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Foreword
The year 2022 was an important year for our Infrastructure. The new 1.2 GHz NMR instru-
ment (28.2 T magnet), operative since Spring 2020, is benefitting our research as well as 
the research of our users. The significant improvement of the research performed at 
CERM/CIRMMP is detailed in the research activity session of this report: while still main-
taining a high number of publications (74) their  quality has significantly improved, with an 
average publication impact factor of about 10, that is almost doubled compared to 2021. 
This is due not only to the presence of excellent publications (Chem. Rev., Nature, Nature 
Chemistry, Angew. Chemie, J. Am. Chem. Soc…), but to a generalised quality improve-
ment. Indeed, the publications with an impact factor above 5 are 57% of the total! The 
landscape of topics is dominated by structural and cellular biology, but material science, 
new NMR methods and metabolomics are also well represented.

Scientific research has always represented our strength, and it is attracting new users, who 
often become collaborators. Indeed, users find in our infrastructure not only an excellent 
NMR service but also the know-how to properly analyse the data and translate them into 
scientific results.

Despite the limitations due to Covid-19 pandemic that were still present in the first half of 
2022, we were able to organise the Chianti Workshop “Opening New Doors on Magnetic 
resonance” (Principina Terra (GR, Italy) June 19th-24th 2022). This biannual meeting, which 
was delayed from 2020 to 2022 because of the pandemic, confirmed itself again as one of 
the major events in NMR and Magnetic Resonance of 2022. This was also the occasion to 
restart with meetings in presence and promote our infrastructure internationally.

In parallel, the role of CERM/CIRMMP in the European Research Infrastructure scenario 
was further reinforced. CERM/CIRMMP is the Italian centre (Instruct-IT) of Instruct-ERIC, an 
ESFRI Landmark. The key role of the Italian centre within Instruct-ERIC was strongly reaf-
firmed 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, interna-
tionalisation, access and data management. The latter within EOSC-Life project, to enable 
the management, storage and reuse of data in the European Open Science Cloud (EOSC).

The activities of CERM/CIRMMP related to Instruct-ERIC were framed also within the can-
SERV and the ISIDORe projects, which coordinates the Biological and Medical European 
Research infrastructures (BMS RIs) to create platforms for access provision tackling can-
cer research and infectious disease outbreak, respectively.

At the national level, the activities of Instruct-ITALIA, the national consortium of infrastruc-
tures providing access to national users in structural biology, started in 2020, has rapidly 
increased, as detailed within this report. Instruct-ITALIA is a powerful tool for the Italian re-
searchers who now have access to complementary techniques on different research fields: 
from NMR to Cryo-EM, to optical microscopy and X-ray techniques.
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Through the recently funded NRRP project ITACA.SB we secured funds for potentiating the 
Italian center of Instruct-ERIC and for implementing new facilities in the country in order to 
provide the Italian Structural Biology community with methodologies to meet their needs for 
performing top-level research with the overall goal of strengthening the Italian role in In-
struct-ERIC by ensuring the European user community high-end services at the Italian cen-
ter and, boosting the exploitation of Instruct-ERIC resources in general.

Figures

Also for 2022, 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 2022 amounted to € 3.185.000,00: € 
300.000,00 towards training and education, € 1.840.000,00 for new equipment, and € 
835.000,00 towards research activities. An additional € 210.000,00 covered operational 
costs.

The actual replacement value of the instrumentation at CERM/CIRMMP is close to € 
58.000.000,00. In 2022, in addition to the faculty staff, the body of researchers included 22 
PhD students, 16 postdoctoral scientists, and 16 undergraduate students.

We wish to thank all the people that contributed to make CERM/CIRMMP what it is today 
and who continue to drive it forward, and all the Institutions that provided their support.


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 re-
ceives funding from competitive project calls from the Tuscan Regional Government, the 
Italian Ministry of Higher Education and Research (MUR), and the European Commission 
(EC), as well as from private institutions. 

The core technology at CERM/CIRMMP is NMR spectroscopy, and the onsite instrumenta-
tion is among the most advanced in the world. Since 1994 a European transnational ac-
cess service, funded by EC, flanked the service provision at national level, that was al-
ready active since 1990. This long term expertise places CERM/CIRMMP at the top of the 
list among the European NMR Research Infrastructures in Life Sciences. CERM/CIRMMP 
actively stimulates interactions between private industry and public research institutions 
such as Universities, National Research Council (CNR) Institutes, and European counter-
parts, promoting synergistic activities such as collaborations and services to SMEs.

CERM/CIRMMP is the Italian 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 centre of the In-
struct-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 crystallisation. Instruct-ITALIA has started its activity in early 2020, 
promoting a more effective interaction within Italian structural biologists, as well as at sup-
porting access to the facilities of its national network.

Under the Next Generation EU scheme, Italy is receiving resources (NRRP Program), and 
through this scheme, CERM/CIRMMP scientists participated in several projects. Of high 
relevance and impact is the awarding to CERM/CIRMMP, together with a few CNR labora-
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tories in Italy, of the project, named ITACA.SB, which allocated significant resources to rein-
force the Italian Center of Instruct-ERIC and Integrated Structural Biology in Italy.

CERM/CIRMMP is also an e-infrastructure, participating in a European GRID-based plat-
form, providing access to user-friendly platforms and CPU resources for a broad range of 
services for structural biology. These services leverage technologies created in the context 
of EOSC (European Open Science Cloud) development initiatives and are made available 
through the EOSC marketplace (for example, https://marketplace.eosc-portal.eu/services/
eosc.wenmr.amber-based_portal_server_for_nmr_structures_amps-nmr).

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. Fi-
nally, CERM/CIRMMP is coordinating the activities of Bio-Enable, a distributed In-
frastructure promoting technology transfer to industry and funded by the Regional Gov-
ernment 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 metres 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 1.2 GHz (installed in early 2020, is the first instrument in the world at this field) to the 
earth magnetic field) and ranks it among the best equipped laboratories in the world. The 
NMR labs are flanked by molecular and cellular biology laboratories that are optimised for 
NMR sample production. A complete list of the instruments available at CERM/CIRMMP is 
reported at pag. 37. In addition to the main building, further 500 square metres 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 GENEX-
PRESS; DA VINCI European Biobank; X-rays facilities; Helium 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 on a number Centres featuring the most advanced structural biolo-
gy 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 vari-
ous 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 of 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://www.cerm.unifi.it/instruct-it/ 
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CERM	TT

The CERM TT Competence Centre dedicated to Ivano Bertini, founder of CERM, was es-
tablished in response to the request of the Tuscany Region to make available to the indus-
tries and production companies in Tuscany centres of technology transfer, innovation clus-
ters 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 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:


• Magnetic Resonance Center (CERM/CIRMMP, coordinator)

• 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 in-
stitutions, and private industries with which it is involved in numerous research projects 
funded by the European Commission. Projects ongoing during 2022 are:


Remote NMR (R-NMR): Moving NMR infrastruc-
tures to remote access capabilities (HORIZON-
CSA grant agreement n. 101058595, 01/07/2022- 
30/06/2025)

ISIDORe Integrated Services for Infectious Dis-
ease Outbreak Research. Grant agreement ID: 
101046133 (01/02/2022-31/018/2025)

BeYond-COVID (BY-COVID) Grant agreement ID: 
101046203 (1/10/2021-30/09/2024)

PANACEA “A Pan-European Solid-State NMR In-
frastructure for Chemistry-Enabling Access”, (H2020, 
contract n. 101008500, 01/09/2021-31/08/2025) 

ITN “GLYTUNES – A multidisciplinary training network 
for the bioinspired development of glycomimetics tun-
ing the Siglec-Sialoglycan axis” n. 956758 
(01/03/2021-28/02/2025) 

H2020 -INFRAIA iNEXT-Discovery - Structural Biology 
Research Infrastructures for Translational Research 
and Discovery (#871037) https://inext-discovery.eu 

ITFoC  Information Technology: The Future of Cancer 
Treatment https://itfoc.eu/ 
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TRANSVAC2 - Improving and accelerating vaccine 
development in Europe 

TIMB3 “Twin to Illuminate Metals in Biology and Bio-
catalysis through Biospectroscopy” (H2020, contract 
n. 810856, 01/09/2018-31/08/2021) 

EOSC-Life "Providing an open collaborative space for 
digital biology in Europe" (H2020, contract n. 824087, 
01/03/2019-28/02/2023) 

HIRES-MULTIDYN "Multiscale Dynamics with Ultrafast 
High-Resolution Re (H2020, contract n. 899683, 
1/10/2020-30/09/2024) 

EGI-ACE: Advanced Computing for EOSC (Horizon 
2 0 2 0 g r a n t a g r e e m e n t n . 1 0 1 0 1 7 5 6 7 , 
01/01/2021-30/06/2023)

ITACA.SB: Potentiating the Italian Capacity for 
Structural Biology Services in Instruct-ERIC (Call MUR 
3264 - M4/C2/L3.1.1 - ID Proposal IR0000009)
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NRRP	and	CERM/CIRMMP

The CERM/CIRMMP Infrastructure is also strongly involved in the National Recovery and 
Resilience Plan (NRRP), attending to several projects directly as infrastructure or with the 
direct involvement of its researchers. In particular ITACA.SB is an infrastructure project 
empowering the Structural Biology services offered by Instruct-Italia.


ITACA.SB: Potentiating the Italian Capacity for Structural Biology Services in Instruct-ERIC
The ITACA.SB project aimed at maintaining the excellence of NMR services of the Italian 
Centre of Instruct-ERIC, empowering and integrating the service capacity for protein pro-
duction and biophysical characterisation (NMR, Crystallography,…), potentiating data 
management, and computational tools available for widening the exploitation of structural 
biology technologies. Furthermore, it promotes a reduction of the environmental impact of 
NMR structural biology activities at Instruct IT. Last but not least, ITACA.SB promotes out-
reach and networking for a stronger Italian SB community. 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Other NRRP Projects with CERM/CIRMMP Researchers involved

CN3 - Spoke 5 Pierattelli - Fragrai

THE - Spoke 4 Cantini Nanotechnologies for diagnosis and therapy

THE - Spoke 6 Rosato Omics for cancer

THE - Spoke 8 Pierattelli - Felli - Parigi - 
Fragai - Allegrozzi

PE8 - Spoke 2 Tenori - Vignoli Improving the understanding of the biology of ageing

PE12 - Spoke 6 Felli Mechanisms of neuronal cell degeneration and drug 
dependent reversal

National Recovery and Resilience Plan

Call MUR 3264/2021 – M4/C2/L3.1.1


Applicant: Consiglio Nazionale delle Ricerche 
(CNR) Co-Applicant: Università degli Studi di 
Firenze 


Starting date: 01.11.2022


Length: 30 months 40% of funds to South Italy 
infrastructures 


Total amount: 17.977.617,89€ 


CERM@UniFi: 9.388.657,28€ 
CNR: 8.588.960,61€ 

Research Facilities involved in ITACA.SB: CERM/CIRMMP (Florence), IC: Institute of Crys-
tallography (Bari, Caserta, Catania), IBPM: Institute of Molecular Biology and Pathology 
(Rome), ICB: Institute of Biomolecular Chemistry (Catania), IPCB: Institute for Polymers and 
Composite (Catania). 

Firenze

Bari

Catania

Roma

Caserta



RESEARCH	AREAS

Research Activities

Introduction

During 2022, a number of research projects have been carried out, either as an extension 
of the activities of previous years or as new projects. Most of these projects receive specif-
ic 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 underlies the Instruct-
ERIC consortium, where CERM/CIRMMP is the Italian node. 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 Infor-
mation 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 pub-
lications were done in collaboration with 
other research groups (70% of the 
overall number of publications). During 
2022 we published 74 papers in in-
ternational peer-reviewed journals, with 
several publication on very high impact 
factors journals (Nature, Chemical Re-

view, Nature Structural and Chemical 
Biology, J. Am. Chem. Soc.,..).The average impact factor substantially improved from last 
year passing from 5.68 to 9.57, which is substantial jump in quality of the publications with 
56% of the publications on journals with impact factors higher than 5. A complete list of 
publications is available at page 47.

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

The	Role	of	Solution	NMR	in	Integrated	
Structural	Biology	 !
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The major challenge of 
structural biology is under-
standing how biological 
machines function at the 
cellular level, within macro-
molecular complexes, or in 
a cellular pathway. It is not 
possible to understand dy-
namic processes and their 
coordination at a cellular 
level using a single tech-
nique. This task has be-
come accessible through 
the integration of a number 
of approaches, spanning 
different resolution scales.

References:


(1) Abelein. A; Ciofi-Baffoni S. Mörman C, 
Kumar R, Giachetti A, Piccioli M, Biverstål 
H. J.Am.Chem Soc. 2022, 11, 2571.


(2) Hricovíni, M; Pierattelli, R.; et al. Int. J. 
Mol. Sci.. 2022, 23, 14815.


(3) Del Duca S, Puglia AM, Calderone V, 
Bazzicalupo M, Fani R Microorganisms 
2022, 10, 692


(4) Camponeschi F. ; Banci L. FEBS Lett  
2022, 597, 122-133. 

During the last decade structural biologists have elu-
cidated the structure of ever larger protein complexes 
and biological machines. As these challenges be-
came more ambitious, it has become necessary to 
use multiple experimental and computational meth-
ods, taking advantage of the different potential of 
each method. This approach is known as ‘integrative 
structural biology’. Early examples are the combined 
use of NMR and SAXS in structure determination of 
proteins, and of solid-state NMR and cryo-EM. For 
larger protein complexes the use of X-ray crystallog-
raphy with cryo-EM has become popular. It is worth 
mentioning that mass spectrometry methods are now 
also part of the integrative toolkit so as bioinformatics, 
in silico molecular modelling and EPR.

Remarkably, NMR often plays an important role in 
these hybrid approaches. Of course, high-resolution 
NMR is unique in providing atomic-level structural in-
formation for biomolecules in solution. In addition, dy-
namic behaviour can be studied for an extremely wide 
range of time-scales.1-4 


Integrated structural biology to unravel biological processes 
(10.1126/science.122856) 
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Computing	for	Integrative	Structural	Biology!
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Integrative structural biol-
ogy combines data from 
multiple techniques to ob-
tain a deeper understand-
ing of complex biological 
systems. 

To progress towards this 
goal, our work focused on 
providing thorough infor-
mation on metal-binding 
systems through European 
databases and on the au-
tomation of tools for data 
analysis.

References:

(1) PDBe-KB consortium; Andreini, C.; 
Rosato, A.; Putignano, V. et al. Nucleic 
Acids Res. 2022, 50 (D1), D534-D542 


(2) Bazayeva M, Laveglia V, Andreini C, 
Rosato A. J Inorg Biochem, 2022, 238, 
112025


(3) Andreini C, Arnesano F, Rosato A. 
Metallomics. 2022, 14, mfac047.


(4) Soares R, Costa NL, Paquete CM, 
Andreini C, Louro RO. Mol. Biol. and 
Evol. 2022, 39, msac139.


(5) Andreini C, Rosato A. Int J of Mol 
Sciences 23, 7684


(6) Laveglia V, Giachetti A, Sala D, An-
dreini C, Rosato A. J Chem Inf and 
Mod. 2022, 62, 2951-2960

We used an updated version of MetalPredator to search for 
zinc-binding proteins in the SARS-COV2 virus.

A cornerstone for the development of innovative 
computational techniques in structural biology is the 
availability of extensive data repositories that inte-
grate structural information in the PDB providing bio-
logical context for proteins, to which we contribute 
our expertise on metal sites.1 Information in biological 
databases is then exploited to implement knowledge 
discovery processes.2

In the respect of metal-analysis, we analysed the Zn-
proteome of SARS-COV-23 and applied MetalPDB 
tools to shed light on the evolution of multi-heme pro-
teins.4

Finally, we opened a new line of research with the 
aim of applying machine learning to the characterisa-
tion and analysis of metal sites in structures.5,6
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In-cell	NMR	and	EPR	in	Human	Cells!
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In-cell NMR and EPR spectroscopies allow structural 
and functional characterisation of macromolecules in-
side living cells, making possible to study protein-pro-
tein and protein-ligand interactions in a highly physio-
logical environment, in a non-destructive way.1,2 These 
approaches can bridge the gap between in vitro tech-
niques and cell-based assays, and thus have high po-
tential in the development of new effective drugs against 
intracellular targets.3 

At CERM, novel approaches are constantly being devel-
oped to further expand the range of applications of 
these methodologies, and to move towards even more 
physiological conditions. A novel method has been de-
veloped to deliver proteins in human cells for in-cell EPR 
applications. This method relies on mild thermal stimula-
tion of human cultured cells, which stimulates a natural-
ly-occurring cellular uptake mechanism. Spin-labelled 
proteins are successfully delivered to different cell lines 
(HEK293T, HeLa and Jurkat T lymphocytes) at sufficient 
concentration to enable EPR methods, such as double 
electron-electron resonance (DEER) measurements, for 
characterising protein conformations.4 

A) Protein delivery by thermal 
stimulation; B) GFP-treated cells; 
C) The in-cell EPR spectrum.

CERM continues to pio-
neer the development of 
NMR and EPR methods to 
investigate proteins and 
small molecules in living 
human cells at atomic res-
olution. A novel approach 
has been developed to 
deliver spin-labelled pro-
teins in human cells for 
characterisation by in-cell 
EPR spectroscopy. The 
method relies on a mild 
thermal stimulation treat-
ment, and will provide a 
fast and effective alterna-
tive to existing protein de-
livery methods.
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NMR has been used to 
evaluate different aspects of 
COVID-19: from the defini-
t i o n o f t h e d i s e a s e 
metabolomic fingerprint to 
the evaluation to the effects 
o f vacc ina t ion on the 
metabolome/lipoproteome 
of healthy subjects. Applica-
tion of NMR to assess the 
high order structure integrity 
of a monoclonal antibody for 
the treatment of the disease 
is also reported.
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PCA analysis showing the discrimination between 
1D 1H NOESY  spectra of plasma samples collected 
from COVID-19 patients (red dots) and recovered 
subjects (blue dots).

From the beginning of the pandemic, we used NMR 
profiling has been used to define the biochemical and 
metabolic alterations induced by COVID-19 disease. 
1H NMR spectra of serum samples of COVID-19 pa-
tients can be strongly discriminated from recovered 
subject with an accuracy >90%. The differences origi-
nate from significant alterations in the concentrations of 
several metabolites and a panel of lipoprotein compo-
nents. We also observed that during the healing 
process, the metabolome and lipoproteome revert 
back to the “healthy” state with different rates, that is 
faster for metabolites than lipoproteins.1

NMR spectra of sera have been also used to define the 
changes induced by vaccination with Pfizer-BioNTech 
vaccine in a small group of healthy subjects. Vaccina-
tion does not induce any significant variation in the 
metabolome, whereas it causes changes at the level of 
lipoproteins. Interestingly, the effects are different for 
COVID-19-recovered subjects with respect to naïve 
subjects, suggesting that a previous infection reduces 
the vaccine modulation of the lipoproteome composi-
tion.2

We also used NMR fingerprinting to characterise the 
higher-order structure of a potent human monoclonal 
antibody (mAb) for the COVID-19 treatment. The study 
confirmed that the methyl region of the 2D 1H-13C NMR 
spectrum can be used as a sensitive tool to control 
protein structural integrity and stability.
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Iron-sulfur proteins are in-
volved in fundamental 
cellular processes. Their 
biogenesis is a highly 
complex process present 
in all living cells. Several 
rare diseases and viral 
infections in humans are 
related to the function of 
iron-sulfur protein bio-
genesis. A picture of the 
molecular mechanisms at 
the basis of iron-sulfur 
protein biogenesis is fun-
damental to boost the 
development of human 
disease treatments.
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The three steps of the mitochondrial iron-sulfur cluster 
assembly machinery required to mature mitochondrial 
Fe4S4 target proteins.

A mitochondrial iron-sulfur cluster assembly machinery is 
in charge of the maturation of mitochondrial Fe4S4 pro-
teins. In humans, the last steps of the machinery are still 
not clearly identified. In 2022, we focused our attention on 
the role of ISCA1 and NFU1 in the maturation of human 
lipoyl synthase (LIAS). We show that the crucial actor is 
the C-domain of NFU1, which, by exploiting a protein-in-
teraction affinity gradient increasing from ISCA1 to LIAS, 
drives the cluster to its final destination. Within this frame, 
we discuss how several iron-sulfur cluster-containing pro-
teins activate, support and modulate the innate immune 
response to restrict viral infections, and how some of 
these proteins simultaneously support the replication of 
viruses.1-5
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The binding of ebselen to YTHDF protein interfere with the bind-
ing of mRNA to the protein.


RNA binding proteins 
and matrix metallopro-
teases are important 
pharmaceutical tar-
gets. The elucidation 
of the structural prop-
erties of the targets, 
the discovery of new 
ligands or the func-
tionalisation of ligands 
to biomaterials open 
new avenues for the 
treatment of the related 
diseases.
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Acinetobacter baumannii is a Gram-negative pathogen, 
known to acquire resistance to antibiotics used in the 
clinic. The RNA-binding proteome of this bacterium is 
poorly characterised, in particular for what concerns 
the proteins containing RNA Recognition Motif (RRM). 
The research activity of CERM/CIRMMP led to the iden-
tification and the structural characterisation of a protein 
containing a RRM domain that is a new potential drug 
target.1,2

The scientists of CERM/CIRMMP have also charac-
terised another RNA binding protein that is a potential 
pharmaceutical target (YTHDF) involved in the regula-
tion of the fate of target mRNAs. In particular, the bind-
ing of an organo-selenium compound (ebselen) to this 
protein has been investigated by NMR proving the high 
affinity of the ligand for the target protein.3

In a different line of research, the activity of CERM/
CIRMMP resulted in the development of a unique mate-
rial, obtained by the functionalisation of hyaluronic acid 
with an inhibitor of matrix metalloproteases, with poten-
tial application in the treatment of dry eyes syndrome.4
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Encapsulation into ferritin of ruthenium(II) photosensitis-
ers that can be light-activated to produce the highly cy-
totoxic singlet oxygen (1O2).

The ferritin nanocage is 
suitable for the targeted 
delivery of drugs towards 
cel ls overexpressing 
specific receptors. Here, 
we report about the use 
of recombinant human 
H–ferritin as a carrier for 
Ru(II)-based photosensi-
tisers, demonstrating its 
potential as a platform for 
the tumour-targeted de-
livery of agents for pho-
todynamic therapy.
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Two Ru(II) polypyridyl complexes have been successful-
ly encapsulated into human H–ferritin. The resulting 
nanocomposites are highly luminescent, display great 
stability and preserve the native shell-core structure of 
the protein. The singlet oxygen sensitising properties of 
the Ru(II)-complexes are largely maintained in their en-
capsulated form. Ru(II)-ferritin nanocomposites are ex-
clusively internalised by cancer cells expressing the 
Transferrin receptor 1, via receptor-mediated endocyto-
sis of H–type ferritin. Light-activation leads to a marked 
dose-dependent cytotoxic effect uniquely against can-
cer cells.1 
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The figure reports the result of the mr_CON/HN 
experiment (doi: 10.1016/j.bpj.2019.05.017, 
Panel B and C) acquired on the NTR construct 
(Panel A). Panel C shows an enlargement   of 
the superimposed spectra in absence (blue) 
and with the addition of 0.1 equivalents of he-
parin (magenta).

The highly flexible intrinsi-
cally disordered regions of 
the nucleocapsid protein 
from SARS-CoV-2 modulate 
the interaction with RNA 
and with enoxaparin, a 
natural polyanion used to 
cure Covid19 patients. 
These intriguing results 
were obtained through the 
suite of NMR experiments 
based on 13C direct detec-
tion.
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The SARS-COoV-2 Nucleocapsid protein has not been 
considered so far as a potential drug target because of 
the structural and dynamic heterogeneity conferred by 
its flexible linkers connecting the two globular domains. 
However, they have been found to be crucial for the 
function of the protein, involved in packaging the ge-
nomic RNA. 

The suite of 13C detected NMR experiments developed 
at CERM to focus on intrinsically disordered protein re-
gions was crucial to characterise their properties. A 
construct comprising the RNA binging domain and the 
two flanking disordered regions (1-248) was investigat-
ed. Multiple receiver NMR experiments allowed to ac-
quire simultaneously a 2D CON, reporting information 
about the flexible regions and 2D HN spectra showing 
both the IDRs and the globular domain. These experi-
ments revealed an important role played by the flexible 
linkers in the interaction with RNA as well as with 
enoxaparin, 
one of the 
drugs used 
to cure se-
v e r e l y i l l 
Covid 19 pa-
tients.1-3
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Solid state NMR (ssNMR) is  
one of the most powerful 
technique to characterise not 
soluble biomolecules and 
membrane proteins. In the 
example here reported we 
shows how ssNMR made it 
possible to understand the 
action mode of teixobactin, a 
new antibacterial molecule, 
unraveling the interaction 
with the cell membrane and 
the binding to cell wall pre-
cursors.
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Antibiotics acting through new biological mechanisms 
are important to combat antimicrobial resistance. 
Teixobactin (TXB) and its derivatives represent a new 
class of antibiotics, with almost none detected resis-
tance. Solid-state NMR experiments clarified their spe-
cific mode of action with atomic detail. TXB acts binding 
to the widely conserved pyrophosphate group in Lipid-II, 
a precursor of the bacterial cell wall that is not present in 
eucaryote, and gives highly specificity to the antimicro-
bial activity. 1H-31P ssNMR 2D correlation spectra on 
membrane Lipid-II samples clearly show the TXB inter-
action and identify the specific residues involved. This 
work, developed in collaboration with the Markus Wein-
garth group (Utrecht University) in the framework of the 
iNEXT project, also evidence that TXB forms small fibril-
like aggregates that destroy the bacterial membrane, 
amplifying the antimicrobial activity.1 

In other examples, at CERM we used solid-state NMR to 
identify control the status of the proteins embedded in 
silica matrix,2 and the pattern of the residues of a phar-
maceutical target (the programmed cell death ligand 1, 
PD-L1) involved in the interaction with a new multispecif-
ic biological drug3,4. This epitope mapping on the target 
proteins provides key information to improve the affinity 
and to monitor the manufacturing process and drug sta-
bility.3,4


Action mode of the Teixobactin fibrils (rib-
bons) interacting with the pyrophosphate 
(red) (top figures). This interaction is clearly 
demonstrated by 2D 1H-31P spectra (bottom 
right). TXB fibrils binds bacteria membrane 
thinning the membrane layer.
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Finally, we determined the membrane topology of lipid II-bound 
teixobactin using a mobility-edited ssNMR experiment37 in which 
magnetization from mobile water or lipids is transferred to the rigid 
antibiotic. In agreement with our previous study18, we found that teixo-
bactin localizes at the water–membrane interface with the hydrophobic 
residues Ile2, Ile5 and Ile6 partitioned in the bilayer (Extended Data 
Fig. 8). This is supported by a calculated38 partition coefficient of 5.57 
for the three hydrophobic sidechains of the N-terminal tail. Together, 
our data provide a comprehensive picture of the structure and topol-
ogy of the complex.

Structure of the complex
Next, we calculated the complex structure using four teixobactin and 
four lipid II (4 × 4) molecules, which provides a better description of 
intermolecular interactions than a dimeric (2 × 2) arrangement. Calcu-
lations were performed with HADDOCK2.4 (ref. 39) and were based on 
intermolecular teixobactin–teixobactin and interfacial teixobactin–
lipid II ssNMR distance restraints, as well as dihedral ssNMR restraints. 
We obtained 15 unambiguous interfacial contacts with the MurNAc 
sugar that define the interface precisely.

We obtained a well-resolved ensemble (2.3 ± 0.6 Å average backbone 
RMSD (root-mean square deviation) for teixobactin) that shows an 
antiparallel teixobactin β-sheet that could elongate into fibrils (Fig. 4a 
and Extended Data Fig. 9a), in agreement with the HS-AFM data. The 
β-sheet is out of register, creating the space to accommodate lipid II 

between the termini of the neighbouring β-strands. The hydrophilic 
(Ser3, Gln4 and Ser7) and hydrophobic (Phe1, Ile2, Ile5 and Ile6) residues 
of teixobactin are sharply divided above and below the β-sheet, respec-
tively (Fig. 4c), which firmly anchors the complex in the membrane and 
stabilizes the β-sheet by intermolecular hydrogen bonds (Extended 
Data Fig. 9b). This separation is enabled by the defined sequence of 
D-amino and L-amino acids in teixobactin, explaining why changing 
this sequence drastically curbs the activity15,18.

The interface between teixobactin and the PPi–MurNAc group of lipid 
II is well defined. In the oligomeric complex, PPi is tightly coordinated 
by the amino-protons of the depsi-cycle of teixobactin and the cationic 
N terminus of the neighbouring teixobactin strand. This dual coordina-
tion of lipid II by adjacent teixobactin molecules improves the stability 
of the interface (Fig. 4b), explaining the functional importance of the 
cationic N terminus20,21. The complex shows a specific teixobactin–Mur-
NAc interaction that is governed by End10, in agreement with our ssNMR 
and isothermal titration calorimetry data. At the interface, End10 is 
poised to form hydrogen bonds with the C6-OH group of MurNAc in 
immediate proximity, which agrees with the short-distance ssNMR 
contacts that we observed between End10Cζ–MurNAcC6 and End10Cζ–
MurNAcC5 (Extended Data Fig. 9c). Moreover, the cationic End10 is 
close to the anionic PPi, causing favourable electrostatics. The void 
between the β-strands is closed by the acetyl group of MurNAc, which 
engages in hydrophobic interactions with the methyl group of Phe1, 
corroborated by ssNMR contacts of the methyl group to MurNAcC1 and 
MurNAcC3. Neither GlcNAc nor the pentapeptide of lipid II is directly 
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Fig. 4 | Teixobactin–membrane interaction. a, High-resolution ssNMR 
structure of the teixobactin–lipid II complex. b, Zoomed in view of the complex 
interface. The backbone amino-protons of the depsi-cycle of teixobactin, the 
End10 sidechain and the N terminus of an adjacent teixobactin coordinate the 
lipid II PPi group. In addition, End10 interacts with the MurNAc sugar via 
hydrogen bonds. Blue spheres represent backbone nitrogens; numbers 
indicate the residue numbers. c, Membrane topology: lipophilic and 
hydrophilic residues are sharply separated. d, Oligomerization enhances 
complex stability: molecular dynamics simulations show that inner lipid II 
molecules (red) are more stably bound than outer molecules (purple). The plot 
shows the distance between the centre of mass of the PPi group and the centre 
of mass of amino-protons of the depsi-cycle averaged over the last 200 ns of 

two molecular dynamics simulations. Source data are provided as a Source 
Data file. e, Upon lipid II-induced oligomerization, the hydrophobic side of 
teixobactin faces the membrane surface, which displaces the polar lipid 
headgroups and concentrates non-lamellar lipid II tails, causing membrane 
distortions. f,g, Membrane thickness obtained from molecular dynamics 
simulations, averaged over the last 50 ns. The membrane is thinner at the site of 
the complex. The red and blue colours show membrane thickness minima and 
maxima, respectively. h, Bacterial assays with Staphylococcus simulans were 
used to study membrane depolarization (DiSC; upper panel) and membrane 
damage (Sytox; lower panel) caused by teixobactin, nisin, plectasin, 
vancomycin and sans antibiotic. Arrows indicate the addition of antibiotics. 
Source data are provided as a Source Data file.
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Finally, we determined the membrane topology of lipid II-bound 
teixobactin using a mobility-edited ssNMR experiment37 in which 
magnetization from mobile water or lipids is transferred to the rigid 
antibiotic. In agreement with our previous study18, we found that teixo-
bactin localizes at the water–membrane interface with the hydrophobic 
residues Ile2, Ile5 and Ile6 partitioned in the bilayer (Extended Data 
Fig. 8). This is supported by a calculated38 partition coefficient of 5.57 
for the three hydrophobic sidechains of the N-terminal tail. Together, 
our data provide a comprehensive picture of the structure and topol-
ogy of the complex.

Structure of the complex
Next, we calculated the complex structure using four teixobactin and 
four lipid II (4 × 4) molecules, which provides a better description of 
intermolecular interactions than a dimeric (2 × 2) arrangement. Calcu-
lations were performed with HADDOCK2.4 (ref. 39) and were based on 
intermolecular teixobactin–teixobactin and interfacial teixobactin–
lipid II ssNMR distance restraints, as well as dihedral ssNMR restraints. 
We obtained 15 unambiguous interfacial contacts with the MurNAc 
sugar that define the interface precisely.

We obtained a well-resolved ensemble (2.3 ± 0.6 Å average backbone 
RMSD (root-mean square deviation) for teixobactin) that shows an 
antiparallel teixobactin β-sheet that could elongate into fibrils (Fig. 4a 
and Extended Data Fig. 9a), in agreement with the HS-AFM data. The 
β-sheet is out of register, creating the space to accommodate lipid II 

between the termini of the neighbouring β-strands. The hydrophilic 
(Ser3, Gln4 and Ser7) and hydrophobic (Phe1, Ile2, Ile5 and Ile6) residues 
of teixobactin are sharply divided above and below the β-sheet, respec-
tively (Fig. 4c), which firmly anchors the complex in the membrane and 
stabilizes the β-sheet by intermolecular hydrogen bonds (Extended 
Data Fig. 9b). This separation is enabled by the defined sequence of 
D-amino and L-amino acids in teixobactin, explaining why changing 
this sequence drastically curbs the activity15,18.

The interface between teixobactin and the PPi–MurNAc group of lipid 
II is well defined. In the oligomeric complex, PPi is tightly coordinated 
by the amino-protons of the depsi-cycle of teixobactin and the cationic 
N terminus of the neighbouring teixobactin strand. This dual coordina-
tion of lipid II by adjacent teixobactin molecules improves the stability 
of the interface (Fig. 4b), explaining the functional importance of the 
cationic N terminus20,21. The complex shows a specific teixobactin–Mur-
NAc interaction that is governed by End10, in agreement with our ssNMR 
and isothermal titration calorimetry data. At the interface, End10 is 
poised to form hydrogen bonds with the C6-OH group of MurNAc in 
immediate proximity, which agrees with the short-distance ssNMR 
contacts that we observed between End10Cζ–MurNAcC6 and End10Cζ–
MurNAcC5 (Extended Data Fig. 9c). Moreover, the cationic End10 is 
close to the anionic PPi, causing favourable electrostatics. The void 
between the β-strands is closed by the acetyl group of MurNAc, which 
engages in hydrophobic interactions with the methyl group of Phe1, 
corroborated by ssNMR contacts of the methyl group to MurNAcC1 and 
MurNAcC3. Neither GlcNAc nor the pentapeptide of lipid II is directly 
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Fig. 4 | Teixobactin–membrane interaction. a, High-resolution ssNMR 
structure of the teixobactin–lipid II complex. b, Zoomed in view of the complex 
interface. The backbone amino-protons of the depsi-cycle of teixobactin, the 
End10 sidechain and the N terminus of an adjacent teixobactin coordinate the 
lipid II PPi group. In addition, End10 interacts with the MurNAc sugar via 
hydrogen bonds. Blue spheres represent backbone nitrogens; numbers 
indicate the residue numbers. c, Membrane topology: lipophilic and 
hydrophilic residues are sharply separated. d, Oligomerization enhances 
complex stability: molecular dynamics simulations show that inner lipid II 
molecules (red) are more stably bound than outer molecules (purple). The plot 
shows the distance between the centre of mass of the PPi group and the centre 
of mass of amino-protons of the depsi-cycle averaged over the last 200 ns of 

two molecular dynamics simulations. Source data are provided as a Source 
Data file. e, Upon lipid II-induced oligomerization, the hydrophobic side of 
teixobactin faces the membrane surface, which displaces the polar lipid 
headgroups and concentrates non-lamellar lipid II tails, causing membrane 
distortions. f,g, Membrane thickness obtained from molecular dynamics 
simulations, averaged over the last 50 ns. The membrane is thinner at the site of 
the complex. The red and blue colours show membrane thickness minima and 
maxima, respectively. h, Bacterial assays with Staphylococcus simulans were 
used to study membrane depolarization (DiSC; upper panel) and membrane 
damage (Sytox; lower panel) caused by teixobactin, nisin, plectasin, 
vancomycin and sans antibiotic. Arrows indicate the addition of antibiotics. 
Source data are provided as a Source Data file.
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magic angle spinning 31P ssNMR to examine the interaction between 
teixobactin and the PPi of lipid II (Fig. 3b). A 1D 31P ssNMR spectrum with 
lipid II-doped liposomes showed a stark signal shift of PPi upon addition 
of teixobactin. A 2D 1H31P ssNMR spectrum acquired with a short (1 ms) 
1H to 31P magnetization transfer time demonstrated that the backbone 
amino protons of the depsi-cycle (Thr8-Ile11) directly coordinate the PPi 
group. A 2D 1H31P spectrum with a longer (2 ms) transfer time showed 
that the cationic End10 sidechain is in the direct vicinity of the anionic 
PPi, suggesting a favourable electrostatic interaction.

Next, we determined how teixobactin interacts with the sugar- 
pentapeptide headgroup of lipid II. For this, we assembled the complex 
with 13C,15N-lipid II18 and acquired 2D 13C13C PARISxy33 spectra (Fig. 3c). 
We obtained many interfacial contacts between teixobactin and the 
MurNAc sugar that is covalently attached to the lipid II PPi group, 
whereas we could not detect a single clear interfacial contact for the 
GlcNAc sugar (Fig. 3d). These data show that MurNAc is directly at the 
interface, whereas GlcNAc is distal. Hence, there is a global resemblance 
between the lipid II interfaces formed by teixobactin and by synthetic 
R4L10-teixobactin18, for none of which GlcNAc is a direct interaction 
partner. However, the interaction with MurNAc is strikingly different 
for natural teixobactin.

Although the hydrophobic residues Ala9 and Leu10 of R4L10- 
teixobactin form a loosely defined fuzzy interface with MurNAc, natural  
teixobactin engages in tight and specific interactions due to the presence  
of End10, demonstrated by the 11 interfacial End10–MurNAc ssNMR 

contacts (Fig. 3d and Extended Data Fig. 7a,b). Some interfacial contacts 
were already visible with a short 13C13C magnetization transfer time of 
150 ms, which is clear evidence of a tight interface. The tighter bind-
ing of natural teixobactin to lipid II could be confirmed by isothermal 
titration calorimetry (Fig. 3e and Extended Data Fig. 7d). Compared 
to R4L10-teixobactin (dissociation constant (Kd) = 0.17 µM ± 0.002), 
natural teixobactin has a markedly higher binding affinity for lipid II 
(Kd = 0.08 µM ± 0.008) with a substantially more favourable binding 
enthalpy (∆H) that most likely relates to additional hydrogen bonds 
and electrostatic interactions between End10 and lipid II. Moreover, 
we observed signals consistent with interfacial contacts between Phe1 
and MurNAc in 2D 13C13C spectra, strongly suggesting that the cationic 
N terminus, which has been shown to be critical for killing activity20,21, 
is directly involved in the coordination of lipid II.

Teixobactin did not bind to the pentapeptide of lipid II (Fig. 3d) and 
therefore, unlike vancomycin, is not sensitive to variations in the pen-
tapeptide composition32. This provides a rationale for the ability of 
teixobactin to avoid development of resistance4,34. Of note, the tight 
interaction between End10 and MurNAc constrains the flexibility of the 
pentapeptide (Fig. 3f). Therefore, the pentapeptide is more rigid in the 
complex with teixobactin than with R4L10-teixobactin, which we show 
with scalar35 ssNMR experiments (Extended Data Fig. 7c). The obstruc-
tion of the conformational space of the pentapeptide by teixobactin 
might hamper the recognition of lipid II by transglycosylases of the 
cell wall biosynthesis that bind to the pentapeptide36.
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Fig. 3 | Enduracididine governs the interface. a, Chemical structure of lipid II. 
b, 1D 31P ssNMR data in liposomes show strong shifts of the lipid II PPi signals 
upon addition of teixobactin. 2D 1H31P (HP) ssNMR shows a direct interaction 
between the PPi group and the backbone amino-protons of the depsi-cycle and 
the sidechain of End10. MAS, magic angle spinning. c, Superposition of 2D 
13C13C (CC) spectra of the complex with NMR-invisible 12C,14N-labelled (red) and 
NMR-active 13C,15N-lipid II (cyan) show a dominant presence of enduracididine 
at the interface. The cyan spectrum was acquired with a magnetization transfer 
time of 300 ms. Interfacial contacts with MurNAc and A1 of the pentapeptide 

are shown in orange. d, Sum of interfacial ssNMR contacts with the headgroup 
of lipid II. e, Binding energetics of the interface obtained by isothermal 
titration calorimetry. Data show the averages of three experiments for each 
drug. Data represented as mean ± s.e.m. Source data are provided as a Source 
Data file. f, Illustration of the differential binding modes of natural teixobactin 
(left) and the synthetic analogue R4L10-teixobactin18. Enduracididine in 
teixobactin specifically binds to MurNAc, which stabilizes the entire interface. 
The substitution of End10 by a leucine residue leads to a fuzzy interface with 
the headgroup of lipid II and reduces the binding affinity.
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The NMR assignment of the first coordina-
tion sphere of mitoNEET provides a finger-
print helpful to address functional aspects 
related to the cellular role of the protein.

Paramagnetic NMR provides a wealth of experimental 
restraints that can be used to investigate structure and 
dynamics of biological macromolecules,1 as in iron-sulfur 
cluster proteins.2 NMR can also be used to probe the 
magnetic properties of single ion magnets at room tem-
perature, complementing traditional magnetochemical 
measurements. We did so for a dysprosium(III) complex 
with a magnetic susceptibility anisotropy 4 times larger 
than lanthanoid binding tags (LBTs) used in structural 
biology.3 This connection can allow for predicting how to 
improve LBT for structural biology studies.4 In collabora-
tion with the group of Frank Neese (MPI Muelheim) we 
continue working on the correct Spin Hamiltonian treat-
ment for quantum chemical calculations, now providing 
the definitive proof that the magnetic susceptibility (for 
instance from ab initio calculation) can be used for cal-
culating pseudocontact shifts even outside of the point 
dipole approximation.5

Specifically on iron-sulfur (Fe-S) proteins, we investigated 
mitoNEET, a protein involved in several cellular process-
es and diseases, but with a still unknown function. Para-
magnetic NMR and EPR spectroscopies were used to 
characterise the first coordination sphere of mitoNEET 
[2Fe-2S] clusters, providing molecular fingerprints useful 
to investigate the role of [2Fe-2S] clusters in health and 
disease.6

NMR of paramagnetic 
molecules is a highly ver-
s a t i l e m e t h o d o l o g y, 
which provides informa-
tion at different levels, 
from long range con-
straints to local informa-
tion about electronic 
structure. 
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Field cycling relaxometry 
provides access to struc-
tural and dynamic para-
meters on which nuclear 
relaxation depends. It rep-
resents a precious tool for 
the optimisation of con-
trast agents for MRI and 
for investigating how dy-
namic processing present 
in nanoparticles influence 
the proton relaxation effi-
ciency.
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1H relaxivity profiles of GdDOTA-conjugated 
asparaginase II at 15, 25 and 37 °C. Solid 
lines are the best fit profiles obtained with 
the Florence NMRD program.

Paramagnetic complexes are largely employed in mag-
netic resonance imaging (MRI) for their ability to in-
crease the image contrast. The amount of contrast 
agent to be injected can be lowered by increasing its 
relaxivity. This result can be achieved through the mod-
ulation of the reorientation time of the paramagnetic 
complex, by binding it to macromolecules. Asparagi-
nase is a large tetrameric protein assembly, currently 
used against acute lymphoblastic leukemia. A gadolini-
um(III)-DOTA derivative was conjugated to asparagi-
nase and its relaxation properties were investigated in 
order to assess its efficiency. We observed a very large 
increase in the relaxivity of the paramagnetic protein 
with respect to the small gadolinium chelate.1 

Hydrogel nanoparticles composed of chitosan and 
hyaluronic acid and incorporating Gd-complexes were 
also characterised through 1H NMR relaxometry. Inter-
estingly, the macrocyclic complex [Gd(DOTP)]5−, lack-
ing metal-bound water molecules, showed a very large 
relaxivity; a careful analysis of the relaxation data em-
phasised the fundamental role of second sphere water 
molecules with strong and long-lived hydrogen bonding 
interactions with the complex.2,3
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Solid-state NMR (ssN-
MR) is the method of 
choice to characterise 
advanced materials, es-
pecially when they are 
amorphous or com-
posed by several phas-
es. We report here ap-
plications to the ad-
vanced characterisation 
of supported inorganic 
catalyst, functioanlised 
Graphene Oxides and 
stubborn plastic waste.
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Taking profit of the two orders of magnitude of sensitivity 
enhancement of the DNP technique we applied solid-state 
NMR to characterise the surface of an Iridium supported 
catalyst (figure below). Combining 13C-{15N} and 29Si-{15N}- 
REDOR and 13C-INADEQUATE experiments we deter-
mined the structure of the catalytic Ir-active species. Fur-
thermore, we discovered new multiple ligand species not 
expected for these systems. This characterisation adds 
new hypothesis in the activity of these catalysts.1

New DNP methods were also developed, increasing the 
efficiency at ultrafast-MAS2 and at temperature >200 K3.

Functionalised graphene oxide (GO) are attracting a con-
siderable interest for they peculiar catalytic, and antimicro-
bial properties2 and the easiness of its preparation. Sac-
caride bound GO show a strong antimicrobial property 
also able to disgregate bacteria biofilms.4 GOs has also 
important catalytic properties, for example in the synthesis 
of 2,3-disubstituted quinolines in three-component Povarov 
reactions of anilines, aldehydes and electron-enriched enol 
ethers.5 ssNMR makes possible to easily characterise all 
these compounds, controlling the synthetic processes and 
investigating the real active sites on GO surface.4,5


As well, we applied solid-state NMR (1H-13C HETCOR ex-
periments) in the characterisation of stubborn plastic 
waste, in order to understand its composition and the suit-
able treatment to recover this material.6

Silica supported Ir-catalyst studied with DNP ss-
NMR. In addition to the expected specie (a), we 
observed an unexpected bischelated species 
(b). REDOR experiments provide structural data 
to determine the structures of both catalytic 
species (c) and (d), respectively.

(a) (b)
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Metabolomics offers a com-
prehensive, dynamic, and 
accurate picture of a cellular 
model, a biofluid, an organ, 
or an organism at a molecu-
lar level. Thus, it is an in-
valuable instrument to obtain 
information on diseases’ un-
derlying biochemistry, to di-
agnose and to prognosticate 
pathological conditions.
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Variations of levels of NMR-detectable metabolites in three 
different blood derivatives: citrate plasma (light blue), EDTA 
plasma (yellow) and serum (red).

During 2022 the NMR-based metabolomics group at 
CERM have been largely focused on the metabolomic 
def in i t ion of ageing. We used serum/plasma 
metabolomics to investigate causes associate to healthy 
and diseased ageing, and the metabolic alterations as-
sociated to the onset and evolution of Parkinson’s dis-
ease (PD).1–4 Moreover, changes in the metabolome in 
light of age, sex and Rh and ABO blood systems were 
studied.1,3–5 We also explored the potential of NMR-
based metabolomics to study cerebro- and cardiovascu-
lar pathological conditions in elderly/adult individuals with 
two aims: characterising the underlying mechanism of 
cardiovascular risk in patients undergoing bariatric 
surgery,6 and using metabolomics to predict prognosis of 
patients diagnosed with heart failure7 and after stroke.8

Another thread of interest concerns cell metabolomics,9 
focusing on the mechanism of action of anticancer metal-
lodrugs. In particular, we have analysed the effect of es-
tablished Pt(II) drugs on the A2780 ovarian cancer cell 
lines, highlighting common mechanistic features.10

From the methodological point of view, along with contin-
ued activities regarding the definition of optimal pre-ana-
lytical procedures,11-12 we have successfully applied 
chemometrics approaches usually employed in 
metabolomics to study other “omics” data.13-14
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Metabolomics encompass-
es various areas of basic 
and applied research. It is 
also utilized in the food and 
beverage industry for quali-
ty assessment and to un-
derstand the impact of pro-
cessing. 

Metabolomics is employed 
in the study of animal-de-
rived products, aiming to 
enhance consumer aware-
ness and for veterinary 
medicine purposes. Fur-
thermore, exploring mi-
croorganisms and plants 
can help in the identifica-
tion of novel metabolites 
with ecological signif i-
cance.-

References:

(1)Bobbo T., et al., J. Dairy Sci.  
2022, 105, 535-548.


(2) Niero G., et al., J. Dairy Sci. 
2022, 105, 9702-9712.


(3) Martellini T., et al., Flavour Frag..  
J., 2022, 37 219-233.


(4) Daly G., et al., FEMS Microbiol. 
Rev., 2022, 46, uac020.

Even though conventional quality, safety, and authenticity 
control in food is based on targeted strategies, high-reso-
lution 1H-NMR, performed under well-defined instrumental 
specifications, offers several advantages, including pro-
ducing an extremely reproducible food fingerprint and ful-
ly quantitative data just from single experiment.

In 2022, the CERM metabolomic group applied 1H-NMR 
spectroscopy in the characterisation of metabolites in dif-
ferent foods. Analysing milk, we arrived to recognise the 
product from cows with subclinical and clinical mastitis.1 
In another work on cow milk we distinguishing between 
intensive and extensive farming conditions.2


In the winemaking sector, metabolomics has been em-
ployed to study the wine production using different types 
of containers, from steel tanks to the older yet resurgent 
earthenware amphorae.3 

New applications of metabolomics are emerging in com-
bination with the other -omics techniques for example in 
the field of ecology. In fact, metabolomics is a valuable 
tool for describing interactions between microorganisms, 
plants, and algae, which could aid in the identification of 
new molecules with ecological relevance4.

The two major routes to study the multifaced microalgal–bacterial interac-
tions: the -omics (genomics, transcriptomics, proteomics, and 
metabolomics), and the computational tools. 
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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 
within 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 
Instruct-ERIC represents a unique opportunity for researchers, both at the national and Eu-
ropean level, to strengthen the innovation capacity of the research performed. 

Since 2021 the project PANACEA (https://panacea-nmr.eu/) has started. PANACEA is a con-
sortium funded by the HORIZON2020 program to offer European researchers access to ad-
vanced Solid-State NMR instruments for the investigation of chemical and pharmaceutical 
solid compounds, as well as organic and inorganic materials. The platform is open to scien-
tists and industrial partners with or without previous experience in solid-state NMR.

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 devel-
opment of a consortium of infrastructures in structural and cellular biology for national ac-
cess service.

In all cases, access is granted on the basis of peer-review of the received proposals, and af-
ter a feasibility check by the staff scientists of the receiving infrastructure. Technical as-
sistance is provided for the acquisition of the data. Scientific collaborations are welcome but 
not required. The uniqueness of access provision at CERM/CIRMMP infrastructure lies in the 
wide number of available NMR instruments, 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 struc-
tural and functional characterisation of biological systems. The description of the NMR in-
strumentation made available under the above mentioned access projects at CERM/CIRMMP 
is reported in the dedicate paragraph at page 37. Notably, in 2020 we have installed the first 
world 1.2 GHz instrument operative since April 2020, and its contribution to research is al-
ready visible in the research session.

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 oth-
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er biophysical equipments 
f o r E P R , C D , U V- v i s , 
stopped-flow measurements, 
manual and automated crys-
tallisation facilities and X-ray 
diffractometry. Users can 
also access other university 
infrastructures available in 
the campus, such as those 
of mass spectrometry, Ra-
man resonance, and non-lin-
ear spectroscopies.

CERM/CIRMMP also pro-
vides access to its computa-
tional 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 analysis. 

During 2022 we recorded 431 days of access to the NMR spectrometers. A more detailed 
analysis shows that 253 days NMR access were provided to academic users via Instruct-
ERIC, Instruct-ITALIA and iNEXT-Discovery, 44 via PANACEA and 134 days to industry users, 
either as services or through formal collaborations.

Beside NMR access provision, the infrastructure provided access to protein production ser-
vices via Instruct-ERIC and to other structural biology techniques via Instruct-ITALIA.

Worth to mention the implementation of a platform for the management of NMR access 
(https://amp.cerm.unifi.it/) improving data findability and experiment reproducibility and, 
thanks to new in-house LIMS, track of all the experiments performed and allows long-term 
data storage. 
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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. This number 
does not include the access provided to 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 

INOTREM, control innate immunity

Probiotical S.p.a.
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Indena S.p.a.

Stelar S.r.l.

Extra Byte S.r.l

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.


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: COVID-19, melanoma, rare skin diseases, diseases of the 
genital-urinary 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 
international 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 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, including 
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protein production and isotope labelling, organic synthesis, services for NMR, and information 
technology. The services include NMR metabolomics and statistical analysis.


In 2022 Giotto Biotech has been involved in several research projects funded at the European or 
National level (FLAG-ERA-ITFoC, Information Technology: Future of Cancer Treatment; ITN EC 
RNAct, Enabling proteins with RNA recognition motifs for synthetic biology and bio-analytics; 
ITN GLYTUNES, A multidisciplinary training network for the bio-inspired development of gly-
comimetics tuning the Siglec-Sialoglycan axis; SENSOGM, Development of biophotonic sensors 
for environmental determination of GMOs, funded by the Tuscany Region; RESPIRA - ROVER 
AND UAS FOR REMOTE AIR MONITORING, funded by ARTES 4.0 and MISE; NMR 
metabolomics: the Made in Italy revolution for food certification, Financed by Fondazione CR 
Firenze). Giotto Biotech research activity is carried out in synergy with CERM scientists. As an 
outcome of this collaboration, in 2022 Giotto Biotech and CERM researchers co-authored three 
scientific publications.


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, environment, energy, and technological and in-
dustrial development. For this purpose, the Luigi Sacconi Foundation collects documents 
and publications, promotes seminars, courses and meetings and other activities supporting 
the exchange of scientific knowledge, subsidises the activity of Italian and foreign re-
searchers, and establishes awards.


The Sacconi Medal Lecturer 2022 has been awarded to Prof. Matthias Beller scientific direc-
tor of the Leibniz Institute for Catalysis (LIKAT), Rostock, Germany. The award ceremony took 
place on 9 September 2022 during the XLVIII National Congress of Inorganic Chemistry held 
in Pisa. 


Contribution to “Chianti Workshop Opening New Doors for Magnetic Resonance “which took 
place in Principina Terra (Grosseto) June 19 to 24, 2022; 


Cooperation in the organisation of the "12th International Copper Meeting", held in Sorrento 
(Naples) September 18 to 23, 2022.
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FLANKING	INSTITUTIONS

Collaboration in the organisation of the IUPAC Day "The legacy of Alessandro Volta” and the 
great challenges for humanity: the past and the future of electrochemistry", held in Como on 
October 24, 2022.


http://www.cerm.unifi.it/fondazione 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Instrumentation

Solution	and	Solid-State	NMR	Spectrometers

In 2020, the first 1.2 GHz NMR instrument operating at 28.2 T has been installed at CERM. 
This instrument is currently operating with solution TCI and TXO cryoprobes. All NMR instru-
ments 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, all the standard pulse sequences for spectroscopic, structural, dynamical, and 
functional characterisation, tailored pulse sequences for structural determination of high 
molecular weight proteins and paramagnetic systems are implemented. 13C direct-detection 
solution protocols for “protonless” NMR experiments and structural characterisation of bio-
molecules, including unfolded or partially unfolded ones, are developed and updated. Pulse 
sequences and experiment setup have been implemented for the detection and characteri-
sation of paramagnetic systems, and in this field CERM has been pioneer since decades. 
For this reason, the 400 MHz instrument is equipped with a special 3mm High Power probe 
designed for the investigation of paramagnetic systems. Solid-state MAS probes cover al-
most 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 protocols and devices are available for solid state experiments both for biological 
and inorganic material characterisation. Set-up and pulse sequences for in-cell NMR exper-
iments are also implemented. !
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B0 Field (T) 1H Larmor  Frequency (Bore) Probe heads

28.2 1200 MHz  (NB 54 mm) TCI Cryo 3 mm solution (1H/13C/15N with 2H decou-
pling)
TXO Cryo 5 mm solution (1H/13C/15N with 2H de-
coupling)

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

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

TXI RT 5 mm solution (1H/13C/15N with 2H decou-
pling)

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 decou-
pling)

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 de-
coupling)

TXI RT 5 mm solution(1H/13C/15N with 2H decou-
pling)

16.4 700 MHz  (NB 54 mm) TXO Cryo 5 mm solution(13C/15N/1H with 2H de-
coupling)

TXO RT 5 mm solution(13C/15N/1H with 2H decou-
pling)

TXI RT 5 mm solution(1H/13C/15N with 2H decou-
pling)

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 de-
coupling)

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 decou-
pling)
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""* With sample changer   ** Standardized for metabolomics: equipped with the SampleJet robotic and refriger-
ated charger, along with dedicated routines for the analysis of biofluids through the Bruker IVDr platform 

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 EPR X and Q Band cavities, X (9.43 GHz) Q-Band (35 
GHz)

0.00024-1 Fast Field Cycling Relax-
ometer

0.01-45 MHz 10 mm solution tubes
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X-ray	Crystallography

CERM/CIRMMP is equipped with standard crystallization facilities and with an automated 
nano-dispensing device (Mosquito, TTP Labtech). Furthermore, it has full access to the In-
terdepartmental Crystallography Centre of the University of Florence (CRIST, https://
www.crist.unifi.it), equipped, among other instruments, with two sealed-tube diffractometers. 
The most recent one is a Bruker D8 Venture with double microsource (Cu and Mo) bearing a 
Photon III Pixel Array detector and the older one is an Xcalibur PX Ultra (Oxford Diffraction) 
equipped with a 165mm CCD detector for routine in-house data collections. Both diffrac-
tometers are equipped with a liquid nitrogen cryosystem. Regular access to synchrotron 
beam time slots in European facilities is also available. 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 avail-
able 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.

A dedicated modern glove box, equipped for protein purification and reconstitution in anaer-
obic environment is also available as support for the bimolecular Lab.

A mammalian expression lab for in-cell NMR is also equipped with modern instrumentation. 


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-

40

https://www.crist.unifi.it/
https://www.crist.unifi.it/


INSTRUMENTATION

mation on the proteins secondary structure or protein-metal interaction, and stopped-flow 
spectrophotometer are available in the infrastructure.


Computational	Structural	Biology	Tools

CERM/CIRMMP provides integrated databases and software for genome browsing, metal 
binding analysis, structure calculation with/without paramagnetic restraints, sequence explo-
ration, domain organisation, 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 part of  the WeNMR thematic ser-
vices (https://www.egi.eu/case-study/wenmr/), which have been developed throughout a va-
riety of collaborative European projects, the most recent ones being the EOSC-Hub and EGI-
ACE initiative. Services for structural biology are also a crucial component of technological 
development ongoing in the context of the European Open Science Cloud (EOSC). In partic-
ular, the EOSC-Lie project has provided a framework to create curated software pipelines 
spanning all aspects from data processing to the deposition of final results (a.k.a. scientific 
workflows), using standardised approaches and management systems. This enables our 
structural biology workflows be deposited in public repositories and be reused also by other 
NMR centres on their own computing infrastructure. 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 
providers giving access to grid, cloud and data storage computing resources, through a 
Service Level Agreement signed with the EGI Federation. The user community served by the 
WeNMR services encompasses over 12000 registered users over the years from more than 
95 different countries. Among recently added services, there are pipelines for data analysis 
in fragment screening campaigns, which will be exploited in conjunction with EOSC services 
and other European projects.

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 Universi-
ty of Florence hosted at CERM that runs in collaboration with the Frankfurt and Utrecht Uni-
versities. 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, biotech-
nology and systems biology. It provides 
both theoretical and hands-on training in 
structural techniques applied to biological 
macromolecules in solution and in the 
crystalline state, as well as in non-crys-
talline 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 recom-
binant proteins and specifically those for NMR studies. Finally, it offers top level ICT training 
thanks to the well-established expertise and the exploitation of the e-infrastructure. Bioinfor-
matics, 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 
proteins, DNA and bacterial and 
prokaryotic cell growth;

3.	 Drug and vaccine develop-
ment, through rational design tech-
niques and structural characterisa-
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tion of biological drugs;

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 dis-

ease 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, 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 com-
mitment to research activities. In addition to sem-
inars and courses, students are asked to provide 
research seminars as a basic tool for their own 
training. Every PhD student is encouraged to li-
aise with foreign universities and take part in 
teaching and research training as well as in in-
ternships abroad.


Post-Doctorate

CERM/CIRMMP hosts a number of post doctoral 
researchers. Some of them are former PhD stu-
dents who remain at CERM after the end of the 
PhD, others come from all over the world for per-
forming research projects and being trained in 
the methodologies in which CERM/CIRMMP ex-
cels. There are also several short- or long-term 
visitors coming from Italian and foreign universi-
ties. 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Anaísa Coelho - PhD Student 


University of Lisboa, Portugal


Marta Tiemblo Marin - PhD Student 


University of Naples Federico II, Italy


Helen Liu - PhD Student


Berkeley - University of California
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s11040713. (IF 7.666)
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nals of Gerontology: Series A, 2022, 77, 5, 918–926, doi.org/10.1093/gerona/glab335 
(IF 6.591)
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74.Silva J M, Grifagni D, Cantini F, Piccioli M. 1H, 13C and 15N assignment of the human mito-
chondrial paramagnetic iron-sulfur protein CISD3. Biomol NMR Assign, 2022, 17, 17–22 
doi: 10.1007/s12104-022-10113-3 (IF 0.731)


BOOK chapters


Saccenti E, Tenori L. Chapter 17 - Metabolomics as a tool for precision medicine, in 
Metabolomics Perspectives: From Theory to Practical Application, Editor: Jacopo Troisi, 
A c a d e m i c P r e s s , 2 0 2 2 , P a g e s 6 0 5 - 6 2 4 , h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 /
B978-0-323-85062-9.00017-9.


Emwas A-H, Szczepski K, Poulson BG, McKay R, Tenori L, Saccenti E, Lachowicz J, Jaremko 
M. Chapter 5 - Nuclear magnetic resonance in metabolomics, in Metabolomics Perspec-
tives: From Theory to Practical Application, Editor: Jacopo Troisi, Academic Press, 2022, 
Pages 149-218, https://doi.org/10.1016/B978-0-323-85062-9.00005-2. 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Meetings and Events Organised by CERM

Seminars	Held	at	CERM


Prof. Jeffrey C. Hoch
The Gregory P. Mullen NMR Structural Biology Facility U Conn Health "The Enduring and 
Emerging Value of BMRB” November 15, 2022 at 18:00 CERM Conference room


Prof. Lilian Quintanar
Departamento de Química Centro de Investigación y de Estudios Avanzados Ciudad de 
México "Copper-protein interactions in degenerative diseases: From the brain to the human 
lens” September 27, 2022 at 12:00 CERM Conference room


Dr. Maria-Grazia Concilio
Weizmann Institute of Science, IL. “J-driven Dynamics Nuclear Polarization: A proposal to 
enhance NMR sensitivity in solution state” July 28, 2022 at 12.00 CERM Conference room


Prof. Alejandro J. Vila
Instituto de Biologia Molecular y Celular de Rosario CONICET - Universidad Nacional de 
Rosario ARGENTINA "The adaptive success of New Delhi Metallo-beta-lactamase depends 
on the in-cell kinetic protein stability” May 12, 2022 at 12.30 CERM Conference room


Prof. Łukasz Jaremko
King Abdullah University of Science and Technology (KAUST) Kingdom of Saudi Arabia "Un-
derstanding biological motions - linking the structure with function of biomolecules” Monday 
May 2, 2022 at 12.30 CERM Conference room


Meetings	and	Conferences

Timb3 hands-on workshop
"NMR of paramagnetic proteins and applications" 7th - 8th April 2022 (In presence and Virtu-
al)


Chianti Workshop
"Opening New Doors for Magnetic Resonance" Principina Terra (Grosseto), Italy 19-24 June, 
2022


Instruct-ing Structural Biologists Towards Integration 18-21 July 2022 An Instruct Training 
Course (Virtual)
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Group	Meetings


Friday, December 2nd, 2022 at 1:00 pm Veronica Ghini "COVID-19: a complex disease with 
a unique metabolic signature” CERM Conference room 


Friday, November 18th, 2022 at 1:00 pm Alessia Vignoli "Risk stratification in patients treated 
with oral anticoagulants: an NMR-based metabolomic and lipoproteomic study” CERM Con-
ference room 


Friday, November 11th, 2022 at 1:00 pm Marco Schiavina "Elucidating SARS-CoV-2 nucleo-
capsid protein NTD structure with a novel tool” CERM Conference room 


Friday, October 28th, 2022 at 1:00 pm Gaia Meoni "NMR-based metabolomics to estimate 
chemical and sensorial profile of olive oil” CERM Conference room 


Friday, October 21st, 2022 at 1:00 pm Vincenzo Laveglia "Protein structure-based prediction 
of metal binding sites” CERM Conference room


Friday, October 7th, 2022 at 2:00 pm Maria Salobehaj "Niosomes. Where origins of life and 
drug delivery meet” online and CERM Conference room 


Friday, September 30th, 2022 at 2:00 pm Valentina Vitali "Enlarging the scenario of site di-
rect 19F protein labelling on tyrosine residues” CERM Conference room 


Friday, September 23rd, 2022 at 6:00 pm Lorenzo Bracaglia "A step by step approach for 
the characterisation of IDPs at ultra-high field NMR” CERM Conference room 


Friday, September 16th, 2022 at 2:00 pm Lucrezia Cosottini "Ferritin-based anticancers” 
CERM Conference room 


Friday, June 17th, 2022 at 2:00 pm Valentina Monaci "Optimizing vaccine design for preven-
tion of neonatal sepsis” CERM Conference room 


Friday, May 27th, 2022 at 2:00 pm Lan Pham "19F in-cell NMR Endogenous incorporation of 
19F-amino acid into target proteins in human cells” CERM Conference room 


Friday, May 20th, 2022 at 2:00 pm Giulia Licciardi "How deep can we investigate olive oil re-
laxation?” CERM Conference room 
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Friday, May 13th, 2022 at 2:00 pm Milana Bazayeva "Metal sites from a database perspec-
tive” CERM Conference room 


Friday, May 6th, 2022 at 2:00 pm Naomi Anna Consoli "Characterization of innovative mate-
rials for hydrogen storage by Solid State NMR” CERM Conference room 


Friday, April 29nd, 2022 at 2:00 pm Francesco Bruno "Journey to the center of the noise” 
CERM Conference room 


Friday, April 22nd, 2022 at 2:00 pm Luis Padilla "Biophysical Characterization of Siglecs and 
Siglec-Sialoglycan Complexes” CERM Conference room and on line 


Friday, April 1st, 2022 at 2:00 pm Giulia Roxana Gheorghita "Expression and biophysical 
characterization of Siglec proteins” online 


Friday, March 25th, 2022 at 2:00 pm Francesca Sacco "Development of an innovative analyt-
ical platform, NMR- and structural MS- based, for advanced product knowledge” online 


Friday, March 18th, 2022 at 2:00 pm Lorenzo Niccoli "Efficient Dynamic Nuclear Polarization 
up to 230 K with Hybrid BDPA-Nitroxide Radicals at High Magnetic Fields” online 


Friday, March 11th, 2022 at 2:00 pm Deborah Grifagni "A multidisciplinary approach for in-
vestigating the CISD3 protein: from spectroscopic to cellular studies” online


Friday, March 4th, 2022 at 2:00 pm Letizia Fiorucci "Paramagnets in high field magnets” on-
line 


Friday, February 25th, 2022 at 2:00 pm Beatrice Bargagna "Chaperones in the CIA machin-
ery involved in the assembly of [4Fe-4S] clusters” online


Friday, February 18th, 2022 at 2:00 pm Anna Perez Y Rafol "Expression of single and multi-
domain RRMs for the characterization of protein-RNA interactions” online


Friday, February 11th, 2022 at 2:00 pm Francesco Torricella "Novel living systems protein 
delivery for EPR based experiments” online


Friday, February 4th, 2022 at 2:00 pm Francesca Di Cesare "NMR-based metabolomics to 
investigate the association between AB0/Rh blood group systems and plasma metabolomic 
and lipoproteomic profiles” online


Friday, January 28th, 2022 at 2:00 pm Francesco Milanesi "Synthesis of a new glycomimetic 
as ligand of human galectin-3 and galectin-8” online  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