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EFFECT OF DIABETIC CONDITIONS ON THE RETINAL ADENOSINERGIC SYSTEM
Joana Vindeirinho1), Gabriel Costa2), António Francisco Ambrósio3), Cláudia Cavadas1)4), Paulo
Santos3)5)
1)

Center for Neuroscience and Cell Biology, University of Coimbra, Coimbra, Portugal
Institute of Biomedical Research in Light and Image, University of Coimbra, Portugal
3)
Center of Ophthalmology and Vision Sciences, Faculty of Medicine, University of Coimbra, Coimbra, Portugal
4)
Fac. Of Pharmacy, University of Coimbra, Portugal
5)
Dept. of Life Sciences, Fac. of Science and Technology, University of Coimbra, Portugal
2)

The early stages of diabetic retinopathy exhibit characteristics of chronic inflammation, such as
microglia activation and release of inflammatory mediators. Microglia express all four types of
adenosine receptors (A1AR, A2AAR, A2BAR, A3AR), a purine nucleoside released under adverse
conditions, and activation of adenosine receptors can decrease the expression and release of
pro-inflammatory cytokines. Studies show that several components of the adenosinergic
system are affected by diabetic conditions in several tissues and models, but in the retina it is
unknown what effect diabetes exerts on the adenosinergic system and if the modulation of
this system can have protective effects.
We evaluated the effect diabetes or high glucose conditions (HG), used to mimic
hyperglycemic conditions, have on the expression and protein levels of adenosine receptors
and of key enzymes for the removal of adenosine such as adenosine deaminase (ADA) and
adenosine kinase (AK). We used primary cultures of rat retinal cells, isolated from 3-5 days
Wistar rats and whole retinas from control or STZ-induced diabetic rats.
A1AR, A2AAR, A3AR, AK and ADA had protein and expression levels altered by diabetic
conditions; for A3AR, AK and ADA alterations occurred on the retina of diabetic animals; A1AR
and A2AAR levels were increased in both models of diabetes/HG.. Beyond that, ADA activity
was strongly down-regulated in cells cultured under HG. Those same cultures showed
increased extracellular adenosine concentrations accompanied by decreased intracellular
adenosine concentrations under HG. Furthermore, a possible regulation of ADA activity by
DPP4 was explored. DPP4 is a cell surface peptidase that is heavily involved in glucoregulatory
mechanisms, and is able to link to ADA and bind it to the cell membrane. Exposure of retinal
cell cultures to DPP4 revealed a strong effect of DPP4 on ADA under HG.
In conclusion, this work shows that several components of the retinal adenosinergic system
are affected by diabetes/hyperglycemia and explores a possible link between the decrease in
ADA activity and DPP4 in retinal cells under HG.
Acknowledgments: This work was co-financed by European Regional Development Fund (ERDF)
through COMPETE (Programa Operacional Factores de Competitividade) and by national funds through
the FCT (Fundação para a Ciência e a Tecnologia) grants SFRH/BD/51195/2010 and PEstC/SAU/LA0001/2013-2014.
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INVOLVEMENT OF MITOCHONDRIA AND UNCOUPLING PROTEINS IN BRAIN DAMAGE
ASSOCIATED TO INSULIN-INDUCED HYPOGLYCEMIC EVENTS IN TYPE 1 DIABETES
Susana Cardoso1, Renato X. Santos1,2, Cristina Carvalho1, Sónia C. Correia1, Maria S. Santos1,2,
Catarina R. Oliveira1,3, Sabrina Diano4, Paula I. Moreira1,5
1

2

CNC - Center for Neuroscience and Cell Biology, Department of Life Sciences – Faculty of Sciences and Technology,
4
Institute of Biochemistry – Faculty of Medicine, Departments of Ob/Gyn & Reproductive Sciences and
5
Neurobiology, Yale University School of Medicine, New Haven, USA, Institute of Physiology – Faculty of Medicine,
University of Coimbra, 3000-354 Coimbra, Portugal
3

Evidence corroborates that extreme (low or high) blood glucose levels, such as those
experienced by type 1 diabetic patients, affect brain function and cognitive performance while
dysfunctional mitochondria seem to be major contributors of neuronal loss in most
neurodegenerative diseases. Mitochondrial energy homeostasis is a key determinant of
cellular functioning since it is involved in several processes including cells ability to withstand
stress. Within this concept, the controlled mitochondrial uncoupling proteins (UCPs)-mediated
dissociation of cellular ATP production from reactive oxygen species (ROS) generation was
shown to participate in protective mechanisms involved in physiological and pathological
adaptations of the brain. The present study was devoted to assess the effects of blood glucose
fluctuations on behavior and cognition and brain mitochondrial function (bioenergetics; redox
status and proton-leak analysis) by paying particular attention to the role of UCPs. To mimic
the oscillations of blood glucose levels occurring in type 1 diabetic patients under insulin
therapy, experiments were performed in long-term streptozotocin (STZ)-induced diabetic rats
treated with twice-daily insulin injections for 2 weeks to induce hypoglycemic episodes and in
STZ-induced diabetic wild-type (WT) and UCP2 knockout mice (UCP2KO) submitted to daily
insulin injections for 1 week to induce hypoglycemic events. Insulin-induced recurrent
hypoglycemia potentiates the effects of long-term hyperglycemia leading to the compromise
of hippocampal respiratory chain and oxidative phosphorylation system and to the imbalance
of mitochondrial redox status. Mitochondrial alterations were accompanied by increased
levels of caspase-9 activity and decreased levels of synaptophsyin, a marker of synaptic
integrity loss. Further, cortical mitochondria from recurrent hypoglycemic animals showed an
increased susceptibility to UCPs-mediated proton-leak while adenine nucleotide translocatormediated proton-leak prevailed in hyperglycemic mitochondrial preparations. In WT animals,
both metabolic insults exerted detrimental effects in exploration and memory and learning
processes, as observed in the open-field and Y maze behavioral tests, whereas UCP2KO mice
subjected to recurrent hypoglycemia showed the most drastic decline in cognitive function.
Overall, these results demonstrate that blood glucose fluctuations deeply affect brain function
predisposing to brain cells degeneration and death and cognitive decline. Within this context,
UCPs seem to play a protective role.
This work was supported by Fundação para a Ciência e a Tecnologia (SFRH/BD/43968/2008).
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MITOCHONDRIA IN THE ROAD TO NEURODEGENERATION IN SPORADIC ALZHEIMER´S
DISEASE
Diana FF Silva (1), A Raquel Esteves (1), Sandra Morais Cardoso (1,2)
(1) Center for Neuroscience and Cell Biology, University of Coimbra
(2) Faculty of Medicine, University of Coimbra

Proposed in 2004, the Mitochondrial Cascade Hypothesis for sporadic Alzheimer´s disease
(sAD) asserts that inheritance determines baseline mitochondrial function and durability.
When a particular mitochondrial functional threshold is reached within AD relevant neurons,
neurodegeneration appear. Indeed, mitochondrial abnormalities have been widely described
in AD and mild cognitive impairment (MCI), an intermediate state before declared dementia.
In this study, we used a citoplasmic hybrid cell (cybrid) model created by the repopulation of
cells depleted of endogenous mitochondrial DNA (mtDNA) with platelets from age-matched
controls, MCI and AD subjects differentiated into neurons. We measured several parameters
of mitochondrial function and observed that mitochondria from AD and MCI groups present
reduced membrane potential, are fragmented and its biogenesis is compromised. Moreover,
we found a disrupted microtubule network in AD cybrids that impairs intracellular trafficking
and, consequently, compromises the autophagic-lysosomal pathway (ALP). Deficient
intracellular trafficking results in impaired mitochondrial dynamics, which potentiates the
accumulation of damaged, dysfunctional mitochondria within autophagosomes, leading to
cellular demise. Interestingly, we found that despite MCI cybrids contain abnormal
mitochondria, the functional threshold was not reached since microtubule-depend trafficking
and ALP are over-activated. The MCI cells can still degrade dysfunctional mitochondria, since
we do not see an increase in mitochondrial proteins, like we observed for AD cells.
Overall, as many of the changes we observed in AD cells are also seen in AD subject brains, we
can conclude that alterations in mitochondrial function, present in very early AD stages, leads
to synaptic dysfunction and neuronal loss when microtubule assembly becomes compromised.
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IGF-1 INTRANASAL ADMINISTRATION
PHENOTYPES IN YAC128 MICE

RESCUES

HUNTINGTON'S

DISEASE

Carla Lopes1, Márcio Ribeiro1, Ana I. Duarte1, Sandrine Humbert2,3,4, Frederic Saudou2,3,4, Luís
Pereira de Almeida1,5, Michael Hayden6 and A. Cristina Rego1,7*
1

CNC-Center for Neuroscience and Cell Biology, University of Coimbra, Coimbra, Portugal
3
4
Institut Curie, INSERM U1005, CNRS UMR 3306, Orsay F-91405, France
5
Faculty of Pharmacy, University of Coimbra, Coimbra, Portugal
6
Centre for Molecular Medicine and Therapeutics, Department of Medical Genetics, University of British Columbia,
Vancouver, British Columbia, V5Z 4H4 Canada
7
Faculty of Medicine, University of Coimbra, Coimbra, Portugal
2

Huntington's disease (HD) is an autosomal dominant disease caused by an expansion of CAG
repeats in the gene encoding for huntingtin. Brain metabolic dysfunction and altered Akt
signaling pathways have been associated with disease progression. Nevertheless, conflicting
results persist regarding the role of insulin-like growth factor-1 (IGF-1)/Akt pathway in HD.
While the YAC128 mice (expressing human full-length mutant huntingtin with 128 glutamines)
evidenced a tendency for high plasma levels of IGF-1, and these were correlated with cognitive
decline in HD patients, other data showed protective effects of IGF-1 in HD striatal neurons
and R6/2 mice. Thus, in the present study, we investigated motor phenotype, peripheral and
central metabolic profile and striatal and cortical signaling pathways in YAC128 mice subjected
to intranasal administration of recombinant human IGF-1 (rhIGF-1) for two weeks, in order to
promote IGF-1 delivery to the brain. We show that IGF-1 supplementation enhances IGF-1
cortical levels and improves motor activity and both peripheral and central metabolic
abnormalities in YAC128 mice. Moreover, decreased Akt activation in HD mice brain is
ameliorated following IGF-1 administration. Upregulation of Akt following rhIGF-1 treatment
occurs concomitantly with increased phosphorylation of mutant huntingtin on serine 421.
These data suggest that intranasal administration of rhIGF-1 ameliorates HD-associated
glucose metabolic brain abnormalities and mice phenotype.
This work was supported by “Fundação para a Ciência e a Tecnologia” (FCT), Portugal, grants reference
PTDC/SAU-FCF/66421/2006 and PTDC/SAU-FCF/108056/2008, and co-financed by COMPETE–Programa
Operacional Factores de Competitividade, QREN, and the European Union (FEDER–Fundo Europeu de
Desenvolvimento Regional). C. Lopes and M. Ribeiro are supported by Ph.D. fellowships from FCT
(SFRH/BD/51192/2010 and SFRH/BD/41285/2007, respectively). A. I. Duarte was supported by a
postdoctoral fellowship from FCT (SFRH/BPD/26872/2006).
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ATAXIN-3 PHOSPHORYLATION: EFFECTS ON POLYGLUTAMINE
MECHANISMS INVOLVED IN MACHADO-JOSEPH DISEASE

TOXICITY

Carlos A. Matos1,2, Clévio Nóbrega1, Marilisa Vigorita1, Luísa Cortes1, Luís Pereira de Almeida1,3,
Sandra de Macedo-Ribeiro4 and Ana Luísa Carvalho1,2
1

2

CNC-Center for Neuroscience and Cell Biology, University of Coimbra, Coimbra, Portugal; Department of Life
3
Sciences, Faculty of Sciences and Technology, University of Coimbra, Coimbra, Portugal; Faculty of Pharmacy,
4
University of Coimbra, Coimbra, Portugal; IBMC-Instituto de Biologia Molecular e Celular, University of Porto, Porto,
Portugal

Machado-Joseph disease (MJD) is the most common form of dominantly inherited ataxia in the
world. It develops when the polyglutamine tract of ataxin-3 (atx3), a deubiquitinase (DUB)
involved in protein homeostasis and transcription regulation, is expanded beyond a critical
threshold. Though atx3 displays ubiquitous expression throughout the human body,
neurodegeneration associated with MJD occurs only in discrete regions of the nervous system,
suggesting that the cellular context is a crucial factor mediating expanded atx3-induced
toxicity. Post-translational modifications (PTMs) are frequently described as toxicity
modulators in many neurodegenerative diseases and may be responsible for differential
regulation of atx3 properties between different cell types.
We set out to identify novel atx3 PTMs with possible functional relevance. Through a mass
spectrometric analysis of atx3 purified from transfected mammalian cell lines we identified
two novel phosphorylation sites, one in the catalytic DUB domain and the other in the second
ubiquitin-interacting motif of atx3. We then focused our study on the phosphorylation of the
catalytic domain of atx3, because the identified phosphorylation site - serine 12 - is in close
proximity to the catalytic triad.
Using phosphomimetic and phosphodead mutants of atx3 we performed activity assays both
in vitro and in cell homogenates using DUB model substrates and observed that modification
at position 12 modulates atx3 DUB activity. Nuclear localization and aggregation of atx3, two
key events in MJD pathogenesis, have also been demonstrated to be influenced by serine 12
modification, in cell cultures and in an in vivo lentiviral rat model with striatal pathology.
Supported by FCT, Portugal (PTDC/SAU-NMC/110602/2009).
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TOWARDS RATIONAL DESIGN OF NEW TUBERCULOSIS DRUGS: TARGETING AN
ESSENTIAL PATHWAY
Vítor Mendes1,2, Michal Blaszczyk2, Ana Maranha1, Joana Fraga3, Pedro J. B. Pereira3, Sandra de
Macedo-Ribeiro3, Nuno Empadinhas1 and Tom L. Blundell2
1

CNC - Center for Neuroscience and Cell Biology, University of Coimbra, Portugal
Department of Biochemistry, University of Cambridge, 80 Tennis Court Road, CB21GA Cambridge, United Kingdom.
3
IBMC - Instituto de Biologia Molecular e Celular, Universidade do Porto, Portugal.
2

Tuberculosis (TB) is still, despite all our efforts, a leading cause of mortality worldwide,
with a death toll of about 1.5 million lives per year. The intrinsic drug resistance
mechanisms of Mycobacterium tuberculosis, together with acquired drug resistance
due to poor chemotherapy choices and lack of treatment compliance, have created a
serious drug resistance problem that rendered some of the M. tuberculosis strains
virtually untreatable.
The identification of new essential gene functions together with structural knowledge
of these targets is a pivotal strategy for rational drug design in an organism where the
exploration of many of the traditional chemical libraries has often failed to deliver hits.
The exploration of these new targets that may lead to the development of new drugs
is not only a necessity but an emergency.
Mycobacteria synthesize a vast array of carbohydrates and glycolipids many of which
unique to these organisms or closely related genera. α-Glucans are among those
carbohydrate classes where recent research has revealed some of the genes and
pathways involved in their synthesis [1]. In a newly discovered pathway linking αglucans synthesis and trehalose recycling, 3 of 4 genes have been shown to be
essential for M. tuberculosis growth [2, 3]. We have purified, crystallized and solved
the structure of 2 of these essential enzymes (Mak and GlgE) from Mycobacterium
vanbaalenii and Mycobacterium thermoresistibile, respectively. These enzymes have
60% and 77% amino acid identity when compared to M. tuberculosis orthologues and
can therefore serve as surrogates for drug discovery. The structures of these enzymes
provide the framework to mechanistically understand their mode of action and are the
basis of fragment-based drug discovery efforts currently underway.

Acknowledgements: This work was supported by FEDER through Programa Operacional Factores de
Competitividade (POFC) – COMPETE, and Fundação para a Ciência e a Tecnologia (FCT) projects
PTDC/BIA-BCM/112459/2009 and PEst-C/SAU/LA0001/2013-2014. V. Mendes and A. Maranha
acknowledge FCT grants SFRH/BPD/79531/2011 and SFRH/BD/74845/2010, respectively.

1. Mendes, V., et al., Biosynthesis of mycobacterial methylglucose lipopolysaccharides. Nat Prod Rep, 2012. 29(8):
p. 834-44.
2. Kalscheuer, R., et al., Self-poisoning of Mycobacterium tuberculosis by targeting GlgE in an alpha-glucan
pathway. Nat Chem Biol, 2010. 6(5): p. 376-384.
3. Griffin, J.E., et al., High-resolution phenotypic profiling defines genes essential for mycobacterial growth and
cholesterol catabolism. PLoS Pathog, 2011. 7(9): p. e1002251.
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CHARACTERIZATION OF THE MACROPHAGE RESPONSE TO ALTERNARIA INFECTORIA
CONIDIA INFECTION
Cruz Almeida M (2), Silva B (2), Rodrigues L (1,2), Fernandes C (2); Mota M (1,2), Cortes L (2)
and Gonçalves T (1,2)
1. Faculty of Medicine, University of Coimbra, Portugal
2. CNC - Center for Neurosciences and Cell Biology, University of Coimbra, Portugal
Key words: Alternaria infectoria, conidia, macrophage, immune response

Alternaria infectoria is an environmental mould responsible for opportunistic
phaeohyphomycosis in immunocompromised hosts and for severe allergies, supporting its
significance in human health, aspects related to a high prevalence of airborne Alternaria
spores. A. infectoria spores recognition and elimination through host phagocytic cells, namely
macrophages, is an essential step towards pathogen clearance. Macrophages are also key
players in the generation of an antifungal innate immune response, both through promotion of
phagocytes migration and induction of proinflammatory cytokines and chemokines.
In this work, we investigated the interaction between RAW 264.7 macrophages and A.
infectoria spores. When compared with macrophage activation by bacterial endotoxin, we
found that no major proinflammatory response was triggered after co-culture of RAW 264.7
macrophages with A. infectoria spores; the levels of TNF-α, a proinflammatory cytokine, did
not increase significantly and no substantial increase of extracellular ATP (an endogenous
danger signal) was observed; adenosine receptors A2AR were found to accumulate in clusters
during A. infectoria spores infection but the levels of Adora 2a gene expression remained
unchanged. The classical associated morphological changes were not found in infected
macrophages. Live cell imaging showed that A. infectoria spores are rapidly internalized by
macrophages, with 60% of internalization upon 30 min of infection, evidencing cooperation
between cells. Macrophages retain the ability to mitotically divide while containing
internalized spores. During the infection period germination of conidia occurs both extra- and
intracellularly throughout the time of infection, meaning that macrophages allow the
formation of hyphae. We believe that the uniqueness of this interaction between A. infectoria
conidia and macrophages resides in its surface components. In fact, the pattern of A. infectoria
phagocytosis or activation of murine macrophages of spores was not affected by caspofungin,
as observed in other fungal pathogens, indicating that this antifungal agent does not change
the β-glucan exposure at fungal surface, although it decreases the total amount of this cell wall
component.
Overall, the present results show that RAW 264.7 macrophages are unable to generate an
effective antifungal response against A. infectoria spores, suggesting that this opportunistic
fungal pathogen may employ latency-like mechanisms in order to hamper macrophage
function.
(Supported by: PTDC/SAU-ESA/108636/2008 and PEst-C/SAU/LA0001/2011)
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A CELLULAR ECONOMIC INTERPRETATION OF MICROORGANISM'S GROWTHROBUSTNESS TRADE-OFF
Alessandro Bolli1, Armindo Salvador1,2
1

4

Molecular Systems Biology Group, Center for Neuroscience and Cell Biology, University of Coimbra; Chemistry
Department, University of Coimbra, Portugal

Microorganisms show some conserved relations between physiological state and
environmental conditions. Growth Robustness Reciprocity (GRR) is an intriguing example:
genetic and environmental factors that impair microorganism’s vegetative performance
(growth rate) enhance their ability to resist abiotic stresses, and vice-versa. Mechanistically,
this relationship may be explained by regulatory interactions that determine higher expression
of protection mechanisms in response to low growth rates. However, because the mechanisms
themselves are not conserved between bacteria and eukaryotes, the observed GRR must result
from convergent evolution. Why does natural selection favor such an outcome? We used
mathematical models of optimal resource allocation in an idealized cellular self-replicating
system to identify the key cellular functions and general evolutionary and physiological
principles that may explain why GRR is widespread among microorganisms. These models
account for the cell protein components involved in: (i) substrate uptake from environment,
(ii) metabolic transformation of substrate to anabolic precursors, (iii) biosynthetic enzymes
(e.g. ribosomes and lipid synthesizing enzymes), (iv) protein inactivation, representing stress,
and (v) protein repair (REP). The relative fraction of each cell component is computed by
adjusting the proportion of ribosomes engaged in the synthesis of each component. The
protein pool proportions that maximize growth rate were computed through non-linear
optimization. In the absence of the REP component, the cell model displays substrate
concentration-dependent stress sensitivity: cell stasis (no growth) is reached at lower stress
levels for proportionally lower substrate concentrations (i.e., lower initial growth rate). This is
due to growth-related damage dilution: the higher the substrate availability, the highest the
growth rate, the fastest the dilution of damaged proteins by newly synthesized proteins, the
highest the stress that can be tolerated until the inactive pool retains all the cell resources
necessary for growth. When the REP component is considered, resource optimization favors its
higher expression at lower substrate availabilities. Consequently, maximal stress protection
(i.e. higher REP-induced growth recovery) is obtained at low nutrient conditions where growthrelated damage dilution is less effective.
Overall, these results show that GRR can be explained by the interplay among three general
principles. Namely, (a) natural selection for maximal growth rates, (b) inevitability of damage
or errors, inactivating cellular components and thus decreasing growth, and (c) damage
dilution by the growth-associated synthesis of new components.
We acknowledge fellowship SFRH/BPD/90065/2012 and grants PEst-C/SAU/LA0001/2013-2014, PEstOE/QUI/UI0612/2013, FCOMP-01-0124-FEDER-020978 financed by FEDER through the “Programa
Operacional Factores de Competitividade, COMPETE” and by national funds through “FCT, Fundação
para a Ciência e a Tecnologia” (project PTDC/QUI-BIQ/119657/2010).
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BIOCHEMICAL AND ENZYMATIC STUDIES ON APRICK, A NOVEL RETROPEPSIN-LIKE
ENZYME FROM RICKETTSIA CONORII
Rui Cruz1,2, Marisa Simões2, Pitter Huesgen3, Christopher Overall3, Carlos Faro1,2 Juan J.
Martinez4 and Isaura Simões1,2
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The life-threatening and emerging character of many Rickettsia species and the lack of reliable
protective vaccine against rickettsioses, strengthens the importance of identifying new protein
factors for the development of innovative therapeutic tools.
As part of the core rickettsial genomes, we identified a gene encoding for a putative
membrane-embedded aspartic protease (APRick) for which no function has been assigned yet.
Its striking pattern of conservation among all rickettsial sequenced genomes strongly suggests
that this protease may play a critical role in rickettsial pivotal events.
In this work, we clearly demonstrated that this novel enzyme is expressed in R. conorii and R.
rickettsii and the immunoblot pattern is consistent with the proteolytic processing of the
enzyme.
To confirm and characterize APRick’s activity, we produced the soluble domain in E. coli
(rAPRick). rAPRick was shown to undergo a multi-step activation event in vitro and mutation
of the catalytic Asp residue impaired this maturation process. Although exhibiting a very low
overall similarity to retropepsins (~14%), our results confirm that rAPRick shares several
enzymatic properties with this family of aspartic proteases, such as the optimal activity at
acidic/neutral pH, dimerization and inhibition by Indinavir. Strikingly, using a recently
developed high throughput specificity profiling methodology (PICS), we demonstrated that
rAPRick has a unique specificity pattern, with an intermediate amino acid specificity between
those of retropepsins and pepsin-like proteases.
To gain further insights into the functional role, we performed fractionation studies on R.
conorii and R. rickettsii cells. APRick was shown to be integrated into the outer membrane of
both species, suggesting that rickettsial surface proteins might be potential substrates for this
enzyme. Therefore, we evaluated whether APRick might be implicated on rOmpB maturation
by incubating enriched fractions of recombinant rOmpB with active rAPRick. Our current
results suggest that rOmpB is cleaved between the passenger and the translocation domain by
this enzyme, supporting the possible role of APRick on the regulation of rOmpB maturation.
These results anticipate a key role for APRick in rickettsial survival and/or virulence and
suggest that this novel retropepsin-like protease may be a potential candidate for therapeutic
inhibition. Moreover, this is the first report on a retropepsin-like protease in gram-negative
intracellular bacteria like Rickettsia, contributing for the discussion on the evolutionary
relationships between retroviral and pepsin-like aspartic proteases.
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PHARMACOKINETICS AND BRAIN BIODISTRIBUTION OF CARBAMAZEPINE AFTER
INTRANASAL ADMINISTRATION TO MICE
A Serralheiro1,2, G Alves2,3, J Abrantes1,2, J Bicker1,2, D Gonçalves1,2, J Sousa1,2, M Rodrigues1,2,3, A
Fortuna1,2, A Falcão1,2
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Introduction: Despite its narrow therapeutic window, complex pharmacokinetic profile and
severe side effects, carbamazepine (CBZ) is one of the first-line antiepileptic drugs in the
treatment of epilepsy. CBZ is mainly administered via the conventional oral route however its
gastrointestinal absorption is slow and erratic and the bioavailability ranges 75-85%.
Furthermore, its extensive hepatic metabolism and considerable enzymatic induction results in
unpredictable plasmatic fluctuations, demanding successive adjustments of the dose. In an
attempt to improve the efficacy and minimize the toxicity associated to the CBZ therapy,
alternative administration strategies have been explored. The purpose of the present study is
to assess the pharmacokinetic behaviour of CBZ administered by the intranasal (IN) route to
mice, and to investigate whether a direct transport of the drug from nose to brain could be
involved.
Materials and Methods: CBZ (0.4 mg/kg) was intranasally and intravenously administered to
previously anaesthetized CD-1 adult male mice. After 5, 10, 15, 30, 45, 60, 90, 120, 180 and
240 min post-dosing (n=4), animals were sacrificed and plasma, brain and liver tissues were
collected, pre-treated and subsequently analyzed by high performance liquid chromatography.
The experimental mean concentration-time profiles obtained for CBZ following the two routes
of administration were evaluated and compared by using a non-compartmental
pharmacokinetic analysis. Direct transfer of the drug from nose to brain was assessed by
determining CBZ biodistribution pattern in distinct brain regions (5, 10, 15, 30, 60 min; n=4).
Results and Discussion: The CBZ pharmacokinetic profiles obtained in all matrices were similar
following both routes of administration. The high plasma bioavailability (107.64%) and the
almost parallel time course of plasma and brain CBZ concentrations after IN instillation,
indicate that a substantial fraction of the drug reaches quickly and extensively the
bloodstream, attaining the central nervous system (CNS) predominantly via the systemic
circulation. Following intravenous (IV) injection, the extent of the hepatic exposure to CBZ was
1.4-fold greater than that after IN administration. Interestingly, while a homogenous brain
distribution pattern was observed after IV injection, IN delivery of CBZ provided an uneven
distribution of the drug throughout the different brain regions with the highest drug
concentrations achieved in the olfactory bulb and frontal cortex areas. These differences
clearly suggest the involvement of a direct transport of CBZ from nose to brain, which
preferentially occurs via the olfactory neuronal pathway.
Conclusion: Our results demonstrate that IN administration of CBZ allow a fast and
pronounced absorption of the drug that reaches the CNS through a combination of both
systemic and local delivery pathways. Therefore, it seems that IN delivery represents a suitable
and promising alternative to the conventional CBZ administration routes.
Acknowledgments: Fundação para a Ciência e a Tecnologia (SFRH/BD/64895/2009) and POPH (Programa
Operacional Potencial Humano) which is co-funded by FSE (Fundo Social Europeu), União Europeia.
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VEGF165-BOUND BEADS MODULATE ENDOTHELIAL CELL SURVIVAL AND miRNA
EXPRESSION
Sezin Aday1,2,3, Janet Zoldan3, Laura Carreto4, Tiago Santos1, Liliana Bernardino1, João Malva1,
Robert Langer3, Lino Ferreira1,2
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Introduction: The development of tools to control cell activity is of utmost importance in
Regenerative Medicine. For clinical efficacy, it is imperative that stem cells or their progenies
survive and engraft into the host tissue. However, a significant number of cells die or are lost
within hours after transplantation (typically >70 % in few days). Therefore, the development of
new strategies to promote cell survival after transplantation is crucial. Herein, we evaluated
the effect of VEGF-bound beads on endothelial cells derived from stem cells isolated from
umbilical cord blood (UCB).
Experimental Methods: CD34+-endothelial cells (ECs) were obtained according to our previous
protocol1. The amount of VEGF immobilized onto beads was determined by liquid scintillation.
The influence of VEGF-conjugated beads on CD34+-ECs was monitored at different levels:
VEGFR-2 phosphorylation (ELISA), single cell calcium measurements, cell viability and
apoptosis (ATP and Caspase-9 analyses), miRNA analyses (human miRNA microaray kit),
formation of sprouts on Matrigel and in vivo studies.
Results and Discussion: The conjugated VEGF amount onto beads was between 271.8±44.3 to
425.4±50.2 ng per 106 beads depending on the initial conditions. VEGF-bound beads showed
prolonged VEGFR-2 phosphorylation and intracellular Ca2+ signaling (up to 1 h) relatively to
soluble VEGF. Under hypoxia conditions (0.5% O2), the survival of the cells incubated with
VEGF-conjugated beads was 1.6 times higher than soluble VEGF group after 24 h. In addition,
VEGF-conjugated beads decreased caspase 9 activity ~20% compared to soluble VEGF while
the reduction compared to cell control group (cells incubated with blank beads) was >35%.
Both total network length and the number of branch points were higher in the presence of
VEGF-conjugated beads. After 60 h, the number of branch points decreased more than 50% for
all the conditions, while the decrease was just 30% for conjugated-VEGF group. Our results
show that the conjugated VEGF modulates the cell activity by decreasing the expression
miRNAs related to cell apoptosis and senescence while soluble VEGF does not affect the
expression of these miRNAs. While miR20a, miR 217 and miR17-92 cluster were significantly
downregulated when the VEGF-beads were incubated with cells for a short time (2 h), miR222
downregulation was the regulator of cell activity in long term. Importantly, VEGF-bound beads
increased cell survival by down-regulating the expression of miR17 in vivo. After 10 days, the
cells transplanted in the presence of VEGF-conjugated beads had 35.5% (±28.4%; n=7) of the
initial fluorescent signal while the cells transplanted with blank beads lost the signal after 3
days in vivo.
Conclusion: Here we show the potential and underlying molecular mechanism of VEGF-bound
beads in endothelial cell survival and angiogenesis both in vitro and in vivo.
References: Pedroso, D.C. et al., PLoS One (2011), 6(1): e16114.
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LIGHT-ACTIVATABLE POLYMERIC NANOPARTICLES FOR INTRACELLULAR DELIVERY IN
CANCER STEM CELLS
Carlos Boto1,2, Ricardo Neves1,2, Alberto Martín-Lourenzo3, Isabel Romero-Camarero3, Rajeev
Gupta4, Tariq Enver4, Isidro Sanchez-Garcia3 and Lino Ferreira1,2
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Introduction: Nanoparticles (NPs) may be used as vehicles for the intracellular delivery of
biomolecules and ultimately to modulate the activity of cancer cells1. Here we present a novel
light-dissociable polymeric NP formulation that has approximately 140 nm in diameter,
positive net charge, and disassemble when exposed to UV light (365 nm) or blue light (405 nm)
releasing retinoic acid (RA). These NPs can be taken up rapidly (4 h) by acute myeloid leukemia
(AML) cells (K562, NB4, U937 and AML stem cells). Importantly, our results show that the light
activation of NPs contribute for the differentiation of these cells at levels not observed using
formulations that release passively RA or by conventional chemotherapy. This study highlights
the importance of drug spatial positioning and concentration to treat leukemia.
Experimental methods: Diameter, counts and zeta potential of NPs in response to light over
time were recorded. The in vitro effects of retinoic acid (RA)-loaded NPs on: (i) the erythroid
differentiation of K562 at day 9 was assessed by cytochemical staining with benzidine solution,
(ii) the granulocytic differentiation at day 6 and 3 for human NB4 and U937 (PLZF/RARA),
respectively, was assessed by flow cytometry using CD11b as a marker, (iii) reduction of stem
cell colonies in AML stem cells was assessed by colony-forming cell (CFC, 2 weeks) and longterm culture initiating cell assays (LTC-IC, 7 weeks). Three independent runs were done for
each experimental group and for each run three technical replicates were performed.
Results and Discussion: The activation of NPs promotes rapid and efficient RA delivery (80% in
10 min). Light-activated RA+-NPs induce 1.92 ( 0.17) times higher levels of erythroid
differentiation in K562, 1.19 (0.01) times of granulocytic differentiation in NB4 and 1.45
(0.03) times of granulocytic differentiation in U937 cells as compared to non-activated NPs. In
addition, light-activated RA+-NPs induce 1.83 (0.17) times higher levels of erythroid
differentiation in K562, 1.12 (0.01) times of granulocytic differentiation in NB4 and 1.44 (
0.04) times of granulocytic differentiation in U937 cells as compared to 1 M RA in solution. It
should be noted that RA+-NPs contain ~10 times less RA than the one used in solution. This
experimental result is particularly important in the RA-low sensitive cell line U937-PLZF/RARA
where the high RA intracellular release is able to overcome the low sensitivity of the cell.
Finally, AML stem cells treated with light-activated RA+-NPs showed 69.6  9.2 % and 61.8 
10.1 % less colonies, in CFC and LTC-IC colony assays, respectively. These results indicate that
the enhanced intracellular release and the kinetic control mediated by the light triggered-NPs
may be an effective strategy to treat leukemia.
Conclusion: The spatio-temporal control of the intracellular release of RA is important to
control the differentiation of leukemic (stem) cells.
References: 1. Ferreira L. et al., Cell Stem Cell (2008), 3(2):136-146.
ACKNOWLEDGMENTS: The authors would like to thank the support of FCT (SFRH/BD/62419/2009; PTDC/CTMNAN/120552/2010).
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HYPOTHALAMIC NITRIC OXIDE REGULATES PERIPHERAL INSULIN BIOAVAILABILITY
Fátima O. Martins1,2,3, Sulay Tovar4, Sonia Perez-Sieira4, David González-Touceda4, John G.
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The bioavailability of insulin for peripheral tissues is defined by the rates of insulin secretion
and hepatic insulin clearance. Human studies demonstrated that NO is an important regulator
of insulin clearance. Whether the control of insulin clearance is solely dependent on hepatic
mechanisms or also relies on hypothalamic regulation is uncertain. Hypothalamus is a critical
regulator of energy metabolism and endocrine functions. Therefore, we hypothesized that NO
production by central/hypothalamic axis regulates insulin clearance and therefore peripheral
insulin bioavailability.
Male Wistar rats were submitted to brain surgery using a stereotaxic apparatus to the
implantation of the simple, for intracerebroventricular (i.c.v.), or the double cannulas, for
nucleus specific infusion. After the bregma localization the following coordinates were used:
Lat: 1.2mm, AP: 1.0mm for lateral ventricle (i.c.v.), AP: -1.8mm, Lat: +/- 0.4mm, DV: -8.0mm
for paraventricular nucleus (PVN) and AP: -2.52mm, Lat: +/- 0.6mm, DV: -9.2mm for
ventromedial hypothalamus (VMH). Bolus infusions of 250ug/2uL of L-NAME (or 2uL of saline
in the control animals) were performed in each side of the brain. An oral glucose tolerance test
(OGTT) (2g/kg) was performed 45min after L-NAME bolus infusion. Glycemia was monitored
and blood samples were collected. Insulin and c-peptide levels in the plasma were quantified.
Insulin clearance was evaluated by the ratio between plasma c-peptide and insulin areas levels
across the OGTT.
Acute L-Name infusion did not affect glycaemia either basal or upon the OGTT (AUC Ctrl vs. LN:
i.c.v.: 949.8 ± 36.8 vs. 921.0 ± 18.2, n.s.; PVN: 960.5 ± 30.3 vs. 944.4 ± 11.0, n.s.; VMH: 1015.0 ±
68.9 vs. 994.4 ± 44.2, n.s.). After the glucose bolus, both i.c.v. and PVN L-NAME treated
animals demonstrated a decrease in plasma insulin levels (AUC Ctrl vs. LN: i.c.v.: 14.9 ± 0.8 vs.
10.1 ± 1.4, p<0.5; PVN: 14.8 ± 2.3 vs. 10.3 ± 0.9, p<0.5; VMH: 9.3 ± 1.4 vs. 9.6 ± 1.6, n.s.) with
no alterations in c-peptide levels (AUC Ctrl vs. LN: i.c.v.: 13155 ± 984 vs. 13482 ± 1445, n.s.;
PVN: 10167 ± 756 vs. 10596 ± 922, n.s.; VMH: 9744 ± 1550 vs. 10010 ± 1039, n.s.). Insulin
clearance was calculated and both i.c.v. and PVN but not VMH nitric oxide synthesis
suppression resulted in an increase in insulin clearance after the glucose bolus (AUC Ctrl vs. LN:
i.c.v.: 8574 ± 534 vs. 11510 ± 632, p<0.5; PVN: 6514 ± 338 vs. 8044 ± 498, p<0.5; VMH: 8118 ±
597 vs. 8518 ± 1234, n.s.).
Together these results reveal that after a glucose bolus, and not in the fasting state, increased
levels of nitric oxide in the hypothalamic/PVN region lead to decreased insulin clearance
supporting the hypothesis that hypothalamic function is a regulator of peripheral insulin
bioavailability.
This work was supported by SFRH/BD/51194/2010, FCT, Portugal; PIC/IC/82956/2007 and PTDC/DTPEPI/0207/2012, FCT, Portugal.

29

XI CNC Annual Meeting | Bringing researchers together
MASS ISOTOPOMER ANALYSIS OF NUCLEOSIDES ISOLATED FROM RNA AND DNA
USING GCMS
I. Miranda-Santos1,2,3, S. Gramacho4, M. Piñeiro4, K. Martínez-Gómez3, M. Fritz3, K.
Hollemeyer3, A. Salvador2, E. Heinzle3
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Metabolic studies, particularly Metabolic Flux Analysis, rely on the selective enrichment of
metabolites from 13C labeled substrates. Metabolites, and therefore their biosynthetic
products, will present patterns of labeling – isotopomers – in accordance with the particular
metabolic fluxes that derived them. Aminoacids, either free or extracted from proteins, have
been largely used in these sorts of metabolic studies. On the other hand, use of nucleosides
and deoxynuceosides of nucleic acids is not that common. Nevertheless, they are also suitable
probes to assess metabolic flux rates as their precursors, in terms of carbon backbone, are
ribose-5-phosphate, which is an intermediate of pentose phosphate pathway, aspartate (in
case of pyrimidines) which exchanges with oxaloacetate, an intermediate of TCA cycle, and
glycine and CO2, (in case of purines).
Mass Spectrometry (MS) distinguishes the total number of 13C atoms present in a given
molecule – mass isotopomer – based on the m/z shift, but not the position of these 13C atoms
in the molecule – positional isotopomers. As the latter ones are more informative, we
developed a methodology to elucidate positional isotopomers by MS. Given certain mass
spectrometric conditions, molecular ions suffer fragmentation into smaller moieties fragments. These fragments will retain the corresponding 13C enrichment as per the molecular
ion. Knowing the carbon composition of each fragment and the respective shift in the m/z of
every fragment, it’s possible to elucidate positional isotopomers.
To clarify the carbon composition attribution of fragments we followed 3 criteria: (i) neutral
loss, where the m/z of the fragment ion has to correspond to the m/z of the molecular ion
subtracted by a loss of a possible molecular moiety; (ii) shift to m+n in [U-13C] molecules,
where n is the total number of carbons present in each fragment; and (iii) the comparison of
the natural isotopic distribution obtained for each fragment with the one theoretically
calculated for the proposed structure of each fragment. This methodology can be applied to
GCMS or LCMS.
To apply it to GCMS, nucleosides and deoxynucleosides were derivatized with MSTFA:Pyridine
(50:50) for 30 minutes at 80ºC. The deoxynucleosides of pyrimidine were cleaved at the Nglycosidic bond, resulting directly in 2 species, deoxyribose-(TMS)2 and the nucleobases of
thimidine-(TMS)2 and cytidine-(TMS)2. Both in nucleosides and dexoxynucleosides of
pyrimidines, we can elucidate whether labeling is either in the ribose or nucleobase moieties.
For nucleosides we can elucidate the positional labeling in the C5’, C1’ and C4’ of ribose
moiety. Nucleosides and deoxynucleosides can, therefore, be used as metabolic probes for
nucleic acids specific metabolic events. One example is to distinguish mitochondrial from
cytosolic metabolism, as mitochondrial RNA enrichment should reflect mitochondrial
metabolism and cytosolic RNA should reflect cytosolic metabolism.
Fellowship.SFRH/BD/18158/2004. Grants PEst-C/SAU/LA0001/2013-2014.
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Local translation of axonal mRNAs has been described in recent years, with evidence for local
translation in axonal guidance, growth cone collapse and synaptic plasticity. In Aplysia, local
protein synthesis has been shown to have a relevant role in synapse formation. However,
evidences for the requirement of local mRNA translation in presynaptic differentiation are still
missing in vertebrate neurons. Here, we show that local protein synthesis is required for
FGF22-induced presynaptogenesis. Using chicken ciliary ganglia neurons we observed that
FGF22, a presynaptic organizing molecule, induces the differentiation of nerve terminals in
fluidic isolated axons as measured by clustering of SV2, a hallmark of synapse formation.
Additionally, when protein synthesis is inhibited specifically in axons, SV2 clustering is reduced
to basal levels. We also show that a FGF22 stimulus increased F-actin clusters, indicating an
increase in β-actin polymerization. Moreover, FGF22 induces intra-axonal translation of a βactin reporter, a destabilized form of EGFP fused to the 3’UTR of β-actin. Together these
results demonstrate that local mRNA translation is required for presynaptogenesis and that β–
actin mRNA is a key modulator of this process.
Joana R. Pedro is supported by FCT - SFRH/BD/77789/2011. This work was supported by FEDER through
Programa Operacional Factores de Competitividade – COMPETE and by national funds through FCT –
Fundação para a Ciência e a Tecnologia through Grants PTDC/SAU-NEU/104100/2008 and PEstC/SAU/LA0001/2013-2014, and by Marie Curie Actions - International Reintegration Grant, 7th
Framework Programme, EU.
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REGULATION OF hnRNP K AND hnRNP K-ASSOCIATED mRNAs BY SYNAPTIC ACTIVITY
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Dendritic protein synthesis plays a critical role in several forms of synaptic plasticity, including
long-term synaptic potentiation (LTP). Dendritic transcripts are typically transported in a
repressed state as components of large messenger ribonucleoprotein complexes (mRNPs), and
then translated upon stimulation at, or near, activated synapses. Several members of the
heterogeneous nuclear ribonucleoprotein (hnRNP) family of proteins are present in neuronal
mRNPs and are thought to play a role in the delivery of mRNAs to distal dendritic domains.
Perhaps the best example comes from hnRNP A2/B1, a trans-acting factor involved in dendritic
mRNA trafficking in oligodendrocytes and neurons. hnRNP K is another member of the hnRNP
family of proteins that is present in neuronal RNA granules, however, the function and how
hnRNP K is regulated in dendritic processes is unknown. We found that hnRNP K exhibits a
punctate distribution along dendrites and is present at the synapse under resting conditions.
Accordingly, we detected hnRNP K in synaptic mRNP-fractions obtained from rat hippocampus.
Synaptic activity increased hnRNP K levels in dendrites of cultured hippocampal neurons and
induced the delivery of the protein into synaptic sites. Finally, we identified several transcripts
associated with hnRNP K, such as the mRNAs encoding for BDNF, GluN1 and GluA1, and
provide evidence for the differential regulation of these hnRNP K-bound mRNAs upon the
induction of high-frequency stimulation-induced LTP (HFS-LTP) in the dentate gyrus of live
anesthetized rats. We propose that hnRNP K is a novel regulator of local mRNA metabolism
and is likely to have a role in plasticity-related events.
(Supported by FCT, COMPETE, QREN, FEDER [PTDC/NEU-NMC/0198/2012; PEst-C/SAU/LA0001/20132014])
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REAL TIME MONITORING OF THE REDOX INTERPLAY BETWEEN NITRIC OXIDE AND
ASCORBATE IN THE LIVING BRAIN USING ELECTROCHEMISTRY
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Activation of glutamate NMDA receptors induces the production of nitric oxide (•NO) from the
neuronal isoform of nitric oxide synthase (nNOS). This free radical is implicated in diverse
processes, such as memory formation, neurovascular coupling and neurodegeneration.
Glutamatergic activation also promotes the release of ascorbate (AA), the most prevalent
molecule in the brain, that acts as a neuromodulator, antioxidant and co-factor [1]. It has been
shown that AA potentiates •NO synthesis by preventing the uncoupling of nNOS via
stabilization of tetrahydrobiopterin. In this work we developed an in vivo approach for
simultaneous measurement of •NO and AA in the hippocampus, encompassing the stereotaxic
insertion of •NO and AA selective microelectrodes coupled to electrochemical
measurements.The modification of carbon fiber microelectrode with a composite film of
carbon nanotubes and Nafion allowed us to improve the selectivity for the measurement of AA
in the brain. The microsensor exhibited an electrocatalytic effect towards AA oxidation,
allowing it’s detection at +0.05 V vs. Ag/AgCl reference, a very selective potential to a number
of electroactive neurochemicals present in the brain extracellular space. With this approach,
the basal concentration of AA in the hippocampus was estimated to be 290±130 µM (n=12).
The simultaneous measurements of •NO and AA upon local ejection of L-glutamate (20 mM) in
the rat hippocampus evoked transient signals of extracellular •NO and AA, respectively. The
ejection of ascorbate oxidase completely abolished the amperometric signals recorded with
the AA microsensor, strongly supporting that the oxidation current measured derived
essentially from AA. A good correlation was observed between AA and •NO signals in terms of
maximum peak amplitude and signal duration. The co-ejection of L-glutamate and its uptake
inhibitors (TBOA or THAA) didn’t inhibit AA release, ruling out the putative glutamate-AA
heteroexchange mechanism as the main route for AA release. Inhibition of •NO synthesis with
7-nitroindazole (7-NI), an inhibitor of the nNOS, also prevented AA release, indicating the
direct interplay between these two substances. Furthermore, the local ejection of •NO gas
solution evoked a response for AA with a dynamic similar to that evoked by glutamate.
Previous reports pointed out to the relationship between glutamatergic activity and AA
release, but in this study we have established a functional link between the production of •NO
derived from the glutamatergic activation and subsequent release of AA to the extracellular
fluid. In this regard, the possible conversion of nitrite into •NO by ascorbate released from
neurons during increased neuronal activity is now being investigated and the involvement of
the Glutamate → •NO → AA pathway in the development of Huntington’s disease also
emerges as a promising line of investigation.
1.

Rice, M.E., Ascorbate regulation and its neuroprotective role in the brain. Trends Neurosci, 2000. 23(5): p.
209-16.
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Neuronal activity is strongly linked to fuel metabolism in the brain. In particular, the reciprocal
utilization of glucose and ketone bodies is known to alter neuronal excitability and modulate
seizure sensitivity in mice and humans. This is evident from the seizure protective effect of
diets that reduce glucose utilization and increase ketone body consumption in the brain. The
potent effect of increased ketone body metabolism on seizure sensitivity indicates a link
between fuel utilization and neuronal activity. However, the molecular underpinnings of this
link have remained elusive, largely due to the complex and systemic effects of dietary
manipulations. We have recently shown that the BCL-2 family protein BAD is a molecular
modulator of glucose versus ketone body utilization, independent of dietary manipulation.
Specifically, Bad -/- or knock-in mice expressing a Bad phospho-deficient allele display
increased resistance to epileptic seizures. This seizure-resistance is linked to a glucose-toketone-body fuel switch in the brain and the attendant increase in the open probability of ATPsensitive potassium (KATP) channels. Our recent genetic reconstitution assays in primary Bad -/neurons and astrocytes show that a BAD phospho-mimic variant reverses the glucose-toketone body fuel switch. These data indicate that the BAD phosphorylation status acutely
controls the predominance of ketone bodies utilization instead of glucose in neural cells. In
parallel, we are conducting targeted metabolomics studies in Bad -/- neural cells before and
after genetic reconstitution with BAD phospho-variants. Our goal is to dissect and define the
precise metabolic alterations that mediate changes in neural fuel preference. The answer to
this question will provide a molecular handle on regulation of fuel choice in the brain and
potentially reveal new therapeutic strategies for the control of neuronal excitation in seizure
disorders.
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MODULATION OF GABAA RECEPTORS IN CEREBRAL ISCHEMIA: ALTERATION IN
RECEPTOR TRAFFICKING COUPLED TO NEURONAL DEATH AFTER OXYGEN/GLUCOSE
DEPRIVATION
Miranda Mele1,2,3, Luís Ribeiro1,2, Carlos B. Duarte1,2
1

2
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Cerebral ischemia is a pathological condition caused by insufficient blood supply to the brain,
which causes an imbalance between excitatory/inhibitory neurotransmission and excitotoxic
neuronal death. The activity of neuronal networks in the CNS is mainly determined by the
balance between glutamatergic and GABAergic neurotransmission, which is up- and downregulated, respectively, during ischemic insults. In contrast with the role of glutamate in
ischemic damage, which is largely documented, the alterations in inhibitory neurotransmission
remain poorly understood.
In vivo and in vitro studies have shown a downregulation of GABAergic neurotransmission in
the ischemic brain, both at the pre- and post-synaptic levels. GABAA receptors (GABAAR) are
the major players in fast synaptic inhibition in the CNS, and a downregulation of the surface
expression of GABAARs has been observed in the ischemic brain. Although the reduction in
GABAAR surface expression was attributed to receptor internalization, the molecular
mechanisms involved have not been elucidated. In the present work we combined biochemical
approaches and cell imaging to investigate the molecular mechanisms underlying GABAAR
downregulation in cultured hippocampal neurons subjected to oxygen/glucose deprivation
(OGD), an in vitro model of ischemia, and the role in neuronal death.
GABAAR present a dynamic mobility between synaptic and extrasynaptic localization, being the
accumulation of the receptor at the inhibitory synapses regulated by its scaffold protein
gephyrin. Furthermore, the neuronal surface GABAAR are in a continue cycle between the
plasma membrane and intracellular compartments. Regulation of total GABAAR surface
expression plays a key role in the control of the postsynaptic pool size and the strength of
synaptic inhibition. We found that OGD decreases GABAAR/Gephyrin interaction and induces
the internalization of GABAAR via clathrin dependent endocytosis. The reduction of
GABAAR/Gephyrin interaction and the increase in GABAAR internalization were both found to
be regulated by phosphorylation, as assessed by surface co-immunoprecipitation assay and
antibody-feeding, respectively. Moreover, we demonstrated that OGD-induced
dephosphorylation and internalization of β3 GABAAR subunits contributes to neuronal cell
death, as demonstrated using a phospho-mutant of the β3 GABAAR subunit.
Following internalization, GABAARs are rapidly recycled back to the neuronal plasma
membrane or targeted for lysosomal degradation; the sorting of the receptors depends on the
interaction of GABAAR β1-3 subunits with huntingtin-associated protein 1 (HAP1). We found
that OGD also decreases the interaction of GABAAR with the HAP1 protein and reduces their
recycling back to the plasma membrane. Overall, we propose a new model in which
GABAAR/Gephyrin dissociation and receptor dephosphorylation are key steps for GABAergic
down-modulation during cerebral ischemia and consequent neuronal cell death. (Supported by
FEDER, COMPETE and FCT [PTDC/NEU-NMC/0198/2012 and PEst-C/SAU/LA0001/2013-2014).
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EFFECTS OF MATERNAL NUTRITION EXCESS (MNE) ON FETAL BABOON CARDIAC
MITOCHONDRIAL TRANSCRIPTS AND PROTEIN AT 0.9 G
Susana P Pereira1,2, Paulo J Oliveira1, Laura A Cox3, Peter W Nathanielsz2 and Mark J Nijland2
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3
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2

Maternal obesity predisposes offspring to metabolic dysfunction and type-2 diabetes, with
implications in organ dysfunction, namely in the cardiovascular system. We hypothesized that
maternal nutrient excess (MNE) during gestation can impact mitochondrial biogenesis and
function. Female baboons were fed regular chow (12% energy fat, n=12) or MNE diet (45%
energy fat and ad libitum fructose sodas, n=5). At conception, MNE mothers were more obese
and weighed more than regular chow controls. MNE fetuses were lighter (816.9±33.9g vs
675.2±35.7g) and presented a lower BMI. At 0.9G, MNE did not affect fetal heart weight or
heart:body weight ratio. Transcriptome analysis of the free wall of the 0.9 G cardiac left
ventricle of MNE fetuses showed 3,033 differently expressed genes, with more than 100
related with mitochondria. Transcripts for Complex I (NDUFB3 and NDUFB6), Complex II
(SDHC), Complex IV (COX6C and COX7C), Complex IV (ATP6VOA2 and ATP5A1) and the
phosphate carrier were decreased in the MNE fetus. Variations in mRNA levels were
accompanied by decreased levels of protein subunits from Complex III (CIII-core I), Complex IV
(COX-II), Complex V (CV α), as well as cyclophilin D. In conclusion, MNE induced 0.9G
mitochondrial transcriptional and protein alterations in the cardiac left ventricle, which may
impact normal heart development and predispose for metabolic disturbances later in life.
Supported by NIH PO1 HD023150, FCT-Portugal SFRH/BD/64247/2009 and Pest-C/SAU/LA0001/2013,
co-funded by FEDER/COMPETE/National Budget.
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ANTI-INFLAMMATORY EFFECT OF CYANIDIN 3-GLUCOSIDE AND RESVERATROL IN
HUMAN INTESTINAL CELLS: COMPARISON WITH 5-ASA
D. Serra*, J. Paixão, C. Nunes, L. Almeida and T. Dinis
CNC-Centre for Neuroscience and Cell Biology, University of Coimbra and Faculty of Pharmacy, University of
Coimbra, Coimbra, Portugal

Polyphenols are naturally occurring compounds widely spread in human diet. The advantage of
polyphenols in the prevention and treatment of chronic inflammatory diseases has been
described by several studies; however the precise mechanisms and targets involved in cellular
signaling are still not fully understood. The aim of this study was to assess the protection
afforded by two dietary polyphenols, Cyanidin 3-Glucoside (C3G), a typical anthocyanin that
belongs to the flavonoid group of polyphenols, and Resveratrol, a non-flavonoid polyphenol,
against cytokine-induced inflammatory response in the human intestinal HT-29 cell line, in
comparison with 5-aminosalicylic acid (5-ASA), a well-known anti-inflammatory drug,
commonly used in inflammatory bowel disease. For this purpose, some key inflammatory
mediators and pro-inflammatory enzymes were evaluated. HT-29 cells were pretreated with
25 μM C3G or 25 μM Resveratrol and/or 500 μM 5-ASA and then exposed to a combination of
cytokines (IL-1α, TNF-α, IFN-γ) for a certain period of time. Nitric oxide (NO) was measured by
a fluorimetric assay whereas prostaglandin E2 (PGE2) was evaluated by using a competitive
immunoassay. The protein levels of iNOS, COX-2 and IkB-α were analyzed by Western blotting.
Our data showed that both C3G and Resveratrol were able to inhibit cytokine-induced
inflammation in intestinal cells, in terms of NO, PGE2 and IL-8 production and of iNOS and COX2 expressions, at a much lower concentration than 5-ASA, suggesting a higher antiinflammatory efficiency of C3G and Resveratrol. Interestingly, neither of the above mentioned
compounds prevents IĸB-α degradation, suggesting the involvement of another cell signaling
pathway. Therefore, the suppression of cytokine-induced STAT1 phosphorylation by our
compounds has been studied. As a matter of fact, polyphenols can reach high concentrations
in the gastrointestinal tract which make Cyanidin-3-glucoside and Resveratrol promising
nutraceuticals, able to give complementary benefits in the context of inflammatory bowel
disease.
This work was supported by the grants PTDC/SAU-OSM/102907/2008 and PEst-C/SAU/LA0001/20132014 funded by FCT and FEDER/COMPETE. D.S. is recipients of a fellowship from FCT
(SFRH/BD/75418/2010).
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WHAT IS THE ROLE OF PEROXIREDOXIN 2 IN H2O2 METABOLISM IN HUMAN
ERYTHROCYTES?
Rui Benfeitas1,2,3, Fernando Antunes4, Armindo Salvador3,5
1- PhD Program in Experimental Biology and Biomedicine (PDBEB), CNC, Univ. of Coimbra; 2- Institute for
Interdisciplinary Research (IIIUC), Univ. of Coimbra; 3- Molecular Systems Biology Group, CNC, Univ. of Coimbra; 4Chemistry and Biochemistry Department, and Center for Chemistry and Biochemistry - Faculty of Science, Univ. of
Lisbon, Portugal; 5- Chemistry Department, Univ. of Coimbra, Portugal

Catalase (Cat) and glutathione peroxidase (GPx1) have long been considered as the main
defenses against H2O2 in human erythrocytes. This was put into question by the discovery of
peroxiredoxin 2 (Prx2), the third most abundant protein in those cells ([Prx2] = 570 μM vs [Cat]
=32 μM vs [GPx1] =1 μM). Its high concentration and reactivity with H2O2 (kPrx2 =10×107 M-1s-1 vs
kCat =7×107 M-1s-1 vs kGPx1 =4×107 M-1s-1) make it potentially very relevant for H2O2 protection.
However, erythrocytes’ limited capacity to reduce Prx2 to its active form upon exposure to
high [H2O2] raises questions about its relevance as an antioxidant.
Seeking to clarify this issue, we set up a kinetic model of H2O2 metabolism in human
erythrocytes. Our estimates from the kinetic parameters obtained for the purified protein
indicate that Prx2 would consume >99% H2O2 under low to moderate oxidative loads
([H2O2]plasma <0.1 μM, vproduction <1 μM H2O2/s), vs Cat’s <0.4 % H2O2 consumption. Cat becomes
the erythrocyte’s main H2O2 scavenger under higher oxidative loads.
However, several experiments with intact erythrocytes in the literature indicate that Prx2
cannot account for more than 50% of H2O2 consumption. This would only be attained if >99%
Prx2 is subjected to a strong but readily reversible inhibition. This inhibition would have to be
quickly reversible since Prx2 is readily oxidized upon exposing erythrocytes to a H2O2 bolus. But
why should one of the most abundant and H2O2 reactive proteins in the human erythrocyte be
so strongly inhibited? To address this question, we analyzed the consequences of this
inhibition under oxidative loads that may occur during systemic inflammation (5 nM/s to 10
μM/s H2O2 influx). First, we estimate up to 150-fold higher [H2O2]cytoplasm, and 25 – 40% lower
NADPH consumption under low to moderately high oxidative loads (<0.8 μM H2O2/s). Second,
the concentrations of H2O2, sulfenic acid (Prx2SOH), disulfide Prx2 (Prx2SS) and Trx (TrxSS), all
potential signaling readouts that result from reactions involving Prx2 and H2O2 and between
Prx2 and Trx, show a linear response to H2O2 supply over practically the whole range of
oxidative loads, unlike what happens in absence of reversible Prx2 inhibition.
If Prx2 inhibition is experimentally confirmed, the design of antioxidant defenses in human
erythrocytes indicates that natural selection trades a much lower intracellular [H2O2], for a
decreased NADPH expenditure and linear response of intracellular [H2O2], oxidized Prx2 and
Trx to oxidative stress conditions. This suggests that the Prx/Trx/TrxR system is evolutionarily
designed for reliable transduction of H2O2-supply changes (i.e., redox signaling) rather than for
minimizing H2O2 concentration.
Fellowship
SFRH/BD/51199/2010
and
grants
PEst-C/SAU/LA0001/2013-2014,
PEstOE/QUI/UI0612/2013, FCOMP-01-0124-FEDER-020978 financed by FEDER through the “Programa
Operacional Factores de Competitividade, COMPETE” and by national funds through “FCT, Fundação
para a Ciência e a Tecnologia” (project PTDC/QUI-BIQ/119657/2010)
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CYCLOSPORINE A AND SIROLIMUS IMPAIR LIPID METABOLISM IN WISTAR RATS
Lopes Patricia C1, Fuhrmann Amelia1, Sereno José2, Espinoza Daniel1, Pereira, Maria João1,3,
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Introduction: Cyclosporine A (CsA) and sirolimus (SRL) are immunosuppressive agents
associated with new onset diabetes after transplantation and dyslipidemia. Nonetheless, their
cellular and molecular mechanisms remain to be fully elucidated. The aim of this study was to
assess the effects of CsA and SRL treatments on the expression of factors involved on lipid
metabolism in Wistar rats.
Materials/Methods: Rats were treated with CsA (5 mg/kg/day) or SRL (1 mg/kg/day) for 3 or 9
weeks. At the end of treatments, lipolysis was evaluated in isolated adipocytes, triglycerides
(TGs) and non-esterified fatty acids (NEFA) were measured in serum. Gene and protein
expression involved in lipid metabolism was assessed in perirenal fat and liver.
Results: CsA and SRL increased isoproterenol-stimulated lipolysis by 6 to 9-fold and 4 to 6-fold
after 3 and 9 weeks, respectively in isolated adipocytes. CsA caused a significant increase in
adipocyte weight and diameter, as well as NEFA and TGs levels in circulation after 9 weeks.
Protein expression for ACC1 and FAS was significantly increased at 3 weeks (>100%, p<0.01),
while HSL was increased after 9 weeks of CsA treatment. SRL decreased the expression of
lipogenic genes, including ACC1 (50%, p<0.05), lipin1 (25%, p<0.05), PPAR-γ (42%, p<0.05) and
SCD1 (80%, p<0.001) in adipose tissue, after 3 weeks of treatment.
Conclusion: The effects of both IAs on lipolysis and lipogenic genes suggest that these drugs
influence significantly lipid metabolism, and thus can contribute to the hyperlipidemia
observed during immunosuppressive therapy.
Acknowledgements
This work was financed by FEDER funds by the operacional program Factors of Competitivity – COMPETE
and by National Funding of the Portuguese Foundation for Science and Technology SFRH/BD/61045/2009 (PL), PTDC/SAU-OSM/104124/2008 (EC), PEST – C/SAU/LAOOO1/2011 (CNC), the
GIFT/Sociedade Portuguesa de Diabetologia
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APOPTOTIC CELL CLEARANCE: THE ENDOCYTIC AND AUTOPHAGIC MACHINERY
WORKING TOGETHER
Michelle S. Viegas1, Luís M.B.B. Estronca1, Otília V. Vieira1
1
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Atherosclerosis, a chronic inflammatory disease, remains the biggest cause of mortality and
disabilities worldwide, especially in developing countries. The formation of the atheroma starts
with the retention of low-density lipoproteins (LDLs), inside the wall of blood vessels, where
they become subjected to several modifications. These modified-LDLs induce the recruitment
of monocyte-derived macrophages that internalize the fatty material. Over time, these lipidloaded macrophages are no longer able to process the cholesterol and eventually undergo
apoptosis. In early stages of atherogenesis, efferocytosis is very efficient, however in advanced
lesions this process somehow fails, triggering an inflammatory response, that in turn, recruit
more cells, inclusive neighboring smooth muscle cells (SMCs). Besides macrophages, SMCs, the
major cell type in the vessel wall, may play an essential role by dealing with the dying cell
accumulation, preventing atheroma progression, that ultimately lead to heart attacks and
strokes. Thus, it is crucial to our understanding, to figure out the causes of the inefficient
efferocytosis and how it contributes to the pathogenesis of certain diseases. Although many
efforts have been made to understand the machinery involved in the recognition between
phagocytes and apoptotic cells, as well as the immune response elicited, very little is known
about the intracellular transport of phagosomes containing apoptotic cells and its subsequent
degradation.
Therefore, the goal of this work was to perform a detailed study on the maturation of
phagosomes containing apoptotic cells (human aged red blood cells were used as model) in a
mammalian phagocytic cell line (vascular SMCs). The kinetics of phagosome maturation was
compared with the processing of IgG-opsonized particles, which are internalized via the Fcγreceptor (Fcγ-R), the best characterized phagocytic receptor. By comparing markers from
different stages of phagosome maturation, we have found that phagosomes carrying apoptotic
particles reach the lysosomes with a delay compared to those containing IgG-opsonized
particles. Moreover, in the last years, effectors of autophagy have been implicate in
phagosome maturation, a process named LC-3 associated phagocytosis (LAP). Thus, we also
address the role of some autophagy players in the maturation of phagosomes containing our
apoptotic-model and found that LC-3 is translocated to the phagosomal membrane. Besides
that, we have demonstrated that the machinery dictating autophagic selectivity is also
involved in the maturation of phagosomes containing different targets. Altogether, our results
show that the modulation of phagosome maturation depends on the cargo nature, raising the
possibility that patients might benefit from treatments that target both: endocytic and LAP
machineries, in order to accelerate apoptotic cell degradation.
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HOW DO SPERMATOZOA MOVE? - DIFFERENTIAL PROTEOMICS HELPS DECYPHER
HUMAN SPERM MOTILITY
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Spermatozoa are highly specialized and transcriptionally inactive cells, whose main function is
to reach and fertilize an oocyte. To accomplish fertilization, proper sperm motility is crucial,
and reduced motility (asthenozoospermia) is a common cause of male infertility. In order to
better characterize the male gamete at the molecular level, in particular to understand what
makes sperm move, quantitative proteomic studies based on two-dimensional gel
electrophoresis (2-DE) techniques have been performed. However, and when compared with
current high throughput approaches based on liquid chromatography tandem mass
spectrometry (LC-MS/MS), these techniques allow the identification of only a few proteins.
The aim of this study was to quantitatively compare the proteome of human sperm samples
with different motility using cutting-edge technologies. We reasoned that this approach would
result in the identification of differentially expressed proteins involved in metabolic energy
processes and other important cellular functions, that might shed light what characterizes
motile sperm.
Towards this goal, 10 human sperm samples were compared, 5 with normal percentages of
progressive motility (mean±SEM=70.4%±0.81) and 5 with low percentage of progressive
motility (18.7%±4.33; p=0.008). The percentage of live cells was also assessed to guarantee
that there were no viability differences between the two groups (p=0.093). Proteins were
extracted, solubilized, and labelled using six isobaric amine-reactive reagents (6-plex Tandem
Mass Tag Reagents; Thermo Scientific TMT™), containing a different number of heavy isotopes
in the mass reporter region, which permits sample identification and relative quantification.
The labeled proteins were pooled and separated by SDS-PAGE. The bands were excised,
trypsinized and analyzed by LC-MS/MS.
A total of 1904 proteins were identified, of which 191 proteins had not previously been
described in human sperm cells. Interestingly, the list of “new” proteins includes some
proteins potentially involved in sperm-oocyte recognition/interaction. The entire list of
identified proteins comprises groups of proteins potentially implicated in sperm motility, such
as those involved in energy metabolism and the cytoskeleton. The outcomes obtained suggest
that a number of these proteins might be differentially expressed in the two groups. We are
currently performing a meticulous bioestatistical analysis in order to corroborate this
hypothesis.
In this work we have used, for the first time in the field, a sophisticated strategy to perform
relative protein quantification and comparison between independent samples (TMT 6-Plex)
significantly increasing the robustness of the results obtained. This study will open new
insights in the understanding of sperm motility and metabolism.
FCT Fellowships SFRH/BD/51193/2010 (CP) and SFRH/BPD/63120/2009 (AA), FCT Beench fees and a grant to RO
from the Spanish Ministry of Economy and Competitiveness FEDER BFU 2009-07118 support this work.
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THE ROLE OF PYRUVATE DEHYDROGENASE IN PLURIPOTENCY: CAN WE AFFECT
PLURIPOTENCY METABOLICALLY?
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Background: Similarly to Inner Cell Mass cells and to some types of tumour cells, embryonic
stem cells (ESC) rely mostly on glycolysis for energy demands. ESCs present “silent”
mitochondria with a low oxidative phosphorylation activity; a high activity of hexokinase II (HK)
to favour glucose use, and a phosphorylated (inactive) pyruvate dehydrogenase (PDH) complex
to steer pyruvate away from the Krebs Cycle. The regulation of PDH activity thus plays an
important role in this metabolic flexibility.
Observations: In order to better understand the metabolic profile of ESCs we investigated the
regulation of the PDH complex and HK in pluripotent vs. differentiated mouse ESCs, with the
ultimate goal of manipulating metabolism and possibly pluripotency. Our experimental design
involved the use of PDHK inhibitor Dichloroacetate (DCA) and the HK inhibitor 3Bromopyruvate (3BP). Overall viability was not altered but both inhibitors decreased cell
proliferation. Pluripotency was negatively affected with both compounds elevating
mitochondrial membrane potential and ROS production, causing alterations in energy status.
Also DCA promoted a more active PDH, which translates to a more oxidative state of the cells;
the same was observed for 3BP though the effect was not as relevant. Interestingly we also
observed a negative effect of both compounds on glycolytic enzymes such as HK, Gapdh and
PKM. To better understand the possible metabolic shift we evaluated protein and mRNA levels
for Hif 1alpha, c-Myc and p53. Both compounds led to a decrease in both Hif1 alpha and p53
protein levels but in terms of c-Myc DCA had a negative effect, while in the presence of 3BP
protein levels were higher.
Conclusions: Manipulating metabolism will cause a shift in pluripotency accompanied with
mitochondrial alterations and altered metabolic pathways. More importantly we established
for the first time that loss of pluripotency is accompanied by changes on the PDH cycle
independently of were we inhibit metabolism.
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INVESTIGATION OF THE REQUIREMENT OF MBD3/ NURD COMPLEX IN INDUCED
PLURIPOTENCY
Rodrigo L. dos Santos1, 2, João Ramalho-Santos1 and José C. R. Silva1
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During embryo development, naïve pluripotent cells that emerge in the pre-implantation
epiblast have the ability to give rise to all cell types of an organism (except extraembryonic
tissues). This naïve pluripotent state can be captured in culture the form of embryonic stem
cells (ESCs). Naïve pluripotent cells can be generated in vitro by somatic cell reprogramming
upon forced expression of a cocktail of transcription factors, called “Yamanaka factors”. The
process of pluripotency induction is not fully understood, but it is known that pluripotency
genes Oct4 and Nanog play a fundamental role. Recent proteomic studies revealed that
members of the NuRD (Nucleosome Remodeling and Histone Deacetylation) complex are
among the highest confident interactors of both Oct4 and Nanog. Being reprogramming an
epigenetic event, it was of interest to assess the role of this chromatin remodeler complex in
reprogramming. By making use of different genetic deletions, we discovered that removal of
Mbd3 (core subunit of the NuRD complex; its absence renders the complex not functional)
decreases both the efficiency and kinetics of somatic cell reprogramming. This loss-ofefficiency phenotype is recapitulated during the reprogramming of post-implantation epiblastderived cells into naïve pluripotency, using both KO and KD experiments. Interestingly, if Mbd3
is overexpressed together with Nanog, the efficiency of reprogramming is increased up to
30fold (synergy not observed for other reprogramming factors). Furthermore, we also observe
that the kinetics of reprogramming is faster, leading to the emergence of reprogrammed cells
as early as 24h after medium switch to naïve pluripotency culture conditions (2i/LIF). The
generated induced pluripotent stem cells (iPSCs) are molecularly indistinguishable from wildtype ESCs and are able to re-enter development, contributing to germline-competent
chimeras. In summary, my results demonstrate a drastic phenotype of NuRD complex
depletion during reprogramming and a synergy between Nanog and Mbd3 during pluripotency
induction. This is in striking contrast with a recent publication (Rais et al., 2013), in which
authors claim that Mbd3 removal enables reprogramming with 100% efficiency. During my talk
I will present my findings and provide the potential explanation of the differences between the
two studies.
Rais, Y., Zviran, A., Geula, S., Gafni, O., Chomsky, E., Viukov, S., Mansour, A.A., Caspi, I., Krupalnik, V.,
Zerbib, M., et al. (2013). Deterministic direct reprogramming of somatic cells to pluripotency. Nature
502, 65-70.
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NEUROSCIENCE AND DISEASE
A1. AMYLOID-BETA INTERFERS WITH BRAIN ENDOTHELIAL FUNCTION
Ana C Fonseca (1) (2), Catarina R Oliveira (1) (3), Paolo Pinton (4), Sandra M Cardoso (1) (3) and
Cláudia F Pereira (1) (3)
(1) Center for Neuroscience and Cell Biology, University of Coimbra, Coimbra, Portugal; (2) Department of Life
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Abnormal accumulation of amyloid-β (Aβ) peptide in the brain is a pathological hallmark of
Alzheimer's disease (AD). In addition to neurotoxic effects, Aβ also damages brain endothelial
cells (ECs) and can thus contribute to the degeneration of cerebral vasculature that was
proposed as an early pathogenic event in the course of AD able to trigger and/or potentiate
the neurodegenerative process and cognitive decline. However, the mechanisms underlying
Aβ-induced endothelial dysfunction are not completely understood. We hypothesized that Aβ
impairs protein quality control mechanisms both in the secretory pathway and in the cytosol
and also compromises Ca2+ and redox homeostasis, leading to brain EC dysfunction and death
by apoptosis.
Using the rat RBE4 cell line as an in vitro model of brain ECs, it was shown that toxic Aβ1-40
concentrations induce endoplasmic reticulum (ER) stress increasing the levels of markers of
the ER unfolded protein response (UPR) in a time-dependent manner. Furthermore, the
ubiquitin-proteasome system (UPS) and the lysosome-dependent autophagic protein
degradation pathway were found compromised in Aβ1-40-treated ECs. Under these conditions,
impairment of Ca2+ homeostasis occurred through alterations of regulatory mechanisms at the
plasma membrane, ER and mitochondria. In ECs treated with toxic Aβ1-40 a significant increase
in levels of reactive oxygen species (ROS) and depletion of antioxidant defences were also
observed. Finally, Aβ1-40 was shown to activate mitochondria- and ER stress-dependent
apoptotic cell death pathways, which occurred through caspase-dependent and -independent
mechanisms.
In conclusion, Aβ impairs proteostasis in brain ECs leading to ER stress and impairment of the
autophagic and proteasomal degradation pathways, concomitantly with deregulation of
mechanisms involved in Ca2+ and redox homeostasis. Consequently, these cells are not able to
counteract the deleterious effects of Aβ and die by apoptosis.
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A2. SYNAPTIC EFFECTS OF INSULIN DEPEND ON THE CB1 CANNABINOID RECEPTOR IN
THE HIPPOCAMPUS
Carla Sofia da Silva-Santos
Neuromodulation and Metabolism Group, Centre for Neuroscience and Cell Biology of Coimbra, Portugal

Insulin and the endocannabinoid system regulate systemic and cellular metabolism and are
involved in most neuropsychiatric disorders. Interestingly, signalling at receptors for insulin
and endocannabinoids can converge at their heterodimers and shared intracellular signalling
pathways. Cerebral insulin resistance is an important pathomechanism leading to Alzheimer’s
disease and can be detected as impaired response to bolus insulin, both in neural activity and
18
F-deoxyglucose uptake in patients’ hippocampal regions.
Hence, here we aimed at mapping the effects of insulin on hippocampal synaptic transmission,
measured at the mossy fiber-CA1 synapses and tried to correlate these with insulin-mediated
changes in glucose uptake. Having established these general insulin effects in the rat
hippocampus, we next aimed at characterizing their possible dependence on the neural type
of cannabinoid receptors, the CB1 receptor (CB1R).
Here we report that the insulin-mediated modulation of synaptic transmission is fully
dependent on the CB1R and also on metabolic conditions such as fed vs. fasted state or
diabetes.
Insulin also regulated glucose uptake in a similar manner to neural transmission and also in a
CB1R-dependent fashion in both hippocampal and cortical slices of rats. The genetic deletion of
the CB1R occluded the effect of insulin in the mice.
Altogether, we found a strong dependence of hippocampal insulin signalling on the CB1R with
relevance to neuropsychiatric disorders. Further experiments are necessary to understand the
molecular substrates of this type of interaction.

A3. CONTACTIN-ASSOCIATED PROTEINS 1 AND 2 (CASPR1 & CASPR2): NOVEL
PLAYERS IN THE HOMEOSTATIC REGULATION OF SYNAPTIC AMPA RECEPTORS.
Dominique Fernandes1,2,3, Luís Ribeiro1, Sandra Santos1 & Ana Luísa Carvalho1,4
1
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3
Institute for Interdisciplinary Research, University of Coimbra (IIIUC)
4
Department of Life Sciences, Faculty of Sciences and Technology, University of Coimbra
2

Phenomena such as learning and memory rely on the expression of several forms of plasticity
such as long-term potentiation and homeostatic synaptic plasticity. These mechanisms are
highly dependent on the regulation of the synaptic availability of glutamate receptors of the
AMPA-type (AMPAR), at several levels. Nevertheless, these regulatory mechanisms remain
poorly understood.
We have recently identified Contactin-associated protein 1 (Caspr1) as a novel interactor of
AMPARs, capable of regulating the trafficking of the GluA1 subunit into synapses. We now
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found evidence for an additional posttranscriptional role for Caspr1 in increasing GluA1 mRNA
and in regulating the phosphorylation of the RNA-binding protein Zipcode-binding protein 1
(ZBP1). Our results indicate that ZBP1 binds to GluA1 mRNA, and that this interaction is
significantly decreased upon chronic changes in neuronal activity, suggesting an activitydependent release of GluA1 transcripts to undergo translation. Indeed, we show that chronic
blockade of activity significantly upregulates not only total mRNA levels and surface synaptic
puncta of GluA1, but also phosphorylation levels of ZBP1. Additionally, we demonstrate that
Caspr1 expression is regulated by neuronal activity, since its total protein and mRNA levels
increase upon homeostatic stimuli.
Furthermore, we show that synaptic puncta of Caspr2, another member of the Contactinassociated protein family already implicated in autism-spectrum disorders and identified as an
antigen in autoimmune synaptic encephalitis, significantly increase when neuronal activity is
chronically blocked, suggesting a possible function for Caspr2, in parallel with Caspr1, in
regulating homeostatic plasticity mechanisms. Indeed, loss of the endogenous expression of
either Caspr1 or Caspr2 results not only in a decrease of the basal synaptic content of GluA1containing AMPARs but it also blocks the GluA1 synaptic up scaling induced by chronic
blockade of activity.
Taken together, our results suggest a promising and novel role for Contactin-associated
proteins that may be fundamental to regulate the synaptic availability of GluA1-containing
AMPA receptors and contribute to the expression of homeostatic plasticity phenomena.
This work is supported by national funds through FCT – Fundação para a Ciência e a Tecnologia, Portugal – under
the referenced projects (PTDC/BIA-BCM/113738/2009, PTDC/SAU-NMC/1098/2012 and PEst-C/SAU/LA0001/20132014) and co-financed by COMPETE – Programa Operacional Factores de Competitividade –, QREN and by FEDER –
Fundo Europeu de Desenvolvimento Regional – from the European Union. D. Fernandes is supported by a Ph.D.
fellowship from FCT (SFRH/BD/51682/2011).

A4. ALTERED B LYMPHOCYTE PHENOTYPES IN PRE-DEMENTIA AND ALZHEIMER ’S
DISEASE
Fábio Paiva1;Inês Baldeiras1,2#; Milene Gonçalves1#; Sónia Baptista3; Catarina Cunha3; Mónica
Abreu1; Paulo Rodrigues-Santos2; Vera Alves2; Manuel Santos-Rosa2; Catarina Resende de
Oliveira1,2; Isabel Santana2,3*; M Margarida Souto-Carneiro1*
1-Center for Neurosciences and Cell Biology, University of Coimbra, Coimbra, Portugal
2-Faculty of Medicine, University of Coimbra, Coimbra, Portugal
3-Neurology Unit, Centro Hospitalar e Universitário de Coimbra, Coimbra, Portugal
#- I Baldeiras and M Gonçalves contributed equally for this study.
*- I Santana and MM Souto-Carneiro share the senior authorship of this work.

An underlying inflammatory process in the central nervous system has long been accepted as
one of the mechanisms driving neurodegeneration in Alzheimer’s disease (AD). However, the
involvement of the peripheral immune system remains a matter of controversy, particularly in
the pre-dementia stage of Mild Cognitive Impairment (MCI). It remains to be addressed
whether AD-related dementia cerebrospinal fluid (CSF) levels of biomarkers correlate to shifts
in the peripheral immune system populations, in particular B lymphocytes. In infection and
57

XI CNC Annual Meeting | Bringing researchers together
inflammation free and neurologically well-characterized AD and MCI patients, and matched
healthy controls, shifts in the functional subsets of peripheral B lymphocytes –reminiscent of
those found in systemic autoimmune diseases- could be observed, compared to healthy
controls. These changes in B cell subpopulations were reminiscent of those found in systemic
autoimmune diseases and found at their pre-dementia stage and continued throughout overt
AD, and correlated with CSF levels of Aβ42, tau, ptau and cognitive performance. Additionally,
high titers of autoreactive antibodies against tau and ptau were present in MCI and AD but not
in healthy controls, and those autoantibodies activated and increased in vitro the number of
IFN- + peripheral monocytes in vitro. Autoreactive B lymphocytes from AD and MCI patients
were able to present in vitro tau protein to healthy CD4+ T lymphocytes in vitro. These findings
show that B lymphocytes are primed in the periphery to be autoreactive against tau thus
contributing to the systemic chronic inflammation observed in AD.

A5. NCF1-DEFICIENT MICE WITH IMPAIRED OXIDATIVE BURSTHAVE A MORE
AGGRESSIVE PROGRESSION OF DEXTRAN SULFATE SODIUM (DSS) -INDUCED COLITIS
Tiago Rodrigues-Sousa2*, Ana Ricardo Xavier2*, Joana Marçal Gomes2*, Ana Alarcão1, Lina
Carvalho1, Margarida Souto-Carneiro2
1- Institute of Pathology, Faculty of Medicine of the University of Coimbra, Portugal
2- Immunology, Center for Neurosciences and Cell Biology, University of Coimbra, Coimbra, Portugal
* Both three contributed in the same way for the elaboration of the poster.

Introduction: Intestinal Inflammatory Disease (IID) as a primary immunodeficiency depends on
mutations in the NADPH oxidase complex, responsible for the production of reactive oxygen
species (ROS). One of the most common clinical patterns in IID is chronic colitis. Ncf1-mutation
in mice leads to deficiency in ROS, rendering them susceptible to autoimmunity. As in humans,
Ncf1-mutation leads to the lack of ROS in B10.Q mice. We used these mutant mice to study
how the lack of ROS influences DSS-induced colitis, its transitional recovery and a second colitis
induction.
Material and Methods: Colitis was induced in wild type (WT) and Ncf1-mutant (Ncf1) B10.Q
mice by administration of 3,0% DSS in the drinking water for one week. Two experiments were
made: the first one where the mice were submitted to a 7 days induction and 21 days of
resting, the second one included 7 days of induction, followed by 14 days of resting and
another 7 days cycle. Mice were sacrificed before the experiment had started and at days 7, 23
and 30. During the experiment we monitored clinical scores of colitis. The colon was removed
and folded into a Swiss roll and sections of the colons were stained with HE. Mesenteric
limphnodes cells populations were analyzed by flow citometry.
Results/ Conclusions: The clinical scores were more severe in Ncf1 than WT mice with also a
poor recovery. The cell population study showed in Ncf1 an aberrant pro-inflammatory
immune response comparing to WT and also a more inefficient recovery. Histological analyses
revealed that Ncf1 mice had a more severe disease with poor proximal epithelium recovery
and signs of dysplasia and chronicity. These results suggest that ROS are crucial for leukocyte
recruitment and tissue-repair in DSS-induced colitis.
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A6. MOLECULAR AND PHENOTYPIC IMMUNE-RELATED ALTERATIONS IN MONOCYTES
AND MONOCYTE-DERIVED MACROPHAGES OF ALZHEIMER’S DISEASE AND MILD
COGNITIVE IMPAIRMENT PATIENTS COMPARED TO AGE-MATCHED CONTROLS
Guedes, J.1,2,6, Santana, I.3,4,6, Cunha, C.3, Cardoso, A. M.5,6, Pedroso de Lima M. C.5,6, Cardoso,
A. L.6
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The cellular crosstalk between the brain and the peripheral immune system is a controversial
and unexplored subject. Although it is believed that the nervous system can influence
peripheral immune functions, and, conversely, that the immune system can impact neuronal
activity, it is also known that, in pathological conditions, this interaction can be exacerbated,
leading to neuroinflammation. A great number of immune-related alterations have been
reported in Alzheimer’s disease (AD), including modifications in the expression of key
inflammatory genes and an impairment in Aβ phagocytosis. Following the discovery of
miRNAs, several studies have also reported a deregulation in the expression of these small
molecules in the nervous tissue and in peripheral blood mononuclear cells (PBMCs) of AD
patients, which suggest an extra level of dysfunction in this disease and a new pool of possible
biomarkers and therapeutic targets to be explored. However, three questions remain to be
answered: what are the molecular mechanisms behind the functional changes observed in AD
patients, what is the contribution of blood-derived monocytes/macrophages to Aβ clearance
and how can we overcome the deficits observed in immune-derived cells so that they can
regain normal function and limit Aβ deposition in the AD brain.
In order to answer these questions, we used qRT-PCR arrays to compare miRNA expression in
monocytes obtained from AD and Mild Cognitive Impairment (MCI) patients and age-matched
healthy controls (n=13 per group), focusing on immune-related miRNAs that could contribute
to post-transcriptional gene regulation in these cells. So far, we found three miRNAs whose
expression was altered in MCI patients with respect to both control and AD subjects: miRNA154, miRNA-27b and miRNA-200b, which suggest that these small molecules have the
potential to be used as new accessible biomarkers in AD and help distinguish between MCI and
AD patients.
Taking into consideration previous studies reporting changes in Aβ content and animal survival
upon overexpression or deletion of chemokine receptors in AD mouse models, we investigated
the expression of two chemokine receptors, CCR2 and CXCR4 in our samples. The mRNA levels
of both receptors were found to be upregulated in AD patients, with respect to control and
MCI subjects and an increase in the presence of the CXCR4 receptor was also detected at the
cell surface. However, the localization of CCR2 at the membrane was shown to be decreased in
AD subjects and a new CCR2low population could be detected. These results correlate with the
impairment in cell migration towards Aβ fibrils and CCL2 observed in the same AD patients.
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Finally, and since monocytes have been considered one of the sources of phagocytic cells in
the brain in the context of AD, we also investigated the phagocytic activity of monocytederived macrophages obtained from AD, MCI and control subjects. We found that AD and MCI
macrophages have an impaired ability to degrade Aβ fibrils, illustrated by the lack of colocalization of Aβ with lysosomes.

A7. THE Β-AMYLOID (1-42) PEPTIDE-INDUCED IMPAIRMENT OF HIPPOCAMPAL LTP IS
ELIMINATED IN ADENOSINE A2A RECEPTOR KNOCK-OUT MICE
João Pedro Lopes1, Daniel Rial1, Paula M. Canas1, Rodrigo A. Cunha1,2
1

2

CNC- Center for Neuroscience and Cell Biology – University of Coimbra; Faculty of Medicine, University of Coimbra

Alzheimer's disease (AD) is characterized by an initial synaptic dysfunction and damage causing
progressive cognitive impairment. Amyloid-β peptides (Aβ) have been proposed as culprits of
AD, since their brain levels are increased in this pathology and they can trigger synaptic and
memory dysfunction. Indeed, Aβ affect synaptic plasticity, namely impairing long-term
potentiation. Epidemiological and animal studies have converged to show that caffeine, an
adenosine receptor antagonist, prevents the synaptotoxicity and memory deficits caused by
Aβ, an effect mimicked by blockade of adenosine A2A receptors (A2AR). Albeit A2AR control
synaptic plasticity, it has not been tested if A2AR can abrogate Aβ-induced impairment of
synaptic plasticity. This was tackled by comparing electrophysiological responses in Schaffer
fibers/CA1 pyramid synapses of hippocampal slices collected from wild type (WT) and A2AR
knockout (KO) mice upon induction of long-term potentiation (LTP) with a train of 100 Hz for 1
s. Our preliminary results show that exposure of slices from WT mice to oligomeric Aβ1-42 (50
nM for 30 min) decreased the amplitude of LTP, with a reduction of 20-41% when compared to
LTP magnitude in the absence of Aβ. In contrast, in slices from A2AR-KO mice, the amplitude of
LTP was similar in the absence or in the presence of Aβ. However, it should be noted that, in
accordance with the known ability of A2AR blockade to depress hippocampal LTP, the
amplitude of LTP in the absence of Aβ was 25-29% lower in A2AR-KO than in WT mice. These
results suggest the need of A2AR in order for Aβ to impair LTP, which supports our working
hypothesis that A2AR blockade prevents the impact of Aβ on synaptic function and viability.
However, the qualitative similarity on LTP between the effects of Aβ and A2AR genetic
elimination casts doubts on the relation between hippocampal LTP and memory performance,
which ought to be experimentally resolved.
Supported by FCT grant PTDC/SAU-NMC/114810/2009
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A8. RESVERATROL AMELIORATES MOTOR COORDINATION AND MITOCHONDRIAL
FUNCTION IN HUNTINGTON’S DISEASE MODELS
Naia L.1,2, Rosenstock T.R.1, Oliveira-Sousa S.I.1, Oliveira A.1, Caldeira G.L.1, Laço M.N.1,2, Hayden
M.R.3, Oliveira C.R. 1,2 and Rego A.C.1,2
1

2

CNC-Center for Neuroscience and Cell Biology, University of Coimbra, Coimbra, Portugal, Faculty of Medicine,
3
University of Coimbra, Coimbra, Portugal and Centre for Molecular Medicine and Therapeutics, Child and Family
Research Institute, Department of Medical Genetics, University of British Columbia, Vancouver, British Columbia,
Canada.

Mammalian sirtuins are a conserved family of class III NAD+-dependent deacetylases, which
have been postulated to be beneficial for targeting mitochondrial abnormalities. Being a
neurodegenerative disease that selectively affects the striatum and the cortex, Huntington’s
disease (HD) has been commonly linked to mitochondrial dysfunction as one of the main
pathological mechanisms. Therefore, we hypothesized that modulation of sirtuins might be
beneficial in HD. In this study we tested the influence of resveratrol (RESV) versus nicotinamide
(NAM, a Sirt inhibitor) in counteracting mitochondrial dysfunction in HD cell models expressing
full-length human mutant huntingtin. Moreover, we analyzed the effect of RESV and NAM in in
vivo HD models. Using striatal and cortical neurons isolated from YAC128 transgenic mice
embryos and HD human lymphoblast cell lines, we observed a slight decrease in histone
acetylation with RESV and increased histone acetylation with NAM. Moreover HD
lymphoblasts exhibited a decrease in PGC-1alpha and Tfam protein levels, leading to a small
reduction in the number of mitochondrial DNA copies. Functionally, both HD models displayed
a deregulation in mitochondrial parameters, namely mitochondrial respiration and membrane
potential, implicating a decline in mitochondrial function. Interestingly, both RESV and NAM
were able to completely restore most of the evaluated parameters, providing a positive add on
mitochondrial function in HD. In in vivo study 1 mg/kg/day RESV and 250 mg/kg/day NAM
were administered to 9 month-old YAC128 versus wild-type (WT) mice during 28 days. We
found that RESV increased the latency to fall off in rotarod test; moreover, RESV and NAM
greatly increased histone acetylation in both YAC128 and WT striatal and cortical samples.
Additionally, RESV increased the expression of mitochondrial-encoded genes in YAC128
cortical samples. These data suggest that RESV and NAM are able to modulate protein
acetylation and ameliorate mitochondrial function in HD, which may partially control HDrelated motor disturbances.
This work was supported by FCT, projects reference PTDC/SAU- FCF/108056/2008 and PEstC/SAU/LA0001/2011, COMPETE, QREN and FCT PhD fellowship SFRH/BD/86655/2012.
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A9. ESTABLISHING THE PATHOGENECITY OF NOVEL MITOCHONDRIAL DNA
MUTATIONS
Mafalda Bacalhau1,2, João Pratas2, Maria João Santos2, Carolina Ribeiro2, Mónica Vaz2, Cândida
Mendes2, Marta Simões2, Cristina Rego1, Paula Garcia3, Luísa Diogo3, Manuela Grazina1,2
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Mitochondrial diseases are a heterogeneous group of disorders that are caused by defects in
the mitochondrial ATP production system. More than 400 pathogenic mtDNA mutations have
been described as causative of mitochondrial disorders. Given the fact that mtDNA is highly
polymorphic, the pathogenic significance of a detected novel sequence variation needs to be
determined using a series of criteria before a genetic diagnosis can be established.
We aimed to evaluate the pathogenicity score of 8 novel mtDNA mutations, detected in
Laboratory of Biochemical Genetics, found in Portuguese patients with suspected
mitochondrial cytopathy.
The sequence variations detection was performed by automated sequencing, confirmed by
PCR-RFLP, and mitochondrial respiratory chain complexes activity of patients was determined
by spectrophotometry. In order to predict the pathogenicity of the 8 sequence variations an in
silico analysis was performed. Additionally, a preliminary functional analysis was carried out
for one of these alterations in a protein-encoding gene using a primary culture of human
fibroblasts from a skin biopsy of a patient that included the measurement of protein levels by
Western blotting assay.
According to the scoring criteria for mtDNA mutations, the preliminary analysis show that the
alteration is probably pathogenic.
MB is a PhD grant holder (SFRH/BD/86622/2012) from FCT. This work was partially supported by
“Fundação para a Ciência e a Tecnologia” (PEst-C/SAU/LA0001/2013-2014).

A10. UNCOVERING THE ROLE OF MIRNA IN HOMEOSTATIC PLASTICITY
Mariline M. Silva1,2,3, Joana Fernandes1,4, Sandra D. Santos1, Ana Luísa Carvalho1,5
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Synaptic scaling is a homeostatic mechanism responsible for the adjustment of the overall
synaptic strength in a neuron’s synapses to a set point, in order to stabilize neuronal firing.
Dendritic protein synthesis is critical for synaptic scaling but the mechanisms that regulate the
derepression of mRNAs are still unclear. MicroRNAs, well known posttranscriptional
regulators, are modulated upon changes in neuronal activity, which indicates that miRNAs may
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have a role in the regulation of homeostatic plasticity. Our main goal is to unveil novel miRNA
players during synaptic scaling and to further investigate their role in this form of plasticity.
We performed a gene expression microarray analysis of rat hippocampal neurons under
chronic blockade of activity and submitted the results to biological interpretation using the
GoMiner tool. Focusing on a restricted group of altered genes with a crucial role in synaptic
scaling and/or in synaptic function, we predicted miRNA target sites using the following
algorithms: miRanda, TargetScanS and MirTarget2. Furthermore, we performed a screening
panel for their expression levels in primary cultures of rat hippocampal neurons subjected to
synaptic scaling up conditions and observe that several miRNAs presented altered expression.
We are presently investigating the importance of these miRNAs in scaling up mechanisms by
modulating their levels and further explore their function in synaptic scaling.

A11. EXCITOTOXIC STIMULATION AND TRANSIENT BRAIN ISCHEMIA
DOWNREGULATE THE NEUROPROTECTIVE GDNF-RET RECEPTOR SIGNALING ACTIVITY
VIA CALPAIN ACTIVATION
1,2

Michele Curcio, 4Ana R. Inácio, 4Tadeusz Wieloch, 1,3Emília P Duarte, 2Lorella M Canzoniero,
Carlos B Duarte
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Department of Life Sciences, University of Coimbra, 3004-517 Coimbra, Portugal; Wallenberg Neuroscience Center,
Lund University, 221 84 Lund, Sweden
2

Glial cell line-derived neurotrophic factor (GDNF) plays an important role in neuronal survival
through binding to the GFRα1 receptor and activation of the receptor tyrosine kinase Ret.
Brain ischemia alters the expression of the GDNF signaling machinery but the molecular
mechanisms involved and the functional implications are not yet elucidated. An alteration of
GDNF trophic support to neurons may contribute to neuronal death in brain ischemia.
Therefore, we investigated the alterations in GDNF receptor expression in hippocampal
neurons after transient focal ischemia and after transient oxygen and glucose deprivation
(OGD), an in vitro model of ischemia. Since neuronal death in brain ischemia is partly due to
overactivation of glutamate receptors, followed by activation of Ca2+-dependent proteases,
such as calpains, we also investigated the effects of excitotoxic stimulation on GDNF-Ret
signaling.
We found that excitotoxic stimulation with glutamate leads to a calpain-dependent
downregulation of Ret in cultured hippocampal neurons, but no changes were observed for
GFRα1 under the same conditions. Similar results were obtained in hippocampal neurons
subjected to transient OGD, as well as in the infarct core in mice exposed to transient middle
cerebral artery occlusion (MCAO). Activation of the extrasynaptic pool of NMDA receptors was
selectively coupled to activation of calpains in cultured hippocampal neurons and induced a
downregulation of Ret protein levels, while no significant effect was observed upon activation
of synaptic NMDA receptors. Bioinformatic analysis showed the presence of a putative calpain
cleavage site in an intracellular amino acid sequence of the Ret receptor, suggesting that the
cleavage of the receptor in hippocampal neurons may impair its signaling activity. Although
calpain inhibitors prevented the downregulation of Ret receptors following excitotoxic
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stimulation, they did not fully prevent the GDNF-induced intracellular signaling activity,
suggesting that additional mechanisms may be involved. Incubation of hippocampal neurons
with GDNF during the excitotoxic insult reduced cell death, but no protection was observed
when the trophic factor was applied 24 h before or immediately after the insult. Together
these results indicate that excitotoxic stimulation plays an important role in the
downregulation of the neuroprotective GDNF-Ret signaling activity. (Supported by FCT,
COMPETE, QREN, FEDER [PTDC/NEU-NMC/0198/2012; PEst-C/SAU/LA0001/2013-2014])

A12. DJ-1 NEURONAL RESCUE UNDER OXIDATIVE STRESS: IMPLICATIONS FOR
PARKINSON’S DISEASE
Sandra Anjo*1,2; Matilde Melo1; Liliana Loureiro1,3; Lúcia Sabála1,3; José Carvalho1,2; Vera M.
Mendes1; Tiago Faria1; Pedro Castanheira4; Rui Brito1; Mário Grãos4; Bruno Manadas1,4
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The physiological functions of DJ-1, a Parkinson’s disease (PD) associated protein, are not fully
understood, however evidences suggest an involvement in protection against oxidative stress,
the proposed cause of death of dopaminergic neurons in PD and the trigger condition for DJ-1
function. Moreover, recent studies also suggest a neuroprotective role for extracellular DJ-1,
but the mechanism associated with this also remains unclear. Therefore, this project intends to
elucidate the mechanisms of action of DJ-1 as a neuro-protective and pro-survival protein by
clarifying the intracellular and extracellular mechanisms of DJ-1-dependent rescue of neurons
from oxidative stress.
A dynamic interactomic screening of endogenous DJ-1 was conducted to identify and quantify
DJ-1 interactions under resting and oxidative stress conditions. The large amount of data
generated was analyzed by a set of bioinformatic tools, including a bioinformatic tool
developed in-house, in order to infer the main mechanisms of DJ-1 action, monitoring the
interactions changes and highlight groups of proteins with similar behaviour, and identify DJ-1
interactors that are responsible for the discrimination between the different stress conditions.
To study the role of extracellular DJ-1 and to evaluate the role of some specific DJ-1 residues,
recombinant DJ-1 proteins (WT and mutants) were produced and characterized. Pull-down
assays of these proteins will allow us to establish the importance of DJ-1 stress regulation and
PD mutations impact on the newly interactions/mechanisms identified.
The rescue potential of recombinant DJ-1 against neuronal death caused by oxidative stress
was evaluated and to understand the biological role of extracellular DJ-1, key points are being
addressed including whether exogenous DJ-1 can activate intracellular survival pathways itself
contributing to its rescue ability.
The preliminary data obtained from this combination of approaches largely contribute to the
elucidation of the DJ-1 neuroprotective mechanisms. From the characterization of the dynamic
interactome of DJ-1 and its mutants under oxidative stress conditions, several novel DJ-1
binding pasterns were identified pointing to new mechanisms for DJ-1-mediated
neuroprotection. Finally, many of the proteins identified are well established in distinct cellular
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functions implicated in PD, thus, these results will also contribute to a better understanding of
the disease.
Work supported by Fundação para a Ciência e Tecnologia (FCT), Portugal, projects reference PTDC/NEUNMC/0205/2012 and PEst-C/SAU/LA0001/2013-2014, and co-financed by "COMPETE Programa Operacional
Factores de Competitividade, QREN, the European Union (FEDER – Fundo Europeu de Desenvolvimento Regional)
and by The National Mass Spectrometry Network (RNEM) under the contract REDE/1506/REM/200. SA are
supported by PhD fellowship, fellowship reference SFRH/BD/81495/2011.

A13. ACTIVITY OF ESSENTIAL OILS ON TRYPANOSOMA BRUCEI BRUCEI: PROMISING
EFFECTS OF JUNIPERUS OXYCEDRUS AND LAVANDULA LUISIERI
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Introduction: The Neglected Tropical Disease (NTD) African Sleeping Sickness (or Human
African Trypamosomiasis) is caused by an extracellular parasite, Trypanosoma brucei. Stage 1
of the disease is treated with pentamidine and suramin, however, most people infected are
unaware of the disease until severe stage 2 symptoms arrive. Stage 2 treatments rely on
arsenic compounds, like melarsoprol. These drugs are often lethal to the patient or cause
severe side effects. Essential oils (EOs) and their components have shown bactericidal,
virucidal, fungicidal, and parasiticidal activity. In this study EOs and their major components
were screened for trypanocidal activity.
Materials and Methods: Twenty two EOs were analyzed by GC and GC-MS and the antitrypanossomal activity of extract and pure volatile compounds (1,8 cineole, geraniol, linalol,
citronelal, timol, carvacrol, citral, camphor, α-pinene, menthyl acetate, safrole, pulgone,
menthone, iso-menthone, isoborneol, borneol, mentol and eugenol) was performed on
Trypanosoma brucei brucei trypomastigotes culture. Viability and growth inhibition assays
were performed by inoculating EOs (0.1-100 µg/mL) with parasites (4.0 x 104 cells/ml) in HMI9
medium. After 72 hours of incubation the total number of cells was counted with Neubauer
Counting Chambers and viability was measured by a colorimetric method using 10% of
resazurin solution. The MTT test was used to assess the cytotoxicity of essential oils on
macrophages cells.
Results and Discussion: Of the 22 essential oils tested, Juniperus oxycedrus, Lavandula luisieri,
Lavandula viridis, Cymbopogon citratus, Thymus capitellatus, Origanum virens, Lavandula
pedunculata, Thymbra capitata, and Distichoselinum tenuifolium showed trypanocidal activity
(IC50 values ≤50 µg/mL). Juniperus oxycedrus, Cymbopogon citratus and Lavandula luisieri
exhibited the highest inhibitory effects with IC50 between 0.9 and 8 µg/ml. Citral, a major of C.
citratus, is likely responsible for the EO´s trypanocidal behavior. Though some of L. luisieri´s
major constituents, 1,8 cineole, linalol and α-pinene, were moderately active at the
concentrations tested, new necrodane oxygenated compounds are the major component of L.
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luisieri (36%) and seem to be the responsible for the EO´s effect. The anti-trypanossomal
activity of the major constituent of J. oxycedrus, α-pinene, does not justify the oil´s activity,
and thus, the undergoing work requires studies of interactions between compounds. The
results strongly suggest that Juniperus oxycedrus, Cymbopogon citratus and Lavandula luisieri
oils may represent valuable sources for the development of drugs used to treat African
Sleeping Sickness.

MOLECULAR BIOTECHNOLOGY AND HEALTH
B1. MULTI -TARGET ANTIMALARIAL DRUGS AS NEW THERAPEUTIC STRATEGIES. THE
USE OF OXYSTEROLS AND TETRAOXANES IN HYBRID DRUGS.
Torres A C, Silva M M C, Sá e Melo M L
CNC-Centre for Neuroscience and Cell Biology, University of Coimbra, 3004-517 Coimbra, Portugal
Faculty of Pharmacy, University of Coimbra, Campus of Health Sciences, 3000 -548 Coimbra,
Portugal

Malaria remains a prevalent and deadly infectious disease across the world. Each year, 300500 million people contract malaria and about 1-2 million die, most of which are children
under five years and a significant number of pregnant women in sub-Saharian Africa.
Several species of Plasmodium cause malaria in humans. The parasite has a complex life cycle
and the symptoms of the disease and associated mortality can be controlled by drugs that
target the blood stage, as artemisin, one of the most active drugs in the treatment of malaria.
Compounds that act at multiple targets can have superior efficacy against complex diseases,
when compared with high specific drugs for a single target. Therefore, drug combinations are
essential to control malaria disease, since they can limit the emergence of resistance and
increase the therapeutic efficacy of available drugs1.
Oxysterols have been recently reported to display some degree of cytotoxicity against cancer
cells increasing the sensitivity of the tumor cells to other chemotherapeutic agents2. With this
assumption in mind, oxysterols have been chosen as candidates for the synthesis of hybrid
drugs, once they may increase the sensitivity of the infected cells to other antimalarials drugs.
Part of a library of oxysterols, previously synthesized3, has been evaluated for their
antiplasmodial activity against P.falciparum W2 (chloroquine resistance). Some of them
present IC50 values under 10 micromolar concentrations.
Knowing that drug resistance requires new drugs, the synthesis of hybrid antimalarials based
on oxysterol scaffolds and stable 1, 2, 4, 5- tetraoxanes, synthetic analogues that mimic
artemisin, led us to a novel research area.
The exploratory synthesis, undertaken for the discovery of new hybrid antimalarials, for
further studies on the role of oxysterols in the disease, will be reported.
References
1 Biamonte, M. A., Wanner, J. and Le Roch, K. G. - Recent advances in malaria drug discovery. Bioorg. Med. Chem.
Lett. 23 (2013) 2829–2843.
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6375-6393.

Acknowledgements
We thank financial support from PTDC/SAU-FAR/118459/2010. Thanks are also due for the support from
PEst –SAU/LA0001/2013-2014, through funding from “FEDER- Programa Operacional Factores de
Competitividade – COMPETE” and national funding from “FCT –Fundação para a Ciência e a Tecnologia”.

B2. PRODUCTION, PURIFICATION AND BIOCHEMICAL CHARACTERIZATION OF
Q84M99, A NOVEL ARABIDOPSIS THALIANA ATYPICAL ASPARTIC PROTEASE
INVOLVED IN POLLEN DEVELOPMENT
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Programmed Cell Death (PCD) is a very important process that assumes particular relevance in
plant reproduction. Failure to properly enter the various cell death programs hampers
reproductive success and can even lead to plant sterility. Despite the crucial importance of
plant PCD, it is still poorly understood and the players and pathways involved in this process
remain largely unknown. Although some morphological features of plant PCD resemble those
seen in mammalian, the pathways activated in plants seem to be very different. One striking
difference is the absence of true caspase orthologs in Arabidopsis thaliana genome, clearly
suggesting that other proteins and pathways must be activated. Recent studies have clearly
linked atypical aspartic proteases (APs) to PCD processes during plant reproduction. PCS1 and
UNDEAD are two A. thaliana atypical APs that were shown to play very important roles during
gametogenesis and embryogenesis and their overexpression (for PCS1) or knock-down (for
UNDEAD) lead to a male sterility phenotype. Q84M99 is another putative atypical AP that
appears to be implicated in tightly regulated PCD processes occurring during pollen
development. Based on this, our goal is to study Q84M99 biochemical properties as well as its
role in these events. In this work, we describe the optimization of heterologous production,
purification and biochemical characterization of Q84M99 and preliminary data regarding its in
vivo role.
Our initial strategy consisted in using E. coli as the expression host to produce Q84M99 in the
soluble form. A broad small-scale expression screening was performed where different E. coli
strains, tags, media composition, expression temperatures, co-expression strategies and IPTG
concentrations were tested. However, low yields of soluble protein were always observed and
it was not possible to purify the protein to homogeneity, clearly suggesting that it was not
correctly folded. In order to overcome these limitations an innovative plant-based expression
platform (magnICON®) was tested. Different expression tags and also different magnICON
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vectors were used and we were able to successfully produce Q84M99 in Nicotiana
benthamiana leaves using this expression system. A protein purification protocol was
established and the nature of the purified protein confirmed by Western blot and mass
spectrometry analysis. Recombinant Q84M99 (rQ84M99) was shown to be glycosylated and to
be highly active at acidic pHs. Although displaying an optimum acidic pH, rQ84M99 was not
completely inhibited by the classical AP inhibitor pepstatin A. Moroever, redox agents such as
glutathione and NADP were shown to have a significant inhibitory effect on protease activity.
Using a high throughput specificity profiling methodology - Proteomic Identification of
Cleavage Sites (PICS) - we determined rQ84M99 cleavage specificity profile. This is the first
specificity profile ever reported for a plant AP and our results show that rQ84M99 has a
distinct specificity pattern. Altogether these results suggest that Q84M99 is indeed an atypical
aspartic protease with several distinguishing biochemical features, opening exciting avenues
for the in vivo functional characterization of this protein.

B3. SYTHESIS OF NOVEL HETEROCYCLIC OLEANOLIC ACID DERIVATIVES WITH
IMPROVED ANTIPROLIFERATIVE ACTIVITY IN SOLID TUMOR CELLS
Bruno M.F. Gonçalves,a,b Daniela Alho,a,b Ana S. Leal,a,b Vanessa I.S. Mendes,a,b Ana S.C
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Natural products (NPs) have been used to treat human diseases for thousands of years and
play an increasingly important role in drug discovery.1,2 In fact, natural products-based drugs
are still major entities among the FDA-approved drugs (57,7% of all drugs).3 In the domain of
cancer research, 48,6% of antitumor compounds approved from 1940 to 2010 are either NPs
or their semi-synthetic derivatives.4
Oleanolic acid is a naturally occurring pentacyclic triterpenoid present in a variety of plants,
vegetables and fruits and has been found to have abilities to suppress tumorigenesis,5 and to
induce cytotoxicity in various cancer cell lines.6,7
Heteroaryl groups are present in a variety of biologically active molecules, including in
anticancer agents.8 This led us to develop a series of new oleanane imidazole carmabates, Nacylimidazoles or N-alkylimidazoles that were found to improve the antiproliferative activity in
AsPC-1 pancreatic cancer cells. The mechanism of action of the most active compound was
further explored. These novel oleanane derivatives have potential to be developed as
therapeutic agents especially for pancreatic cancer, which do not have effective treatment
available.9
(1) Koehn FE, Carter GT, Nature Reviews Drug Discovery. 2005, 4, 206-220.
(2) Balunas MJ, Kinghorn AD, Life Sciences. 2005, 78, 431-41.
(3) Ojima I, Journal of Medicinal Chemistry. 2008, 51, 2587-2588.
(4) Newman DJ, Cragg GM, Journal of Natural Products. 2012, 75, 311-335.
(5) Kawamori T, Tanaka T, Hara A, Yamahara J, Mori H, Cancer Research. 1995, 55, 1277.
(6) Yan SL, Huang CY, Wu ST, Yin MC, Toxicology in Vitro, 2010, 24, 842.
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B4. PEROXIREDOXIN/THIOREDOXIN SYSTEM: FORECASTING THE PERIL
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Organisms have a complex and highly differentiated cocktail of antioxidant defenses to cope
with a wide army of harmful reactive species. The proteins involved in hydrogen peroxide
(H2O2) elimination (e.g. Peroxiredoxins) are among the most abundant ones in some cells,
and likely cannot be substatially upregulated without outcompeting other important cellular
functions for limited resources. However, in natural environments cells occasionally have to
cope with high H2O2 concentrations for long periods, during which protein thiols might become
irreversibly damaged. This outcome can be avoided if cells have mechanisms to “block” the
thiols during such stress periods through reversible covalent modification before H2O2 reaches
critical concentrations. We term these mechanisms “anticipatory blocking”.
Here we hypothesize that the Peroxiredoxin / Thioredoxin / Thioredoxin Reductase / ProteinDithiol System (PTRTD System) drives anticipatory blocking of protein dithiols as disulfides. We
examined the design requirements for such a system to operate effectively and we compared
these requirements to the actual design in human erythrocytes. To that effect, we developed a
minimal mathematical model of the PTRTD System and defined a set of quantitative
performance criteria. These criteria objectively define the relationships among rate constants
and species concentrations that simultaneously warrant (a) efficient scavenging capacity, (b)
low NADPH consumption, (c) effective signal propagation (e.g. disulfide switch, thiol redox
signaling) and (d) effective anticipatory blocking control.
This analysis indicated the following design requirements in human erythrocytes: (i) the
equilibrium constant for thiol-disulfide exchange between thioredoxin and the protein dithiol
[T(SH)2 + PSS  TSS + P(SH)2] should be in the range 0.01 < K < 20 to allow the protein to fully
accumulate in the oxidized form as soon as the H2O2 concentration increases; (ii) Peroxiredoxin
2 should be highly expressed ([Prx2] > K × 2.6×10-5 M); (iii) the pseudo first order rate constant
for the reaction of Prx2 with H2O2 should be higher than that of Catalase. These predictions are
in agreement with the experimental data, indicating that the PTRTD System in human
erythrocytes is well suited to integrate anticipatory blocking with effective antioxidant
protection and redox signaling.
We acknowledge fellowship SFRH/BD/51576/2011 to GS and grants PEst-C/SAU/LA0001/2013-2014,
PEst-OE/QUI/UI0612/2013, FCOMP-01-0124-FEDER-020978 financed by FEDER through the “Programa
Operacional Factores de Competitividade, COMPETE” and by national funds through “FCT, Fundação
para a Ciência e a Tecnologia” (project PTDC/QUI-BIQ/119657/2010)
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B5. MIR-139-5P AS A MAIN REGULATOR OF THE PRO-METASTATIC CHEMOKINE
RECEPTOR CXCR4 IN PANCREATIC CANCER AND A CELL SENSITIZER TO
CHEMOTHERAPEUTIC AGENTS.
Marta Passadouro, Clévio Nobrega, Luís Almeida, Maria Pedroso de Lima, Henrique Faneca
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Pancreatic Ductal Adenocarcinoma (PDAC) is one of the most deadly cancers, with poor
treatment success, emphasizing the need of identifying novel therapeutic targets. MicroRNAs
are major players in cancer when aberrantly expressed, thus being potential targets. MiR-1395p is a downregulated microRNA in PDCA and has been predicted to target CXCR4, an
important chemokine receptor. CXCR4 was identified as an overexpressed receptor in PDCA
and is major effector of metastasis in other types of cancer. However, to our knowledge, until
now no microRNA modulation strategy has been successfully used to target this oncogene in
PDCA. In this regard, our main goal is to modulate miR-139-5p expression in PDCA and target
CXCR4 expression, regulating its function and thus avoiding metastasis formation. After
lentiviral transduction, miR-139-5p expression was increased over 650-fold in Hs766T cells.
Moreover, we observed that CXCR4 was overexpressed in PDCA, mainly in the Hs766T cells,
which correlates with the metastatic profile of this cell line. Although CXCR4 mRNA levels
showed no alteration after upregulation of miR-139-5p, the protein levels were successfully
reduced (approximately 30%). Mir-139-5p upregulation also affected tumor cell viability
inducing a citotoxicity of 10%, by itself, and up to 30% when combined with sunitinib, being
achieved a synergistic antitumor effect. Overall, our results show that CXCR4 is a main target
for miR-139-5p in PDCA and that upregulation of miR-139-5p has a major impact on cell
sensitization to chemotherapeutic agents.

B6. CARDIOKIT: HUMAN CARDIAC ENGINEERED TISSUE FOR TOXICITY ASSESSMENT
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New technologies and models for profiling toxic responses of cells and tissues to
chemical/pharmaceutical substances, that are rapid and predict risk accurately, represent a
major unmet need for the pharmaceutical industry and regulatory authorities. The European
Community actively supports research on alternatives that replace, reduce and refine (3Rs) the
use of animals in testing new compounds whilst the new EC Regulation on Chemicals and their
use (REACH, EC 1907/2006) requires retrospective testing of chemicals already on the market
also taking the 3Rs into account. A consequence of this is that new cell technologies are now
being developed using human cells that in addition to contributing to the 3Rs, also provide
patient-specific information on the toxicity of pharmaceutical compounds and their
therapeutic action, coinciding with the advent of personalized medicine [1, 2].
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Cardiotoxicity assessment is of paramount importance in the development of new drugs.
Human induced pluripotent stem cells (iPSCs) are considered as a promising source of somatic
human cells for chemical toxicity assessment and drug discovery applications. iPSCs can be
generated by reprogramming cells from various tissues (skin, blood, hair etc.) and give rise to
cardiomyocytes. Their genome is then identical to the person from which they are derived. The
first goal of the current project was to design a scaffold able to support the growth and
functionality of cardiomyocytes. The studies were initially performed with rat neonatal
cardiomyocytes and now with iPSC-derived cardiomyocytes.
Our results show that the scaffold supported cardiomyocytes attachment, organization and
contractility for at least 12 days. The engineered tissue is superior in terms of contractility and
organization to the one obtained in standard polystyrene and also with other platforms
described in the literature for cardiac tissue engineering [3-5]. Further adaptations of the
system are currently being performed, enabling us to use the system for medium to highthroughput cardiotoxicity drug screenings.
1.
2.
3.
4.
5.

Gerecht-Nir, S., et al., Biophysical regulation during cardiac development and application to tissue
engineering. Int J Dev Biol, 2006. 50(2-3): p. 233-43.
Braam, S.R., et al., Prediction of drug-induced cardiotoxicity using human embryonic stem cell-derived
cardiomyocytes. Stem Cell Research, 2010. 4(2): p. 107-116.
Shin, S.R., et al., Carbon-nanotube-embedded hydrogel sheets for engineering cardiac constructs and
bioactuators. ACS Nano, 2013. 7(3): p. 2369-80.
Tiburcy, M., et al., Terminal differentiation, advanced organotypic maturation, and modeling of
hypertrophic growth in engineered heart tissue. Circ Res, 2011. 109(10): p. 1105-14.
Nunes, S.S., et al., Biowire: a platform for maturation of human pluripotent stem cell-derived
cardiomyocytes. Nat Methods, 2013. 10(8): p. 781-7.

B7. MICROARRAY ANALYSIS OF VIRULENCE AND ANTIMICROBIAL RESISTANCE GENES
IN SALMONELLA ENTERICA FROM ANIMALS AND RETAIL MEAT: UNUSUAL
PATHOGENICITY ISLAND IN A SEROVAR
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Salmonella enterica is a zoonotic foodborne enteropathogenic bacteria, causing each year 1.3
billion cases of acute gastroenteritis. Several virulence factors help in host cells invasion and
multiplication. Recently, the group designed a DNA microarray for screening of Salmonella
virulence genes. This work aimed to apply DNA microarrays technology to study the
distribution of virulence and antimicrobial resistance genes of Salmonella serovars isolated
from animals samples and retail meat, and to investigate the role in adhesion/invasion of the
Pathogenicity Island 1 (SPI-1) in a S. Infantis strain with the loss of some genes.
One hundred and six Salmonella spp. strains were collected from poultry, swine and cattle.
Serotyping was done by Kauffmann-White scheme. Antimicrobial resistance profiles were
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evaluated by the microdilution system MicroScan (Dade Behring, USA). Resistance and
virulence genes were amplified in a multiplex labelling reaction and hybridized against a
Clondiag strip-format array. Results were analysed with an Arraymate reader and BioNumerics
software. Adhesion/invasion assays were performed according Wragg et al.
S. Typhimurium and S. Enteritidis were the most frequent serovars isolated (76%). Twenty-nine
strains were multiresistant, and 56 strains were resistant to one or two antimicrobial
compounds tested. The highest resistance was observed for tetracycline (64%), and ampicillin
(60%), being tetB (53%) and blaTEM (70%) the most common genes present in resistant strains,
respectively. The probes for virulence genes used showed little variation of genes located in
SPIs for the different serovars. Adherence genes were highly conserved. The highest variation
was observed in prophage genes. Genes located on virulence plasmids were found in all S.
Enteritidis, and in some S. Typhimurium. Microarrays approach allowed the first report of gene
tetM, toxin gene cdtB in S. Typhimurium 199. A strain of S. Infantis (Sal147) missed several
genes in SPI-1. Adhesion/invasion assays demonstrated a higher adherence of S. Typhimurium
LT2 control strain when compared to S. Infantis Sal147 and Sal 280 (the latter strain with all
SPI-1 genes). There was no statically significant difference in adhesion between the two S.
Infantis strains. LT2 was more invasive into HT-29 cells than S. Infantis Sal280, but Sal147 did
not showed invasion into the enteric cells.
S. Typhimurium is the most common serovar, and ampicillin and tetracycline, the more
common antibiotics used in veterinary, showed the lowest antimicrobial activity. The first
finding of tetM in Salmonella highlights the transfer of resistance genes among diverse
bacterial populations. Virulence results were in accordance with those reported in Salmonella
European isolates. Genes of SPI-1 of S. Infantis are not essential to adherence but are crucial to
invade host cells.
Wragg et al., Research in Veterinary Science, 2009, 86, 27–35.

CELL AND MOLECULAR TOXICOLOGY

C1. OSTEOCYTE METABOLISM ON POST-MENOPAUSAL BONE LOSS AND ROLE OF
HORMONE REPLACEMENT THERAPY
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Introduction: Osteocytes play a major role in the bone remodelling unit (BRU). Thus, we
hypothesize that mitochondrial bioenergetics impairment and mitochondrial/peroxisomal fatty
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acid beta-oxidation unbalance is a cause of osteocytes metabolic decline during 17betaestradiol (E2) reduction. Estradiol (E2) and a phytochemical substitute, coumestrol (COU) were
used (30mg/Kg during 24 hours in ovariectomized rats in order to compare bone loss with
sham-operated animals. Methods: Four groups of 12 week-old female Wistar-Han rats were
used: i) controls; ii) ovariectomized animals, OVX; iii) OVX+E2; and iv) OVX+COU. Animals were
sacrificed four weeks after ovariectomy and estrogens levels in blood serum were evaluated.
Left and right posterior limbs were surgically removed and freeze-clamped. For each animal,
one limb was used to extract metabolites from the femur and tibia bone-embedded osteocytes
and to measure mineral content; the paired limb was used to measure bone mineral density
(BMD) by Dual-energy-X-ray-absorptiometry (DXA). Methanol/water extracted metabolites
were analyzed by high resolution 600 MHz 1H nuclear magnetic resonance (NMR)
spectroscopy. Total lipids were trans-methylated to fatty acyl methyl esters (FAMES) and
analyzed by gas chromatography coupled to a mass spectrometer (GC-MS).
Results: All experimental groups did not show significant differences regarding mineral
content, despite OVX group presented a slight decrease on BMD. Higher lactate/alanine and
acetate/alanine ratios in the OVX group, and especially in the E2 group, were observed when
compared with the control. Fatty acid content of osteocytes was also measured. Fatty acid
profile was altered in the E2 group, with increased content in palmitic acid, alfa/gama-linolenic
acids and arachidonic acid, and in the OVX group, presenting a 62% decrease in
tetradecenoylcarnitine and a 2.5-fold increase in indocosanoic acid, when compared with the
control group.
Conclusions: Although no major alterations were observed in terms of BMD considering a 24h
therapeutic, the results suggest metabolic alterations in osteocytes, which are associated with
the decline in estrogens. The methodology here described is promising in evaluating the
cellular metabolites and lipid content in osteocytes and in understanding how modulation of
estrogen levels impact bone metabolism and homeostasis.
This work is supported by the PTDC/AGR-ALI/108326/2008 and PEst-C/SAU/LA0001/2011 grants from
Fundação para a Ciência e Tecnologia (FCT), co-funded by FEDER/Compete/National Funds. FCT PhD and
Post-doc fellowships (SFRH/BD/33892/2009, SFRH/BD/76086/2011 and SFRH/BPD/31549/2006,
respectively).

C2. DOXORUBICIN SUB-CHRONIC TREATMENT INFLUENCES CARDIAC FUNCTIONAL
PARAMETERS DURING METABOLIC INHIBITION OF PERFUSED HEARTS IN WISTAR
RATS
Carvalho, F.S.1,2,Garcia, R.3,Burgeiro, A.3,Moreno, A.J.2,3,Carvalho, R.A.1,2,Oliveira, P.J.1
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Sub-chronic doxorubicin (DOX) treatment results in a persistent cardiotoxicity, including a
progressive deterioration of mitochondrial metabolism, the development of cardiomyopathy
and ultimately congestive heart failure. We intended to analyze the effects of metabolic
inhibition during perfusion of hearts sub-chronically treated with DOX (vs. saline solution).
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Eight weeks-old male Wistar rats received seven weekly s.c. injections with DOX(2mg/Kg) or
equivalent saline solution and sacrificed one week after the last injection. Hearts were
perfused by using a Langendorff apparatus with different substrates (glucose and
galactose+glutamine, GG). Cardiac perfusions were monitored and increasing concentrations
of glycolytic (iodoacetate) and oxidative phosphorylation (rotenone-Rot and cyanide-KCN)
inhibitors were added separately. Protein was semi-quantified by Western Blotting.
Using glucose as substrate, both groups suffered a decline in the number of heart beats and
rate pressure product (RPP) when iodoacetate or KCN were added. With GG, titration with
iodoacetate caused a decrease in heart beats on DOX hearts, but not on RPP. When hearts
were titrated with Rot or KCN the number of heart beats and RPP remains identical between
treated hearts. The content in proteins related with autophagy and cell death was found
altered in saline vs. DOX groups.
The results suggest that the addition of metabolic inhibitors to perfused hearts from subchronic DOX treated rats causes a higher degree of alterations in hemodynamic parameters.
Acknowledgements: Grants PTDC/SAU-OSM/104731/2008 (PO) and PEst-C/SAU/LA0001/2013-2014
(CNC), funded by Compete/FEDER and National Funds, as well as PhD scholarship SFRH/BD/64694/2009
to F.C.

MICROBIOLOGY

D1. IDENTIFICATION AND FUNCTIONAL CHARACTERIZATION OF A NOVEL ESSENTIAL
ACYLTRANSFERASE, A POTENTIAL TARGET FOR THE DESIGN OF NEW DRUGS AGAINST
XDR-TB
Ana Maranha1, Patrick Moynihan2, Joana Fraga3, Eva Lourenço4, Vitor Mendes1,5, Susana
Alarico1, Vanessa Miranda4, Rita Ventura4, Pedro J. B. Pereira3, Sandra Macedo-Ribeiro3,
Anthony Clarke2 and Nuno Empadinhas1
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Tuberculosis (TB) is caused by Mycobacterium tuberculosis, one of the greatest infectious
killers worldwide. An estimated 1/3 of the world’s population is latently infected with this
pathogen. In 2012, 8.6 million people developed active TB and 1.3 million died. While drugsensitive TB is treatable and the toll of TB-related deaths is only about 2% in developed
countries, the emergence of new extensively drug-resistant (XDR-TB) strains, the increasing
incidence of chronic diseases and the ageing population, merge into a rapidly-growing health
hazard claiming new vaccines, better diagnostic tools and more effective and safer drugs [1].
Annually, TB-associated costs in the EU alone reach 6 billion euro, unacceptable for an alleged
“disease of the past”.
The TB pathogen synthesizes a rare intracellular methylglucose lipopolysaccharide (MGLP)
with predicted helical conformation and inward-facing methylations, which sequesters long74
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chain fatty acyl-CoAs and stimulates fatty acid synthase I rate in vitro, pointing to a similar
function in vivo [2]. The essential role for MGLP in fatty-acid metabolism and cell wall
homeostasis renders its biosynthetic enzymes attractive targets for drug design [3]. We
identified and characterized the synthase (GpgS) and the phosphatase (GpgP) for the two
initial steps of MGLP biosynthesis [4, 5] and determined the three-dimensional structure of
GpgS, proposed to be essential for M. tuberculosis growth [6].
We report the identification of the gene (acyT) for acylation of MGLP’s reducing end, the 3rd
step in the pathway. Since acyT was also considered essential for M. tuberculosis growth, we
characterized biochemically the enzyme for its potential as target for drug discovery. Ongoing
crystallization trials will pave the way toward structure-guided drug design. The assignment of
authentic functions to mycobacterial genes and the characterization of the corresponding
enzymes shed additional light onto the intricacy of MGLP biogenesis, placing us one step closer
to devise new strategies to fight extensively drug-resistant TB.
Acknowledgements: This work was funded by FEDER through Programa Operacional Factores de
Competitividade (POFC) – COMPETE, and Fundação para a Ciência e a Tecnologia (FCT) projects
PTDC/BIA-PRO/110523/2009 and PEst-C/SAU/LA0001/2013-2014. AM, VM and SA acknowledge grants
SFRH/BD/74845/2010, SFRH/BPD/79531/2011 and SFRH/BPD/43321/2008, respectively. The Mizutani
Foundation for Glycoscience is acknowledged for financial support to NE lab.
1. Koul, A., et al., The challenge of new drug discovery for tuberculosis. Nature, 2011. 469(7331): p. 483490.
2. Kamisango, K., A. Dell, and C.E. Ballou, Biosynthesis of the mycobacterial O-methylglucose
lipopolysaccharide. Characterization of putative intermediates in the initiation, elongation, and
termination reactions. J Biol Chem, 1987. 262(10): p. 4580-6.
3. Mendes, V., et al., Biosynthesis of mycobacterial methylglucose lipopolysaccharides. Natural Product
Reports, 2012. 29(8): p. 834-844.
4. Empadinhas, N., et al., Identification of the mycobacterial glucosyl-3-phosphoglycerate synthase.
FEMS Microbiol Lett, 2008. 280(2): p. 195-202.
5. Mendes, V., et al., Mycobacterium tuberculosis Rv2419c, the missing glucosyl-3-phosphoglycerate
phosphatase for the second step in methylglucose lipopolysaccharide biosynthesis. Sci Rep, 2011. 1:
p. 177.
6. Pereira, P.J.B., et al., Mycobacterium tuberculosis Glucosyl-3-Phosphoglycerate Synthase: Structure of
a Key Enzyme in Methylglucose Lipopolysaccharide Biosynthesis. PLoS ONE, 2008. 3(11): p. e3748.

D2. EFFECT OF CELL WALL SYNTHASES INHIBITORS IN THE MODULATION OF CELL
WALL CHITIN AND GLUCAN SYNTHESIS OF ALTERNARIA INFECTORIA
Chantal Fernandes2, Jorge Anjos2, Branca Silva2, Marta Mota1,2, Nuno Empadinhas2, Carol
Munro3, Louise Walker3, Frank Odds3, Neil A. R. Gow3, Teresa Gonçalves1,2
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Alternaria sp. are filamentous fungi with cell walls containing melanin that are increasingly
found as agents of human allergies and as opportunistic agents of infections. Before, we
identified Alternaria infectoria as an agent of a cerebral abscess (Hipólito et al., 2008) and
characterised A. infectoria genes that code for one of the cell wall components (Anjos et al.,
2012). Like other fungi, these are provided with a shielding cell wall made of interconnected
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chitin, glucans, mannans and glycoproteins. Chitin and glucan are the perfect targets for
antifungal drugs because they are essential to fungal cell growth and to survival against
environmental deleterious conditions. Two classes of antifungal drugs directed to these cell
wall components were developed, the echinocandins, such as caspofungin, non-competitive
inhibitors of the -1,3-glucan synthase and the chitin synthases inhibitors, that includes
nikkomycin Z.
The present communication reports the effect of caspofungin and nikkomycin Z in two strains
of A. infectoria. We identified eight different chitin synthase genes and studied the relative
gene expression when the fungus was exposed to the antifungals under study. We report that
one A. infectoria strain bears phenotypic traits that provide it some advantages to stand with
antifungal treatment. First, the basal chitin cell wall content is higher in this strain, IMF006
and, in response to the β-1,3-glucan synthase inhibitor, caspofungin, its cell wall chitin level
remained constant while in the other strain, IMF001, the chitin content increases to values
similar to basal IMF006 levels. More, upon caspofungin treatment the FKS gene is up-regulated
in IMF006 and down-regulated in IMF001. On the other hand, the β-glucan content is also
different in both strains, with higher levels in IMF001 than in IMF006, and does not provides
any advantage towards antifungal resistance. Caspofungin does not change the pattern of A.
infectoria spores phagocytosis, indicating that the β-glucan at surface is not changed by this
antifungal. While separately the antifungals only provide a fungistatic effect, the combination
of both lead to fungal cell lysis, revealing a strong synergy between chitin synthase inhibitors
and β-glucan synthetase inhibitors. In conclusion, the chitin level determines the susceptibility
to anti-cell wall antifungals.

Anjos J., Fernandes C., Silva B.M., Quintas C., Abrunheiro A., Gow N.A., Gonçalves T. 2012. Med. Mycol.
50:716-25.
Hipólito E., Faria E., Alves A.F., de Hoog G.S., Anjos J., Goncalves T., Morais P.V., Estevão H. 2009. Eur. J.
Clin. Microbiol. Infect. Dis. 28:377–380.

D3. YEASTS IN FOODS: A NEW THREAT TO AN AGEING POPULATION?
Lisa Rodrigues (1,2), Filipa Curado(1), Marta Mota(1,2), Carolina Coelho(1,2), Vítor Cabral(1), Luísa
Cortes(1), Rodrigo Cunha(1,2), Teresa Gonçalves(1,2)
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2
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Yeasts are important agents of severe infections, albeit being part of human body normal flora
and ubiquitous in food environments. Their recognition as pathogens and clearance by host
phagocytic cells is a complex procedure involving multiple systems and responses. In
individuals with immune diseases or weakened immune system (as occurs in
immunosenescence, during normal human ageing), a decreased ability to control infections is
found. Purines, namely adenosine, are endogenous signalling molecules contributing to the
fine-tuning of inflammatory and immune responses, controlling to minimal the inflicted
damage.
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This work, although with a board goal of clarifying if different yeasts species (Candida albicans,
Candida parapsilosis, Candida glabrata and Saccharomyces cerevisiae) in diet can constitute a
real threat to elder individuals, is currently focused on the study of the adenosine receptors
role, especially A2A, in the efficiency of phagolysosome towards yeast clearance. Using several
approaches it was elucidated the interaction between C. albicans, C. glabrata, C. parapsilosis
and S. cerevisiae with RAW 264.7 macrophage cell line. In particular, it was observed that
during C. albicans infection, adenosine A2A receptors are activated and localize around
phagosomes containing yeasts cells, although the gene expression does not increases.
Extracellular ATP and ecto-nucleotidases activity are other related aspects explored in an
attempt to understand how yeasts overcome phagocytosis. Deciphering the A2A trafficking to
the phagosomal membrane and the immuno-inflammatory response of aged cells, as well as
the matching in vivo mouse infection model to the presence of yeast cells, are part of the
ongoing work.
Supported by: PTDC/SAU-MIC/115598/2009; PEst-C/SAU/LA0001/2011 and SFRH/BD/74181/2010.

D4. IMPACT OF CAFFEINE IN THE INTERNALIZATION OF CANDIDA ALBICANS BY
HUMAN KERATINOCYTES
Marta Mota1,2, Branca M Silva1, Luísa Cortes1, Francisco Queiróz1, Rodrigo Cunha1,2, Teresa
Gonçalves 1,2
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Candida albicans, a member of the normal human microbiota, is an agent of systemic disease
with high morbidity and mortality. The skin infection, although not life threatening, is
considered a risk factor for development of severe infections, especially in immunodepressed.
Keratinocytes are skin cells, not professional phagocytic cells that can endocyte microbes,
which subsequently cross to subcutaneous layers. They are involved in the immune response
of the skin tissues due to its ability of expressing and responding to cytokines, thereby
contributing for the elimination of emerging infections. Recently, it was reported that
keratinocytes, once stimulated, lead to the release of adenosine triphosphate (ATP) which is an
indicator of stress mechanism. These effects are mediated by ATP receptors or by receptors for
adenosine, as a result from the activity of ecto-phosphatases. ATP has been considered a proinflammatory molecule, while adenosine and their receptors, particularly adenosine A2A
receptors function as protective and anti-inflammatory. Caffeine, an adenosine receptor
antagonist, is used in cosmetic preparations. Thus, the main objective of this work was to
study the impact of caffeine in the infection of keratinocytes by C. albicans.
The results showed that caffeine reduces the internalization of C. albicans by keratinocytes
and changes the keratinocyte morphology. It also had an impact on the extracellular
concentration of ATP, decreasing this factor, known to be a flag of hazard. In addition, there
was a statistically significant increase in the activity of the yeast ectophosphatase during the
time of infection. However, was registered in keratinocytes infected with C. albicans a
statistically significant increase in the activity of ectophosphatase after 2 h of infection. The
expression of A2AR gene after infection with C. albicans was lower than that recorded after the
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stimulation with LPS. The expression of the genes of proinflammatory cytokines, IL-1β and
TNF-α, showed that keratinocytes had a delayed response to LPS and to C. albicans infection,
and the introduction of caffeine during stimulation did not result in statistically significant
differences.
In conclusion, this study demonstrated that the presence of caffeine could alleviate or prevent
the keratinocyte infection by C. albicans. Further studies will unveil the exact molecular
mechanisms by which this drug changes the ability of these cells to internalize C. albicans.

D5. HIV1 VPR POLYMORPHYSMS ASSOCIATED WITH AA 77: A VIRUS HOTSPOT?
Soares R1,2, Rocha G1, Speigel A3, Mota M1, Meliço-Silvestre A1,3, Vieira A3 , Gonçalves T1,2
1

2

Faculty of Medicine, University of Coimbra, Portugal; Centre for Neurosciences and Cell Biology, University of
3
Coimbra, Portugal; CHUC, Coimbra, Portugal

Background and aims: There are several HIV-1 Vpr polymorphisms that have been involved in
biological functions of this viral protein that include replication and pathogenesis of the virus,
with a direct influence in AIDS progression, namely in infants with perinatal acquired HIV-1
infection. The aim of this ongoing work was to study HIV1 Vpr polymorphisms at the position
77 in an HIV1-infected family, prompted by a clinical case of a perinatal-infected-5-year-old
boy with repeated ear infections, but otherwise healthy.
Methods: Since July 2012, an HIV1-infected family (father, mother and son) has been studied
in what regards HIV1vpr gene polymorphisms. The family members were clinically evaluated
studying several clinical markers such as haematological parameters, viral load, development
delay, opportunistic infections, and other pathophysiological conditions.
Results: The analysis of HIV1 vpr sequences revealed two different mutations at the sequence
that codes for the amino acid position 77. Both parents were infected with a virus carrying a
R77H mutation, while the child’s-virus had a R77Q variant. Both parents and child were
considered asymptomatic, although the child had a very high viral load (1,073,899 RNA
copies/ml). Following a therapeutic period to decrease the child’s viral load, the child
continues with no clinical signs of disease and interrupts the therapy. The father developed
minor symptoms, while the mother remains asymptomatic.
Conclusions: Our results show that different mutations associated with the aa 77 lead to nonprogressive phenotypes. More, we identified a clinical case where the patient, a 5-year old
child, remained with no visible signs of disease regardless of high viral load. With this study we
aim to study Vpr not only as a bio-marker of disease progression, but also as an evolution flag
of HIV1.
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BIOPHYSICS AND BIOMEDICAL NMR
E1. CATIONIC GEMINI SURFACTANTS EFFICIENTLY DELIVER DNA TO MITOCHONDRIA
A.M. Cardoso a,b, C.M. Morais a,b, S.G. Silva c, M.L. do Vale c, E. Marques c, M.C. Pedroso de Lima
a,b
and A.S. Jurado a,b
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Like nuclear DNA, mitochondrial DNA (mtDNA) appears as a promising target for gene therapy.
Efficient mitochondrial nucleic acid delivery requires a system able to enter the cell, target the
mitochondria, cross the mitochondrial double-membrane system and deliver the cargo into
the mitochondrial matrix. This type of vectors rely on the inherent traits of the mitochondria,
such as the high transmembranar potential and the protein import machinery, but, so far, an
efficient mitochondriotropic gene delivery system has not been found. Biological membranes
are more permeable to lipophilic cations than to hydrophilic cations, since the former require
lower activation energy to cross the hydrophobic core of the membrane and, thus, cationic
gemini surfactants, formed by two monomeric surfactant molecules covalently linked at the
polar head group level by a hydrocarbon chain spacer, appear auspicious for mitochondrial
targeting. In the present work, gemini surfactants from two families (conventional bisquaternary and serine-derived bis-quaternary gemini surfactants), which were shown not to
exert cytotoxicity, were chosen to evaluate their ability to transfect mitochondria in HeLa
cells.
For this purpose, a GFP-encoding plasmid designed to be expressed specifically in
mitochondria was used. Our results show that the increase of the charge ratio of the
complexes leads to the increase of transfection efficiency (to a maximum of 45% of transfected
cells) with 14-2-14-, 14-2-14:DOPE:Chol-, Ser14:DOPE:Chol- and Ser16-based complexes, which
may be explained by preferential accumulation of the complexes with the highest positive
charge near the mitochondria. The size and the surface charge of the complexes varied
considerably among the different complexes, while they all showed to be in a liquid disordered
phase at 37ºC, as assessed by fluorescence polarization using the fluidity probes DPH and DPHPA. Differential scanning calorimetry (DSC) studies showed that all complexes presented phase
transitions between 45 and 60ºC, reflected by several endothermic peaks (two or three), thus
revealing a heterogeneous structure, rich in irregularities, which in lipidic systems have been
related with high transfection efficiency. Interaction with lipid membrane models was
addressed to determine preferential complex-membrane interactions. Model membranes with
different compositions were used to mimic the cytoplasmic membrane, the lipid rafts, and the
outer and the inner mitochondrial membranes. The only complex able to interact with the
cytoplasmic membrane model (Ser14:DOPE:Chol/DNA), promoting lipid mixing (assessed by
FRET), was that showing to be internalized by macropinocytosis. The complexes containing the
serine-derived surfactants revealed to be preferentially taken up by the cells through
raft/caveolae-mediated endocytosis. On the other hand, they promoted high interaction with
the raft membrane model, inducing lipid mixing, but no membrane destabilization (evaluated
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by calcein release), pointing to a potential role of caveolin for the cell uptake of the complexes.
All the complexes interacted with the outer mitochondrial membrane model, although not
inducing destabilization. However, mitochondrial uptake could still be possible due to the high
permeability of that membrane. The inner mitochondrial membrane model was destabilized
by all complexes, which supports their ability to deliver DNA to the mitochondrial matrix,
independently of the mitochondria transport proteins.
In summary, biophysical studies of the complexes revealed some physical properties shared by
competent delivery systems that could be responsible for their transfection efficacy.
Additionally, complex-membrane interactions provided an indication of the affinity between
the complexes and cellular membranes, rendering clues of how to improve the performance of
cationic gemini surfactant-based delivery systems towards the treatment of mtDNA disorders.

CELL AND DEVELOPMENT BIOLOGY
F1. GENE REPORTER PROFILE OF OOCYTES AND SPATIAL MAPPING OF FOLLICLE
ACTIVATION USING A VASA/GDF-9/ZP3 TRIPLE TRANSGENIC REPORTER LINE
Marília H. Cordeiro1,2,3, So-Youn Kim1, Francesca E. Duncan1, João Ramalho-Santos2, Teresa K.
Woodruff1
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2

Folliculogenesis is a complex process in which primordial follicles are selectively activated to
grow and ultimately produce a female gamete capable of being ovulated and fertilized. To
date, there is no robust method to track follicles/oocytes during the course of development in
vivo. In this study, we generated a triple transgenic mouse in which oocyte-specific promoters
(VASA, GDF-9 and ZP3), active at distinct stages of oocyte and follicle development, drive the
expression of genes encoding exogenous fluorescent proteins (EGFP, mCherry and AmCyan,
respectively). The mice were generated by pronuclear microinjection 1:1:1 ratio of the three
independent DNA constructs (injections performed by NU Transgenic Core). The co-injection
resulted in random insertion of exogenous DNA into the mouse genome and 9 independent
transgenic lines were generated – 1 double and 8 triple transgenic founders. We then selected
a line (#5570) in which the 3 transgenes segregated together after 4 generations and that had
relatively robust expression for all three transgenes. We examined the expression pattern of
the promoter-driven fluorescent proteins in ovaries from different age mice and found a
follicle-class dependent pattern consistent with prior studies using VASA, GDF9, and ZP3
promoters. We examined the expression intensity of the oocytes and found that levels differed
even within follicle classes, suggesting an underlying activity or intrinsic stratification of
function not previously appreciated. Finally, we used the mouse line to examine the location of
the first wave of follicle activation in the postnatal mouse. The first activated/growing follicles
appear on the dorsal side of the ovary in a relatively posterior location (on the ovarian side
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nearest the rete ovarii). In conclusion, our triple transgenic mice represent the first oocyte
specific reporter lineage in which the signal of fluorescent proteins can be use to follow oocyte
gene activity and follicle activation. This transgenic mouse line will be an important tool for
expanding our basic understanding of the mechanisms controlling follicle selection, oocyte
quality and ovarian developmental dynamics. Similar utility may be found in the male
offspring.
This work is supported by a Portuguese PhD Fellowship SFRH/BD/33886/2009 and endowed funds
through the Watkins Chair in OB/Gyn, Northwestern University.
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CHARACTERIZATION OF THE NOVEL RHO-GTPASE ACTIVATING PROTEIN, BPGAP1, IN
THE CENTRAL NERVOUS SYSTEM
Jeannette Schmidt1,2,3, Ana Luísa Carvalho2,4
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Normal brain function is strongly dependent on the correct development and assembly of the
neuronal cytoskeleton. Failure of neurons to form appropriate connections has long been
associated with cerebral disorders that involve varying degrees of cognitive deficits. During
development and other processes that include changes in cell architecture, as seen for
example in plasticity, neurons have to undergo, in some cases extensive, reorganization of
their actin scaffolding. The protein family of Rho-GTPases are indispensable to these events.
Rho-GTPases are tightly orchestrated by different groups of regulatory proteins namely
Guanine exchange factors, guanine nucleotide dissociation inhibitors and GTPase-activating
proteins. One newly identified member of the last group is BPGAP1. This protein has until now
only been described in cell lines but we recently found that it is absent in post-synaptic
densities of cultured cortical neurons of mice knocked out for the NMDA receptor subunit 2B,
a subunit shown to be essential to early development. Neurons of this genotype also
presented with an enhanced elongated dendritospinal phenotype, pointing towards
deregulated Rho-GTPase signalling. In order to understand this connection, fundamental
knowledge about BPGAP1s role within the central nervous system needs to be acquired upon
which further research can be built. This particular project therefore will use a diversified
approach for the characterization, beginning with different aspects of BPGAP1s specific
regional and subcellular distribution, followed by analyses of its role in neuronal morphology
as well as its function in different facets of plasticity.
Funded by PTDC/NEU-NMC/0750/2012 and SFRH/BD/51960/2012

ROLE OF STARGAZIN IN THE PATHOGENESIS OF PSYCHIATRIC DISORDERS
Gladys Caldeira1, 2, 3, Susana Louros3 João Peça3, Ana Luísa Carvalho3,4
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4
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Stargazin was the first transmembrane AMPA receptor regulatory protein (TARP) to be
identified and it is abundantly expressed in the cerebellum, cortex and thalamus. In stargazer
mice in which the stargazin gene (CACNG2) is disrupted there is a striking lack of cell surface
AMPARS and a large portion of the intracellularly retained receptors exhibit immature
glycosylation, suggesting intracellular retention. Stargazin may help AMPAR exit the Golgi and
its interaction with PSD-95 controls AMPAR surface diffusion and thus AMPAR accumulation at
postsynaptic sites. Also, stargazin phosphorylation is required for LTP whereas its
dephosphorylation is required for LTD. Recent data from our lab showed that stargazin
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phosphorylation may act as a switch controlling AMPAR synaptic accumulation and trapping
during homeostatic plasticity and that it is indispensable for experience-dependent plasticity at
the retinogeniculate synapse.
Interestingly, the chromosome region where the CACNG2 gene is located, 22q13, has been
strongly correlated with schizophrenia and bipolar disorder. In fact, numerous SNPs in the
CACNG2 gene confer susceptibility to these diseases and altered stargazin expression levels
were found in the brains of schizophrenia and bipolar disorder patients.
In this PhD project, we will test the hypothesis that for subsets of schizophrenia and bipolar
disorder patients with variants in CACNG2 the normal homeostatic adaptation of neuronal
circuits to changes in environment is disrupted, as a consequence of impaired stargazin
function. Our primary goal is to search for new rare point mutations in the CACNG2 gene in
schizophrenia and bipolar disorder patients and to understand whether these mutations affect
the synaptic function of stargazin, and could be involved in disease pathogenesis. Therefore,
we will use whole genome sequence data from ~150 patients and controls from the Genomic
Psychiatry Cohort to screen for mutations in the CACNG2 gene. We will evaluate in vitro
whether the stargazin mutations affect the several functions assigned to stargazin, focusing on
its role in homeostatic plasticity and in experience-dependent development of the
retinogeniculate synapse. For selected CACNG2 mutations that produce altered stargazin
function, knock-in mice models will be produced and characterized phenotypically. We are
currently producing a mouse knock-in model carrying a previously identified mutation in the
CACNG2 gene in a patient suffering from intellectual disability. Identifying other mutations
that impair the normal function of stargazin will allow structure/function studies, whereas
thorough characterization of the knock-in mouse models will establish genotype/phenotype
correlations that will inform the characterization of specific schizophrenia and bipolar disorder
endophenotypes correlated with variants of this risk gene.
(Supported by PTDC/NEU-NMC/0750/2012 and SFRH / BD / 51962 / 2012)

SYNAPTIC CIRCUITS OF SOCIAL BEHAVIOR
Mohamed Hussien, João Peça and Ana Luísa Carvalho
BEB PhD program, Institute for interdisciplinary research, Center of Neuroscience and Cell Biology, University of
Coimbra

Psychiatric and neurodevelopmental disorders such as autism and schizophrenia pose an
immense burden to society. Presently, progress is being made towards understanding the
genetic substrates, the cellular mechanisms and the brain circuits affected in these disorders.
Disruptions in synaptic function and the abnormal activation in discrete brain areas of patients
afflicted with autism and schizophrenia suggests that alterations at the synaptic level and in
specific neuronal circuits may be central to both conditions. However, identifying the specific
genes and which synaptic circuits are affected remains a major challenge. Therefore, and
perhaps not surprisingly, mapping the neuronal circuit controlling behavior in both the healthy
and the diseased brain is a major focus for neuroscience research.
Social dysfunction is at the center of several neuropsychiatric disorders but is most prominent
in disorders such as autism and schizophrenia. However, despite our understanding on the role
of a few molecules and genes, the synaptic circuits and the precise pathways regulating the
final expression of social behaviors remain largely unknown. Therefore, transversal analysis
capable of linking genes function, to synaptic effects, to circuits and behaviors requires
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extensive efforts. In this proposal we will tackle two major objectives. One goal is to identify
the synaptic circuits involved in affiliative social interactions using a combination of immediate
early gene analysis, behavioral paradigms and apply this knowledge to modulate animal social
behavior using targeted optogenetics. A second major goal is to characterize a novel
susceptibility gene to schizophrenia and autism using mouse molecular genetics and study the
putative role of this gene in synaptic function and discrete neuronal circuits.

THE SYNAPTOGENIC MECHANISMS UNDERLYING FGF22 IN THE HIPPOCAMPUS
Susana Filipa Pereira Sampaio1,2 and Ramiro D. Almeida2~
th
2
Doctoral Programme in Biomedicine and Experimental Biology – 11 Edition; Center for Neuroscience and Cell
Biology (CNC) – University of Coimbra
1

Local protein synthesis is an essential mechanism to control the local proteome in response to
extracellular signals in axons and dendrites. This phenomenon provides extensive advantages
over the transport of pre-existing proteins. Indeed, a role has been established not only for
brain plasticity, injury- induced responses, but also in synaptogenesis. Contact between a preand postsynaptic target is followed by several events including the recruitment and assemble
of molecules that contributes for presynaptic differentiation that culminates with a proper
synapse formation. The fibroblast growth factor 22 is widely known for its role as presynaptic
organizing molecule, and particularly required for presynaptic differentiation at glutamatergic
synapses. Dysregulation of FGF22 signaling during development has also been proposed to
increase vulnerability to neuropsychiatric disorders, including epilepsy.
We have previously described FGF22 role in promoting local protein synthesis in hippocampus,
but the precise molecules and their targets are not defined yet. Also we still do not know
precisely how FGF22- induced local protein synthesis act and if they are required for a proper
brain circuitry in this region. In this project, we propose to unravel the synaptogenic
mechanisms regarding FGF22 signaling in hippocampus. To accomplish this we will start by
identifying the axonal proteins synthesized upon FGF22 stimulation and analyze their specific
distribution. Then, we will establish the sufficiency for FGF22-induced synaptogenesis and
determine their role for a proper hippocampal brain circuitry. Finally, the role of FGF22induced local protein synthesis in the genesis of epilepsy will be assessed. Together, these
experiments will allow us to explore the exact role of FGF22 in brain function, contributing for
a better understanding.
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ROLE OF PURINERGIC RECEPTORS IN THE DEVELOPMENT OF CORTICAL EXCITATORY
CIRCUITRY: FROM MIGRATION TO SYNAPTOGENESIS
Sofia Morais, PhD student
Doctoral Program in Experimental Biology and Biomedicine

One of the fundamental processes required to achieve the correct stratified architecture of the
cerebral cortex is neuronal migration that allocates neurons into their final position for the
subsequent target identification and synaptic network formation. Indeed, the impairment of in
neuronal migration is one of the major causes of cortical malformation, which has been shown
to be associated with several neurological and psychiatric disorders. Hence, it is of upmost
importance to understand the cellular and molecular mechanisms governing neuronal
migration.
It is known that the migration of principal neurons requires several steps. Upon the formation
of post-mitotic neurons in the proliferative zones, they undergo a bipolarization in the
intermediate zone; this enables neurons to establish an axon-like leading process required for
their attachment to radial glial fibers to begin their oriented migration oriented to the cortical
plate. Cell movement is then achieved by successive migratory cycles that comprise axonal
extension followed by nuclear translocation in a saltatory pattern that is essentially driven by
the longitudinal dynamics of microtubules.
We now found in developing hippocampal neurons that purinergic receptors (P1 and P2
receptors, operated by extracellular adenosine and ATP, respectively) can control not only
axonal outgrowth, but also the establishment of neuronal polarity, two events essential for the
migration of principal neurons. Moreover, preliminary data show that this seems to be
achieved most likely through the regulation of microtubule dynamics by a regulation of
CRMP2, a microtubule-associated protein recently shown to be essential in cortical principal
neurons migration by promoting the loss of cell symmetry and the transition to a bipolar shape
in the intermediate zone for radial migration. These evidences raise the hypothesis that
purinergic signalling may be a crucial extracellular signalling system controlling neuronal
migration either by promoting the transition from a multipolar to a bipolar morphology
necessary for the radial migration from the intermediate zone and/or by modulating axonal
extension required for cell migration onto the cortical plate through the regulation of CRMP2
function. To test this hypothesis, we are now evaluating the impact of pharmacological
manipulation of purinergic receptors on axonal development in E18-derived rat hippocampal
neurons. To evaluate if purinergic receptors modulate axonal specification and outgrowth
through the regulation of CRMP2, we are also pursuing on the characterization of the
regulation of this crucial protein through these receptors.
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THE ROLE OF PURINERGIC RECEPTORS IN THE MIGRATION OF MEDIAL GANGLIONIC
EMINENCE-DERIVED INTERNEURONS
Sofia Ferreira1
1

Center for Neuroscience and Cell Biology of Coimbra, Univ. of Coimbra, Coimbra, Portugal

Among the fundamental processes for the establishment of a correctly wired cerebral cortical
circuitry, neuronal migration is crucial to define the final allocation of neurons in the brain, which is
essential for the subsequent formation of synaptic networks. In fact, defects of neuronal migration
during brain development are among the most common causes of cortical malformation disorders.
In particularly, the dysfunction of inhibitory GABAergic interneurons has been associated with
several neurological and psychiatric conditions. Thus, unravelling the precise cellular and molecular
mechanisms underlying the migration and positioning of interneurons during corticogenesis is of
upmost importance. Our knowledge of the mechanisms governing the cell biology of interneuron
migration has improved considerably in the last decade with the identification and characterization
of some guidance cues involved; however, several evidences indicate that additional cues or at
least, other signalling systems able to guide or modulate the direction of interneurons migration,
remain to be identified.
Extracellular purinergic (ATP and adenosine) operate one of the most primitive receptor signalling
systems, which suggests their putative relevant role in ontogeny. Indeed, purinergic receptors (P1
and P2 receptors) have been identified in early embryonic stages, but their role in brain
development remains ill defined. It has been recently shown that purinergic receptors can control
axonal outgrowth, a crucial event for neuronal migration, and our preliminary data indicate that
this is achieved most likely through the regulation of microtubule dynamics by modulation of the
function of a microtubule-associated protein, CRMP2. These evidences, together with the
described increase of purinergic receptors expression coincident with the onset of interneuronal
migration, led us to explore the role of purinergic receptors in the migration of interneurons as
well as the mechanisms involved.
As a first approach towards this goal, using mice as a model, we are currently assessing the wholebrain expression profile of all purinergic receptors at different time-points of embryonic
development until adulthood by Western blot analysis, as well as the subcellular distribution of
those receptors found to be relevant. This initial widescreen analysis will allow defining which
receptors are present and should be considered candidates to play a role in brain development.
We will then explore the localization and functional role of these purinergic receptors in
interneurons derived from medial ganglionic eminence (MGE). We will evaluate, both in in vitro
and in situ models, the impact of pharmacological and genetic manipulation of these purinergic
receptors in the cell movement and in the guidance through the developing telencephalon of the
MGE-derived interneurons. Finally, we will explore the mechanistic relevance of CRMP2
modulation, a microtubule-associated protein, in the regulation of MGE-derived interneurons
migration driven by purinergic receptors.
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IS AGEING THE TRIGGERING FACTOR IN POLYGLUTAMINE INDUCED
NEURODEGENERATION? A STUDY IN MACHADO-JOSEPH DISEASE MODELS.
Pereira D., Cavadas C., Pereira de Almeida L.
1
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University of Coimbra 3004-517 Coimbra, Portugal
2
Institute for Interdisciplinary Research, University of Coimbra, 3004-517 Coimbra, Portugal
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Machado-Joseph disease (MJD), also known as Spinocerebellar ataxia type 3 (SCA3) is an
autosomal dominantly-inherited neurodegenerative disorder characterized by the pathological
expansion of CAG trinucleotide repeat in the ATXN3/MJD1 gene, which confers a toxic gain-offunction to the mutant protein – ataxin-3, leading to neurodegeneration in specific brain
regions. Until now no treatment able to modify the disease progression is available, despite
the promising progresses made by our group and by others.
Ageing is the major risk for neurodegenerative disorders, being already reported to be
associated with occurrence and progression of Alzheimer’s disease, Parkinson’s disease and
Huntington’s disease, among others. While some ageing-associated changes occur in a
programmed manner, others are stochastic and unpredictable. An alternative to the analysis
of ageing is the study of human genetic syndromes whose phenotypes show specific
characteristics of human ageing, and Hutchinson-Gilford Progeria Syndrome, a premature
ageing syndrome, is one of those examples.
In this project we will investigate the role of ageing in polyglutamine-induced degeneration.
Specific aims are: 1) to identify the role of ageing in precipitating neurodegeneration, 2) to
investigate de-regulation of progerin and lamin A/C and its role in MJD, and 3) to investigate
whether lentiviral-mediated overexpression of progerin aggravates MJD pathogenesis in cell
and animal models and whether this can be rescued by blocking progerin expression and/or
other ageing-related mechanisms.
We expect to clarify the role of ageing in MJD pathogenesis and age of onset. Moreover,
stopping/delaying the mechanisms involved in normal or accelerated ageing may represent a
novel approach for therapy or delaying the symptoms associated with MJD

OGD DOWNREGULATES 26S PROTEASOME ACTIVITY AND INDUCES THE CLEAVAGE
OF THE UBIQUITIN RECEPTOR (RPN10/S5A) BY CALPAINS DOWNSTREAM OF NMDA
RECEPTOR ACTIVATION IN CORTICAL NEURONS
Ivan L. Salazara,b,c, Carlos B.Duartea,d, Margarida V. Caldeiraa
a

b

CNC- Center for Neuroscience and Cell Biology, University of Coimbra; Doctoral Programme in Experimental Biology
c
and Biomedicine, Center for Neuroscience and Cell Biology, University of Coimbra; Institute for Interdisciplinary
d
Research, University of Coimbra (IIIUC); Department of Life Sciences, University of Coimbra.

In stroke there is a rapid loss of brain function due to a reduction in the blood supply to the
brain, which decreases the delivery of nutrients and oxygen that are essential for proper brain
function. As a result, there is a massive extracellular accumulation of the neurotransmitter
glutamate with a consequent overactivation of glutamate receptors. The excessive Ca2+ influx
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to post-synaptic neurons activates a group of cysteine proteases including calpains and
caspases. In contrast, the Ubiquitin-Proteasome System (UPS), the major proteolytic system
responsible for the degradation of soluble proteins in mammalian cells, has been shown to be
downregulated in several in vitro and in vivo models of transient ischemia. Similar to the
observations in several neurodegenerative diseases, brain ischemia is characterized by an
increase in protein misfolding, and the decrease in this quality control mechanism leads to the
accumulation of proteins in large protein aggregates that are positive for subunits of the 26S
proteasome, chaperones and for ubiquitin. As a consequence, and similar to chemical
proteasome inhibition, there is an accumulation of high-molecular weight polyubiquitin
conjugates and free ubiquitin consumption. However, the molecular mechanisms contributing
to the deregulation of the 26S proteasome and the identity of the ubiquitinated proteins
accumulated in brain ischemia, as well as the functional consequences, remain poorly
understood.
In this work we further investigated the alterations in the UPS induced by brain ischemia, using
cultured cerebrocortical neurons exposed to oxygen and glucose deprivation (OGD), a wellestablished in vitro model that mimics transient global brain ischemia. Exposure to OGD for 2 h
decreased the chymotrypsin-like activity of the 26S proteasome by 35%, 41% and 51% when
evaluated 30 min, 1 h and 2 h after the insult, respectively. Concomitantly, the Rpn10/S5a
protein, a 19S regulatory particle that binds polyubiquitin chains, was downregulated to 59 %
of the control 2 h after the insult by a mechanism dependent on NMDAR and calpain
activation. Accordingly, OGD induced a time-dependent increase of α-spectrin cleavage, giving
rise to products with 150 and 145 kDa, showing an increase in calpain/caspase-3 activity. The
generation of these α-spectrin breakdown fragments was prevented by the calpain inhibitor
ALLN and by the NMDAR antagonist APV. Together, these results indicate that excessive
activation of NMDAR and consequent activation of calpains after OGD results in the cleavage
of the polyubiquitin chain receptor Rpn10. The in vitro ischemia conditions used induced 12 %
of neuronal death, when evaluated 12 h after the insult. Preventing the observed alterations in
the UPS may be a good neuroprotective strategy to be exploited.
(Supported by FCT, COMPETE, QREN, FEDER; PTDC/SAU-NMC/120144/2010 and SFRH/BD/51967/2012)

CARBON MONOXIDE MODULATION OF ASTROCYTIC VIABILITY FOLLOWING AN
ISCHEMIC INJURY – METABOLIC TARGETS DISCLOSURE
Sara Raquel Reis de Oliveira
Institute for Interdisciplinary Research, University of Coimbra (IIIUC; CNC

As Hypoxia-Ischemia and Reperfusion (HIR) is one of the main causes of brain damage leading
to mortality and morbility, there is a critical and increasing need for the development of
efficient protective strategies. In adults HIR is mainly due to stroke, while in newborns and
preterm infants, it is caused by perinatal complications. Given the protective role of astrocytes
in cerebral HIR, strategies aiming their survival may constitute a valuable therapeutic
approach.
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Carbon monoxide (CO) is cytoprotective and maintains cellular homeostasis. The use of CO for
therapeutic purposes presents two main advantages: (i) it is an endogenous product and the
organism is fully adapted to it and (ii) CO is not metabolized and reversibly binds to its
molecular targets, which makes the pharmacokinetic much simpler. It is already known that
CO prevents apoptosis in several cell types. Furthermore, a CO preconditioning stimuli was
already shown to promote neuroprotection in a rat model of brain ischemia.
Herein, we purpose to disclose the main CO-induced cytoprotection mechanisms in astrocytes
upon an ischemic event. After a transcriptome analysis, we will select specific hints for further
investigation. The modulation of astrocyte survival by CO will be studied both at biochemical,
cellular and systemic levels. For validating the in vitro assays and for evaluating CO effect in
cytoprotection, studies using mouse organotypic slice cultures and in vivo models for cerebral
HIR will be performed.

DISCOVERY OF NOVEL INFLUENZA ANTIVIRALS THROUGH TARGETING OF NS1
INTERACTOME USING IN-SILICO SCREENING
Ravikumar.Kapavarapu, Rui Brito
Structural and computational biology, Center for neuroscience and cell biology, University of Coimbra

Influenza epidemics and pandemics are constant threats to human health and recent
emergence of influenza A H5N1 and H1N1 strains has heightened concern. The lack of
immediate availability of vaccines in early infection period of Influenza A virus to tackle the
emerging circulating strains is a driving force for the search of effective antivirals. Antiviral
drugs provide an immediate and direct control of influenza virus infection. Rapid emergence
of drug-resistant viral mutations has limited the use of neuraminidase (NA) inhibitors and
rendered the matrix protein 2 (M2) blockers ineffective. Therefore, there is urgent need of
novel anti-influenza drugs targeting “Achilles heel” in the Influenza genome. Non-structural
protein 1(NS1) is a multifunctional protein and plays a significant role in viral replication and
resisting cellular immune response and has recently emerged as a promising new antiinfluenza target. The current therapeutic modalities are neither fully effective nor widely
available to fulfill global needs. In addition their potential usefulness against newly emergent
strains is not known. Efforts are needed to develop novel agents against influenza virus,
including broad-spectrum agents. Identification of small molecules that inhibit NS1 function
either directly or by interfering with specific cellular pathways may be a key to increasing
human defense against the influenza virus. The overall goal of this PhD project is to explore
this hypothesis through the design of small molecule inhibitors by employing both structure
based and ligand based virtual screening strategies. Virtual screening approaches will be used
to characterize the key features of known assayed inhibitors from a large library of active
compounds. These compounds will be filtered by different computational screening methods
such as molecular docking, pharmacophore searches and 2D/3D similarity searches. Ligandbased and structure-based methods will be employed to target both the dsRNA and effector
domains to identify potential leads for disrupting the NS1 interactome. Ligand-based
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approaches will be performed on ChEMBL database to explore the chemical features
responsible for biological activity. Structure based approaches on dsRNA and CPSF30 interfaces
with molecular docking simulations will help to detect bioactive binding modes and critical
interactions in the active sites of NS1 protein. Finally a narrow set of promising lead candidates
will be prioritized for biological evaluation.
Keywords: influenza; non-structural protein1; virtual Screening; docking; protein-ligand
interactions.

PROGRAMMING HEMATOPOIETIC STEM-LIKE CELLS
Andreia Gomes (11th edition)
Hematopoiesis is the process that generates all the cell types of the blood and is originated
from hematopoietic stem cells (HSCs) that are capable of self-renewal and differentiation.
Over the last decades, hematopoietic stem cell transplants have been routinely used to treat
patients with cancer and other disorders of the blood and immune system. However, the
number of HSCs and the number of compatible donors is still limited. Thus, it remains a
challenge to expand functional HSCs in vitro. To overcome these limitations, direct
programming of HSCs from unrelated cell types constitutes an alternative strategy to produce
hematopoietic cells for replacement therapy. Recently, it was identified a combination of four
transcription factors, Gata2, Gfi1b, cFos and Etv6, in mouse fibroblasts that efficiently induced
endothelial-like precursors that generate hematopoietic cells with features of emergent HSCs.
Here we aim to induce transplantable HSCs that can permanently reconstitute the
hematopoietic system of a recipient host with mouse and human cells. We will screen for
extrinsic and intrinsic factors that affect the efficiency and maturation of emergent HSC-like
cells. These include the addition of other factors such as microRNAs and the optimization of
culture conditions using a range of biomaterials combinations. We will characterize these
hematopoietic cells with HSC features using flow cytometry and gene expression analyses.
Finally, the function of emergent cells will be tested in vitro and in vivo after transplantation
into irradiated mice. We hope that these studies will provide alternative strategies to produ ce
hematopoietic stem cells for cell replacement therapy.
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