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GPCR Dynamics Seen 
by NMR 

Kurt Wüthrich

The Scripps Research Institute, La Jolla, CA 92037, 
USA and ETH Zürich, Zürich, Switzerland

kw@mol.biol.ethz.ch

826 G protein-coupled receptors (GPCR) in the 
human proteome regulate key physiological 
processes and therefore represent attractive 
drug targets. With crystal structure 
determinations of more than 50 different 
human GPCRs during the last decade, an 
initial platform for structure-based rational 
design was established for drugs that target 
GPCRs. The principal method used for our own 
research is nuclear magnetic resonance (NMR) 
spectroscopy in solution, which is one of the key 
approaches for expanding the crystal structure 
platform with dynamics features of GPCRs at 
near-physiological conditions.  In this context, 
it is of special interest that NMR measurements 
can be performed without modification of the 
GPCRs by amino acid replacements and/or 
fusion with other proteins, which are routinely 
used to facilitate crystallization. In my lecture 
I describe strategies for the use of NMR 
techniques with GPCRs, which will be illustrated 
with projects where results obtained with X-ray 
crystallography or cryo-electron microscopy 
(cryo-EM) have been complemented with NMR 
investigations in solution, and discuss the 
impact of this integrative approach on GPCR 
biology and drug discovery.

References

Liu, J.J., Horst, R., Katritch, V., Stevens, R.C. and Wüthrich, K. 
(2012) Science 335, 1106-1110. Biased signaling pathways in 
β2-adrenergic receptor characterized by 19F-NMR.

Eddy, M., Lee, M.-Y., Gao, Z.-G., White, K.L., Didenko, T., Horst, 
R., Audet, M., Stanczak, P., McClary, K.M., Han, G.W., Jacobson, 
K.A., Stevens, R. and Wüthrich, K. (2018) Cell 172, 68–80. 
Allosteric coupling of drug binding and intracellular signaling in 
the A2A adenosine receptor. 

Shimada, I., Ueda, T., Kofuku, Y., Eddy, M.T. and Wüthrich, K. 
(2019) Nat. Rev. Drug Disc. 18, 59–82. GPCR drug discovery: 
integrating solution NMR data with crystal and cryo-EM 
structures.
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[NiFe] hydrogenases are enzymes that catalyze 
the splitting of molecular hydrogen. While most 
of these enzymes are inhibited even by low 
traces of oxygen, a special group of O2-tolerant 
hydrogenases exists. A member of this group is 
the membrane bound [NiFe] hydrogenase from 
Ralstonia eutropha (ReMBH). (1) The ReMBH 
harbors an unusual iron sulfur cluster that is 
able to undergo structural changes triggering 
the flow of two electrons to the [NiFe] active 
site (2). These electrons promote oxygen 
reduction at the active site, preventing, in this 
way, aerobic inactivation of the enzyme. In 
the superoxidized state, the [4Fe3S] cluster 
binds a hydroxyl group which originates either 
from molecular oxygen or  eventually water. 
Both reactions, oxygen reduction to water at 
the [NiFe]- or [4Fe3S]- centers and oxygen 
evolution from water at the proximal cluster 
require the delivery of protons regulated by a 
subtle communication mechanism between 
these metal centers. (3)

In this presentation we will explain how 
computational multiscale modelling techniques 
as quantum mechanical/molecular mechanics 
methods and classical molecular dynamics 
simulations can be sequentially applied to 
investigate the role of two distinct proton 
transfer pathways connecting the [NiFe] active 

site and the [4Fe3S] proximal cluster of ReMBH in 
the protection mechanism against oxygen attack. 
The computational results not only provide new 
pieces to the puzzling catalytic mechanisms 
governing O2-tolerant hydrogenases, but also 
highlight the relevance of dynamics in the proper 
description of biochemical reactions in general.
(4)

References 

(1) Fritsch, J. et al (2011), Nature, 479, 249–252.

(2) Frielingsdorf, S. et al (2015) Nat. Chem. Biol, 10, 378–385. 

(3) Dance, I. (2015) Chem. Sci. 6, 1433–1443.

(4) Tombolelli, D. et. al 2019, J. Phys. Chem. B. 123, 3409-3420

Computation of Proton transfer 
pathways in the oxygen tolerant 

membrane bound NiFe 
Hydrogenase

Maria Andrea Mroginski I Daria Tombolelli

Technische Universität Berlin, Straße des 17. Juni 
10623 Berlin

andrea.mroginski@tu-berlin.de
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Metalloproteins are essential to life and 
widespread in organisms from all kingdoms of 
life. In this presentation, we will describe the 
bioinformatics tools developed by our group to 
facilitate the understanding of the structure-
function relationship in metalloproteins. The 
central resource is the MetalPDB database 
of metal sites in biological macromolecules 
(http://metalweb.cerm.unifi.it/) [1]. In the latest 
update of MetalPDB, we specifically addressed 
the identification of potential metal sites in 
3D structures lacking the metal cofactor. In 
addition, updated statistical analyses on the 
database contents are available on the web 
site. We are currently introducing functional 
annotations for all sites, based on manual 
curation via a dedicated, password-protected 
annotator interface. To better exploit the 
contents of MetalPDB, the MetalS2 [2] and 
MetalS3 [3] servers allow users to compare pairs 
of metal sites and to search for structurally 
similar metal-binding sites within the database, 
respectively. We will show how these tools 
have been applied to the computational 
characterization of the human iron-proteome 
[4]. Finally, we will present a newly developed 
on-line resource, entitled hMeProt (for human 
metalloproteome). hMeProt is a database 
of all human metalloproteins, predicted or 

experimentally validated, that aggregates 
information from multiple sources ranging from 
tissue expression and subcellular localization 
to functional features such as involvement in 
disease. The main usage scenarios of hMeProt 
will be discussed. 

References

[1] Putignano et al, (2018), Nucl. Acids Res., 46, D459-D464.

[2] Andreini et al, (2013), J. Chem. Inf. Model., 53, 3064-3075.

[3] Valasatava et al (2014), JBIC, 19, 937-945.

[4] Andreini et al (2018), Metallomics, 10, 1223-1231. 

Computational tools to study 
metals in biology

Claudia Andreini1,2 I Antonio Rosato1,2

Valeria Putignano2

1 Department of Chemistry “Ugo Schiff”, University of Florence, Via della 
Lastruccia 3, 50019 Sesto Fiorentino, Italy.

2
 Magnetic Resonance Center, University of Florence, Via Luigi Sacconi 6, 

50019 Sesto Fiorentino, Italy.

andreini@cerm.unifi.it
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Our group has recently demonstrated that 
extra-mitochondrial cytochrome c (Cc) plays 
a double role in leading living cells to death, 
not only by triggering the pro-apoptotic 
routes (as it is widely accepted) but also by 
inhibiting the pro-survival ones (which is an 
original and provocative concept). We have 
identified an ample set of novel nuclear and 
cytoplasmic proteins that interact with Cc 
under programmed cell death (PCD) conditions 
in humans and plants. In particular, it has been 
demonstrated that: i) Cc regulates the DNA 
damage response by inhibiting the nucleosome 
assembly activity of histone chaperones in 
the nucleus, and ii) there exists a common 
signalosome for PCD in human and plant cells. 
In this talk, the Cc-centred network of proteins 
interacting with the hemeprotein in the 
nucleus and cytoplasm will be discussed from a 
structural and functional point of view.

Post-translational modification of Cc – and, in 
particular, phosphorylation of tyrosine residues 
– is also crucial to control cell redox signaling. 
In this context, we have recently characterized 
a couple of phosphomimetic Cc mutants 
generated by site-specific incorporation of the 
non-canonical amino acid p-carboxymethyl-
L-phenylalanine (pCMF) to replace tyrosines 

at positions 48 and 97. The resulting data 
allows a better understanding of mitochondrial 
metabolism and cell dysfunction responsible for 
a high number of human diseases. 

References

Guerra-Castellano et al. (2018) Proc Natl Acad Sci USA 115, 
7955–7960

Moreno-Beltrán et al. (2017) Proc Natl Acad Sci USA 114, 
E3041-E3050

González-Arzola et al. (2017) Nucleic Acids Res 45, 2150–2165

González-Arzola et al. (2015) Proc Natl Acad Sci USA 112, 
9908–9913

Unexpected roles for respiratory 
cytochrome c in the cell 
nucleus and cytoplasm

Miguel A. De la Rosa

Institute for Chemical Research, cicCartuja, 
University of Seville-CSIC, Seville, Spain

marosa@us.es
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Dye decolorizing peroxidases (DyPs) belong 
to the most recently identified family of 
heme peroxidases, which are unrelated to 
the classical peroxidases, showing different 
substrate affinities and low structural and 
sequence similarities [1]. The physiological roles 
of DyPs remain unknown and further research 
is required to elucidate the basic properties 
of these enzymes. Still, their biotechnological 
potential has been acknowledged, as they 
are capable of the efficient decolorization 
of numerous industrial dyes and the 
biodegradation of the aromatic polymer lignin. 
Moreover, they can be easily over-expressed 
in Escherichia coli and genetically manipulated 
to improve production yields and to generate 
mutants with desired properties, such as 
increased activity for selected substrates. DyPs 
are also extremely stable, maintaining efficient 
catalytic activity over a wide range of pH and 
temperature, which further supports their use 
as biocatalysts in commercial processes [2,3]. 
We will discuss the development of hydrogen 
peroxide biosensors based on immobilized 
DyP from Pseudomonas putida and mutant 
forms with improved catalytic performance 
and stability. By employing resonance Raman 
spectroscopy and spectroelectrochemistry we 
are able to simultaneously characterize the 

analytical performance of the DyP biosensors 
and evaluate the structural properties of the 
enzymes, immobilized on biocompatible silver 
electrodes, under the biosensor’s working 
conditions. This approach allows us to screen 
different variant enzymes and immobilization 
conditions and optimize the biosensor on a 
rational basis.

References

[1] Yoshida T, Sugano Y (2015) Arch Biochem Biophys 574, 49-
55. 

[2] Santos  A, Mendes S, Brissos V, Martins LO, (2014) Appl 
Microbiol Biotechnol 98, 2053–2065.

[3] Singh R, Eltis LD (2015) Arch Biochem Biophys 574, 56-65.

Dye-decolorizing peroxidases, 
a perspective for hydrogen 

peroxide biosensing
Célia M. Silveira I Catarina Barbosa

Sérgio Almeida I Vânia Brissos
Diogo Silva I Lígia Martins 

Smilja Todorovic

Instituto de Tecnologia Química e Biológica António Xavier, 
Universidade NOVA de Lisboa, Av. da República, 2780-157 Oeiras, Portugal

celiasilveira@itqb.unl.pt
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The flavodiiron protein (FDP) from Escherichia 
coli is able to detoxify nitric oxide to the 
innocuous N2O, which is a key strategy of 
pathogens to counteract the mammalian innate 
immune system. Several FDP structures have 
been determined by X-ray crystallography. 
The diiron active site is generally coordinated 
by four histidine nitrogens and the carboxyl 
groups from two aspartates and one glutamate. 
Additionally, the oxidized active site harbours 
at least one bridging OH- ligand between the 
two iron ions (Romao et al. 2016). However, 
recent EPR and Mössbauer studies suggest two 
bridging OH- ligands in the oxidized state and 
one µ-OH ligand in the reduced state (Weitz et 
al. 2017). Detailed knowledge of the enzymatic 
NO conversion mechanism is important for 
understanding the microbial NO detoxification 
pathways in the host organisms as well as for 
engineering of artificial NO catalysts. 
Nuclear resonance vibrational spectroscopy 
(NRVS) is a synchrotron-based vibrational 
spectroscopic technique that selectively 
probes iron-specific normal modes and 
the corresponding molecular coordinates. 
Therefore, it is an ideal technique for the 
investigation of iron-containing metalloproteins 
in terms of structure and dynamics. We 
applied 57Fe NRVS in combination with Mössbauer 

spectroscopy to obtain insights into the redox-dependent 
electronic and vibrational dynamics of the FeFe active 
site. 
Mössbauer spectroscopy on oxidized FDP 
revealed two separate high-spin Fe3+ species. 
Each species represents an individual Fe active 
site unique in charge distribution and geometry. 
Reduction with dithionite resulted in two high-
spin Fe2+ species and an unknown third species 
that probably reflects a mixed valence active 
site. Preliminary NRVS results of oxidised and 
reduced FDP will be discussed and compared to 
non-haem binuclear model compounds.

References:

Romao C. V., Vicente J. B., Borges P. T., Victor B. L., Lamosa P., 
Silva E., et al. (2016). J Mol Biol. 428: 4686-4707. 

Weitz A. C., Giri N., Caranto J. D., Kurtz D. M., Jr., Bominaar E. L., 
& Hendrich M. P. (2017).. J Am Chem Soc, 139: 12009-12019. 

Advances in spectroscopy on 
NO reductases

Lars Lauterbach1 I Filipe Folgosa2

Matthias Keck3 I Christian Limberg3

Miguel Teixeira2 I Oliver Lenz1

Stephen Cramer4

1Technische Universität Berlin, Department of Chemistry, Straße des 17. Juni 135, 10623 Berlin, Germany; 
2Universidade Nova de Lisboa, Instituto de Tecnologia Química e Biológica António Xavier, 

Av. da República, 2780-157 Oeiras, Portugal; 
3 Humboldt-Universität zu Berlin, Institute of Chemistry, Brook-Taylor-Straße 2 , D-12489 Berlin, Germany; 

4SETI Institute, Mountain View, CA 94043 USA

lars.lauterbach@tu-berlin.de
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Iron-sulfur (Fe-S) clusters are essential cofactors 
required by the proteome of organisms from 
any kingdom of life. In eukaryotes, Fe/S 
proteins are present in the mitochondrion, in 
the endoplasmic reticulum, in the cytosol, and 
in the nucleus and perform a multiplicity of 
functions, participating in metabolic reactions, 
in electron transport, in DNA repair and in gene 
expression regulation, acting as sensors for 
environmental or intracellular conditions. The 
assembly of Fe/S clusters in cells is a complex, 
tightly controlled, process to avoid toxicity 
from free iron and sulfide and to ensure the 
transfer of the Fe/S cluster from one protein to 
another only through very selective molecular 
recognition pathways. In humans, the biogenesis 
of iron-sulfur proteins is a multistep process, 
performed by two different machineries, i.e. 
the mitochondrial iron-sulfur cluster (ISC) 
assembly machinery1 and the cytosolic iron-
sulfur assembly (CIA) machinery2,3, which are 
responsible for the maturation of mitochondrial 
Fe/S proteins and cytosolic and nuclear Fe/S 
proteins, respectively. We applied a set of 
spectroscopic techniques to investigate in vitro 
the maturation process and the function of 
human Fe/S proteins. 

References

1 Maio, N.; Rouault, T. A., (2015), Biochim. Biophys. Acta, 1853, 
1493-1512. 

2 Netz, D. J. A.; Mascarenhas, J.; Stehling, O.; Pierik, A. J.; Lill, R., 
(2014),Trends Cell Biol. 2014, 24, 303-312

3 Ciofi-Baffoni, S.; Nasta, V.; Banci, L., (2018), Metallomics, 10, 
49-72.

Mechanistic insights into human 
Fe/S protein biogenesis 

and functions
Francesca Camponeschi

Consorzio Interuniversitario Risonanze Magnetiche di Metallo Proteine (CIRMMP) 
and Magnetic Resonance Center (CERM), University of Florence, Via Luigi Sacconi 

6, 50019, Sesto Fiorentino, Florence, Italy
Department of Chemistry, University of Florence, Via della Lastruccia 3, 50019 

Sesto Fiorentino, Florence, Italy

camponeschi@cerm.unifi.it
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The [NiFeSe] hydrogenase from the sulphate 
reducing bacterium Desulfovibrio vulgaris 
Hildenborough is highly active in both 
H2 production and oxidation, but like all 
hydrogenases it is inhibited by O2.1,2 Upon 
oxidative inactivation a modification is present 
in the active site whereby Cys75, a ligand 
of Ni, is found as a mixture of sulfenate and 
sulfinate.2 In addition, the proximal FeS cluster 
presents oxidative modifications, but these can 
be reverted by protein reduction.2 Recently, we 
identified an hydrophilic channel that is used 
by O2 or ROS to reach Cys75. To constrict this 
channel two variants were created, by mutating 
one residue, Gly491, placed at the end of 
this channel near Cys75, to Ala and Ser. Both 
variants present an increased tolerance towards 
O2 inactivation and structural studies confirm 
that both mutations prevent or considerably 
delay the oxidation of the Cys75.3

To better understand the mechanism of 
oxidative inactivation of the D. vulgaris 
Hildenborough [NiFeSe] hydrogenase a new 
study is being performed combining RAMAN 
spectroscopy, FTIR and X-ray crystallography, 
complemented with theoretical calculations

References

1 Zacarias, S.; et al. In Methods in Enzymology. 2018

2 Marques, M.; et a.l Int. J. Hydrogen Energy 2013 

3 Zacarias, S.; et al. ACS Catalysis 2019

New insights into the O2

protection mechanism of the 
[NiFeSe] hydrogenase from 
D. vulgaris Hildenborough

Sónia Zacarias1 I Christian Lorent2

Marius Horch3 I Ingo Zebger2

Pedro Matias1,4 I Inês Cardoso Pereira1 

1 Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa, 
Av. da República, 2780-157 Oeiras, Portugal

2 Institute for Chemistry, Technische Universität Berlin, Straße des 17. Juni 135, 10623 Berlin, Germany 
3 Chemistry, University of York, Heslington, York, Y010 5DD, United Kingdom  

4 iBET, Instituto de Biologia Experimental e Tecnológica, Apartado 12, 2780-901 Oeiras, Portugal

sonia.zacarias@itqb.unl.pt
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Hydrogenases are microbial enzymes that 
catalyze the reversible oxidation of hydrogen. 
Resonance Raman spectroscopy was recently  
introduced as a powerful tool to investigate 
catalytic intermediates of the membrane-
bound or the regulatory hydrogenase of 
Ralstonia eutropha.[1-3] This approach was 
developed further by supplementary use of 
infrared spectroscopic on the same crystal 
and X-ray crystallographic investigations on 
the F420-reducing [NiFe] hydrogenase from 
Methanosarcina barkeri. Detailed structural 
and functional insights of the enzymes active 
sites hydrogen binding intermediate could be 
obtained by this multidisciplinary approach 
accessible by a new setup for microscopic 
investigations at low temperatures.[4]

The same strategy was applied to investigate 
the [NiFeSe] hydrogenase from Desulfovibrio 
vulgaris Hildenborough. Complemented by 
theoretical calculations this study revealed 
new insights into the catalytic performance 
and overall function of this enzyme. 

References

1 Siebert et al. (2013). Angew. Chem. Int. Ed., 52, 5162-5165.

2 Horch et al. (2014). J. Am. Chem. Soc., 136, 9870-9873.

3 Siebert et al. (2015). J. Phys. Chem. B, 119, 13785-13796.

4 Ilina, Lorent et al. (submitted)

New insights in [NiFeSe]
hydrogenases by a combined 
vibrational spectroscopic and 

crystallographic approach
Christian Lorent1 I Sónia Zacarias2 I Samah Moubarak1 

Daria Tombolleli1 I Nadia Elghobashi-Meinhardt1

Yulia Ilina3 I Holger Dobbek3 I Maria Andrea Mroginski1 
Pedro Matias2 I Inês Cardoso Pereira2 

Marius Horch4 I Ingo Zebger1

1 Institute for Chemistry, Technische Universität Berlin, Straße des 17. Juni 135, 10623 Berlin, Germany
2Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa,  

Av. da República, 2780-157 Oeiras, Portugal
3 Institute for Biology, Humboldt-Universität zu Berlin, Philippstr. 13, 10115 Berlin, Germany

4Chemistry, University of York, Heslington, York, Y010 5DD, United Kingdom

christian.lorent@tu-berlin.de
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Rhodopseudomonas pallustris is a Gram-negative 
bacterium with a very versatile metabolism, 
including the remarkable capacity of harvesting 
energy from sunlight while oxidizing iron II to 
iron III, one of the most ancient metabolisms 
on Earth.

 This was the first photoferrotroph to be 
isolated and during anaerobic growth it 
expresses a cytochrome c2 and two HiPIPs 
(PioC and Rpal_4085). Both HiPiPs and 
soluble c-type cytochromes are known to 
donate electrons to the reaction centers of 
anoxyogenic photosynthesis, but the apparent 
redundancy has yet to be fully clarified. In R. 
pallustris, the cytochrome c2, as previously seen 
for other purple bacteria, acts in cyclic electron 
flow to support photosynthetic growth. PioC is 
an HiPIP with specialized role in phototrophic 
iron oxidation. It delivers electrons directly to 
the light capturing reaction center, but it does 
not support cyclic electron flow and deletion 
mutants of PioC are still able to maintain residual 
reductive activity. Rpal_4085, which coexists 
in the periplasm, has similar electrochemical 
properties to PioC, but is unable to functionally 
replace PioC, appearing to be involved in 
divalent metal sensing. 

NMR spectroscopy was used to investigate 
the structural basis for the discrimination 
of the function of these small redox-active 
metalloproteins in the versatile anoxyogenic 
pathways of R.pallustris.

Determining the NMR 
structure of PioC: the role 

of metalloproteins in 
photoferrotrophic iron oxidation

Inês B. Trindade1 I Michelle Invernici2
 Nazua L. Costa1 I Ivo Saraiva1

Bruno M. Fonseca1 I Franscesca Cantini2
Mario Piccioli2 I Ricardo O. Louro1

1 Instituto de Tecnologia Química e Biológica António Xavier (ITQB-NOVA), Universidade Nova de Lisboa, 
Av. da República (EAN), 2780-157 Oeiras, Portugal.

2Center for Magnetic Resonance, University of Florence,Via L. Sacconi 650019 Sesto Fiorentino, Italy

ines.trindade@itqb.unl.pt
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Solution structures of paramagnetic macromolecules 
require a combination of classical structural 
constraints, based on dipolar couplings, and 
of relaxation based constraints. In the case 
of signals that are severely affected by the 
hyperfine interaction, we need to design 
novel pulse sequences to measure R2 and R1 
rates of resonances that escape detection 
in conventional experiments. Paramagnetic 
relaxation enhancement affects both R1 and 
R2 values1, accurate measurements of R2 
are therefore important in order to obtain 
reliable information on the metal-to-proton 
distances. So far, the most valuable approach 
for quantification of 1H R2 rates consists to 
encode a relaxation period within the INEPT 
block of an 15N-HSQC experiment.2,3 This 
approach is very useful to obtain small PRE 
values at large metal to proton distance, but 
determines the loss of information for signals 
at less than 10 Å from the paramagnetic center, 
preventing the possibility to obtain information 
in the most interesting part of the native 
metalloprotein. To circumvent the problem, we 
developed a sequence capable to measure the 
R2 values of the nuclei directly surrounding the 
paramagnetic cluster protein. Our 15N-HSQC-
AP sequence has been applied to the HiPIP 
protein PioC4, making possible the detection 

of twelve extra peaks compared to the classic 
15N-HSQC experiment, including three out of 
four bonding cysteines. Multiple time-points 
experiments using 15N-HSQC and 15N-HSQC-
AP pulse sequence allowed the determination 
of R2 values of all PioC amide hydrogen, which 
can be converted in metal-hydrogen distances, 
making possible the structural determination of 
the protein.
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Iso-electronic substitutes and inhibitors are frequently 
used by vibrational spectroscopy to elucidate 
structural and mechanistic details of substrate 
binding at the active site of metalloenzymes. Here, 
we use azide (N3-), cyanate (NCO−) as iso-electronic 
substi-tutes for CO2 to study possible impacts 
on the reversible catalytic formate oxidation and 
CO2 reduction of the Mo-dependent and NAD+-
requiring formate dehydrogenase (FDH) from the 
photosynthetic bacterium Rhodobacter capsulatus 
and the W-containing formate dehydrogenase 
from Desulfovibrio vulgaris.[1,2] This data will be 
complementary to a recent electrochemical study 
of such inhibitors on the molybdenum-containing 
FDH-H from Escherichia coli, where the authors 
propose that the inhibitors bind to the Mo ion 
subsequent to the dissociation of a selenocysteine 
ligand creating an open coordination site for catalysis.
[3] A recently resolved structure of the W-containing 
FDH by Oliveira et al. revealed a permanently bound 
selenocysteine ligand during formate oxidation/CO2 
reduction.[4] In our approach we apply not only IR 
and resonance Raman spectroscopy to monitor the 
redox state and ligation sensitive inherent stretching 
frequencies of the inhibitors and the corresponding 
metal ligand vibrations, respectively, but also use 

a quantum chemistry approach to calculate the 
vibrational modes of the various binding dependent 
interaction scenarios of the inhibitors theoretically.
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Oxygen and reactive oxygen species (ROS) can react 
with multiple cellular components, leading to the 
inactivation of a plethora of metabolic pathways. 
Therefore, organisms have systems to sense and 
eliminate O2 and ROS, contributing to their survival 
in the adverse host environment. 
Clostridium difficile P28 is an anaerobic pathogenic 
bacterium that contains in its genome a flavodiiron 
protein (FDP) and a rubrerythrin (Rbr), that are 
putatively involved in the detoxification pathways 
used by this organism. 
Flavodiiron proteins are widespread in all life domains, 
with a crucial role in O2 detoxification, through its 
reduction directly to water. FDPs are cytoplasmic 
enzymes with a minimal structural unit composed 
by two main domains, a metallo-β-lactamase 
domain, containing the catalytic diiron site, and a 
flavodoxin domain having a flavin mononucleotide. 
Rubrerythrins are generally considered to act as 
NADH-linked hydrogen peroxide reductases, thus 
eliminating this ROS, and are composed by two iron 
sites: a diiron center and a rubredoxin-like FeCys4 

center. 
In this work with characterized biochemically, 
spectroscopically, structurally and kinetically the 
FDP and Rbr and their two putative redox partners, 
a High Molecular Weight Rubredoxin (HRb) and a 
Rubredoxin (Rd). We confirmed the existence of 
direct electron transfer between HRb, Rd and FDP 

and also between HRb, Rd and Rbr. In addition, we 
also established the reaction rates for the reduction, 
by FDP, of O2 (0.43 s-1) and H2O2 (0.06 s-1) and for the 
reduction of H2O2 by Rbr (1.53 s-1). The enzymatic 
activity of Rbr towards O2 was also investigated.
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During the infection process the host innate immune 
system produces Reactive Oxygen Species (ROS) 
and Reactive Nitrogen Species (RNS) which damage 
important pathogen’s structures such as Fe-S 
containing proteins. To cope with those stresses, 
pathogens developed many strategies, including a 
set of protective proteins, in which the Repair of Iron 
Centre (RIC) proteins are included. 
RIC are di-iron proteins widely spread among 
bacterial species, and also present in some human 
eukaryote pathogens [1]. We previously showed that 
Escherichia coli RIC is able to restore the activity of 
stress damaged on Fe-S containing proteins, which is 
due to its capacity to give iron for repairing the Fe-S 
centre [2]. 
RIC proteins contain a di-iron centre inserted in a four 
helix bundle fold. The two iron atoms are coordinated 
by highly conserved residues, four histidines and 
two glutamates. The glutamate residues form two 
µ-carboxylate bridges that are essential to the 
formation of a functionally active di-iron center [3].
More recently, we reported that RIC interacts with 
another important protein of E. coli, namely the DNA 
binding protein from starved cells Dps, and that this 
interaction is important for the in vivo role of RIC [4].
Now, several site-directed mutants of RIC were 
constructed and analysed by X-ray crystallography 
and iron release assays. The results provided 
important insights into the molecular structural basis 

of RIC that enables its iron donor capacity. 
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Arsenic (As) is a highly toxic metalloid, most commonly 
occurring in Nature in two oxidation states: the 
pentavalent (AsV) and the trivalent (AsIII) forms. 
The natural prevalence of As has compelled organisms 
to evolve efficient mechanisms of As detoxification. 
In the yeast Saccharomyces cerevisiae arsenate (AsV) 
needs to be first reduced to arsenite (AsIII), by the 
arsenate reductase Acr2, before being extruded from 
the cells through Acr3, a plasma membrane arsenite-
efflux protein. Alternatively, after arsenate reduction, 
arsenite can be exported through aquaglyceroporin 
Fps1, down the concentration gradient. In line 
with this detoxification model, we observed that 
deletion of either FPS1 or ACR3 genes from the 
Δacr2 mutant’s genome renders cells highly sensitive 
to arsenate. However, deletion of these genes also 
drives a massive cellular accumulation of As, which 
does not occur in the Δacr2 mutant, suggesting that 
both Fps1 and Acr3 may also function as cellular 
exporters of arsenate.
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The human enzyme phenylalanine hydroxylase 
(hPAH) catalyzes the hydroxylation of 
L-phenylalanine (L-Phe) into L-tyrosine, 
thus controlling physiological L-Phe levels. 
Mutations affecting folding, catalysis and/
or regulation of hPAH lead to neurotoxic 
accumulation of L-Phe and the development 
of phenylketonuria (PKU), the most prevalent 
hereditary disorder of the amino acid 
metabolism[1]. Functional PAH is a tetramer of 
identical subunits comprising an N-terminal 
regulatory domain, a central catalytic domain 
and a C-terminal oligomerization domain. 
Hydroxylation of L-Phe involves a non-heme 
iron, tetrahydrobiopterin as a cofactor, and 
oxygen as co-substrate [2]. Regulation of hPAH 
is accomplished through transition between 
oligomeric states, conformational changes, 
substrate activation and cofactor inhibition. 
Herein, we investigated substrate-mediated 
conformational changes of human PAH and 
report the first structure of the allosterically 
activated hPAHWT, obtained by small angle X-ray 
scattering. While in the resting-state regulatory 
domains adopt an autoinhibitory conformation 
blocking the catalytic pocket, L-Phe binding 
triggers dimerization of the regulatory domains 
to facilitate substrate access to the active 
site. The activated protein is more compact 

and more resistant to proteolytic cleavage and 
thermal denaturation.
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Innate immunity is the first line of defense 
against pathogenic microorganisms. However, 
pathogens can rewire host-signaling and 
antagonize immune responses during infection. 
This often happens by delivering a cocktail of 
effectors that hijack host cellular processes [1]. 
The translocated intimin receptor (Tir) is an 
essential effector delivered into host cells by 
human pathogens responsible for worldwide 
cases of foodborne disease. Once injected 
into host cells, Tir limits immune responses, 
and promotes the bacterial attachment to the 
cell surface [2]. Notably, the C-terminal region 
of Tir (C-Tir) can recruit and hack signaling 
components of host-inflammatory pathways [3].
Herein we present our efforts in delivering 
an ensemble structural characterization of 
C-Tir. We are addressing this challenge by 
combining NMR and SAXS with computational 
methods. By first calculating a large pool of 
possible conformations, we are selecting the 
most appropriate structural ensemble that 
collectively fulfils global- and local-resolution 
experimental data. 
Synchrotron SAXS data were collected, 
indicating that C-Tir is mostly disordered, in line 
with our previous bioinformatic predictions. 
Our SEC-SAXS data revealed a non-globular 
particle in solution with a radius of gyration (Rg) 

of 38.8 ± 0.2 Å and a maximum distance (Dmax) 
of 128.0 ± 5.0 Å. Statistical coil ensemble model 
provides an excellent fit to the experimental 
SAXS curve. 
To further dissect C-Tir at residue-level, we are 
performing paramagnetic NMR experiments. We 
have assigned C-Tir backbone and incorporated 
multiple paramagnetic probes in sequence-
specific points to map potential long-range 
contacts. Overall, this approach will provide 
unique insights into this bacterial “weapon”.
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Dye decolorizing (DyP) peroxidases are heme-
containing enzymes that couple the oxidation 
of diverse organic substrates, including 
numerous dyes and lignin-related compounds, 
with reduction of H2O2 to water. Due to the 
wide range of substrates that these enzymes 
can process, DyPs are considered an attractive 
target for the design of bioelectronic devices 
for detection and monitoring of H2O2 and 
biocatalysts of organic compounds with 
industrial and environmental relevance [1].
In this work we explore the potential of DyP 
from Pseudomonas putida (PpDyP) and three 
variants obtained by directed evolution, 
which display increased resistance to H2O2 
inactivation in solution [2], for the construction 
of a H2O2 biosensor. The enzymes (i.e. wild-type 
(WT) and 29E4, 6E10 and 25F6 mutants) were 
immobilized on silver electrodes modified with 
alkanethiol based self-assembled monolayers 
and characterized by electrochemical and 
spectroscopic studies.
Our results show that the WT and 29E4 based 
biosensors have higher catalytic currents, 
better reproducibility, broader linear ranges and 
increased sensitivity towards H2O2 (1310 ± 30 
and 1375 ± 25 mA.mM-1.cm-2, respectively) 
than the 6E10 and 25F6 based biosensors 
(sensitivity 978 ± 22 and 350 ± 21 mA.mM-1

.cm-2, respectively). Importantly, the optimized 
configurations display superior analytical 
performance when compared to previously 
reported horseradish peroxidase biosensors [3,4]. 
Currently, we are studying the long-term stability 
of the WT and 29E4 biosensors. The outcome 
of the work envisages production of disposable 
biosensors for detection and quantification of 
H2O2 applicable to food and environmental 
samples.\
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NiFe]-hydrogenases catalyze the reversible 
conversion of H2 into protons and electrons by 
making use of the abundant metals nickel and 
iron.
The [NiFe]-cofactor is located in the large 
subunit of a heterodimeric functional unit 
and comprises Ni and Fe atoms bound by 
four cysteine residues to the protein scaffold. 
Two CN- ligands and one CO contribute 
additionally to the coordination sphere of the 
iron. Synthesis of the [NiFe]-cofactor requires 
a complex maturation machinery. The Fe(CO)
(CN)2 fragment is synthesized by the auxiliary 
proteins HypC, HypD, HypE, and HypF, while 
the Ni ion is subsequently delivered by the 
HypA and HypB proteins.1,2

Our recent efforts have been directed to the 
isolation of the large hydrogenase subunit 
hosting the [NiFe] cofactor3, and here we show 
that the fully mature large subunit HoxG from 
the membrane-bound-hydrogenase (MBH) 
can be purified independently of the presence 
of the [FeS] cluster-containing small subunit 
HoxK. We characterized isolated HoxG by using 
multiple spectroscopic techniques, identifying 
different redox states of the catalytic center.
Furthermore, by deletion of the maturases 
responsible for either Fe(CO)(CN)2 or Ni 
insertion, we could isolate two HoxG maturation 

intermediates. Biochemical and biophysical 
characterization of HoxG intermediates and 
their metal cofactor content will be presented, 
thereby elucidating the steps of [NiFe] cofactor 
assembly. 
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Over the last years the importance of proteins 
with a de novo design is becoming stronger. 
The study of these proteins could lead to 
an improvement of the efficiency of many 
technological process. In particular, hydrogen 
production is promoting the interest in FeS de 
novo proteins, especially those that can carry a 
cluster Fe4S4.   
The case of Coiled-coil iron sulfur cluster 
protein (CCIS1) is a successful example, made 
by the Dr. Dror Noy’s research group, to create 
a protein with a completely de novo design and 
a non-natural fold, capable of carrying a cluster 
Fe4S4

(1). CCIS1 has a primary sequence of 99 
amino acids and its non-natural folding brings 
to the formation of four alfa-helix.
CCIS1 could be recognized by the E. Coli FeS 
biogenesis pathways and assembled in vivo 
with a cluster Fe4S4. The structure has been 
proposed to be an homotrimer of CCIS1. The 
only alfa-helix binding the cluster was used 
by Noy and coworkers to realize a shorter 
polypeptide, being able to execute the function 
of electron transfer.
The name given to the polypeptide is Single 
Helix Iron Sulphur (SHIS1) and is composed 
by 26 amino acids. In position 14 and 18 of 
the primary sequence there are two cysteines 
that can bind the cluster Fe4S4. As for CCIS1, 

even SHIS1 is recognized by the FeS biogenesis 
pathways of E. Coli and is assembled in vivo with 
the cluster Fe4S4.
We, at CERM, investigated to define the structure 
assumed by SHIS1 upon cluster binding. We 
collected experiments for specific-sequence 
assignment and internal mobility. Given the 
presence of paramagnetic center, we collected 
paramagnetic optimized experiments to observe 
the hyperfine interaction that can allowed us to 
access to more fundamental informations.

References:

[1]Grzyb, J.; Xu, F.; Weiner, L.; Reijerse, J. E.; Lubitz, W.; Nanda, V.; 
Noy, D. De novo design of a non-natural fold for an iron–sulfur 
protein: Alpha-helical coiled-coil with a four-iron four-sulfur 
cluster binding site in its central core. Biochimica et Biophysica 
Acta (BBA) - Bioenergetics, March 2010, 1797(3):406-413.

NMR characterization of the novo 
design iron sulfur protein

Bhanu Prakash1 I Michele invernic2

Andrea Chiapp2 I Mario Piccioli2 I Dror Noy1

1Galilee Research Institute, Israel
2Magnetic Resonance Center, University of Florence



timb3.eu 1st TIMB3 Annual Meeting I Book of Abstracts

27

Hydrogenases are metalloenzymes found in 
nature. These biocatalysts contain an active site 
which, under a reducing atmosphere, relies on 
iron, nickel and sulfur as well as diatomic ligands 
like CN and CO, to catalyze the reversible 
oxidation of molecular hydrogen, H2 ↔ 2 H+ + 
2 e-. Since an O2 invasion into the active site 
would have a detrimental effect on the catalytic 
activity, the protein superstructures protect 
the biological redox centers from this kind of 
oxidant competing with protons. Due to their 
potential of producing hydrogen, these enzymes 
represent a design template for molecular 
catalysts being applied in electrolyzers, which 
use electricity to split water into hydrogen and 
oxygen as well as in fuel cells.[1] 
Here, we investigate the structure of the active 
site of recombinant [NiFeSe] hydrogenase from 
Desulfovibrio Vulgaris Hildenborough in the 
oxidized state.[2] The [NiFeSe] hydrogenase 
represents, in addition to the [NiFeS] 
hydrogenase, one of the two subclasses of [NiFe] 
hydrogenases. The predominant form, [NiFeS] 
hydrogenase contains a Ni-Fe center, bound 
by two bridging cysteines and surrounded by 
two additional cysteine ligands on the Ni site 
and two CN and one CO ligands on the Fe site 
(see Figure 1). The [NiFeSe] hydrogenase is 

structured analogously, with the exception that 
a selenocysteine replaces a terminal cysteine.
We have analyzed structural features of the active 
site of [NiFeSe] hydrogenase and calculated the 
IR spectra for various redox species. To model 
optimized geometries and calculate vibrational 
frequencies, we use a combination of quantum 
mechanical (QM) and molecular mechanical 
(MM) methodologies.[3,4] 
These computations reveal insights into 
Nature’s elegant method for oxidizing molecular 
hydrogen.

Figure 1: Active site of [NiFeS] hydrogenase.
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Molecules such as O2 and NO and its reactive 
species (ROS and RNS) are extremely important 
to living organisms. In mammals, ROS and RNS 
play important roles as protection mechanisms 
against pathogens. To survive to those stress 
conditions, evolution has provided defense 
mechanisms that enable pathogens to cope 
with these molecules. One of these mechanisms 
is based on flavodiiron proteins, FDPs. 
Widespread among all Kingdoms, FDPs are 
capable of tackling O2 and NO detoxification 
[1-3], contributing to the microbial survival to 
the stress imposed by the host immune system.
FDPs have a minimal core of two domains: a 
metallo-β-lactamase-like, containing a diiron 
center, and a flavodoxin, FMN containing, 
domains.
Escherichia coli encodes in its genome one 
flavodiiron protein containing the two canonical 
domains and a rubredoxin-like one [1-3].
Here, we present two sets of FDP mutants, one 
in a conserved aromatic residues chain that links 
the diiron catalytic site to the protein surface 
and another in a putative phosphorylation site.
The modifications in the aromatic residues 
chain (Y194 and W245) [4], gives origin to 
accentuated decrease (70% for Y194F and 67% 
for W245F) in the O2 reduction activity when 
compared with the WT protein. On the other 

hand, the constructs that modified the putative 
phosphorylation site present a decrease in both 
the O2 (60%-21%) and NO reduction (9%-1%) 
activities when compared with the WT protein.
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Carbon monoxide-releasing molecules are 
metal carbonyl complexes that release carbon 
monoxide in a targeted and controlled manner1. 
These molecules have been previously shown 
to be bactericidal against E. coli and S. aureus2. 
In this work we show the bactericidal activity 
of newly synthetized CORMs by determining 
their minimal inhibitory concentrations. 
We also demonstrate that CORMs release 
CO intracellularly. Indeed, the use of the 
turn-on fluorescent probe COP-1 showed 
that significant amounts of CO accumulate 
intracellularly either in animal cells or inside 
E. coli3, making them good candidates as 
antibiotics for targeted delivery of CO to 
tissues.
Furthermore, by resorting to 1H-nuclear 
magnetic resonance, mass spectrometry, 
and enzymatic activities, we show in E. coli 
that the prototype CORM-3, a water-soluble 
ruthenium (II) complex Ru(CO)3Cl(glycinate), 
inhibits glutamate synthesis and iron-sulphur 
enzymes of the TCA cycle and that glycolysis 
is triggered in order to establish an energy and 
redox homeostasis balance3. Furthermore, we 
provide evidences that CO is the responsible 
for the metabolic alterations caused by CORM-
3 under conditions where CO depleted Ru(II) 
species are inactive3. 
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DNA damage is a naturally occurring process 
resulting from the endogenous production of 
reactive oxygen species and from exogenous 
damaging agents such as ionizing and UV 
radiation, desiccation and hydrogen peroxide. 
If damaged DNA is not repaired, it can generate 
mutations and replication errors, which are 
ultimately associated with diseases, such as 
cancer and neurodegeneration. In order to 
maintain genome integrity, different conserved 
DNA mechanisms are involved in removing 
these damages. Base excision repair (BER) is 
a mechanism that repairs DNA lesions such 
as deamination, oxidation, methylation and 
single strand breaks. It is initiated by the 
DNA glycosylases that recognize and remove 
the lesions from the DNA. Endonuclease III 
(EndoIII) is a [4Fe-4S] containing, bifunctional 
DNA glycosylase active for a broad range of 
oxidized lesions. The genome of Deinococcus 
radiodurans, an extreme radiation resistant 
bacterium, possess three genes encoding 
EndoIII-like enzymes (EndoIII1, EndoIII2 and 
EndoIII3), however EndoIII1 and 3 possess 
unusual properties compared to previously 
studied EndoIII-like enzymes [1]. Structural 
analysis suggested that these alternative 
properties could be explained by some 
specific amino acid substitutions close to 

the DNA binding cleft and DNA intercalating 
loops [2]. We have previously performed an in 
depth spectroscopic analysis of EndoIII2 [3, 4]. 
Here we present an initial comparative study 
of structural, biochemical and biophysical 
properties of mutated and native EndoIII1 and 
EndoIII3 enzymes.
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Formate dehydrogenases (Fdh) catalyse 
the reversible reduction of carbon dioxide 
to formate representing promising tools to 
mitigate CO2 emissions, while selectively 
producing a sustainable fuel, useful for a 
carbon-neutral economy1. In the sulfate-
reducer Desulfovibrio vulgaris Hildenborough 
the main Fdh responsible for CO2 reduction 
in vivo is FdhAB. This Fdh harbours a 
tungsten in the active site and its expression 
is upregulated by the presence of this metal2. 
FdhAB is a soluble, dimeric protein where the 
W is coordinated by a selenocysteine, a sulfido 
group and two molibdopterin cofactors, and 
comprising four [Fe4S4] clusters responsible 
for electron transfer to and from the active 
site. The D. vulgaris W-FdhAB enzyme has high 
catalytic activity and is among the most active 
CO2 reductases reported so far. Furthermore, 
this enzyme is oxygen-tolerant and can be 
purified aerobically, contrary to most other 
metal-dependent Fdh. Its robustness make it 
a suitable model system for biotechnological 
applications such as photo- and electrocatalytic 
systems for CO2 reduction3,4. 
In this work, a homologous system for 
expression of highly active Fdh was developed 
and the catalytic properties of W-FdhAB are 
characterized. This system allows the production 

of FdhAB for new catalytic applications as 
well as to generate improved enzyme variants. 
Additionally, the structure in both oxidised and 
substrate-reduced forms were determined by 
x-ray crystallography bringing new insights on 
the reaction mechanism of Fdh5. 
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In the yeast Saccharomyces cerevisiae, the 
Ccc1 transporter plays a critical role, importing 
iron into the vacuole, which is the major site 
of iron storage in fungi. By synchrotron X-ray 
fluorescence imaging, we found that iron also 
accumulates around cells, under iron-loading 
conditions. Cells lacking Ccc1, however, are 
not able to concentrate iron in their periphery 
and therefore accumulate high intracellular iron 
levels. These data support the hypothesis that 
the cell wall and/or the plasma membrane may 
act as a first shield against iron toxicity and 
that this mechanism shall be dependent on the 
yeast vacuolar iron storage integrity. 
Moreover, we found that iron supplementation 
alleviates the fungicidal activity of fluconazole 
against the wild type strain, but not against 
the ccc1 mutant. Fluconazole targets the 
biosynthesis of ergosterol, one important 
component of the plasma membrane, 
suggesting that iron-loading conditions may 
alter the composition of cellular components 
and consequently interfere with the activity of 
antifungals.
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Cytochromes-c are essential proteins for living 
organisms across all domains of life, moreover, 
they are the key players in extracellular electron 
transfer, the central biological process in METs. 
Given the importance of this class of proteins, 
the process that leads to their formation in 
nature is equally important. The covalent 
attachment of heme and subsequent folding 
of the protein requires a dedicated maturation 
machinery that, despite the recognized 
biological importance and biotechnological 
applications, is far from fully understood.
Several maturation systems have been 
described, including the Cytochrome-c 
maturation (Ccm) System I. This system is present 
in most Gram-negative bacteria, including the 
genus Shewanella, the most studied bacteria in 
the context of understanding and operation of 
METs.
The aim of this work is to characterize the 
molecular mechanisms of cytochrome-c 
maturation System I. Using isotopic labelling 
and NMR approaches, we aim to characterize 
protein interactions and recognition 
mechanisms between the substrates and 
components of System I. This will allow the full 
understanding of the functioning of this system 
being a first step towards its optimization. 
Preliminary data shows evidence of folding 

upon interaction of the apocytochrome with 
the system’s protein CcmI with residues in the 
apocytochrome showing alterations in their 
chemical shift. Evidence also points towards the 
simultaneous occurrence of two distinct binding 
processes.
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Cytochromes are hemoproteins containing 
iron-porphyrin as cofactor. They are involved 
in a large variety of reactions, including 
electron transfer in bioenergetics chains. We 
have investigated the structure – properties 
relationship of two newly purified c-type 
cytochromes with His/Cys coordination 
of the thermophilic cyanobacterium 
Thermosynechoccocus elongatus PsbV2 [1] and 
Tll0287 [2], using Mid- and Far- FTIR difference 
spectroscopy coupled to electrochemistry.
The properties of PsbV2 and Tll0287 were 
compared to those of a Met58Cys mutant 
(M58C) of cytochrome c6, used as model 
for the specific His/Cys axial coordination 
[3]. The cysteine axial ligand determines the 
very negative redox potentials (Em) in His/
Cys c-type cytochromes, i.e. -255 mV [4], 
-370 mV and -500 mV, for Tll0287, M58C and 
PsbV2, respectively. However, as compared 
to M58C, cytochromes Tll0287 and PsbV2 
have significantly different redox potentials. 
The role of the heme environment and protein 
structure in modulating the redox properties 
was demonstrated using FTIR difference 
spectroscopy. Protonation of the cysteine 6th 
axial ligand was observed upon M58C reduction. 
For Tll0287, and PsbV2, Cys remains in the 
thiolate form. Stabilization of the axial ligands 

in an electrophilic environment in Tll0287 or the 
presence of a highly structured water molecule 
in PsbV2 are proposed to modulate the redox 
properties of the cytochromes with native His/
Cys axial coordination.
A new signal in the Far-IR region between 289 
cm-1 and 303 cm-1 is proposed as a marker of 
the His/Cys axial coordination of the heme. Its 
frequency was correlated with the Em value, 
suggesting that this signal could be a marker for 
the stability of the oxidized cytochrome.
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UPCOMING EVENTS

Scientific Writing Course
September 24-27th 2019

We are pleased to announce the opening of 
applications for this course that will take place 
at ITQB NOVA, Portugal, from September 
24-27th 2019. This course aims to transfer 
efficient individual skills in all the steps 
involved in scientific writing, from content 
development and organization in the contexts 
of theses and scientific papers and publishing 
in ISI journals. The course is suitable for 
researchers, master and PhD students and 
all those required publishing their research 
findings. To apply please fill in the fields in 
this form http://bit.do/Sciwriting

 

Metallo Proteins and 
Spectroscopy: relevance for 
Human health and disease
October1st 2019

The meeting will gather specialists on the role 
of Metals in Biology and on the application 
of several spectroscopies to human health 
issues. It will take place at Universidade NOVA 
de Lisboa – Rectory (Campolide Campus) on 
1st October 2019. It will have four plenary 
lectures by world leaders in their fields:

• Professor David Giedroc , Indiana University,  
Fighting over metals: Transition metals at the 
host-bacterial pathogen interface

•Professor Hugh Barr, Gloucestershire 
Hospitals NHS Foundation Trust, Vibrational 
Spectroscopy in Cancer Diagnosis

•Professor Christian Greisinger, Max Planck 
Institute Biophysical Chemistry, Göttingen, 
(Metallo-)protein aggregation and interference 
with it in neurodegeneration and more

• Professor Martin Warren, Kent University, 
UK, What’s so special about vitamin B12
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UPCOMING EVENTS

2020
• Hands-on workshop Enzyme engineering 

and rational design of biocatalysts will 
occur at ITQB in 1st semester of 2020. 
The target audience is PhD Students and 
Post Docs with background in chemistry, 
physical chemistry and physics who possess 
only basic knowledge of biochemistry, 
and want to develop skills in molecular 
biology and protein biochemistry. The 
workshop consists of theoretical lectures 
and laboratory practicals.

• The workshop Biospectroscopy for 
metal trafficking 2020 will take place at 
CIRMMP/CERM (the NMR Laboratory 
of the University of Florence) in June 
2020, and focused on the application of 
paramagnetic NMR. Participants will be 
trained on the spectrometer, working 
with challenging systems such as proteins 
involved into the FeS cluster assembly 
machinery or on metalloenzymes of 
high molecular weight. They will acquire 
experience in the most recent NMR 
tecniques specifically developed for 
paramagnetic metalloproteins, working on 
prototype probes for 13C and 15N direct 
detection. 

• The Training School Fundamentals of 
magnetic resonance spectroscopy and 
applications will take place at CIRMMP/
CERM (the NMR Laboratory of the 
University of Florence) in June 2020. 
The school will cover methodological and 
applied aspects of NMR, with particular 
focus on paramagnetic NMR and also EPR 
theory and applications of paramagnetic 
systems.

• The Winter School focusing on grant 
writing, and IP protection and value 
creation will take place at ITQB-NOVA 
later in 2020 and use case studies and 
worked examples to train researchers 
on maximizing their grant acquisition 
capabilities and honing their skills in 
identifying exploitable results.
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