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Foreword
Dear colleagues,
It is our great pleasure to welcome you to the kick-off meeting of the
TIMB3 (Twin to Illuminate Metals in Biology and Biocatalysis through
Biospectroscopy) project in Sintra. The location has been, over the centuries, a
place of intellectual refuge for great minds and it is the perfect setting to start
our project on the right footing. This project is about bringing together research
groups and institutions that share a common interest in Metals in Biology, and
applications of magnetic and vibrational spectroscopy to biosciences. It is also
about the exchange of ideas and expertise. The Program of this meeting and
the Book of Abstracts reflect this ambition.
We wish to emphasize the strong contribution from students and postdocs, whom are expected to benefit the most from the success of TIMB 3. We
invite you to enjoy the setting and to profit from the presence of your colleagues
to discuss your ongoing research and especially the science that we will be able
to do together.
We wish to take this opportunity to thank the members of TIMB 3 External
Advisory Board, Profs. Fraser Armstrong, Robert Bittl, and Kurt Wüthrich, for
their willingness in taking part in this endeavour.

The Coordinators
Miguel Teixeira
Ricardo O. Louro
Smilja Todorovic
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TIMB3 Kick-off Meeting program
Sintra, 5-6th November 2018
4th November
18.00- Registration, Poster display
20.00- Dinner

5th November
Morning – Project and Institutional Presentations; Chair: Smilja Todorovic
9.00-9.15- Welcome address by ITQB Director, Cláudio Soares
9.15-9.30- Presentation of TIMB3, Miguel Teixeira
9.35-9.50- Presentation of ITQB Infrastructure, Ricardo Louro

Coffee Break (Poster Session)
11.20-11.35- Presentation of TUB Infrastructure, Peter Hildebrandt
11.35-11.50- Presentation of CERM-CIRMMP Infrastructure, Mario Piccioli

12.15 – Meeting participants photo
12.30 – Lunch
Afternoon – Scientific Presentations
Hydrogenases Chair: Miguel Teixeira
14.00-14.20- Deciphering the O2 tolerance of certain [NiFe]-hydrogenases, Oliver Lenz,
TUB
14.20-14.40- Research at the Bacterial Energy Metabolism Lab of ITQB NOVA, Inês C.
Pereira, ITQB
14.40-15.00- Vibrational spectroscopic studies of Hydrogenases, Ingo Zebger, TUB

Metalloproteins Biogenesis and repair: Tiago Cordeiro
15.00-15.20- Metal Sites in Proteins studied via solution state Paramagnetic NMR,
Mario Piccioli, CIRMMP
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15.20-15.40- Pathogens’ defences: FeS repair by di-iron proteins and haem
homeostasis, Lígia Saraiva, ITQB
15.40-16.00- Molecular aspects of the iron sulfur protein biogenesis: the role of IBA57,
Veronica Nasta, CIRMMP
16.00-16.20- Investigating the role of human CIAO1-CIA2A complex in the maturation
of aconitase, Francesca Cantini, CIRMMP

Coffee Break (Poster Session)
Metalloenzymes – Oxidoreductases Chair: Peter Hildebrandt
17.30-17.50- Cytochromes and ferredoxins, how to make them, what they do and how
they do it, Ricardo Louro, ITQB
17.50-18.10- Mechanistic and applied aspects of redox metalloproteins: Surface
enhanced resonance Raman spectro-electrochemistry, Smilja Todorovic, ITQB
18.10-18.30- Studying the role of metal centers in DNA repair: a crystallographer´s
view, Elin Moe, ITQB

18.30-19.45 – Management Team Meeting
20.00– Dinner

6th November
Morning – Scientific Presentations
Structure function of metalloproteins Chair : Ricardo Louro
8.30-8.50- Vibrational spectroscopic approaches to elucidate reaction mechanisms of
metalloproteins, Peter Hildebrandt, TUB
8.50-9.10- Cellular Structural Biology: from protein structures to functional processes in
a cellular context, Lucia Banci, CIRMMP
9.10-9.30- Exploring respiratory chains, Manuela Pereira, ITQB
9.30-9.50- Metalloenzymes for microbial Oxidative and Nitrosative stress responses,
Miguel Teixeira, ITQB
Final Remarks, Miguel Teixeira, ITQB

Coffee Break (Poster Session)
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10.00-11.00 Meeting of the Management Team with EAB
11.15 Departure for Lunch and Visit to ITQB
14.30 Departure to airport
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TIMB3 – Short Description of the
Participants Teams and Institutions
Instituto Tecnologia Química e Biológica (ITQB) António Xavier
New University of Lisbon, Portugal
Research in life sciences, chemistry and associated technologies, for the
benefit of human health and the environment
www.itqb.unl.pt/

ITQB Research Facilities


















Mass Spectrometry Unit (Node of the Portuguese MS Network)
Elemental analysis
Small molecules detection
Protein Expression and Purification
Microbial Cell Mass Production
Biophysical Resources (Isothermal titration calorimetry (iTC))
Differential scanning calorimetry (DSC)
Dynamic Light Scattering (DLS)
Circular Dichroism (CD)
Fluorescence Spectrophotometers and Bacterial Imaging Cluster (BIC)
Portuguese NMR Network – ITQB Node –CERMAX- Center for Magnetic
Resonance António Xavier
Raman spectrometer
ATR FTIR spectrometer
Electrochemical station equipped with potentiostat
X-band EPR spectrometer, equipped with cryogenic systems
Stopped flow apparatuses
Macromolecular Crystallography UNIT (including in house X-ray
diffractometer)
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ITQB Laboratories and Core Teams
Miguel Teixeira- Full Professor, Metalloenzymes and
Bioenergetics laboratory. Coordinator of the EPR laboratory.

Molecular

Research interests
Bioinorganic Chemistry
The role of metal Ions in biological systems, namely metalloenzymes from
microbialpathogens, involved in Oxygen and Reactive Oxygen Species, and
Nitric Oxide metabolisms, using biochemical, spectroscopic (UV-Visible, EPR),
kinetic and electrochemical methods.
www.itqb.unl.pt/labs/metalloenzymes-and-molecular-bioenergetics

Ricardo Louro - Assistant Researcher with Habilitation.
Biochemistry and NMR laboratory. Coordinator of CERMAX.

Inorganic

Research interests
Interface between Chemistry and Biology focusing on the study of metals in
biology. Novel strategies for the characterization of (bio) molecules at the
structural and functional level using advanced NMR spectroscopy methods.
Molecular mechanisms of bioenergetic processes, metalloprotein biosynthesis
and maturation, and biological metal scavenging and trafficking
www.itqb.unl.pt/research/biological-chemistry/inorganic-biochemistry-and-nmr

Inês Cardoso Pereira - Principal Investigator with Habilitation. Bacterial
Energy Metabolism laboratory.
Research interests
Interface of biochemistry and microbiology focusing on biocatalysis for
sustainable bioenergy production.
Molecular study of redox enzymes for biocatalytic applications.
Study of bioenergetics and metabolic pathways of anaerobes involved in
dissimilatory sulphur metabolism.
www.itqb.unl.pt/research/biological-chemistry/bacterial-energy-metabolism

Kick-off meeting – Sintra 2018
This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 810856

10

Manuela M. Pereira – Assistant Professor at Faculty of Sciences, University of
Lisboa. Biological Energy Transduction Laboratory.
Research interests
Molecular mechanisms of key nanomachines, namely those involved in
respiration and bioenergetic metabolisms.
www.itqb.unl.pt/research/biological-chemistry/biological-energy-transduction
Lígia M. Saraiva - Principal Investigator with Habilitation.
Molecular
Mechanisms of Pathogens Resistance Laboratory. Coordinator of ITQB
Eukaryotic cell biology laboratory.
Research interests
Microbial heme biosynthesis,
Biosynthesis of metal centers in proteins and expression of metalloproteins
Enzymes for oxidative and nitrosative stress resistance
Antimicrobial Carbon Monoxide Releasing Molecules (CORMs)
www.itqb.unl.pt/research/biological-chemistry/Molecular-Mechanisms-ofPathogen-Resistance

Smilja TodorovicPrincipal Investigador -Raman Spectroscopy of
Metalloproteins laboratory
Research interests
Biophysical aspects of metalloproteins and exploration of metalloproteins for
biotechnological applications, employing mainly vibrational spectroscopy and
spectroelectrochemistry.
www.itqb.unl.pt/research/biological-chemistry/RamanBioSpectroscopy

Elin Moe - Research Scientist.
Unit/Structural Genomics laboratory.

Macromolecular

Crystallography

Research interests
Integrated molecular and structural biology approach in studies of DNA repair
enzymes, namely the role of metal cluster holding proteins in damage
prevention and repair by using a range of spectroscopic and electrochemical
methods to complement biochemical and structural characterisation studies.
www.itqb.unl.pt/research/biological-chemistry/structural-genomics
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ITQB Associated Teams
Célia Romão - Research Scientist.
Unit/Structural Genomics laboratory.

Macromolecular

Crystallography

Research interests
Determination of biological macromolecules 3D structures using X-rays
diffraction analysis. Iron metabolism.
www.itqb.unl.pt/research/biological-chemistry/structural-genomics

João Vicente- Research Scientist.
Unit/Structural Genomics laboratory.

Macromolecular

Crystallography

Research interests
Functional and structural characterization of human enzymes involved in
biosynthesis and breakdown of hydrogen sulfide and low molecular weight
persulfides. Complementary to a deeper understanding of these enzymes within
human (patho)physiology, an active search for compounds with potential to
modulate their activity is underway, combining several biophysical and
biochemical methodologies.
www.itqb.unl.pt/research/biological-chemistry/structural-genomics

Catarina Pimentel - Research Scientist. Genomics and Stress Laboratory.
Research interests
Study of the mechanisms involved in homeostasis control in yeast cells
exposed to different environmental stresses.
www.itqb.unl.pt/research/biological-chemistry/genomics-and-stress-laboratory

Tiago Cordeiro- Assistant Researcher. Dynamic Structural Biology laboratory.
Research interests
Discovery of the underlying principles of protein disorder in biology and disease,
using NMR and solution small-angle scattering (X-rays and neutrons, i.e. SAXS
and SANS).
Insights into structural dynamics and interactions of structurally disordered
proteins underlying key biological processes, such as bacterial pathogenesis
and chronic infections
www.itqb.unl.pt/research/biological-chemistry/dynamic-structuralbiology/Tiago%20N.%20Cordeiro%20Lab
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Consorzio Interuniversitario Risonanze Magnetiche di Metallo
Proteine (CIRMMP), Italy
Universities of Florence, Bologna and Siena, together with the Florence
Magnetic Resonance Center (CERM)
Research in structural biology of metalloproteins and in the study of
metals in biological systems, both in vitro and in living cells and is a core
center of Instruct-ERIC.
Infrastructure for structural biology, molecular biology, protein/complex
structure determination, functional characterization, drug discovery,
structure based vaccine design, bioinformatics, NMR methodology,
relaxometry and metabolomics.
www.cerm.unifi.it/cirmmp-sp-2001548042

CIRMMP/CERM Research Facilities
 NMR spectrometers, for solution and solid state, which span the largest
range of existing magnetic fields that allows to study: i) structure and
dynamics of macromolecules with dedicated hardware, and ii) from highly
transient to stable protein-protein and protein-DNA interactions, iii) in living
cells characterization of biomolecules and functional processes.
 High-resolution NMR spectrometers ranging from 400 MHz to 950 MHz with
several (Cryo)probes and Automatic Sample Changer for perform automatic
(continuous) 1D and 2D NMR experiments for library screening.
 One 700 MHz NMR equipped with a TXO CryoProbe specifically designed
for 13C-direct detection NMR experiments with 1H, 2H, 13C and 15N
decoupling capabilities.
 One 400 MHz equipped with a dedicated probe to investigate large spectral
window (paramagnetic systems).
 One 800 MHz with 4 channel probe (with XYZ gradients) and two high-power
probes for the study of fast-relaxing systems.
 Probes that cover a wide range of frequencies, including very low-frequency
nuclei and several metal nuclei, such as 57Fe, are also available.
 One 700 MHz and the 850 MHz are wide-bore instruments equipped with
MAS accessories for solid-state samples with double and triple resonance
samples with double and triple resonance probes (4 mm, 3.2 mm and 1.3
mm).
Kick-off meeting – Sintra 2018
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 One 600 MHz is equipped with HR-MAS accessories.
 Low field end instruments for the measurement of nuclear relaxation at
various magnetic fields: a Fast Field Cycling Relaxometer, operating in the
0.01- 40 MHz range.
 Advanced molecular biology laboratories, robotized for high-throughput
protein production, for stable isotope labelling, either uniformly or selectively.
 Eukaryotic cell biology labs with laminar flow hoods and CO2 incubators for
growth and transfection of mammalian cells, and equipment for
immunohistochemistry and Western Blotting.
 Biophysical laboratory with dynamic light scattering, EPR, CD, stopped-flow,
fluorimetry, UV-visible spectrophotometers, isothermal micro-calorimeter and
differential scanning calorimeter, atomic absorption (ICP-MS).
 Laboratories equipped for mass spectrometry (ESI and MALDI-TOF), X-ray
diffraction, and high field EPR, are flanking the NMR-RI.
 A computational infrastructure with a cluster for the more intensive
calculations, with 16 blades harbouring a total of 80 CPU cores. Integrated
databases and software for genome browsing, metal binding analysis,
structure calculation with/without paramagnetic restraints, sequence
validation, domain organization, evolution, protein complex analysis.
 Ten servers host services from web pages to databases and enable access
to the European Grid. The grid and cloud-based services of CERM/CIRMMP
are currently being provided via the West-Life Virtual Research Environment
(VRE). Over 20 graphic workstations are available for interactive NMR data
processing and analysis, spectral assignment, structure calculations and
validations, genome browsing, molecular docking.

Core Teams
Claudio Luchinat – Full professor, CERM Director
Research interests
Structural Biology, biophysics, relaxometry, food chemistry, drug discovery and
metabolomics. His biophysical activity extends to SS-NMR.
www.cerm.unifi.it/people/claudio-luchinat
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Lucia Banci –Full professor
Research interests
Structural Biology in solution through high resolution NMR and structural
proteomics.
Expertise in characterizing protein-protein interactions including weak, transient
ones and determination of protein´s structures.
www.cerm.unifi.it/people/lucia-banci

Mario Piccioli -Associate Professor
Research interests
Structural biology of metalloproteins, with a specific interest on Iron Sulfur
Proteins
Development of NMR methodologies with particular concern of paramagnetic
systems.
www.cerm.unifi.it/people/mario-piccioli

Francesca Cantini -Research Scientist
Research interests
Structural biology-study of structural and dynamic characterization of proteins
and metalloproteins through NMR spectroscopy.
Expertise on characterizing protein-protein and protein-small molecules
interactions.
Collaborator of GSK Vaccine for developing and designing broadly protective
vaccines against various pathogens.
www.cerm.unifi.it/people/francesca-cantini
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Institute of Chemistry in the Faculty of Mathematics and Natural
Sciences at the Technische Universität Berlin (TUB), MaxVolmer Laboratory, Germany
TUB Research Facilities
As a technical University, research at the TU Berlin is focused on engineering
and natural sciences. The TU Berlin thus provides a wide range of research
facilities that are also relevant for experimental and theoretical studies of the
present consortium.

TIMB3 Laboratories
 Four state-of-the art set-ups for Raman spectroscopy, equipped with
polychromatic detection systems and various cw-lasers providing excitation
lines from the near UV to the near infrared spectral region.
 UV-Visible absorption, fluorescence, and electron paramagnetic resonance
spectroscopies, electrochemical techniques
 Genetic engineering and protein crystallography that are, in part, employed in
collaboration with other research groups inside and outside the Max-Volmer
Laboratory.
 Expertise in experimental studies that are complemented by theoretical
methods such as quantum chemical calculations, molecular dynamics
simulations, and advanced hybrid methods.

Core Teams
Peter Hildebrandt- Full Professor
Research interests
Static and time-resolved Raman and infrared absorption spectroscopic static
experiments at various temperatures as well as time-resolved experiments
down to the long nanosecond time-scale.
Analysis of structure-dynamic-.function relationships in enzymes
photoreceptors, mainly using vibrational spectroscopic techniques

and

Investigation of elementary chemical processes of complex biological systems,
in particular, electron transfer of redox proteins and catalytic mechanism of
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metalloenzymes, interfacial processes of proteins and peptides at model
membranes, and structure and dynamics of biological photoreceptors.
Analysing local electric field effects on biological processes
The Hildebrandt group is integrated in several major research consortia in
Berlin- Cluster of Excellence UniCat and the just approved Cluster UniSysCat,
Einstein Center of Catalysis, and the Collaborative Research Center 1078.
www.biophys-chemie.tu-berlin.de/menue/about_us/chair/parameter/en/

Oliver I. Lenz- Biochemistry of Gas-Converting Biocatalysts Laboratory
Research interests
Biocatalysts involved in gas conversion.
Genetic engineering,
metalloenzymes.

molecular

biology

and

biochemistry

of

complex

Regulation, biosynthesis and function of O2-tolerant hydrogenases.
Application of H2-converting biocatalysts in enzymatic biofuel cells.
www.chemie.tu-berlin.de/dr_oliver_lenz/home/parameter/en/

Dr. Ingo Zebger -IR spectroscopy of metalloenzymes Laboratory
Research interests
Elucidation of molecular processes in redox proteins and metalloenzymes in
solution as well as in the crystalline and immobilized state,
Vibrational spectroscopic techniques combined with electrochemical methods.
www.biophys-chemie.tuberlin.de/menue/research_groups/ingo_zebger/parameter/en/
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O. Lenz-Deciphering the O2 tolerance of certain [NiFe]hydrogenases
Technische Universität Berlin, Institut für Chemie, Berlin, Germany
Some bacteria are able to energize their aerobic respiratory chain by using
“high- energy” electrons derived from H2 oxidation. This facultative process is
mediated by so- called oxygen-tolerant [NiFe]-hydrogenases present aerobic
H2 oxidizers [1]. The probably best known representative is the “Knallgas”
bacterium Ralstonia eutropha H16, which synthesizes four phylogenetically
distinct O2-tolerant [NiFe]-hydrogenases [2] (Fig. 1). Molecular oxygen usually
acts as a potent inhibitor of hydrogenases, but O2- tolerant enzymes have
evolved mechanisms to circumvent O2-mediated irreversible inactivation [3-5].
These mechanisms seem not to be unified and will be discussed.
Figure 1. In Ralstonia eutropha H16, four different [NiFe]-hydrogenases
catalyse H2 conversion into 2 e- and 2 H+ in the presence of O2.

[1] Schwartz, E. et al. In The Prokaryotes, Rosenberg E, DeLong E, Lory S,
Stackebrandt E, Thompson F, eds (Springer Berlin Heidelberg), 2013, 119.
Lenz. O. et al. In Biohydrogen, M. Rögner, ed. (De Gruyter), 2015, 61
Frielingsdorf, S., et al. Nat. Chem. Biol., 2014, 10, 378.
Lauterbach, L., Lenz O.,. J. Am. Chem. Soc., 2013, 135, 17897.
Hartmann, S., et al. Biochemistry, 2018, 57, 5339.

[2]
[3]
[4]
[5]
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I. Cardoso Pereira-Research at the BEM Lab of ITQB NOVA
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova
de Lisboa, Av. da República, 2780-157 Oeiras, Portugal

Research at the Bacterial Energy Metabolism Lab of ITQB NOVA is focused
around three main topics:
i)

the study of the respiratory chain of sulfate reducing organisms;

ii)

hydrogen and formate metabolism;

iii)

exploring

anaerobic

organisms

for

bioremediation

and

bioenergy

applications
In this talk I will present a brief overview of recent work on the first two topics,
which focus on several metalloproteins that are key to dissimilatory sulfite
reduction, including the QmoABC, DsrMKJOP and QrcABCD respiratory
membrane complexes1, the dissimilatory sulfite reductase DsrAB2, the HysAB
[NiFeSe]

hydrogenase3

and

the

tungsten-binding

FdhAB

formate

dehydrogenase.

1- Rabus R, Venceslau SS, Wöhlbrand L, Voordouw G, Wall JD and Pereira IAC
(2015) A Post-Genomic View of the Ecophysiology, Catabolism and
Biotechnological Relevance of Sulphate-Reducing Prokaryotes. Adv. Microb.
Physiol. 66, 55-321
2- Santos A, Venceslau SS, Grein F, Leavitt WD, Dahl C, Johnston DT and Pereira
IAC (2015) A protein trisulfide couples dissimilatory sulfate reduction to energy
conservation. Science 350, 1541-1545
3- Marques MC, Tapia C, Gutiérrez-Sanz O, Ramos AR, Keller KL, Wall JD, De
Lacey AL, Matias PM*, Pereira IAC* (2017) The direct role of selenocysteine in
[NiFeSe] hydrogenase maturation and catalysis. Nature Chem. Biol., 13, 544-550
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I. Zebger-Vibrational spectroscopic studies of hydrogenases
Marius Horcha,c, Elisabeth Sieberta, Sagie Katza, Christian Lorenta, Stefan
Frielingsdorfa, Lars Lauterbacha, Peter Hildebrandta, Oliver Lenza, Ingo Zebgera
a

Institut für Chemie, Technische Universität Berlin, Str. des 17. Juni 135, 10623
Berlin, Germany
b
Chemistry, University of York, Heslington, York, Y010 5DD, United Kingdom

Vibrational spectroscopic techniques play a central role in the molecular
characterization of hydrogenases and other metalloproteins. Different
techniques probe individual subsets of molecular vibrations, thereby providing
complementary information on structure and function. In this respect, IR
spectroscopy represents a well established technique that can inter alia monitor
the stretching vibrations of the inorganic CO/CN- ligands at the active site of
hydrogenases, sensitive to subtle differences in the electron density of different
(catalytic) redox intermediates. Notably, these vibrations occur in a spectral
window that is free of other signals from biological compound, allowing to
characterize hydrogenases under most representative condi-tions (cell extracts,
membrane fragments, even whole cells) for a comparison with the purified
enzyme. Using this approach, the bidirectional, soluble NAD+-reducing
hydrogenase (SH) from R. eutropha (Re) has been probed in whole cells,
revealing a standard ligation (one CO, two CN-) compared to the isolated fully
oxidized enzyme, which exhibiting additional CN stretching bands. In
conjunction with quantum chemical methods, these features could be explained
by a reversible sulphoxygenation of active site cysteines, suggested to play a
central role in the enzyme’s O2 tolerance.[1] In case of the Re membrane bound
hydrogenase (MBH), an unprecedented [4Fe3S] cluster with a dynamic
donation capacity, is supposedly involved in the O2 detoxification.[2, 3] The
MBH was studied in form of single crystals[4], in the bulk phase[2] or after
immobilization even on electrode surfaces to allow spectro-electrochemical
studies, all yielding further mechanic insights. Recently, RR spectroscopy,
which provides selective access to certain metal-ligand vibrations and thereby
structural information on the underlying molecular coordinates, could be applied
for the first time to the active site of [NiFe] hydrogenases. Supported by
theoretical methods, these studies revealed important structural, electronic, and
(photo)chemical aspects of two central catalytic intermediates of the [NiFe]
center. Moreover, this technique provided valuable information on the [4Fe3S]
cluster of the MBH.[1, 3, 4].
[1] M. Horch, P. Hildebrandt, I. Zebger; Phys. Chem. Chem. Phys. 2015, 17, 18222.
[2] T. Goris et al.; Nat. Chem. Bio. 2011, 7, 310
[3] S. Frielingsdorf et al.; Nat. Chem. Bio. 2014, 10, 378.
[4] E. Siebert, et al.; J. Phys Chem. B 2015, 119, 13785.
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M.Piccioli- Metal sites in proteins studied via paramagnetic
NMR
Magnetic Resonance Center and Department of Chemistry, University of
Florence, Via L Sacconi 2, 50019 Sesto Fiorentino Italy
NMR combines the possibility to obtain structure and internal dynamics of
proteins with the availability of information on the electronic properties and on
redox states of metal centres in proteins. On the one hand, this unique feature
has produced very many solution structures of paramagnetic metalloproteins
and provided detailed analysis of redox dependent structure and dynamics
properties; on the other hand, when the complete solution structure cannot be
obtained, shift and relaxation properties of nuclear spins close to the metal
centre can monitor catalytic processes occurring at metal sites and provide
snapshots of biogenesis processes involving paramagnetic centres. We will
present an overview of methodological aspects at the current state of the art
and discuss a few selected cases.
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L. Saraiva- Pathogens’ defences: Fe-S repair by di-iron
proteins, and haem homeostasis
Lígia M. Saraiva, Liliana OS Silva, Marco AM Videira
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova
de Lisboa, Av. da República, 2780-157 Oeiras, Portugal
Repair of Iron Centres proteins (RIC) are di-iron proteins widely spread in
human pathogens. RICs promote the repair of Fe-S proteins damaged by
chemical stresses imposed by the host immune system, and are believe to do it
by delivering iron for the rebuilt of the dismantled cluster. Detailed spectroscopic
and crystallographic studies had been uncovering the structural-function
relationship of several of its amino acid residues. More recently, we revealed
that, in E. coli, RIC interacts with the DNA-binding protein from starved cells
(Dps), which is an iron-storage protein of the ferritin superfamily that also
protects cells from oxidative stress. Haem is a life supporting molecule that is
ubiquitous in all major kingdoms of life. In some pathogens, its importance is
highlighted by the apparent redundancy of two systems, one that endogenously
synthesizes haem, and the other, which captures haem from the host. We have
been identifying and studying the enzymes involved in these pathways and,
through protein-protein experiments, we showed that the two systems
communicate with each other.

-Justino, M et al. (2007). Escherichia coli di-iron YtfE protein is necessary for the repair
of stress-damaged iron-sulfur clusters. J Biol Chem 282:10352.
-Nobre, LS et al. (2014). Escherichia coli RIC is able to donate iron to iron-sulfur
clusters. PloS one, 9(4):e95222.
-Lobo SA et al. (2015) Staphylococcus aureus haem biosynthesis: characterisation of
the enzymes involved in final steps of the pathway. Mol Microbiol 97: 472
-Videira MAM. (2018) Staphylococcus aureus haem biosynthesis and acquisition
pathways are linked through haem monooxygenase IsdG. Mol Microbiol 109 : 385
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V. Nasta-Molecular aspects of the iron sulfur protein
biogenesis: the role of IBA57
V. Nasta1, S. Gourdoupis1, V. Calderone1, S. Ciofi-Baffoni1, L. Banci1.
1

Magnetic Resonance Center CERM, University of Florence, Via Luigi Sacconi
6, 50019 Sesto Fiorentino, Florence, Italy

The biogenesis of iron-sulfur (Fe-S) proteins in humans is a multistage process
occurring in different cellular compartments. The mitochondrial iron-sulfur
cluster (ISC) assembly machinery is the crucial cellular component required for
the maturation of mitochondrial and cytosolic/nuclear Fe–S proteins.(1) Several
functional and molecular aspects of the protein networks operative in this
machinery are still unknown. Through a variety of biophysical and spectroscopic
techniques, with an emphasis on NMR spectroscopy, we work to elucidate the
molecular mechanisms of this pathway.
Here is reported the specific case of human IBA57 protein, which is proposed to
act in a late phase of this machinery, along with GLRX5, ISCA1, and ISCA2.
However, a molecular picture on how these proteins cooperate is not defined
yet.
We show here that IBA57 forms a heterodimeric complex with ISCA2 by
bridging a [2Fe-2S] cluster, that [2Fe-2S] cluster binding is absolutely required
to promote the complex formation (2). The [2Fe-2S] heterodimeric complex is
the final product when IBA57 is either exposed to [2Fe-2S] ISCA2 or in the
presence of [2Fe-2S] GLRX5 and apo ISCA2. We also find that the [2Fe-2S]
ISCA2-IBA57 complex is resistant to highly oxidative environments and is
capable of reactivating apo aconitase in vitro. (2)
Collectively, our data delinate a [2Fe-2S] cluster transfer pathway involving
three partner proteins of the mitochondrial ISC machinery, i.e. GLRX5, ISCA2
and IBA57.
1. Ciofi-Baffoni S, Nasta V, Banci L. Metallomics. 2018
2. Gourdoupis S*, Nasta V*, Calderone V, Ciofi-Baffoni S, Banci L. J Am Chem Soc.
2018
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F.Cantini-Investigating the role of human CIAO1-CIA2A
complex in the maturation of aconitase
Vincenzo Maione a, Francesca Cantini a,b, Mirko Severi b, Lucia Banci a,b
a

Magnetic Resonance Center (CERM) – University of Florence, Italy,
b
Department of Chemistry - University of Florence, Italy

The CIA2A protein, in complex with CIAO1, has been proposed to be
exclusively implicated in the maturation of cytosolic aconitase1. However, how
the CIA2A-CIAO1 complex generates active aconitase is still unknown and the
available structural information has not provided any crucial insights into the
molecular function of CIA2A. We have characterized the Fe/S cluster binding
properties of CIA2A and of the CIA2A-CIAO1 complex via NMR, UV−vis
absorption and EPR spectroscopies and we have investigated how the Fe/S
cluster is transferred to inactive aconitase/IRP1 protein. We found that an
heterotrimeric species formed by two molecules of CIA2A and one of CIAO1
can bind one [4Fe-4S] cluster and that residue Cys90 of CIA2A is one of the
cluster ligand. The holo trimeric complex is able to transfer the [4Fe-4S] cluster
to apo-IRP1 thus generating the active form of aconitase. These findings, which
highlight a functional role for CIA2A-CIAO1 complex in aconitase maturation,
raises a broad interest and can have a high impact on the community studying
metal trafficking and iron-sulfur protein biogenesis. The present study can
provide solid bases for further investigation of the molecular mechanisms
involving also other CIA machinery proteins.

1

O. Stehling, J. Mascarenhas, A.A. Vashisht, A.D. Sheftel, B. Niggemeyer, R. Rösser,
A.J. Pierik, J.A. Wohlschlegel, R. Lill, Cell Metab. 18 (2013) 187–198.
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R. Louro- Cytochromes and ferredoxins, how to make them,
what they do and how they do it
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova
de Lisboa, Av. da República, 2780-157 Oeiras, Portugal

Iron is one of the most versatile transition metals in biological systems.
Cytochromes and ferredoxins are iron proteins found widespread across all
domains of life, and among the most ancient metalloproteins.
The assimilatory iron metabolism uses siderophores, chelators that strongly
bind extracellular ferric iron and are recovered by cellular uptake systems.
However, intracellular iron release from the ferric-siderophore complexes is not
spontaneous, and involves the activity of a broad group of proteins named
Siderophore-Interacting Proteins that include flavoproteins and ferredoxin-like
proteins. These play a crucial role in providing iron for the subsequent assembly
of metalloproteins such as cytochromes, which in turn, requires the activity of
molecular chaperones. In the case of c-type cytochromes, these chaperones
bring the heme in the correct redox state together with the apo-protein in a
specific orientation for the covalent bonds to form. A variety of those
chaperones exist and their mechanisms are still debated.
Iron also plays a crucial biological role as terminal electron acceptor for the
anaerobic dissimilatory metabolism of numerous microorganisms. Since iron is
mostly insoluble in our present atmosphere, this process requires that
microorganisms perform extracellular electron transfer to connect the cell
metabolism to extracellular iron minerals. Multiheme cytochromes c and
ferredoxins play key roles in this process.
The structure and electron transfer mechanisms of these proteins and the
metabolic processes that they sustain are being explored by a combination of
molecular biology, spectroscopy and electrochemical methods, to guide the
development of biotechnological solutions for challenges in health and
sustainability.
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S. Todorovic-Mechanistic and applied aspects of redox
metalloproteins: surface enhanced resonance Raman spectroelectrochemistry
Smilja Todorovic, Célia Silveira, Kelly Frade, Ligia Martins and Elin Moe
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova
de Lisboa, Av. da República, 2780-157 Oeiras, Portugal
Surface enhanced resonance Raman (SERR) spectro-electrochemistry can
provide unique information about mechanistic and applied aspects of redox
metalloenzymes, including those that perform their physiological function in the
immobilized state (e.g. membrane proteins). Wiring of metalloenzymes to
conductive supports also represents a crucial step in the construction of the 3ed
generation (bio)catalytic and sensoric devices, which rely on DET between the
immobilized enzyme and the electrode. The critical point is the immobilization of
the enzyme under preservation of its structural, thermodynamic and catalytic
properties, and SERRS can provide in situ information on these parameters,
allowing for prediction of the enzyme efficiency in actual devices.
We have shown, employing SERRS, that immobilized heme containing DyP
peroxidases represent promising candidates for the use in construction of
biosensors for detection of H2O2 [1]. The structural integrity, electrocatalytic
activity in the presence of H2O2 and preservation of thermodynamic properties
in the immobilized state were, nevertheless, achieved only for some DyPs. We
are currently searching for the structural determinants of this behaviour and
testing the immobilized DyPs as biocatalysts for degradation of inert organic
substrates, employing enzymes from distinct subfamilies and their variants [13]. The first SERR spectra of a non-hemic protein were reported only recently
for a [4Fe–4S]2+ cluster containing DNA repair endonuclease III, immobilized on
electrodes coated with the enzymes´ substrate [4]. The nature of the redox
active species was unambiguously identified for the first time in a DNA
glycosylase by SERRS.

1. Sezer, M., Santos, A., Kielb, P., Pinto, T., Martins, L., Todorovic, S. (2013)
Biochemistry 52:3074
2. Sezer, M., Genebra, T., Mendes, S., Martins, L., Todorovic, S. (2012) Soft Matter
8:10314
3. Frade, K., Silveira, C., Silva, D., Mendes, S., Martins, L., Silva, J., Frazão, C., Moe,
E.,Todorovic, S. (2018) in preparation
4. Moe, E., Sezer, M., Hildebrandt, P., Todorovic, S. (2015) Chem Comm 51:3255
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M. Pereira-Exploring bacterial respiratory chains
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova
de Lisboa, Av. da República, 2780-157 Oeiras, Portugal
Departamento de Química e Bioquímica, Faculdade de Ciências, Universidade
de Lisboa, 1749-016 Lisboa, Portugal
Acquisition of energy is central to life as all organisms depend on constant
energy transduction mechanisms to grow and reproduce themselves. In this
regard Prokaryotes are amazingly versatile and robust organisms. They have
an adaptable metabolism and present a diversity of respiratory chains, allowing
the use of a plethora of different electron donors and acceptors.
We explored the diversity of membrane respiratory chains and the presence of
the different enzyme complexes in the several phyla of life. We performed
taxonomic profiles of the several membrane bound respiratory proteins
evaluating the presence of their respective coding genes in all species
deposited in KEGG database. We analyzed 26 quinone reductases, 5
quinol:electron carriers oxidoreductases and 18 terminal electron acceptor
reductases. We concluded Chemiosmosis is present in all organisms.
We have been also investigating respiratory complexes at the protein level, as
exemplified by our studies on Alternative Complex III (ACIII), a new
quinol:cytochrome c/HiPIP oxidoreductase. ACIII is a multisubunit complex with
four transmembrane subunits and three peripheral subunits a pentaheme and a
monoheme cytochromes and a large [Fe-S] clusters containing subunit. We
have been performing a thorough functional and structural characterization of
ACIII, using several complementary biochemical and biophysical approaches,
including enzymatic assays, electrochemistry, 1H-NMR spectroscopy and
single-particle cryo-electron microscopy. All these findings strongly contribute to
the unraveling of the operative mechanism of ACIII.
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P. Hildebrandt- Vibrational spectroscopic approaches to
elucidate reaction mechanisms of metalloproteins
Technische Universität Berlin, Institut für Chemie
This contribution represents an overview about the approaches and topics in
our lab. We primarily employ vibrational spectroscopic methods to study
elementary chemical and physical processes in biological systems. The
techniques, predominantly Raman and IR spectroscopies, are tailored to
adequately address the elucidation of structure-dynamics-function relationships
in
(a)
redox enzymes and electron transfer proteins, specifically their actions at
charged interfaces
(b)
photoreceptors such as phytochromes and rhodopsin enzymes
(c)
proteins and peptides interacting with membranes, with specific attention
to electric field effects
The techniques allow for the vibrational spectroscopic analysis of proteins in the
crystalline state as well as in solution and immobilised in/at model membranes
on electrodes with special emphasis on set-ups that mimic as much as possible
physiological reaction conditions. We are tightly collaborating with partners from
structural and molecular biology, synthetic chemistry as well as theory, aiming
at a comprehensive picture of the molecular functioning of the target proteins.
An overarching objective of our studies is to determine cause-effect
relationships that govern the proteins´ processes.

(1) Schmidt A, Sauthof L, Szczepek M, Fernandez Lopez M, Velazquez Escobar F,
Qureshi BM, Michael N, Buhrke D, Stevens T, Kwiatkowski D, von Stetten D, Mroginski
MA, Krauß N, Lamparter T, Hildebrandt P, Scheerer P (2018) Structural snapshot of a
bacterial phytochrome in its functional intermediate state. Nat. Comm. Accepted.
(2) Biava H, Schreiber T, Katz S, Völler JS, Stolarski M, Schulz C, Michael N, Budisa
N, Kozuch M, Utesch T, Hildebrandt P. (2018) Long-Range Modulations of Electric
Fields in Proteins. J. Phys. Chem. B., 122, 8330–8342.
(3) Forbrig E, Salewski J, Mroginski MA, Hildebrandt P, Kozuch J (2018) Monitoring the
Orientational Changes of Alamethicin Incorporating into Bilayer Lipid Membranes.
Langmuir, 34, 2373–2385.
(4) Werther T, Wahlefeld S, Salewski J, Kuhlmann U, Zebger I, Hildebrandt P, Dobbek
H (2017) Redox-dependent substrate-cofactor interactions in the Michaelis-complex of
a flavin-dependent oxidoreductase. Nature Comm. 8, 16084.
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L. Banci-Cellular Structural Biology: from protein
structures to functional processes in a cellular context
CERM and Dept. of Chemistry, University of Florence
NMR spectroscopy can provide unique contributions to describe cellular
processes. NMR is indeed suitable not only to characterize the structure and
dynamics of biomolecules but, even more importantly, to describe transient
interactions and functional events with atomic resolution in a cellular context.
This approach builds on the development of suitable methodologies capable of
addressing multiple, specific, and sometimes non conventional aspects for
describing functional processes in living cells. Integration of these data with
those obtained in vitro is also a key aspect.
I will present some examples on how NMR can contribute to advance the
knowledge on functional processes. They often involve interactions which are
transient in nature, and therefore which can be suitably studied by NMR, which
can also characterize processes in living cells with atomic resolution. Transient
interactions are occurring in metal transfer processes, where metal ions are
transferred from metal transporters to the final recipient proteins through
transient protein-protein interactions1,2. The presence of paramagnetic centers,
such as iron-sulfur clusters, dramatically affects the NMR spectra, requiring the
integration of multiple techniques. The power of NMR in describing cellular
pathways at atomic resolution in a cellular environment will be presented for a
few processes responsible for copper trafficking in the cell and for the
biogenesis of iron-sulfur proteins. New major advancements in in-cell NMR3 and
in the characterization of highly paramagnetic systems4 will be also discussed
within an integrated approach where, from single structures to protein
complexes, the processes are described in their cellular context within a
molecular perspective.

1

Banci L, Bertini I, Cantini F and Ciofi-Baffoni S. Cellular copper distribution: a
mechanistic systems biology approach. Cell Mol Life Sci: 67, 2563-2589, 2010.
2

Banci L, Bertini I, Ciofi-Baffoni S, Kozyreva T, Zovo K and Palumaa P. Affinity
gradients drive copper to cellular destinations. Nature 465: 645-648, 2010
3

Banci, L., Barbieri, L., Bertini, I., Luchinat, E., Secci, E., Zhao, Y., and Aricescu, A. R.
Atomic-resolution monitoring of protein maturation in live human cells. Nat.Chem.Biol.
9, 297-299, 2013.
4

Ciofi-Baffoni S, Nasta V, Banci L. Protein networks in the maturation of human ironsulfur proteins. Metallomics. 10, 49-72, 2018
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E. Moe-Studying the role of metal centers in DNA repair- A
crystallographer’s view
Elin Moe, Filipe Rollo, Célia Silveira and Smilja Todorovic
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova
de Lisboa, Av. da República, 2780-157 Oeiras, Portugal
If DNA damages in our genome are left unrepaired they can generate
mutations, replication errors and persistent DNA damage which ultimately can
lead to cancer and premature aging. Endogenous base damages like
deamination, alkylation, oxidation and single-strand breaks are repaired in the
Base Excision Repair (BER) pathway, which is highly conserved from bacteria
to man. BER is initiated by DNA glycosylases which recognise the damaged
bases, remove them and generate an a basic site which is further processed
and repaired by a purinic (AP) endonucleases, DNA polymerases and DNA
ligases. Some of the DNA glycosylases which are involved in repair of oxidation
damaged DNA, have iron-sulfur clusters. The role of these clusters are not
clear. Initially they were thought to have a structural function [1], however in
2005 it was reported that they were used in DNA mediated redox activation and
charge transfer for DNA damage signalling [2]. We recently addressed this
model by studying Endonuclease III (EndoIII) from the extremely radiation
resistant bacterium Deinococcus radiodurans by Surface Enhanced Resonance
Raman (SERR) spectroscopy, Surface Enhanced Infra-Red Absorption (SEIRA)
and electrochemistry. Our results show that the cluster can be redox activated
by molecules other than DNA, questioning the above mentioned signalling
model [3,4]. Currently we are searching for other moieties that can act as
signalling molecules and investigating the impact caused by the simultaneous
presence of other enzymes from the BER pathway, using structural and
biophysical approaches and native and mutated enzymes. We have also
initiated studies of the homologous human enzyme.
[1] R.P. Cunningham, H. Asahara, J.F. Bank, C.P. Scholes, J.C. Salerno, K. Surerus,
E. Munck, J. McCracken, J. Peisach, M.H. Emptage, Biochemistry 28 (1989) 4450–
4455.
[2] A.K. Boal, E. Yavin, O.A. Lukianova, V.L. O’Shea, S.S. David, J.K. Barton,
Biochemistry 44 (2005) 8397–8407.
[3] E. Moe, M. Sezer, P. Hildebrandt, S. Todorovic, Chem Commun 51 (2015) 3255–
3257.
[4] E. Moe, F. Rollo, C.M. Silveira, M. Sezer, P. Hildebrandt, S. Todorovic,
Spectrochim. Acta - Part A Mol. Biomol. Spectrosc. 188 (2018) 149–154.
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M. Teixeira-Metalloenzymes for microbial oxidative and
nitrosative stress responses
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova
de Lisboa, Av. da República, 2780-157 Oeiras, Portugal
Oxygen is a toxic species to all life forms, directly or upon subsequent univalent
reductions, that give rise to reactive oxygen species (ROS). Therefore, all
organisms are endowed with enzymes to directly reduce it to water and/or
scavenge ROS1,2. ROS, together with nitric oxide (NO), are among the chemical
weapons of the innate immune system to fight pathogens. The flavodiiron
proteins are a family of cytoplasmic enzymes able to convert O2 into H2O, thus
contributing to combat oxidative stress by, simultaneously, eliminating oxygen
and, indirectly, decreasing the formation of ROS 3. Some FDPs also have the
capability of reducing NO to N2O4. Flavodiiron proteins are widespread in the
three life Kingdoms and are metalloenzymes with a mosaic structure, having as
the minimal core unit a homodimer, each monomer having a diiron-containing
and an FMN containing domains. In our Laboratory we also study two other
families of enzymes involved in microbial ROS detoxification: i) the superoxide
reductases, which reduce the superoxide anion to H2O2, having as the catalytic
site a ferrous ion coordinated to four equatorial histidines and one axial
cysteine2, and ii) H2O2 reductases, harbouring a diiron-catalytic site. Examples
of these types of enzymes will be discussed, highlighting their Lego-like
structures, their enzymatic and spectroscopic properties.

1-Marreiros BC, Calisto F, Castro PJ, Duarte AM, Sena FV, Silva AF, Sousa
FM, Teixeira M, Refojo PN, Pereira MM, 2016, Exploring membrane respiratory chains,
Biochimica et Biophysica Acta Bioenergetics, 1857,1039-67
2-Sheng Y, Abreu IA, Cabelli DE, Maroney MJ, Miller AF, Teixeira M, Valentine JS.,
2014, Superoxide dismutases and superoxide reductases., Chem Rev. 2014 ,
114(7):3854-918
3-Romão CV, Vicente JB, Borges PT, Frazão C, Teixeira M., 2016, The dual function
of flavodiiron proteins: oxygen and/or nitric oxide reductases. J Biol Inorg Chem.,
21,39-52.
4-Romão CV, Vicente JB, Borges PT, Victor BL, Lamosa P, Silva E, Pereira L,
Bandeiras TM, Soares CM, Carrondo MA, Turner D, Teixeira M, Frazão C. 2016,
Structure of Escherichia coli Flavodiiron Nitric Oxide Reductase. J Mol Biol. 428, 46864707
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Intracellular targets of the antimicrobial CORM-3 analysed by
NMR and Mass Spectrometry Metabolomics
Sandra M Carvalho and Lígia M Saraiva

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

Carbon monoxide-releasing molecules (CORMs) are transitional metal carbonyl
complexes with, at least, one CO group as coordinated ligand. These
compounds are potential pro-drugs for treatment of vascular- and inflammatoryrelated diseases (1, 2). Moreover, CORMs are also antimicrobial agents against
several bacteria, fungi and parasites (1-6). However, how CORMs exert their
bactericidal action remains elusive.
We have performed a metabolomics study to probe the intracellular targets of
the

prototype

CORM-3,

a

water-soluble

ruthenium

(II)

complex

Ru(CO)3Cl(glycinate), on the model bacteria Escherichia coli. Altogether, the
results have shown that CORM-3 inhibits the TCA cycle and triggers the
glycolysis pathway in order to re-establish an adequate energy and redox
homeostasis balance of the bacterial cells that is modified by the compound.

1.Nobre et al., 2007. Antimicrob. Agents Chemother. 51, 4303–7.
2.Wareham et al., 2015. J Biol Chem. 290, 18999-9007.
3.McLean et al., 2013. Antioxid Redox Signal. 19, 1999-2012.
4.Nobre et al., 2009. Microbiology. 155, 813-24.
5.Tavares et al., 2011. J Biol Chem. 286, 26708-17.
6.Nobre et al., 2016. Dalt. Trans. 45, 1455–1466.
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Biochemical and biophysical characterization of the large
subunit HoxC of the regulatory hydrogenase from Ralstonia
eutropha
Caserta G., Lorent C., Zebger I., Hildebrandt P., Cramer S. P. and Lenz O.
Technische Universität Berlin, Max-Volmer-Laboratorium, PC 14, Straße des
17. Juni 135
Water splitting into H2 and O2 represents nowadays one promising
strategy for the development of an economically convenient hydrogen
exploitation. This strategy takes inspiration from photosynthesis and current
research targets cheap, earth-abundant and efficient catalysts to make this
reaction feasible.1 Because of their remarkable performances, enzymes and
their implementation into bioelectrodes (e.g. biofuel cell) are extensively studied
in this respect. One important example is hydrogenase, which catalyzes the
reversible conversion of H2 into protons and electrons, by making use of
abundant metals nickel and/or iron.2 Hydrogenases are fraught with drawbacks,
which still need to be overcome before exploitation in biotechnological devices.
One obstacle is the limited tolerance towards molecular oxygen, as O2 can
severely damage the catalytic cofactor. However, evolutionary pressure
revealed a limited number of hydrogenase species that sustain catalytic activity
under oxygenic conditions. These hydrogenases are designated as “O 2tolerant”. An outstanding member of the phylogenetically diverse family O 2tolerant [NiFe]-hydrogenases is the regulatory hydrogenase (RH) of the βproteobacterium Ralstonia eutropha.3 In its host, the RH is responsible for H2sensing,4 and the protein is comprised of a large subunit, HoxC, containing the
[Ni-Fe(CO)(CN)2] cofactor, and a small subunit, HoxB, harbouring three [4Fe4S] clusters.
Here we show that the RH large subunit HoxC can be purified
independent of the presence of the [FeS] cluster-carrying subunit. We
characterized HoxC by using multiple spectroscopic techniques, which indicate
the incorporation of a correctly assembled [Ni-Fe(CO)(CN)2] cofactor. Different
redox states of the catalytic centre were characterized by Fourier-transform
infrared, electronic paramagnetic resonance, Mössbauer, and nuclear
resonance vibrational spectroscopy. Furthermore, HoxC catalyses the H 2mediated reduction of methylene blue and shows catalytic H/D exchange,
demonstrating that the small subunit is dispensable for catalysis.
1. Symes, M. D., et al. Nat. Rev. Chem. 1, (2017), 1-13.
2. Lubitz, W., et al. Chem. Rev. 114 (2014), 4081-4148.
3. Kleihues, L., et al. J. Bacteriol. 182 (2000), 2716–2724.
4. Lenz, O., Friedrich, B. Proc. Natl. Acad. Sci. 95 (1998), 12474-12479.
Kick-off meeting – Sintra 2018
This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 810856

38

Dynamic structural studies – from pathogenic disordered
proteins to folded relevant enzymes
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1

Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova
de Lisboa, Av da República, 2780-157 Oeiras Portugal; 2Structural Biology Unit,
CIC bioGUNE, Derio, Spain; 3Zymvol Biomodeling, Almogàvers Business
Factory, Carrer dels Almogàvers, 165, 08018 Barcelona Spain

Proteins adopt “orders of disorder”, spanning from fully and intrinsically
disordered entities to well folded and structured ones. The interplay between
structured and disordered regions is essential to interact with binding partners
or perform the chemical reactions required for key cellular processes. However,
assigning a direct functional role to this interplay has proved challenging.
Herein, we present our efforts towards understanding the role of protein
disorder/order in the formation of functional macromolecular complexes and
enzymatic activity from an integrative structural biology perspective (i.e., SAXS,
NMR, X-ray). We are tackling this challenge while studying: 1) the pathogenic
disordered protein Tir, a multifaceted bacterial effector essential for
Enterohemorrhagic (EHEC) and Enteropathogenic (EPEC) Escherichia coli
virulencei; 2) the structural properties of properties of ubiquitylated p15, a
disordered protein overexpressed in cancerii; and 3) the structural basis of
altered substrate specificity and increased solubility/thermostability of evolved
variant of McoA from Aquifex aeolicusiii.

i. Kenny, B. et al. Enteropathogenic E. coli (EPEC) transfers its receptor for intimate
adherence into mammalian cells. Cell 91, 511–20 (1997).
ii. Cordeiro, T. N. et al. Disentangling polydispersity in the PCNA-p15PAFcomplex, a
disordered, transient and multivalent macromolecular assembly. Nucleic Acids Res. 45,
1501–1515 (2017).
iii. Brissos, V., Ferreira, M., Grass, G. & Martins, L. O. Turning a Hyperthermostable
Metallo-Oxidase into a Laccase by Directed Evolution. ACS Catal. 5, 4932–4941
(2015).

Kick-off meeting – Sintra 2018
This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 810856

39

Screening of carbonic anhydrase II inhibitors by in-cell NMR
Matteo Cremonini, Enrico Luchinat, Letizia Barbieri, Alessio Nocentini, Claudiu
Supuran, Lucia Banci
CERM (centro di risonanze magnetiche) Università degli studi di Firenze,
Dipartimento di Neuroscienze, Area del Farmaco e Salute del Bambino
(NEUROFARBA)
The aim of this project is to develop a novel approach for the study of the
interaction between a drug and a protein directly in living human cells through
the in-cell NMR methodology. This method is currently being implemented for
screening of different inhibitors of human carbonic anhydrase II (CA II) and for
evaluating their efficacy. CA II is a zinc-metalloenzyme that catalyzes the
reversible interconversion between CO2 + H2O and HCO3- + H+. It is part of a
family that counts up to 16 different isoforms involved in various physiological
processes including respiration, pH regulation, Na+ retention, calcification,
electrolyte secretion, gluconeogenesis, ureagenesis, and lipogenesis (Supuran
CT 2008). Moreover, CAII has been reported to interact with a great numbers of
membrane carriers and it has been demonstrated that in many tumors it
facilitates the activity of the monocarboxylate transporter, promoting the lactate
expulsion (Sina IN et al. 2018). Considering all the processes in which this
enzyme is involved in both normal and pathological state, CA II inhibitors,
mainly sulfonamides, are widely being developed and tested. However, the
great structural similarity among all the CA catalytic pockets highly limit their
targeting specificity. In the present work we acquired a series 1D and 2D NMR
spectra both in vitro and in cell of CA II in the presence of different compounds.
Binding of the inhibitors could be clearly observed by chemical shift
perturbations. Moreover, from the comparison of the CAII in-cell 1D NMR
spectra without ligands with those in which the CAII was treated with different
ligands, a shift of the histidine residues belonging to the active site was
observed. Therefore, the observation of the 1D spectra could be a valid and
cost-effective alternative to heteronuclear NMR experiments as it does not
require isotope labelling. This approach will enable a deeper understanding of
the effect of the intracellular environment on protein-ligand interaction and on
ligand efficacy, and will open the application of this revisited protein-observed
NMR technique to other proteins with a pathological interest.

-Sina Ibne Noor, Somayeh Jamali, Samantha Ames, Silke Langer, Joachim W Deitmer,
Holger M Becker. eLife 2018;7:e35176
-Supuran CT (2008) Carbonic anhydrases–an overview. Curr Pharm Des 14:603–614
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The diversity of multidomain flavodiiron proteins and the
particularity of a stand-alone multidomain flavodiiron from the
Human pathogen Clostridium difficile 630
Filipe Folgosa, Maria C. Martins and Miguel Teixeira
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova
de Lisboa, Av. da República, 2780-157 Oeiras, Portugal
Molecules such as O2 and NO and its reactive species are extremely important
to living organisms. In Humans, they also play a key role against pathogens. In
this sense, evolution has provided defense mechanisms that enable pathogens
to survive to these molecules. One of these mechanisms is based on flavodiiron
proteins, FDPs [1,2].
FDPs are enzymes with a minimal core of two domains: a metallo-β-lactamaselike, containing a diiron center, and a flavodoxin, FMN containing, domains.
Extensive analysis of genomic databases allowed the identification of novel
domain compositions, and a new Classification of FDPs was proposed
considering eight Classes based on the nature and number of extra domains
[3].
The human pathogen Clostridium difficile, encodes in its genome two FDPs:
one with the two canonical domains, and another with two extra domains,
predicted as a short-rubredoxin-like and a NAD(P)H:rubredoxin oxidoreductase
[1,3].
The presence of these domains, with the appropriate reduction potentials to
form an intramolecular electron transfer chain, allows this FDP to function as a
standalone enzyme, receiving electrons directly from NADH, precluding the
need for extra partners. This FDP has a negligible NO reductase turnover (0.2s 1
), 10x lower than with O2 (16s-1), emerging as an oxygen selective FDP, that
may contribute to the survival of C. difficile in the human gut. The reactivity
towards hydrogen peroxide was also observed with a non-negligible turnover (2
s-1), which is a novelty in the field of FDPs[3].

1. Romão, C V, et al., 2016, J Biol Inorg Chem, 21, 39
2. Romão, C V, et al., 2016, J Mol Biol, 428, 4686
3. Folgosa, F, et al., 2018, FEMS Microbiol Lett, 365, fnx267
4. Folgosa, F, et al., 2018, Sci Rep, 8, 10164
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Vibrational Spectroscopy Reveals the Initial Steps of Biological
Hydrogen Evolution [1]
Sagie Katz1, Marius Horch1, Jens Noth2, Peter Hildebrandt1, Thomas Happe2,
Ingo Zebger1
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The [FeFe]-hydrogenase from Chlamydomonas reinhardtii (HydA1) harbors as
a cofactor only the so called “H-cluster”, in which the FeFe site is linked
covalently via a cysteine to a [4Fe4S] cluster. Therefore, this enzyme
represents an ideal model system for spectroscopic studies. Infrared (IR)
spectroscopy, which probes the CO and CN stretching vibrations of the [FeFe]
site, is widely used to distinguish different redox states. The oxidized (H ox) and
the reduced species (Hred) of the H-cluster are both characterized by an
oxidized [4Fe4S]2+ cluster but differ in the redox state of the [2Fe] center,
exhibiting FeIIFeI and FeIFeI sites, respectively. Moreover, a super reduced
state (Hsred) and two CO inhibited states were also characterized. [2]
In the present study we used resonance Raman (RR) spectroscopy for the first
time to probe the entire H-cluster, allowing the characterization of redox tuned
HydA1 samples. Complementary low-temperature IR measurements were
performed to monitor the chemically adjusted redox states. In combination, both
methods provide detailed insights into metal-ligand coordinates of the entire Hcluster and the interactions between both sub-centers. Our results show that
Hred is photoconverted by the probe laser in the Raman setup to a kinetically
trapped intermediate:
FeIFeI + [4Fe4S]2+ → FeIIFeI + [4Fe4S]1+
This metastable configuration, termed Hred’, which was previously proposed as
the first intermediate in the catalytic cycle of [FeFe] hydrogenase [3]. This study
elucidates important details of the catalytic cycle of [FeFe] hydrogenases, which
are essential for the understanding of biological hydrogen evolution. In a more
general sense, the capability of low-temperature spectroscopy to characterize
otherwise inaccessible intermediates is demonstrated.

[1] Katz S., Noth J., Horch M., Shaffat H. S., Happe T., Hildebrandt P., Zebger I.,
(2016), Chemical science, (7) 6746-6752
[2] Lubitz W., Ogata H., Rüdiger O., Reijerse E. (2014), Chemical reviews, 114 (8),
4081-4148.
[3] Mulder D. W., Ratzloff M. W., Shepard E. M., Byer A. S., Noone S. M., Peters J. W.,
Broderick J. B., (2013), Journal of the American Chemical Society, 135 (18), 69216929
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Residues involved in the protonation of the biliverdin
chromophore of Agp2
Anastasia Kraskov, David Buhrke, Norbert Michael and Peter Hildebrandt
Technische Universität Berlin, Institut für Chemie, Straße des 17. Juni
135/PC14, D-10623 Berlin
Agp2 is a bacterial phytochrome from the plant pathogen Agrobacterium
tumefaciens. It belongs to the group of bathy phytochromes, which, unlike
prototypical phytochromes, have a Pfr dark state with the biliverdin (BV)
chromophore in the ZZEssa conformation. It changes due to photoisomerisation to ZZZssa in the first step of the photoconversion to the Pr state.
During the transition from Pfr to Pr, several (de)protonation events take place at
the BV chromophore. Tyrosine 165 and arginine 211 are strongly conserved
among all phytochromes and are located in the chromophore-binding pocket in
close proximity to the essential protonation sites of the biliverdin chromophore.
FT-Raman and FTIR measurements on Agp2-Y165F and -R211A variants
showed that the photocycle was incomplete in both variants, going as far as
meta-F intermediate state. The deprotonation of the propionic side chain of the
BV-ring C was impaired and no keto-enol tautomerization was observed at the
carbonyl group of ring D. The latter is pH-dependent in the wild type Agp2 and
was proposed to be essential for the dark Pr-to-Pfr reversion. UV-vis
spectroscopic kinetic measurements showed that indeed dark reversion was
extremely slow and pH-independent in the Agp2-Y165F variant, while the
R211A variant showed a behavior much more similar to the wild type protein.
Based on the presented results as well as structural data we propose specific
roles for the two amino acid residues. Y165 helps to conduct the immediate
deprotonation of the ring C propionic side chain, while R211 locks the
deprotonated propionate residue thus preventing it from re-protonation in a
reverse process.

[1] Velazquez Escobar F, Piwowarski P, et al. A protonation-coupled feedback
machanism controls the signalling process in bathy phytochromes. Nat Chem. 2015, 7:
423-430.
[2] Schmidt A, Sauthof L, Szczepek M, Fernandez Lopez M, et al. Structural snapshot
of a bacterial phytochrome in its functional intermediate state. Submitted for
publication.
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Investigation of Nickel and Iron containing Enzymes
by Nuclear Resonant Scattering Techniques
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Wang2, Yoshitaka Yoda4, Francis E. Jenney, Jr.5, Vladimir Pelmenschikov,1,
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Hydrogenases catalyze the reversible interconversion of molecular hydrogen
and protons/electrons. They are sophisticated in terms of catalysis, cofactor
composition and electron transfer, which fostered the search for new techniques
to understand the redox-dependent processes occurring in these enzymes.
Nuclear resonance vibrational spectroscopy (NRVS) is a relatively new
synchrotron-based technique that selectively probes iron-specific vibrational
modes. We performed 57Fe-specific NRVS on [3Fe-4S] and [4Fe-4S] clusters in
ferredoxins as well as on the iron-containing cofactors of the NAD+-reducing
[NiFe] hydrogenase (SH) from Ralstonia eutropha. Our studies revealed
vibrational changes attributable to electronic and structural properties of the
[3Fe-4S] and [4Fe-4S] clusters [1]. In the case of the SH, Fe–CO and Fe–CN
modes related to the [NiFe] active site could be derived for the first time from
NRVS through selective 13C labeling of the CO ligand [2]. Our results
demonstrate that NRVS represents a powerful tool to obtain valuable
information on the various cofactors of complex biocatalysts.
A simple active site model of [NiFe] hydrogenase can be obtained by replacing
the metal cofactor in rubredoxin yielding nickel-substituted rubredoxin (NiRd)
[3]. In order to obtain spectroscopic insights to the nickel site, we have
performed 61Ni synchrotron radiation-based Mössbauer spectroscopy (61NiSRMS). We reported the first 61Ni-Mössbauer spectra of biological samples [4].
61
Ni-SRMS provides a selective probe for nickel and, therefore, holds significant
promise for a better understanding of the catalysis taking place in nickelcontaining enzymes as well as in nickel-based industrial catalysts.
[1] Lauterbach L, Gee, L, Pelmenschikov V, Jenney FE, Kamali S,Yoda Y, Adams
MWW, Cramer SP 2016 Characterization of the [3Fe–4S]0/1+ cluster from the D14C
variant of Pyrococcus furiosus ferredoxin via combined NRVS and DFT analyses.
Dalton Trans. 45:7215-7219
[2] Lauterbach L, Wang H, Horch M, Gee L B, Yoda Y, Tanaka Y, Zebger I, Lenz O,
Cramer SP 2015. Nuclear resonance vibrational spectroscopy reveals the FeS
cluster composition and active site vibrational properties of an O2-tolerant NAD+ reducing [NiFe] hydrogenase, Chem. Sci. 6:1055–1060
[3] Jenney FE, Adams MW 2001 Methods. Enzymol. 334, 45-55
[4] Gee, LB, Lin C-Y, Jenney, FE, Adams MWW, Yoda Y, Masuda R, Saito M,
Kobayashi Y, Tamasaku K, Seto M, Riordan CG, Ploskonka A, Power PP, Cramer
SP, Lauterbach L 2016. Synchrotron-based nickel Mössbauer spectroscopy. Inorg.
Chem. 55: 6866–6872
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Single Crystals of the F420-reducing [NiFe] Hydrogenase from
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Hydrogenases are microbial enzymes that catalyze the reversible oxidation of
hydrogen. A detailed understanding of the fundamental catalytic processes of
these enzymes can provide important insights for the design of effective
bioinspired molecular catalysts for the use of hydrogen as a sustainable fuel in
the future. The cytoplasmic group 3 [NiFe] hydrogenase from Methanosarcina
bakeri plays a key role in the methanogenic pathway catalyzing the reversible
reduction of 8-hydroxy-5-deazaflavin coenzyme 420 (F420) associated with the
heterolytic cleavage of hydrogen.[1]

The F420-reducing hydrogenase (Frh) consists of a huge complex of two
FrhABG heterotrimers harboring two heterobimetallic [NiFe] active sites, eight
[4Fe4S] and one [2Fe2S] cluster constituting the electron transfer chain as well
as two flavin adenine dinucleotides (FAD) which provide the binding site for
F420.[2],[3] Despite the availability of a well-resolved crystal structure and
electron paramagnetic resonance (EPR) spectroscopic studies, so far little is
known about the redox chemistry of the [NiFe] active site. Our spectroscopic
and X-ray crystallographic study on single crystals prepared under different
redox conditions revealed relevant redox states of this multi-cofactor enzyme.
Particularly, the complementary infrared (IR) and resonance Raman (RR)
spectroscopic studies on the same single crystals, accessible by a new setup
for microscopic investigations at low temperatures, provided insights into
possible redox transitions. This approach supplements our vibrational
spectroscopic toolbox for the elucidation of catalytic reactions of
metalloenzymes.
[1] T. D. Mand et al., J. Bacteriol., 2018, 20, 1-16
[2] Vitt et al., J. Mol. Biol., 2014, 426, 2813-2826
[3] J. Ilina et al. (in preparation)
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The flavodiiron NO reductase from Escherichia coli
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Lamosa, Cláudio M. Soares, Bruno L. Victor, Célia V. Romão, Carlo Frazão and
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Flavodiiron proteins (FDPs) constitute a widespread family of enzymes with a
crucial role in O2 and/or NO detoxification, through the reduction of these
species either to water or nitrous oxide, respectively. In the case of pathogens,
these enzymes contribute to their survival in the adverse host environment.

[1,2]

FDPs have a common structural core unit composed by two main domains (a
metallo-β-lactamase domain containing the catalytic diiron site and a flavodoxin
domain constituted by a flavin mononucleotide moiety). Some of these proteins
can contain extra domains at the C-terminal, such as rubredoxins or flavin
reductases. [1,2,3]
The crystallographic structure of wild type Escherichia coli FDP (named
flavorubredoxin due to the presence of an extra rubredoxin domain) was
determined, representing the first structure for a NO-selective FDP.[3]
We explored possible structural and regulatory determinants of E. coli FDP, by
performing site-directed mutagenesis in two amino acids belonging to a
conserved aromatic residues chain (Y194 and W245) that link the diiron
catalytic site to the protein surface, and in other three amino acids (S33, S34
and N36) of a quasi-conserved motif in all FDPs, with a putative role in a
regulatory phosphorylation mechanism of FDPs.
Additionally,

the

wild

type

and

mutant

enzymes

were

biochemically

characterized and the amperometric results show that all the enzymes with
mutated amino acids present an accentuated decrease (21-60%) in the O2
reduction activity in relation to the wild-type FDP. On the other hand, the
enzymatic activity of the mutants towards NO had a dramatic effect, with some
mutants leading to inactive enzymes.
[1] Vicente, J., et al, 2007. Handbook of Metalloproteins, 1–19.
[2] Romão, C. V., et al, 2016. J Biol Inorg Chem., 21:39-52.
[3] Romão, C. V., et al, 2016, J Mol Biol. , 428, 4686–4707.
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for photocatalytic reduction of CO2
Ana Rita Oliveira1, Melanie Miller2, William E. Robinson2, Erwin Reisner2, Inês
A.C. Pereira1
1

Instituto de Tecnologia Química e Biológica, Universidade Nova de Lisboa, Av.
da República, 2780-157 Oeiras, Portugal
2
Department of Chemistry, University of Cambridge, Lensfield Road,
Cambridge CB2 1EW, United Kingdom

One of the most urgent and challenging issues facing our society is to
reduce carbon dioxide levels. Developing a sustainable process to reduce CO2
to formate can change its role from a pollutant to a valuable feedstock
contributing to a carbon-neutral economy. Formate has high energy density,
has low toxicity and it is a non-flammable liquid at room temperature. Therefore,
it constitutes a safe way to store energy from renewable sources1. Formate
dehydrogenases – Fdh – are the enzymes responsible for reduction of CO2,
and are promising green biocatalysts for production of formate. Contrary to
other Fdh, the W-containing formate dehydrogenase (FdhAB) from the sulfatereducing bacterium Desulfovibrio vulgaris Hildenborough, is oxygen-tolerant: its
purification can be performed aerobically, maintaining a high catalytic activity 2.
This makes it a strong candidate to be used in photocatalytic systems for CO2
bio-reduction. Coupling this high efficient enzyme to a light-harvesting material
allows the use of light to power the production of formate. We developed a
homologous expression system for the D. vulgaris FdhAB, which allows us to
engineer new variants towards the design of a more efficient enzyme and to
unravel its mechanism. Here we report on the properties of the recombinant
enzyme, and the ability of FdhAB to directly receive electrons from the dyesensitised TiO2 – highlighting its potential in a photocatalytic system for
sustainable formate production3.
(1) Pereira, I. A. C. (2013) An Enzymatic Route to H2 Storage. Science 342, 1329–
1330.
(2) da Silva, S. M., Pimentel, C., Valente, F. M. A., Rodrigues-Pousada, C., and
Pereira, I. A. C. (2011) Tungsten and molybdenum regulation of formate dehydroge
nase expression in Desulfovibrio vulgaris Hildenborough. J. Bacteriol. 193, 2909–2916.
(3) Miller, M., Robinson, W. E., Oliveira, A. R., Heidary, N., Kornienko, N., Pereira, I. A.
C., Reisner, E. Solar-Driven CO2 Reduction to Formate with Formate Dehydrogenase.
(Manuscript in preparation)

Kick-off meeting – Sintra 2018
This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 810856

47

Characterization of the cell-surface multiheme cytochrome
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Multiheme c-type cytochromes are versatile metalloproteins that play diverse
roles in numerous biological processes, including electron transfer and
catalysis. In electroactive organisms (i.e. organisms that are capable of
exchanging electrons with an electrode), these proteins are crucial for the
extracellular electron transfer to electrodes or insoluble metal oxides outside of
the cell (Costa 2018). The nonaheme cytochrome OcwA present at the cell
surface of the Gram-positive bacterium Thermincola potens JR was proposed to
be the terminal reductase in this organism (Carlson 2002). In this work, the
structural and functional characterization of this outer cell-wall protein is
presented, providing significant insights into its electron transfer activity
performed at the microbe-electrode interface. We show that OcwA has the
functional properties necessary to fulfil the role of terminal reductase, but that is
unrelated to the other structurally characterized cell-surface multiheme
cytochromes (Edwards 2015). Furthermore, the ability of this terminal
oxidoreductase to reduce nitrogen compounds, suggests an unanticipated
evolutionary relation between terminal reductases for solid and soluble electron
acceptors. The results obtained in this work are pioneer, with a significant
impact into our current understanding of the molecular mechanisms of
extracellular electron transfer, in particular of electroactive Gram-positive
bacteria.

Costa, N.L. et al. (2018) Bioresour. Technol. 255, 308
Carlson, H.K. et al. (2012) Proc. Natl. Acad. Sci. 109, 1702
Edwards, M.J. et al. (2015) FEBS Lett. 588, 1886
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New pathways of metal detoxification in yeast
Catarina Pimentel, Claudina Rodrigues-Pousada, Catarina Amaral, Sofia da
Silva, Soraia Caetano and Ana Carolina Cordeiro
Genomics and Stress Laboratory. Instituto de Tecnologia Química e Biológica
António Xavier, Universidade NOVA de Lisboa, Portugal

Our laboratory has been focused on the identification and characterization of
stress-responsive genetic programs that confer cellular tolerance to metal
toxicity. Based on recent work, we are now investigating an alternative pathway
of arsenic detoxification, which anticipates the existence of an additional
arsenate reductase or a yet unidentified cellular exporter of arsenate. We have
also identified and are currently studying a novel cellular route of iron excess
detoxification. The finding that yeasts unable to deal with iron excess are also
hypersensitive to azole drugs, prompted us to explore the association between
metal homeostasis deregulation and antifungal efficacy in pathogenic yeasts. In
this poster I will discuss particular details of these ongoing projects.
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The electron transfer through the membrane complexes (complex I-IV) of the
respiratory chain is coupled to the generation of the proton-motive force that
drives, for example, the synthesis of ATP. Complexes I and IV couple electron
transfer with transport of protons across the membrane, while complex III, the
cytochrome bc1 complex contributes to the proton gradient by a Q-cycle
mechanism. Alternative Complex III (ACIII) is a quinol:cytochrome c/HiPIP
oxidoreductase membrane complex widespread in the Bacteria domain, and a
functional substitute of the bc1 complex [1,2].
The structure of ACIII from Rhodothermus marinus, recently solved by cryoelectron microscopy at 3.9 Å resolution [3], shows three integral transmembrane
subunits and four periplasmic subunits. The periplasmic domain accommodates
six hemes and four FeS clusters, which form two divergent electron transfer
wires. The two putative proton pathways and the quinol-binding site identified in
ACIII structure suggest that ACIII operates by a redox-driven proton
translocation mechanism, totally unrelated to the Q-cycle of bc1 complex.
We aim to further characterize ACIII by exploring its interaction with the
potential electron partners. Also, we want to monitor and characterize the FeS
centres. For that we used several complementary biochemical and biophysical
approaches including enzymatic assays, Resonance Raman and 1H-1D-NMR
spectroscopies.

1. Pereira, M. M., Refojo, P. N., Hreggvidsson, G. O., Hjorleifsdottir, S. & Teixeira, M.
The alternative complex III from Rhodothermus marinus-a prototype of a new family of
quinol:electron acceptor oxidoreductases. FEBS Lett. 581, 4831–4835 (2007).
2. Refojo, P. N., Sousa, F. L., Teixeira, M. & Pereira, M. M. The alternative complex III:
a different architecture using known building modules. Biochim. Biophys. Acta 1797,
1869–1876 (2010).
3. J.S. Sousa, F. Calisto, J.D. Langer, D.J. Mills, P.N. Refojo, M. Teixeira, W.
Kühlbrandt, J. Vonck, M.M. Pereira, Structural basis for energy transduction by
respiratory alternative complex III, Nat. Commun. 9 (2018) 1728, doi:10.1038/s41467018-04141-8
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Perspectives on Endonuclease III from the extremophile
Deinococcus radiodurans
Filipe Rollo, Celia Silveira, Elin Moe, Smilja Todorovic
Instituto de Tecnologia Química e Biológica António Xavier (ITQB-NOVA),
Oeiras, Portugal.

Deinococcus radiodurans is an extremely radiation and desiccation resistant
bacteria, which can withstand 200 times higher doses of ionizing irradiation than
other bacteria without losing viability [1]. The Base Excision Repair (BER)
mechanism is the main pathway responsible for detection and repair of
oxidation damages in DNA and it is highly conserved from bacteria to man. It is
initiated by DNA glycosylases like the ubiquitous bifunctional and FeS cluster
holding Endonuclease III (EndoIII) [1]. D. radiodurans possesses an unusually
high number of EndoIII enzymes (three instead of one, typically present in other
organisms), however, their mechanistic properties, and the role of the [4Fe–4S]
cluster are not fully understood. Our work focuses on disentangling the
determinants of radiation resistance of D. radiodurans and in particular the role
of EndoIII enzymes. We study the EndoIIIs at a cellular, enzyme and cofactor
level, employing a range of molecular biology, biochemical and biophysical
methods. We have carried out a comparative study of the three EndoIIIs,
EndoIII1, 2 and 3, by i) X-ray crystallography to evaluate their overall structures,
ii) activity assays to probe their catalytic activities and iii) electrochemistry
coupled to RR spectroscopy to characterize their Fe-S clusters.
Structure/function analysis of the three EndoIIIs showed that EndoIII1 and
EndoIII3 possess lower and no activity, respectively, compared to EndoIII2 and
EndoIII from E. coli [2]. Moreover, our data indicate that the redox activation of
[4Fe-4S] cluster is DNA independent in these enzymes, which may be relevant
for the damage search and signalling process [3,4].

[1] K.S. Makarova, L. Aravind, Y.I. Wolf, R.L. Tatusov, K.W. Minton, E.V. Koonin, M.J.
Daly, 2001. Microbiol. Mol. Biol. Rev., 65, 44–79.
[2] A. Sarre, M. Ökvist, T. Klar, D. Hall, A. Smalas, S. McSweeney, J. Timmins, E. Moe,
J Struct Biol. 191 (2015) 87–99.
[3] E. Moe, M. Sezer, P. Hildebrandt, S. Todorovic, 2015. Chem. Commun. 51, 3255
[4] E. Moe, F. Rollo, C.M. Silveira, M. Sezer, P. Hildebrandt, S. Todorovic, 2018.
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 188, 149–154
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How does Deinococcus radiodurans deals with oxidative
stress:
crosstalk between metals and Dps
Célia V. Romão, cmromao@itqb.unl.pt
ITQB NOVA, Instituto de Tecnologia Química e Biológica António Xavier,
Universidade Nova de Lisboa, Av. da República, 2780-157 Oeiras, Portugal.
Deinococcus radiodurans is the most radiation resistant organism so far
identified.1,2 The proposed mechanism to avoid cell death relies on the protein
protection against oxidation.3 Besides the canonical enzymatic systems, such
as superoxide dismutase and catalase, this bacterium contains a highly efficient
non-enzymatic system that involves complexes of manganese and other small
molecules, such as phosphate.4 Currently, neither the homeostasis of Mn nor
the intracellular localization and formation of these small complexes are yet fully
understood.
We have been addressing this question by studying two proteins, the DNAbinding proteins, Dps1 (dr2263) and Dps2 (drb0092), under starvation
conditions. In our studies we have used a multidisciplinary approach to examine
these proteins both in vitro and in vivo.5-8
Both proteins have a conserved hollow sphere dodecameric structure, with long
and flexible N-terminal tails protruding the sphere.6-7 Our in vitro studies show
that iron and manganese can be incorporated into the proteins, which under
reducing condition are released.8 Moreover, DNA protectedion against reactive
oxygen oxygen is achieved by the two proteins, however they form distinct
distinct DNA complexes.8 In order to complement our studies, we have used
synchrotron X-ray fluorescence nano-imaging. This technique allows precise
intracellular localization of the trace metals within their original cellular context.
Our results shows that cell protection against ROS is dependent on the metal
distribution inside the cell. Moreover this mechanism is dependent on both Dps.
In conclusion, we will present our recent results of how Deinococcus
radiodurans deals with a burst of oxidative stress that could be promoted by the
exposure to radiation.
1. White et al (1999) Science 286: 1571
2. Slade & Radman (2011). MMBR 75: 133
3. Daly et al (2007) PLoS Biol 5: e92
4. Daly et al (2004) Science 306: 1025
5. Romao et al (2006) JBIC 11: 891
6. Cuypers et al., (2007) JMB 371: 787
7. Santos et al (2017) JMB 429: 667
8. Santos et al (2015) FEBS J 282: 4307
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Understanding the assembly of complex proteins:
investigating the biogenesis of C-type cytochromes
Ana V. Silva, Nazua L. Costa1, Ricardo O. Louro1, Catarina M. Paquete1
Universidade nova de Lisboa/Instituto de Tecnologia Química e Biológica António Xavier, Oeiras, Portugal

C-type cytochromes are metalloproteins that contain heme(s) covalently bound
to the polypeptide chain. These proteins are fundamental for biological
processes across all domains of life, including in respiratory processes,
catalysis, and apoptosis. Given their importance, the process that leads to their
formation in nature is equally important. The covalent attachment of the heme to
the apo-protein requires a maturation machinery, a process that is far from fully
understood.
System III (CcHL) is the maturation system present in most eukaryotes,
including humans. This is the least studied maturation system and its
characterization can have important health implications as the deficiency in
cytochrome maturation is associated with disease. A consensus sequence that
is recognized by System III and guides the attachment of the heme c has been
described. However, this system has not been shown to be able to recognize
multi-heme apo-cytochromes-c.
In this study, the consensus sequence was inserted in the multiheme
cytochrome STC (Small Tetraheme Cytochrome) from Shewanella to
understand the ability of System III to recognize and mature this type of
proteins. Results show that CcHL can recognize the apo-cytochrome, but the
folding of the protein is incorrect.
It was shown for the first time that this protein is able to recognize a multiheme
cytochrome and suggests that the correct folding of the cytochrome is not
spontaneously induced by covalent attachment of the heme, as described in the
literature.
This work opens the door for further characterization of System III, a starting
point for development of cytochrome c-related therapies.
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Functional studies of the Repair of Iron Centres proteins (RIC)
Liliana S.O. Silva and Lígia M. Saraiva
Instituto de Tecnologia Química e Biológica-NOVA, Oeiras, Portugal

Repair of Iron Centres (RIC) are a widespread family of diiron
hemerythrin-like proteins that are present in several bacterial pathogens, and
also in the protozoan Trichomonas vaginalis. RICs are able to restore the
activity of oxidative/nitrosative stress damaged Fe-S containing enzymes (e.g,
fumarase and aconitase proteins), which is related to its capacity of delivering
iron for the reassembly of the Fe-S centre (1). In Escherichia coli RIC, the
correct assembly of the diiron centre is done by four histidines (84, 129, 160,
204) and two glutamates (133 and 208). Three of these residues, namely H129,
E133 and H204, are essential for a fully functional protein (2).
Moreover, we recently demonstrated that there is a protein-protein
interaction between E.coli RIC and Dps (DNA-binding protein from starved
cells). Interestingly, Dps is an iron storage protein of the ferritin superfamily that
is also involved in bacterial oxidative stress protection (3).
Bacterial RICs contribute to survival of the pathogens, as shown in vivo
in human and murine cells and in the wax moth larvae Galleria mellonella,
which is an animal model for the innate immune system (4).

1. Nobre LS, Garcia-Serres R, Todorovic S, Hildebrandt P, Teixeira M, Latour J-M,
Saraiva LM. 2014. Escherichia coli RIC is able to donate iron to iron-sulfur clusters.
PLoS One 9:e95222.
2. Nobre LS, Lousa D, Pacheco I, Soares CM, Teixeira M, Saraiva LM. 2015. Insights
into the structure of the diiron site of RIC from Escherichia coli. FEBS Lett 589:426–
431.
3. Silva LSO, Baptista JM, Bately C, Andrews SC, Saraiva LM. 2018. The di-iron RIC
(YtfE) protein of Escherichia coli interacts with the DNA-binding protein from starved
cells (Dps) to diminish RIC-protein-mediated redox stress. J Bacteriol, in press.
4. Silva LO, Nobre LS, Mil-Homens D, Fialho A, Saraiva LM. 2018. Repair of Iron
Centers RIC protein contributes to the virulence of Staphylococcus aureus.
Virulence 9:312–317.
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Electron transfer and catalysis of CO-immobilized redox
proteins
Célia M. Silveira1, M. Gabriela Almeida2, Carlos Salgueiro2, Smilja Todorovic1
1
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2
UCIBIO, REQUIMTE, Faculdade de Ciências e Tecnologia, Universidade
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Our work is focused on metalloproteins showing potential for the development
of electrochemical biosensors or bioelectrocatalytic devices. We study heme
proteins, such as nitrite reductases, peroxidases and microperoxidases, which
are capable of electronically communicating with electrode surfaces. Recently,
we addressed the construction of a nitrite biosensor based on immobilized
cytochrome cd1 nitrite reductase (cd1NiR), an enzyme that catalyzes the
reduction of nitrite to nitric oxide. By employing a combination of
electrochemistry and surface-enhanced resonance Raman spectroscopy
(SERR) we could evaluate structural, thermodynamic and electrocatalytic
properties of cd1NiR alone or co-immobilized with its putative physiological
redox partner, cytochrome c552. This strategy allows us to infer specific
interactions that govern efficient intermolecular electron transfer (ET) between
the two redox partners and understand the reasons for inactivity of the directly
immobilized cd1NiR [1]. We have also been studying a microperoxidase derived
from cytochrome PccH, a key protein in the ET pathways of current-consuming
Geobacter sulfurreducens (Gs) biofilms growing on electrodes [2]. The
enzymatically prepared microperoxidase was tested for the development of
hydrogen peroxide biosensors. Despite a low stability, which can be improved
using PccH variants, the microperoxidase bioelectrode displays high catalytic
activity [3]. We are also interested in understanding the ET pathway in
electrotrophically grown Gs, and we are studying tri-hemic cytochromes (PpcA,
PpcB, PpcD and PpcE) as potential redox partners of PccH. We are using
SERR spectroelectrochemistry and molecular dynamics to assess
conformational and ET properties of PccH co-immobilized with these proteins.

[1] Silveira CM et al., PLoS ONE, 2015, 10, e0129940.
[2] Strycharz, SM et al., Bioelectrochemistry, 2011, 80, 142.
[3] Silveira CM et al., Phys.Chem.Chem.Phys., 2017, 19, 8908.
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Expression and purification of multiheme cytochromes
involved in extracellular respiration of the marine bacterium
Desulfuromonas acetoxidans
Ricardo M. Soares, Alexandra S. Alves, Bruno M. Fonseca, Catarina M.
Paquete and Ricardo O. Louro
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova
de Lisboa, Avenida da República Estação Agronómica Nacional, 2780-157
Oeiras, Portugal
Microbial Electrochemical Technologies are promising applications for
sustainable energy production and bioremediation. However, the commonly
used inoculants are very limited in terms of salt tolerance. This feature
negatively impacts current generation due to the electrical resistivity of the
medium used in these devices. In this sense, electrochemically active
Desulfuromonas acetoxidans is more suitable for devices operating at higher
ionic strengths, since it was isolated from marine sediments. In order to assess
the suitability of this organism, detailed characterization of the proteins
responsible for Extracellular Electron Transfer (EET), mainly c-type
cytochromes, is required so that improvements can be rationalized. So far, only
D. acetoxidans periplasmic cytochrome c7 has been characterized in terms of
structure, function, and thermodynamic properties. Here, several other
cytochromes involved in EET were found using BLASTp database. Four
multiheme cytochromes that compose a putative EET pathway were selected,
and the correspondent genes amplified by PCR from D. acetoxidans genomic
DNA. The cloning into pBAD expression vectors enable the production of these
proteins. The terminal reductase, OmcB was already purified by
chromatography as described by Alves et al. (2011). While N-terminal
sequencing and Mass spectrometry confirmed the identity of the expected
protein, their redox properties were also evaluated under different media
conditions and redox indicators. Altogether, the work produced in this study
opens the door for a further detailed characterization of a putative EET pathway
for this novel marine electrochemically active bacterium.

Alves, A.S., Paquete, C.M., Fonseca, B.M., and Louro, R.O. (2011). Exploration of the
“cytochromome” of Desulfuromonas acetoxidans, a marine bacterium capable of
powering microbial fuel cells. Met. Integr. Biometal Sci. 3, 349–353.
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Exploring monotopic quinone reductases from Staphylococcus
aureus
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1

Instituto de Tecnologia Química e Biológica – António Xavier, Universidade
Nova de Lisboa, Av. da República EAN, 2780-157 Oeiras, Portugal
2
University of Lisbon, Faculty of Sciences, BioISI - Biosystems & Integrative
Sciences Institute, Campo Grande, C8, 1749-016 Lisboa, Portugal

Staphylococcus aureus (S. aureus), a facultative anaerobic, Gram-positive
bacterium belonging to the Firmicutes phylum, can be frequently found in the
human respiratory tract and in the skin. Although not being always pathogenic,
S. aureus is a frequent cause of skin infections, respiratory diseases (sinusitis),
food poisoning and one of the five most common causes of hospital-acquired
infections1.
Monotopic quinone reductases (QR) are peripheral membrane proteins which
contribute indirectly to the generation of the transmembrane difference in
electrochemical potential by feeding electrons to que quinone pool without
translocating protons through the membrane. Currently there have been
described 20 different electron donor:quinone oxidoreductase enzymatic
activities, from which 11 are monotopic membrane proteins, justifying the
relevance and need to further understanding the functional/structural features of
the monotopic QR protein group2. S. aureus can feed the respiratory chain, by
reducing the quinone pool, through 8 different monotopic QR, which are able to
oxidize 6 different substrates (NAD(P)H, Pyruvate, Malate, Dihydroorotate,
Glycerol-3P and Sulfide). We aim to explore the 8 monotopic QR from S.
aureus by investigating their structure/function relationship and studying the
structural features that determine and regulate quinone interaction.
1

Peacock, S.J.; Paterson, G.K., Mechanisms
Staphylococcus aureus., 2015, Annu Rev Biochem.

of

Methicillin

Resistance

2

in

Marreiros, B.C.; Calisto, F.; Castro, P.J.; Duarte, A.M.; Sena, F.V.; Silva, A.F.; Sousa,
F.M.; Teixeira, M.; Refojo, P.N.: Pereira, M.M., Exploring membrane respiratory
chains., 2016, Biochim Biophys Acta.
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characterization of proteins involved in assimilatory and
dissimilatory pathways
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Iron is an essential element for nearly all forms of life. However, after the Great
Oxidation Event, the rise in atmospheric oxygen levels caused the oxidation of
soluble Fe(II) into insoluble Fe(III), leading to a dramatic decrease in the
bioavailability of this element. Notwithstanding, given the remarkable chemical
properties of iron, it was kept as a crucial nutrient for microorganisms and also
still remains at the core of most important reactions for life by serving as the
redox center in many enzymes (1).
Currently, the iron cycle is essentially the reduction and oxidation of the
Fe(III)/Fe(II) pair and this includes the assimilatory iron pathways where iron is
utilized as nutrient, and the dissimilatory pathways, where iron is utilized as an
energy source. The most commonly used assimilatory iron pathway includes
the utilization of siderophores; small molecules with high affinity for Fe(III) which
are released outside the cell for iron scavenging. The dissimilatory iron
pathways consist in using either Fe(III) as electron acceptor, or Fe(II) as
electron donor for the bioenergetics metabolism. The later has been proposed
as the most ancient form of energy metabolism still present today and dates
back long before siderophores where necessary (1, 2).
However further knowledge is necessary to understand how iron as survived in
the podium of elements throughout the eras and how it still occupies such an
important role in biology. Here, we explore the role of 2Fe-2S cluster proteins in
ferric-siderophore reduction and the role of 4Fe-4S HiPIPs in Fe(II)-oxidation by
performing the structural and biochemical characterization of these enzymes.
1.Ilbert, M., and Bonnefoy, V. (2013) Insight into the evolution of the iron oxidation
pathways. Biochim. Biophys. Acta - Bioenerg. 1827, 161–175
2. Schröder, I., Johnson, E., and De Vries, S. (2003) Microbial ferric iron
reductases. FEMS Microbiol. Rev. 27, 427–447
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Cystathionine β-synthase (CBS) is a key enzyme of hydrogen sulfide (H 2S)
metabolism in human (patho)physiology. Each CBS monomer consists of a
central catalytic domain, harboring a pyridoxal 5’-phosphate active site, flanked
by two regulatory domains: an N-terminal domain containing a b-type heme,
and a C-terminal S-adenosyl-L-methionine (AdoMet)-binding domain. CBS
regulation is intricate and depends on its redox state and availability of
exogenous ligands, such as the positive allosteric effector AdoMet and the
gasotransmitters nitric oxide (NO) and carbon monoxide (CO), that inhibit the
enzyme upon binding to its ferrous heme.
By static and stopped-flow absorption spectroscopy, we investigated the
kinetics of CO and NO binding to the CBS heme. NO binds faster and with
higher affinity than CO, and the two gaseous ligands apparently initially bind to
opposite sides of the heme plane. To our surprise, AdoMet enhances CO
inhibition of H2S production, as well as CO and NO binding, highlighting the
communication between the two distal regulatory domains affecting the catalytic
core. The clinically relevant p.P49L CBS variant exhibits much higher CO
affinity with respect to WT CBS, possibly resulting from increased flexibility of
the heme surroundings, as observed by X-ray crystallography. Overall, the
binding kinetics attest the in vivo relevance of CO and NO inhibition of CBScatalyzed H2S production, an underlying mechanism in the crosstalk between
gasotransmitters.
We are currently investigating the role of a putative secondary heme site
recently identified in the disordered region of the N-terminal domain.
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Haem: The biosynthetic pathways and homeostasis of this
remarkable compound
Marco A.M. Videira and Lígia M. Saraiva
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova
de Lisboa, Avenida da República (EAN), 2780-157 Oeiras, Portugal.
Haem is an iron-protoporphyrin molecule that endows proteins functions that
are essential to all living organisms, being the prototype the oxygen-carrier
haemoglobin. Bacteria also need haem that, like in higher organisms, is
synthesized internally through a pathway that starts with the universal
tetrapyrrole precursor δ-aminolevulinic acid and requires at least eight enzymes
to form haem. Previously, we have challenged the established knowledge by
revealing that this “classical pathway” is not the only possible pathway for the
formation of haem. Indeed, primitive sulfate-reducer bacteria and pathogens,
such as Staphylococcus aureus, make haem through two other distinct
pathways that involve different enzymes and intermediates(1–3). Notably, in
some bacterial pathogens the requirement for haem is so high that these
bacteria encode systems to capture haem from the external environment, i.e.,
from the host. Yet, high concentrations of haem are toxic and, therefore, we
asked the question on how pathogens avoid the harmful accumulation of haem.
We found that Gram–positives such as S. aureus control their intracellular haem
content through the interaction of two enzymes, one that belongs to the heme
biosynthesis pathway and the other that is operative in the haem uptake system
(4). This control of haem homeostasis contributes to the survival of antibioticresistant pathogens.
1. Bali S, Lawrence AD, Lobo SA, Saraiva LM, Golding BT, Palmer DJ, Howard MJ,
Ferguson SJ, Warren MJ (2011) Molecular hijacking of siroheme for the synthesis of
heme and d1 heme. Proc Natl Acad Sci U S A 108(45):18260–5.
2. Lobo SAL, Lawrence AD, Romão C V., Warren MJ, Teixeira M, Saraiva LM (2014)
Characterisation of Desulfovibrio vulgaris haem b synthase, a radical SAM family
member. Biochim Biophys Acta - Proteins Proteomics 1844(7):1238–1247.
3. Lobo SAL, Scott A, Videira MAM, Winpenny D, Gardner M, Palmer MJ, Schroeder S,
Lawrence AD, Parkinson T, Warren MJ, Saraiva LM (2015) Staphylococcus aureus
haem biosynthesis: characterisation of the enzymes involved in final steps of the
pathway. Mol Microbiol 97(3):472–487.
4. Videira MAM, Lobo SAL, Silva LSO, Palmer DJ, Warren MJ, Prieto M, Coutinho A,
Sousa FL, Fernandes F, Saraiva LM (2018) Staphylococcus aureus haem biosynthesis
and acquisition pathways are linked through haem monooxygenase IsdG. Mol
Microbiol 109(3):385–400.
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Hydrogenases are enzymes that efficiently catalyze the production and
oxidation of hydrogen (H2 ⇌ 2H+ + 2e−), having the potential to be used as
biocatalysts in a future “hydrogen economy”. However, the most catalytically
active hydrogenases are sensitive to O2, hindering their use as biotechnological
tools. A class of hydrogenases known as O2-tolerant can catalyze H2 oxidation
under air and some structural features were identified as responsible for such
behavior, namely a special FeS cluster proximal to the active site with 4 Fe and
only 3 inorganic sulphide ligands, forming a Fe4S3 cluster coordinated by 6
cysteines instead of 4. Through mediated redox-dependent structural changes it
can rapidly deliver two electrons to the active site in case of O2 attack, assisting
in the reduction of O2 to water1. However, hydrogenases of this type are biased
towards H2 oxidation, having only residual proton reduction activities and are
also inhibited by H2. The [NiFeSe] hydrogenase from Desulfovibrio vulgaris
Hildenborough (DvH) has high H2 production (≈8000 s-1) and oxidation (≈4500
s-1) activities and low product inhibition2. It has already been shown to be a
good catalyst in photocatalytic H2 production2 and in H2 oxidation in a biofuel
cell3. To improve its O2 tolerance, we are testing several variants, one of which
is based on mimicking the proximal Fe4S3 cluster of O2-tolerant membrane
bound hydrogenase (MBH), by replacing two glycine residues located near its
proximal Fe4S4 cluster a with cysteines. These glycine residues are conserved
in other classes of hydrogenases and are located in a structurally equivalent
position to the extra cysteine residues coordinating the proximal Fe4S3 cluster in
O2-tolerant hydrogenases.
[1] Fritsch, J. et al. The crystal structure of an oxygen-tolerant hydrogenase uncovers a
novel iron-sulphur centre. Nature 479, 249–52 (2011).
[2] Marques, M. et al. The direct role of selenocysteine in [NiFeSe] hydrogenase
maturation and catalysis. Nat. Chem. Biol. 13 (5), 554–550 (2017).
[3] Tapia, C. et al. In Situ Determination of Photobioproduction of H2 by In2S3 -[NiFeSe]
Hydrogenase from Desulfovibrio vulgaris Hildenborough Using Only Visible Light. ACS
Catal. 6, 5691–5698 (2016).
[4] Ruff, A. et al. A fully protected hydrogenase/polymer-based bioanode for highperformance hydrogen/glucose biofuel cells. Nat. Commun. 9, 3675 (2018).
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