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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/CRIMMP 
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 is the Italian Centre of Instruct-ERIC, which is the European research 
infrastructure in integrated structural biology defined in the European Strategy Forum on 
Research Infrastructures (ESFRI) Roadmap. The Italian centre of INSTRUCT-ERIC, CERM/
CIRMMP, is also included in the “Roadmap Italiana delle Infrastrutture di Ricerca di inter-
esse Pan-Europeo” since 2010. In parallel, CERM/CIRMMP is also the core center of the 
Instruct-ITALIA network, a new infrastructure to promote and to foster an integrated ap-
proach 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 
supporting access to the facilities of its national network.

CERM/CIRMMP is also an e-infrastructure, managing a European GRID-based platform, 
providing access to user-friendly platforms and CPU resources for a broad range of soft-
ware tools for structural biology. CERM/CIRMMP also promoted the creation of the DA VIN-
CI EUROPEAN BIOBANK, a “biobank of biological samples and biomolecular resources”. 
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CERM/CIRMMP has also developed a centre for research and technology transfer: CERM-
TT, funded by the Tuscany Region and inaugurated in July 2015. Finally, CERM/CIRMMP is 
coordinating the activities of BIO-ENABLE, a distributed Infrastructure promoting technology 
transfer to industry and funded by the Regional Government of Tuscany in the frame of 
POR FESR 2014-2020.

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

CERM/CIRMMP	labs

The CERM/CIRMMP building covers an area of 3000 square meters hosting a number of 
laboratories, offices, and common rooms. The flagship of the Center is the impressive col-
lection of NMR spectrometers which feature the largest magnetic field range in the world 
(from 950 MHz to the earth field, 1.2 GHz installed in early 2020) and ranks it among the 
best equipped laboratories in the world. The NMR labs are flanked by molecular and cellu-
lar biology laboratories that are optimised for NMR sample production. A complete list of 
the instruments available at CERM/CIRMMP is reported at pag. 35. In addition to the main 
building, further 500 square meters in adjacent buildings are available to CERM scientists 
and researchers scientifically associated to CERM/CIRMMP: laboratories at the Depart-
ment of Chemistry Ugo Schiff and at GENEXPRESS; DA VINCI European Biobank; X-rays facil-
ities; Helium liquefier.  www.cerm.unifi.it

Instruct-ERIC

CERM/CIRMMP is an INSTRUCT-ERIC Centre. INSTRUCT-ERIC is the European research 
infrastructure 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 tech-
nologies (direct electron detectors in EM, advances in synchrotron sources and detectors, 
XFELs, ultra-high field NMR, super-resolution cryo-light miscroscopy).

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

INSTRUCT-ITALIA is the Italian Infrastructure for Integrated Structural Biology. It consists in 
a core of excellent research institutions and large centres that have a proven track record 
in structural biology and in service and expertise provision to users. INSTRUCT-ITALIA aims 
to serve as a national consortium covering all main areas of structural biology research 
within Italy. https://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 laborato-
ry for the production of proteins, scientific expertise and excellence, together with the 
maximum protection of industrial IP.

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


• screening of drug candidates and drug-target interaction studies;

• smart design of drugs;

• analysis of pharmaceutical formulations.


Bio-Enable


BIO-ENABLE is a “distributed research infrastructure” led by CERM/CIRMMP and includes a 
few of other Centres in Tuscany. BIO-ENABLE provides access to equipment and expertise 
to support industrial research and innovation. Tuscan companies operating in fields rang-
ing from pharmaceuticals to biotechnology, from vaccines to biomaterials, from food to 
nanotechnology, can exploit the services of BIO-ENABLE in the development of their activi-
ties 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 is involved in numerous research projects 
funded by the European Commission. Projects ongoing during 2021 are:


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 Translationa Research 
and Discovery (#871037) https://inext-discovery.eu 

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

SPIDIA4P - Standardisation and improvement of 
generic pre-analytical tools and procedures for in-vit-
ro diagnostics. http://www.spidia.eu/       

(01/01/2017-30/06/2021)  

TRANSVAC2 - Improving and accellerating vaccine 
development in Europe 

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

Introduction

During 2021, a number of projects have been carried out, either as an extension of the ac-
tivities of previous years or as new projects. Most of these projects receive specific fund-
ing from national and/or European organisations.

NMR is the core technology of CERM, but year by year CERM research has been oriented 
more and more toward new applications and toward the integration with other techniques. 
This is one of the principles of the Integrated structural biology that underlays the IN-
STRUCT-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 
Information Technology, from paramagnetic NMR methods to the development of new con-
trast agents for MRI, from the metabolomics and biomedicine to the development of new 

solid-state NMR methods for 
the characterisation of mate-
rial surfaces and biomaterials.

In line with our mission to de-
velop NMR as a technique 
and to integrate NMR with 
other techniques, most of our 
publications were done in col-
laboration with other research 
groups (84% of the overall 
number of publications). Dur-
ing 2021 we published 80 pa-
pers in international peer-re-
viewed journals, more than 
10% more publication with re-
spect to last year. This is quite 

remarkable  considering the limitations due to pandemic. The average impact factor slight-
ly increased up to 5.68, which is relevant considering that also the number of publications 
also increased. A complete list of publications is available at page 43.

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	 !

13

The major challenge of struc-
tural biology is understanding 
how proteins function at the 
cellular level, within macro-
molecular complexes, or in a 
cellular pathway. Understand-
ing dynamic processes that 
are coordinated at a cellular 
level is not possible using a 
single technology, but it be-
comes potentially accessible 
through the integration of a 
number of approaches, span-
n ing d i f ferent reso lut ion 
scales.

References:

(1) Rathner. P.; Fahrner, M. et al. Nat. 
Chem. Biol., 2021, 17, 196. 


(2) Romero, A.R.; Calderone, V. et al. J. 
Comm. Biol. 2021, 4, 1111.


(3) Pirog, A.; Cantini, F. et al. J Mol. Biol. 
2021, 433, 167054.


(4) Wienk, H.; Banci, L. et al. J. Vis. Exp., 
2021, 177, e63435.


(5) Duranti, C. et al. Protein. Exp. Pur., 
2021, 184, 105879.


Nowadays solution NMR is an indispensable technol-
ogy for determining structures of proteins and their 
interactions with other macromolecules, even when 
they are weak and transient. NMR is a unique tech-
nique for characterising small proteins and functional 
biological processes directly in solution and in living 
cells. In view of the complementarity and specificities 
of NMR, especially with respect to other techniques 
like Cryo-EM, the integration of solution NMR with oth-
er structural and experimental data, is profitable to  
understand how proteins, protein complexes or DNA-
protein complexes dynamically interact with their func-
tional environment. This fundamental understanding 
will underpin our ability to provide new therapeutics to 
meet the grand challenges of an ageing society, pub-
lic health and global pandemics. CERM applies solu-
tion NMR in an integrated structural biology approach 
for addressing more and more challenging questions. 
Such approach is routinely used to understand the 
role played by a protein in the frame of cellular me-
tabolism, to rationally engineer an enzyme for a spe-
cific industrial process, to determine how to design 
novel drugs that target a particular protein, or to un-
derstand which molecular changes might improve 
them.1-5

Integrated structural biology to unravel biological 
processes.
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INTEGRATED	STRUCTURAL	BIOLOGY

Computing	for	Integrative	Structural	Biology!
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Integrative structural biology 
combines data from multiple 
techniques to obtain a 
deeper understanding of 
complex biological systems. 
To progress towards this 
goal, our work focused on 
providing thorough informa-
tion on metal-binding sys-
tems 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. 2021, 50, gkab988.


(2) Cafaro, A.; Andreini, C.; Banci, L. et 
al. Int. J. Mol. Sci. 2021, 22, 317.


(3) Honorato, R.V.; Giachetti, A.; Rosato, 
A.; Bonvin, A.M.J.J. Front. Mol. Biosci. 
2021, 8, 729513.


(4) La Veglia, V.; Giachetti, A.; Cerofolini, 
L.; Haubrich, K.; Fragai, M.; Ciulli, A.; 
Rosato A. J. Chem. Inf. Model. 2021, 
61, 5726-5733.


(5) Sala, D.; Giachetti, A.; Rosato, A. J. 
Chem. Inf. Model. 2021, 61, 901-912.

The PICASSO web server (https://picasso.cerm.unifi.it/) is a 
user-friendly tool that uses a pair of simple HSQC experi-
ments to identify the ligand/fragment-binding region at the 
surface of a pharmacological protein target.


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 bi-
ological context for proteins, to which we contribute 
our expertise on metal sites.

In addition, we investigated the dynamic aspects of 
metal-protein interactions in transport systems, as 
well as in the interaction with cellular receptors.

Last but not least, our tools for automated data 
analysis and interpretation, from fragment screening 
to NMR-based structure refinement, have been 
available to the community via web servers also in 
the context of European collaborations.1-5

https://picasso.cerm.unifi.it/


RESEARCH	ACTIVITIES														

INTEGRATED	STRUCTURAL	BIOLOGY

In-cell	NMR	in	Human	Cells!

15

Scheme of the high-cell density bioreactor for in-cell NMR spectroscopy.

In-cell NMR spectroscopy allows structural and function-
al characterisation of macromolecules inside living cells, 
allowing the study of protein-protein and protein-ligand 
interactions in a highly physiological environment. 

A detailed workflow to set up a modular flow-NMR biore-
actor system previously developed was reported, to-
gether with a visualised protocol.1 The bioreactor en-
sures high cell viability over prolonged periods of time by 
providing oxygen and fresh nutrients to hydrogel-em-
bedded human cells in the NMR spectrometer.

The NMR bioreactor was applied to determine the intra-
cellular binding affinity of inhibitors of carbonic anhy-
drase II. Competition binding with a reference compound 
allowed accurate measurement of dissociation constants 
in the nanomolar range.2

By using the protein expression approach in human cells 
previously developed at CERM, we assessed for the first 
time the performance of the 1.2 GHz NMR spectrometer 
when analysing 15N-labeled proteins in living cells.3


When analysing unfolded proteins, such as α-synuclein, 
major improvements in terms of both resolution and sen-
sitivity were observed, when compared to the same ex-
periments recorded at 900 MHz and 950 MHz. TROSY-
based experiments resulted in improved resolution also 
when analysing folded proteins, thereby overcoming the 
increased transverse spin relaxation that occurs at ultra-
high fields.

CERM continues to pioneer 
the development of NMR 
methods to investigate pro-
teins and small molecules in 
living human cells at atomic 
resolution.

Recent applications focused 
on the measurement of ther-
modynamic parameters of 
protein-ligand interaction in 
the cellular environment, and 
on the first example of protein 
in-cell NMR at the 1.2 GHz 
ultra-high field.

References:

(1) Barbieri, L.; Luchinat, E., J. Vis. 
Exp., 2021, 169, 62323.

 

(2) Luchinat, E.; Barbieri, L.; Cremoni-
ni, M.; Pennestri, M.; Nocentini, A.; 
Supuran, C.T.; Banci, L., Acta Crystal-
logr. D Struct. Biol., 2021, 77, 
1270-1281.

 

(3) Luchinat, E.; Barbieri, L.; Cremoni-
ni, M.; Banci, L. J. Biomol. NMR, 2021, 
75, 97-107.
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NMR	Methods	Fighting	Covid-19	Pandemic	!

16

The outbreak of the COVID-19 
pandemic has prompted 
CERM to take part in series of 
activities concerning the use 
of NMR to learn about SARS-
CoV2 and its mechanism of 
action. Main research areas 
concern structural biology and 
druggability of SARS-CoV2 
proteins and metabolomics 
fingerprinting (COVID-19 pa-
tients of different disease 
severity and response to 
treatment).

References:

(1) Altincekic, N. et al. Front. Mol. 
Biosci. 2021, 8, 653148.


(2) Schiavina, M.; Pontoriero, L.; Uver-
sky, V.N.; Felli, I.C.; Pierattelli, R. Bio-
mol. NMR Assign., 2021, doi:10.1007/ 
s12104-021-10009-8. 

(3) Grifagni, D.; Calderone, V.; Giuntini, 
S.; Cantini, F.; Fragai. M.; Banci, L. 
Chem. Commun. 2021, 7910-7913.


(4) Meoni, G.; Ghini, V.; Maggi, L.; Vig-
noli, A.; Mazzoni, A.; Salvati, L.; 
Capone, M.; Vanni, A.; Tenori, L.; 
Fontanari, P.; Lavorini, F.; Peris, A.; Bar-
toloni, A.; Liotta, F.; Cosmi, L.; Luchinat, 
C.; Annunziato, F.; Turano, P. PLoS 
Pathog. 2021, 17, 1009243. 

15N HSQC spectra of NTD and IDR1-NTD-IDR2 constructs 
of nucleocaspid protein from SARS-CoV2.

NMR has been successfully used with a double func-
tion: as a structural biology technique to characterise 
some SARS-CoV2 proteins and their druggability, as 
well as to define the metabolomic profile of coronavirus 
disease in human blood and the individual response to 
treatment. As far as the characterisation of viral proteins 
is concerned, we focused on two proteins: i) the nucle-
ocapsid protein and ii) the main protease of the coron-
avirus (Mpro), which is one of the most interesting mol-
ecular targets for a pharmacological treatment of 
COVID-19.

In particular, we investigated by solution NMR the 1-248 
construct of the nucleocapsid protein that comprises 
two disordered fragments (IDR1 and IDR2) in addition 
to the N-terminal globular domain (NTD). Concerning 
Mpro protein, by integrating X-ray crystallography and 
solution NMR, we discovered that zinc(II) inhibits the 
protease by binding at its active site. Our results may 
allow the design of potent inhibitors of SARS-CoV-2 
Mpro. 

NMR-based metabolomics and lipoproteomics, applied 
to the plasma of 30 patients hospitalized at the Florence 
University hospital during the first wave of COVID-19 in 
spring 2020, revealed an extremely strong signature of 
the disease. Upon treatment with Tocilizumab, a mono-
clonal antibody that interacts with the receptor of the 
cytokine interleukin-6, metabolites that are dysregulated 
in COVID-19 patients partially or completely revert to-
wards the levels of control healthy subjects, whereas 
the lipoproteome components show a “slower recovery” 
towards healthy values.1-4
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Molecular	Mechanisms	of	Iron-Sulfur	Protein

Biogenesis	in	Humans !

17

Iron-sulfur (Fe-S) clusters 
are ancient protein cofac-
tors involved in fundamental 
cellular processes. Fe-S 
protein biogenesis is a 
highly complex process in 
all living cells. Several hu-
man diseases are related to 
the misfunction of Fe-S pro-
tein biogenesis. A picture of 
the molecular mechanisms 
at the basis of Fe-S protein 
biogenesis is fundamental 
to boost the development of 
disease treatments.

References:

1) Matteucci, S.; Camponeschi, F.; 
Clémancey, M.; Ciofi-Baffoni, S.; 
Blondin, G.; Banci, L. Angew. Chem. 
Int. Ed. Engl. 2021, 60, 14841-14845.


(2) Suraci, D.; Saudino, G.; Nasta, V.; 
Ciofi-Baffoni, S.; Banci, L. J. Mol. Biol. 
2021, 433, 166924.


(3) Saudino, G.; Suraci, D.; Nasta, V.; 
Ciofi-Baffoni, S.; Banci, L. Int. J. Mol. 
Sci. 2021, 22, 4848.

[4Fe-4S] Cluster Transfer in the Maturation of Human 
Mitochondrial [4Fe-4S] proteins.


The mitochondrial Fe-S cluster assembly machinery is in 
charge of the maturation of mitochondrial [4Fe-4S] pro-
teins. In humans, the last steps of the machinery, that in-
volves the assembly and transfer of [4Fe-4S] cluster to 
mature mitochondrial [4Fe-4S] target proteins, is still not 
clearly identified. In 2021, we focused our attention on 
three proteins of the machinery, i.e. ISCA1, ISCA2 and 
NFU1. We present a NMR-based study showing a de-
tailed molecular model of the succession of events per-
formed in a coordinated manner by ISCA1, ISCA2 and 
NFU1 to make [4Fe-4S] clusters available to mitochondrial 
apoproteins. Our proposed mechanism guarantees that 
the [4Fe-4S] cluster can be safely moved from where it is 
assembled on the ISCA1-ISCA2 complex to NFU1, there-
by resulting the [4Fe-4S] cluster available for the mito-
chondrial apoproteins specifically requiring NFU1 for their 
maturation. Within this frame, we have also investigated 
the molecular grounds of a rare pathogenic mutation of 
BOLA3 (Cys59Tyr), a protein also involved in the last step 
of the mitochondrial Fe-S cluster assembly machinery. 
These studies allowed us to rationalize the unique pheno-
type observed in the multiple mitochondrial dysfunctions 
syndrome-2 caused by Cys59Tyr mutation.1-3
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Proteins	as	drugs	and	drug	targets	 !

18

Superposition of the zinc binding site in zinc bound SARS-CoV-2 
Mpro (light blue), 2Z94 (red), 2ZU2 (pink), 7B83 (green), and 
2ZTX (gray).

SARS-CoV-2 main pro-
tease and PD-L1 are two 
important pharmaceutical 
targets. The elucidation 
of the structural basis of 
ionic zinc binding to the 
SARS-CoV-2 main pro-
tease and the NMR 
screening on PD-L1 pro-
tein have provided the 
way for the design of new 
potent and selective in-
hibitors of these two pro-
tein targets.

References:


(1) Grifagni, D.; Calderone, V.; 
Giuntini, S.; Cantini, F.; Fragai, 
M.; Banci, L. Chem. Commun., 
2021, 57, 7910-7913.


2) Russomanno, P.; Assoni, G.; 
Amato, J . ; D'Amore, V.M.; 
Scaglia, R.; Brancaccio, D. et al. 
J. Med. Chem., 2021, 64, 16020-
16045.


3) Leone, G.; Pepi, S.; Consumi, 
M.; Lamponi S.; Fragai, M. et al. 
Carbohydr. Polym., 2021, 271, 
118452.


(4) Daniele, S.; La Pietra, V.; Pic-
carducci, R.; Pietrobono, D.; 
Cavallini, C. et al. Eur. J. Phar-
macol., 2021, 897, 173936. 

Structural data on the SARS-CoV-2 main protease in 
complex with a zinc-containing organic inhibitor are al-
ready present in the literature and gave hints on the 
presence of a zinc binding site involving the catalytically 
relevant cysteine and histidine residues. In this paper, 
the structural basis of ionic zinc binding to the SARS-
CoV-2 main protease has been elucidated by X-ray 
crystallography. The zinc binding affinity and its ability 
to inhibit the SARS-CoV-2 main protease have been in-
vestigated. These findings provide solid ground for the 
design of potent and selective metal-conjugated in-
hibitors of the SARS-CoV-2 main protease. The inhibition 
of the PD-1/PD-L1 axis by small molecules is   a promis-
ing strategy solid cancers. A series of 2,4,6-tri- and 2,4-
disubstituted 1,3,5-triazines, have been designed, syn-
thesised, and assayed for their PD-L1 binding by NMR 
and homogeneous time-resolved fluorescence. The 
most promising, compound demonstrated to strongly 
bind with the PD-L1 protein and challenged it in a co-
culture of PD-L1 expressing cancer cells and peripheral 
blood mononuclear cells enhanced antitumor immune 
activity of the latter.1-4
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Tetra- and octa-iron clusters bound to L-ferritin monomers are visible in the deconvoluted 
ESI mass spectrum of HuLf 10−6 M loaded with 350 Fe2+ ions.

The characterisation of the 
iron binding sites in human 
ferritin has been further de-
veloped by applying time-
lapse X-ray crystallography 
to mitochondrial ferritin and 
by developing an ESI-MS 
approach to observe inner-
surface driven formation of 
iron biomineral precursors.   
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Since several years, and in collaboration with the group 
of Stefano Mangani in Siena, we have applied time-lapse 
X-ray crystallography to identify iron binding sites in eu-
karyotic ferritins. With the same approach we detailed 
the interaction between iron and human mitochondrial 
ferritin (hMFT).1 hMFT is a natural homopolymer with fer-
roxidase activity. While providing the first structural evi-
dence of iron ions binding to the ferroxidase site of 
hMTF, we identified transient iron binding sites occurring 
from the entry channel to the catalytic site. Differences in 
some accessory residues in the proximity of the catalytic 
site finely tune the iron path and modulate the reaction 
kinetics. A superoxide/peroxo-bound form at the di-iron 
center of the ferroxidase site might support the radical-
scavenging role proposed for hMTF in mitochondria.

Additionally, human L-ferritin (HuLf) was loaded in solu-
tion with variable amounts of iron. ESI-MS was then suc-
cessfully applied to detect tetra- and octa-iron clusters 
bound to L subunits, thus confirming the presence of 
such clusters - previously underscored by X-ray crystal-
lography – also in solution samples.2 This observation 
further supports the functional relevance of such 
species as precursors of the caged biomineral. 
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The intrinsically disordered 
regions of the nucleocapsid 
protein from SARS-CoV-2 
were investigated within the 
N terminal construct (1-248). 
The suite of NMR experi-
ments based on 13C direct 
detection was crucial to 
achieve this objective. Novel 
experimental variants to fo-
cus on proline residues were 
developed.
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The possibility to directly monitor correlations involv-
ing proline residues in clean regions of 2D CON spec-
tra stimulated the design of a series of experiments to 
investigate the properties of these residues in intrinsi-
cally disordered proteins (IDPs) or protein regions 
(IDRs). A proline fingerprint can be easily obtained by 
exploiting their peculiar 15N chemical shifts, providing 
the information that is missing in the widely used 2D 
HN spectra. This strategy was implemented in the 
triple resonance NMR experiments needed for se-
quence specific assignment (3D CBCACON, 3D CB-
CANCO, 3D COCON)1, expanding the suite of NMR 
experiments based on carbonyl direct detection. The 
latter has become an established tool for the investi-
gation of IDPs/IDRs and allowed us to perform the se-
quence specific assignment of the intrinsically disor-
dered regions of the nucleocapsid protein (N) from 
SARS-CoV-2 within the N-terminal region (1-248)2. 

The 2D CON spectrum of the N-terminal region (NTR, 1-248) of the nucleocapsid protein (N) from 
SARS-CoV-2 is shown next to a model of this construct (obtained combining the 3D structure of 
NTD with IDRs obtained through Flexible Meccano).
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EPR and Pulsed EPR in 
combination either with 
site directed spin-labelling 
or native paramagnetic 
centres open the possibili-
ty to obtain information 
about paramagnetic sys-
tems. In addition to the 
structural biology tools, 
P u l s e D i p o l a r S p e c-
troscopy, such as Pulsed 
Electron Double Reso-
nance (PELDOR), allows 
to measure long-range 
nanometric distance dis-
tributions (1.6-16 nm) be-
tween at least two para-
magnetic centres.
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The powerful combination of EPR and Pulsed EPR spec-
troscopies gained a lot of interest due to its unique contri-
butions to structural biology. Continuous wave (cw) EPR 
spectra at room or cryogenic temperature can be em-
ployed to gain detailed information about either protein na-
tive paramagnetic sites1,2 (e.g: metal ion, FeS cluster) or 
site directed spin labelled biomolecules (e.g: nitroxide la-
belled). Indeed, the peculiar role of iron sulfur cluster pro-
teins can be investigated using such method. During the 
last year, a work from Camponeschi et al.1 investigated the 
properties of the human anamorsin, exploiting an interest-
ing combination of EPR and Mössbauer spectroscopies to 
characterise the FeS cluster. Indeed, the molecular de-
scription achievable with pulsed EPR methods, such as 
DEER (Double Electron Electron Resonance), can be im-
plemented to obtain information about highly disordered 
systems. Bonucci et al.2 presented an efficient combination 
of various biophysical methods for the investigation of the 
intrinsically disordered nuclear chromatin protein NUPR1. 
In conclusion, the long distance distribution obtainable 
from DEER spectroscopy and the cw-EPR dynamical in-
formation give valuable information in the in cell context. In 
2021, Torricella et. al.3 introduced an additional method for 
protein delivery into living cells. In this paper, the authors 
show how a mild thermal treatment at 42 °C promotes the 
incorporation of exogenous protein inside the cytoplasmat-
ic region of E.coli and P.pastoris. cw-EPR at room tempera-
ture was employed to retrieve dynamical information for the 
investigated proteins inside the intracellular environment.

cw-EPR characterization of the iron sulfur cluster present In A) 
M2-anamorsin  B) WT-anamorsin. Adapted from ref. 1.
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Ab initio calculations can be used to link the geometry around the metal center to the long-range 
paramagnetic NMR observables, which can be recovered outside the “blind sphere”.

In the last few years, we have started exploring the 
possibility of calculating paramagnetic NMR observ-
ables from Quantum Chemical (QC) calculations. In 
collaboration with the group of Frank Neese (MPI 
Muelheim), we had demonstrated that the correct 
treatment of the complete Spin Hamiltonian is neces-
sary to achieve a physical sense in the calculations. 
Now, still in collaboration with the Neese group, we 
have progressed to testing the software implementa-
tion of the complete theory starting from a relatively 
simple model. In this way, we were able to correct the 
assignments  achieved in the late ‘60s, which would 
not have been possible without the use of QC calcula-
tions.1 We then demonstrated that it is possible to re-
fine the structure of the active site of a paramagnetic 
metalloprotein using long-range pseudocontact shifts 
and QC calculations of the magnetic susceptibility ten-
sor.2 This opens new possibilities in molecular magnet-
ism,3 but also to the characterization of metallopro-
teins, which bind naturally or not naturally paramagnet-
ic metal ions (including lanthanoids).4 Finally, with the 
availability of high fields, it is becoming increasingly 
complex to achieve spectra that can be phased over 
their whole spectral window, because of the finite 
bandwidth of the pulses and of the presence of a dead 
time over which magnetization evolves. We have 
proven that a statistical analysis of the data can be 
used to obtain phase-distortion-free spectra over spec-
tral windows exceeding 2000 ppm, even in high field.5 

NMR of paramagnetic mol-
ecules is witnessing a re-
naissance, which is linked 
to the versatility of the 
paramagnetic effects for 
structural applications, and 
sustained by the improve-
ments in instrumentation 
and in theoretical methods. 
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Field cycling relaxometry 
can provide access to the 
structural and dynamic pa-
rameters on which nuclear 
relaxation depends, and it 
represents a precious tool 
for the optimization of con-
trast agents for MRI and for 
investigating dynamic pro-
cessing in nanoparticles 
and electron relaxation of 
paramagnetic systems.
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1H longitudinal relaxivity profiles and transverse relaxivity at 
400 MHz (stars) of Mn2+ ions in pineapple juice without 
(black) and with alginate (5%: blue; 15%: red) at 25 °C. 

High-resolution NMR relaxometry combines the analyti-
cal power of high-resolution NMR with relaxometry, ex-
ploiting the stray field of a commercial NMR magnet as 
variable field. From the field dependence of proton re-
laxation rates of metabolites in human blood serum, we 
demonstrated that weak interactions of metabolites with 
proteins can be identified.1

Fast field-cycling relaxometry can used for characteriz-
ing dynamics present in proteins in different conditions,2 
and the influence of electron relaxation on the nuclear 
relaxivity of paramagnetic nanoparticles.3

The relaxometry profiles of natural oral contrast agents 
like pineapple and blueberry juices were characterized 
in order to understand the origin of the increase in re-
laxation rates in reference to their content of man-
ganese(II) ions.4,5 The presence of alginate slows down 
reorientation, with a subsequent increase in the relax-
ation rates. These fruit juices have the advantages of 
better taste, tolerability, and lower price with respect to 
the artificial agents. 
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Solid state NMR (ssNMR) is 
the method of choice for the 
characterisation of many sol-
id chemicals, materials and 
even in complex biomole-
cules in the solid phase. This 
technique is also combined 
with Dynamic Nuclear Polari-
sation (DNP) that provides 
sensitivity enhancements up 
to 2 orders of magnitude 
over a large variety of sam-
ples.
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With ssNMR we have examined the conformational and 
dynamical changes that ubiquitin undergoes when it is 
physisorbed to hydrophilic (MCM41) or hydrophobic 
(SBA15) porous silica, as well as nascent bioinspired 
silica. In all three cases the stable globular fold of the 
protein is unaffected. Adsorption on the more hydrophilic 
MCM41 results in smaller perturbation of secondary 
structure with respect to adsorption on the more hy-
drophobic SBA15.1

Luckarift et al. brilliantly demonstrated that HEWL, which 
is a small polycationic protein, can promote the poly-
condensation of silica from solutions of tetraoxosilicic(IV) 
acid and titania. We have found that a hydrolysed 
species of the titanium precursor is located at a positive 
patch on the protein surface.2

We applied NMR and ssNMR also in the characterisation  
of organic and inorganic materials such as function-
alised Polyoxometalates.3,4 

The main limitation to ssNMR is sensitivity, which is why 
we devote our efforts to extend DNP methods to charac-
terise materials and biomolecules. DNP is hampered by 
the need of working at cryogenic temperature (~100 K) 
to achieve high enhancements. We demonstrated in two 
publications that, if the sample is embedded into a suffi-
ciently rigid matrix, it is possible to achieve high DNP 
enhancements also at temperatures above 230 K or 
close to room temperature, also high magnetic field.5,6 

Structures for trans–trans (left) and cis–trans (right) conforma-
tions of urea@POM  (ref. 4). 

signals of the ureic protons when anchored to the vanadate crown
(Table 1). The chemical shifts for the N�H protons closer to the
diol terminus range from 5.29 ppm for the urea leading to 1e to
5.76 ppm for that leading to 1d when these ureas are not inserted
into the POM. The signals are strongly deshielded in the POMs,
from 7.18 ppm in alkyl substituted 1e, to 9.00-10.00 ppm for the
aryl-substituted 1a–d. The chemical shifts of the “external” protons
(those directly attached to the variable part of the ureas) exhibit a
similar trend, albeit less marked. The chemical shifts range from
5.18 ppm (hexyl) to 7.00-8.00 ppm in the free arylureas. They
move downfield to 6.85 ppm in 1e and to 8.50-9.50 ppm for 1a–
d.

A similar deshielding was observed in the signals associated
to the amide protons in the amide-inserted polyoxovanadates
(in the “internal” position). It was shown to be a sign of an
increased acidity of the corresponding proton, so we consid-
ered the present observations as a good sign that the POM may
also become a H-bond catalyst. The second good omen is that
the chemical shifts variations appear correlated to the sub-
stituents on the initial urea (at least for the aryl derivatives),
despite the presence of the additional nitrogen atom which
could have offset the electronic effects. Here, a donating
substituent (as in 1b) leads to less deshielding than with-
drawing ones (as in 1c–d).

To understand better this system we sought help from
modeling. The geometries of all hybrids were optimized relying
on density functional theory, at the DFT-M06-2X/6-31+G(d,p)/
LANL2DZ level of theory using the Gaussian16 suite of
programs[33] (Figure 2 and Table S1).

The POM calculated structures shared common features.
The most stable conformation has the N�H bonds not parallel
(Figure 2, right). The “internal” N�H is indeed trans to the
vanadium-linked C=O bond, but the external one points toward
the POM surface (cis). The trans position is taken by the urea

substituent. This might reflect the increased acidity of the H
atom, leading to the establishment of a favorable H-bond with
the POM anionic surface, or it might be due to steric strain
between the surface and the urea R-group in the classical trans
conformation.

The trans-trans, catalytically active, conformers (e.g. left,
Figure 2) lie 3–4.5 kcalmol�1 higher than the trans-cis ones (e.g.
3.7 kcalmol�1 for 1c, see Table S1). For 1a, a transition state
lining was located (qst3 keyword) at 8.9 kcalmol�1, meaning
that interconversion between both forms is possible – and
presumably catalysis – at room temperature.

The bond lengths (Table S1) are constant, regardless of the
substituents. That is true for both N�H bonds, the C=O, or the
N�C bonds to the carbonyl carbon, as well as the N�C bond of
the “internal” N to the quaternary carbon of the diol. The only
exceptions are the N�C bond lengths of the “external” N to the
R substituent, which are longer in 1e, and shorter in 1a–d,
especially so with 1c–d. This is likely because 1e is an alkyl
urea, therefore the bond is longer. Overall, our modeling
indicates that the organo-POM system is quite rigid with some
variation around one of the N�H bonds.

To test the potential catalytic properties of our organo-
POMs, we focused on the Friedel-Crafts alkylation of indole with
trans-�-nitrostyrene (TBNS) as benchmark reaction. This reaction
is generally catalyzed by electron-poor substituted (thio)urea.[34]

It proceeds via the activation of the vinyl group of the TBNS
through hydrogen-bond interaction of the nitro with the urea
protons of the catalyst. This induces the polarization of the
bonds in the olefinic substrate which promotes the nucleophilic
addition of the indole ring onto the �-carbon of the TBNS. In a
typical experiment (Table 2, Entry 1), 1 equivalent of TBNS
(0.4 mmol scale) was reacted with 1.5 equivalent of indole in

Table 1. 1H NMR chemical shifts (in ppm) of the ureic protons in the free
ligands and in the respective grafted derivatives.

POM . in free urea [ppm] . in organo-POM [ppm]
HN “diol-side” HN-R HN “internal” HN-R

1a 5.43 7.38 9.64 8.63
1b 5.33 7.05 9.23 8.45
1c 5.67 7.86 9.79 8.80
1d 5.76 8.07 10.10 9.10
1e 5.29 5.18 7.18 6.85

Figure 2. Calculated structures for trans–trans (left) and cis–trans (right)
conformations of urea@POM 1c (DFT-M06-2X/6-31+G(d,p)/LANL2DZ level
of theory).

Table 2. Probe of the H-bond catalysis with organo-POMs: Friedel-Crafts
arylation of trans-�-nitrostyrene.

Entry[a] Catalyst TBNS conversion [%][b] Yield
[%]24 h 48 h 72 h 96 h

1 1a 7 25 44 66 -
2 1b 6 13 33 46
3 1c 18 52 99 92
4 1d 16 54 98
5 1e – 14 37 48
6 – – – – – –
7 diolurea[c] – – – –
8 TBA5H4 [P2W15V3O62] 9 21 35 41
9 TBA9 [P2W15V3O62] – – – –
10 TBA5H4 POM[d]+

p-F3C�C6H4 urea
10 15 25 39

11 6[e] 56

[a] Reaction conditions: TBNS (0.4 mmol, 1 equiv.), Indole (0.6 mmol,
1.5 equiv.), catalyst (8 #mol, 2 mol%) dissolved in dry MeCN (1.0 mL) in
Schlenk tube under argon at 50 °C; [b] measured by 1H NMR; [c] all
diolureas were tested (see Table S2) in the Supporting Information); [d]
POM= [P2W15V3O62]9�; [e] 1 mol% of 6 was used.
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Metabolomics offers a mole-
cular description of the 
health status of an individual 
and thus it has the potential 
to become the election tech-
nique to obtain new insights 
on the biochemistry of dis-
eases and of the susceptibil-
ity to develop diseases.
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Subjects with subclinical high blood pressure and heart rate 
could present latent cardiometabolic dysregulations.10


We explored the metabolic effects of age and sex to 
highlight metabolic patterns in a cohort of nonagenarian 
subjects1 and to undeline the age-related changes of 
metabolites and lipoproteins in elderly.2,3 In another study 
in elderly, NMR was employed to discriminate between 
early and metastatic colorectal cancer.4 Because ad-
vanced age is the major risk factor for idiopathic Parkin-
son’s disease (PD), a H2020 Europen project was set-up 
to characterize the contribution of the ageing process to 
PD development.5 Breast cancer (BC) remains one of our 
main topics:6,7 we designed a study to evaluate possible 
associations between the pre-diagnostic metabolomic 
profile and the risk of BC in high versus low mammo-
graphic density women.8 Further, we explored the alter-
ations in circulating lipoproteins in HER2-positive pa-
tients.9 Colorectal cancer10,11 and prostate cancer12 were 
also investigated. Network analysis was applied to ex-
plore molecular pathways associated with blood pressure 
and heart rate in healthy subjects13 and to study the mol-
ecular mechanisms associated with 3-month mortality in 
patients with acute ischemic stroke.14

We also addressed the extent to which samples of differ-
ent cohorts were suitable to be used together for NMR 
metabolomics studies and whether data integration of 
studies performed on such samples was feasible and re-
liable.15
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Other	applications	of	metabolomics:	from	
bacteria	to	animal	models 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Metabolomics offers useful 
contributions to a compre-
hensive insight into the 
functional status of animals, 
plants, and cells. For this 
reason, metabolomics can 
be employed in several 
fields with applications 
spanning from the analysis 
of plants and foodstuff to 
veterinary sciences.
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Cell models are particularly useful in metabolomic studies, 
because they are tightly controlled systems with small 
metabolic noise. We have exploited NMR-based 
metabolomics to monitor the changes in the metabolic 
profile of A2780 ovarian cancer cells elicited by auranofin, 
a clinically approved gold drug now repurposed as an an-
ticancer agent.1 Skeletal muscle atrophy in cellular models 
was also investigated.2 Metabolomics was also applied to 
design optimized protein production of the human cyclin-
dependent kinase like 5, combining experimental data on 
protein production with metabolic modelling.3 Bacteria 
play a pivotal role on modulating periodontal disease. 
Gingival crevicular fluid contains many bacteria-derived 
metabolites and can be used to find site-specific bio-
markers of disease activity.4 NMR metabolomics has also 
a role in the study of animal diseases: NMR spectroscopy 
was applied to investigate the association between milk 
metabolome and udder quarter health status in dairy 
cows.5 Food processing has a great impact on the meta-
bolic composition of foods. This aspect was investigated 
by phenotyping green and roasted beans of Nicaraguan 
coffee Arabica varieties processed with different post-har-
vest practices.6 

We evaluated how different coffee varieties react to different 
post-harvest procedures such as fermentation time, type of 
drying and roasting.5
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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. The request of 
access to Instruct-ERIC has exponentially increased since it became operational. The same 
trend is registered for the CERM/CIRMMP platform. 

In 2021 the newly funded PANACEA project (https://panacea-nmr.eu/) has started. 
PANACEA is a consortium funded by the HORIZON2020 program to offer European re-
searchers access to advanced Solid-State NMR instruments for the investigation of chemical 
and pharmaceutical solid compounds, as well as organic and inorganic materials. The plat-
form is open to scientists 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 de-
velopment 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 33. Notably, in 2020 we have installed the first 
world 1.2 GHz instrument operative since March, and its contribution to research is already 
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visible in the research ses-
sion.

Molecular biology and cellu-
lar biology labs are also 
strategic for the users needs 
to prepare and/or optimise 
the large variety of samples 
for structural characterisa-
tion, together with other bio-
physical equipments for 
EPR, CD, UV-vis, stopped-
flow measurements, manual 
and automated crystallisa-
tion facilities and X-ray dif-
fractometry. Users can also 
access other university infra-
structures available in the 

campus, such as those of 
mass spectrometry, Raman resonance, and non-linear spectroscopies.

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

Thanks to the implementation of the "mail in" access modality that foresees sample shipment, 
the access provision during 2021 has been in line with the pre-pandemic data, with 522 days 
of access to the NMR spectrometers. A more detailed analysis shows that 403 days NMR 
access were provided to academic users via Instruct-ERIC, Instruct-ITALIA and iNEXT-Dis-
covery, and 119 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 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

Menarini  Srl
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Valagro S.p.a.

Abiogen S.p.a.

Infineum

Danger and Safety

Buona Steve Jones 

INOTREM, control innate immunity

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 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 com-
pounds and custom manufacturing to supply research needs in the field of biomedical sci-
ences, consulting and services. The company is active in various fields, including protein pro-
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duction and isotope labelling, organic synthesis, services for NMR, and information technology. 
The services include NMR metabolomics and statistical analysis. 


In 2021 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 bioinspired development of gly-
comimetics tuning the Siglec-Sialoglycan axis; SENSOGM, Development of biophotonic sensors 
for environmental determination of GMOs, funded by the Tuscany Region; SATURNO, Scarti or-
ganici e Anidride carbonica Trasformati in carbURanti, fertilizzanti e prodotti chimici; Appli-
cazione concreta dell'ecoNOmia circolare, funded by Piemonte 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 2021 Giotto Biotech and CERM researchers co-authored five scientific pub-
lications.

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, pro-
motes seminars, courses and meetings and other activities supporting the exchange of sci-
entific knowledge, subsidises the activity of Italian and foreign researchers, and establishes 
awards.


The Sacconi Medal Lecturer 2020 has been awarded to Prof. Chi-Ming Che, Director of Lab-
oratory for Synthetic Chemistry and Chemical Biology of the Hong Kong University. Because 
of the pandemic restriction, the medal will be delivered on 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 operating with a solution TCI cryoprobe. All NMR instruments are state-of-
the-art, digital spectrometers equipped with a variety of cryo-probes, as well as of specific 
probes covering a broad range of frequencies and of observable nuclei. In addition to all the 
standard pulse sequences for spectroscopic, structural, dynamical, and functional charac-
terisation, tailored pulse sequences for structural determination of high molecular weight pro-
teins and paramagnetic systems are implemented, as well as 13C direct-detection solution 
protocols for “protonless” NMR experiments and structural characterisation of biomolecules, 
including unfolded or partially unfolded ones. Pulse sequences and experiment setup have 
been implemented for the detection and characterisation of paramagnetic systems, and in 
this field CERM has been pioneer since decades. For this reason, we have now equipped a 
400 MHz instrument with a special 3mm High Power probe designed for the investigation of 
paramagnetic systems. Solid-state MAS probes cover almost all the presently achievable 
MAS frequencies, from a few hundred of Hz to ultra-fast MAS regime, and since 2017 we 
have a new 0.7mm CP MAS probe spinning up to 111 kHz. Special protocols and devices 
are available for solid state experiments both for biological and inorganic material character-
isation. Set-up and pulse sequences for in-cell NMR experiments are also implemented. !
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*With sample changer


B0 Field 
(T)

1H Larmor  Frequency (Bore) Probe heads 

28.2 1200 MHz  (NB 54 mm) TCI Cryo 3 mm solution (1H/13C/15N with 2H decoupling)

TXO Cryo 5 mm solution (1H/13C/15N with 2H decoupling)

0.7 mm CP MAS 1H/13C/15N (soon available)

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

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

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

20.0 850 MHz  (WB 89 mm) 3.2 mm CP MAS DVT 15N/13C/1H

1.3 mm CP MAS 1H-19F/BB/15N

0.7 mm CP MAS 1H/13C/15N

18.8 800 MHz  (NB 54 mm) TXI RT 5 mm solution(1H/13C/15N with 2H decoupling)

QXI RT 5 mm solution(1H/13C/15N/31P with 2H decoupling)

1H-Selective High Power RT (prototype)

3.2 mm CP MAS DVT Low-E 15N/13C/1H

1.3 mm CP MAS 1H-19F/BB-X/BB-Y

1.3 mm CP MAS 1H/13C/15N

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

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

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

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

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

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

4.0 mm CP MAS 15N/13C/1H

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

HR-MAS 4.0mm (1H/13C/15N with 2H decoupling)

1H - Selective High Power RT, 5 mm solution

1H - Selective RT, 5 mm solution

BBI RT 5 mm solution

BBO RT 5 mm solution

BBO RT 10 mm solution / BB RT -Low-𝛾 -10 mm solution

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

11.7 500 MHz  (NB 54 mm) TCI Cryo 5 mm solution(1H/13C/15N)

TXI RT 5 mm solution (1H/13C/15N)

TBO RT 5 mm solution (1H/31P/BB)

BBI RT 5 mm solution

9.4 400* MHz  (NB 54 mm) BBO RT 5 mm solution

BBI RT 5 mm solution (1H/BB)

BBI RT 3 mm solution (1H/BB)

1H-Selective High Power 5 mm solution

0.33-1.25 X (9.43 GHz) Q-Band (35 GHz) X and Q Band cavities 

0.00024-1 Fast Field Cycling Relaxometer 0.01-45 MHz 10 mm solution tubes

34



INSTRUMENTATION

X-ray	Crystallography

CERM/CIRMMP is equipped with standard crystallisation facilities and with an automated 
nano-dispensing device (Mosquito, TTP Labtech). Furthermore, it has full access to the In-
terdepartmental Crystallography Centre of the University of Florence (CRIST), equipped, 
among other instruments, with a sealed-tube diffractometer bearing a CCD detector (Agi-
lentTechnologies) for routine in-house data collections. Regular access to synchrotron beam 
time slots in Europe facilities is also possible.


Biological	and	Biophysical	Facilities	and	Services

Molecular	and	Cellular	Biology


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


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 ful-
ly 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-
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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 valida-
tion, domain organisation, evolution, protein complex analysis.

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


Electronic	infrastructure	(e-infrastructure)


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

CERM/CIRMMP maintains a node of the European Grid Initiative. The available hardware 
comprises two clusters with 80 and 1024 CPU-cores respectively, and four TB of shared 
storage. 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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Visiting Scientists at CERM

Dr. Edoardo Saccenti - Assistant Professor 

Wageningen University, Netherlands


Cristina Di Carluccio - PhD Student 

University of Naples Federico II, Italy


Simone Fjordside - PhD Student 

Aarhus University and Novo Nordisk, Denmark


Joel Roca - PhD Student 

Universiteit Brussel, Belgium


Pasquale Russomanno - PhD Student 

University of Naples Federico II, Italy


Luca Sperotto - PhD Student 

Helmholtz Zentrum München, Germany


Juli Buhl - Erasmus Undergraduate

Aarhus University, Denmark
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Meetings and Events Organised by CERM

Seminars	Held	at	CERM

September 21st, Prof. Michael J. Maroney, University of Massachusetts Amherst, MA, USA, 
“Maturation of Ni superoxide dismutase: how does the enzyme get its nickel?” CERM Con-
ference Room


Meetings	and	Conferences

October 22nd-29th, NMR Training School “Fundamentals of magnetic resonance spectro-
scopies and metal trafficking”, virtual meeting


February 16th,“iNEXT-Discovery First Annual Scientific Meeting”, virtual meeting


Group	Meetings

15/01	 Moreno Lelli “Structural Determination in the Solid-state of Very-Diluted Species 

Through Dynamic Nuclear Polarization NMR”


22/01	 Domenico Rizzo “Expression and Characterization of human proteins for drug 
screening: STING and PD-L1”


29/01	 Giovanni Saudino “Investigating the molecular role of NFU1 in the lipoyl synthase 
maturation”


05/02	 Sara Matteucci “Production and Functional Characterization of NUBP1-NUBP2 
Complex, Involved in Irun-Sulfur Cluster Biogenesis”


12/02	 Marco Schiavina “SARS-CoV-2 Nucleoprotein: dealing with heterogeneity”


19/02	 Milana Bazayeva “Metal-Binding Proteins”


05/03	 Giulia Licciardi “Dealing with olive oil relaxation process”


12/03	 Bach Tung Lan Pham “Characterization of SARS-CoV-2 Proteins by In-cell NMR 
Spectroscopy ”
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19/03	 Milano Bazayeva “Metal-Binding Proteins”


26/03	 Mathias Percipalle “Structural, thermodynamic and kinetic comparison of camel- 
and llama-derived nanobodies”


09/04	 Maria Salobehaj “Expression and characterization of Apolipoprotein A-I Milano vari-
ant”


23/04	 Valentina Vitali “Towards tyrosine conjugation of proteins for NMR and EPR spec-
troscopy”


30/04	 Francesca Di Cesare “1H NMR-based metabolomics to investigate the effect of pro-
biotics on human phenotype”


14/05	 Francesco Milanesi “Design and Synthesis Of New Glycomimetics as Ligands of 
hCD22”


21/05	 Deborah Grifagni “Zinc-mediate inhibition of SARS-CoV-2 Mpro: structural features 
and hints for drug design”


28/05	 Francesco Torricella “Novel living systems protein delivery and progresses in 19F 
NMR”


25/06	 Letizia Pontoriero “Biochemical characterization of the N protein 1-248 construct 
from SARS-CoV2: dealing with a heterogeneous system”


17/09	 Francesca Camponeschi “Assembling [4Fe-4S] clusters in the human cytosol”


01/10	 Veronica Ghini “Metabolomic fingerprint of COVID-19”


08/10	 Vincenzo Laveglia “Machine Learning Methods for Metal Binding Protein Analysis”


15/10	 Silvia Ciambellotti “Ferritin nanosystems for targeted delivery towards cancer cells”


05/11	 Lucia Gigli “What do we need for modelling the active site of a paramagnetic metal-
loprotein?”


12/11	 Letizia Barbieri “Protein-Protein Interactions in Human Cells by NMR”


19/11	 Gaia Meoni “Updates on COMETA project: metabolites and lipoproteins of 
COVID-19 patients and severity”


26/11	 Alessia Vignoli “Serum or plasma, what is the difference?”
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Journal	Clubs

16/04	 Letizia Pontoriero “High-resolution ex vivo NMR spectroscopy of human Z α1-antit-

rypsin”


	 Anna Pérez i Ràfols “Structure of SRSF1 RRM1 bound to RNA reveals an unexpect-
ed bimodal mode of interaction and explains its involvement in SMN1 exon7 splic-
ing”


07/05	 Giovanni Saudino “Cell-Specific Delivery Using an Engineered Protein Nanocage”


	 Domenico Rizzo “Hidden kinetic traps in multidomain folding highlight the presence 
of a misfolded but functionally competent intermediate”


04/06	 Francesca Di Cesare “MCR-ALS analysis of 1H NMR spectra by segments to study 
the zebrafish exposure to acrylamide”


11/06	 Sara Matteucci “Fe-S cofactors in the SARS-CoV-2 RNA-dependent RNA poly-
merase are potential antiviral targets”


	 Marco Schiavina “Conserved allosteric ensembles in disordered proteins using 
TROSY/anti-TROSY R2-filtered spectroscopy”


09/07	 Milana Bazayeva “Assessment of protein-protein interfaces in cryo-EM derived as-
semblies”


	 Giulia Licciardi “Comment on the Optimal Parameters to Derive Intrinsically Disor-
dered Protein Conformational Ensembles from Small-Angle X-ray Scattering Data Us-
ing the Ensemble Optimization Method”


10/09	 Bach Tung Lan Pham “Real-Time Conformational Dynamics of SARS-CoV-2 Spikes 
on Virus Particles”


24/09	 Maria Salobejah “The OP Protein Cage: A Versatile Molecular Delivery Platform”


	 Valentina Vitali “The cryo-EM structure of the bd oxidase from M. tuberculosis re-
veals a unique structural framework and enables rational drug design to combat TB” 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Contact Information
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CERM

Via Luigi Sacconi 6
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www.cerm.unifi.it

Phone:  + 39 055 4574270
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