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Master Thesis project proposal 2023/24

Junior

Mechanisms of protein dysfunction in mitochondrial leukodystrophies - studies on glutamyl-
tRNA synthetase (EARS2)

Place of work: Protein Misfolding and Amyloids in Biomedicine laboratory (Lab 8.5.56),
BiolSl,Faculdade Ciéncias Universidade de Lisboa

Supervisor: Dr. Barbara J. Henriques; ORCID
Assistant Researcher at the Protein Misfolding and Amyloids in Biomedicine laboratory (BiolSI, FCUL)
bjhenrigues@fc.ul.pt

Co-supervisor: Dr. Claudio M. Gomes; ORCID

Associate Professor at Faculdade Ciéncias Universidade de Lisboa

Group leader of the Protein Misfolding and Amyloids in Biomedicine laboratory (BiolSI,FCUL)
cmgomes@fc.ul.pt

MSc Research Plan

Mitochondrial aminoacyl-tRNA synthetase-related neurological diseases are a heterogeneous group of
rare mitochondrial disorders (MDs), that lead to a wide diversity of phenotypes commonly affecting
mitochondrial morphology and bioenergetics. Among them are the rare leukodystrophies, causing
abnormal development or destruction of the white matter of the brain, such as LBTL
(leukoencephalopathy with thalamus and brain stem involvement and high lactate) caused by mutations
on glutamyl-tRNA synthetase (EARS2).

In the recent years over 30 mutations on EARS2 gene have been identified, however the molecular basis
for leukodystrophies associated to EARS2 mutations remains to be established. It has been suggested
that the location of missense mutations in certain domains might influence disease phenotype, but the
structure of these enzyme remains poorly characterized which is a major gap towards effective therapies.
Here, we propose to investigate the molecular pathophysiology associated to defects on glutamyl-tRNA
synthetase by comprehensively characterize EARS2, wild-type and variants associated to LBTL, using
biochemical and biophysical methodologies.

Specifically, this work will involve the following tasks:

. Optimization of recombinant protein expression (EARS2 disease-related variants, EARS2-p.
Gly110Ser, EARS2-p. Asp349Asn and EARS2-p. Arg489GlIn);

. Purification EARS2 variants using a combination of chromatographic methodologies (his-tag
affinity or ion exchange columns and gel filtration columns);

. Characterize the variants regarding structure and conformation stability using circular dichroism
(CD), Fourier Transform Infrared Spectroscopy (FTIR), fluorescence spectroscopy;

. Establish protocols for EARS2 enzymatic activity determination.

Research at the Protein Misfolding and Amyloids in Biomedicine laboratory takes place in a highly
multidisciplinary and collaborative environment, at the national and international levels. We seek
candidates which are highly motivated to tackle a challenging research activity, ability to work
independently, and to undertake intensive learning and training in multiple methodologies, with an
excellent academic track record and communication skills.

Students selected for this project, after thesis registration, are eligible to apply to the BiolSI Junior
Programme (supporting 8 students with a 6-month Scholarship (Bll), being the selection criterium the
academic merit of the candidates).
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Master Thesis project proposal 2023/24

Junior

Rescue of Rare CFTR Mutations by Novel CFTR Correctors

Place of work: BiolSI/DQB-FCUL, C8 building (labs 8.1.74, 8.3.68 and 8.4.62), (http://bioisi.pt/fungp)

Supervisor: Dr. Miquéias Lopes-Pacheco (mlpacheco@fc.ul.pt), BiolSI/FCUL (ORCID ID: 0000-0002-7444-
9359)

Co-Supervisor: Professor Margarida D. Amaral (mdamaral@fc.ul.pt), BiolSI/FCUL (ORCID ID: 0000-0002-
0828-8630)

Background: Cystic fibrosis (CF) is a monogenic disease caused by mutations in the gene encoding the CF
transmembrane conductance regulator (CFTR) protein, an anion channel expressed at the plasma
membrane (PM) of secretory epithelia. The p.Phe508del is the most prevalent CF-causing mutation and
leads to CFTR protein misfolding (i.e., class Il CFTR mutation) that is retained by the endoplasmic reticulum
quality control (ERQC), thereby precluding its processing and trafficking to the PM, being instead targeted
for proteasomal degradation. Although recent therapeutic progress has been achieved in developing CFTR
corrector drugs for p.Phe508del-CFTR, a considerable number of rare CFTR mutations (so-called ‘orphan’
mutations) remains without any effective causal therapy. Various CFTR mutations exhibit a primary defect
similar to that of p.Phe508del-CFTR. However, despite mutations in the same class are expected to be
treated by the same approach (i.e., correctors for class Il CFTR mutations), they might not be efficiently
rescued by the same chemical compound. We have recently investigated the efficacy and the mechanism
of action of novel correctors (PTI-801, ABBV-2222, FDL-169) in rescuing p.Phe508del-CFTR, but their
effects on other class Il CFTR mutations remains to be exploited.

Objectives: To investigate the potential ability of novel correctors (PTI-801, ABBV-2222, FDL-169) in
rescuing processing, trafficking and function of rare class Il CFTR mutations, namely p.Glu92Lys,
p.Val232Asp, p.Ala455Glu, p.Ser492Phe, p.Leul077Pro and p.Gly1249Arg.

Methodology: The techniques/assays used in this project include:

Site-directed mutagenesis and cloning to generate cell lines expressing the CFTR mutation under
study;

Halide sensitive-yellow fluorescence protein (HS-YFP) assay on a plate reader to determine CFTR
function;

Western blotting to determine CFTR protein level and pattern;
Immunofluorescence microscopy to determine CFTR localization in the cell;
lon transport measurements in micro-Ussing chamber.

Bibliography:
Bacalhau M et al (2023) Identification of novel F508del-CFTR traffic correctors among triazole
derivatives. Eur J Pharmacol 938: 175396.
Lopes-Pacheco M et al (2022) Rescue of Mutant CFTR Trafficking Defect by the Investigational
Compound MCG1516A. Cells 11 (1): 136.
Silva IAL et al (2022) Advances in Preclinical In Vitro Models for the Translation of Precision Medicine
for Cystic Fibrosis. J Pers Med 12 (8): 1321.
Lopes-Pacheco M et al (2021) Discovery of CFTR Modulator for the Treatment of Cystic Fibrosis. Expert
Opin Drug Discov 16 (8): 897-913.
Lopes-Pacheco M (2020) CFTR Modulators: The Changing Face of Cystic Fibrosis in the Era of Precision
Medicine. Front Pharmacol 10: 1662.
Botelho HM (2015) Protein Traffic Disorders: an Effective High-throughput Fluorescence Microscopy
Pipeline for Drug Discovery. Sci Rep 5: 9038.
Pedemonte N, et al (2011) High-throughput Screening of Libraries of Compounds to Identify CFTR
Modulators. Methods Mol Biol 741: 13-21.
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Master Thesis project proposal 2023/24

Junior

Title: The role of proteoform stoichiometry on the behavior and function of STAT3
dimers

MSc em Biologia Molecular e Genética
Place of work: Departamento de Quimica e Bioquimica, FCUL
Supervisor: Federico Herrera (fherrera@fc.ul.pt)

Abstract

Protein self-association in homodimers and oligomers is very common in nature, playing
key roles in both physiological and pathological conditions. Protein homodimers
frequently display some structural symmetry and are generally assumed to be formed by
identical molecules, not only in terms of amino acid composition, but also in terms of
post-translational modifications (PTMs). However, a perfect symmetry is very unlikely
considering the high number and dynamic nature of the different proteoforms that can
co-exist at any given time and for the same protein (i.e. the proteoform stoichiometry).
We have recently reported that asymmetrically phosphorylated huntingtin
homodimers/oligomers showed a distinct aggregation pattern, with implications for
Huntington’s disease; and that the intracellular distribution of STAT3 homodimers
changed strikingly when specific PTMs could not occur on only one of the monomers.
Based on these results, we launched the hypothesis that PTM asymmetry could constitute
a new level of functional regulation for self-associating proteins. To challenge this
hypothesis, the student will study the putative role of asymmetric PTMs and alternative
splicing isoforms on the behavior and function of STAT3 homodimers by means of a
multidisciplinary combination of advanced biochemistry and bioimaging methods.
During this thesis, the student will learn mammalian cell culture, advanced microscopy
methods, flow cytometry, protein biochemistry methods, cloning and site-directed
mutagenesis, as well as improve his soft skills (writing, presenting, producing professional
graphs and statistics). The ideal candidate must be an organized, hard-working and team
player individual, and have good English level (the language we use in lab meetings).
Students selected for this project, after thesis registration, are eligible to apply to the
BiolSI Junior Programme (supporting 8 students with a 6-month Scholarship(BIl), being
the selection criterium the academic merit of the candidates.
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Title: The effect of melatonin on prokaryotic and eukaryotic respiratory proteins: a
possible explanation for its antimicrobial, neuroprotective and antitumoral properties

MSc em Biologia Molecular e Genética

Supervisors: Federico Herrera (fherrera@fc.ul.pt), Manuela Pereira
(mmpereira@ciencias.ulisboa.pt)

Abstract

Melatonin is a highly pleiotropic hormone present in all natural kingdoms, from
archaeobacteria to humans. Usually associated with regulation of biological responses to
light/darkness cycles (e.g. circadian and circannual rhythms or skin pigmentation),
melatonin has shown notable and extremely diverse therapeutic potential. Melatonin is
generally antioxidant and cytoprotective for normal cells, preventing neuronal death in
models of Parkinson or Alzheimer’s disease, or preserving frozen sperm quality for longer
periods of time. However, it is also antiproliferative and toxic for cancer cells which
metabolism is based on aerobic glycolysis (see Warburg effect) and, interestingly, for
pathogenic bacteria. The origin of such pleiotropic and apparently opposite effects
remains unknown. Herrera and Pereira labs @ FCUL recently joined their expertise in
melatonin and bioenergetics to test the hypothesis that melatonin’s pleiotropic effects
are related to a fundamental effect of the hormone on both eukaryotic and prokaryotic
respiratory complexes. To challenge this hypothesis, the student will study the effect of
melatonin and other indoles on the activity of recombinant respiratory proteins from
pathogenic bacteria (e.g. Staphylococcus aureus or Pseudomonas aeruginosa) and
mammalian cells (e.g. AMID) in vitro. Results will be confirmed in living bacteria and
mitochondria isolated form human cells, and the effect of selected concentrations of
melatonin in the survival and growth of bacteria and both tumoral and healthy human
cells will be analyzed. During this multidisciplinary project, the student will learn bacterial
and mammalian cell culture; cloning; production, purification and activity assays of
recombinant proteins in bacteria, and other advanced cell and molecular biology
methods, as well as improve their soft skills (writing, presenting, producing professional
graphs and statistics). The ideal candidate must be an organized, hard-working and team
player individual, and have good English level (the language we use in lab meetings).
Students selected for this project, after thesis registration, are eligible to apply to the
BiolSI Junior Programme (supporting 8 students with a 6-month Scholarship(BIl), being
the selection criterium the academic merit of the candidates.
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Junior

Title: Asymmetric post-translational modifications (PTMs) as a new regulatory
mechanism in self-associating signaling proteins

MSc em Biologia Evolutiva e do Desenvolvimento

Place of work: Departamento de Quimica e Bioquimica, FCUL
Supervisor: Federico Herrera (fherrera@fc.ul.pt)
Abstract

Protein self-association in homodimers and oligomers is very common in nature, playing
key roles in both physiological and pathological conditions. Protein homodimers
frequently display some structural symmetry and are generally assumed to be formed by
identical molecules, not only in terms of amino acid composition, but also in terms of
post-translational modifications (PTMs). However, a perfect symmetry is very unlikely
considering the high number and dynamic nature of the different PTM proteoforms that
can co-exist at any given time and for the same protein (i.e. the proteoform
stoichiometry). We have recently reported that asymmetrically phosphorylated
huntingtin homodimers/oligomers showed a distinct aggregation pattern, with
implications for Huntington’s disease; and that the intracellular distribution of STAT3
homodimers changed strikingly when specific PTMs could not occur on only one of the
monomers. Based on these results, we launched the hypothesis that PTM asymmetry
could constitute a new level of functional regulation for self-associating proteins. To
challenge this hypothesis, the student will study the putative role of asymmetric PTMs
on the behaviour and function of STAT3 homodimers by means of a multidisciplinary
combination of advanced bioimaging methods in living cells and proteomics. This project
is the basis of my last applications to FCT grants, two current projects within FCUL MSc
programmes and 4 MSc theses and 1 PhD thesis in my laboratory. During this thesis, the
student will learn mammalian cell culture, advanced microscopy methods, flow
cytometry, protein biochemistry and proteomics methods, cloning and site-directed
mutagenesis, as well as improve his soft skills (writing, presenting, producing professional
graphs and statistics). The ideal candidate must be an organized, hard-working and team
player individual, and have good English level (the language we use in lab meetings).
Students selected for this project, after thesis registration, are eligible to apply to the
BiolSI Junior Programme (supporting 8 students with a 6-month Scholarship(BIl), being
the selection criterium the academic merit of the candidates.
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Junior

Title: Radiation as a therapeutic tool against neurodegeneration: pilot studies in cellular
and animal models of Huntington’s disease

MSc em Bioquimica e Biomedicina

Place of work: Departamento de Quimica e Bioquimica, FCUL; ITQB-NOVA

Supervisors: Federico Herrera (fherrera@fc.ul.pt), Goncalo Pocas
(goncampocas@itgb.unl.pt)

Abstract

Radiotherapy (RT) is a relatively safe and established treatment for cancer, where the goal
is to kill tumoral cells with the lowest toxicity to healthy tissues. Using it for
neurodegenerative disorders involving cell loss is counterintuitive. However, ionizing
radiation has a hormetic nature: it can have deleterious or beneficial effects depending
on how it is applied. For example, low-dose RT can trigger antioxidant, anti-inflammatory
and tissue regeneration responses. RT has been used to treat peripheral amyloidosis,
which is very similar to neurodegenerative disorders from a molecular perspective.
Although some hypotheses have been formulated, the mechanism of action of RT on
systemic amyloid deposits is still unclear, and its impact in the central nervous system
remains uncertain. We want to explore the potential of RT to treat neurodegenerative
disorders using cellular, fly and worm models of Huntington’s disease, where mutated
huntingtin aggregates and produces pathological phenotypes. The student will be
trained in methods to work with Drosophila flies and mammalian cell cultures, as well as
classic cell and molecular biology methods (western blotting, cloning,...) and advanced
bioimaging, especially widefield and confocal microscopy. The student should have
her/his own means of transportation, as the experiments will require driving between
three locations: Lisbon (FCUL, Campo Grande, cell culture experiments), Oeiras (ITQB
NOVA, fly experiments) and Sacavém (CTN, for irradiation). Students selected for this
project, after thesis registration, are eligible to apply to the BiolSI Junior Programme
(supporting 8 students with a 6-month Scholarship(Bll), being the selection criterium the
academic merit of the candidates.
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Junior

Title: Radiotherapy beyond cancer: simulating the effect of radiation on pathological
protein amyloids associated with neurodegenerative disorders

MSc em Biologia Computacional

Place of work: Departamento de Quimica e Bioquimica, FCUL

Supervisors: Federico Herrera (fherrera@fc.ul.pt), Daniel Galaviz (galaviz@fc.ul.pt)

Abstract

Radiotherapy (RT) is a relatively safe and established treatment for cancer, where the goal
is to kill tumoral cells with the lowest toxicity to healthy tissues. Using it for
neurodegenerative disorders involving cell loss is counterintuitive. However, ionizing
radiation has a hormetic nature: it can have deleterious or beneficial effects depending
on how it is applied. For example, low-dose RT can trigger antioxidant, anti-inflammatory
and tissue regeneration responses. RT has been used to treat peripheral amyloidosis,
which is very similar to neurodegenerative disorders such as Alzheimer or Parkinson from
a molecular perspective. Both types of disorders are associated to the toxic accumulation
of proteins in structures known as amyloids. Although some hypotheses have been
formulated, the mechanism of action of RT on systemic amyloid deposits is still unclear,
and its impact in the central nervous system remains uncertain. We want to explore the
potential of RT to destroy or modify pathological amyloids. The student will be trained
in Monte Carlo simulations and simulation engines, such as GEANT4-DNA and TOPAS.
The student will develop and optimize a simulation tool based on the GEANT4-DNA and
TOPAS engines to study the intrinsic characteristics of the effect of traditional and proton
RT on toxic protein amyloid structures. If the student is interested, he/she can learn basic
cell and molecular biology methods at Herrera’s lab, to confirm simulation results
experimentally. Both supervisors have experience in creating multidisciplinary scientific
profiles in the edge between computation, physics and biology. Students selected for
this project, after thesis registration, are eligible to apply to the BiolSI Junior Programme
(supporting 8 students with a 6-month Scholarship(Bll), being the selection criterium the
academic merit of the candidates.
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Junior

Title: Stress Out: Promoting Anticancer Activity by Fostering Reductive Stress with Metal
Complexes

MSc em Quimica
Place of work: Departamento de Quimica e Bioquimica, FCUL; ITQB-NOVA

Supervisors: Federico Herrera (fherrera@fc.ul.pt), Ana Petronilho
(ana.petronilho@itgb.unl.pt)

Abstract:

In this project, we will develop a new class of anticancer drugs able to disrupt redox
homeostasis by promoting reductive stress. We will do so by developing metal
complexes able to act as reduction catalysts inside cells. Previous work from our labs has
shown that metal complexes can induce reductive stress in cancer cells that ultimately
leads to cell death. The main objective is to develop compounds that are able to operate
with complementary modes of action to that of existing drugs, to be able to overcome
resistance and associated side effects.

To achieve our goal, we plan to fulfil the following tasks:

Task 1. Synthesis of metal complexes based on iridium bearing triazoles ligands
(ITQB NOVA). Triazole ligands will be synthesized via click chemistry, using copper and
ruthenium catalysts. Synthesized compounds will be characterized by NMR spectroscopy
and mass spectrometry, and the stability of the complexes in physiological media will be
monitored by NMR.

Task 2. Evaluation of the Metal complexes to promote redox reactions in vitro
(FCUL/ITQB NOVA). In this task, we will evaluate the catalytic activity of the metal
complexes synthesized in Task 1 in two reactions pivotal to achieve reductive stress: 1)
reduction of NAD+ to NADH and 2) reduction of GSSH to GSH.

Task 3. Evaluation of the anticancer activity of iridium complexes (FCUL). The
antiproliferative activity or cytotoxicity of our metal complexes will be tested in cancer
cell lines from different origins, and determine their IC50 values and safety indexes. The
mechanisms involved in their antitumoral activity will be analyzed.

Students selected for this project, after thesis registration, are eligible to apply to the
BiolSI Junior Programme (supporting 8 students with a 6-month Scholarship(BIl), being
the selection criterium the academic merit of the candidates.
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Master Thesis project proposal 2023/24

Junior

Impact of BCL-6 downregulation in the oncogenic properties of breast cancer cells

Place of work/: Laboratério de oncobiologia e transducao de sinal, Departamento de
Genética
Humana, Instituto Nacional de Saude Doutor Ricardo Jorge

Supervisors: Patricia Barros (patricia.barros@insa.min-saude.pt); Peter Jordan
(peter.jordan@insa.min-saude.pt)

Breast cancer (BC) is the most frequent type of cancer and the leading cause of cancer-
related

deaths in women. In recent years, the improvement in diagnosis techniques led to an
earlier

detection of the disease and a consequent decline in the mortality from BC in developed
countries. Moreover, the development of targeted therapies contributed to increased
treatment efficacy, reducing the number of fatalities from this type of cancer. However,
BC is
still a major health issue, in which the acquisition of therapy resistance, disease
recurrence, and
the formation of metastasis accounts for most BC-related deaths. Therefore, the
understanding

of the mechanisms behind BC resistance and recurrence is crucial for developing new
therapeutic strategies to reduce BC mortality and morbidity. The host lab has identified
a

signaling pathway through which the downregulation of the transcriptional repressor
BCL-6

contributes to colorectal cancer cell survival and chemoresistance [1,2]. Meanwhile, the
lab

discovered that BCL-6 is also downregulated in BC and, using a transcriptomic approach,

identified a cluster of candidate genes that become upregulated in BCL-6-depleted BC


mailto:patricia.barros@insa.min-saude.pt
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Junior

cells. The
proposed Master's project, envisions the validation of BCL-6 as a regulator of these
candidate

genes in BC cells and the evaluation of the impact of downregulating BCL-6 or its
identified target
genes in the viability, migration and invasive properties of BC cells.
Methodologies: Culture and transfection of breast cancer cell lines; RNA interference,
isolation

and purification of nucleic acids; RT-gqPCR; MTT assays (cell proliferation and viability);
Boyden

chamber assays (chemotactic cell migration); 3D-matrix invasion assays (cell invasive
behavior).

References:

1. Barros P, Lam EW, Jordan P, Matos P (2012). Rac1 signaling modulates a STAT5/BCL-6
transcriptional switch on cell-cycle-associated target gene promoters. Nucleic Acid. Res.
40, 7776-7787 (doi: 10.1093/nar/gks571).
2. Barros P, Jordan P and Matos P (2009). Rac1 signaling modulates BCL-6-mediated
repression of gene transcription. Mol. Cell. Biol. 29, 4156-4166 (doi:
10.1128/MCB.01813-08).
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Junior

Targeted CFTR Expression in Specific Airway Cell Types

Place of work/: BiolSI, DQB-FCUL (C8 building)

Supervisors: Supervisor 1 Dr. Ines Pankonien (ipankonien@fc.ul.pt) BiolSI/FCUL; ORCID
0000-0002-4622-7521;
Supervisor 2 Prof. Margarida D. Amaral (mdamaral@fc.ul.pt) BiolSI/FCUL;
ORCID 0000-0002-0828-8630

Background: Cystic Fibrosis (CF) is caused by variants in the CF transmembrane
conductance regulator (CFTR) gene encoding a Cl'/HCOs channel expressed at the apical
plasma membrane (PM) of epithelial cells. The variant p.Phe508del is the most common
CF-causing variant which leads to defective PM traffic of CFTR. While CF affects multiple
organs, lung disease represents the primary cause of morbidity and mortality [1,2]. The
airway epithelium is mainly composed of basal, secretory club and goblet, ciliated,
neuroendocrine and tuft cells which all play specific roles. The cell types expressing CFTR
are still being discussed. For a long time it was believed that ciliated cells are the
predominant CFTR-expressing cells. However, pulmonary ionocytes were recently
discovered as a novel rare cell type with unexpected high CFTR expression levels. Other
reports also describe a CFTR expression in secretory club and basal cells. However, it is
necessary to understand which cell types express CFTR under physiological conditions in
order to directly target CFTR by possible novel therapeutic approaches. In our previous
studies we used a recently described human respiratory multipotent basal cell line from
large airways (BCi-NS cells) [3,4] and generated a basal CF cell line by introducing
p.Phe508del /p.Phe508del (BCi-CF cells) using CRISPR/Cas9. Both, BCi-NS and BCi-CF cell
lines differentiate into the various airway epithelial cell types when cultured at air-liquid
interface (ALl). These two novel cell lines are unique models which allow us to investigate
CFTR expression in different cell types.

Objective: The aim of the MSc work is to identify in which specific cell type(s) CFTR
expression contribute(s) to physiological functioning of the airway epithelium.
Methodology: The MSc project proposal comprises the following tasks:

1) Cloning of cell type-specific promoters into lentiviral CFTR expression vector;
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Junior

2) To generate stable BCi-CF cell lines expressing wildtype-CFTR under cell type-
specific promoters.
The techniques applied within this project include: Mammalian cell culture, PCR based

cloning, Western blot, Immunofluorescence microscopy and Ussing Chamber.

References

1. De Boeck K, Amaral MD (2016) Lancet Respir Med 4: 662—-674 [PMID:27053340]
2. Riordan et al. (1989) Science, 245(4922), 1066-1073. [PMID: 2475911]

3. Walters et al. (2013) Respir Res 14:135 [PMID: 24298994]

4. Simoes et al. (2019) Life Sci Alliance 2(6):e201900462. [PMID: 31732694]

Students selected for this project, after thesis registration, are eligible to apply to
the BiolSI Junior Programme (supporting 8 students with a 6-month Scholarship
(BIl)), being the selection criterium the academic merit of the candidates.
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Deciphering the transcriptional regulation underlying miR-34c-5p TCR-dependent
induction in CD4+ T cells

Place of work/: RNA Systems Biology Lab — BiolSI, FCUL

Supervisors: Margarida Gama-Carvalho (mhcarvalho@ciencias.ulisboa.pt)

microRNAs (miRs) are small non-coding RNAs of 21-23 nucleotides in length that regulate
gene expression post-transcriptionally that play a key role in cell fate determination
processes including the regulation of T cell activation, proliferation, and differentiation, a
central process for mounting an effective inmune response. miR-155 is a well characterized
regulator of the innate and adaptive immune responses, being induced in response to
CD4+ T cell activation and required for the polarization of different Th subtypes. In addition
to miR-155, miR-34c-5p has been identified by the host lab as a novel regulator of T cell
activation, displaying an activation dynamic significantly distinct from miR-155. The
transcriptional mechanisms, as well as key regulators involved in the TCR-dependent
induction of miR-34c-5p remain poorly characterized, thus defining the core aims of this
project. Prior work from the lab has led to the identification of two genomic regions with
the potential to enhance or inhibit miR-34c-5p expression, and some putative regulatory
transcription factors (TFs) acting on them. In this project, we aim to expand this work to
generate a highly detailed mapping of the transcriptional control of miR-34c expression.
Luciferase reporter platforms will be used to investigate additional genomic segments and
address the combinatorial effects of key TFs that act on these regions. Validation of the
sequence-dependent nature of the observed effects will be demonstrated by analyzing the
direct binding of TFs to the genomic regions and introducing point mutations to abrogate
the observed interactions.

The identified transcriptional regulatory elements will be further validated in primary CD4+
T cells by a combination of approaches: 1) transfection of the luciferase vectors coupled to
TCR stimulation to assess their ability to simulate the miR-34c transcriptional response; 2)
time-course analysis of the expression level, subcellular localization, and post-
transcriptional modification of the candidate regulatory factors in response to TCR
stimulation; and (if time permits) 3) chromatin-immunoprecipitation (ChIP) in
unstimulated and stimulated cells to validate direct association to the target genomic
region in a physiological context.

This project will allow the student to acquire a deep understanding of the transcriptional
regulation in T cell activation, develop significant expertise in genetic engineering methods,
as well as in the growth, manipulation and analysis of human cells.
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Computational approaches to understand the selective basis of motor-neuron
degeneration

Place of work/: RNA Systems Biology Lab — BiolSI, FCUL

Supervisors: Margarida Gama-Carvalho (mhcarvalho@ciencias.ulisboa.pt)

Hereditary mutations in essential proteins involved in RNA metabolism that also present
ubiquitous expression are linked to many human genetic diseases, but show striking
association to neurodegenerative and, in particular, motor neuron disorders. Several
models have been put forth to explain the unexpected cell-type specific manifestation of
the disease phenotype, including the concept that motor-neurons may be more sensitive to
changes in splicing or our lab’s proposal that these proteins tend to coordinate the
expression of proteins that integrate the same tissue-specific functional consortia. This
project aims to expand on our previous work and available RNA-seq data by exploring
different models that justify the predominant neuronal impact of these proteins. The
workplan will explore the impact of disease-associated mutations on the neuronal
transcriptome with an emphasis on the analysis of transcript structure based both on our
available data and public data-sets though the implementation of different RNA-seq data
analysis pipelines. These results will contribute to the second aim of the project, om which
the concept of Bioint libraries, developed by our group to explore tissue-specific protein
consortia and how they are altered by disease causing mutations, will be expanded to
include information on transcript and protein isoform expression. Finally, a pipeline for
cross-species mapping and comparison of these functional proteins networks will be
developed.

The outputs of this project will contribute to build a better understanding of the molecular
functional diversity that is found across tissues and how it connects to the manifestation of
disease phenotypes. The student will gain an in-depth know-how on RNA-seq data analysis
and protein-network analysis working mostly in R.

References:

Garcia-Vaquero, M., Heim, M., Flix, B., Pereira, M., Palin, L., Marques, T.M., Pinto, F.R., de Las Rivas, J., Voigt, A.,
Besse, F., Gama-Carvalho, M. (2022). Analysis of pre-symptomatic Drosophila models for ALS and SMA reveals
convergent impact on functional protein complexes linked to neuro-muscular degeneration bioRxiv
2022.06.20.496821; doi: 10.1101/2022.06.20.496821

Garcia-Vaquero M, Gama-Carvalho M, Pinto FR, De Las Rivas J. 2022. Biological Interacting Units identified in
human protein networks reveal tissue functional diversification and its impact on disease. Computational and
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GABA is the main inhibitory neurotransmitter in the mammalian brain where it plays an
important role in regulating brain activity states and preventing excessive neuronal excitation.
Synaptic plasticity events are cellular mechanisms that play a crucial role in learning and
memory formation. Vasoactive intestinal peptide (VIP), acting on VPAC, receptors, is released
during synaptic plasticity induction and influences hippocampal synaptic plasticity through
modulation of GABAergic transmission(7, 2). VIP is present only in a few populations of
GABAergic interneurons and regulates GABA release through activation of VPAC; and VPAC;
receptors(3). Astrocytes are another important cellular component of GABAergic synapses and
can greatly influence synaptic GABA availability. In addition, astrocytes can be activated by
synaptic GABA, that enhances intracellular Ca®* through several signaling pathways. This may
in turn trigger the release of gliotransmitters that can influence LTP(4). Gliotransmitters
released from astrocytes, including neuropeptides, have been described to modulate LTP
induction and expression(5). Astrocytes express both VPAC; and VPAC, VIP-selective
receptors(6) but their role in VIP modulation of GABAergic transmission and synaptic GABA
availability was never investigated. Likewise, the influence of these receptors in astroglial
responses to GABA stimuli was never studied.

This project aims to use hippocampal astrocyte cultures and hippocampal slices to investigate:
1) The influence of VPAC; and VPAC; receptors on astroglial GABA uptake; 2) The astrocytic
Ca** responses to transient GABA stimuli, as would occur at GABAergic synapses during
synaptic plasticity; 3) the presence of VIP, VPAC; and VPAC; receptors in astrocyte cultures as
accessed by immunocytochemistry.

The influence of VPAC; and VPAC; receptors on astroglial GABA uptake kinetics mediated by
GAT-1 and GAT-3 receptors will be studied as previously described(7), using selective agonists
and antagonists for these receptors. Astrocytic Ca** responses to transient GABA stimuli will
be monitored using the Ca?*-sensitive fluorescent dye fura-2 acetoxymethyl ester (fura-2
AM)(8). VIP, VPAC: and VPAC; receptors will be detected in hippocampal astrocyte cultures by
immunocytochemistry with specific antibodies. Experimental work will be conducted with the
support of the BiolSI cell culture and FCUL microscopy facilities.
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Alternative topics: (please contact the supervisor):

- Investigating the alterations in synaptic lipid rafts using atomic force microscopy and immunogold
staining.

- Synaptic plasticity in the hippocampus during post weaning development and aging: influence of
phosphorylation of synaptic enzymes and channels.
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Lipid rafts are membrane nanodomains (100-300 nm), not detectable by light microscopy,
involved in synaptic receptor (R) clustering, synaptic signaling, synaptic vesicle recycling,
neurotransmitter release and synaptic plasticity, a cellular process involved in learning and
memory (7). Recently we showed that classic raft-associated proteins like caveolin-1 and
flotillin-1 are dramatically reduced at synapses after seizure-like events (2). Likewise,
postsynaptic proteins like PSD-95 an NMDA/AMPA R anchoring protein present at
glutamatergic synapses, and gephyrin, a GABAA R anchoring protein present at GABAergic
synapses, are markedly altered following in vitro seizure-like activity (2), suggesting altered
lipid raft stability may be crucial to deficits in synaptic plasticity in epilepsy.

This work will use atomic force microscopy (3, 4)(AFM) to unravel changes in synaptic and
neurite membrane structure and lipid raft size and distribution in 1) synaptosomes obtained
from hippocampal slices subjected to seizure-like activity and 2) hippocampal neuron neurites
in culture exposed to similar seizure-like activity.

To unravel the subsynaptic location of the main lipid domains affected by seizures, we will use
immunogold electron microscopy detection of caveolin-1 and flotillin-1 in the synaptosome
preparations and neuronal cultures used in AFM studies.

Experimental work will be conducted with the support of the BiolSI cell culture and FCUL
microscopy facilities.
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- Synaptic plasticity in the hippocampus during post weaning development and aging: influence of
phosphorylation of synaptic enzymes and channels.
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Synaptic plasticity in the hippocampus during post weaning development and aging:
influence of phosphorylation of synaptic enzymes and channels
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Synaptic remodelling is believed to contribute to altered cognition and synaptic
plasticity during postnatal development and upon ageing. Recently, we have shown that
hippocampal LTP, a crucial cellular mechanism for learning and memory, undergoes
postweaning developmental maturation (7). LTP also changes substantially with ageing (2).
Hippocampal CA1 LTP depends on rapid events like phosphorylation of AMPA receptors, the
autophosphorylation of CaMKIl and other protein ki