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Dear TIMB3 friends and colleagues, 

 

The III 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 (Italy) to exchange expertise in spectroscopy applied to 
metal homeostasis, traficking and biocatalysis. 
 
The 2nd year of the TIMB3 project was very stimulating for TIMB3 researchers. The TIMB3 first annual 
meeting joined students and researchers in a three-day event to promote scientific discussions and 
foster new collaborations among the network. Nearly 50 people participated in the TIMB3 annual 
meeting including the TIMB3 External Advisory Board and invited speakers from renowed research 
institutitons at Germany, Italy and Spain. 
 
Our project has already built research and technological expertise in biospectroscopy, metal 
homeostasis and bioinspired catalysis mainly through short term collaborative missions (STCM) 
among partners. So far TIMB3 researchers participated in 16 STCMs that resulted in joint scientific 
publications and projects. 
 
The TIMB3 scientific highlights of 2019-2020 encompass, among others, the characterization and 
structural study of metalloproteins, the construction of a third generation amperometric biosensor, 
novel functional and structural details of bacterial enzymes for electrochemical and biophotovoltaic 
systems and insights into metabolic adaptation of pathogens.  
 
Over the past year TIMB3 activities also brought together scientists and the medical community and 
through exciting outreach initiativesTIMB3 researchers explained science to children, adults, and local 
communities  
 
In early 2020 the COVID-19 pandemic brought a global challenge and interrupted TIMB3 activities. 
TIMB3 members and the ITQB NOVA community are actively helping to fight COVID-19 with resources, 
expertise and new ideas to answer this crisis.  TIMB3 will resume its activities and events in late 2020 
or early 2021 to pursue its mission to boost the scientific excellence and innovation capacity of the 
Coordinating Institution (ITQB NOVA), in the field of metals in biology. 

 

 

Professor Miguel Teixeira 

TIMB3 Coordinator 

Instituto Tecnologia Química e Biológica António Xavier 

Universidade Nova Lisboa 

  

https://www.itqb.unl.pt/
https://www.tu.berlin/en/
https://www.cerm.unifi.it/
https://www.cerm.unifi.it/
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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: 
 

  
16 Scientific exchange missions performed 
among partners 
 

 
 

68 Early stage researchers and students joined 
TIMB3 Training School and Workshops. 
 

 

 

 

 

 
 38 Scientific publications 
 

 

 

 

 

40 talks/posters presented at international 
conferences  
 

 



 
 
 

                                                                                                            Newsletter Timb3 | September 2020 |III  6 timb3.eu  

NEWS 
 
 
 

>Funding 
 
>IMpaCT-New Twinning Project Coordinated by ITQB 
 
An application for a new Twinning Project was awarded funding: "IMpaCT- Imaging life from 
molecules to cells - building knowledge on Cryo- electron microscopy methodologies” focus on Cryo-
Electron Microscopy, a complementary method to the fields of TIMB3. The project is coordinated by 
Drs. Pedro Matias and Célia V. Romão, from ITQB, being C.V. Romão a member of the TIMB3 Team. 
The main goal of this project is knowledge transfer in Cryo-EM methodologies for structural 
characterization of biomolecules, namely proteins and protein complexes, from the foreigner partners 
(from Israel, Finland and Spain) to ITQB researchers, allowing them to acquire expertise in sample 
preparation, image acquisition of high resolution and data processing. The project started on the 1st 
of September 2019 (http://www.itqb.unl.pt/impact). 
 
 
 
 
 

 
 
 

>ConCO2rde- New ITN 
 
Ricardo Louro, leader of the Inorganic Biochemistry and NMR laboratory and TIMB3 co-coordinator is 
part of the network ConCO2rde (955740), a Consortium awarded in 2020 with a prestigious H2020-
MSCA Innovative Training Network Grant. The network brings together a team of researchers from 
proeminente academic institutions: TUB, RWT Aachen, INSA Toulose, ITQB NOVA and companies with 
the aim of training a new generation of young researchers on the conversion of CO2 by smart 
autotrophic biorefineries. 
 
 

>DETECT 
 
Catarina Pimentel ´s project DETECT: Development of an Easy, fast-Track and Economical Colorimetric 
Test for Autonomous National Diagnosis of COVID-19, was one of the R&D projects selected by 
“Fundação Portuguesa para a Ciência e a Tecnologia”  call "Research 4 COVID-19" to fight the 
Coronavirus COVID-19 pandemic. Catarina Pimentel is a Researcher  of the Genomic and Stress 
laboratory at ITQB NOVA and TIMB3 member and with DETECT Catarina brings together a 
complementary team, including the TIMB3 member Elin Moe, the Portuguese Military Academy and 
the armed forces hospital (HFAR) to implement a novel molecular test with the potential to simplify 
and accelerate COVID-19 detection. 

http://www.itqb.unl.pt/impact
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> Elin Moe, researcher at the ITQB Macromolecular Crystallography Unit and TIMB3 member was co-
proposer of an Instruct Eric Internship that funded an ITQB NOVA PhD Student a 3 months research 
visit at the Instruct Centre at Finland. 
Andreia Fernandes, the funded PhD student, collaborated with research groups in Finland, on the 
project entitled: “Structure determination of DNA polymerase I (DrPoll) and DrPoll:DNA complex of 
Deinococcus radiodurans by cryo-EM” 
 
 
> Several TIMB3 members at ITQB NOVA joined forces to accelerate research on COVID-19, taking part 
in the MOSTMICRO-ITQB NOVA initiative COVID SYNERGY: Ricardo Louro, Catarina Paquete, Inês C 
Pereira, Catarina Pimentel, Elin Moe, Célia Romão and Tiago Cordeiro contributed with collaborative 
projects funded by MOSTMICRO ITQB Unit. 
 
 

>Silviya Stateva and Jordi Zamarreño awarded a MSCA-IF 
 
The Marie Skłodowska-Curie Individual Fellowships (MSCA-IF) are a prestigious opportunity for 
experienced researchers to work abroad in any research area and to run a research project 
independently, with excellent funding, for two-years.   
Silviya Stateva will study post translational regulation of bacterial stress response at the 
Metallloenzymes and Molecular Bioenergetics laboratory at ITQB NOVA, led by Miguel Teixeira.  
Silviya aims to bridge the current gap in the field for prokaryotes by unravelling the unknown 
regulatory role of protein phosphorylation (PP) on proteins involved in nitrosative stress detoxification 
in the model bacterium E. coli. The immense importance of nitric oxide (NO) to immunity was already 
demonstrated for many pathogenic bacteria such as M. tuberculosis, N. meningitides, P.aeruginosa, 
V. cholerae, and E.coli EHEC, whose virulence depends on NO detoxification and repair systems. 
Knowing how these pathogens sense and respond to NO can lead to the development of potent 
antibacterials. Being a MSCA fellow will not only enable Silviya to lead the development of this exciting 
and emerging field and position herself as an expert in the area, but it will also give her the chance to 
meet amazing scientists and expand her network significantly. She is collaborating with Prof. Ludwig 
from TUM BayBioMS Zentrum-Bavarian Center for Biomolecular Mass Spectrometry to tackle the 
largely unexplored PP in bacteria using mass spectrometry. In addition to MSCA-IF, this collaboration 
is also supported and funded by "The European Proteomics Infrastructure Consortium providing 
access" EPIC-XS program. 
Jordi Zamarreño is a talented researcher and winner of Marie Skłodowska-Curie Individual fellowship. 
His project focuses on a Novel Strategy to Cope with Multidrug Resistant Pathogens, finding novel 
antimicrobial targets for A. baumannii by discovering haem related systems that contribute to its 
survival. Jordi will apply a muldisciplinary approach during his postdoctoral studies using 
bioinformatics, microbiology and biochemistry at the Molecular Mechanisms of Pathogen Resistance 
laboratory, led by Lígia Saraiva.  
 
Welcome Silviya and Jordi! 

 
>Catarina Paquete Elected to the Directive Board of ISMETB 
 
Catarina Paquete, assistant researcher at the Inorganic Biochemistry and NMR laboratory led by 
Ricardo Louro, was elected board member of the prestigious International Society for Microbial 
Electrochemistry and Technology in representation of the European Geographical Region. 
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>Maria Carlos Martins Awarded at BioMetals 2020  
 

Maria Carlos Martins, PhD Student at the Metalloenzymes and Molecular Bioenergetics laboratory 
led by Miguel Teixeira, won the 2nd prize for the best “Flash Presentation” at the 12th International 
BioMetals Web-Symposium on July 2020. Maria presented her work on “The multidomain flavodiiron 
protein from Syntrophomonas wolfei". Felicitations! 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
>Inês Trindade Wins ISMET 7 Best Poster Award  
 

The 7th Meeting of the International society for Microbial Electrochemistry and Technology, took place 
in Okinawa Japan in October 2019. Inês Trindade, PhD student at the Inorganic Biochemistry and NMR 
laboratory led by Ricardo Louro won the best poster prize with the work “On the Fundamentals of 
Microbial Electron Transfer: the Relevance for Bioelectrochemical Systems”. Congratulations! 
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EVENTS 
 
 
 

>TIMB3 First Annual Meeting 
 

The 1st project Annual Meeting took place at Carcavelos, Portugal on 22-23 September 2019. The 
meeting had 50 participants from ITQB NOVA, CIRMMP (Consorzio Interuniversitario Risonanze 
Magnetiche di Metallo Proteine) and TUB (Technische Universität Berlin) plus TIMB3 Advisory Board 
Members.  Professor Kurt Wüthrich, Nobel Prize in Chemistry, was invited to share with the TIMB3 and 
ITQB NOVA communities his research on G protein-coupled receptors dynamics unraveled by Nuclear 
Magnetic Ressonance.  
During the meeting, participants of all institutions could contact with state of the art related research 
via Invited speakers’ presentations from TUB, CERM and Universidad de Sevila-CSIC. 
The coordinating team presented the project progress. Scientific Missions participants gave oral 
communications to share the results of their collaborations with TIMB3 partners and young 
researchers presented their work (poster presentations and Flash Talks) to the scientific community. 
 

 

 

 

 

>Scientific Writing Course 
 

To enhance early career researchers writing skills, and promote their capacity in publishing, TIMB3 
organized a workshop on Scientific Writing at ITQB on 24-27 September 2019. The course had 24 
participants, 21 from ITQB, 2 from TUB and 1 from CIRMMP. The course instructor was Dr. Ana Silva, 
the then TIMB3 Project Manager. This workshop enabled to increase the profile of ITQB NOVA junior 
Researchers and Junior PIs in the most relevant dissemination aspect of the TIMB3 project – writing of 
Scientific Papers, its main output. 
 

 

 

https://www.timb3.eu/2019/09/13/1st-annual-meeting-timb3/
https://www.timb3.eu/2019/05/06/first-timb3-scientific-writing-course/
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> TIMB3 First Workshop for non-specialists 

 
The first TIMB3 workshop for non-specialists, MetalloProteins and Spectroscopy: Relevance for 
Human Health and Disease, dedicated to the medical community, took place at the Rectory of the 
New University of Lisbon (NOVA) on October 1st 2019 within the NOVA Health Program. This program 
brings together all Organic Units of the University where Health-related issues are investigated. For 
this meeting TIMB3 invited David Giedroc from Indiana University, Hugh Barr from Gloucestershire 
Hospitals NHS Foundation, Christian Greisinger from Max Planck Institute for Biosphysical Chemistry 
and Martin Warren from Kent University. This community of specialists applies Metal Ions´ Biology 
knowledge and spectroscopy to understand the molecular basis of diseases and for their diagnosis. 
The workshop had approximately 50 participants from several Portuguese research and medical 
institutions. 

 
 
 
 
  
 
 

  

https://www.timb3.eu/2019/05/06/first-timb3-scientific-writing-course/
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PUBLICATION HIGHLIGHTS 
 

 
Have a look at our latest selected publications: 

 
PRE-driven Protein NMR Structures: an Alternative Approach in Highly 
Paramagnetic Systems  
 

Since the landmark work of Prof.  Kurt Wuthrich, which led to the award of the Nobel prize in chemistry 
in 2002, 1H-1H dipolar couplings observed via Nuclear Overhauser Effects (NOE) are the core source of 
structural information to define the three dimensional structure of biological macromolecules. 
Indeed, additional sources of information were proposed and many methodological advancements 
occurred throughout the years, but a truly NOE-less protein structure has remained elusive until now.  
A joint project between ITQB NOVA (Ricardo O Louro) and CERM (Mario Piccioli) reported, for the first 
time, a protein structure determination by NMR where NOEs have been completely replaced by 
paramagnetism-derived restraints. The case studied is the small iron-sulfur protein PioC from 
Rhodopseudomonas palustris TIE-1.  PioC is a HiPIP (High Potential Iron Protein) that mediates the 
electron transfer between the reaction centre and the iron-oxidase in the photoferrotrophic 
metabolism of Rhodopseudomonas palustris TIE-1. The protein is small, and paramagnetic 
contributions to nuclear relaxation are significant for about 60% of the protein, thus constituting an 
excellent case study. 
PhD student Inês Trindade visited CERM and performed in Florence the NMR experiments tailored to 
identify and assign signals affected by the hyperfine interaction and to obtain R1 and R2 relaxation 
rates. Solution structure of PioC, solved in collaboration with Francesca Cantini (CERM), were obtained 
using NOEs-only (orange), the PREs-only (green) and the full set of NMR restraints, made by the 
combination of NOEs and PREs (blue).  The PRE-only structure ensemble is essentially the same, 
although with a larger RMSD, as the one obtained with the full-set of restraints. 

 

 

 

 

 

 

 
 

 
 

 

The NMR structure of PioC is a proof of concept of the above propositions: when a protein is small 
enough to be affected by paramagnetism in a large percentage, then NOEs are not essential anymore, 
if relaxation rates are measured virtually for all 1H spins. This represents a breakthrough for the 
characterization and structural study of metallopeptides and de-novo designed and bio-inspired 
metalloenzymes. Aside from their application in small metalloproteins like PioC, and metallo peptides, 
these results argue for the systematic use of PREs in structure calculations of metalloproteins because 
they provide distance restraints in protein region where NOEs are sparse due to paramagnetism, and 
which are the regions often of greater biochemical interest.  
 
 

A B C 
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Original papers: 
— Trindade IB, Invernici M, Cantini F, Louro RO*, Piccioli M*, 1H, 13C and 15N, Assignment of the Paramagnetic High 
Potential Iron-Sulfur Protein (HiPIP) PioC from Rhodopseudomonas palustris TIE-1, J Biomol NMR Assignments 14, 211-215, 
2020. https://doi.org/10.1007/s12104-020-09947-6;  
— Invernici M, Trindade IB, Cantini F, Louro RO*, Piccioli M* Measuring Transverse Relaxation in highly paramagnetic 
systems, J Biomol NMR, 2020. https://doi.org/10.1007/s10858-020-00334-w;  
— Trindade IB, Invernici M, Cantini F, Louro RO*, Piccioli M*. Sequence-specific Assignments in NMR Spectra of 
paramagnetic systems: A non-systematic approach, Inorg. Chim. Acta, 2020. https://doi.org/10.1016/j.ica.2020.119984;  
— Trindade IB, Invernici M, Cantini F, Louro RO, Piccioli M, NOE-less protein structures-an alternative paradigm in Highly 
Paramagnetic Systems, arXiv:2002.01228 [physics.chem-ph]. 
 
 

TUB Multidisciplinary Research on [NiFe] Hydrogenases 
 

 

In a multidisciplinary study, involving X-ray crystallography, 
infrared and resonance Raman spectroscopy, the groups of 
Holger Dobbek from the Humboldt University of Berlin and 
Ingo Zebger (TUB) examined the determinants for biocatalytic 
H2 cycling by investigating the [NiFe]-hydrogenase active site 
intermediate that binds H2. They show that the protein 
backbone provides a strained chelating scaffold which tunes 
the catalytic center for efficient H2 binding and conversion. 

 

 Original paper: 

Y. Ilina, C. Lorent, S. Katz, J.-H. Jeoung, S. Shima, M. Horch, I. Zebger, H. 
Dobbek, X‐ray Crystallography and Vibrational Spectroscopy Reveal the 
Key Determinants of Biocatalytic Dihydrogen Cycling by [NiFe] 
Hydrogenases. Angew. Chem. Int. Ed., 58, 18710-1871, 2019. 
https://doi.org/10.1002/ange.201908258 

 
 

Researchers of the groups of Peter Hildebrandt, Ingo Zebger and Oliver Lenz (TUB) investigated the 
isolated large subunit of a bipartite [NiFe]-hydrogenase, unravelling the fundamental biochemical and 
spectroscopic properties of a minimal hydrogenase model, which may serve as a blueprint for 
chemically synthesized hydrogenase mimics.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Original paper: 

G. Caserta, C. Lorent, A. Ciaccafava, M. Keck, R. Breglia, C. Greco, C. Limberg, P. Hildebrandt, S. P. Cramer, I. Zebger and O. 
Lenz, The Large Subunit of the Regulatory [NiFe]-hydrogenase from Ralstonia eutropha – a Minimal Hydrogenase? Chem. 
Sci., 11, 5453-5465.  2020. https://doi.org/10.1039/D0SC01369B 

https://doi.org/10.1007/s12104-020-09947-6
https://doi.org/10.1007/s10858-020-00334-w
https://doi.org/10.1016/j.ica.2020.119984
https://doi.org/10.1002/ange.201908258
https://doi.org/10.1039/D0SC01369B
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Immobilized Dye-decolorizing peroxidase (DyP) and Directed Evolution 
Variants for Hydrogen Peroxide Biosensing 

 

Heme-containing dye-decolorizing peroxidases couple the oxidation of structurally diverse organic 
substrates, such as phenolic and azo dyes and lignin related compounds, with the reduction of H2O2 
to water. DyPs are an attractive target for development of biotechnological applications due to their 
different substrate specificities, easy genetic manipulation and heterologous over-expression, and 
stability in a broad range of pH and temperatures.  
The Raman BioSpectroscopy laboratory at ITQB NOVA, led by Smilja Todorovic focused on the 
construction of a 3rd generation amperometric biosensor, which rely on direct electron transfer 
between the electrode and the enzyme, for H2O2 biosensing. The researchers used the DyP from 
Pseudomonas putida (PpDyP) and three variants that display increased resistance to H2O2 inactivation 
in solution that were obtained by directed evolution.  
The teams of Smilja Todorovic, Lígia O. Martins (ITQB NOVA) and Peter Hildebrandt (TUB) show for 
the first time that PpDyP based electrode constructs display superior performance in comparison to 
H2O2 biosensors based on other peroxidases, such as horseradish peroxidase (HRP).  
The enzymes, wild-type (wt) PpDyP, and 29E4 (E188K, H125Y mutations), 6E10 (E188K, A142V, H125Y 
mutations) and 25F6 (E188K, A142V, H125Y, G129D mutations) variants were immobilized on 
biocompatible metal electrodes. Surface enhanced resonance Raman (SERR) spectroscopy was used 
to study the structural properties of the adsorbed enzymes and electrochemistry to evaluate the 
electrocatalytic H2O2 reduction. All four enzymes maintained solution-like structural properties upon 
immobilization, furthermore wt and 29E4 based bioelectrodes showed superior dynamic response 
range, high sensitivity for H2O2 and long-term stability. In terms of sensitivity, the latter two 
outperform HRP based counterparts reported in the literature by up to 4 orders of magnitude.  
 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Original paper: 
Catarina Barbosa, Célia M. Silveira, Diogo Silva, Vânia Brissos, Peter Hildebrandt, Lígia O.Martins, Smilja Todorovic. 
Immobilized Dye-decolorizing peroxidase (DyP) and Directed Evolution Variants for Hydrogen Peroxide Biosensing, 
Biosensors and Bioelectronics, 153, 112055, 2020. https://doi.org/10.1016/j.bios.2020.112055 
 

SERRs Amperometry 

https://doi.org/10.1016/j.bios.2020.112055
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Improving a Biological Hydrogen Machine 
 

Energy is one of the biggest challenges of the XXI century. Fossil fuels are both pollutant and finite, 
and their replacement by more sustainable energy sources is key to ensure life as we know it. 
Hydrogen is a very attractive energy carrier, since it has a high energy density and its combustion 
produces only water. Hydrogen-fuelled cars and hydrogen-filling stations are already a reality, but 
several scientific hurdles still have to be overcome to obtain a hydrogen-based energy system that is 
economic and sustainable. Hydrogen is still produced from fossil fuels in energy-intensive processes, 
and its use via fuel cells still requires precious metals that are rare and expensive.  
However, hydrogen can be produced from non-fossil sources. Biological systems produce and 
consume hydrogen with high efficiency at room temperature, using enzymes – hydrogenases – that 
only require earth-abundant metals, like iron and nickel. The study of these enzymes and their 
catalytic mechanism is important for the development of new synthetic catalysts able to convert 
hydrogen in an efficient and sustainable way. 
Hydrogenases have also been explored to develop semi-synthetic catalysts for photochemical and/or 
electrochemical production and consumption of hydrogen. These efforts are often limited by the 
inactivation of these enzymes by oxygen. At ITQB NOVA, the teams of Inês Cardoso Pereira, Pedro 
Matias and Cláudio Soares have been working with a highly efficient [NiFeSe] hydrogenase that shows 
very attractive properties for H2 conversion.  
Now, together with colleagues from the Aix-Marseille Université, the Cardoso Pereira and Matias 
teams have engineered this enzyme to produce variants that show increased tolerance to oxygen 
inactivation, while maintaining high levels of activity. Surprisingly, the work revealed that this 
inactivation proceeds through access of O2 to the active site along hydrophilic channels in the protein, 
whereas it was previously believed that this molecule would only diffuse through hydrophobic 
pathways.  
These results demonstrate that it is possible to design new variants with increased O2 tolerance, 
opening the way to improved semi-synthetic systems. These systems allow for a more efficient and 
sustainable production of Hydrogen or its oxidation in fuel cells to generate electricity, producing 
cleaner and safer energy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Original paper: 
Zacarias S; Temporão A; del Barrio M; Fourmond V; Leger C; Matias P* & Pereira IAC*A hydrophilic channel is involved in 

oxidative inactivation of a [NiFeSe] hydrogenase. ACS Catalysis, 9, 8509–8519, 2019. 
https://doi.org/10.1021/acscatal.9b02347 

 
 

https://doi.org/10.1021/acscatal.9b02347
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Structural Properties of [2Fe-2S] ISCA2-IBA57: a Complex of the 
Mitochondrial Iron-sulfur Cluster Assembly Machinery      

In mitochondria, a complex protein machinery is devoted to the maturation of iron-sulfur cluster 
proteins. Lucia Banci team at CIRMMP and collaborators at EMBL devised an integrative approach, 
utilizing information from small-angle X-ray scattering (SAXS) and bioinformatics-driven docking 
prediction, to determine a low-resolution structural model of the human mitochondrial [2Fe-
2S]2+ ISCA2-IBA57 complex. All the experimetal data converge to a structural organization of dimer of 
dimers for the [2Fe-2S]2+ ISCA2-IBA57 complex with ISCA2 providing the homodimerization core 
interface. The interaction pattern identified from the dimeric [2Fe-2S]2+ ISCA2-IBA57 structural model 
allowed to define the molecular grounds of the pathogenic Arg146Trp mutation of IBA57. 

 

 

 
 
 
 
 
 
 
 
 
 
Original paper: 
Nasta V, Da Vela S, Gourdoupis S, Ciofi-Baffoni S, Svergun DI, Banci L. Structural properties of [2Fe-2S] ISCA2-IBA57: a 
complex of the mitochondrial iron-sulfur cluster assembly machinery.Sci Rep 9(1):18986, 2019 
https://doi.org/10.1038/s41598-019-55313-5 

 
 
 
 

Methylglyoxal Interaction with Superoxide Dismutase 1 
 

Methylglyoxal (MG) is a highly reactive aldehyde spontaneously formed in human cells mainly as a by-
product of glycolysis. Intracellular MG can reach micromolar concentration, and can react with 
proteins, nucleotides and lipids to form advanced glycation end-products (AGEs). MG binds to 
arginine, lysine and cysteine residues of proteins, forming stable adducts that can interfere with 
protein function. Among the proteins affected by gly-cation, MG is known to react with superoxide 
dismutase 1 (SOD1), a fundamental anti-oxidant enzyme that is abundantly expressed in neurons, 
which are more exposed to MG than other types of cells due to their high rate of glucose consumption 
and oxidative metabolism. Increased levels of MG have been shown to decrease SOD1 activity in vivo, 
and consequently increase oxidative stress, which in turn is associated with aging and other 
pathological states. It is not yet clear, however, whether such decrease of SOD1 cellular activity occurs 
as a consequence of MG reacting with the fully mature, disulfide-containing enzyme, Cu,Zn-SOD1SS, 
or instead the reaction between MG and the immature forms of SOD1 is responsible for the 
incomplete protein maturation and subsequent structural destabilization, that could lead to the loss 
of enzymatic activity. 

https://pubmed.ncbi.nlm.nih.gov/31831856/
https://pubmed.ncbi.nlm.nih.gov/31831856/
https://doi.org/10.1038/s41598-019-55313-5


 
 
 

                                                                                                            Newsletter Timb3 | September 2020 |III  16 timb3.eu  

Here, Lucia Banci team investigates which are 
the structural modifications induced on SOD1 
by the reaction with MG. To this purpose, were 
employed time-resolved analysis by mass 
spectrometry and NMR spectroscopy to 
determine whether MG has preferential 
reactivity for different immature forms of 
SOD1 – monomeric, disulfide reduced apo-
SOD1SH and dimeric, zinc-bound disulfide 
reduced E,Zn-SOD1SH – and which structural 

modifications occur on the protein. By MALDI-TOF analysis on both undigested and trypsin-digested 
proteins, they identified the overall rate of MG reaction and the most reactive residues on the protein 
surface, while time-resolved NMR allowed mapping at single residue level the structural perturbations 
caused by reaction with MG.  
The team found that MG reacts faster with apo-SOD1SH, the most immature state of the protein, 
gradually causing its unfolding, whereas reaction with the intermediate state of maturation E,Zn-
SOD1SH caused its gradual monomerization. Specifically, Arg 143 was identified as a preferred MG 
reaction site on both protein forms, while Arg 69 and Arg 79 were also identified as possible reaction 
sites on apo-SOD1SH. A faster decrease in the NMR signal intensity of neighboring residues confirmed 
the results from MALDI-TOF. Remarkably, Arg 143 is located in proximity of the protein active site, 
and its chemical modification could impair the interaction with the copper chaperone for SOD1, which 
is necessary to produce the catalytically active form Cu, Zn-SOD1SS. Overall, these results suggest that 
MG could impair the correct maturation of SOD1 in vivo, thus both increasing cellular oxidative stress 
and promoting the cytotoxic misfolding and aggregation process of SOD1. 
 
Original paper: 
Polykretis P, Luchinat E, Boscaro F, Banci L, Methylglyoxal interaction with superoxide dismutase 1, Redox Biology, 2020  
https://doi.org/10.1016/j.redox.2019.101421 

 
 
 

CIAO3 Protein Forms a Stable Ternary Complex with Two Key Players of 
the Human Cytosolic Iron–sulfur Cluster Assembly Machinery 
 
The CIAO3 protein operates at a crossroad of the Cytosolic Iron–sulfur protein Assembly (CIA) 
machinery. Although the functional role of CIAO3 has been recently characterized, a description of its 
interaction network is still not complete. Literature data suggested that CIAO3 interacts individually 
with CIA2A and CIAO1 proteins, with the latter two interacting with each other. However, no 
experimental data was available yet showing the formation of a possible ternary complex composed 
by CIAO3, CIAO1 and CIA2A. Lucia Banci and Francesca Cantini study provides the first solid proof of 
the formation of a stable complex composed by CIAO3 and the CIAO1-CIA2A complex, via size 
exclusion chromatography coupled with multiangle light scattering, UV-vis absorption and electron 
paramagnetic resonance (EPR) spectroscopies. Whereas previously reported data suggested that 
CIAO3 interacts with CIAO1 within the core CIA complex and that a similar functional interaction may 
exist between CIAO3 and CIA2A, the ternary complex, here observed, is formed only in the presence 
of both CIA2A and CIAO1 proteins as CIAO3 does not interact with CIA2A or CIAO1 individually. 
Moreover, site-directed mutagenesis data suggested a structural role for the C-terminal [4Fe-4S] 
cluster of the CIAO3 protein. CIAO3 protein is indeed destabilized upon mutation of the C-terminal 
cluster binding site and is expressed in E. coli as inclusion bodies, whereas the complex formation of 
CIAO3 with the CIA2A-CIAO1 heterodimer is still indeed observed when the N-terminal site is mutated. 
The analysis of the structural model of human CIAO3 protein, obtained using the X-ray structure of 

https://doi.org/10.1016/j.redox.2019.101421


 
 
 

                                                                                                            Newsletter Timb3 | September 2020 |III  17 timb3.eu  

the iron-only hydrogenase from Clostridium pasteurianum as template, could explain the mutagenesis 
data obtained for the CIAO3 protein. The C-terminal FeS cluster site is buried in the protein core, in 
agreement with the fact that, upon its removal, CIAO3 protein does not result correctly folded  

Structural model of CIAO3. The N-terminal ferredoxin-like and the C-terminal iron-only hydrogenase domains 
are shown in cyan and green respectively. The Fe/S binding cysteines are represented in stick form (the N-
terminal cysteine residues in yellow; the C-terminal cysteine residues in orange). 
 

 
resulting to be insoluble in the E. coli cytoplasm. On the contrary, the N-terminal Fe/S cluster binding 
site is located in a domain which is essentially independent of the rest of the protein core. Thus, 
removal of the N-terminal Fe/S cluster binding site does not significantly modify the protein folding of 
CIAO3, which thus is still able to form a complex with CIAO1 and CIA2A proteins. These findings can 
provide solid bases for further investigation of the molecular mechanisms involving these CIA 
machinery proteins. 
 
Original paper: 
Maione V, Grifagni D, Torricella F., Cantini F*, Banci L.*, “CIAO3 protein forms a stable ternary complex with two key 
players of the human cytosolic iron–sulfur cluster assembly machinery”, JBIC 25, 501–508, 2020. 
https://doi.org/10.1007/s00775-020-01778-z 

 
 

 

How the Anaerobic Enteropathogen Clostridioides difficile Tolerates 
Low O2 Tensions 
 

Clostridioides difficile is a major cause of diarrhea associated with antibiotherapy. After 
germination of C. difficile spores in the small intestine, vegetative cells are exposed to low oxygen 
(O2) tensions. In fact, although the gastrointestinal tract is regarded as mainly anoxic, low O2 
tension is present in the gut and tends to increase following antibiotic-induced disruption of the 
host microbiota. Thus, O2 concentration  fluctuations  within  the  gastrointestinal  tract  are  a  

challenge  for  anaerobic bacteria such as C. difficile. This enteropathogen acquired along evolution 
efficient strategies to detoxify oxygen, and its genome encodes an arsenal of proteins involved in 
O2 detoxification and/or protection.  The teams of MiguelTeixeira (ITQB NOVA) and Isabelle Martin- 

Verstreaet (Institut Pasteur, Paris) studied using a comprehensive set of complementary expertises, 
four of those proteins - two flavodiiron proteins (FdpA and FdpF) and two reverse rubrerythrins 
(revRbr1 and revRbr2). As previously observed for FdpF, they showed that both purified revRbr1 
and revRbr2 harbour NADH-linked: O2-and H2O2-reductase activities in vitro, while purified FdpA 

mainly acts as an O2-reductase. 

https://doi.org/10.1007/s00775-020-01778-z
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The phenotypic analysis of single, double, triple and quadrupole deletion mutants demonstrated a key 
role for both revRbrs, FdpF and FdpA proteins in the ability of C. difficile to grow in t h e  
presence of physiological O2 tensions such as those encountered in the colon. 
 
Original paper: 
Kint N, Alves Feliciano C, Martins MC, Morvan C, Fernandes SF, Folgosa F, Dupuy B, Texeira M, Martin-Verstraete I.  How 
the Anaerobic Enteropathogen Clostridioides difficile Tolerates Low O2 Tensions. mBio 11:e0155920. 
 https://doi.org/10.1128/mBio.01559-20 

 
 
 

Dynamic Loops Towards an Efficient Biocatalysis 
 

The application of enzymes offers an enormous potential to provide cleaner and more sustainable 
industrial processes and the development of novel biomedical applications. They are particularly 
attractive to various biotechnological applications, from food and beverage industries to biomedical 
diagnosis, biosensors and biofuel cells. For this, multicopper oxidases, also known as laccases, are very 
suitable and versatile biocatalysts, and understanding their structural and biochemical properties is 
key. ITQB NOVA researchers, including TIMB3 member Tiago Cordeiro, have unravelled unique 
structural aspects related to catalysis in these enzymes. 
Lacquer is a natural coating material that is polymerized by laccases and that has been used as a 
protective and decorative coating material in traditional crafts for at least six thousand years in Japan 
and China. They were first described based on the observation of the rapid hardening of the latex 
(containing phenols and laccase) released from Japanese lacquer trees in the presence of air. Under 
the action of laccase, the substrates oxidize and 
polymerize coupled to the reduction of oxygen to 
water. However, the mechanism of electron 
transfer from substrates and the details of 
substrate binding sites in these enzymes remain 
to be fully elucidated. To fill in this gap, a team of 
researchers at ITQB NOVA have solved the 
structure of a bacterial laccase from Aquifex 
aeolicus as well as the molecular determinants 
that underlies their catalytic activity. 
The study resulted from the collaboration 
between three ITQB NOVA laboratories: 

https://doi.org/10.1128/mBio.01559-20
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the Microbial and Enzyme Technology Lab, led by Lígia Martins, the Dynamic Structural Biology Lab, 
led by Tiago N. Cordeiro, and the Structural Biology Lab, led by Carlos Frazão. This in-house synergy 
allowed unprecedented access to laccases’ structural aspects related to catalysis. 
The mutagenesis studies were performed by Vânia Brissos, in Lígia Martins lab, the X-ray diffraction 
was performed by Patrícia Borges and Carlos Frazão, and Small-angle X-ray scattering (SAXS)/Rosetta 
simulations were carried out by Guillem Hernandez and Tiago Cordeiro. Molecular dynamic 
simulations, done by Zymvol Biomodeling, were also part of this research. 
The combination of SAXS, Rosetta, and molecular dynamics simulations probed the conformational 
landscape of a long Met-loop – a hallmark of these enzymes –, invisible in the crystal structure close 
to the catalytic centre. Accurate prediction of loop structures remains challenging, especially for long 
segments with sizable conformational space. Loop opening and closure is known to be essential to 
hang and stabilize substrates, setting up the active site for efficient catalysis. These results indicate 
that the Met-loop and its dynamics display key regulatory function, capable of controlling the access 
of substrates and determining the chemical environment of the enzyme’s activity.  
Furthermore, the structural characterization underlies Multicopper Oxidase McoA thermostability 
since the crystal structure has the most tightly compact and hydrophobic core among its counterparts 
of other origins. 
 
Original paper: 
Patrícia T. Borges, Vânia Brissos, Guillem Hernandez, Laura Masgrau, Maria Fátima Lucas, Emanuele Monza, Carlos 
Frazão*, Tiago N. Cordeiro*, and Lígia O. Martins* Methionine-Rich Loop of Multicopper Oxidase McoA Follows Open-to-
Close Transitions with a Role in Enzyme Catalysis,  ACS Catal. 2020, 10, 13, 7162–7176. 
https://doi.org/10.1021/acscatal.0c01623 

 

 

On How Staphilococcus aureus Makes Sirohaem  

S. aureus is a worldwide-recognized facultative anaerobic pathogen that causes severe infections 
mainly in hospitals. Infections occur at nearly anaerobic niches which implies metabolic adaptation of 
these pathogens.  Sirohaem is a major cofactor of sulphite and nitrite reductases, enzymes that are 
involved in sulphur and nitrogen metabolism and are associated with anaerobic respiratory processes.  
Marco Videira and colleagues from the Molecular Mechanisms of Pathogen Resistance Group, led by 
Lígia. M. Saraiva at ITQB NOVA and also Filipa Sousa from the University of Vienna, revealed the 
proteins involved in sirohaem biosynthesis of S. aureus and shed light on the evolution of microbial 
sirohaem biosynthesis. 
The researchers have identified genes involved in sirohaem biosynthesis of S. aureus. Two putative 
genes encoding proteins produced recombinantly and shown to be an uroporphyrinogen 

https://www.itqb.unl.pt/labs/microbial-and-enzyme-technology/
https://www.itqb.unl.pt/research/biological-chemistry/dynamic-structural-biology
https://www.itqb.unl.pt/research/biological-chemistry/structural-biology
https://zymvol.com/
https://pubs.acs.org/action/showCitFormats?doi=10.1021%2Facscatal.0c01623&href=/doi/10.1021%2Facscatal.0c01623
https://doi.org/10.1021/acscatal.0c01623
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methyltransferase (UroM) enzyme and a precorrin-2-dehydrogenase (P2D) enzyme. The third protein 
that completes the pathway was found incorrectly assigned as nitrite reductase regulator (NirR). 
Studies using a knock out S. aureus mutant strain revealed that this gene product is required for nitrite  
reduction, and that it encodes a sirohydrochorin ferrochelatase (ShfC).  Further site-directed 
mutagenesis studies of S. aureus ShfC revealed that residues His22 and His87 are located at the active 
site and are required for the ferrochelatase activity.  
In bacteria, the synthesis of sirohaem seems to occur via three routes, herein named Type 1, Type 2 
and Type 3. A phylogenetic analysis showed that Type 1, that includes the multifunctional CysG 
enzymes that perform the three reaction steps in one single enzyme, is the most commonly used route 
and is mainly present in Gammaproteobacteria. Type 2 refers to a route that uses UroM enzyme 
together with a bifunctional P2D+ShfC enzyme, an organization that occurs not only in fungi, as 
previously described, but also in Fibrobacteres and Vibrionales. Type 3 includes a pathway build up by 
three independent enzymes and is mainly present in the Bacillales order.  The authors propose that 
the three type of routes result from evolutionary multiple fusion/fission events.  
 
Original paper: 
Videira MAM, Lobo SAL, Sousa FL, Saraiva LM. Identification of the Sirohaem Biosynthesis Pathway in Staphylococcus aureus. 
FEBS J. 2020 Apr;287(8):1537-1553; doi: 10.1111/febs.15091 

 

 

 

Find all our scientific publications at:  
https://www.timb3.eu/scientific-publications/ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

doi:%2010.1111/febs.15091
https://www.timb3.eu/scientific-publications/
https://www.timb3.eu/scientific-publications/
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OUTREACH 
 
>Scientific Outreach 
Since September 2019, 34 TIMB3 researchers participated in more than eight scientific international 
conferences. Ricardo Louro (TIMB3 co-coordinator) was keynote speaker at the METRIS Meeting, in 
Egypt, and invited speaker at the 7th ISMET Meeting. Inês Trindade presented her PhD work at the 
final meeting of the COST Action "The Biogenesis of Iron-sulfur Proteins: from Cellular Biology to 
Molecular Aspects" coordinated by Mario Piccioli. 
 

11 TIMB3 presentations during BioMetals 2020 Virtual Comference 
 

Researchers Jordi Zamarreño and Liliana Silva gave oral speechs at BioMetals 2020 and Bruno 
Salgueiro, Célia Romão, Diogo Diniz, Filipe Folgosa, Jessica Soares, Maria Carlos Martins, Silviya Stateva 
and Susana Fernandes, all from ITQB NOVA community, gave flash presentations in one of the most 
relevant meetings in the field of Bioinorganic Chemistry. 
 
 

 
 
 

Inês Cardoso Pereira, TIMB3 member and leader of Bacterial Energy and Metabolism laboratory, 
participated in the National (Portuguese) Hydrogen Strategy (EN-H2) together with the scientific, 
technological community and companies. This event was organized by the National Innovation Agency 
and Fundação para a Ciência e a Tecnologia (FCT) aiming to explore the challenges and opportunities 
of the hydrogen value chain, in the field of Innovation, Research and Development. This event took 
place in Lisbon Thalia Theater on the 22nd June 2020. 

 

>Public Outreach 
TIMB3 joined the celebration of the International Microorganism Day, on 17th September 2019, with a 

Science Fair at the Gardens of Palácio do Marquês Pombal, Oeiras, Portugal. The activities target public 

schools, senior citizens or anyone who wants to discover the essential role that microorganisms play 

in our health, environment and quality of life. More than 400 people visited these open public 

https://www.timb3.eu/2019/09/18/timb3-international-microrganism-day/
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activities, organized by researchers from ITQB NOVA with the support of the Oeiras Municipality and 

the participation of IHMT NOVA – Institute of Hygiene and Tropical Medicine – and IGC – Gulbenkian 

Institute of Science. One of TIMB3 team members – Catarina Paquete, from ITQB NOVA – gave a talk 

about “Microorganisms for a healthy and sustainable environment”. 

 

 

 

 

 

 

 

TIMB3 participated in ITQB NOVA Open Day-"Join the Elements", which took place Saturday, 26th 
October 2019. This event celebrated the international year of the Periodic Table, with the theme “Join 
the Elements”. On that day, the institute opened its doors and researchers invited people of all ages 
to discover how chemistry is part of our daily lives. Researchers have organized visits to labs, research 
facilities, and greenhouses. Visitors participated in “speed dating” with scientists, listened to scientific 
talks on the Architecture of Life, the Dance of the Elements and the Periodic Table of Medicine, and 
discovered our science fair with hands-on experiments. The audience had the opportunity to talk to 
TIMB3 scientists and learn about Biospectroscopy and Metals in Biology.  

  

Ricardo Louro, Leader of the Inorganic Biochemistry and NMR laboratory and TIMB3  co-coordinator 

was interviewed for the daily science radio program "90 segundos de ciência", an award winner 

programme that interviews Portuguese Scientists. Ricardo Louro talked about his studies with bacteria 

that produce electricity and their amazing applications. The interview was broadcasted at the main 

national radio and is available at the following link: 

https://www.rtp.pt/play/p2936/e418653/90-segundos-ciencia 

 

https://www.timb3.eu/2019/11/06/timb3-at-itqb-unl-open-day-2019/
https://www.rtp.pt/play/p2936/e418653/90-segundos-ciencia
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UPCOMING EVENTS 
 
 

> Virtual Training School "Fundamentals of Magnetic Resonance Spectroscopy and 
Applications will happen next Autumn-Winter and is organized by CIRMMP/CERM (the NMR 

Laboratory of the University of Florence). 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 "Advanced Vibrational Biospectroscopy in Life Sciences" Training School 
planned for March 2021 at TU Berlin. This 4-day Training school will cover Vibrational 
Biospectroscopy, such as SERR and SEIRA spectroscopies, a highly powerful but still not widely 
explored experimental approach. 
 

> The Workshop “Biospectroscopy for Catalysis and Biosensing”, organized by TUB will 

happen in 2021. The focus of this 3-day workshop is aspects of specific applications of 
biospectroscopy, as a tool for monitoring of biocatalysis for understanding of the mechanistic 
properties of a biocatalyst and exploring the potential of these biocatalysts for biotechnological 
applications.  
 

> The Workshop “Rational design of novel biocatysts”, organized by ITQB NOVA, will 

happen in 2021. The focus of this workshop is on up-do-date methods for enzyme 
engineering, including directed evolution and machine -learning methodologies. 
  

> 2nd TIMB3 Winter School focusing on Science Communication, IP Protection and Value Creation 

will be virtual and occur in 2021. Course leaders will use case studies and examples to train researchers 
on finding opportunities to communicate their science, to evaluate the potential of their scientific 
results and on how to identify an invention and protect it. 
 

> TIMB3 Workshop for non-specialists: Imaging in Biosciences will take place at ITQB NOVA, is 

planned for Spring 2021. 
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: Tatsuyuki Yamamoto, Dorleta Jimenez de Aberasturi, 
Noam Shemesh, Christian Huck, Sylvain Bohic and Nuno Santos. 
 

> Workshop NMR of Paramagnetic Proteins and Applications organized by CIRMMP will 

he held in 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. 
 

> The TIMB3 Annual Meeting will take place at Lisbon, date to be announced.  
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