Di Ateneo Per 
la Valorizzazione della Ricerca e la Gestione dell’Incubatore) and it is certified 
ISO9001:2015. It is a research biobank that stores human biospecimens (plasma, serum, 
urine, tissues, cells), and bacterial expression vectors at cryogenic temperatures (Mechani-
cal freezers for storage at –80 °C, equipped with auxiliary LN2 cooling system and tanks for 
cryopreservation in nitrogen vapour phase at –150 °C, with automatic nitrogen supply). 

Thanks to the involvement of scientific and technical staff in the management of daVEB, 
CERM has established connections with the ESFRI European Biobank Infrastructure BBMRI, 
which are reinforced by the metabolomics research activities of CERM and its spin-off Fior-
Gen foundation. 

The interaction between daVEB and CERM is strategic and synergistic. Scientific collabora-
tions in the metabolomic field contribute to the development of SOPs validated by NMR and 
to the enrichment of the biobank in terms of type and number of samples. daVEB currently 
houses a collection of unique samples (biofluids, tissues and DNA) of growing importance 
by number in the following areas: melanoma, rare skin diseases, diseases of the genital-uri-
nary cancer, cardio-circulatory diseases, digestive diseases, breast cancer, non-Hodgkin's 
lymphoma, diseases associated with the ageing. On the other hand, the biobank acts as a 
support to the metabolomics research via NMR carried out at CERM by providing a storage 
service of samples and the associated data, following protocols in accordance with in-
ternational standards. 

The daVEB is a partner of the RISE project (Competence center-RISE Network infrastructure 
for industrial research and incubation for advanced services to innovative companies), coor-
dinated by CSAVRI; PAR-FAS funding of Regione Toscana It operates as an infrastructure to 
support experimental development activities and provision of services, with open access to 
private companies. 

https://www.unifi.it/vp-11370-da-vinci-european-biobank.html 

Giotto Biotech Srl 
Giotto Biotech S.r.l. is a SME founded in 2011 as a spin-off of CERM that aims at contributing 
to the biomedical sciences by providing enabling products and services, with a particular 
focus on complementary technologies in the field of NMR. Giotto Biotech provides a full 
range of compounds and custom manufacturing to supply research needs in the field of 
biomedical sciences, consulting and services. The company is active in various fields in-
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cluding protein production and isotope labelling, organic synthesis, services for NMR, and 
information technology. The services include NMR metabolomics and statistical analysis.  

In 2019 Giotto Biotech has been involved in several research projects funded at the Eu-
ropean or National level (FLAG-ERA-ITFoC, Information Technology: Future of Cancer Treat-
ment; ITN EC RNAct, Enabling proteins with RNA recognition motifs for synthetic biology and 
bio-analytics.; SENSOGM, Development of biophotonic sensors for environmental determina-
tion of GMOs, funded by the Tuscany Region; SATURNO, Scarti organici e Anidride carboni-
ca Trasformati in carbURanti, fertilizzanti e prodotti chimici; applicazione concreta dell'eco-
NOmia circolare, funded by Piemonte Region). 

Giotto Biotech research activity is carried out in synergy with CERM scientists. As an out-
come of this collaboration, in 2019 Giotto Biotech and CERM researchers co-authored twelve 
scientific publications. Among industrial collaborations, Giotto Biotech is partner with the 
NMR manufacturer, Bruker Biospin, in the development of expert systems to assign me-
tabolite signals in biofluids to perform quantitation without human intervention.  

http://www.giottobiotech.com/ 

Fondazione Luigi Sacconi 
The Luigi Sacconi Foundation was established in 1996 to honour the memory of Prof. Luigi 
Sacconi who was a prominent figure in Chemistry and founder of the General and Inorganic 
Chemistry School in Florence where many international scientists have been educated. 

Its aim is to promote scientific research in the molecular sciences at the local, national and 
international levels. Particular attention is addressed to chemistry, in its implications and ap-
plications concerning health, quality of life, the environment, energy, and technological and 
industrial development. 

For this purpose the Luigi Sacconi Foundation collects documents and publications, pro-
motes seminars, courses and meetings and other activities supporting the exchange of sci-
entific knowledge, subsidises the activity of Italian and foreign researchers, and establishes 
awards. 

The Sacconi Memorial Lecture 2019 has been awarded to Prof. Prof. Gaetano T. Montelione 
director of the Northeast Structural Genomics Consortium (Department of Molecular Biology 
and Biochemistry, Rutgers University The State University of New Jersey, Piscataway, NJ, 
USA).  
The Sacconi Medal Lecturer 2019 has been awarded to Dr. Liberato Manna, director of the 
Nanotechnology Department of the Italian institute of Technology (IIT, Genoa) 
http://www.cerm.unifi.it/fondazione  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Instrumentation

Solution	and	Solid-State	NMR	Spectrometers	
All NMR instruments are state-of-the-art, digital spectrometers equipped with a variety of cryo-
probes as well as of specific probes covering a broad range of frequencies and of observable 
nuclei. In addition to all the standard pulse sequences for spectroscopic, structural, dynami-
cal, and functional characterisation, tailored pulse sequences for structural determination of 
high molecular weight proteins and paramagnetic systems are implemented, as well as 13C 
direct-detection solution protocols for “protonless” NMR experiments and structural character-
isation of biomolecules, including unfolded or partially unfolded ones. Pulse sequences and 
experiment setup have been implemented for the detection and characterisation of paramag-
netic systems and in this field CERM has been pioneer since decades. For this reason we 
have now equipped a 400 MHz instrument with a special 3mm High Power probe designed 
for the investigation of paramagnetic systems. Solid-state MAS probes cover almost all the 
presently achievable MAS frequencies, from a few hundred of Hz to ultra-fast MAS regime, 
and since 2017 we have a new 0.7mm CP MAS probe spinning up to 111 kHz. Special proto-
cols and devices are available for solid state experiments both for biological and inorganic 
material characterisation. Set-up and pulse sequences for in-cell NMR experiments are also 
implemented.  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*With	sample	changer 

B0 Field (T) 1H Larmor  Frequency (Bore) Probe heads 

22.3 950 MHz  (NB 54 mm) TCI Cryo 5 mm solution (1H/13C/15N with 2H decoupling)

21.1 900 MHz  (NB 54 mm) TCI Cryo 5 mm solution (1H/13C/15N with 2H decoupling)  
TXI RT 5 mm solution (1H/13C/15N with 2H decoupling)

20.0 850 MHz  (WB 89 mm) 3.2 mm CP MAS DVT 15N/13C/1H 
1.3 mm CP MAS 1H-19F/BB/15N 
0.7 mm CP MAS 1H/13C/15N

18.8 800 MHz  (NB 54 mm) TXI RT 5 mm solution(1H/13C/15N with 2H decoupling) 
QXI RT 5 mm solution(1H/13C/15N/31P with 2H decoupling) 
1H-Selective High Power RT (prototype) 
3.2 mm CP MAS DVT Low-E 15N/13C/1H 
1.3 mm CP MAS 1H-19F/BB-X/BB-Y 
1.3 mm CP MAS 1H/13C/15N

16.4 700* MHz  (NB 54 mm) TCI Cryo 5 mm solution(1H/13C/15N with 2H decoupling) 
TXI RT 5 mm solution(1H/13C/15N with 2H decoupling)

16.4 700 MHz  (NB 54 mm) TXO Cryo 5 mm solution(13C/15N/1H with 2H decoupling) 
TXO RT 5 mm solution(13C/15N/1H with 2H decoupling) 
TXI RT 5 mm solution(1H/13C/15N with 2H decoupling)

16.4 700 MHz  (WB 89 mm) 3.2 mm CP MAS 15N/13C/1H 
4.0 mm CP MAS 15N/13C/1H

14.1 600 MHz  (NB 54 mm) 2 x TXI RT 5 mm solution(1H/13C/15N with 2H decoupling) 
HR-MAS 4.0mm (1H/13C/15N with 2H decoupling) 
1H - Selective High Power RT, 5 mm solution 
1H - Selective RT, 5 mm solution 
BBI RT 5 mm solution 
BBO RT 5 mm solution 
BBO RT 10 mm solution 
BB RT -Low-𝛾 -10 mm solution

14.1 600* MHz (NB 54 mm) TXI RT 5 mm solution (1H/13C/15N with 2H decoupling)

11.7 500 MHz  (NB 54 mm) TCI Cryo 5 mm solution(1H/13C/15N) 
TXI RT 5 mm solution (1H/13C/15N) 
TBO RT 5 mm solution (1H/31P/BB) 
BBI RT 5 mm solution

9.4 400* MHz  (NB 54 mm) BBO RT 5 mm solution 
BBI RT 5 mm solution (1H/BB) 
BBI RT 3 mm solution (1H/BB) 
1H-Selective High Power 5 mm solution

0.33-1.25 X-band (9.43 GHz), Q-Band (35 
GHz)

X and Q Band cavities 

0.00024-1 Fast Field Cycling Relaxometer 0.01-45 MHz 10 mm solution tubes
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X-ray	Crystallography	
CERM/CIRMMP is equipped with standard crystallisation facilities and with an automated 
nano-dispensing device (Mosquito, TTP Labtech). Furthermore it has full access to the Inter-
departmental Crystallography Centre of the University of Florence (CRIST) equipped, among 
other instruments, with a sealed-tube diffractometer bearing a CCD detector (AgilentTech-
nologies) for routine in-house data collections. Regular access to synchrotron beam time slots 
in Europe facilities is also possible. 

Biological	and	Biophysical	Facilities	and	Services	
Molecular	and	Cellular	Biology	

CERM/CIRMMP is equipped with state-of-the-art facilities for gene cloning and protein ex-
pression and purification. Large scale protein expression in prokaryotes and yeast is available 
through the use of fermenters. Different isotope labelling schemes, including specific labelling 
schemes oriented to NMR characterisation, can be achieved through the use of auxotrophic 
strains. Fully equipped facilities for protein purification are available, including last-generation 
instruments for streamlined purification (ÄKTA pure chromatography system) and equipment 
for protein purification and reconstitution in anaerobic environment (glove box). A mammalian 
expression lab for in-cell NMR is also available.  

EPR		

9.43 GHz (X-Band, continuous wave, Elexsys E 580E) and 35 GHz (Q-Band, pulsed, Elexsys 
E 580E) instrument.  

Multi	Angle/Dynamic	Light	Scattering	

Instrument for measurements on batch samples or on in-flow samples (FPLC coupling). 

Isothermal	Calorimetry	(ITC)	

ITC device to measure thermodynamical parameters in micro-samples. The instrument is fully 
equipped for studying protein-ligand and protein-protein thermodynamical parameters.	

Optical	Spectroscopy		

Absorption/Fluorescence Spectrophotometer operating from 1000 to 200 nm, Circular Dichro-
ism (CD) spectrometer operating form 1200 to 200 nm (Near-IR, Visible, UV) to derive infor-
mation on the proteins secondary structure or protein-metal interaction, and stopped-flow 
spectrophotometer are available in the infrastructure. 
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Computational	Structural	Biology	Tools	
CERM/CIRMMP provides integrated databases and software for genome browsing, metal 
binding analysis, structure calculation with/without paramagnetic restraints, sequence valida-
tion, domain organisation, evolution, protein complex analysis. 

Access to programs for NMR data processing and structural calculations is also provided via 
web.   

Electronic	infrastructure	(e-infrastructure)	

The grid and cloud-based services of CERM/CIRMMP are currently being provided via the 
WeNMR thematic services (https://www.eosc-hub.eu/services/WeNMR suite for Structural Bi-
ology) within the EOSC-Hub initiative. This leverages the success of the previously funded 
WeNMR e-Infrastructure and West-Life virtual research environment. The WeNMR thematic 
services provide application-level services specific to different cases in Structural Biology, 
with a main focus on NMR-based tools. Those services are supported thanks to the strong 
commitment of resource providers giving access to grid, cloud and data storage computing 
resources. This support has been formalised by a Service Level Agreement with the EGI Fed-
eration. The user community served by the WeNMR services encompasses over 12,000 regis-
tered users over the years from more than 95 different countries. 

CERM/CIRMMP maintains a node of the European Grid Initiative. The available hardware 
comprises two clusters with 80 and 1024 CPU-cores respectively, and four TB of shared stor-
age. A cluster with six Nvidia Tesla K20 GPGPU cards is also available.  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Training & Education 

International	Doctorate	in	Structural	Biology	
The International PhD course in Structural Biology is a research doctorate of the University 
of Florence, hosted at CERM that runs in collaboration with the Frankfurt and Utrecht Universi-
ties. The scientific fields cover most of the molecular aspects of life sciences.  

The main objective of the International PhD course in Structural 
Biology is the training of research doctors at the forefront of the 
knowledge in modern methodologies in molecular and structural 
biology, biotechnology and systems biology. It provides both the-
oretical and hands-on training in structural techniques applied to 
biological macromolecules in solution and in the crystalline state, 
as well as in non-crystalline materials such as fibrils or amyloid, 
and to biological macromolecules in their cellular environment. It 
also provides state-of-the-art training in molecular biology for the 
expression of isotope-enriched recombinant proteins and specif-
ically those for NMR studies. Finally, it offers top level ICT training 
thanks to the well-established expertise and the exploitation of 
the e-infrastructure. Bioinformatics, biostatistics and NMR-
metabolomics training is offered as well. 

The scientific themes covered by the 
PhD course are: 

1. NMR spectroscopy (in solution 
and in the solid state) and X-ray 
crystallography aimed at studying 
structure, function and dynamics in 
biological macromolecules and pro-
tein-protein adducts; 

2. Molecular and cellular biology 
techniques for the production of pro-
teins, DNA and bacterial and pro-
karyotic cell growth; 

3. Drug and vaccine development, through rational design techniques and structural char-
acterisation of biological drugs; 
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4. Bioinformatics to understand the structure-function relationship in biomolecules and in 
particular in metalloproteins through the large scale analysis of databases  

5. In cell NMR studies, by which molecular pathways and cell import-export mechanisms are 
investigated; 

6. Metabolomics studies, in which the individual metabolic fingerprints are related to disease 
states and fingerprints are utilised to provide early diagnosis or even identification of pre-
disease states. 

The added value of this PhD course is in the development of a transnational educational 
project, able to form PhDs at the forefront regarding the scientific formation, the knowledge 
and development of research and technology, capable to consider multi-disciplinary, transna-
tional cooperation and mobility as primary needs, and to evaluate collaborative projects as a 
requirement for high quality research. The doctoral program also relies on Faculty members 
who, in addition to scientists from CERM, include professors from other departments of the 
University of Florence and from the Universities of Frankfurt, Utrecht, Oxford and Lyon, all top 
places for Structural Biology.  

Full-time attendance is mandatory, as is 
commitment to research activities. In addition 
to seminars and courses, students are asked 
to provide research seminars as a basic tool 
for their own training. Every PhD student is 
encouraged to liaise with foreign universities 
and take part in teaching and research train-
ing as well as in internships abroad. 

Post-Doctorate	
CERM/CIRMMP hosts a number of post doc-
toral researchers. Some of them are former 
PhD students who remain at CERM after the 
end of the PhD, others come from all over the 
world for performing research projects and 
being trained in the methodologies in which 
CERM/CIRMMP excels. There are also sever-
al short- or long-term visitors coming from 
Italian and foreign universities.  
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Pure Appl. Chem. (2019), Volume 91, 231-245(IF. 2.350)  

55.Carlon A, Ravera E, Parigi G, Murshudov GN, Luchinat C. Joint X-ray/NMR structure refinement of 
multidomain/multisubunit systems. J. Biomol. NMR. (2019), 73, 265-278 (IF 2.319)  

�51



PUBLICATIONS

56.Romano F, Meoni G, Manavella V, Baima G, Mariani GM, Cacciatore S, Tenori L, Aimetti M. Effect 
of non-surgical periodontal therapy on salivary metabolic fingerprint of generalized chronic peri-
odontitis using nuclear magnetic resonance spectroscopy. Arch. Oral Biol. (2019), 97:208-214. 
(IF 1.663)  

57.Parigi G, Ravera E, Bennati M, Luchinat C. Understanding Overhauser Dynamic Nuclear Polarisa-
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BOOKS 
1. Calderone V, Marco Fragai M and Luchinat C. Reviewing the crystal structure of S100Z and other 

members of the S100 family: implications in calcium-regulated quaternary structure. 
In C.W. Heizmann (Ed.) Calcium-Binding Proteins of the EF-hand Superfamily: from Basics to Med-
ical Applications. Methods Mol Biol. (2019), 1929:487-499, Springer Protocols, Humana Press  
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MEETINGS	&	EVENTS

Meetings and Events Organised by CERM

Seminars	Held	at	CERM	

Wednesday, January 16th, 6:00 pm, Dr. Christine Cavazza, CEA Grenoble, France, “On the 
way to understanding carbon monoxide dehydrogenase maturation” 

Wednesday, February 20th, 6:00 pm, Dr. Ricardo O. Louro, Center for Magnetic Resonance 
António Xavier, Instituto de Tecnologia Química e Biológica António Xavier, Universidade 
Nova de Lisboa, Portugal, “Using NMR to explore the molecular mechanisms of electricity 
production by bacteria” 

Thursday, March 7th, 12:00 pm, Dr. Jiafei Mao, Goethe-Universität Frankfurt am Main, Ger-
many, “Exploring Protein Structures and Functions via DNP-Enhanced Methyl SSNMR Spec-
troscopy” 

Thursday, March 21th, 5:30 pm, Dr. Andreas G. Tzakos, Department of Chemistry, University 
of Ioannina, Greece, “Targeting the tumor microenvironment with prodrugs” 

Monday, April   8th, 12:00 pm, Dr. Pablo Conesa, Universidad Católica San Antonio de Mur-
cia, Spain, “Discovery of biomarkers and molecular targets in serrated colorectal carcinoma: 
from histology to molecular profiles” 

Wednesday, May 8th, 12:00 pm, Dr. Andrzej Gorecki, Jagiellonian University, Krakow, 
Poland, “Strategy of transcription regulation by proteins YY1 and YY2” 

Thursday, May 30th, 12:00 pm, Filip Szubert, Jagellonian University, Krakow, Poland, “Hu-
man transcription factor Yin Yang 1 - preparation of protein specimens for NMR studies” 

Monday, May 27th, 12:00 pm, Prof. Robert Konrat, Max F. Perutz Laboratories, University of 
Vienna, Austria, "High-Content NMR for Molecular Biology and Drug Development” 

Tuesday, June 18th, 12:00 pm, Prof. Frédéric Barras, Département Microbiologie, Institut 
Pasteur, France, “Fe-S protein biogenesis : evolution, stress adaptation and role in antibiotic 
resistance” 

Friday, July 12th, 5:30 pm, Dr. Michaela Krafcikova, Institute of Biophysics, Brno, Czech Re-
public, “Study of protein-DNA interactions by using in-cell NMR” 

Thursday, September 19th, 5:30 pm, Prof. Songi Han, Department of Chemistry and Bio-
chemistry, UCSB, USA, “Study of protein hydration, assembly and aggregation by Over-
hauser DNP relaxometry and EPR spectroscopy” 
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Friday, November 22th, 5:30 pm, Prof. Dr. Silvio Tosatto, Department of Biomedical Sci-
ences, University of Padova, CNR Institute of Neuroscience, Padova, Italy, “Computational 
resources for intrinsically disordered proteins” 

Group	Meetings	
10/01 Maria Grazia Murrali “Functional interaction studies of intrinsically disordered pro-

teins” 

01/02 Valeria Putignano “hMeProt web resource” 

08/02 Davide Sala “Matching evolutionary couplings and ambiguous NMR contacts to de-
rive homo-oligomers structure” 

15/02 Veronica Ghini “Metabolomics to assess response to immune checkpoint inhibitors in 
patients with nonsmall-cell LUng cancer” 

22/02 Michele Invernici “Paramagnetic NMR spectroscopy of FeS proteins” 

01/03 Sara Bologna “Interaction of alpha-synuclein with human biofluids components: a 
step further” 

08/03 Sara Matteucci “Iron trafficking in cytosolic iron-sulfur cluster assembly” 

22/03 Domenico Rizzo “Expression and characterization by NMR of pharmaceutically rele-
vant recombinant biomolecules” 

05/04 Giovanni Saudino “Production of ISCA1, a protein involved in the biogenesis of mito-
chondrial iron sulfur proteins” 

12/04 Marco Schiavina “Taking simultaneous snapshots of Intrinsically Disordered Proteins 
in action” 

17/05 Matteo Cremonini “Segmental labelling approaches applied to NMR studies of mul-
tidomain proteins: a step further”  

31/05 Cristina Licari “Fingerprinting by 1H-NMR-based metabolomics” 

07/06 Nihar Ranjan Prusty “Iron-sulphur (Fe-S) cluster binding proteins in human cytosol: a 
precise view on “scaffold” and “CIA targeting complex” proteins” 

14/06 Dafne Suraci “NFU1 and ISCA2: new insights into mitochondrial Fe/S protein network”  

21/06 Lucia Gigli “Looking at the coordination in paramagnetic metalloproteins from the dis-
tance” 
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28/06 Letizia Barbieri “Protein-ligand interactions by in-cell NMR” 

02/09 Dr. José Pedro Silva “Human Carbonic Anhydrase 2: a paramagnetic tale”  

20/09 Dr. Gaia Meoni “Metabolomics by NMR: applications in food research” 

04/10 Dr. Stefano Giuntini “Characterization of protein-based bioconjugates and biomateri-
als by SSNMR”  

11/10 Dr. Silvia Ciambellotti “Ferritin-based nanocarriers for cancer photodynamic therapy”  

25/10 Dr. Alessia Vignoli “NMR metabolomic fingerprint of heart failures” 

15/11 Dr. Panagis Polykretis “A harmful endogenous enemy”  

06/12 Dr. Enrico Luchinat “Intracellular drug screening by protein-observed NMR” 

19/12 Dr. Alexander Röntgen “Analysis of hydrogel scaffolds for bioreactor in-cell NMR” 

Journal	Clubs	
15/03 - M. Cremonini, N. Prusty 

29/03 - C. Licari, D. Suraci 

10/05 - D. Sala, V. Putignano 

24/05 - S. Bologna, M.G. Murrali 

27/09 - L. Gigli 

08/11 - S. Matteucci, D. Rizzo 

13/12 - G. Saudino, M. Schiavina 
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CONTACT	INFORMATION

Contact Information
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www.cerm.unifi.it 

Phone:  + 39 055 4574270 

Fax:  + 39 055 4574923 

E-mail: cerm@cerm.unifi.it

CERM 

Via Luigi Sacconi 6 

50019 Sesto Fiorentino (FI) 

Italy
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