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Dear TIMB3 friends and colleagues,
The IV edition of the TIMB3 newsletter summarizes the events, activities and progress of the Twin to
Illuminate Metals in Biology and Biocatalysis through Biospectroscopy (TIMB3) network, coordinated
by ITQB NOVA (Portugal). TIMB3 gathers a team of 19 group leaders and assistant researchers from
ITQB NOVA, TUB - Technical University of Berlin (Germany) and CIRMMP-Consorzio
Interuniversitario Risonanze Magnetiche di Metallo Proteine (Florence, Italy) to exchange expertise in
spectroscopy applied to metal homeostasis, traficking and biocatalysis.
Despite these troubling times, in the 3rd year of the TIMB3 project we sucessfully launched a virtual
online Traning School on Vibrational Spectroscopy of Proteins and a Transferable Skills Course on
Innovation Management and Intelectual Property. Due to the virtual nature of the majority of events we
could engage with researchers from all over the world and open the project to a wider community.
Throughout 2020-2021 our researchers participated and disseminated the results of their projects in
several conferences and virtual meetings. The TIMB3 scientific highlights of 2020-2021 encompass
joint scientific publications describing molecular insights into the mechanisms of electron transfer
performed by microorganisms, how they cope with the environment and toxic elements as well as
studies of metalloproteins using NMR to improve the efficiency of drug design, among others.
During 2021, the pandemics didn´t slow down the enthusiasm of researchers from participating in
outreach activities. Due to the online character of most of the events, we could reach the public as never
before: TIMB3 researchers contributed to the Berlin Science Week, the ITQB NOVA virtual open day,
the European Researchers´Night and joint initiatives with other institutions.
The third year of the project marks the return of Short Term Collaborative Missions from ITQB NOVA
to TU Berlin and CERM/CIRMMP.
Our project will continue to build research and technological expertise in biospectroscopy, metal
homeostasis and bioinspired catalysis through joint scientific actions and training until June 2022.

Professor Miguel Teixeira
TIMB3 Coordinator
Instituto Tecnologia Química e Biológica António Xavier
Universidade Nova Lisboa
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>Project in a nutshell
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>TIMB3 Achievements
So far the project contributed to improve ITQB critical mass
in Biospectroscopy and ITQB NOVA international scientific
visibility with:

19 Exchange Missions to TUB and CIRMMP

227 Researchers and students joined TIMB3
Training School and Workshops.

64 Scientific Publications

59 talks/posters presented at international
conferences
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NEWS
>Funding
TIMB3 team members and researchers from ITQB NOVA Catarina Paquete, Lígia Saraiva, Manuela
Pereira, Tiago Cordeiro, Sandra Carvalho and Filipe Folgosa have been awarded funding in the
2021 call for projects by the Portuguese Foundation for Science and Technology (FCT). These are the
funded projects:







The power of salt: using the marine bacterium Desulfuromonas acetoxidans for electricity
production and water desalination, PI Catarina Paquete;
Interaction of RIC with iron-sulfur biogenesis systems, PI Lígia M Saraiva
Exploring respiratory proteins from human bacterial pathogens, PI Manuela Pereira
The architecture of a pathogen-driven signaling hub, PI Tiago Cordeiro
Metabolomics for the Identification of Biomarkers for Early Diagnosis of Lower Respiratory
Tract Infections, PI Sandra Carvalho
The Anammox cycle: Revealing the origin of Nitric Oxide in the molecular mechanisms of the
anaerobic ammonium oxidation process, PI Filipe Folgosa

IBERIAN FCT-ALBA synchrotron collaboration Project awarded to the Portuguese team
headed by TIMB3 member Dr Célia Romão (ITQB NOVA) and Dr Federico Herrera (FCUL/BioISI),
in collaboration with Dr Vanesa Fernandez (University of Oviedo); from the ALBA, the teams are
headed by Dr Eva Pereiro (MISTRAL beamline) and Dr Roeland Boer (XALOC beamline). This
project aims to “Imaging phosphorylation-dependent stress response pathways in prokaryotic and
eukaryotic cells” and will include state-of-the-art imaging methodologies that are not currently
implemented in Portugal, namely correlative microscopy, cryo soft X-ray tomography and soft X-ray
transmission microscopy, and will also include structural biology studies using X-ray crystallography.

IBERIAN FCT-ALBA project Team members
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Joana Madjarov won a prestigious MSCA Individual Fellowship to investigate electron uptake
mechanisms of bacteria on bio-cathodes for microbial electrosynthesis– project BioCat– at the
Inorganic Biochemistry and NMR group headed by Dr Ricardo Louro–TIMB3 co-coordinator. Joana
is an engineer and wanted to sneek into the more fundamental research on bioelectrochemical systems.
BioCat brings all areas from fundamental research on the molecular level together with engineering
questions. Joana believes that bringing these together is crucial to push technologies into application
for having a real impact in industry and society. Joana´s project will significantly contribute to the basic
understanding and optimization of microbial electrosynthesis. During her postdoc Joana will do a 6
months secondment at the University of Tübingen at the environmental biotechnology group of Prof.Dr
Lars Angenent.

Bruno Salgueiro won a FCT PhD4COVID program fellowship from the Portuguese Foundation for
Science and Technology. The TIMB3 team members, Dr Célia Romão and Dr Elin Moe are
supervisors of Bruno Salgueiro. In the next 4 years Bruno´s research will contribute to unveil the
molecular mechanisms of the interaction between the virulence factors from SARS-CoV-2 and the host
innate immune system.

From left to right, Dr. Célia Romão, Bruno Salgueiro and Dr. Elin Moe.

Susana Fernandes won a FCT Fellowship from the Portuguese Foundation for Science and
Technology. Dr Filipe Folgosa is supervisor and Professor Miguel Teixeira is co-supervisor of
Susana Fernandes, of the project entitled "Revealing the Nitric Oxide forming tools in the anammox
cycle".
Gonçalo Manteigas won a FCT PhD Research Scholarship with a project focusing on"Understanding
bacterial energy metabolism for biological hydrogen production”. Gonçalo´s PhD supervisor is
Professor Inês Cardoso Pereira.
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>Inês Cardoso Pereira elected as EMBO Member
Professor Inês C. Pereira, was elected member of the prestigious European Molecular Biology
Organization (EMBO). Inês C. Pereira will join the network of EMBO members and contribute to the
organization providing suggestions and feedback on EMBO activities´ and programmes and mentoring
young scientists.

>Catarina

Paquete appointed as Management Committee
Member of the COST Action PHOENIX
Dr Catarina Paquete, assistant researcher at the Inorganic Biochemistry and NMR laboratory at ITQB
NOVA, joinned COST Action PHOENIX "Protection, Resilience, Rehabilitation of damaged
environment". The aim of this European Cooperation Action, that joins more than 35 countries, is to
characterize bioelectrochemical systems and their implementation as bio-remediator, bio-sensors, and
bio-reactors connected to sustainable urban planning.

>Anaísa Coelho and Marta Vieira awarded at the 10th GERMN
Bienal NMR meeting
The 10th GERMN (Grupo Especializado de Resonancia Magnética Nuclear) Biennial NMR Meeting,
took place in 26-29 April 2021 gathering researchers exploring applications of NMR spectroscopy in
several research fields. Anaísa Coelho, PhD student at the Inorganic Biochemistry and NMR laboratory
led by Dr Ricardo Louro and Marta Vieira, PhD student at the Dynamic Structural Biology laboratory
led by Dr Tiago Cordeiro, won the 10th GERMN Bienal NMR meeting best poster prize. Anaísa
Coelho presented the work “Using NMR to exploit the molecular mechanisms of electron shuttling:
from protein structure to functional processes” and Marta Vieira presented “The intracellular side of
Tir in cell signaling and host evasion: using NMR to solve a disordered puzzle”. Congratulations!
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EVENTS
> TIMB3 Workshop on Vibrational Spectroscopy of Proteins
This virtual event was organized by TU Berlin and took place on the 22th-23rd March 2021 and its
webinars consisted of 11 lectures from international experts from Stockholm University, TU Dresden,
SETI Institute, University of Illinois, VU University of Amsterdam, University of Oxford, focusing on
vibrational spectroscopy approaches to elucidate structure-dynamics-function relationships in proteins
and enzymes. This training activity had 131 participants from 38 institutions located in 13 countries
(Denmark, France, Germany, India, Italy, Israel, Mexico, Portugal, Slovakia, Spain, Sweden, UK,
USA). 23 participants were from the 3 TIMB3 institutions.

>TIMB3 Innovation Management and Intellectual Property
Course
TIMB3 organized an online course on Innovation Management and Intellectual Property on the 8th of
June 2021. The course participants were 24 researchers from ITQB NOVA, TU Berlin, University of
Florence, Shangai Center for Plant Stress Biology, INIAV Porto and from InnovPlant Protect Colab,
Elvas, Portugal. This virtual course covered fundamentals of innovation management to bridge the gap
between science and value creation. It also guided researchers on how to identify an invention, evaluate
its potential and the different ways to protect it. The course instructor was Dr Miguel Santos from ITQB
NOVA, and guest speakers were Eng Martin Rahmel from TU Berlin and Dr Lorenzo Micacchi from
University of Florence.
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> TIMB3 Second Annual Meeting
The 2nd project Annual Meeting took place online on 30 September-1 October 2021 and consisted of
presentations by TIMB3 researchers involved in Short Term Collaborative Mission with CIRMMP and
TU Berlin and flash talks by researchers from TIMB3 teams. The Annual meeting had nearly 60
participants from the 3 TIMB3 institutions. During the meeting, there was a mini-symposium with open
lectures to the scientific coomunity by renowned experts sharing their experience in The Role of
Dynamics in Biocatalysis and the Methods to Study. Judith Klinman, UC Berkeley; Fabien Ferrage
PSL Université, CNRS; Marius Horch, Freie Universität Berlin; Sharon Hammes-Schiffer, Yale
University and Steven D. Schwartz, University of Arizona presented the increasingly important field of
protein dynamics and its role in biocatalysis. Dr Filipe Folgosa kindly helped in the organization of
both events.
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PUBLICATION
HIGHLIGHTS
Have a look at our latest selected publications:

Crossing the Wall: Characterization of the Multiheme Cytochromes Involved in the
Extracellular Electron Transfer Pathway of Thermincola ferriacetica
The use of bacteria in microbial electrochemical technologies for the production of electricity and
added-value compounds is the focus of intense investigation. Considerable advances have been made
in the study of Gram-negative bacteria but the cellular envelope of Gram-positive bacteria seemingly
poses an added challenge to establish electrical contact with the cell exterior. In this manuscript assistant
researcher Catarina Paquete and co-workers investigated the molecular mechanisms by which
thermophilic Gram-positive bacteria belonging to the Thermincola genus link their cellular metabolism
to the reduction of an electrode. Towards this, three multiheme c-type cytochromes involved in this
pathway were cloned, overexpressed and produced in E. coli. Their spectroscopic and electrochemical
characterization show that two of these proteins have the redox properties required for an efficient
electron transfer from the quinone pool in the membrane to the cell surface, for the reduction of
insoluble electron acceptors. This preliminary characterization, together with a proposed structural
model of the cell-wall embedded cytochrome, provides a molecular perspective into the mechanisms of
electron transfer performed by this promising group of microorganisms. This information is crucial to
optimize the use of these organisms in microbial electrochemical technologies toward sustainable
biotechnological solutions for electricity production.

Original paper:
Faustino, M.M.; Fonseca, B.M.; Costa, N.L.; Lousa, D.; Louro, R.O.; Paquete, C.M. Microorganisms 2021, 9, 293.
http://doi.org/10.3390/microorganisms9020293
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Mutational and Structural Analysis of an Ancestral Fungal Dye-decolorizing Peroxidase
Dye-decolorizing peroxidases (DyPs) constitute a superfamily of heme-containing peroxidases that are
not related to animal nor to plant peroxidase families. They are divided into four classes (types A, B,
C, and D) based on amino acid sequence features. The active site of DyPs contains two highly conserved
distal ligands, an aspartate and an arginine, the roles of which are still controversial. In this work, we
employed ancestral sequence reconstruction (ASR) to resurrect a D-type DyP ancestor, AncDyPD-b1
and address the role of the distal Asp and Arg in the least studied D-type enzymes. Expression of
AncDyPD-b1 in Escherichia coli results in large amounts of a heme-containing soluble protein and
allows for the first mutagenesis study on the two distal ligands of a fungal DyP. Resonance Raman (RR)
spectroscopy, in combination with steady-state kinetics and the structural analysis, revealed fine pHdependent details about the heme active site structure and show that both the distal Asp and the Arg are
crucial for hydrogen peroxide reduction. We demonstrated that there is a rapid change in the heme
microenvironment at low pH; the heme switches from an inactive 6cLS state at neutral pH to an
equilibrium with a highly active 5cHS population where the hydrogen peroxide molecule can bind to
the distal side of the heme, triggering the catalytic mechanism. This work is a collaboration between
the Molecular Enzymology Group at University of Groningen, The Netherlands, the Department
of Microbiology and Immunology at Cairo University, Egypt, IMIBIO-SL CONICET at
Universidad Nacional de San Luis, Argentina and the Raman Biospectroscopy laboratory at ITQB
NOVA, Portugal.

Original paper:
Zitare, U.A, Habib, M.H., Rozeboom, H., Mascotti, M.L., Todorovic, S. , Fraaije, MW. FEBS J. 2021
http://doi:10.1111/febs.15687
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The Amino Acids Motif –32GSSYN36- in the Catalytic Domain of E. coli Favorubredoxin
NO reductase is Essential for its Activity
Flavodiiron proteins (FDPs) are a family of modular and soluble enzymes endowed with nitric oxide
and/or oxygen reductase activities, producing N2O or H2O, respectively. The FDP from Escherichia
coli, which apart from the two core domains, possesses a rubredoxin-like domain at the C-terminus
(therefore named flavorubredoxin, FlRd) is a bona fide NO reductase, exhibiting an O2 reducing
activity that is approximately ten times lower than the one for NO. Among the flavorubredoxins, there
is a strictly conserved amino acids motif, -G[S,T]SYN-, which is located close to the catalytic diiron
center. To assess its role in FlRd’s activity, we designed several site-directed mutants, replacing the
conserved residues by hydrophobic or anionic ones.
The mutants, which maintain the general characteristics of the wild-type enzyme, including cofactor
content (iron and FMN) and the integrity of the diiron center, revealed a decrease of their oxygen
reductase activity, while the NO reductase activity, its physiological function, was almost completely
abolished in some of the mutants. Molecular modelling of the mutant proteins pointed to subtle changes
in the predicted structures, that result in the reduction of the hydration of the regions around the
conserved residues as well as in the elimination of hydrogen bonds, which may affect proton transfer
and/or product release.
In this manuscript Miguel Teixeira team and collaborators, show that, in E. coli flavorubredoxin, the
motif -GSSYN- plays an essential role in catalysis, namely for its natural substrate, NO, whose
reduction becomes severely affected. In the case of Ser33 and Tyr35 mutants, the effects observed
appear to result from an impairment of product release and/or proton uptake, while for the Ser34 and
Asn36 mutants, the effect is apparently related with a decrease on the hydration of an internal cavity
that can affect the local flexibility, which in turn may have an impact on enzyme kinetics.
The different behavior observed in NO or O2 reduction stems most probably from diverse effects in the
respective rate-limiting steps.

Original paper:
Martins, M.C.; Fernandes, S.F.; Salgueiro, B.A.; Soares, J.C.; Romão, C.V.; Soares, C.M.; Lousa, D.; Folgosa, F.; Teixeira,
M. Catalysts 2021, 11, 926. https://doi.org/10.3390/catal11080926
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An Internal Promoter Drives the Expression of a Truncated Form of CCC1 Capable of
Protecting Yeast from Iron Toxicity
In yeast, iron storage and detoxification depend on the Ccc1 transporter that mediates iron accumulation
in vacuoles. While deletion of the CCC1 gene renders cells unable to survive under iron overload
conditions, the deletion of its previously identified regulators only partially affects survival, indicating
that the mechanisms controlling iron storage and detoxification in yeast are still far from well
understood. Catarina Pimentel team and collaborators at ITQB NOVA and at the European
Synconthron FACILITY (ESRF) revealed that CCC1 is equipped with a complex transcriptional
structure comprising several regulatory regions. One of these is located inside the coding sequence of
the gene and drives the expression of a short transcript encoding an N-terminally truncated protein,
designated as s-Ccc1. s-Ccc1, though less efficiently than Ccc1, is able to promote metal accumulation
in the vacuole, protecting cells against iron toxicity. While the expression of the s-Ccc1 appears to be
repressed in the normal genomic context, our current data clearly demonstrates that it is functional and
has the capacity to play a role under iron overload conditions.

Synchrotron X-ray fluorescence nano-imaging distribution maps of potassium (K), phosphorus
(P), zinc (Zn) and iron (Fe), in yeast cells expressing Ccc1 or s-Ccc1, under Fe replete (SD)
and overload conditions (+Fe).

Original paper:
Amaral, C.; Vicente, C.T.; Caetano, S.M.; Gaspar-Cordeiro, A.; Yang, Y.; Cloetens, P.; Romão, C.V.; Rodrigues-Pousada,
C.; Pimentel, C. Microorganisms 2021, 9, 1337. http:/doi.org/10.3390/microorganisms9061337
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Structural Basis of RICs Iron Donation for Iron-Sulfur Cluster Biogenesis
Escherichia coli YtfE is a di-iron protein, of the widespread RIC family, with capacity to donate iron,
which is a crucial component of the biogenesis of the ubiquitous family of iron-sulfur proteins. Herein
the team of Lígia Saraiva and collaborators Pedro Matias and Célia Romão, from ITQB NOVA,
identifyed in E. coli a previously unrecognized link between the YtfE protein and the major bacterial
system for iron-sulfur cluster (ISC) assembly. They showed that YtfE establishes protein-protein
interactions with the scaffold IscU, where the transient cluster is formed, and the cysteine desulfurase
IscS. Moreover, promotion by YtfE of the formation of an Fe-S cluster in IscU requires two glutamates,
E125 and E159 in YtfE. Both glutamates form part of the entrance of a protein channel in YtfE that
links the di-iron centre to the surface. In particular, E125 is crucial for the exit of iron, as a single
mutation to leucine closes the channel rendering YtfE inactive for the build-up of Fe-S clusters. Hence,
we provide evidence for the key role of RICs as bacterial iron donor proteins involved in the biogenesis
of Fe-S clusters.

Original paper:
Silva LSO, Matias PM, Romão CV, Saraiva LM, Front Microbiol. 2021 Apr 29; 12:670681.
http://doi: 10.3389/fmicb.2021.67068.
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Non-systematic Approach for Sequence Specific Assignment in Paramagnetic
Metalloproteins
The collaboration between the NMR
groups at ITQB NOVA (Ricardo
Louro) and CERM (Mario Piccioli,
Francesca Cantini) achieved to obtain,
in 2020, the solution structure of the
small HiPIP protein PioC. Additionally,
PioC provides an interesting case to
develop and validate a relaxation-driven
approach for a complete sequence
specific assignment: the four clusterbound cysteine residues adopt different
binding conformations and therefore
each
cysteine
is
affected
by
paramagnetic relaxation to different
extent. The hyperfine interaction
quenches signal intensity; this prevents the detection of scalar and dipolar connectivities and the
sequential assignment of protein regions close to the metal ion(s). However, many experiments can be
optimized and novel experiments can be designed to circumvent the problem and to revive coherences
invisible in standard experiments, as it has been successfully shown by the work of PhD student Inês
Trindade (ITQB NOVA) and postdoctoral researcher Michele Invernici (CERM). A network of
tailored experiments succeeded to obtain the complete resonance assignment: 15N and 13C HSQC,
HNCA, HNCO and 13C direct detected experiments provided the complete assignment of cluster bound
residues.

Original papers:
 Trindade IB, Invernici M, Cantini F, Louro RO*, Piccioli M*, FEBS J 288. 3010–3023, 2021
http://doi.org/10.1111/febs.15615
 Trindade IB, Invernici M, Cantini F, Louro RO*, Piccioli M*, Inorg. Chim. Acta 2021, 514, 119984
http://doi.org/10.1016/j.ica.2020.119984
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The Long-standing Relationship Between Paramagnetic NMR and Iron–sulfur
Proteins: the mitoNEET Example. An Old Method for New Stories or the Other Way
Around?
Paramagnetic NMR spectroscopy and iron-sulfur (Fe–S) proteins have maintained a synergic
relationship for decades. Indeed, the hyperfine shifts with their temperature dependencies and the
relaxation rates of nuclei of cluster-bound residues have been extensively used as a fingerprint of the
type and of the oxidation state of the Fe–S cluster within the protein frame. On the other hand, the
availability of systems of different size and stability has, over the years, stimulated NMR
spectroscopists to exploit iron-sulfur proteins as paradigmatic cases to develop experiments, models
and protocols.
The cluster binding properties of human mitoNEET have been investigated at CERM by Banci, Piccioli
and coworkers. The NMR spectra of both oxidation states of mitoNEET appeared to be significantly
different from those reported for previously investigated [Fe2S2]2+/1+ proteins: the oxidized mitoNEET
has a 1H NMR spectrum characterized by linewidths sharper than any other [Fe2S2] proteins
characterized so far, while no signals are detected for the reduced form, at variance with the Riesketype and plant-type ferredoxins. Even when the complete sequence specific assignment is not available,
we can obtain relevant information on the peculiar active site of metalloproteins. The combined use of
1D NOE experiments 13C direct-detected experiments, and double and triple resonance experiments
tailored using R1 and/or R2-based filters, significantly reduces the “blind” sphere of the protein around
the paramagnetic cluster. For
mitoNEET, it has been shown
that the electronic structure of
the cluster is clearly one of the
major changes when passing
from the “inactive” reduced state
to the “active” oxidized state,
possibly highlighting the role of
the electronic structure in
driving functional properties of
NEET proteins.

Original paper:
Francesca Camponeschi, Angelo Gallo, Mario Piccioli, and Lucia Banci. Magn. Reson., 2, 203–221, 2021,
http://doi.org/10.5194/mr-2-203-2021
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In Cellulo Mössbauer and EPR Studies Bring New Evidence to the Long-Standing
Debate on Iron–Sulfur Cluster Binding in Human Anamorsin
Human anamorsin is an iron–sulfur (Fe–S)-cluster-binding protein, acting as an electron donor in the
early steps of cytosolic iron–sulfur protein biogenesis. Human anamorsin belongs to the eukaryotic
CIAPIN1 protein family, and contains two highly conserved cysteine-rich motifs, each binding an Fe–
S cluster. In vitro works by various groups have provided rather controversial results for the type of Fe–
S clusters bound to the CIAPIN1 proteins. In order to solve this debate, Lucia Banci and coworkers at
CERM, in collaboration with Geneviève Blondin, from CEA Grenoble, used an in cellulo approach
combining Mössbauer and EPR spectroscopies to characterize the iron–sulfur-cluster-bound form of
human anamorsin.
It was found that, at variance with what reported for yeast Dre2, that was described to bind a [2Fe–2S]
cluster at the M1 motif and a [4Fe–4S] cluster at the M2-motif, human anamorsin coordinates two [2Fe–
2S] clusters, one in each M1 and M2 motif. In addition, EPR spectra acquired on both reduced E.
coli cells expressing WT- and M2-anamorsin and on anaerobically purified, reduced WT- and M2anamorsin showed that the [2Fe–2S] cluster bound to the M2 motif of anamorsin displays enhanced
electron spin relaxation rates, likely originating from local protein conformational heterogeneity. This
research, showing that in cellulo anamorsin binds two [2Fe–2S] clusters at both M1 and M2 motifs, is
consistent with the hypothesis that this holo form of anamorsin is the physiologically relevant species.
The research also shows that the reducing environment of the bacterial cytoplasm, and presumably also
that of the human cytoplasm, is not sufficient to reduce the [2Fe–2S]2+ clusters of anamorsin, but that a
reductase is required to activate anamorsin function as cellular reductant to assemble [4Fe–4S] clusters
in the early steps of cytosolic Fe–S protein biogenesis.

Original paper:
S. Matteucci, F. Camponeschi, M. Clémancey, S. Ciofi-Baffoni, G. Blondin, L. Banci, Angew. Chem. Int. Ed. 2021, 60,
14841, http://doi.org/10.1002/anie.202102910

timb3.eu

Newsletter Timb3 | October 2021 | IV

19

Intracellular Binding of Drugs Targeting Carbonic Anhydrase II Observed by in-cell
NMR
Promising drug candidates designed and tested in vitro often fail in vivo due to low tissue availability
or because of unwanted side effects. To improve the efficiency of drug design, drug-target interactions
need to be evaluated in the cellular context. At CERM, Luchinat, Banci and coworkers applied in-cell
NMR spectroscopy to investigate the binding of inhibitors to the second isoform of the metalloenzyme
carbonic anhydrase (CA II) in living human cells, including approved drugs that were originally
developed to inhibit CA II, other drugs developed towards different targets and later found to inhibit
CAs, and a candidate anticancer drug. Strikingly, the compounds showed very different dose- and timedependent binding behavior: while some drugs quickly penetrated the plasma membrane and stably
bound CA II, others had a slower membrane diffusion, and some exhibited a more complex behavior,
as they were gradually released form intracellular CA II after the incubation period, thus preventing the
formation of a stable protein-ligand complex. Such observations correlated with the known off-target
binding activity of the latter compounds, suggesting that this approach could provide information on
the pharmacokinetic profiles of lead candidates at the early stages of multi-target drug design.

Original paper:
Enrico Luchinat, Letizia Barbieri, Matteo Cremonini, Alessio Nocentini, Claudiu T. Supuran, Lucia Banci, ACS Chem.
Biol., 15, 10, 2792-2800, 2021. http://doi.org/10.1021/acschembio.0c00590
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TU Berlin Multidisciplinary Research on H2 Converting Metalloenzymes
Researchers of the groups of P. Hildebrandt, I. Zebger and O. Lenz (TU Berlin) developed an
experimental setup (left panel) for exploring structure and function of metalloenzymes. The setup
allows a controlled preparation of protein intermediates for the characterization by various
spectroscopic techniques including infrared (IR), electron paramagnetic resonance (EPR), resonance
Raman (RR) and nuclear resonance vibrational spectroscopy (NRVS). As model systems, two [NiFe]hydrogenases were used for the in-situ monitoring by IR spectroscopy of redox transitions in enzyme
lyophilizates, crystals, and solution during gas exchange in a wide temperature range. The setup enabled
the preparation of highly concentrated hydrogenase lyophilizates in a certain catalytic state, i.e., the
bridging hydride-containing Nia-C, beneficial for 57Fe NRVS.

In a parallel investigation, researchers from TU Berlin presented a biochemical procedure (right panel)
enabling the in vitro assembly of fully functional O2-tolerant [NiFe]-hydrogenase starting from the
isolated large (HoxC) and small (HoxB) subunits. Activity assays complemented by spectroscopic
measurements revealed a native-like enzyme. This approach was used to label exclusively the NiFe
center with 57Fe, silencing the contribution of the [FeS]-clusters and thus resulting in an exclusive view
of the catalytic site by means of NRVS. This strategy paves the way for in-depth studies of [NiFe]hydrogenase catalytic intermediates.
Original papers:

C. Lorent, V. Pelmenschikov, S. Frielingsdorf, J. Schoknecht, G. Caserta, Y. Yoda, H. Wang, K. Tamasaku, O.
Lenz, S.P. Cramer, M. Horch, L. Lauterbach and I. Zebger.. Angew. Chem. Int. Ed. 2021, 60, 15854–15862.
http://doi.org/10.1002/anie.202100451

G. Caserta, C. Lorent, V. Pelmenschikov, J. Schoknecht, Y. Yoda, P. Hildebrandt, S.P. Cramer, I. Zebger, and O.
Lenz.. ACS Catal. 2020, 10, 23, 13890–13894. http://doi.org/10.1021/acscatal.0c04079
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OUTREACH
>Scientific Outreach
Since September 2020, 20 TIMB3 researchers participated in more than 14 scientific international
conferences and other virtual events. Catarina Paquete, Assistant Researcher at the Inorganic
Biochemistry and NMR laboratory at ITQB NOVA, participated in the organization of the First
International Society of Microbial Electrochemistry and Technology Virtual Meeting, delivered on the
7th-9th November 2020. This event gathered 300 researchers working at the forefront of Microbial
Electrochemical Technologies.
Francesca Cantini and Enrico Luchinat from CERM were invited speakers at the Instruct-ERIC
‘Structure Meets Function’ webinar, held online on 28th September 2020. In this webinar series the
CERM/CIRMMP researchers present the latest developments in structural biology, namely Drug
screening by in-cell NMR and 1.2 GHz NMR applied to Sars-CoV2 proteins.

Lectures are available in the following link: https://www.youtube.com/watch?v=swbuHZNEI_A

Catarina Pimentel, TIMB3 member and researcher at the Genomics and Stress Labortatory at ITQB
NOVA, participated in the “Encontro Ciência 2021” (Meeting with Science and Technology) together
with the scientific technological Portuguese community. This event was organized by the Foundation
for Science and Technology (FCT) and took place in Lisbon 28-30th June 2021. Catarina presented the
work done by the COVID-19 Scientific Task Force at MOSTMICRO ITQB NOVA, a team of nearly
45 researchers and 52 volunteers dedicated to the rational design of antivirals, characterization of
SARS-CoV-2 proteins, development and implementation of novel diagnostic tools, and regular
diagnosis and surveillance of asymptomatic carriers of SARS-CoV-2.
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>Public Outreach
Researchers from TU Berlin and UniSysCat Cluster of Excellence participated in the Berlin Science
Week 2020, 1st-10th November 2020, and presented online how its research contributes to the
development of green and sustainable chemistry.
Participations available in the following link: https://www.youtube.com/watch?v=3hqI4FFfh68
Researchers Ana Silva and Maria Firmino from the Inorganic Biochemistry and NMR laboratory at
ITQB NOVA participated in the 2020 Science and Technology Week, an event powered by the Ciência
Viva Agency. This celebration included several initiatives: virtual visits, demonstrations and
experiments to 400 students all over the country and an itinerant exhibition. On the 27th November 2020
Ana Silva and Maria Firmino joined "Scientists go to school" initiative and went to school EB1/JI
Gomes Freire de Andrade to show 4th grade student’s about life forms that humans cannot see. Students
interrogated researchers about microorganisms and during the initiative created their own disinfectant .

Joana Batista, researcher at the ITQB NOVA Molecular Mechanisms of Pathogen Resistance
laboratory participated in the online initiative "What if I were a scientist? - Job Shadowing" an ITQB
NOVA, Instituto Gulbenkian de Ciência and Oeiras Valley initiative. On the 16th of December 2020
9th grade and high school students talked with Joana about molecules that are essential for almost all
microorganisms and the importance of unravellong how these molecules can be important to fight
bacteria that cause diseases in humans.
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Researchers Dr Filipe Folgosa, Maria Martins and Susana Fernandes, from the ITQB NOVA
Functional Biochemistry of Metalloenzymes laboratory, went to kindergarten “Jardim de Infância Luisa
Ducla Soares" on 13th May 2021 to demonstrate science behind metalloproteins to kids between ages 4
and 6. This visit is part of the “Scientists go to School” initiative from ITQB NOVA.

TIMB3 co-cordinator Dr Ricardo Louro, and TIMB3 researchers Dr Filipe Folgosa, Dr Joana
Madjarov, Dr Jordi Zamarreño, Joana Batista, Sofia Mendes, Ana Silva and Maria Firmino
participated in the First European Researchers´Nigth in Oeiras that took place on the 24th of September
2021, in Marina de Oeiras and was organized by ITQB NOVA. The event had a thousand participants
and 30 institutions from Portugal organized the event activities. The event Theme was the European
Green Deal.
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UPCOMING EVENTS
> The Training School "Fundamentals of Magnetic Resonance Spectroscopies and Metal
Trafficking" will happen on the 22nd and 29th October 2021. This virtual school organized by
CIRMMP/CERM, University of Florence will cover several methodological and applied aspects of
NMR, EPR and bioinformatics and confirmed speakers are: Lucia Banci (CERM), Kara Bren
(Univ. of Rochester, USA); Tim Stemmler (Wayne State Univ., USA); Nigel Robinson (Univ. of
Durham, UK), Xun-Cheng Su (Univ. Nankai, China), Alexander Bonvin (Utrecht Univ.) and Ricardo
Louro and Miguel Teixeira (ITQB NOVA; Portugal).

> The hands-on Workshop NMR of Paramagnetic Proteins and Applications organized by
CIRMMP will he held in January 2022. Participants will be trained at the spectrometers, working with
proteins involved into the FeS cluster assembly machinery. Participants will also acquire experience in
the most recent NMR techniques specifically developed for paramagnetic metalloproteins and for 13C
direct detection.
> TIMB3 Workshop for non-specialists: “Imaging in Biosciences” will take place at ITQB NOVA
in February 2022. This event explores potential applications of different bioimaging methods and is for
professionals interested in medical diagnosis, plant and microbial physiology and biochemistry. This
one-day event will bring high profile speakers to ITQB NOVA: Dorleta Jimenez de Aberasturi, Noam
Shemesh, Christian Huck, Sylvain Bohic and Nuno Santos.
> The TIMB3 Workshop Rational Design of Novel Biocatysts, organized by ITQB NOVA, will
happen in Spring 2022. The focus of this workshop is on up-do-date methods for enzyme engineering,
including directed evolution and machine-learning methodologies
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