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Welcome to the 12th ITQB NOVA PhD Students´ Meeting!  

Dear Colleagues,  

The Organizing Committee welcomes you to the 12th ITQB NOVA PhD Students´ 

Meeting. This event is specially dedicated to ITQB NOVA PhD students providing them 

with an excellent opportunity to present and discuss their work among peers and with 

all the ITQB NOVA scientific community. The work presented covers several scientific 

areas – Chemistry, Biology, Biological Chemistry, Plant Sciences, and Technology.  

The event also welcomes to the stage several invited speakers, renowned experts in 

their respective fields, presenting different and fascinating science-related topics. 

This year we have three invited speakers, Maria Fátima Lucas (CEO of Zymvol), João 

Seixas (CEO of TargTex), and Luísa Lopes (Neuroscience Researcher, iMM). The 

speakers will give us lectures on how to talk with investors, how to start your biotech 

company, and finally, how brain synapses cope with aging. 

During this meeting, we will also have a morning of workshops on various topics, such 

as mental health issues, how to take care of your interior plants, and an introduction to 

crafting a great beer. Ultimately, a round table session will address the topic of 

misinformation in science. 

 

The Organizing Committee wishes you a great 12th ITQB NOVA PhD Students’ 

Meeting!  
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Ana Figueiredo 
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Susana Fernandes 
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Scientific advisors: 

Ana Petronilho 

Tiago Cordeiro 

 

 

Counselors: 

Renata Ramalho 

 

 

Sponsors: 

The Organizing Committee is grateful for the generosity of the listed partners that made 

the 12th ITQB NOVA PhD Students’ Meeting possible. 
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The Venue 

The 12th ITQB NOVA PhD Students’ Meeting will be held in-person at ITQB NOVA.  

The registration desk will open on Wednesday 20th April at 8:40 a.m. at ITQB’s main 

entrance hall.  

The student’s and speakers' talks will be held in the auditorium, and the posters will be 

displayed in the ground floor corridor. Coffee breaks will take place in the cafeteria. 

The Organizing Committee members will be always available to help you with any 

additional information you may need during the event. 

 

Meeting dinner 

The 12th ITQB Nova PhD Student's Meeting Dinner will be held at Caravela D'Ouro, in 

Algés, on the 22nd of April at 8:00 pm. 

At the dinner, the best oral and poster presentations will be awarded. The dinner is 

sponsored by Câmara Municipal de Oeiras. Please do not forget to bring your 

identification badge to the dinner. 

 

 
Caravela D'Ouro: Alameda Hermano Patrone, 1495‐064 Algés, GPS coordinates 

N 38° 41 ’56.962’’, W 9° 13’ 54.39’’; Tel. (351) 214 118 350. The restaurant is located near 

Algés train station, a trip that will take around 30min from ITQB (around 15min by car). 

The money raised during the registration will be donated to Centro de Apoio à Ucrânia, 

part of Associação Mriya. For more information see Facebook: Associação Mriya. 

  



12th ITQB NOVA PhD Students’ Meeting   

7 
 

Speakers 

 

With a PhD in Computational Chemistry and more than 20 

years of experience in protein science, Maria F. Lucas is co-

founder and CEO of Zymvol, a biotech startup specialized in 

enzyme development and design through computer 

simulations. In 2020 she was awarded an EU Women 

Innovators Award, granted by the European Commission. 

Zymvol is her commitment to democratize the use of green 

chemistry in the industry.  

 

Dr João Seixas is a former student from ITQB-NOVA and 

currently co-founder and CEO of TargTex, a Portuguese 

biotech company focused on developing clinical candidates 

for different oncological indications. Now focused on 

Glioblastoma Multiforme (GBM), TargTex applied an 

artificial intelligence-based algorithm to decipher 

relationships between biological targets and molecules of 

interest, which allowed to identify an unexplored target for 

GBM. 

 

 

Dr Luísa Lopes is a neuroscientist at Instituto de Medicina 
Molecular-João Lobo Antunes (iMM), a Mentor of the New 
York Academy of Sciences STEM program, and founder of 
the Society for Neuroscience Lisbon Chapter. Luísa’s group 
focuses on studying the mechanisms inducing the "early-
aging" of cognitive function, focusing on hippocampal 
circuitry and related behavior. Some of the group’s main 
findings include circadian disorders as a trigger for 
accelerated cognitive loss and one of the mechanisms 
underlying early synaptic degeneration in the hippocampus. 

 

  

Maria Fátima Lucas 

   

João Seixas 

Luísa Lopes 
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“Communication in Science: are we living in a misinformation era?” 

We are delighted to announce our round table. We invited speakers from different 
areas of science that are pleased to discuss with us how to disseminate scientific 
information to the general public. If you think we are living in a misinformation era, 
come and share your opinion. 

Invited speakers: 

Miguel Castanho (Group Leader, iMM) 

Joana Sá (Group Leader, LIP) 

António Granado (Science Journalist, NOVA-FCSH) 

Joana Carvalho (Science Illustrator, Freelancer) 

 

Workshop 1 – "Shuffling: through stigma and un(healthy) beliefs"  

Max participants: 30 
Rosa André and Sandra Mateus, The Bridge Project 

Come and “play” with us around mental health issues. Let's talk about walls - the ones 

we sometimes build outside, and inside of us. Don't miss this opportunity, you will enjoy 

it and be surprised. 

 

Workshop 2 – "Meaningful life, is mine?"  

Max participants: 30 
Liliana Ribeiro, The Bridge Project 

During this workshop, we will demystify what are the components of a meaningful life 

and how it connects with mental health. For sure it will be a plus during your life! 

 

Workshop 3 – "Plants for all: How to work with and take care of 

them" 

Max participants: 15 

Mafalda Costa, ITQB-NOVA  

Round table 

Workshops 
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This workshop will help you learn how to take care of your interior plants. Join us in a 

tour to the ITQB-NOVA green houses. Don't miss this opportunity, you will enjoy it and 

be surprised. 

 

Workshop 4 – "Craft Brewery: How to create your own beer” 

Max participants: 24 

José Brito, ITQB-NOVA  

This workshop provides an introduction of craft beer production where you will start the 

process to do your own beer. Enjoy this hands-on workshop. * 

*The process of beer production is not feasible in one day, so a follow-up monitoring will be 

needed in the following weeks. 

 

  



12th ITQB NOVA PhD Students’ Meeting   

10 
 

Contents 

 
Investigating Staphylococcus aureus cell division dynamics using fluorescence microscopy 14 

Role of Olfactory Receptors in Infection - The case of Olfr56 ................................................. 15 

Paradox of bacterial persistence and antibiotic resistance: chloramphenicol acetyl 

transferase as a double barrel shot gun ................................................................................. 16 

Presence of endobacterial microbiome in clinical isolates of Aspergillus fumigatus ............. 17 

Production and characterization of bioactive secondary metabolites from filamentous 

fungus Neurospora crassa ....................................................................................................... 18 

Transcriptomic analysis of insect Sf9 cells during rAAV production at bulk and single-cell 

level ......................................................................................................................................... 19 

Gene expression profiling of high-producer VLPs insect cells via RNA-sequencing ............... 21 

Human-induced pluripotent stem cell-derived extracellular vesicles as therapeutic 

approaches for cell-based, cell-free cardiac repair ................................................................. 22 

Unraveling the role of the three EndoIII enzymes from the extremophile Deinoccoccus 

radiodurans ............................................................................................................................. 23 

Overcoming low thermostability of PpDyP peroxidase using in silico one-step computational 

design ...................................................................................................................................... 24 

Unraveling structural dynamics of Tir-Host interactions blocking immune response ............ 25 

New Insights in Dissimilatory Sulfite Reduction: DsrD is an Activator of Sulfite Reduction by 

DsrAB ....................................................................................................................................... 26 

Metagenomic Analysis in Extreme Environments for the Discovery of Novel Enzymes and 

Pathways: a case study ........................................................................................................... 27 

A specialized genetic architecture for social learning in Drosophila melanogaster ............... 28 

Emerging roles of hydrogen sulfide and protein persulfidation in kidney disease  ................ 29 

The Fbox protein CG6758 regulates Xbp1-induced cell death in the Drosophila eye ............ 31 

The RNA-binding protein PNPase regulates biofilm formation and virulence in Listeria 

monocytogenes ....................................................................................................................... 32 

Towards an integrated continuous manufacturing of adeno-associated virus (AAVs) .......... 33 

Structurally Primed Phage Display Libraries ........................................................................... 34 

Novel putative OsSLR1 interactors: OsbHLH089 and OsbHLH094 and their possible 

implication on reproduction and embryo development ........................................................ 35 

Rubisco engineering: Nicotiana species as a model for crop photosynthesis improvement . 36 

Heat stress affects the transition from embryogenesis to grain filling during common bean 

seed development ................................................................................................................... 37 

Photosynthetic Cell Factories from Moss: OMICS-guided metabolic engineering in the 

terpenoid precursor pathway of Physcomitrium patens ........................................................ 38 

SnRK1 regulation of root architecture .................................................................................... 39 



12th ITQB NOVA PhD Students’ Meeting   

11 
 

Towards a smaller but functional sacsin protein for ARSACS gene therapy ........................... 40 

Neuro-endocrine circadian regulation of immune cells ......................................................... 41 

Physiological relevance of Flower during aging and cancer progression ............................... 42 

PTMA interacts with Flower win promoting cancer growth and invasion .............................. 43 

Development of new catalysts for asymmetric reactions and their application in the total 

synthesis of biologically active compounds ............................................................................ 44 

Deciphering molecular mechanisms of end processing in Base Excision Repair (BER) .......... 46 

Exploiting the extracellular electron uptake pathway of Sideroxydans lithotrophicus ES-1 .. 47 

Effect of dual-HER2 blockade on anti-tumor immune cells .................................................... 48 

Green strategies to extract and formulate natural pigments: from red to blue hues ............ 49 

Accelerating Lentivirus manufacturing: an engineering driven approach .............................. 50 

Exploring the biochemical properties of enzyme intermediates across the laboratory 

evolution of AsP2Ox bacterial pyranose-2-oxidase ................................................................ 52 

Investigating the mechanism of the W-FdhAB from Desulfovibrio vulgaris Hildenborough .. 53 

Deinococcus detoxifying agents as tool for bioremediation  .................................................. 54 

Deeper insights into small molecule mode of target modulation by novel biophysical 

methods .................................................................................................................................. 55 

The Role of RuvBL1/2 in the assembly of essential protein-RNA snoRNPs complexes  ......... 56 

Improvement of NOV1 oxygenase by rational design for the sustainable production of lignin-

derived vanillin ........................................................................................................................ 57 

A step closer of an optimized H2O2 biosensor using immobilized Dye-Decolorizing 

Peroxidases ............................................................................................................................. 58 

Enabling large therapeutic genes delivery with AAV vectors: improving intein protein 

transplicing systems ................................................................................................................ 59 

Human stem-cell based models to study innate immunity and neuroinflammation in the 

central nervous system ........................................................................................................... 60 

Full human 3D melanoma skin model for physiological studies of tumor aggressiveness ..... 61 

Bioprocess Engineering of Ferritin-Based Nanoparticles as SARS-CoV-2 candidates ............. 63 

A versatile capillary gel electrophoresis methodology for in-process and final product 

characterization of virus- based targets .................................................................................. 64 

Bioengineering of hiPSC-cardiac derivatives for the development of a personalised 

regenerative biological ventricular assist device .................................................................... 65 

Exploring drivers of tumour-associated macrophage polarisation by employing triple 

negative breast cancer 3D cell models ................................................................................... 66 

Enabling stable expression of cytotoxic envelope glycoproteins through virus cell receptor 

knock-out for lentiviral vector production  ............................................................................. 68 

SARS-CoV-2 variants impact RBD conformational dynamics and ACE2 accessibility .............. 69 

Unveiling the molecular mechanism of Nsp1 of SARS-CoV2 and its function in the infection 

process .................................................................................................................................... 71 



12th ITQB NOVA PhD Students’ Meeting   

12 
 

 The role of biliverdin reductase A in malaria  ........................................................................ 72 

Optimizing antibodies: arming the defenders against COVID-19 new variants...................... 73 

Development of a new functional assay to study potential anti-tuberculosis drug targets - 

Arabinofuranosyltransferases ................................................................................................. 74 

Smart N-Heterocyclic Carbene Ligands in Manganese Catalysis ............................................ 76 

The role of exoribonucleases in biofilm formation and acidic stress response in Escherichia 

coli ........................................................................................................................................... 78 

A hierarchical cascade of protein-protein cross-linking governs assembly of the Bacillus 

subtilis inner coat hub SafA ..................................................................................................... 79 

Phages and bacteriocins: characterization of genomic features from streptococcal 

commensal strains .................................................................................................................. 80 

Towards the discovery of specific antimicrobials against Staphylococcus epidermidis 

pathogenic strains  .................................................................................................................. 81 

The Haem Metabolism in Campylobacter jejuni ..................................................................... 82 

Future-proofing bread and durum wheat production in Portugal: implementation of new 

multi-scale phenotyping tools to aid wheat breeding under changing climate conditions.... 83 

Uncovering the repertoire of legume NLR immune receptors ............................................... 85 

Genome-wide characterization of plant resistance genes in cork oak (Quercus suber) ......... 86 

A comparative genomics approach to assess interspecific variability associated with cork 

development ........................................................................................................................... 87 

Molecular regulation of cork development – the role of nutrients and microbiome ............ 89 

OsPIL15 and OsPIL16 are cooperative regulators of rice coleoptile elongation under dark  . 90 

 Understanding C4 PEPC transcriptional regulation in rice – an evolutionary perspective ..... 91 

In silico analysis of the impact of SUMOylation on GA metabolism and signaling ................. 92 

 

 

 
  



12th ITQB NOVA PhD Students’ Meeting   

13 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ORAL PRESENTATIONS 



12th ITQB NOVA PhD Students’ Meeting   

14 
 

Investigating Staphylococcus aureus cell division 

dynamics using fluorescence microscopy 

*1,2Costa, S.F., 1Sousa, M.I., 2Meiresonne, N.Y., 2Ferreira, M.J., 
2Pinho, M.G. & 1Hensel, Z. 

1Laboratory of Single Molecule Microbiology, Instituto de Tecnologia 

Química e Biológica, Universidade Nova de Lisboa, Oeiras, Portugal 
2Laboratory of Bacterial Cell Biology, Instituto de Tecnologia Química 

e Biológica, Universidade Nova de Lisboa, Oeiras, Portugal  

*lead presenter: smcosta@itqb.unl.pt  

Bacterial cell division is an essential process that can provide potential target for new 

antibiotics, which are needed against resistant pathogenic bacteria such as 

Staphylococcus aureus. A complex protein machinery called the divisome orchestrates 

division and is assembled every generation; knowing which components directly 

interact and in what temporal order can guide antibiotic development. 

Fluorescence lifetime imaging microscopy-Förster resonance energy transfer (FLIM-

FRET) is a technique that can inform whether fluorescent fusion proteins interact (i.e. 

are closer than~10 nm) with temporal and spatial resolution. FLIM-FRET is based on 

the decrease of the fluorescence lifetime of a donor protein of a FRET pair when in 

close proximity with a compatible acceptor protein. We optimized FLIM-FRET for live S. 

aureus cells, addressing several practical challenges for sample preparation, data 

collection, and analysis. This technique was used to characterize interactions between 

divisome proteins, and to observe subcellular localization of protein-protein 

interactions. 

We also want to explore whether cell division is regulated by tuning gene expression 

during the cell cycle or in response to stress. One way to do this is by observing the 

process of transcription directly by visualizing single RNAs in live bacterial cells. 

Methods for labelling single mRNAs in fixed cells proved incompatible with S. aureus 

and will always lack temporal resolution. Thus, we are optimizing and characterizing a 

single-mRNA imaging method in E. coli that can be translated to other organisms since 

it is based on endogenous gene expression and independent of cell permeability. We 

compared mRNA imaging techniques in live and fixed cells in order to determine how 

live-cell labeling impacts mRNA degradation and localization. We will discuss the use 

of live-cell imaging to observe localization, diffusion, and transcription of single mRNA 

molecules. 

 

Keywords: S. aureus, cell division, fluorescence microscopy, transcription, RNA imaging 

  

O1 
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Role of Olfactory Receptors in Infection - The case of 

Olfr56 

*1,2André Boler Barros, 1Kátia Jesus, 3Marc Veldhoen, 2Adriano 

Henriques, 1Luís Ferreira Moita 

1 Instituto Gulbenkian de Ciência, Oeiras, Portugal 
2 Instituto de Tecnologia Química e Biológica, Universidade Nova de 

Lisboa, Oeiras, Portugal 
3 Instituto de Medicina Molecular João Lobo Antunes, Lisboa, Portugal 

*lead presenter: asbarros@igc.gulbenkian.pt  

Olfactory receptors are a key component in detecting and reacting to the environment. 

Apart from this role, these G-Protein Coupled Receptors are present in non-sensory 

tissues and cells, as well as involved in non-sensory pathways. Specifically, in the 

context of infection, these receptors have been shown to be expressed in immune 

cells. They are also involved in sensing pathogen-metabolites, such as acetate. 

Transcriptomic data has shown some Olfactory Receptors are highly regulated upon 

infection. The one with the most substantial change is Olfr56. This receptor has a 

strong upregulation, both on mRNA and on protein levels, during the 24h period post-

infection. In addition, this upregulation seems to be characteristic of several immune 

cell types. 

Using a transgenic mouse with a non-functional version of the protein, we have tested 

several in vivo infection models. In this context, only the Cecum Ligation and Puncture 

(CLP) model has shown interesting results, with increased survival for the Olfr56 -/-. 

With in vitro stimulation with (LPS), we have observed a gender-variable regulation of 

proinflammatory cytokines, such as IL1b. 

The results of this project can further improve our understanding of the role of olfactory 

receptors in the immune response. Plus, considering the pharmacological importance 

of GPCRs, this project may open new avenues for infection treatment. 

  

O2 
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Paradox of bacterial persistence and antibiotic 

resistance: chloramphenicol acetyl transferase as a 

double barrel shot gun 

*1Ana Alves da Silva, 1Inês de Jesus Silva and 1Cecília Maria Arraiano 

1Instituto de Tecnologia Química e Biológica, Universidade Nova de Lisboa, Oeiras, Portugal 

*lead presenter: a.amg.silva@gmail.com  

The growing concern about antimicrobial resistance has led to an increasing interest in 

bacterial persistence and its impact on infection in the host. Nonetheless, these two 

mechanisms are often assessed in independent studies and there is a lack of 

knowledge about their relation or possible interactions between them, both at cell and 

population level. Our work shows evidence that the insertion of the resistance gene 

Chloramphenicol Acetyl Transferase (cat) together with its cognate antibiotic 

chloramphenicol (CAM), an inhibitor of protein synthesis, is capable to modulate 

Salmonella Typhimurium persistence to several antibiotics by decreasing its level of 

survival in time. Recently, it was proposed that RelA ((p)ppGpp synthetase) binds to 

uncharged tRNAs, forming RelA.tRNA complexes that bind to vacant A-sites in the 

ribosome, being this mechanism essential for RelA activation. We propose that the 

antibiotic chloramphenicol blocks the A-site of the ribosome, hindering the RelA.tRNA 

complexes to bind to the ribosome thus preventing the activation of RelA and (p)ppGpp 

synthesis decreasing the level of persistence of the population. While developing this 

work, an organism never described in the literature was found in a water sample in 

Cold Spring Harbor, New York, USA. It was isolated, characterized and proved to be a 

new bacterial species. We named it Vibrio harborensis and it is a potential human 

pathogen. 

  

O3 
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Presence of endobacterial microbiome in clinical 

isolates of Aspergillus fumigatus 

*1Daryna Piontkivska, 1Cristina S. Pereira 

1Instituto de Tecnologia Química e Biológica, Universidade Nova de 

Lisboa, Oeiras, Portugal  

*lead presenter: daryna@itqb.unl.pt  

 

 

Invasive fungal infections are being increasingly recognized as a major threat to human 

health, particularly for immunocompromised patients. Recent evidence suggests that 

endosymbiotic bacteria play an important role not only in fungal functional traits, but 

also in the enhancement of fungal virulence. Despite this, in a clinical context the effect 

of bacterial endosymbionts on fungal virulence is not known. Moreover, the growing 

rates of antimicrobial resistance over the past decades may favour the development of 

resistant endosymbiotic bacteria that facilitate the progression of the fungal infection. 

This emerging clinical problem together with the evidence that the endobacterial 

microbiome can significantly impact its host, made us question if the virulence of 

Aspergillus spp., the most common cause of life-threating filamentous fungal infections, 

can be modulated by presence of intracellular microbiome. To confirm the presence of 

bacterial endosymbionts in clinical isolates of Aspergillus fumigatus we have performed 

an amplification of full length 16S rRNA gene of DNA extracted from fungal mycelium. 

The fungal cultured were derived from single asexual spore subjected to temperature 

and antibiotic pressure – to eliminate ephemeral bacteria associates. Analysis of the 

full-length 16S rRNA gene of A. fumigatus isolates revealed presence of a complex 

fungal bacteriome. Additionally, data of the fungal bacteriome show that A. fumigatus 

isolates have a ‘core’ bacteriome but each isolate has specific bacterial partners, in 

total disclosing a complex diversity of bacteria partners compared to that reported 

recently in very distinct fungal phyla including Aspergillus. Finally, the intracellular 

localisation of endobacteria in the fungal host will be confirmed by FISH microscopy, 

the protocol is currently under optimization. The preliminary data support the presence 

of bacterial endosymbionts in the clinical isolates of Aspergillus fumigatus tested so far. 

Our aim is to disclose A. fumigatus bacteriome in clinical context and, at the end, 

understand the bacteriome impact in virulence of Aspergilli. 

 

Keywords: Endosymbiosis, Aspergillus fumigatus, fungal bacteriome 
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Production and characterization of bioactive 

secondary metabolites from filamentous fungus 

Neurospora crassa 

*1P.S. Sequeira, 1 I.Martins, 2 G.H.Goldman and 1C. S. Pereira 

1Instituto de Tecnologia Química e Biológica, Universidade Nova de 

Lisboa, Oeiras, Portugal  
2 Faculdade de Ciências Farmacêuticas de Ribeirão Preto (FCFRP), 

Universidade de São Paulo (USP), Brazil 

*lead presenter: psequeira@itqb.unl.pt 

Infections with no reliable medical therapy are emerging and are specially concerning if 

we think about the increasing numbers of drug resistant pathogens. In 2019, the World 

Health Organization recognized antimicrobial resistance as one of the top 10 global 

public health threats facing humanity. It is estimated that c.a 700,000 people die every 

year from drug-resistant infections.  Thus, there is an urgent need for novel 

antimicrobials as therapeutics or as lead compounds for drug development. In this 

context, microorganisms remain to be one of the most diverse and resourceful 

suppliers for natural products. Fungi have the capacity to produce a large number of 

bioactive compounds; however, the biosynthetic gene clusters are often silent under 

normal cultivation conditions. Herein, we demonstrate that by supplementing the 

growth media of Neurospora crassa with a chemical – the ionic liquid (IL) Choline 

Chloride, we can activate biosynthetic gene clusters and boost the metabolic profile. 

Antibacterial assays using total extracts show that IL-subjected cultures enclose 

compounds that are bioactive. Untargeted mass spectrometry data analysis was 

performed using the online platform Global Natural Product Social Molecular 

Networking (GNPS) and early metabolites’ identification was done by spectral match 

database search and in silico fragmentation tools. It allowed to uncover a plethora of 

putative metabolites, including peptides, terpenoids, glycosides and peptidomimetics. 

In particular, amino acid composition highlights the presence of rare non-proteinogenic 

amino acids that have been reported to display interesting bioactivity e.g. anticancer, 

antiparasitic. Our results provide novel insights into the metabolomics of a fungus 

known to be a low metabolite producer and may shed light not only in drug 

development but also on the physiological role of such metabolites. 
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Transcriptomic analysis of insect Sf9 cells during 

rAAV production at bulk and single-cell level 

*1,2Nikolaus Virgolini, 1,2Marco Silvano, 3,4Ryan Hagan, 3,4Colin 

Clarke, 1,2António Roldão, 1,2 Inês A. Isidro and 1,2Paula M. Alves 

1 IBET, Instituto de Biologia Experimental e Tecnológica, Apartado 12, 

2780-901 Oeiras, Portugal  
2 ITQB NOVA, Instituto de Tecnologia Química e Biológica António 

Xavier, Universidade Nova de Lisboa, Av. da República, 2780-157 

Oeiras, Portugal  
3 National Institute for Bioprocessing Research and Training, Dublin, 

Ireland  
4 School of Chemical and Bioprocess Engineering, University College 

Dublin, Dublin, Ireland  

*lead presenter: nikolaus.virgolini@ibet.pt 

 

The insect cell-baculovirus expression vector system (IC-BEVS) has emerged as a 

versatile cell factory, allowing production of biopharmaceuticals in a time- and cost-

efficient manner. IC-BEVS has been established for recombinant adeno-associated 

virus (rAAV) production for clinical use, but titers and/or quality remain lower than those 

achieved in human cell lines [1]. Scarce availability of well-annotated reference data 

has hindered advances in genomic and transcriptomic studies, limiting further 

characterisation of the cellular machinery of Sf9 and thus potential improvements (e.g. 

by cell line engineering) to IC-BEVS. 

In this study, we characterised changes in the Sf9 transcriptome during rAAV 

production, by (i) sequencing total poly(A) enriched RNA (bulk RNA-seq), and (ii) using 

BD’s Rhapsody single-cell RNA sequencing (scRNA-seq) technology. A customised 

data processing and statistical analysis pipeline was established to analyse both bulk 

and scRNA-seq data. 

Differential expression and functional enrichment analysis of bulk RNA-seq data 

revealed significant alterations in gene expression levels (>100 genes) in infected cells 

when compared to non-infected control, with viral transcript taking over in later infection 

stages (around 80% of the whole transcriptome by 48 hours post infection). Key 

deregulated genes and pathways were identified, showing alterations of cell cycle and 

apoptosis gene expression. Additionally, a correlation of infection with downregulation 

of protein folding genes was observed. Single-cell RNA-seq data revealed cellular 

heterogeneity and enabled the identification of subpopulations with characteristic 

transcriptomic profiles. Cell clustering reflected the expression of viral genes, allowing 

to correlate characteristic cellular signatures to different stages of infection. 

In summary, this study presents the first scRNA-seq analysis for insect Sf9 cells and 

improves the understanding of cellular alterations (at a bulk and single-cell level) 

caused by baculoviral infection during rAAV production. 

 

Keywords: Single-cell RNA sequencing, insect cells, baculovirus, transcriptomics, recombinant 

AAV 

 

 

O6 

mailto:nikolaus.virgolini@ibet.pt


12th ITQB NOVA PhD Students’ Meeting   

20 
 

References 

[1] Merten, O.-W. (2016). AAV vector production: state of the art developments and remaining 

challenges. https://doi.org/10.18609/cgti.2016.067  

https://doi.org/10.18609/cgti.2016.067


12th ITQB NOVA PhD Students’ Meeting   

21 
 

Gene expression profiling of high-producer VLPs 

insect cells via RNA-sequencing 

*1,2Marco Silvano, 1,2Ricardo Correia, 1,2Nikolaus Virgolini, 3Colin 

Clarke, 1,2Inês Isidro, 1,2Paula Alves, 1,2António Roldão 

1 iBET, Instituto de Biologia Experimental e Tecnológica, Oeiras, 

Portugal; 
2 Instituto de Tecnologia Química e Biológica, Universidade Nova de 

Lisboa, Oeiras, Portugal 
3 NIBRT, National Institute for Bioprocessing Research and Training, 

Dublin, Ireland; School of Chemical and Bioprocess Engineering, 

University College Dublin, Belfield, Dublin, Ireland 

 

*lead presenter: marco.silvano@ibet.pt  

 

Adaptive laboratory evolution has been used to modulate influenza hemagglutinin-

displaying virus-like particles (HA-VLPs) expression in insect cells1. However, little is 

known on the underlying biological mechanisms promoting higher VLPs expression in 

these evolved cell populations. This study focused on identifying gene expression 

differences during HA-VLPs production using transcriptome analysis (RNA-seq) to 

identify new avenues for rational engineering of cells and/or bioprocesses. 

Insect High Five cells, adapted to higher pH and non-adapted, were cultured in shake 

flasks and infected with recombinant baculovirus (AcMNPV) to produce influenza HA-

VLPs. Samples were collected from both cultures at 0, 12 and 24 hours post-infection 

and total RNA was extracted for library preparation with polyA selection. Functional 

gene annotation and pathway analysis were carried out using the OmicsBox software. 

As expected, infection kinetics were distinct for the two cell lines, and adapted cells 

showed higher HA-VLP productivity1. RNA-seq data shows a slight decrease in the 

amount of baculovirus and transgene reads along culture time for adapted cells, this 

being reflected in downregulation of viral genes and suggesting lower susceptibility to 

AcMNPV infection. Further analysis revealed that several pathways were differently 

regulated in adapted cells, namely (i) up-regulation of genes involved in processing 

environmental information, indicating that adapted cells might be more responsive to 

external stimuli, and (ii) down-regulation of genes associated with metabolic oxidation, 

carbohydrate metabolism and ion transport, indicating that adapted cells show different 

metabolic and stress response to AcMNPV. 

This study contributes to increasing knowledge on biological mechanisms of insect 

cells for efficient protein production, assisting the identification of relevant target genes 

to design customized host cell lines or viral expression vectors for improved protein 

yield. 

 

Keywords: insect High Five cells, baculovirus expression system, influenza HA-VLPs, 

improved production, RNA-sequencing 
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EV-based therapies have gathered promising in vitro and pre-clinical in vivo results in 

the treatment of heart failure. Nonetheless, challenges to their clinical translation 

remain, ranging from the selection of an appropriate EV source to the development of 

formulations to prolong EV exposure to target organs. Here, we evaluated potential 

biofactories for EV production along hiPSC-cardiomyocyte differentiation and examined 

the use of GelMA hydrogels as vehicles for EV sustained release. 

Briefly, hiPSC were differentiated into hiPSC-CM and matured in 3D culture. EV from 

four cell populations (hiPSC-EV, cardiac progenitor-EV, immature cardiomyocyte-EV, 

and mature-cardiomyocyte EV) were separated by density ultracentrifugation, probed 

for specific markers, and characterized by nanoparticle-tracking analysis and 

transmission electron microscopy. Small RNA-Seq was performed to identify 

differentially expressed miRNA among EV groups. PKH26-labelled hiPSC-EV were 

incorporated into GelMA + 0.2% LAP in a concentration of 1.5 x 1010 particle.mL-1. 

Hydrogels were cast on 6 x 2 mm (Ø x h) frames over honeycomb meshes printed by 

melt electrowriting and crosslinked by exposure to UV (λ=365 nm). EV stability and 

release were measured over 14 days, and their bioactivity was assessed in human 

umbilical vein endothelial cells (HUVEC). 

Small RNA sequencing revealed pro-proliferative and pro-angiogenic signatures in 

hiPSC-EV involving the PTEN/PI3K/AKT pathway. hiPSC-EV treatment mediated 

PTEN suppression and increased AKT phosphorylation in HUVECs. GelMA hydrogels 

were stable and provided a sustained release of EV over 14 days. During that period, 

EV retained their ability to be internalized by endothelial cells. 

Together, these data demonstrate that hiPSC-EV mediate proliferation processes, and 

can be incorporated in GelMA + LAP hydrogels, allowing their sustained release over 

time, which could contribute to enhancing their retention and improving their 

therapeutic efficacy upon in vivo local delivery. 
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Base Excision Repair (BER) is the main pathway responsible for the detection and 

repair of oxidation damages in DNA. This pathway is highly conserved from bacteria to 

man and is initiated by DNA glycosylases which recognize and remove the damaged 

bases. Endonuclease III (EndoIII) is a bifunctional DNA glycosylase with specificity for 

a broad range of oxidized lesions. The enzyme belongs to the HhH family of DNA 

glycosylases and contains a [4Fe-4S] cluster, the role of which is unknown. The 

genome of an extremely radiation resistant bacterium, Deinococcus radiodurans, 

possesses three genes encoding for EndoIII-like enzymes (EndoIII1, EndoIII2 and 

EndoIII3), which have demonstrated different types of activities. The aim of this project 

is to understand the role of the three EndoIII enzymes in D. radiodurans. To that end, 

we have generated and studied mutants of the three enzymes suggested in previous 

studies, focusing on the amino acids found in DNA binding cleft, DNA intercalating 

loops and the iron-sulfur cluster surroundings. However, no specific structural 

determinants explaining the different properties of the enzymes were detected, 

suggesting that more complex factors govern the different catalytic activities of the 

three enzymes. To disclose the respective roles of each EndoIII in the genome 

maintenance at a cellular level, gene and protein expression profile of each enzyme 

are being analyzed on native and EndoIII knock out strains (DRΔEndoIII1, 

DRΔEndoIII2 and DRΔEndoIII3) upon exposure to oxidative stress. We have also 

performed a comparative structural, spectroscopic and electrochemical study of the 

three EndoIIIs and their human homologue (hNTH1). The obtained results led us to 

hypothesize that the N-terminal extension in hNTH1, which is not found in the bacterial 

homologues, may interfere with the electron transfer from the electrode to the FeS 

cluster. A truncated hNTH1 version shows similar structural, functional and 

thermodynamic properties as the bacterial EndoIIIs. 

 

Keywords: Iron-sulfur cluster, Endonuclease, DNA damage, D. radiodurans 
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Stabilizing industrially relevant enzymes is crucial to unlock their full potential in 

biotechnological applications. However, protein stability is a complex, multi-variable 

equation, and tackling it with single-point mutations and iterative rounds of random 

mutagenesis can be time and energy consuming, even when targeting classic protein 

stability features as increasing electrostatic interactions or introducing prolines [1] 

Recently, with the rise of machine learning and molecular simulators, in silico 

approaches have taken the spotlight, providing multiple-point mutants in a single step. 

In this work, we have used the web servers PROSS [2] and FireProt to stabilize Dye-

decolorizing Peroxidase from Pseudomonas putida (PpDyP), a potential biocatalyst for 

the valorisation of lignocellulose biomass, that lacks strong stability features. 

The variants suggested by the PROSS web server (28 mutations) and FireProt (21 

mutations) exhibit remarkable improvements, with both proteins being expressed in 3-

4-fold higher yields than wild-type and shifting their optimum temperature of activity 

from 15-30 °C in wild-type to 60-70 °C in both enzymes. The FireProt variant has a 

melting temperature of 73°C, while PROSS has a melting temperature of 88 º°C, a 10 

and 25°C increase from the wild-type, with the PROSS variant avoiding temperature-

induced aggregation of its tertiary structure, in a 20 to 100 °C temperature ramp. 

Interestingly, these major improvements were achieved with close to no changes in the 

secondary structure distribution, as observed by circular dichroism. 

 

Keywords: lignocellulose biomass, dye-decolorizing peroxidases, in silico design, protein 

stability 
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Intrinsically disordered proteins (IDPs) are central components for the control and 

organization of the cell circuitry by regulating key signaling pathways and numerous 

cellular regulatory programs. Interestingly, pathogenic bacteria commonly employ IDPs 

that mimic cellular binding motifs in order to subvert cellular signaling networks and 

gain control of the host cell regulatory machinery, as it happens with the translocated 

intimin receptor (Tir). 

Tir is an essential effector delivered into host cells by attaching and effacing (A/E) 

pathogens responsible for worldwide cases of foodborne disease. Once injected into 

host cells, Tir promotes the bacterial attachment to the host cell surface and regulate 

immune responses by acting as a cell-signaling receptor that rewires host cellular 

processes to assist infection. 

We found that this pathogen-encoded transmembrane protein comprises a C-terminal 

intracellular domain (C-Tir) highly disordered comprising multiple host-like motifs to 

bind host proteins. By an integrated structural biophysics approach, we have confirmed 

C-Tir’s intrinsic disorder. NMR analysis revealed that C-Tir has pre-existing transient 

structures at phosphorylation sites, including host-like immunoreceptor tyrosine-based 

inhibitory motifs (ITIMs). These ITIM-like sequences were found to bind lipid bilayers as 

previously observed for other disordered domains. C-Tir’s membrane affinity is residue-

specific and appears to be modulated by lipid composition, suggesting a regulation 

layer based on membrane composition. Using NMR, we also observed that the 

disordered C-Tir displays multisite tyrosine-phosphorylation that mediate promiscuous 

binding to the C-terminal SH2 domain of host SHP-1. Together, these novel insights 

provide an updated picture of Tir’s structural features and suggest Tir mimicry of host 

disordered membrane receptors as a molecular strategy for host cell subversion. 

 

Keywords: IDPs, translocated intimin receptor, immune response, host-pathogen interactions, 

NMR 

  

O11 

mailto:marta.f.m.vieira@itqb.unl.pt


12th ITQB NOVA PhD Students’ Meeting   

26 
 

New Insights in Dissimilatory Sulfite Reduction: DsrD 

is an Activator of Sulfite Reduction by DsrAB 

*1Barbosa, A.C.C., 1Venceslau, S.S., 1Melo, M.N., and 1Pereira, 

I.A.C. 

1 Instituto de Tecnologia Química e Biológica, Universidade Nova de 

Lisboa, Oeiras, Portugal 

 

*lead presenter: anabarbosa@itqb.unl.pt  

 

 

 

Microbial dissimilatory sulfate reduction is linked to the global sulfur and carbon cycles 

today and in the geologic past, making anaerobic sulfate-reducing organisms important 

players in the Earth’s ecosystem. 

In this metabolic pathway, sulfate is phosphorylated and reduced to sulfite, which is 

then reduced to the DsrC-trisulfide by the dissimilatory sulfite reductase DsrAB. The 

DsrC-trisulfide is thought to be subsequently reduced to sulfide by the DsrMKJOP 

transmembrane complex, recycling DsrC [1]. However, the role of the small protein 

DsrD in sulfite reduction remained enigmatic. Its importance is deduced by the 

conservation of the dsrD gene in all organisms capable of performing dissimilatory 

reduction of sulfate/sulfite, which is generally found immediately downstream of the 

dsrAB genes [2]. 

In this work, we provide biochemical evidence of a close interaction between DsrD and 

DsrAB and its function as an activator, increasing the activity of DsrAB [3]. 

Furthermore, our coarse-grain and atomistic modelling studies shed light on the region 

of interaction and on the main residues involved. Additionally, the impact of deletion of 

several conserved DsrD residues on sulfite reduction by DsrAB were also shown. 

In summary, our results clarify the functional role of DsrD as a partner of DsrAB in the 

respiratory metabolism of sulfate-reducing organisms. 
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A large number of industrial processes occur in environments with high temperatures, 

extreme pH values and in the presence of inhibitor compounds, which makes the use 

of enzymes obtained from moderate media unfeasible in these processes. Thus, the 

use of enzymes selected from extreme environments can increase the number of 

enzymes applied in industrial processes and improve some of the already existing 

ones. Over the last few years metagenomics has been widely used to characterize the 

taxonomic and genetic diversity of microbial communities that are difficult to study, due 

to the specific habitats and because only few species can be isolated and cultivated 

with the existing techniques. In this work, a catalogue of putative enzymes derived from 

the application of a metagenomics pipeline to samples of shallow hydrothermal vents 

from Azores was analyzed to search for novel sequences of industrial enzymes. 

Acrylamide is highly toxic, likely to be carcinogenic, and is formed naturally in food 

during frying, baking or extrusion at high heat and low moisture. It is known that, if the 

raw material is treated with an enzyme before the heat treatment, the formation of the 

toxic compound is greatly reduced, and there are already some companies 

commercializing a constructed enzyme for that purpose. Due to the fact that the 

process described occurs at high temperatures, type II Asparaginase was chosen as 

the first potential candidate from the catalogue, to identify novel sequences with better 

performance at high temperatures. Type II Asparaginase is an enzyme highly specific 

for asparagine that catalyses the conversion of L-asparagine to L-aspartate and is 

localized to the periplasm. Besides being used in food manufacturing, it is also used in 

medicine to treat acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), 

and non-Hodgkin’s lymphoma.  

 

Keywords: Extreme environments, Type II Asparaginase, metagenomics, industrial processes, 
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Social and asocial learning are required to cope with the complexity of the 

environment. They are behaviourally distinct. However, whether they use a single 

(general-purpose) or distinct (special-purpose) cognitive mechanisms remains elusive. 

A general-purpose mechanism should comprise a single set of genes, while a special-

purpose mechanism should comprise two sets of genes, possibly regulating different 

biochemical pathways and/or neural circuits. This study aims to disentangle the genetic 

architecture of social and asocial learning in Drosophila melanogaster. 

We firstly tested social and asocial learning abilities in 40 lines of the DGRP, a panel 

constituted of hundreds of isogenic sequenced lines that together represent the genetic 

variation of a natural Drosophila population. We used aversive conditioning paradigms 

for oviposition sites. We obtained significant learning performance variation across the 

tested lines. 

Secondly, we performed a Genome-Wide Association Study – a statistical correlation 

between the genetic variants in the DGRP and each learning phenotype. We obtained 

two completely different sets of candidate genes for social and asocial learning, 

ranging from genes with unknown biological activity to genes already known to be 

related to learning. 

Thirdly, to functionally validate the role of each candidate gene on each learning 

phenotype, we used GAL4/RNAi-UAS lines, with knockdown induced by the pan-

neuronal nsyb-GAL4 driver. We found genes with no effect, genes with similar or 

opposite (trade-off) effects, and genes with social learning specialization. 

This study is the first experimental evidence supporting the special-purpose cognitive 

mechanism hypothesis. Future work will address this specialization at the neural 

circuitry level. 

 

Keywords: Behaviour, Asocial Learning, Social Learning, Learning Genetics, 

Drosophila melanogaster 
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Hydrogen sulfide (H2S) is an important endogenous gasotransmitter in human 

(patho)physiology. The beneficial or deleterious effect of H2S depends on its 

concentration range, thus the production or breakdown of H2S needs to be tightly 

regulated by specialized enzymes. H2S exerts its signaling and regulatory functions 

mainly by two different mechanisms: interaction with metal centers and protein 

persulfidation. Protein persulfidation occurs when protein-bound cysteines are modified 

to form persulfides. The importance of these persulfides has recently become evident: 

higher levels of persulfidation are associated with increased resistance to oxidative 

stress and increased life span. In fact, the post-translational oxidation of cysteines in 

proteins, namely e.g. protein persulfidation (-SSH), cysteinylation(-SSCys) and 

nitrosation(-SNO) has much broader relevance. In this work, we aimed to characterize 

enzymes involved in H2S metabolism or persulfidation, and how we can modulate 

them. First, we focused on the H2S-synthesizing cystathionine gamma-lyase (CSE). 

We investigated the effect of nitrosation on CSE catalytic activity and identified Cys137 

as the regulatory site of GSNO-mediated CSE inhibition, thereby disclosing a new 

mechanism of crosstalk between H2S and nitric oxide (NO). We also investigated the 

involvement of CSE in protein cysteinylation. Cysteinylation occurs spontaneously in 

blood circulation and is considered a marker of oxidative stress. We found that CSE 

can prevent and revert cysteinylation of model proteins like BSA. We also aimed to 

characterize mitochondrial cysteinyl-tRNA synthetase (CARS2), proposed as the major 

source of persulfides in vivo. We produced a truncated soluble variant of CARS2, 

which is presently under biochemical and structural characterization. Moreover, we 

used a rat model of chronic intermittent hypoxia to investigate, by an omics approach, 

the involvement of H2S enzymes and persulfides in kidney disease. The molecular 

insights here presented were important to discover new mechanisms and may be 

applied in a (patho)physiological context. 
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The Unfolded Protein Response (UPR) is composed by homeostatic signaling 

pathways that are activated by excessive protein misfolding in the Endoplasmic 

Reticulum (ER). Prolonged ER stress and UPR activation may lead to cell death and 

photoreceptor degeneration. 

We found that over-expression of the transcription factor Xbp1-spliced (Xbp1s) induces 

retinal degeneration in Drosophila and we performed a genetic screen to identify genes 

that, downstream of Xbp1s mediate this phenotype. In this genetic screen, we used the 

FLPase/FRT technique and looked for EMS (Ethyl Methanesulfonate) induced 

mutations that suppress the retinal degeneration caused by the Xbp1s over-

expression. We detected mutations in 3 independent genes: Xpd, Eaf and CG6758, a 

gene encoding one of the 45 F-box proteins identified in Drosophila. F-box proteins 

form complexes with Skp-1, Cullin-1 and Rbx (SCF complexes) to promote the 

ubiquitylation of specific substrates. In a recent study it was found that CG6758 is 

important for synaptonemal complex assembly in Drosophila female meiosis, by 

regulating the level of the phosphatase PP2A-B56, although other possible biological 

roles of the F-box protein CG6758 remain to elucidate. 

We did two proteomic screens to find binding partners and ubiquitylated substrates of 

CG6758 and identified Lamin B and Ataxin-2 as candidate substrates. We did several 

immunoprecipitations and observed the Ataxin-2 ubiquitylation dependent of CG6758 

by western blot. Furthermore, we developed an Anti-CG6758 antibody to study the 

cellular and tissue localization of this F-box protein. The Anti-CG6758 antibody allowed 

us to detect high levels of the CG6758 protein in brain, testes and ovaries of 

Drosophila. Moreover, with the Anti-CG6758 we were able to confirm the interaction 

between CG6758 and Ataxin-2 both by co-immunoprecipitation and 

immunofluorescence. 

Finally, we used the MS2-RNA tagging system to show that under ER-stress 

conditions, Ataxin-2 protein co-localizes with Xbp1-spliced RNA, acting as RNA-binding 

protein. In addition to that, we observed that when we over-expressed Ataxin-2-HA 

together with Xbp1s in fly´s eyes we could ameliorate the retinal degeneration caused 

by the Xbp1s over-expression. 
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Biofilm-related diseases are typically persistent infections, and a challenge for medical 

treatment. Biofilms are communities of bacteria that attach to surfaces and are 

enclosed in an extracellular matrix. These sessile microorganisms can endure external 

stresses like nutrient deprivation, antibiotic treatments, and immune defences. 

Therefore, biofilms create conditions favourable for bacterial pathogenesis. The 

knowledge of novel biofilm regulators may contribute to develop new strategies to fight 

microbial infections. In this work we study the role of the RNA-binding protein and 

RNA-degradative enzyme polynucleotide phosphorylase (PNPase) from the human 

pathogen Listeria monocytogenes. We show that inactivation of Listeria PNPase not 

only leads to strong defects in biofilm production, but also affects biofilm morphology. 

We demonstrate that PNPase is a previously unrecognized regulator of the 

composition of the biofilm extracellular matrix, greatly affecting the levels of proteins, 

sugars, and extracellular DNA. This reduction correlates with a thinner biofilm found in 

PNPase-deficient bacteria, as observed by confocal laser scanning microscopy and 

scanning electron microscopy. RNA-seq analysis of the RNA extracted from biofilms of 

the wild-type and the PNPase mutant strains revealed major changes in the expression 

of genes affecting the metabolism of carbon. We also show that the less stable and 

less resistant biofilm produced in the PNPase mutant is more susceptible to antibiotic 

treatment. Lastly, infection assays in eukaryotic cell lines confirmed that PNPase 

deletion leads to the severe attenuation of Listeria monocytogenes pathogenicity. 

Overall, our results show that PNPase is a novel regulator of biofilm formation and 

human cellular invasion of a bacterial pathogen. This work presents PNPase as a new 

and attractive target for the control of bacterial infection and highlights the expanding 

role of RNA-binding proteins as critical players in pathogenicity. 
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Adeno associated virus (AAV) are one of the most applied vectors for in vivo gene 

delivery. However, depending on the medical condition to treat, the annual vector 

demand can reach up to 5×1020 vg placing substantial pressure on manufacturing 

processes. 

The work herein reported focuses on the steps followed towards a continuous 

manufacturing scenario as a pathway to overcoming these manufacturing bottlenecks. 

Bioprocess intensification was explored using Alternating Tangential Flow (ATF®) and 

Tangential Flow Depth Filtration (TFDF™) devices to enable AAV expression at high 

cell density (HCD). The obtained virus yields matched or surpassed batch cultures (up 

to 8x104 VG/cell vs 3x104 VG/cell). A continuous harvest of the bioreactor was also 

explored using TFDFTM with throughputs and recoveries obtained of >800 LMH and 

>90% respectively. 

In large-scale manufacturing the reduction of handled volumes and processing time are 

extremely important; in this sense, we implemented a customizable multi-stage 

tangential flow-filtration (MSTFF) strategy. By an optimized screening of configurations, 

flow rates, path lengths and conversion percentages, MSTFF set up enabled over 4-

fold increase in particle concentration with AAV recoveries over 92% obtained. 

Continuous affinity capture of AAV particles was achieved with an affinity 

chromatographic method using Periodic Counter-Current Chromatography (PCC). The 

design of the PCC process enabled decreased resin and buffer consumptions while 

improving productivity and processing time significantly. This approach yielded over 

80% recovery in viral particles and considerable impurity reductions (> 98% DNA, and 

> 99% total protein). 

In summary, the potential of process intensification for AAV to overcome manufacturing 

bottlenecks was demonstrated through the use of perfusion strategies, new clarification 

methods, single-pass TFF and continuous chromatography. This enabled not only 

improved virus yields, productivity but also the reduction of footprint and processing 

time, creating new opportunities for evolving the current manufacturing processes 

beyond the batch processing paradigm. 

 

Keywords: Integrated processing, Perfusion bioreaction, Multi-stage TFF e Multi-column 

continuous chromatography 
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Therapeutic monoclonal antibodies (mAbs) are one of the main drivers of revenue of 

the pharmaceutical market. Regardless of the origin and platform used, monoclonal 

antibodies generated against a given target may have room for improvement. Using in 

vitro affinity maturation libraries aims to surpass the throughput limitations of classical 

X-ray crystallography affinity maturation approaches, by providing a generalizable 

approach (or blind) that can be applied to many candidates. The current blind methods 

do not always assure that synergistic mutations are found and may not respect the 

structural constraints of the IgG molecule in question. In this thesis, we developed a 

semi-blind affinity maturation approach using structurally primed primary libraries, to 

reach a compromise between generalization and precision. The primed libraries carry 

mutations on structurally identified hotspots. These positions can be targeted during 

affinity maturation to maximize the likelihood of finding beneficial mutations that 

improve affinity. Firstly, benchmark antibody frameworks were subjected to mutations 

to their CDR germline sequences to reduce the likelihood of antigen-antibody contacts 

on those regions. This originated structurally primed libraries that were evaluated for 

their ability to yield candidates with similar affinity and developability to the benchmark 

library. Different affinity maturation strategies were employed the selected candidates, 

and compared with the benchmark library. Primed frameworks were shown to have a 

bigger rate of success, especially when combined with the newly designed semi-blind 

affinity maturation method. Candidates coming from the primed library were also 

responsible for the biggest fold-increase in affinity, and often reverted part of their 

CDR-null residues back to the original germline residues, which conferred them more 

optimal developability characteristics. This body of work opens a new paradigm in 

antibody discovery, by employing a somewhat counter-intuitive approach in the primary 

panning to achieve better outcomes in the later stages of antibody discovery.  
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Gibberellins (GA) are plant hormones that can regulate germination, elongation growth, 

and sex determination. DELLA proteins are key repressors of the GA signalling 

pathway. The perception of GA signals by its receptor (GID1) triggers DELLA 

degradation, whereas, in the absence of GA, DELLA proteins are free to repress GA-

mediated plant growth. The functions of DELLA proteins rely on their interaction with 

transcription factors or transcriptional regulators. The modulation of the DELLA 

interactome can be regulated by the ability of DELLA proteins to undergo several post-

translational modifications (PTMs) such as SUMOylation. SUMO attachment can 

facilitate new protein-protein interactions or block them by hiding interacting motifs.  

Our work focused on the single DELLA protein from rice, OsSLR1, which is tightly 

regulated by SUMOylation. The OsSLR1 interactors and the impact of SUMOylation on 

those interactions are still not well understood.  

We identified novel OsSLR1 interactors by yeast-2-hybrid and bimolecular 

fluorescence complementation assays, namely OsbHLH089, OsbHLH094, OsbZIP23, 

and OsOSH1, and demonstrated that most interactions are disrupted by SLR1 

SUMOylation. We pursued the functional characterization of OsbHLH089 and 

OsbHLH094. OsbHLH089/94 belong to the basic-helix-loop-helix TF family and are 

known to bind DNA as dimers. We demonstrated that these TFs could form homo and 

heterodimers in the nucleus, where OsSLR1 is also located. To assess the spatial and 

temporal expression of these TFs, we produced reporter lines using the OsbHLH089 

promoter driving GUS expression. We observed expression in the pollen and the 

embryo, which suggests a function during reproduction and embryo development. 

Then, we generated OsbLHL089 and OsbHLH094 overexpression (OX) and knock-out 

(KO) rice lines, which will be used to identify target genes by Chip-Seq analysis and 

evaluate their functional relevance during the rice reproductive stage. 
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The most abundant enzyme on Earth, Rubisco, is responsible for the fixation of 

atmospheric CO2 into organic sugars by photosynthesis in autotrophic organisms. 

Given its crucial role, is remarkable how inefficient it performs when compared to other 

carboxylases. In higher plants, Rubisco efficiency is affected by drought and higher 

temperatures, a problem exacerbated by climate change. 

For a long time, it has been a goal of plant synthetic biologists to engineer a ´better’ 

Rubisco, whose subunits are encoded in the nuclear (rbcS) and chloroplast (rbcL) 

genomes. Current technologies for chloroplast transformation allow us to precisely 

engineer the plastid genome. The preferred method for Rubisco engineering is to 

replace the coding sequences of the rbcL by one from another species but results so 

far have been suboptimal. It has been shown that the evolution of Rubisco relies on 

both atmospheric CO2 / O2 ratios and temperature as evolutionary driving forces. 

Certain amino acidic residues of the large subunit were found to be under selective 

pressure. Utilizing a heuristic approach to investigate Rubisco evolution, we have 

selected 3 residue substitutions that may alter the behavior of Nicotiana tabacum 

Rubisco from high rate of carboxylation and low affinity for CO2 to enhanced affinity for 

CO2 but a slower carboxylation rate. This altered behavior should provide a fitness 

advantage to plants grown under water stress and at high temperatures. 

We present the workflow of chloroplast transformation used for generation of rbcL 

mutants, as well as the plant performance tests done afterwards, and hope to incite 

biologic engineers on a new way of looking at Rubisco and photosynthesis 

improvement. 

 

Keywords: Ribulose-1,5-bisphosphate carboxylase-oxygenase, chloroplast transformation, C3 

photosynthesis, drought stress, heat stress 
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Common bean (Phaseolus vulgaris L.) is one of the most consumed grain legumes 

worldwide. Climate change poses a threat to food and feed supplies, increasing the 

incidence of different abiotic stresses on crops. In particular, it is essential to 

understand the responses of crops to the heat stress (HS) imposed by the increase in 

the average annual temperature. This work aims to clarify the impact of HS on the 

molecular mechanisms underlying common bean seed filling, with emphasis on 

phytohormone-mediated regulation. A combined approach using hormone 

quantification (UHPLC-MS), transcriptomics (RNA-Seq) and histochemistry was 

defined. Plants were allowed to set seeds under control (25°C day/18°C night) and 

elevated (32°C day/25°C night) temperature. The effects of HS were evidenced on 

seed length and final seed biomass. In seeds developing under HS the filling period 

was shortened, ending 18 days after anthesis (DAA), and a decrease in seed biomass, 

parenchymal cells area and cotyledon area was observed. Comparatively, biomass 

accumulation is observed up to 30DAA under control conditions. Seeds developed 

under HS accumulated less biomass compared to control. Under HS, seed content of 

Gibberellic acid (GA1), Salicylic acid (SA) and trans-Zeatin (tZ) was significantly higher 

in embryogenesis (6DAA) compared to the control, decreasing afterward. Also, under 

HS, in the later time points studied, seed content of Isopentenyladenine (iP), Abscisic 

acid (ABA) and Jasmonic acid (JA), was significantly lower compared to control. The 

expression profiles of all the genes implicated in hormone, protein and carbohydrate 

accumulation were studied in developing seeds under HS and control conditions. The 

integration of the data obtained will allow us to understand how the mechanisms 

underlying the transition from embryogenesis to seed filling are modulated by HS. This 

will establish a knowledge base to guide seed quality improvement in the context of 

Climate change.  

 

Keywords: High temperature stress, Early Seed Filling, Hormoneregulation, 

Storage compounds 
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The moss Physcomitrium patens has shown tremendous potential as an alternative 

green cell factory. It has been employed to not only produce pharmaceutical valuable 

proteins with superior performance but also so-called specialized metabolites, such as 

terpenoids. For P. patens to become a truly competitive production platform for 

interesting terpenoids with sufficiently high yields our understanding of inherent 

regulatory mechanisms has to be improved significantly. To tackle this issue, we 

recently started to elucidate parts of this network. Candidate environmental stressors 

have been evaluated and revealed increased gene expression in rate-limiting steps of 

the terpenoid precursor pathway under salt stress. Metabolomics analysis 

demonstrated significant impact on downstream products such as carotenoids, lipids 

and terpenoids. The rate-limiting steps seem to control the flux in the pathway towards 

chemicals that are considered to be involved in certain stress-responses, including 

terpenoids. Based on these findings, the salinity-induced transcriptional landscape was 

modelled in a time-course experiment. With the help of time series clustering analysis, 

transcription factors with putative effect on such rate-limitation were identified, and 

overexpression lines are currently being established to monitor impact on terpenoid 

biosynthesis. These metabolic engineering approaches will not only support the 

establishment of a novel alternative and sustainable production platform for fine 

chemicals, but might also provide insights in the evolution of terpenoid pathway 

regulation. 

 

Keywords: abiotic stress, transcriptomics, metabolomics, terpenoids, Physcomitrium patens, 

metabolic engineering 
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One major strategy of plants to adapt to highly heterogeneous and often challenging 

environments is to modify root architecture. To this end, dedicated signaling pathways 

integrate environmental cues with hard-wired developmental programs into a 

coordinated, unified response that tailors growth in accordance with the environment. 

How this integration occurs is poorly understood but has been proposed to involve 

carbon signaling through the Sucrose non-fermenting Related Kinase 1 (SnRK1). In 

agreement with this, SnRK1 knockdown mutants show defective repression of primary 

root (PR) growth and of lateral root (LR) formation in response to Abscisic Acid (ABA, a 

major stress hormone). Regarding the PR, we’ve uncovered a connection between 

ABA-driven SnRK1 and the proliferating layer of the root apical meristems (RAM), 

which accounts, at least in part, for the growth defects observed in the mutant lines. 

Regarding LRs, we’ve observed that SnRK1 is necessary for the pacing of primordia 

across the stages of development, as well as for the continued elongation of newly 

emerged lateral roots. The mechanism behind these observations is still mostly 

unknown, but we’ve identified a family of transcription factors, AREB/ABFs – known 

effectors of canonical ABA signaling – that are involved in this pathway. Together, our 

results highlight a major role for SnRK1 in shaping root architecture. 

 

Keywords: SnRK1, ABA, SnRK2, Root Development, Lateral roots 
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Autosomal recessive spastic ataxia of Charlevoix-Saguenay (ARSACS) is the second 

most prevalent recessive ataxia, characterized by childhood-onset of progressive 

cerebellar ataxia, spasticity, motor sensory neuropathy, axonal demyelination, and 

Purkinje cell loss. ARSACS is caused by loss-of-function mutations in the SACS gene, 

which encodes sacsin, a 520 kDa multimodular protein with a partially understood 

function. Several lines of evidence suggest that sacsin is involved in chaperon 

activities, promotes the proper polymerization of the neuronal intermediate filaments 

(i.e., neurofilaments and vimentin) and is linked to mitochondrial dynamics and 

bioenergetics. Because the role of glial cells in ARSACS pathology has not been 

studied to date, we proposed investigating the consequences of sacsin loss in glial 

cells as well as the role of glial cells in ARSACS dysfunctions. We showed that sacsin 

is expressed in astrocytes, C6 rat glioma cells, and N9 mouse microglia. By knocking 

out sacsin in C6 cells, we generated an astroglial model of ARSACS. Sacsin knockout 

in C6 cells (C6Sacs-/-) resulted in juxtanuclear aggregation of the glial intermediate 

filaments glial fibrillary acidic protein (GFAP), nestin, and vimentin, along with 

mitochondrial depletion in that region. C6Sacs-/- cells were more sensitive to toxic 

challenges (i.e. Rotenone) and showed impaired STAT3 signaling in response to 

inflammatory stimuli (i.e. Interleukin-6). Our findings suggest that the C6sacs-/- model 

is a useful tool for studying sacsin functions beyond neurons, but also other human 

pathologies caused by disruption of intermediate filament networks, such as Alexander 

disease and Giant Axonal Neuropathy. In conclusion, we revealed that astroglia 

express sacsin protein, and that its deletion in glial-like cells mimics the pathological 

features of ARSACS observed in neuronal cells. These results shed light on a pivotal 

function for sacsin in glial cells and point to astroglia as key players in ARSACS. 

 

Keywords: ARSACS, sacsin, intermediate filaments, cytoskeleton, glial cells 
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Circadian rhythms play crucial roles in mammalian physiology, allowing for anticipation 

and adaptation to the circadian changes in the environment. Circadian rhythms have 

been acknowledged as master regulators of the immune system and their disruption is 

on the genesis of several inflammatory and chronic diseases. 

Immune cells have been described to respond to circadian cues from neuronal and 

dietary origin and require some of the core proteins of the circadian clock during 

development. Thus, we hypothesise that peripheral tissues’ immune cell’s function is 

driven by the circadian clock. 

We have found that immune cells show a circadian pattern in cytokine release, 

consistent with oscillations in inflammatory response. Using a conditional circadian 

clock-mutant, we found that immune cells cytokine release to be impaired in a tissue-

specific manner. Surprisingly, deletion of the circadian clock in immune cells was not 

sufficient to abrogate their circadian cytokine release, indicating a cell-extrinsic 

regulation axis. Using different chemical and chemo-genetic models targeting the 

ablation of different populations of neurons and different endocrine organs, we have 

found that only the later was able to abrogate the circadian cytokine release in immune 

cells.  

Taken together, these results establish circadian rhythms as critical regulator of 

peripheral tissues’ immune function, both intrinsically and extrinsically via humoral 

signalling. Additionally, these results uncover some of the consequences that circadian 

rhythms disruption, caused by shift-work, smoking or environmental challenges, may 

have on the development of peripheral organs' pathological inflammation. 

 

Keywords: Immune, circadian, neuro-endocrine, cytokines 
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Cell competition is a conserved mechanism of cell-cell interaction which promotes 

tissue homeostasis. Cells with higher fitness (winners) can recognize and eliminate 

surrounding unfit cells (losers). Fitness recognition and communication is facilitated by 

the fitness marker Flower (Fwe) protein. 

However, some mutated cells can become supercompetitors and eliminate surrounding 

tissue. This process regulates tumor expansion in mammals, but fitness-based cell 

selection in cancer remains to be fully understood. 

We hypothesized that Flower is determinant to maintain the mammal organisms 

healthy and a fitness decay is relevant during disease progression. To examine this 

possibility, we used a germline constitutive FweKO mice and characterized aging 

process. Our data shows that FweKO mice have significant lower survival rate. 

Deciphering mechanisms that allow recognition and elimination of suboptimal cells in 

aging may open new avenues to promote longer tissue homeostasis. 

In supercompetition context, we previously showed that FweKO mice had less 

papillomas when exposed to a carcinogen. We hypothesized that host cells may play 

as losers and different populations have a role on tumour metastization. We used a 

constitutive FweKO and generated a LiverFweKO (Alb-Cre FloxFwe) and 

Rag1KOFweKO mice strains to unveil the role of Flower in hepatocytes and adaptive 

immune system respectively. We used pancreatic and colon tumour cell lines to induce 

liver metastases via intrasplenic injection. Our FweKO mouse showed less 

susceptibility for liver metastases in pancreatic model. In LiverFweKO model, the same 

incidence was observed in both tumour models, meaning that cell interaction required 

included more than epithelial cells. Interestingly, using Rag1KOFweKO mice both 

pancreatic and colon tumour models had less liver metastases, when compared with 

Rag1KO and FweKO mice, which may indicate an indirect role of the adaptive immune 

system. 

Overall, we showed that Flower plays a role in mammals physiology, by affecting aging 

and changing the host response during liver metastases formation. 

 

Keywords: Flower protein, homeostasis, aging, cancer, metastases 
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Through this process of cell competition, “winner” cells possess greater fitness and the 

ability to induce death of unfit “loser” cells within a tissue. Our group discovered that 

human cells compare their relative fitness levels by displaying “win” and “lose” forms of 

Flower (Fwe) protein. We propose that in the early stages of cancer, cancerous cells 

express high levels of Fwe win and are able to outcompete normal cells, and thereby 

monopolize tissue space. Understanding the mechanisms of cell competition is 

important for development of new drugs and block cancer progression. The aim of this 

project is to determine the role of Fwe and cell competition in tumor growth by 

identifying the proteins that interact with Fwe. We overexpressed in HCT Fwe KO cells, 

the win and lose isoforms of Fwe fused with GFP, and performed Immunoprecipitation 

using an anti-GFP antibody. We identified by Mass Spec several proteins that interact 

with Fwe Win and Fwe Lose isoforms. Then, we analyzed their expression levels in the 

colon cancer cell line HCT 116; HCT 116 cells overexpressing Fwe win and lose 

isoform, and in HCT Fwe KO cells. One of the most promising candidates was the 

cancer biomarker PTMA, that is highly expressed in winner cells and poorly expressed 

in Fwe KO cells. We also observed a difference in the subcellular location of this gene 

in the presence or absence of Fwe. According with the literature when this candidate 

protein is locating in the cytoplasm, it helps tumor grow and proliferate. Knowing that 

Fwe is a transmembrane protein and that the win isoform is expressed in the cancer 

cells, these findings suggest that this candidate protein might be involved in the Fwe 

pathways. Together, these results suggest a potential role of this interaction in cancer 

progression. 

 

Keywords: Cell Competition, Flower, Cancer, Protein-Protein interaction 

  

O28 

mailto:denise.camacho@research.fchampalimaudorg


12th ITQB NOVA PhD Students’ Meeting   

44 
 

Development of new catalysts for asymmetric 

reactions and their application in the total synthesis of 

biologically active compounds 

*1,2Márcia Rénio, 2Dina Murtinho, 1M. Rita Ventura  

1 Instituto de Tecnologia Química e Biológica, Universidade Nova de 

Lisboa, Oeiras, Portugal 
2 Departamento de Química, Faculdade de Ciências e Tecnologia, 

Universidade de Coimbra, 3004-535 Coimbra 

 

*lead presenter: mrenio@itqb.unl.pt  

 

Organocatalysis is a well recognised field of catalysis, along with enzymatic and metal 

catalysis, providing an efficient and green alternative to the other fields. Our group has 

been focused on the development of organocatalysts derived from inexpensive and 

natural sources of chirality - D- and L- tartaric acids and (+)-camphoric acid - and its 

application in different types of catalytic reactions. 

The tartrate derivative (2R,3R,5R,6R)-dimethoxy-2,3-dimethyl-1,4-dioxane-5,6-

dicarboxylate has been described and used in several asymmetric reactions [1]. In this 

work we describe the synthesis of a series of new mono- and bis-thiourea 1 

organocatalysts derived from this compound (Figure 1). Recently, Jacobsen and 

collaborators report that the use of catalysts containing two thiourea groups are able to 

promote some reactions more efficiently [2,3]. Glycosylation is a reaction of particular 

interest and therefore the synthesised organocatalysts, containing thiourea groups, 

were tested in this reaction. Some reaction parameters were also optimised in order to 

obtain good yields and anomeric selectivity in this challenging glycosylation reaction 

(Figure 1). 

 

 

Figure 1. Synthesised organocatalysts. 

 

The efficacy of organocatalysts, in many cases, relies on the hydrogen bonding 

interactions (non-covalent catalysis) and their bifunctionality [4]. The 1,2-diamine 

moiety is identified as a common structural motif that is present on efficient bifunctional 

organocatalysts. However, efficient 1,3 and 1,4-diamine-derived organocatalysts are 
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uncommon. Therefore, a novel 1,3-diamine-derived bifunctional thiourea and 

squaramide organocatalysts 2-4 were synthesised from (+)-camphoric acid (Figure 1). 

These catalysts were easily obtained in up to two to five synthetic steps, in a flexible 

approach that facilitates their structure modification. Their catalytic activity was 

examined in the asymmetric Michael addition of 1,3-dicarbonyl compounds to several 

trans-β-nitrostyrenes. 

 

Keywords: organocatalysis, tartaric acid, canforic acid, glycosylation and michael addition 
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Deinococcus radioduransis an extremely desiccation and radiation resistant bacterium. 

The mechanism behind this is not known, but an efficient DNA repair system, which 

includes Base Excision Repair (BER), is an important part of it. BER is a highly 

conserved DNA repair pathway which repairs both endogenous and exogenous 

damaged bases, abasic sites and strand breaks in DNA. The principal aim of my 

research is to decipher the molecular mechanisms of the last step of the pathway and 

its potential impact on the resistance mechanism of D. radiodurans. In order to achieve 

my goal, I have performed structural analysis, biochemical and functional 

characterization of the two enzymes that are involved in this process, DNA polymerase 

I (DrPoll) and NAD+-dependent DNA ligase (DrLigA) from this organism.  

Based on our results we propose that DrPolI plays the main role in both long patch and 

short patch BER sub-pathways, by analysing DNA polymerase and DNA strand 

displacement versus DNA gap filling, and flap nuclease activities in vitro of DrPolI. We 

also characterized the DNA ligation of DrLigA by adding the enzyme individually or 

coupled together with DrPolI. The activity assays in which we combined DrLigA and 

DrPolI revealed that the enzymes influence each other’s activities, but no evidence of 

protein-protein interaction was detected. Possibly, DrPolI and DrLigA stabilize their 

target DNA site without directly interacting with each other, facilitating DNA polymerase 

and DNA ligation activities. We have predicted the DrPolI structure by combining Cryo-

Electron Microscopy (cryo-EM) and homology modelling, and determined the crystal 

structure of DrLigA. Both structures revealed the proteins structural “dynamics” even in 

their apo-forms. 

Overall, we conclude that DrPolI and DrLigA are multifunctional proteins that are 

essential for an efficient BER, which is extremely important in order for D. radiodurans 

to maintain its genome stability upon exposure to genotoxic stress. 

 

Keywords: DNA polymerase A, DNA ligase A, Deinococcus radiodurans, activity, structure, 

protein-DNA interaction, protein-protein interaction 
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The potential for bacteria to utilize iron as an energy source has been recognized in 

recent years for the development of bioelectrochemical systems for the sustainable 

production of energy and added-value products. The freshwater chemolithoautotrophic 

Gram-negative bacterium Sideroxydans lithotrophicus ES-1 has been proposed to 

oxidize Fe(II) at the cell surface through the decaheme porin-cytochrome complex 

MtoAB. The periplasmic monoheme cytochrome MtoD is proposed to transfer electrons 

across the periplasmic space into the cytoplasmic membrane either to the bc1 complex 

or to a NapC/NirT family tetraheme cytochrome encoded by Slit_2495. 

Slit_2495 has been proposed to function as the quinone reductase during Fe(II) 

oxidation based on its sequence similarity with the tetraheme cytochrome c, CymA, a 

member of the NapC/NirT family of quinol dehydrogenases from Shewanella 

oneidensis MR-1. In S. oneidensis MR-1, CymA acts as an electron hub that receives 

electrons from the quinone pool, transferring the electrons to numerous periplasmic 

proteins, functioning as a quinol oxidase during Fe(III) reduction. 

To understand the possible functionality of Slit_2495, we heterologously expressed this 

protein and characterized its biochemical and electrochemical properties showing that 

it titrates at a similar reduction potential than CymA. Furthermore, in vivo studies 

showed that Slit_2495 can efficiently replace CymA from Shewanella when growing on 

electrodes in a microbial fuel cell, revealing that Slit_2495 may function as a quinol 

oxidoreductase. The information obtained with this work is the first step to elucidate the 

mode of action of Slit_2495, a knowledge that is still lacking and is crucial to use and 

improve S. lithotrophicus ES-1 towards practical biotechnological applications. 

 

Keywords: Sideroxydans lithotrophicus ES-1, Extracellular electron transfer, Slit_2495, 

NapC/NirT family 
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Breast cancer (BC) remains the deadliest female malignancy, with HER2-

overexpressing (HER2+) subtype conferring poor prognosis. Despite using the anti-

HER2 antibody trastuzumab as standard-of-care, most patients eventually relapse due 

to therapy resistance. A dual blockade approach with trastuzumab and pertuzumab 

(novel anti-HER2 antibody) brought some clinical improvement, but unfavorable cost-

effectiveness assessments of this approach still prevent access for many patients. 

Immune biomarkers of response may pave the way for a much needed stratification 

framework. Immune infiltration in HER2+ tumors is known to influence prognosis, 

namely for monocytes/macrophages (promoters of pro-tumoral immunosuppression) 

and NK cells, whose basal cytotoxic function may be boosted with therapeutic 

antibodies. However, the immune mechanism of action of this antibody-based dual 

HER2 blockade remains largely understudied. 

To explore how the dual antibody challenge influences the phenotype and function of 

immune cells infiltrating HER2+ BC, we developed a 3D in vitro heterotypic cellular 

model. This comprised HER2+ BC cell lines aggregates and primary immune cells from 

healthy donors, encapsulated in an inert alginate hydrogel and maintained in an 

agitation-based culture system for up to 7 days. The model retained original BC 

molecular features and, after optimization of culture time and cytokine 

supplementation, it was possible to preserve the NK cell compartment. Challenge with 

trastuzumab and pertuzumab impacted markers of immune activation (PD-L1 and 

CD16) and the proportion of the monocyte compartment. To uncover immune 

differences in responders and non-responders, aiming for patient stratification, we are 

also analyzing, via scRNA-seq, the peripheral immune profile of HER2+ BC patients 

undergoing dual blockade therapy. 

This work presents a dual approach to probe the effect of antibody treatment on HER2+ 

BC, which may be useful for discovery and validation of immune biomarkers predictive 

of clinical response. 

 

Keywords: HER2+ breast cancer, trastuzumab, pertuzumab, 3D cell model, immune response, 

patient profiling 
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In recent years, there is a growing interest in the development of natural colourants due 

to the health promoting effects of natural substances. Furthermore, the safety of 

synthetic food colourants has been related to high levels of toxicity, allergic reactions, 

and carcinogenic potential. Although synthetic dyes have lower production costs and 

greater stability, the European Union and the United States have restricted their use as 

food additives. In this field, carotenoid and anthocyanin pigments provide a natural 

alternative to synthetic dyes. Nevertheless, these natural and naturally-derived 

pigments applications are being limited by several bottlenecks such as their lower 

solubility and stability. This work focused on the development of strategies based on 

the use of different methodologies for the extraction, downstream and/or formulation of 

naturally-derived pigments, targeting a wide range of hues (red, orange, violet and 

blue) with potential application as natural colorants in food and cosmetic industries. 

Among the natural colours, blue is the biggest challenge since natural sources of blue 

are limited. Portisins are bluish anthocyanin-derived pigments found in red wine. Since 

they present increased stability when compared to the anthocyanin precursors, highly 

selective and scalable techniques for the isolation of portisins were investigated. 

Astaxanthin and β-carotene are important carotenoid pigments owing to their strong 

antioxidant properties. Astaxanthin presents an estimated global market value of about 

US$ 1 billion. Therefore, alternative natural sources of this high demanded pigment 

were explored, as well as a clean and cost-effective processes to recover this 

carotenoid. Also, there are limitations when a lipophilic extract is considered as food 

ingredient, in particular very difficult handling and low water solubility. Consequently, a 

two-step microencapsulation process was investigated to develop a hydrosoluble form 

of a natural β-carotene-rich extract. Overall, renewable sources were used as raw 

materials, and advanced technologies were explored to extract, fractionate and 

formulate different naturally-derived pigments. 

 

Keywords: natural colourants, natural pigments, renewable sources, green technologies 
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Lentiviral vectors (LVs) have become the vector of choice for the treatment of acquired 

and inherited diseases since they can stably integrate the genome of dividing and 

nondividing cells. The recent approval of LV-based therapies increased the industry’s 

interest and demand for more efficient manufacturing processes. Despite all the 

advances achieved over the last few decades, the established manufacturing 

processes are composed by several operation units limiting viral recovery. Currently, 

most of these processes rely on multi-tray technologies or fixed-bed bioreactors for the 

LVs production. However, the industry is quickly migrating to suspension cultures, 

allowing reduction of lot to-lot variation, an easier process control, and the 

establishment of a serum-free production platform. Therefore, improved manufacturing 

processes are needed, to cope with the high number of functional particles required for 

clinical trials.  

Here, we report two different strategies for LVs purification. As a first approach, a 

scalable protocol that combines clarification, anion-exchange chromatography (AEX) 

and ultrafiltration membrane technologies towards the maximization of infectious virus 

recovery was implemented. Design of Experiments was used to build up a 

comprehensive analysis of the AEX step and determine the best operating conditions. 

The process comprises only four steps and can be performed in less than 5 hours with 

a global recovery yield of 45%. 

More recently, an Affinity Chromatography (AC) was used to simplify the LVs 

purification process and generate clinical-grade products with high titer and purity. 

However, one of the major challenges has been the development of a ligand that can 

target the viral envelope and simultaneously allow the preservation of its biological 

activity during the elution step. In this work, we report for the first time the 

implementation of an AC resin for the purification of LVs generated by the 

CaptureSelectTM technology. At a laboratory scale, different process parameters were 

assessed and optimized, including the residence time, dynamic binding capacity, 

functional particle recovery, and impurity clearance. The established AC robustness 

was confirmed by the performance of an intermediate scale process which 

demonstrated the scalability and reproducibility of the AC process. Overall, this work 

can contribute to increase LVs downstream process efficiency and reduce time-to-

market. 

 

Keywords: Lentiviral vectors, Gene Therapy, GMP compliant, Design of experiments, Anionic 

exchange chromatography, Affinity Chromatography 

  

O34 

mailto:amoreira@ibet.pt


12th ITQB NOVA PhD Students’ Meeting   

51 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

POSTER PRESENTATIONS 



12th ITQB NOVA PhD Students’ Meeting   

52 
 

Exploring the biochemical properties of enzyme 

intermediates across the laboratory evolution of 

AsP2Ox bacterial pyranose-2-oxidase 

*1André Taborda, 1Lígia O. Martins 

1 Instituto de Tecnologia Química e Biológica, Universidade Nova de 

Lisboa, 2780-157 Oeiras, Portugal 

*lead presenter: ataborda@itqb.unl.pt  

 

Pyranose 2-oxidases (P2Oxs, E.C. 1.1.3.10) are flavoenzymes that catalyze the C2 

oxidation of D-glucose with the concomitant reduction of O2 to H2O2. The use of O2 as 

a cheap and clean oxidant and the lack of anomer preference in P2Oxs, make these 

biocatalysts interesting candidates to substitute glucose oxidase in biosensor devices. 

In this work, directed evolution (DE) has been applied to improve the activity and 

stability of AsP2Ox, the first characterized bacterial P2Ox, from Pseudoarthrobacter 

siccitolerans, towards its successful application. AsP2Ox is the only identified P2Ox so 

far that has a monomeric nature, which can result in an enhanced electrode/mediator 

communication. During the evolution of AsP2Ox, the variants library constructed using 

epPCR and/or DNA shuffling were transformed in E. coli and high-throughput ‘activity-

on-plate’ and 96-well microtiter assay screenings using cell-crude extracts were 

performed. This methodology was repeated iteratively during five rounds allowing the 

identification of a hit variant, 2B9 that harbors 10 non-synonymous mutations and 

shows ~ 20-fold higher catalytic efficiency for D-Glucose. We are currently 

characterizing all evolutionary intermediates using a combination of kinetic, 

spectroscopic, and structural approaches. The kinetic stability at 40ºC fluctuate during 

the evolution but hit 2B9 displayed a half-life time one order of magnitude higher than 

the wild type. The data obtained show that AsP2Ox is amenable to be engineered 

through DE which tailored its activity and stability. The biophysical and structural 

characterization of the evolutionary pathways will allow getting mechanistic insights in 

function and evolution details of this enzyme with impact in their future biotechnological 

applications. 

 

Keywords: Biocatalysis, Flavoenzymes, Sugars oxidase, Directed evolution, Catalytic efficiency 
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The use of CO2 as a feedstock for a circular economy is an intense area of research, 

including studies of the biocatalytic reduction of CO2 to formate. Formate is an added-

value product, being considered as an alternative liquid fuel. The Formate 

Dehydrogenase from Desulfovibrio vulgaris Hildenborough (FdhAB) is a tungsten 

containing Fdh that is the main responsible for CO2 reduction to formate in this 

organism. This enzyme is a great model system for the study of this reaction since it 

has a simple structure, with only two subunits, it can be handled under aerobic 

conditions and its CO2 reduction activity is one of the highest reported. However, the 

catalytic mechanism responsible for CO2 reduction by Fdhs is not fully elucidated yet. 

In order to better understand the catalytic mechanism of CO2 reduction by FdhAB, we 

generated enzyme variants with mutations in specific residues. The focus are three 

highly conserved residues from the catalytic subunit (subunit A), two present close to 

the active site and another thought to be involved in electron transfer. To understand 

their role in catalysis, we created several variants. The effect of the single-point 

mutations was studied for both formate oxidation and CO2 reduction by kinetic assays. 

The results show the critical role of these amino acids for catalysis and indicate that 

these three highly conserved residues are crucial for the mechanism of FdhAB. 

 

Keywords: CO2 Reduction, Formate Oxidation, Formate Dehydrogenase, Desulfovibrio 

vulgaris Hildenborough 
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Ensuring water security and quality to the whole population is a top priority for 

progress. Thus, the treatment of industrial wastewater is paramount. Heavy-metal 

contamination of water system significantly affects directly human health as well as 

indirectly through the food chain. To guarantee a sustainable practice, bioremediation 

can be an appellative technology for heavy-metal detoxification. Within this framework, 

we will explore radiation resistant bacteria, Deinococcus species, as a bioremediation 

system to detoxify arsenic. The outline of the project presents two different strategies, 

one centered at the protein level and the other at the cellular level. Regarding the first 

approach we will address the applicability of Deinococcus radiodurans nano-cage 

proteins (Dps1, Dps2) and the arsenate reductase (ArsC) from Deinococcus indicus as 

a strategy to detoxify arsenate. Here we report the production and purification of 

DrDPS1, DrDPS2 and the DiArsC proteins to be used as platform for detoxification of 

heavy metals. Moreover, it will be present the first studies in the presence of arsenate 

for the different proteins. The outcomes from this project will provide new insights and 

potential breakthroughs for future applications in the elimination of arsenate from 

wastewater systems. 

 

Keywords: Radiation resistance, detoxifying agents, metals, nano-cage compartments. 
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Hydrogen deuterium exchange mass spectrometry (HDX-MS) is emerging as a 

powerful biophysical technique for probing protein interactions, structure, and 

conformational dynamics. In our work, we use HDX-MS to gain a deeper understanding 

on the binding-mode and the target modulation of a set of compounds on Cyclophilin D 

(CypD). CypD is the mitochondrial isoform of Cyclophilins which plays an important role 

in the execution of cell death by regulating the mitochondrial permeability transition 

pore. Mitochondrial dysfunction has been implicated in a cascade of cellular processes 

related to several diseases as multiple sclerosis and cardiovascular disease, making 

CypD an interesting target for therapeutic intervention.  

Colleagues at Merck Healthcare KGaA synthesized different classes of compounds 

targeting the two main pockets of CypD, the aniline and the proline pocket. We tested 

several of these compounds by HDX-MS and the data obtained corroborated the 

information given by the crystal structure, but also provided new insights on how these 

compounds target CypD and how they could be further optimized. As an example, it 

was noticed a stronger H/D exchange protection by compounds binding in the aniline 

pocket compared to the ones in the proline pocket suggesting a lower or not optimal 

occupancy of the inhibitors for this pocket. However, this was not evident from the 

crystal structures where the compounds seem to occupy both pockets equally well. 

Furthermore, we observed that the compounds trigger changes in deuterium uptake in 

regions relatively far from their binding site suggesting possible allosteric effects that 

were not identified in their co-crystal structures. Lastly, preliminary results for fragments 

with (one-digit) low millimolar affinities targeting the aniline pocket revealed a reduction 

in deuterium uptake in this region of the protein. Altogether our results show how HDX-

MS provides valuable and additional insights for the design and improvement of CypD 

inhibitors.  

 

Keywords: HDX-MS, Dynamics, Structure, Small molecules, Cyclophilin D 
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All domains of life share the necessity to generate mechanical forces to drive multiple 

cellular tasks such as cytoskeleton rearranging, membrane fusing, proteolysis or 

protein folding and complex assembly. The proteins that are responsible for 

mechanical force generation are AAA ATPases. All members of this protein 

superfamily harbor an AAA+ domain which is composed of two structural subdomains, 

the N-terminal P-loop NTPase (alpha-beta-alpha-) and the smaller C-terminal (all-

alpha-) subdomains. The alpha-beta-alpha-subdomain contains the Walker A and 

Walter B motives which are vital for ATP binding and hydrolysis. This hydrolysis 

induces a conformational change of the AAA-ATPases which leads to mechanical 

forces that are applied inside cells. 

One of the most important tasks of AAA-ATPases is to assure the correct folding of its 

protein clients as well as the assembly of macromolecular complexes. The RuvBL1-

RuvBL2 (R1R2) hexameric protein complex is part of the AAA-ATPase superfamily and 

is associated with the assembly of several protein-RNA complexes, namely: the U4-

U6-U5 spliceosome, the Box C/D snoRNPs, the Box H/ACA snoRNPs and the 

Telomerase complex. However, the molecular insights of its exact role during the 

assembly processes are unknown. The aim of this work is to shed light on the 

assembly of the early protein-only precursor complexes and how R1R2 is involved in 

their maturation.  

So far, we have purified ZNHIT2 (U4-U6-U5 spliceosome assembly), ZNHIT6 (Box C/D 

snoRNPs assembly) as well as SHQ1 and DKC1 (Box H/ACA snoRNPs and 

Telomerase assembly) and validated the interaction of all proteins with R1R2 by 

Surface Plasmon Resonance experiments. To further characterize and follow the 

formation of the different complexes we will use size exclusion chromatography, 

dynamic light scattering, differential scanning fluorimetry, surface plasmon resonance, 

X-Ray crystallography and Cryo-EM. The solved 3D-structures and biophysical insights 

may be of value to understand the assembly of other protein-RNA complexes.  
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The sustainable enzymatic conversion of lignin-derived phenolics into vanillin has the 

potential to replace the current chemical synthesis and simultaneously valorise lignin 

bio-wastes. NOV1 from Novosphingobium aromaticivorans holds biotechnological 

potential, converting lignin-derived isoeugenol to vanillin in a one-step, co-factor-free 

manner. 

In this work, thirty-five variants were designed based on Rosetta computational-based 

design, in-silico docking, comparative structural alignment, and analysis of the NOV1 

crystal structure to improve the catalytic efficiency towards isoeugenol. The variants 

were constructed and tested for activity, revealing the S283F variant as the most 

active, due to a 2-fold higher turnover rate (kcat) as compared to wild-type. The 

biochemical characterization of wild-type and S283F variant showed that both the 

enzymes have Top at ~30°C and pHop at 9. The study of thermal unfolding using 

fluorescence and light scattering, presented on-set aggregation temperatures at 47°C 

and apparent melting temperatures around 58°C for both enzymes. Interestingly, 

thermal inactivation assays revealed that S283F has a 20-fold higher half-life at 25°C 

than wild-type (t1/2 = 1.3 h). Incubation in the presence of 100 equivalents of FeSO4 

increased the half-life by around 10-fold in wild type, suggesting that iron depletion, and 

not the global unfolding of the tertiary structure, is a key event in the inactivation of 

NOV1. Molecular dynamics support this view, revealing that S283F favours 

conformations of the iron-coordinating histidines compatible with iron-binding, and 

lowers their optimal pKa, favouring the unprotonated state required for binding the iron 

metal. Importantly, whole-cells containing the S283F variant are able to catalyze the 

conversion of up to 100 mM of isoeugenol to vanillin yielding close to 100% molar 

conversions within 24 h of reaction.  

These results provide a new understanding of the catalytic and stability features of 

NOV1 to facilitate the future design of robust and efficient biocatalysts for industrial 

applications. 

 

Keywords: Bio-based products, Biocatalysis, Lignin valorization, Oxygenases, Non-heme iron 

proteins, Biorefinery technologies, Green Chemistry  
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Metalloenzymes have a recognized but largely unexplored potential for 

biotechnological applications, as they catalyse a broad range of biochemical reactions 

in a specific, selective environmentally friendly and efficient way. Their physiological 

efficiency, however, is not easily translated into biotechnological devices due to the 

lack of molecular details about the mode of action in immobilized state.  

In this work, we aim to explore novel heme Dye-decolorizing peroxidases (DyP) for 

construction of 3rd generation biosensors of hydrogen peroxide. These devices rely on 

direct electron transfer between the enzyme and the electrode, that ensures high 

selectivity in comparison to those that employ artificial mediators.  

We have previously shown for the first time that DyP from Pseudomonas putida 

(PpDyP) can be used for the construction of an efficient 3rd generation H2O2 biosensor 

[1], which reveals superior sensitivity in comparison to biosensors based on 

horseradish peroxidase. In the next step we aim i) to optimize PpDyP based device to 

achieve a commercial biosensor, ii) to explore DyPs from other bacteria and variants 

with improved catalytic characteristics and stability and iii) to investigate different 

immobilization materials and strategies, including advanced nanomaterials. Structural 

properties of the enzymes in solution and immobilized state will be addressed by 

resonance Raman (RR) and surface enhanced RR spectroscopy, and the 

electrocatalytic properties will be analysed by electrochemistry [1,2]. That allows us to 

elucidate fine details about the enzyme electrocatalytic properties in the immobilized 

state.  

An optimized 3rd generation DyP-based biosensor for hydrogen peroxidase that shows 

improved sensitivity, selectivity, and stability is expected to be a valuable alternative to 

currently existing (commercial) devices that rely on other peroxidases. 
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Adeno-Associated Viral (AAV) vectors are among the most used vectors in the clinic for 

in vivo gene therapies. Despite the progress, AAV vectors still present several 

limitations. One major bottleneck is the small packaging size, hampering its use for 

treatments requiring the delivery of large genes. To overcome this, dual-AAV vector 

delivery systems, either relying on homologous recombination or, protein trans- splicing 

systems, have been explored to reconstitute oversize transgenes. Split-intein sequence 

from Nostoc Punctiforme (Npu DnaE) is currently the most used in protein trans-

splicing. However, these approaches present low reconstitution efficiencies, 

demanding higher vector doses administration. This work seeks to overcome inefficient 

protein reconstitution rates of current dual-AAV vector-intein-mediated systems by 

applying novel split-inteins with improved transplicing rates. 

Optimized split-intein sequences based on (Cfa) and cyanophage-like Gp41-1 were 

studied and compared with Npu DnaE. Initial evaluations were performed by transient 

transfections of two AAV vector transgene expression cassettes in 293T cells, each 

construct encoding a terminal half of frGFP protein harbouring the respective split-

intein. The reconstitution kinetics of frGFP was evaluated by Flow Cytometry and 

Western Blot. 

Results showed 100% transplicing efficiencies for all inteins but different reconstitution 

rates. Gp41-1 presented up to 2-fold higher reconstitution rates than NPU DnaE, the 

lowest of all inteins. Moreover, Gp41-1 exhibited fluorescence intensities only 2-fold 

lower than frGFP control. Dual-AAV co- infections were performed determining the 

optimal transduction conditions using AAV2 coding frGFP and mCherry. Different 

vector doses (1x104-5x104 V.G./cell) were tested. Results showed a 40% decrease in 

fluorescence intensity compared to single infections, suggesting vector competition. 

Full evaluation on the dual-AAV vector-intein-mediated systems is undergoing. 

This work showed improved protein reconstitution efficiencies, revealing Gp41-1 as a 

promising new split-intein to be used in dual AAV delivery potentially enabling the use 

of lower vector doses and wider AAV vector-mediated therapeutic applications. 

 

Keywords: Gene therapy, Adeno-associated viral (AAV) vectors, dual AAV vectors, Intein 

protein trans-splicing 
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Gene therapy development for central nervous system (CNS) disorders has been 

hindered by the lack of human-relevant models where the neuro-immune axis is 

depicted. Upon infection, glial cells undergo activation expressing receptors that trigger 

the production of inflammatory cytokines through activation of inflammatory pathways, 

leading to neuronal death. Still, much of the molecular mechanisms that trigger and 

sustain human glial activation remain unknown. Our aim was to establish and explore a 

human-induced pluripotent stem cell (hiPSC) model of neuroinflammation suitable for 

preclinical development of gene therapies. A methodology pioneered by our team was 

used, in which hiPSC-derived neural progenitors were cultured in perfusion stirred-tank 

bioreactors and differentiated into 3D neurospheroids composed of neurons, 

astrocytes, and oligodendrocytes. To recapitulate the neuro-immune axis, a co-culture 

between neurospheroids and hiPSC-derived microglia (iMGL) was implemented. iMGL 

infiltrated the neurospheroid structure, adopted a ramified phenotype, and maintained 

the expression of microglia markers (TMEM119, TREM-2 and IBA-1).  Neurospheroids 

with or without iMGL were challenged with neuroinflammatory factors (TNF-α, IL-1α, 

and C1q) and viral vectors, human adenovirus 5 (hAdv5) and adeno-associated virus 

(AAV) serotype 9, with known tropism towards the CNS. Upon inflammatory challenge, 

neurospheroids showed upregulation of neuroinflammatory genes (e.g., SERPINA3, 

and C3), concomitant with secretion of pro-inflammatory cytokines and chemokines 

(e.g., IL8 or CXCL8, and CCL2), hallmarks of neuroinflammation. Quantitative 

transcriptomic (NGS) and proteomic (SWATH-MS) preliminary analysis show 

modulation of NF-κB signaling pathway in challenged neurospheroids. To access viral 

vector immunogenicity, neurospheroids were exposed to hAdv5- and AAV9-GPF at 

different multiplicities of infection. Transduction was evaluated by transgene expression 

and cell toxicity. Ongoing work focuses on characterizing the innate immune reaction to 

viral vectors with emphasis on neuron-glial interactions. Hence, we propose the 

neurospheroid model as a useful preclinical model to dissect neuroinflammatory 

mechanisms and accelerate the development of advanced therapies.  

 

Keywords: Neuroinflammation, Innate Immune System, Glial Activation  
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Cutaneous melanoma is the deadliest form of skin cancer with an increasing incidence 

worldwide. Despite advances in the treatment of cutaneous melanoma, there remains a 

high percentage of patients who do not respond to, or develop resistance to, these 

treatments. Three-dimensional (3D) in vitro melanoma models mimic the complexity of 

the in vivo skin microenvironment. These models can surpass the limitations of two-

dimensional (2D) cell culture and improve the translation from preclinical studies to 

human clinical trials. 

In this context, we present three in vitro models of cutaneous melanoma with a culture 

of three different melanoma cell lines (A375, G361, SKMEL-1) in co-culture with 

fibroblasts, melanocytes and keratinocytes (Fig. 1). Several concentrations of each 

melanoma cell line were used with different seeding techniques: direct seeding or 

addition of cell aggregates. All melanoma models were validated with biomarkers that 

evaluate organization, proliferation and differentiation of the skin and to identify the 

presence of the tumor. By day 25, a full-thickness skin model has completely 

developed with a stratified epidermis and successful tumor integration.  

A model including the addition of other cells types allows a better understanding of 

melanoma invasion and progression. Therefore, the next steps will be to explore the 

interaction with peripheral blood mononuclear cells and characterize the immune cells 

present in the tumor microenvironment. 

The techniques employed to develop the melanoma resulted in morphologies better 

representative of an in vivo tumor microenvironment, compared to 2D cell culture 
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Figure 1. Hematoxylin and eosin staining of three reconstructed 3D melanoma skin 

models with three different melanoma cell lines; A. A375, B. G361 and C. SKMEL-1. 

Scale bars 50 μm. 
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models. In addition, these models are in agreement with European Union guidelines to 

limit animal testing. 

This innovative 3D-in vitro tumor model could become a valuable tool to recreate the 

earlier stages of melanoma and to understand the role of immune cells in tumor 

progression, leading to the development of new ways to test treatments for melanoma 

patients. 
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The ongoing COVID-19 pandemic has urged the development of vaccines against its 

causative agent, SARS-CoV-2. The Receptor Binding Domain (RBD) of the SARS-

CoV-2 Spike protein mediates viral entry and is considered an important target for 

vaccine development. 

In the last decade, the interest in ferritin-based vaccines has been increasing due to 

their safety and immunogenicity. Candidates against influenza, Epstein-Barr, and 

SARS-CoV-2 viruses are now in Phase I clinical trials. Ferritin self-assembles into 

stable and biocompatible nanoparticles that are amenable to surface conjugation. 

Antigens can be attached to ferritin by genetic fusion or modular assembly to develop 

vaccines.  

In this work, RBD was attached to human ferritin (HFt) by (i) genetic fusion, (ii) 

chemical crosslinking, or (iii) enzyme-catalyzed conjugation. The genetic construct 

(HFt-RBD) was produced in E. coli as inclusion bodies and different refolding strategies 

were tested to obtain soluble protein. For modular assembly, HFt was produced in E. 

coli and the RBDs were produced in Sf-9 cells using the baculovirus expression 

system. RBD was conjugated to HFt through a NHS-PEG-Mal crosslinker. RBD-Y, a 

RBD genetically modified to incorporate a tyrosine (Y) residue, was conjugated to HFt 

using Agaricus bisporus tyrosinase as catalyzer. 

The structures obtained were compared in terms of production yield and 

physicochemical properties to select the most promising to take further into vaccine 

development. 
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The biopharmaceutical industry has reached a turning point; new therapeutic 

modalities, such as virus-based biopharmaceuticals, are used applications including 

vaccination, gene therapy and oncolytic therapy. However, the bioprocessing of 

functional viruses still presents challenges, mainly due to a lack of suitable analytics for 

downstream processing monitoring or characterization of the final product. Capillary 

electrophoresis (CE) is a versatile technique that enables the identification of intact 

viruses, determination of particle numbers and the quantification of several product-

related impurities, such as host cell DNA and host cell proteins. Although this platform 

is commonly used for purity profiling of monoclonal antibodies in the pharmaceutical 

industry by ultraviolet (UV) detection, it requires a large amount of product, meaning it 

is not suitable for virus-based pharmaceuticals, where total protein concentration 

(dose) is relatively low. 

This work presents a highly sensitive CE methodology employing a fluorescence 

labelling procedure for monitoring different bioprocess steps and performing a final 

product characterization of several viral vectors.  

The sample purity and capsid protein content of several recombinant Adeno-associated 

virus (rAAV) serotypes, produced in different cell systems, were analysed with regard 

to their viral protein VP1/VP3 ratio, previously described as a critical attribute to assess 

the quality of these vectors. Moreover, the evaluation of in-process rAAV samples 

enabled the detection of residual process-related impurities. The method was also 

validated for the quantification of - rAAV2 following the ICH guidelines. To evaluate the 

suitability of this method for enveloped viral targets, in-process samples from lentiviral 

vectors were analysed. Differences in the envelope protein were detected, a 

consequence of the purification processing conditions. This approach was compared 

with other similar analytical tools, CE-SDS with UV detector and SDS-PAGE, and the 

results confirmed the increased sensibility of the implemented technique.  

Overall, the work described here enabled the implementation of a novel, robust and 

sensitive analytical platform for in-process sample analysis and quantification of 

different viral-based targets.  

 

Keywords: bioanalytical tool, capillary electrophoresis, quality control, viral vectors 
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Novel advanced therapies have been focusing on tissue engineering approaches to 

direct cardiac regeneration after myocardial infarction. For this, clinically relevant 

quantities of cardiac cells must be available as a ready source for transplantation, such 

as Cardiomyocytes (CM) and Cardiac Fibroblasts (CF), responsible for the heart 

structural integrity. However, conventional cardiac differentiation protocols remain 

inefficient, costly to implement and highly variable when using multiple human induced 

Pluripotent Stem Cell (hiPSC) lines.  

Thus, the main aim of this work is to develop a robust and scalable protocol to 

differentiate hiPSC into Cardiac Progenitor Cells (CPC), which can further commit into 

both CM and CF in a cost-effective manner. Differentiation strategies were explored to 

direct hiPSC into the CPC fate, in both static 2D-monolayer and suspension 3D 

aggregates culture conditions. Two different protocols were screened using different 

concentrations of key small molecules, namely CHIR99021 and IWP2/4. To assess 

which strategy would maximize cell yield and differentiation potential, the CPC were 

further differentiated into CM and CF. In the 2D-monolayer cultures, cell morphology, 

growth and gene expression profile of CPC-specific markers were similar in both 

protocols, until day 6 of differentiation. The generated CPC were able to commit into 

CM (≥ 50 % cTnT+ cells) on day 12 of differentiation, and into CF (≥95% of CD90+ and 

VIM+ cells), by day 18. However, higher numbers of CM and CF were obtained when 

derived from CPC differentiated with 12µM CHIR99021 and 5µM IWP4. This protocol 

also revealed to be more effective for CPC differentiation in the 3D aggregate culture, 

as these derived CPC showed a 4-fold increase in cell yield at day 6 and were the only 

CPC able to further differentiate into quiescent CF. Additional experiments need to be 

performed to characterize the functionality of both CM and CF generated in 3D culture. 
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Triple negative breast cancer (TNBC) is the most aggressive BC subtype, with scarce 

targets available for therapy. Despite recent breakthroughs targeting immune 

checkpoint inhibitors, the lack of efficacy of these immunotherapies in a high proportion 

of TNBC patients has been correlated with an immunosuppressive microenvironment 

promoted by tumour-associated macrophages (TAM). Cytokine-mediated axes of TAM 

polarisation have been intensively studied in recent years, however translation into 

therapeutics has not been successful, highlighting the need to better understand the 

drivers of TAM phenotype and define novel markers for TNBC immunosuppressive 

microenvironment. Recently, the contribution of tumour cell-TAM interactions mediated 

by cancer-associated carbohydrates and macrophage receptors started to be unveiled 

but remains poorly understood. 

To study cell-cell interactions between tumour cells and TAM, we generated 3D-cell 

models based on co-cultures of spheroids from different TNBC and Luminal cell lines 

and human macrophages. After 7 days in co-culture, we assessed TAM polarisation by 

expression of cell-surface immunosuppressive markers, secreted soluble factors and 

presence of cancer-associated carbohydrates at the surface of TNBC cells.  

Our results show higher population of macrophages in co-cultures with TNBC, 

compared to luminal cell lines co-cultures. Macrophages polarised by TNBC cells 

showed high surface expression of immunosuppressive markers (e.g., mannose 

receptor and haemoglobin scavenger receptor), resembling TAM phenotype observed 

in TNBC patients. In co-cultures there was increased secretion of CCL2, IL-8, IL-6, IL-

10 and lactate, described to induce TAM polarisation, promoting the TNBC 

immunosuppressive microenvironment. Finally, we could detect cancer-associated 

carbohydrates at the surface of TNBC cells and some receptors for these 

carbohydrates at the surface of TAM. 

With this work, we established a 3D-cell model that recapitulates features of TNBC cell-

TAM interactions. Our results suggest we can employ this model to unveil cell-cell 

mediated polarisation of TAM.  
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Gene therapy has revolutionized modern medicine by providing treatment to previously 

unmet medical needs. The use of lentiviral vectors (LV) in gene therapy clinical trials 

has been steadily increasing in recent years. However, their usage has been limited by 

the low yields and poor scalability of current production systems. Therefore, 

establishing efficient and scalable production processes based on high-titer constitutive 

producer cells, is paramount to sustain the increasing demand of LV-based gene 

therapies. 

Here we describe a new strategy to establish constitutive LV producer cells stably 

expressing GaLVΔR, an engineered, high-titer envelope glycoprotein. GaLVΔR 

promotes a 5-fold increase in LV titers relative to the original glycoprotein. Due its 

fusogenic properties, GaLVΔR expression also leads to syncytia formation. To address 

envelope cytotoxicity, we developed a cell host deleted for GaLV cell receptor (PiT-1, 

inorganic phosphate transporter-1), using CRISPR-Cas9. PiT-1 knock-out (KO) allowed 

stable expression of GaLVΔR without syncytia formation while maintaining LV titers. 

These cells exhibited a decreased growth rate that was rescued upon overexpression 

of another phosphate transporter (PiT-2). PiT-1 KO cells were further explored in the 

development of constitutive LV producer cells expressing GaLVΔR. To that end, PiT-1 

KO clones were isolated by limiting dilution and selected using a functional screening 

based on resistance to GaLVΔR transduction. From 37 resulting clones, 6 supported 

stable transfection with GaLVΔR. Envelope immunofluorescence-based detection 

showed different levels of GaLVΔR expression across the cell clones. These clones 

are being characterized and used to establish constitutive LV producer cells. The 

impact of the different GaLVΔR expression levels on LV productivities is also being 

explored. 

This work validates the strategy of abolishing the expression of viral receptors in the 

producer cell host to allow stable expression of fusogenic glycoproteins. It also 

provides new cell substrates currently being explored to push the boundaries of 

constitutive LV production. 
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The coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), has killed over 5 million people and 

is causing a devastating social and economic impact all over the world. The rise of new 

variants represents a difficult challenge due to the loss of vaccine and natural 

immunity, and increased transmissibility. All circulating variants contain mutations in 

the spike glycoprotein, which mediates fusion between the viral and host cell 

membranes, via its receptor binding domain (RBD) that binds to angiotensin-converting 

enzyme 2 (ACE2). To understand the effect of RBD mutations in circulating variants, a 

lot of attention has been given to the RBD-ACE2 interaction. However, this type of 

analysis ignores more indirect effects, such as the conformational dynamics of the RBD 

itself. Observing that some variant mutations occur in residues that are not in direct 

contact with ACE2, we hypothesized that they could affect RBD conformational 

dynamics. To test this, we performed long atomistic molecular dynamics simulations to 

investigate the structural dynamics of wt RBD, and that of three variants (alpha, beta, 

and delta). Our results show that in solution, wt RBD presents two distinct 

conformations: an “open” conformation where it is free to bind ACE2; and a “closed” 

conformation, where the RBM ridge blocks the binding surface. The alpha and beta 

variants significantly impact the open/closed equilibrium, shifting it towards the open 

conformation by roughly 20%. This shift likely increases ACE2 binding affinity. 

Simulations of the variant RBD were extreme in this regard, in that a closed 

conformation was never observed. Instead, the system alternated between the before 

mentioned open conformation and an alternative “reversed” one, with a significantly 

changed orientation of the RBM ridge flanking the RBD. This alternate conformation 

could potentially provide a fitness advantage not only due to increased availability for 

ACE2 binding, but also by aiding antibody escape through epitope occlusion. These 

results support the hypothesis that the variants, and particularly the delta variant, 

impact RBD conformational dynamics in a direction that simultaneously promotes 

efficient binding to ACE2 and antibody escape. 
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Figure 1. Graphical representation of the equilibrium between the open, closed and reversed 

conformations of the SARS-CoV-2 RBD in water 
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The SARS-CoV2 outbreak started in late 2019, and in March 2020 a world pandemic 

state was declared by the WHO. At the current moment, several countries implemented 

a vaccination plan that proved to be quite effective by protecting the population from 

the severe effects of the covid-19. Nevertheless, SARS-CoV2 continues to spread, and 

different variants have been identified, thus there is still a considerable number of 

people that are highly affected when infected with SARS-CoV2, in some cases leading 

to death.  

Because of this, it is important to understand the viral mechanism of action to find a 

way to neutralize it. Nonstructural protein 1 (Nsp1) is the first protein transcribed in the 

infectious process and has been proposed to be one of the key players in the infection 

process. Currently, a total of 22 SARS-CoV2 variants have been identified. An analysis 

of the Nsp1 sequences in all the variants identified so far, shows that its sequence is 

mostly conserved in all the different variants. This suggests that the molecular 

mechanisms associated with this protein may be quite conserved, a possible indication 

of its importance for the life cycle of the virus, therefore making NSP1 a strong 

candidate as a target for neutralization.  

In this work we focus on the biophysical characterization of this protein. For this we 

used different techniques such as isothermal titration calorimetry, circular dichroism, 

small angle X-ray scattering and thermal shift assay. Moreover, we have determined its 

activity regarding the degradation of nucleic acids.  

The results obtained so far bring new light on the modus operandi of Nsp1 in the 

infection process and open new perspectives for the development of new antiviral 

drugs.  
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Severe malaria is a life-threatening condition caused by infection with Plasmodium spp. 

parasites. The blood stage of Plasmodium spp. infection is associated with hemolysis, 

leading to the accumulation of labile heme in plasma. The pathologic effects of labile 

heme are countered by the induction of heme oxygenase-1 (HO-1), a stress-

responsive enzyme that breaks down heme into equimolar amounts of carbon 

monoxide (CO), iron and biliverdin. In turn, biliverdin is converted into bilirubin, a potent 

lipophilic antioxidant, via an enzymatic reaction catalyzed by biliverdin reductase A 

(BVRA). Our laboratory and others have implicated heme degradation by HO-1 and 

some of its end products in the establishment of disease tolerance in malaria. The 

protective effect of HO-1 against malaria is driven, in part, by the binding of CO to the 

prosthetic heme groups of hemoglobin to prevent hemoglobin oxidation and the 

production of labile heme, suppressing the pathogenesis of cerebral forms of malaria in 

mice. Other mechanisms via which HO-1 is protective against malaria include the 

induction, via catalytic iron, of the iron sequestering protein complex ferritin, which 

suppresses the pathogenesis of non-cerebral forms of severe malaria. However, the 

role of biliverdin and its downstream pathway in the outcome of malaria remains 

unknown. By using in vitro and in vivo approaches, we will investigate the role and 

contribution of BVRA to the establishment of disease tolerance and in host defense 

against malaria. 

 

Keywords: Biliverdin reductase, Biliverdin, Bilirubin, Malaria 

  

P18 



12th ITQB NOVA PhD Students’ Meeting   

73 
 

Optimizing antibodies: arming the defenders against 

COVID-19 new variants 

*1Nogueira A. R., 1Borges-Araújo L., 1Abreu I. A., 2Veiga A. S., 
1Melo M. N. 

1 Instituto de Tecnologia Química e Biológica António Xavier, 

Universidade Nova de Lisboa (ITQB NOVA), Av. República, 2780-157 

Oeiras, Portugal  
2 Instituto de Medicina Molecular, Avenida Professor Egas Moniz 1649-

028, Lisboa, Portugal 

*lead presenter: raquel.nogueira@itqb.unl.pt 

 

Current antibodies therapies to treat COVID-19 lost their neutralization efficiency 

against Omicron variant - harbouring 37 mutations in the S-protein, of which 13 are 

unique. Neutralizing antibodies commonly target the receptor-binding domain (RBD) of 

the S-protein S1 subunit which interacts with the host receptor angiotensin converting 

enzyme (ACE2). Consequently, conformation alteration of S2 subunit results in viral 

fusion and entry. As SARS-CoV-2 evolves, we still face a need for therapeutic solutions 

as the potential for escape mutations/immune evasion is highlighted. Omicron rise in a 

unique setting, infecting people possessing antibodies against SARS-CoV-2 from 

natural previous infection or vaccination. Although Omicron decreased in severity, it 

poses new challenges with higher viral transmission and evolution direction. Here, we 

aim to computationally optimize the binding affinity of antibodies to the broad 

coronavirus family. The designs will be template-based and de novo designs to expand 

the natural immune repertoire. The targets will include the RBD and the S2 well-

conserved subunit to broaden the spectrum of action in an ever-changing mutational 

environment. In a departure from common strategies, we will also target antibodies’ 

epitopes described in the viral membrane-proximal region of the S-protein – which are 

common in homologous regions of other viruses, such as HIV-1. In the template-based 

approach, in silico docking experiments using a Rosetta score functions coupled with a 

genetic algorithm will optimize the antibodies’ interface - binding affinity and stability. 

Molecular dynamics simulations with the highly glycan populated S-protein will unravel 

the key interactions between the designs and the viral glycoprotein. Promising leads 

may undergo future experimental characterization and validation in relevant infection 

models for added clinical impact. With this approach, we look towards a powerful 

computational pipeline and a validated strategy to tackle not only emerging variants but 

also future viral pandemics. 
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The increasing prevalence of drug-resistant bacteria represents a significant global 

health problem. Mycobacterium tuberculosis remains the leading cause of mortality 

from a single infectious organism. The development of novel antimicrobials is a major 

approach to overcome drug resistance problems since new compounds can offer a 

unique mechanism of action to which target pathogens are susceptible [1]. The cell 

envelope of M. tuberculosis is a common antibiotic target and has a unique structure 

comprising covalently linked peptidoglycan (PG), branched heteropolysaccharide 

arabinogalactan (AG) and long chain mycolic acids, termed the mycolyl-

arabinogalactan-peptidoglycan (mAGP) complex. Arabinofuranosyltransferases (AraT) 

[2] use decaprenylphosphoryl-D-arabinofuranose (DPA) to donate an arabinofuranose 

residue to mAGP and are essential for M. tuberculosis growth [3]. 

 

In this work, a multidisciplinary approach was used for the development of enzymatic 

assays for AraT targets. Several linear and branched synthetic arabinofuranoside 

acceptors were synthesised and their binding affinity with AraT was screened with 

differential scanning fluorimetry (nanoDSF) to select the best synthetic glycosyl 

acceptors. It was found that longer branched synthetic arabinofuranosides acceptors 

have higher affinity to the enzyme under study. The total synthesis of chemical 

anomeric 13C-labelled decaprenylphosphoryl arabinofuranose analogue 1 was 
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Figure 1. Representation of a possible conversion of donor and 

acceptorpromoted by the protein Arabino(furano)syltransferases in 

presence of M. smegmatis membrane and cell wall fractions. 
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optimised and well-characterised achieving an overall yield of 38% and an excellent 

anomeric ratio up to 31:1 (β:α). In order to study the protein conversions of the 

synthesised labelled donor with the acceptors, a flexible NMR protocol was designed 

and implemented. 

Keywords: Mycobacterium tuberculosis, Glycosyltransferase, Glycochemistry, Arabinofuranose 
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Recently, the employment of simple transition metals as photocatalysts (PC) has led to 

the discovery of unprecedented chemical transformations. Compared to the 

conventional cooperative dual photocatalysis, which combines a photocatalyst (PC) 

and a transition metal catalyst working in synergy, this new class of unconventional 

PCs operate through a single catalytic cycle. In this case, the transition metal PC plays 

a double role, harvesting light and catalysing the chemical transformation. This new 

area of photocatalysis represents a very attractive approach for promoting chemical 

reactions, using visible light to induce the chemical reactions and avoiding the need of 

expensive photosensitizers [1]. 

The goal of the present work was to develop simple and cheap photocatalysts for 

hydrosilylation reactions - a process, previously studied in our group [2], that allows the 

reduction of functional organic groups (such as carbonyls), by using a silane as a 

reducing agent.  

Herein, we present the synthesis of a manganese-based photocatalyst capable to fully 

reduce acetophenone to the corresponding alcohol in 3 h, at room temperature under 

visible light (Scheme 1). 
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In their natural habitats, bacteria constantly deal with different stress exposure, 

possessing pathways that regulate gene expression and enable rapid responses. RNA 

degradation mechanisms play an important role in these processes since they control 

mRNA levels in the cell. Ribonucleases (RNases) are the enzymes responsible for 

RNA degradation, being their action sometimes interconnected with small-RNAs 

(sRNAs). These sRNAs can bind to target mRNAs and stimulate their degradation by 

RNases. Although RNases are involved in the metabolism of several sRNAs, the link 

between them and stress adaptation is still not very well understood. In our work, we 

have focused on Escherichia coli three main degradative exoribonucleases (RNase II, 

RNase R and PNPase) and their relevance in stress responses such as biofilm 

formation and acidic stress. Previously it was demonstrated that these three RNases 

play a key role in biofilm formation in E. coli. The RNase II and RNase R deletion 

mutants (Δrnb and Δrnr) form more biofilm than the wild type, while the PNPase 

deletion mutant (Δpnp) forms less biofilm than the wild type. Through the analysis of 

RNA-Seq data, we found that Δrnb and Δrnr present upregulated transcripts related to 

biofilm formation. Additionally, RNA-Seq results indicate that intracellular levels of c-di-

GMP, a metabolite that regulates biofilm, may be altered in the mutant strains. 

Together these results may help to explain the phenotype observed in the mutants. 

Simultaneously, we shown that RNase II and PNPase mutants have their growth 

affected after acidic shock, indicating these RNases participate in acidic stress 

response. It should be noted that in Δrnb we found that ArrS, an acidic stress response 

sRNA is downregulated, which may explain the growth arrest. In summary, our results 

indicate that exoribonucleases play a key role in biofilm formation and response to 

acidic shock in E. coli, revealing one more role of these enzymes in stress adaptation. 
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During Bacillus subtilis spore’s development, more than 80 proteins are assembled 

around the spore to form a protective coat which is differentiated into an inner and an 

outer substructures. SafA is the hub protein for assembly of the inner coat. One form of 

SafA, called C30, which is generated by internal translation, recruits a 

transglutaminase, Tgl, to the spore surface. Tgl cross-links its substrates through ε-(γ-

glutamyl)lysil bonds in following assembly, it cross-links C30. Since C30 forms 

hexamers in vitro thought to contain two disulfide bonds, we tested whether disulfide 

formation could be a requirement for Tgl crosslinking, which requires a glutamyl (Q) 

donor and a lysil (K) acceptor. To test this possibility, versions of C30 lacking Cys (C to 

S), lysine (K to A), or both amino acids (S and K to A) were generated and tested for 

self-assembly and Tgl cross-linking, in vitro. We show that disulfide bond formation is 

important for the kinetics of cross-linking of C30 by Tgl and prevents an activity of the 

enzyme that most likely leads to the circularization of C30. Moreover, disulfide bond 

formation is crucial for the crosslinking of C30 into species of even higher order. We 

propose a model in which the cross-linking of C30 involves a hierarchical cascade of 

covalent protein cross-linking reactions. In this model, disulfide bond formation 

stabilizes a C30 hexamer and orients Q and K residues for the efficient cross-linking by 

Tgl. In turn, Tgl exerts a spot-welding activity fortifying a pre-formed, disulfide cross-

linked C30 hexamer, while also leading to the cross-linking of higher order complexes.  
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The human upper respiratory tract (URT) is inhabited by microbial communities 

specialized in the colonization of distinct ecological niches. The Streptococcus genus is 

ubiquitously found within the URT, with commensal streptococci sharing the niche with 

the pathobiont Streptococcus pneumoniae. Interspecies interactions are one of the 

driving forces for the establishment of microbial communities, and can be mediated by 

phages and bacteriocins. 

Previously, seven commensal streptococcal strains were shown to have in vitro 

inhibitory activity towards pneumococci. Genomic characterization of these strains 

revealed the presence of mobile elements and a diverse set of bacteriocin loci 

(belonging to five distinct types: the blp-related, competence-related, streptococcin, 

lantibiotic and RaS-RiPP). We performed an in silico characterization of the phage 

content and of the genetic regulation of the bacteriocin loci of the seven strains.  

A functional description of the phage content was obtained by submitting the bacterial 

genomes to online tools. We found 13 novel phages, with double-stranded DNA 

genomes belonging to the tailed phage families Siphoviridae and Myoviridae. Phage 

particle induction was evaluated by mitomycin C assays. In 5 strains, rapid lysis was 

observed upon addition of mitomycin C suggesting induction of prophages.  

A search for canonical regulatory binding-motifs upstream of each bacteriocin loci 

coding-sequence was performed. This allowed us to detect the presence of putative 

binding-sites for distinct transcriptional regulators, such as BlpR, ComE, SigX, NisR, 

and RpoD (sigma 70 factor). Different types of bacteriocin loci had different regulatory 

systems. Currently, we are studying the genetic expression of specific genes from the 

blp and competence-related types by qRT-PCR.  

Our results show that commensal streptococcal strains harbor novel and diverse 

phages, and preliminary results from qRT-PCR assays show that genes from the blp 

and competence loci are transcribed. These results support a possible role of phages 

and bacteriocins in the interspecies interactions detected.  
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Staphylococcus epidermidis (SE), the major skin colonizer, besides its commensal role 

is an opportunistic pathogen, mainly causing hospital infections associated with the use 

of medical devices. SE strains belonging to the clonal complex 2 (CC2) are more likely 

to be pathogenic than strains belonging to non-CC2. As part of the innate immune 

system, human skin produces compounds with antimicrobial properties, which includes 

fatty acids, to maintain a healthy skin microbiota. Improved knowledge of SE 

pathogenicity mechanisms and strategies to prevent/treat SE persistent and 

challenging infections are needed. This study contributes to that, firstly by comparing 

the metabolic adjustment of CC2 and non-CC2 strains upon pH stimulus that mimic 

skin and blood pH (respectively, 5.5 and 7.4), using metabolomic and proteomic 

approaches. Secondly, it assesses the potential of selected endogenous fatty acids as 

selective antimicrobials against CC2 strains at skin pH based on bacterial growth 

inhibition. Both strains share pH metabolomic adaptions: glycerolipid metabolism is 

increased while the two-component regulatory system SaeRS is decreased at skin pH. 

Moreover, the CC2 strain showed a higher abundance of proteins at blood pH that 

cope with heme toxicity and adhesion, and at skin pH, more active menaquinone 

biosynthesis, cell division, and peptidoglycan-related pathways. The non-CC2 strain at 

skin pH showed increased betaine and folate biosynthesis and decreased acetoin 

catabolism, arginine and proline metabolism. Determined minimum inhibitory 

concentrations show a higher susceptibility of the CC2 strain to all tested fatty acids. 

Two conclusions were withdrawn from this study: 1) different metabolic and cellular 

processes are activated in CC2 and non-CC2 strains to cope with skin and blood pH; 

2) CC2 is more susceptible to endogenous fatty acids than non-CC2 strain. Now, the 

identification of specific targets and antimicrobials against pathogenic strains for 

developing new therapeutics to treat SE infections have reinforced possibilities. 

 

Keywords: S. epidermidis, pH, metabolomic, proteomic, antimicrobial fatty acids 

 

Funding: LISBOA-01-0145-FEDER-007660; PD/BD/150980/2021 

  

P25 

mailto:elisabete.morais@itqb.unl.pt


12th ITQB NOVA PhD Students’ Meeting   

82 
 

The Haem Metabolism in Campylobacter jejuni 

*1Joana Batista, 1Jordi Zamarreño Beas, 1Marco A. M. Videira, 
1Lígia M. Saraiva 

1Instituto de Tecnologia Química e Biológica António Xavier, 

Universidade Nova de Lisboa, Av. República, 2780-157 Oeiras, 

Portugal  

*lead presenter: joana.batista@itqb.unl.pt  

 

Campylobacter jejuni is a Gram-negative bacterium and the most common cause of 

gastroenteritis worldwide. This pathogen is responsible of approximately 1/4 cases of 

diarrheal disease, which may be fatal in people with other comorbidities [1]. Haem is an 

iron-protoporphyrin molecule that is essential to all living organisms. As such, this 

cofactor is required for survival of most pathogens within the infecting host, and several 

pathogens have dedicated haem biosynthesis pathways [2] as well as haem acquisition 

pathways [3]. Our research focus on elucidating how C. jejuni produces haem 

intracellularly and how these systems maintain haem homeostasis. Our data shows 

that C. jejuni uses the so-called protoporphyrin-dependent pathway (PPD), in which we 

identify new proteins active in this microorganism, uncovering important protein-protein 

interactions involving these novel proteins. Therefore, this work sheds novel insights 

into Campylobacter jejuni haem biosynthesis, unravelling potential targets to fight 

infection.  
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Portuguese wheat production has dramatically decreased in the last decades, making 

the country highly dependent on the importation. According to FAO, crop production 

must double before 2050, while facing the challenges of climate change. The 

information from past breeding programmes and the genotypic variability in response to 

stress conditions may provide useful insights into the traits modified by breeders and 

new opportunities for crop improvement.  

A retrospective study of wheat breeding in Portugal to analyse the genetic advance and 

identify key traits that contribute to crop improvement in a field trial was carried out at 

the INIAV Station in Elvas, using 34 bread and 28 durum wheat varieties, widely 

cultivated between 1933 and 2020, under rainfed (301 mm) and irrigated (+42 mm) 

conditions. Agronomic components and phenotyping data (NDVI, RGB and thermal 

imaging) were recorded in the 62 varieties. 

GA index strongly correlates with NDVI regardless of the day of measurement and is a 

good estimate for yield especially in the case of durum wheat. Some plots, especially 

those of bread wheat, had high weed infestation, which led to a higher variability 

between replicates and a non-reduction of GA in the final days of observation, where 
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Figure 1. (A) Strong correlation between Normalized Difference Vegetation Index 

(NDVI) and Green Area (GA) in all treatments 129 days after sowing. (B) A strong 

correlation between GA and yield for durum wheat 129 days after sowing. (C) 

Representation of GA in the historic wheat collection, with a significant increase in 

modern wheat varieties and the distinguishable difference between water treatments. 
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plants were already senescent. GA is less affected by saturation than NDVI in terms of 

grain yield and biomass estimation. Moreover, GA and NDVI indexes were used to 

assess the genotypic variability in the historical Portuguese wheat collection cultivated 

over the past 87 years, and they highlight a slight increase of plant biomass in modern 

varieties compared to landraces. Additionally, modern varieties showed a decrease in 

plant height, early vigor, stay-green phenotype, wider ears and higher yield.  

This study highlights the genetic gain during Portuguese wheat breeding and key traits 

associated with crop improvement and responses to water stress.  
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The legume family (Fabaceae) is the third largest angiosperm family and is considered 

one of the most important crop families. Biotic stress constrains legume yield, and 

resistance breeding is currently considered the most sustainable management method 

to deal with pathogen pressure in the field. Many legumes share the same pathogens, 

but whether they share the same genetic basis of resistance is currently unknown. 

Thus our goal is to identify, classify and compare resistance (R) genes in the Fabaceae 

family. As a first step towards uncovering the repertoire of Fabaceae resistance genes, 

we undertook a phylogenomic analysis of nucleotide-binding leucine-rich repeat 

proteins (NLRs) in 23 legume species. First, NLRtracker was used to identify the NLRs 

in each genome, then these genes were aligned using Clustal Alignment, and the 

FastTree algorithm was used to generate NLR phylogenetic trees. The trees were 

visualized using iTOL and the data was analysed using R. These analyses disclosed 

large variation in overall NLR abundance as well as in the frequency of the different 

NLR classes. The distribution of the NLR classes did not always match the species 

phylogeny. For instance, pea (Pisum sativum) and grass pea (Lathyrus sativus) have 

significantly different NLR repertoires, despite being closely related. The Fabaceae 

NLR repertoire will be an important tool for comparative resistance mapping studies 

and for R gene enriched Genome-Wide Association Studies. The outcome of these 

analyses will be used to accomplish the long-term goal of my project: to develop tools 

to assist legume breeding programs for durable resistance.  
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Cork oak (Quercus suber L.) forests are unique and emblematic resources for Portugal, 

but the viability of the cork production sector is being challenged by frequent tree 

dieback events. While cork oak suffers from few major disease problems, its decline is 

controlled by a combination of several factors, including drought as main driver, and 

biotic stress which often affects weakened trees. Therefore, it is important to identify 

the molecular mechanisms behind the tree’s native resistance against pathogens as a 

path towards the resolution of this problem. Nuclear-binding Leucine Rich Repeats 

(NLRs) are a large gene family that participates in the detection of pathogen effectors 

and activation of molecular pathways resulting in a hypersensitive response. NLRs 

have a conserved domain named NB-ARC, often used in phylogenetic studies. 

Interestingly, specific NLRs (e.g. the ADR1 family) have also been implicated in plant 

adaptation to drought. This project aims to characterize the NLR family in cork oak and 

further identify the most relevant players in organ-specific contexts and in response to 

relevant pathogens and drought. 

DRAGO2 – a tool for disease resistance gene search based on sequence homology - 

and Interproscan - for detecting conserved protein domains - were used for genome-

wide identifications of NLRs in 3 Quercus sp. Phylogenetic analysis of NB-ARC 

revealed no significant difference on evolution between Quercus suber and other 

Quercus.  

Using the aminoacid sequence of reference Arabidopsis NLRs with known function, 

both the phylogenetic analysis and orthologue identification allowed the a preliminary 

functional assessment of cork oak NLRs. We also surveyed available transcriptomic 

data of cork oak subjected to drought conditions, and identified three NLRs that could 

work against both pathogen invasion and drought conditions. In the future, in silico 

analysis of promoters of those NLRs and expression validation in controlled assays will 

validate those NLRs with this double function. 

 

Keywords: R-gene, NLR, pathogen, drought, orthologue, bioinformatics 
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Cork oak (Quercus suber) is a unique and emblematic resource in the Mediterranean 

region, with high economical, ecological and social significance in Portugal. While in 

most plant species the life span of the phellogen is limited, in cork oak it remains active 

throughout trees life cycle, being fully regenerated after harvest. Phellogen activity in 

Q. suber remains unknown if compared to phellem development in other woody plants. 

The main goal of this project is to elucidate the evolution of cork oak genome and the 

genetic elements regulating phellem development and suberin biosynthesis through an 

integrative analysis conducted using comparative genomics and synteny-guided 

resolution of gene trees. To explore of the evolution of genetic pathways related to cork 

formation we initiated a comparative genomic analysis using Quercus spp. (Q. suber, 

Q. robur, Q. lobata, Q. mongolica and Q. rubra) and other Fagaceae (Fagus sylvatica 

and Castanea mollissima). We performed a phylogenetic orthology inference of all the 

protein sequences predicted in these genomes with Orthofinder using DIAMOND 

algorithm, resulting in 94.3 % of genes being assigned to orthogroups (candidate gene 

families), of which 14.9 % assigned to species-specific orthogroups. A rooted species 

tree based on this comparative analysis was obtained using the STAG and STRIDE 

algorithms, which represented the evolution and speciation processes predicted for the 

Quercus genus. We found 937 well-supported gene duplication events for the common 

ancestor of the Quercus genus, some occurring in orthogroups related to suberin 

synthesis. The biological relevance of orthogroups with specific variability found in Q. 

suber will be further explored by on functional annotations and transcriptomic datasets 

available for Q. suber. This comparative genomic analysis will be the basis for future 

synteny and collinearity analysis, to further look for inter and intraspecific features 

(gene content and order) in the Q. suber and related species genomes. 

 

Keywords: Sinteny, collinearity, Cork oak, comparative genomics, bioinformatics 
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Figure 1. Heatmap of the 35,438 orthogroups identified through group-wise species 

comparisons, as a generalisation of orthology to the analyzed tree species. Each row contains 

the number of genes belonging to a single orthogroup. 
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Cork oak (Quercus suber L.) is a characteristic species of the South of Portugal’s 

landscape but it also has a great impact on the country’s economy. This is closely 

related to the species’ unique capacity to produce cork, a versatile and highly valuable 

material mainly composed of suberin. However, cork production is associated with long 

waiting periods: around 25 years are needed before the first cork extraction, followed 

by a 9-year period between extractions. Consequently, there has been much interest in 

finding ways to shorten these intervals, mainly through the use of irrigation and 

fertilizers. Nevertheless, improper application of mineral fertilizers has negative impacts 

on the environment, contributing to soil degradation, leaching, and other serious 

problems. One alternative to the use of mineral fertilizers is to take advantage of the 

potential of microorganisms present in the soil, known to play significant roles in soil 

fertility. This work aims to uncover the impact of endophytic microbiome on cork oak 

root periderm development and deposition of suberin. We are identifying endophytic 

microorganisms present in the roots of germinating cork oaks for a first look into the 

microbial diversity surrounding cork oaks and its putative beneficial role in plant 

development. Additionally, the development of efficient systems for the functional 

validation of genes in cork oak is important for the elucidation of the mechanisms 

regulating the species’ growth and development. Thus, a protocol for the infection with 

Agrobacterium rhizogenes and consequent transformation of cork oak is being 

optimized to develop a “hairy root” system. Also, expression vectors have been 

constructed to be used in this system for the study of genes related to cork 

development and suberization. 

 

Keywords: Agrobacterium rhizogenes, Cork oak, endophytic microorganisms, Root periderm, 
Suberin 
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Light is a key environmental stimulus for rice seedling emergence and development. 

Coleoptile elongation is a light-dependent process, being promoted under dark and 

repressed by light. Phytochromes (phys), the red/far-red photoreceptors, regulate 

coleoptile development in rice, yet its regulatory mechanisms remain largely unknown. 

In the model plant Arabidopsis thaliana, phys, upon light activation, sequester or 

degrade Phytochrome-Interacting Factors (PIFs), a bHLH transcription factors’ group. 

Under dark, phys are inactive and thus PIFs are free to regulate their targets, 

promoting plant growth and development. In rice, seven PIF-like (OsPIL) were 

identified, and our lab generated single knockout mutants for each OsPIL using the 

CRISPR/Cas9 technology. When the ospil mutants’ seedlings were grown under dark, 

only ospil15 and ospil16 showed shorter coleoptiles and longer leaves compared to 

WT, resembling light-grown seedlings’ phenotype. Under white or far-red light, WT, 

ospil15, and ospil16 seedlings showed no significant difference in the coleoptile growth. 

This shows that OsPIL15 and OsPIL16 are key regulators of coleoptile growth and that 

they might be inactivated/degraded by light. To unveil OsPIL15 and OsPIL16 molecular 

mechanisms underlying rice coleoptile growth, we tested their interactions with the 

three rice PHYs by Yeast Two-Hybrid. The results showed that both OsPILs interact 

with different PHYs. We also tested their ability to form homo- and heterodimers, and 

only the interaction of OsPIL15 and OsPIL16 was observed, i.e. OsPIL15 and OsPIL16 

form heterodimer, but not homodimers. We are validating these results by Bimolecular 

Fluorescence Complementation. Taken together, our data suggest that OsPIL15 and 

OsPIL16 have a cooperative role in rice seedling development, acting as heterodimers 

to induce coleoptile elongation under dark, while light triggers their inactivation through 

interaction with phys, and consequent coleoptile elongation arrestment. Our work will 

contribute to the identification of possible targets for future improvement of rice 

seedling establishment and development.  

 
Keywords: light, Phytochrome-Interacting Factors, phytochromes, plant growth, regulatory 
mechanism, bHLH transcription factors, protein-protein interactions 
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To cope with human population growth, it is necessary to increase crop production due 

to the increased food demand. Photosynthesis improvement by engineering C4 

photosynthesis into C3 crops is an interesting strategy to increase crop yield. C4 

photosynthesis evolved to reduce photorespiration, an energy-demanding process that 

recycles a toxic by-product generated by Rubisco’s oxygenase activity. This is 

accomplished through a CO2 concentration mechanism, where phosphoenolpyruvate 

carboxylase (PEPC) catalyses the first CO2 fixation step. C4 PEPC promoters have cis-

elements that drive a high mesophyll-specific expression, even in C3 plants, implying 

that pre-existing C3 regulatory mechanisms were recruited to regulate PEPC 

expression. However, these elements and their respective transcription factors (TFs) 

remain largely unknown. Our group identified two rice TFs, OsPRI1 and OsFBH1, as 

regulators of the PEPC promoter of the C4 grass Setaria viridis. Since C4 

photosynthesis is a convergent evolutionary event, we aim to understand if these TFs 

were recruited to regulate PEPC in different C4 origins or if they were pre-adapted to 

regulate PEPC in C3 plants. Using a yeast one-hybrid approach, we are testing if these 

TFs and their homologues in maize and Setaria viridis (two different C4 origins) and 

Dichanthelium oligosanthes (C3 grass closer to Setaria viridis) bind to the PEPC 

promoter of these species. Neurachne is one of the few grass genera comprising 

different closely related species with different photosynthetic types. By comparing four 

PEPC promoter sequences of different Neurachne species with C3, C3-C4 intermediate 

and C4 photosynthetic types, we expect to identify new cis-regulatory elements involved 

in the C4 evolution. We will later characterise the activity of these promoters in rice 

plants, by generating reporter lines for each photosynthetic type. This way, we aim to 

understand at which point in C4 evolution, PEPC accomplished a strong mesophyll-

specific expression. 
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Plants have evolved molecular mechanisms to survive and strive in an ever-changing 

environment. Among these, protein post-translational modifications (PTMs) convey 

developmental and stress signals in a fast and efficient manner. SUMOylation is a 

crucial PTM consisting of the covalent binding of the Small Ubiquitin-like Modifier 

(SUMO) to target proteins, changing subcellular localization, stability, and protein-

protein interaction preferences. It was previously demonstrated that SUMOylation 

negatively regulates gibberellin (GA) signaling in Arabidopsis by stabilizing the DELLA 

protein RGA, a negative regulator of GA signaling. Thus, since both SUMOylation and 

GA signaling are at the interface between growth and stress tolerance trade-off, we 

sought to determine how pervasive is the interaction between SUMOylation and GA 

metabolism/signaling pathways through in-depth in silico analysis. We chose 

Arabidopsis as a model for our analysis mainly because its GA pathway is extensively 

described in the literature. First, we determined the metrics of the SUMOylation 

prediction tools GPS-SUMO, SUMOplotTM, and JASSA, and, using these tools, 

searched for putative SUMOylation sites and SUMO interactive motifs within GA 

metabolism/signaling proteins. We concluded that the accuracy of these prediction 

tools for plant proteins is significantly lower than the accuracy reported for other 

organisms (e.g., human and yeast). Still, our analysis revealed putative SUMOylated 

enzymes among GA metabolism, downstream enzymes directly responsible for the 

interconversion of bio(in)active GAs, and the known membrane transporters of GA. 

These results suggest much broader regulation by SUMOylation within the GA 

metabolism/signaling pathways than the one currently described. So far, only DELLA 

proteins (RGA and GAI), PIF3, and SLY1 are known to be SUMOylated in vivo. We 

also built a Gene/Protein network to concatenate the connections between GA-related 

pathways and evaluate the putative relevance of clusters of SUMOylation. Altogether, 

our in silico analyses provide GA metabolism and signaling proteins as candidate 

SUMOylation targets for further empirical validation. 
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