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Letter from the Director

IBMC was created 15 years ago with the participation of
researchers from various faculties, hospitalsand institutions
that were through some means associated with the Univer-
sity of Porto. IBMC has developed strong basic research in
the field of Life Sciences, which has allowed a successful
interface with applied and clinical research at the highest
international level. This has resulted in a very productive
multidisciplinary environment in which Research Groups
can collaborate to find innovative answers to biologically
relevant medical questions. In more recent years, we have
continued to progress towards understanding basic bio-
logical questions, but also translated the results of research
carried out within IBMC into clinical applications for
an effective value creation in close contact with industry.
IBMC includes excellent Research Groups with a strong
basis on Molecular, Cellular and Organismic Biology, pro-
viding a solid foundation on which to address all other cur-
rent questions in Life and Health Sciences. These questions
currently include the crucial problem of phenotype versus
genotype in Human Genetics, the organization and func-
tion of the Nervous System and the area of Host-Pathogen
Interaction. We also strive to look to the future and keep
new developments in sight, such as Tissue Regeneration
and Repair, which have recently become of major medical
relevance and will certainly deliver innovative new medical
treatments in the future. IBMC has achieved national and
international recognition in many areas but must continue
to aspire to higher levels of excellence, which will in turn
require transdisciplinary research initiatives. I invite you to
read this document and become immersed in the research
carried out at IBMC; a highly dynamic and exciting place
to do science in Portugal.

(i 2>

Claudio Sunkel

Mission Statement

IBMC- Instituto de Biologia Molecular ¢ Celular
is a non-profit association of public utility. Our
main mission is to foster research in the Life Sci-
ences and Biomedicine at highest international
level, to promote postgraduate training of young
researchers in these areas, to encourage technology
transfer and the public engagement with Science.
Our vision is to become an international leader in
multidisciplinary research into fundamental bio-
logical problems, while pursuing scientific innova-

tion and social progress. Since it was founded in
June 1991, IBMC contributes to the cutting-edge
science within Universidade do Porto.
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In our effort to achieve these goals we have
invested heavily in attracting talented young
group leaders and in providing broad-based
interdisciplinary training to our graduate stu-
dents. We have aggressively pursued technol-
ogy transfer and have been addressing a wide
range of science-in-society issues.

The IBMC was formed with the aim of devel-
oping research in the Biological Sciences with
distinct applications in medical research; and
as expected, a large component of the funda-
mental and applied work that is undertaken is
related to health and biomedicine. Most of this
research is underpinned by a strong molecular
and structural foundation. Currently, the differ-
ent Research Groups of the IBMC are organ-
ized into three Thematic Units:

Molecular and Cellular Biology

there are also some:

ciated Groups

the research supported by:

Technological Platforms

and translated into:
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Infection and
Immunity

The interaction between pathogens and their hosts is a complex
and dynamic process, with each player having to recognize, re-
spond and adapt to the other. Pathogens have evolved strategies
to manipulate and evade host defenses to optimize their survival
and/or transmission. Meanwhile, the host defense system must bal-
ance the requirement to control the pathogen with the potential
for damaging its own tissues. An infection is thus accompanied by
responses from both the pathogen and the host and it is the balance
between these responses that defines the infection outcome.

The principal aims of the work in this Unit are to identify and
study the molecules and pathways that play critical roles during the
interaction of pathogens with their hosts. The research groups ex-
amine host-pathogen interactions from both angles: the virulence
mechanisms employed by pathogens to infect, colonize and persist
in their hosts, and the mechanisms engaged by the host to resist in-
fection at the cellular and organism levels. In addition, they analyze
the mechanisms of pathology induction and investigate potential
therapeutic and preventive strategies. The research uses in vivo and
in vitro experimental models of host-pathogen interactions: from
bacteria, fungi and pathogens to parasites, from extracellular to
obligate intracellular pathogens, and from culture human cells to
mouse and fish animal models.




T cell labeled with CD3 (red) and CD5 (green) interacting with superantigen-loaded APC. Merge of the two mark
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seen as yellow.

The group aims to study the molecular mecha-
nisms that regulate transcription and protein
expression in complex systems including tissues,
cellular differentiation and immune cell activa-
tion. T cell receptor recognition of peptide-
MHC complexes largely dictates the outcome
of adaptive immune responses, however a varied
number of other molecules regulate these re-
sponses. CD5 and CD6 are receptors expressed
at the surface of T lymphocytes that localize
at the immune synapse during T cell: APC in-
teractions and modulate T cell signaling. CD5
has long been known to functionally work as
an inhibitor, recruiting to the sites of antigen
recognition the tyrosine phosphatase SHP-1,
which dampens ongoing phosphorylation reac-
tions. We have recently proposed an alternative
mode of CD5 inhibitory signaling: stimulation
of CD5 results in the tyrosine phosphorylation
of the kinase Fyn at its C-terminal inhibitory
tyrosine residue, thus inactivating the kinase.

Castelo-Branco P, Furger A, Wollerton M, Smith C, Moreira A, Proudfoot
NJ (2004) “Polypyrimidine tract binding protein modulates efficiency
of polyadenylation.” Molecular & Cellular Biology 24:4174-4183.

James JR, Oliveira M1, Carmo AM, laboni A, Davis SJ (2006) “A rigor-
ous experimental framework for detecting protein oligomerization
using bioluminescence resonance energy transfer” Nature Methods
3:1001-1006.

Castro MAA, Oliveira MI, Nunes R], Fabre S, Peixoto A, Brown MH,
Parnes JR, Bismuth G, Moreira A, Rocha B, Carmo AM (2007) “Extra-
cellular isoforms of CD6 generated by alternative splicing regulate tar-
geting of CDG6 to the immunological synapse.” Journal of Immunology
178:4351-4361.

Nunes RJ, Castro MAA, Gongalves C, Bamberger M, Pereira CF, Bismuth

These inhibitory actions of CD5 are further am-
plified by an increased expression of CD5 upon
T cell receptor triggering. This rise in protein
expression is partly due to the alternative polya-
denylation-mediated regulation of mRNA CD5

expression.

We aim to characterize the mechanisms of alter-
native polyadenylation of the CDS5 transcript
upon T cell activation and identify putative mi-
croRNAs controlling CD5 mRNA expression.
Regarding the CD5-related receptor CD6, will
further characterize the range of CD6 mRNA
alternatively-spliced isoforms including their
differential expression during thymocyte devel-
opment. Finally, we will address the molecular
mechanisms involved in the termination of
transcription using global analysis of distant and
closely-spaced genes.

G, Carmo AM (2008) “Protein interactions between CD2 and Lck are
required for the lipid raft distribution of CD2.” Journal of Inmunology
180:988-997.

Alves NL, Huntington ND, Mention J-J, Richard-Le Goff O, Di Santo
JP (2010) “ A thymocyte-thymic epithelial cell cross-talk dynamically
regulates intrathymic IL-7 expression in vivo.” Journal of Inmunology
184:5949-5953.

Fernandes RA, Yu C, Carmo AM, Evans EJ, van der Merwe PA, Davis SJ
(2010) “What controls T-cell receptor phosphorylation?” Cell 142:668-
669.

Lutz CS, Moreira A (2010) “Alternative mRNA polyadenylation in cu-
karyotes: and effective regulator of gene expression” WIREs RNA
DOI: 10.1002/wrna.47.



AIP56 toxin inside sea bass cells. Sea bass peritoneal leukocytes treated with recombinant cMyc-tagged AIP56 for 2 h and stained with ¢
antibody for detection of the recombinant toxin (green), anti-porin antibody to label the mitochondria (red) and DAPI to detect the nuclei (blue).
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At our laboratory we work on host-pathogen inter-
action using fish as host model.

Fish are the first phylogenetic group exhibiting a
fully developed adaptive immune system, similar
to that of mammals, and therefore, representing a
unique link in the study of the immune system. We
have been contributing to advances in this topic by
sequencing and characterizing important molecules
involved in the immune response in sea bass (Dicen-
trarchus labrax). In addition to their phylogenetic
relevance, these tools have allowed us to dissect the
immune response to infection at both transcrip-
tional and translational levels.

We have also been studying a pathogenic mecha-
nism triggered by an exotoxin (AIP56) that in-
duces apoptosis of macrophages and neutrophils,
resulting in lysis of these phagocytes by secondary
necrosis. AIP56 is a major virulence factor secreted
by a Gram-negative bacterium (Photobacterium
damselae piscicida) that causes massive mortality
in several important marine fish species, including
sea bass. We found that AIPS6 is an AB toxin: the
A domain (N-terminal) is a zinc-metalloprotease
that cleaves NF-kB p65, similarly to NleC (a type
III secreted effector, from enteric bacteria, homo-
logue to AIP56 N-terminal), and the B domain (C-

Costa-Ramos C, do Vale A, Ludovico P, dos Santos NMS, Silva MT (2011).
The bacterial exotoxin AIP56 induces fish macrophage and neutrophil
apoptosis using mechanisms of the extrinsic and intrinsic pathways. Fish&
Shellfish Inmunology 30, 173-181.

Silva MT, dos Santos NMS, do Vale A (2010). AIPS6: A Novel Bacterial
Apoprogenic Toxin. Toxins 2, 905-918.

SilvaMT, do Vale A and dos Santos NMS (2008). Secondary necrosis in mul-
ticellular animals: an outcome of apoptosis with pathogenic implications.
Apoptosis 13, 463-82.

dos Santos NMS, do Vale A, Reis MIR and Silva MT (2008). Fish and Apop-

terminal), homologue to a protein of unknown
function from the bacteriophage APSE2, is re-
sponsible for the binding/entry of the toxin into
the cells.

Studying host-pathogen interactions will con-
tinue within the scope of our group.

As short-to-medium term goals we will focus on
three main issues: (i) development of tools for
monitoring fish immune responses to pathogens,
including production of antibodies against im-
portant molecules involved in immune respons-
es, development of the tetramer technology for
exact enumeration of antigen-specific T cells, and
the development of immortalized lymphoid cell
lines; (i) detailing the mechanisms involved in
the apoptotic and inflammatory responses as well
as antigen presentation in fish; (iii) studying the
mechanism of action of AIPS6 and its structure-
function relationship. This includes defining its
internalization and trafficking pathways, disclos-
ing its 3D structure, and developing an AIP56-
based vaccine as well as potential use as pharma-
cological and biological tool.

tosis: molecules and pathways. Current Pharmaceutical Design 14,
148-169.

Silva MT, do Vale, A. and dos Santos NMS (2008). Fish and apoptosis:
studies in discase and pharmaceutical design. Current Pharmaceutical
Design 14, 170-183.

Silva DSP, Reis MIR, Nascimento DS, do Vale A, Percira PJB and dos
Santos NMS (2007). Sea bass (Dicentrarchus labrax) invariant chain
and class IT major histocompatibility complex: Sequencing and struc-
tural analysis using 3D homology modelling. Molecular Inmunology

44,3758-3776.



osamine (green) and dead cells (red) within S. epidermidis Ims. Biofilm cells were stained with DAPI
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W are interested in the broad field of immunology
of infection and our main objective is to develop
novel strategies to prevent and treat infectious
diseases. Group B streptococcus (GBS) or Strepto-
coccus agalactiae is a causative agent of severe infec-
tions in human neonates. We have previously iden-
tified GBS GAPDH, as an important virulence
factor for this bacterium through a mechanism
encompassing host IL-10 production. Moreover,
recombinant GBS GAPDH was successfully used
to vaccinate neonate mice against lethal GBS in-
fection. This vaccination strategy is currently pat-
ented. In another research line, innate and acquired
immune mechanisms, elicited in the murine host
by Neospora caninum, were characterized. Namely,
conventional and plasmacytoid dendritic cells were
identified as the main producers of host-protective
IL-12 upon infection. This protozoan is the main
infective agent causative of abortions and stillbirths
in cattle. More recently, we have initiated the study
of Staphylococcus epidermidis biofilms, a main cause
of medical-device associated infections. Flow cy-
tometry-based tools were developed to analyse the

physiological state of S. epidermidis biofilm cells

Madureira, P., Baptista, M., Vicira, M., Magalhaes, V., Camelo, A., Oliveira,
L., Ribeiro, A., Tavares, D., Trieu-Cuot, P., Vilanova, M., Ferreira, P. 2007.
Streptococcus agalactiae GAPDH is a virulence-associated immunomod-
ulatory protein. 2007. J Immunol. 178: 1379-87.

Dinis M, Tavares D, Veiga-Malta I, Fonseca AJ, Andrade EB, Trigo G, Ri-
beiro A, Videira A, Cabrita AM, Ferreira P. Oral therapeutic vaccination
with Streptococcus sobrinus recombinant enolase confers protection
against dental caries in rats. 2009. J Infect Dis. 199:116-23.

Teixeira, L., Botelho, S., Mesquita, S.D., Correia A, Cerca F, Costa R, Sam-
paio P, Castro AG, Vilanova M. Plasmacytoid and conventional dendrit-
iccells are carly producers of IL-12 in Neospora caninum-infected mice.
2010. Immunol. Cell. Biol. 88:79-86.

Correia, A., Lermann, U, Teixeira, L., Cerca, E, Botelho, S., Gil da Costa,
R.M., Sampaio, P., Girtner, E, Morschhiuser, J., Vilanova, M., Pais, C.

and how biofilms with different proportions of
dormant cells interact with the host immune sys-
tem.

Our main objectivc in the long—term concerns
the clinical application of the vaccines developed
and studied in animal models. To reach this ob-
jective, a more detailed characterization of the
interaction of S. agalactiae GAPDH with host
immune cells will be carried out. This includes
the identification of host cell receptors for this
immuno-modulatory protein and signal trans-
duction pathways. Mucosal immunization with
N. caninum antigens will be attempted in mice
and bovine hosts as a novel approach to prevent
neosporosis. Using the N. caninum model, im-
munotherapy of immune defective hosts using
specific monoclonal antibodies will be also stud-
ied. The interaction of S. epidermidis biofilms
with the host immune system will be also char-
acterized in further detail in order to conceive an
immune-based approach able to prevent nosoco-
mial infections caused by this pathogenic agent.

Limited role of secreted aspartyl proteinases Sap1-6 in Candida albi-
cans virulence and host immune response in murine hematogenously
disseminated candidiasis. 2010. Infect. Immun. 78:4839-49.

Cerca, F, Andrade, F, Franga, A., Andrade, E.B,, Ribeiro, A., Almeida,
A.A,, Cerca, N, Pier, G., Azeredo, J., Vilanova, M.. Staphylococcus epi-
dermidis biofilms with higher proportions of dormant bacteria induce
alower activation of murine macrophages. J. Med. Microbiol. 2011 Jul
28. [Epub ahead of print].

Madureira, P, Andrade, E.B., Gama, B., Oliveira, L., Moreira, S., Ribeiro,
A., Correia-Neves, M., Trieu-Cuot, P., Vilanova, M., Ferreira, P. Inhibi-
tion of IL-10 production by maternal antibodies against GBS GAP-
DH confers immunity to offspring by favoring neutrophil recruitment.
2011. PLoS Pathogens. in press.
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Iron and Innate Immunity
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Previous research results

We have previously shown that iron overload favours
bacterial growth in mouse' and fish*?, whereas iron
chelation has the opposite effect*. We contributed to
the characterization of two mouse models of heredi-
tary haemochromatosis, the B2m-knock-out and the
Hfe-ko, both of which show parenchymal iron ac-
cumulation with sparing of tissue macrophages®. We
reported that iron distribution is altered during in-
fection with M. avium, accumulating inside infected
macrophages®.

Hepcidin decreases iron release from macrophages
and enterocytes, resulting in decreased serum iron
levels and, in the long term, in anaemia. However,
when we infected mice with M. avium, the animals
developed mild anaemia with no significant induc-
tion of hepcidin®. Mice infected with M. avium
showed altered expression levels of other iron-related
genes such as ferritin, lipocalin-2 and genes involved
in heme metabolism®. On the other hand, we showed
that the dual activation of hepcidin by iron and by
infection has been conserved throughout evolution
since it is also observed in fish2.

Recently, we hypothesized that iron exacerbates in-
fection through oxidative stress and inflammatory
mechanisms. Iron induces Nrf2 signalling 77 vivo and
primary cells derived from Nrf2-/- mice are more
susceptible to iron-mediated oxidative stress (Duarte
et al, in preparation). Likewise, mice genetically de-
ficient in heme-oxygenase-1, a transcriptional target
of Nrf2, are more susceptible to M. avium (Gomes et
al, in preparation).

Interestingly, infection by the protozoan parasite

Leishmania infantum is more easily circumvented
in iron overloaded mice and we have evidence that
iron-induced parasite killing is mediated by host-
derived oxygen and nitrogen species (Costa et al,
in preparation).

Future research goals

Future studies on the links between iron metabo-
lism, oxidative stress and inflammation in the con-
text of the innate immune response to infection are
thus granted. In particular, we will aim at under-
standing the relevance of Nrf2 activation by iron in
vivo and at identifying the mechanisms by which
hemc-oxygcnasc—l protects against M. avium
infection. We are also determined to investigate
the molecular and cellular mechanisms of the ane-
mia induced by M. avium in mice. We previously
showed that M. avium infection has an impact on
the iron distribution of the host and causes mild
anemia after one month of infection. Lipocalin-2
was one of the most highly induced iron-related
genes in the liver. Since it has been suggested in the
literature that lipocalin-2 inhibits erythropoiesis,
we will analyse the impact of M. avium infection
on the iron metabolism of lipocalin-2-deficient
mice, particularly in what concerns the red blood
cell compartment. Finally, we will collaborate with
the Chemistry Department (FCUP) in the de-
velopment of new therapies against Mycobacteria
and Leishmania infection, based on iron chelators
that we have previously shown to be able to inhibit
the growth of M. avium in vitro.

Selected references

Gomes-Pereira, S., Rodrigues, P., Appelberg, R. and Gomes, M.S. Increased
susceptibility to Mycobacterium avium in hemochromatosis protein HFE-
deficient mice. Infection and Immunity (2008) 76:4713-4719

Rodrigues, P., Vasquez-Dorado, S., Neves, ]. and Wilson J. Fish hepcidin dual
function: its response to experimental iron overload and bacterial infection
in Sea bass (Dicentrarchus labrax). Develop I and Comparative Im-
munology (2006), 30:1156-1167

Neves, J., Wilson J. and Rodrigues, P. Transferrin and ferritin response to bac-
terial infection: the role of the liver and brain in fish. Developmental and
Comparative Inmunology (2009), 33(7):848-857

Fernandes, S.S., Nunes, A., Gomes, A.R., de Castro, B., Hider, R.C., Rangel,
M., Appelberg, R. and Gomes, M.S. Identification of a new hexadentate

iron chelator capable of restricting the intramacrophagic growth of My-
cobacterium avium. Microbes and Infection (2010) 12:287-294

Rodrigues, P., Lopes, C., Mascarenhas, C., Arosio, P., Porto, G., and De
Sousa M. Comparative study between Hfe-/- and $2m-/- mice: Pro-
gression with age of iron status and liver pathology. International Jour-
nal of Experimental Pathology (2006), 87(4):317-324

Rodrigues, P, Silva Gomes, S., Neves, ].; Gomes-Pereira, S., Correia-Neves,
M., Nunes-Alves, C,, Stolte, J., Sanchez, M., Appelberg, R., Muckentha-
ler, M., and Gomes S. Mycobacteria-induced anaemia revisited: A mo-
lecular approach reveals the involvement of Nramp-1 and Lipocalin-2,
but not of Hepcidin. Inmunobiology (2011)
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Previous research results

We have used a mouse model of Mycobacterium
avinm infection to dissect the immune response
to mycobacterial infections looking at protective
immunity mechanisms (both innate and adaptive)
and immunopathology (granuloma formation, fi-
brosis, and necrosis, peripheral lymphopenia, and
thymic atrophy). Thus we now know that protec-
tive immunity requires gamma interferon (IFNg),
the interleukins 6 and 12, tumor necrosis factor
(TNF), the CD30 and CD40 molecules and the
TLR2 receptor. We pinpointed the pivotal role of
IFNg in the mechanisms leading to granuloma for-
mation and necrosis as well as the cell loss of central
and peripheral lymphoid organs while excluding
major players as the mediators of such pathology.
For example, granuloma necrosis does not require
the participation of apoptosis-inducing mediators
such as NO, oxygen reactive species, TNF, Fas or

TRAIL nor can it be prevented by Bcl-2. The de-
ficiency in the same molecules does not affect the
development of peripheral lymphopenia.
Amélia Sarmento has looked at immune altera-
tions in the physiology of monocytes from In-
flammatory Bowel Disease (IBD) patients and
identified differences in the production of TNF
in the cells of Crohn’s disease patients.

Future research goals

In addition to pursuing the research described
above, recent collaborations with extramural
groups have led to the analysis of the immuno-
modulatory role of mycobacterial lipoglycans
(with Ben Appelmelk, Germain Puzo and Jérome
Nigou) and the role of apoptosis in M. tubercu-
losis control (with Otilia Vieira and researchers
from Harvard Medical School).

Selected references

Flérido et al. 2002 Immunological basis of the development of necrotic le-
sions following Mycobacterium avium infection. Immunology 106: 590.

Gomes et al. 2004 Limited role of the Toll-like receptor (TLR)-2 in resis-
tance to Mycobacterium avium. Immunology 111: 179.

Flérido et al. 2005 Gamma interferon-induced T cell loss in virulent Myco-
bacterium avium infection. Infect. Immun. 73: 3577.

Flérido & Appelberg. 2007 Characterization of the deregulated immune
activation occurring at late stages of mycobacterial infection in Tumor

Necrosis Factor-deficient mice. J. Immunol. 179: 7702.

Flérido et al. 2009 Constitutive expression of Bcl-2 in the hematopoietic
compartment alters the metabolism of iron and increases resistance to
mycobacterial infection. Clin. Exp. Immunol 156: 61.

Nébrega et al. 2010 Dissemination of Mycobacteria to the Thymus Ren-
ders Newly Generated T Cells Tolerant to the Invading Pathogen. J.
Immunol. 184: 351.




Listeria monocytogenes infecting human cells. Bacteria are visualized in red, cell nuclei in blue and cellular actin in green.
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Listeria monocytogenes is an intracellular human
food-borne pathogen that causes listeriosis, an
infection characterized by gastroenteritis, men-
ingitis, encephalitis and maternofetal infections.
L. monocytogenes enters the host via the ingestion
of contaminated foods, invades the intestine, trans-
locates to mesenteric lymph nodes and spreads to
the liver, spleen, brain and to the placenta. Dur-
ing infection, Listeria has the ability to cross the
intestinal, the blood-brain and the placental bar-
riers, entering, surviving and multiplying inside
phagocytic and non-phagocytic cells. L. monocy-
togenes thus emerged as an exceptional model to
address the different facets of host-pathogen inter-
actions. Our research is focused on the identifica-
tion and analysis of virulence mechanisms used by
L. monocytogenes to enter, survive and proliferate
into its host.

We have identified and characterized several Liste-
ria factors crucial for virulence and involved in cell
adhesion, invasion or resistance to host defences.
We performed the first genome-wide expression
analysis of a bacterial pathogen in deep infected
mouse organs, revealing how Listeria adapts to
host conditions, activates virulence mechanisms
and subverts host defence functions. We also
identified new host factors hijacked by Listeria
to promote infection, performed the molecular
characterization of the interaction between List-
eria virulence factors and host receptors, and de-

Lebreton A, Lakisic G, Job V, Fritsch L, Tham TN, Camejo A, Mattei PJ,
Regnault B, Nahori MA, Cabanes D, Gautreau A, Ait-Si-Ali S, Dessen A,
Cossart P, Bierne H.. A Bacterial Protein Targets the BAHD1 Chroma-
tin Complex to Stimulate Type III Interferon Response. Science 2011,
331(6022):1319-21.

Reis O, Sousa S, Camejo A, Villiers V, Gouin E, Cossart P, et al. LapB, a novel
Listeria monocytogenes LPXTG surface adhesin, required for entry into
cukaryotic cells and virulence. J Infect Dis 2010; 202:551-62.

Camejo A, Buchrieser C, Couvé E, Carvalho F, Reis O, Ferreira P, Sousa
S, Cossart P and Cabanes D. Iz vivo transcriptional profiling of Listeria
monocytogenes and mutagenesis identify new virulence factors involved in
infection. PloS Pathogens, 2009, 5(5):¢1000449.

Sousa S, Cabanes D, Bougnéres L, Lecuit M, Sansonetti P, Tran-Van-Nhieu
G and Cossart P. Sre, cortactin and Arp2/3 complex are required for E-

ciphered signalling cascades downstream these
interactions.

Our current and future objectives include not
only the description of new aspects of the List-
eria-host interaction, but also the involvement
of newly identified proteins and pathways in the
infectious process of other pathogens.

We are charactcrizing new Listeria virulence
factors that we identified by i vive transcrip-
tomics. In particular, we try to assess the role of
wall teichoic acids glycosylation and cadmium
efflux system in Listeria virulence.

Host phosphorylation cascades are preferential
targets of infecting bacteria. We recently identi-
fied two new cytoskeletal proteins differentially
phosphorylated in response to Listeria uptake.
Our goal is to address the role of these phospho-
rylations in the infectious process and also in
general cellular processes.

We will also investigate the possible interplay
between Listeria and the host cell cycle, and ad-
dress the role of this crosstalk in the establish-
ment and progression of cellular infection.

As different pathogens often hijack same signal-
ling pathways, we will investigate the involve-
ment of the newly identified proteins/pathways
in the infectious processes of other human
pathogens, as pathogenic E. coli and Yersinia.
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The research focus in our laboratory is the kine-
toplastid protozoa, organisms responsible for
major human and veterinary diseases such as leish-
maniasis and the African and South American
trypanosomiasis. Disease control is dependent
on limited chemotherapy since no human vac-
cine is available. One of the main interests of the
group is the understanding of the host immune
mechanisms involved in the control/susceptibil-
ity to infection, in particular the signaling profile
induced by Leishmania parasites in host immune
cells. Our recent achievements demonstrated that
avisceral Leishmania species can differentially tar-
get PI3K/Akt, MAPKSs, and NF-xB to modulate
the maturation, activation, and immunostimula-
tory abilities of dendritic cells (DCs). Moreover,
the control of host cells in early host-pathogen
interaction derives also from surface and secreted
protozoan proteins. For that we have been devel-
oping and characterizing a new approach to study,
in particular, exosome-based secretion pathways.
Another area of interest is the identification and
validation of new therapeutic targets and drug
delivery systems based on nanoformulations. In
particular, we have been developing PLGA nano-
particle encapsulation of anti-Leishmania drugs
to solve several limitations of conventional drug
delivery systems. The team is also interested in
the improvement of diagnostic tools for leishma-
niasis. We reported a strategy of combining two
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well-defined Leishmania antigens, LicTXNPx
and K39, which proved to be a sensitive and
specific improvement to current serological di-
agnosis of canine leishmaniasis.

In the future we will continue to focus on the
understanding of the immune response devel-
oped during these pathologies that may lead to
improved chemotherapies, vaccines and current
diagnostic methods.

The long-term objectives are: 1- Identification
of new virulence factors; 2- Dissection of cel-
lular and molecular mechanisms determining
the susceptibility of the host to the infection;
3- Understanding the impact of Leishmania
infection on mitochondrial homeostasis; in
particular the role of the sirtuins family proteins
in the modulation of host mitochondria during
infection; 4- Application of nanotechnology in
trypanosomatids therapy — from drug screening
to nanoformulation development 5- Develop-
ment of a new immunological screening meth-
od for canine leishmaniasis using colloidal gold
nanoparticles.

The group achievements are being supported by
interdisciplinary international collaborations
that we intend to reinforce and expand, in par-
ticular with industrial partners.
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Molecular and
Cellular Biology

The main aim of this Unit is to study the basic underlying mech-
anisms of biological organization at different levels including
protein structure, cellular homeostasis, tissue growth and orga-
nization, and evolution. To gain insight into these questions, it
is critical to develop new and more comprehensive explanatory
and unifying models of how complex biological systems work,
so that ultimately this understanding can be used to design bet-
ter therapeutic strategies for a wide range of human diseases.
The work undertaken in this Unit is based on a broad transdis-
ciplinary approach, which reflects the variety of research inter-
ests of the participating groups. A number of different problems
are studied including the structure and function of membrane
proteins, the biogenesis of organelles, the mechanisms involved
in cell division and its relation to cancer, cellular processes such
as protein targeting, secretion and degradation, cellular physiol-
ogy and homeostasis, gene regulation during cellular differentia-
tion and embryogenesis, ageing and evolution. These issues are
addressed in systems as diverse as yeast, fungi, plants, fruit flies,
fish, mice and mammalian cells in culture, employing a range
of techniques such as protein biochemistry, molecular biology,
electron microscopy, advance light microscopy, digital imaging
and mathematical modeling, amongst others.
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Previous research results

The work of our group focuses on the study of the
reciprocal interactions between iron metabolism
and the immune system. Iron is essential for many
fundamental cellular processes but in excess is toxic.
Dysregulation, i.c., depletion, overload, or inappro-
priate distribution of iron can lead to cellular dam-
age and disease. Iron homeostasis is therefore essen-
tial and is maintained through a tightly regulated
process, involving an intricate network of proteins
and cell types. Over the past years, using human
and mouse models of iron overload and appropri-
ate ex vivo and 7 vitro systems, we have investigated
the reciprocal interactions between iron and the
immune system. Our results identified CD8* T cell
numbers and the protein calreticulin as markers of
severity of iron overload in hereditary hemochro-
matosis patients and demonstrated the role of hep-
cidin, the main effector protein in iron homeosta-
sis, in the T lymphocyte response to activation.

Future research goals

In the future we will strengthen our focus on
the clarification of the mechanisms underlying
the iron-immune system interaction. We will
(1) characterize the contribution of iron and
iron-related genes to lymphocyte differentiation
and proliferation, using knock-out and knock-
in mouse models, gene and protein expression
arrays, siRNA technology and 77 vitro models
of thymocyte differentiation; (2) identify the
molecular mechanisms mediating the response
of lymphocytes to iron challenge or deprivation,
using state of the art proteomics and genomics
approaches, siRNA technology and advanced
optical and electron microscopy; (3) identify the
molecular players involved in the genetic regula-
tion of lymphocyte homeostasis in humans using
massive parallel sequencing, genome wide tran-
scriptome analysis and appropriate functional
assays.
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Previous research results

Plants display a unique metabolic plasticity which
includes thousands of natural products. These
features help them deal with a wide range of envi-
ronmental threats, from which they cannot escape
being sessile organisms. Many of these natural
products were shaped by evolution to function as
herbivorism deterrents, possessing strong physi-
ological activities in animals, which may translate
into important therapeutic actions in humans, un-
der adequate dosages. We are mainly interested on
the biosynthesis of the terpenoid indole alkaloids
produced by the medicinal plant Catharanthus
roseus, which include the anticancer drugs vinblas-
tine and vincristine. Previous work involved the
biochemical and molecular characterization of a
key biosynthetic step leading to the production of
the anticancer alkaloids and involving a class III
peroxidase — CrPrx1. Recently, we have shown that
CrPrx1 seems also to be involved in the homeosta-
sis of hydrogen peroxide in leaves, with a protection
effect especially important under conditions of ex-
cess light. We have also characterized the vacuolar
sorting of CrPrx1 and developed important tools
for the future research of the anticancer alkaloids
pathway, namely a transient expression protocol in
leaf protoplast cells and a regeneration methodol-
ogy aiming at the production of transgenic plants.
Finally, we have characterized the functions of the
main peroxidases of leaves of the model plant 4ra-

bidopsis thaliana, namely through reverse and
forward genetics.

Future research goals

We are now committed to unraveling important
biosynthetic, transport and regulatory genes
implicated in the anticancer alkaloid pathway,
through omic approaches. We have devised a
strategy involving the isolation of the blue fluo-
rescent cells accumulating the alkaloids (see pic-
ture above) by fluorescence activated cell sorting,
followed by the analysis of the differential tran-
scriptome of those cells. This strategy has already
enabled the detection of several candidate genes
that may be involved in the regulation and the
multiple transmembrane transport events of
the alkaloid pathway. Those genes will now be
investigated using molecular and biochemical
approaches, with the aims of understanding the
regulation and metabolite fluxes of plant second-
ary metabolism, and of applying the knowledge
gained to the metabolic engineering of C. rosens
to improve the current low yields of the antican-
cer alkakaloids, and produce new bioactive de-
rivatives.

In parallel, we will continue the investigation of
A. thaliana peroxidases, especially in what con-
cerns their interaction with natural products, ara-
binogalactan proteins, and hydrogen peroxide.
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Previous research results

The main research topic of the group has been cy-
anobacterial hydrogenases and hydrogen metabo-
lism. We investigated the transcription and expres-
sion patterns of genes related to hydrogenases, as well
as the involvement of several transcriptional factors.
In addition, a synthetic biology approach was intro-
duced to solve fundamental issues related to hydro-
genases function(s)/hydrogen production. Synecho-
¢ystis PCC 6803 was chosen as a photoautotrophic
chassis to accommodate the standardized parts and
devices primarily designed for H, production. To
prepare the chassis, and since a heterologous hydro-
genase was going to be introduced, genes encoding
the native bidirectional hydrogenase were deleted.
Furthermore, an in silico analysis of the genome was
performed to identify neutral sites for the integra-
tion of synthetic parts/devices. In parallel, to achieve
the microaerobic intracellular environment required
for optimal hydrogenase activity, several synthetic
oxygen consuming devices (OCDs) were designed.
The group is also exploring the wuse of
exopolysaccharides(EPS)-producing - cyanobacteria
to remove metallic ions from polluted waters, and
other forms of bioremediation. Previously, we tested
the capability of several strains to remove cations
from aqueous solutions, characterized the polymers
produced, and identified the functional groups in-
volved in the removal.

Together CIIMAR, we described the diversity of
cyanobacterial strains isolated from the intertidal

zones along the Portuguese coast. This study re-
vealed novel diversity and that one-third of the
isolates are potential nitrogen fixers, while no con-
ventional toxin producers were detected.

Future research goals

In the future, the group will continue to investigate
the biosynthesis/maturation of cyanobacterial
hydrogenases, notably the involvement of Hyp
proteins in the maturation of the uptake hydro-
genase and the specificity of the endopeptidases
(HoxW and HupW) in the cleavage of the C-ter-
minal polypeptide of each large subunit precursors,
the validation of the neutral sites in the genome of
Synechocystis PCC 6803, and the characterization
of the synthetic oxygen consuming devices in .
coli and in our photoautotrophic cyanobacterial
chassis. Moreover, within the bioremediation proj-
ect the genes encoding proteins involved in the last
steps of EPS production and the physiological/en-
vironmental conditions promoting their produc-
tion and export will be characterized, and small
scale metal bioremoval assays will be performed.
In the isolated marine cyanobacterial strains, no
genes involved in the production of conventional
freshwater toxins were found. However, cell ex-
tracts were toxic to invertebrates suggesting the
presence of other compounds, which are currently
being investigated.
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Previous research results

We focus our rescarch on protein structure and
function, with a particular emphasis on enzymes
with potential biomedical implications. Using X-
ray crystallography as the main technical approach,
complemented by a plethora of other biochemi-
cal, biophysical, and computational techniques, we
try to understand the function of macromolecules
and macromolecular complexes from their high-
resolution structures. We are currently interested in
the characterization and validation of potential drug
targets from bacterial human pathogens and in elu-
cidating the molecular details of specific coagulation
factor IIa recognition and inhibition by natural mac-
romolecular anticoagulants from haematophagous
parasites.

In this context, we have recently determined the
three-dimensional structure of a novel glucosyl-3-
phosphoglycerate synthase from Mycobacterium tu-
berculosis, which integrates an essential and unique
pathway of this human pathogen. Together with
the structure of the closely related mannosyl-3-phos-
phoglycerate synthase from the hyperthermophile
Rubrobacter xylanophilus, this structure revealed the
molecular determinants of substrate specificity and
established a knowledge base for the rational design
of specific inhibitors. In a similar line, we have de-
termined the three-dimensional structure of human
thrombin in complex with three small synthetic in-
hibitors, unveiling important details of their specific
mode of action.

Future research goals

The recent uprising of life-threatening infectious
diseases of bacterial origin, brought about by the
increasing resistance of many pathogens to the
available antibiotics, prompts for the functional
and molecular characterization of novel pathways
that are amenable to therapeutic intervention. Our
group will therefore continue the molecular and
structural dissection of the unique M. uberculosis
pathways that lead to cell wall synthesis, in order to
identify and validate suitable drug targets.
Coagulation disorders are other life-threatening
and highly incapacitating pathologies for which
more cfficient and safer therapies are much need-
ed. By pursuing the characterization of the struc-
tural determinants of thrombin recognition by
natural macromolecular anticoagulants, we will
contribute towards the development of better an-
tithrombotic drugs.

In summary, our group will carry on with the
structural and biochemical characterization of
medically relevant enzymes and drug targets from
human pathogens and of unique natural anticoag-
ulants from haematophagous animals, ultimately
envisaging the development of novel therapeutic
strategies.
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Previous research results

The Cellular & Applied Microbiology group has
been addressing the molecular mechanisms under-
lying the stress response, namely oxidative stress in
yeast and bacteria. At present the work focuses on
the effect of reactive oxygen species (ROS), such as
hydrogen peroxide, in the production of secondary
metabolites in Strepromyces.

Streptomyces are Gram-positive, filamentous, soil-
dwelling bacteria well known for their ability to
produce a wide variety of secondary metabolites
such as antibiotics and immuno-suppressant agents,
among others. Streptomyces secondary metabolism
is regulated by a complex network involving multi-
ple factors and taking place at different levels: from
pathway-specific regulatory genes to pleiotropic
regulators which control both secondary metabo-
lism and morphological differentiation

The work aims at identifying the molecular
mechanism(s) induced by hydrogen peroxide that
can play a role in the regulatory network governing
the synthesis of secondary metabolites. Recently
we were able to construct Streptomyces knock-out
mutants on H,O,-related anti-oxidative enzymes
that allowed us to modulate the intracellular redox
status. In doing so, we have highlighted the cross-
talk between intracellular ROS homeostasis and
secondary metabolism in Streptomyces.

Future research goals

We will continue studying the bacterial signal-
ing networks and the molecular interactions be-
tween them. We will focus on the molecular basis
of the redox-dependent regulation of secondary
metabolism in Streptomyces.

In the short-term two main questions will be ad-
dressed: (i) what are the molecular mechanisms
behind the crosstalk between ROS homeostasis
signalling pathways and secondary metabolism
in Streptomyces spp. and (ii) can ROS homeosta-
sis modulation be used to obtain improved fer-
mentation yields.

In the long term we will seck to expand the re-
search to other physiological processes and how
they integrate into the binomial redox signaling
/ secondary metabolism. The first process that
we intend to focus is quorum-sensing, a phenom-
enon directly related to secondary metabolism in
Streptomyces. For that purpose a new project that
integrates phylogenomics and physiological ap-
proaches on the study of quorum-sensing in the
actinobacteria phylum is already in place.
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Previous research results

Our laboratory aims to understand how chromosome
segregation is coordinated in space and time, focusing
on the molecular and structural perspective behind
concurrent pathways involved in mitotic spindle
assembly and function. We are also very interested
in how failure of this process contributes to aneuploidy
and chromosomal instability in animals. We have
established the roles of key molecular players at the
kinetochore-microtubule interface, such as the micro-
tubule plus-end tracking proteins CLASPs. CLASPs
are part of a molecular switch at kinetochores that is
critical to ensure error correction, while stabilizing cor-
rect kinetochore-microtubule attachments, prior to
their synchronous segregation during anaphase. Being
part of the microtubule flux machinery, the study of
CLASPs revealed that spindle microtubule flux plays
animportant role in in force distribution and anaphase
synchrony. We have additionally identified acentriolar
MTOC: in living animal somatic cells, which are re-
quired for cytoskeleton remodeling at the entry and
exit from mitosis. More recently, we provided a new
conceptual view of a spindle-matrix, not as a rigid
structural scaffold as classically envisioned, but as a dy-
namic spatial determinant of the mitotic checkpoint.
These and other studies pioneered the combined use
of RNAI, laser microsurgery and fluorescent-speckle
microscopy to study kinetochore function in living
animal cells. We aim to promote the interaction be-
tween a multidisciplinary team to answer key ques-
tions at the forefront of cell division research that were
hitherto unapproachable, elucidating how interfer-
ence with critical players impairs mitotic fidelity and
the respective implications for human health.

Future research goals

Our present research interests are focused in un-
derstanding how mitotic fidelity is regulated in
space and time, paying particular attention to how
the spindle matrix confines SAC signaling and
how error-correction mechanisms at the KT-MT
interface are regulated throughout mitosis. For
this purpose we have adopted a multi and inter-
disciplinary approach to address key biological
challenges with the following goals: 1) Molecu-
lar and functional dissection of mitotic spindle
assembly pathways; 2) Spatiotemporal regula-
tion of spindle-chromosome interactions; and 3)
Implementation and functional analysis of in vivo
mammalian models with compromised mitotic
fidelity.

Specifically, we have completed a genome-wide
screen in Drosophila for genes required for acen-
trosomal spindle assembly and are currently inves-
tigating the function of potential novel genes re-
quired for this process in animal somatic cells. We
intend to continue to apply and further develop
state-of-the-art laser microsurgery and other opti-
cal tools to investigate fundamental questions be-
hind animal cell division, and combine them with
modern molecular biology techniques. Finally,
we aim at extending the investigation of the role
of CLASPs during mitosis in mammals, focusing
on the identification of new molecular partners,
as well as in the generation and characterization of
mammalian models in mice.
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Previous research results

Lessons on the evolutionary forces and molecular
mechanisms that drive the divergence of popula-
tions and species, and ultimately speciation, can
be taken from the analyses of genes that contrib-
ute to the cessation of gene flow between popula-
tions. Barriers to gene flow can arise at multiple
prezygotic and postzygotic life-history stages. In
flowering plants, one of the most common post-
pollination prezygotic barriers, is gametophytic
self-incompatibility (GSI). In this widespread sys-
tem, when the S-pollen specificity matches that of
the S-pistil, the pollen is recognized as “self” and is
rejected by the pistil. This system is ideal to address
general principals on how life can innovate, since
it has reappeared independently several times dur-
ing plant evolution.

Although in eudicots there is evidence for a single
S-RNase based GSI origin, in Rosaceae species, at
the S-RNase gene, different amino acid positions
are involved in specificity determination. More-
over, levels of recombination, the rate at which
new specificities arise, the number of ancestral
lineages and the degree of specificity sharing be-
tween closely related Rosaceae species are also dif-
ferent. Furthermore, in Prunus the S-pollen gene
is a singlc gene. In contrast, in Pyrinae (former
Maloideac) multiple genes determine S-pollen
specificity. Different mechanisms may thus, be
used to achieve the rejection of incompatible pol-
len in different plant families.

Future research goals

To highlight the features of the ancestral GSI
system we are characterizing the S-RNase and
S-duplicated genes in Fabaceae, Rhamnaceae,
Malvaceae, and Rubiaceae species. The current
hypothesis is that the common ancestor of these
plant families possessed an S-RNase-based GSI
system. Nevertheless, remarkable differences are
observed in Rosaceac species such S-RNase gene
intron number, number of S-pollen genes, or
competitive interaction (the breakdown of SIin
heteroallelic pollen) documented in Malus but,
that does not exist in Prunus. The alternative
hypothesis, that different gene family members
have being recruited for GSI in these familes is
thus, being tested.

In Prunus, the S-pollen protein is assumed to
protect self S-RNases from being inhibited by
a general S-RNase inhibitor. We are addressing
the predictions of the general inhibition model
such as: testing the interaction of the two pro-
teins, expression and purification of recombi-
nant Prunus SFB and S-RNase, determining
the three-dimensional structure of the S-RNase,
SFB and their complex by X-ray crystallography,
and identification of SFB and S-RNase binding

par tners.
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Previous research results

Our laboratory has been interested in the molecu-
lar biology of mitochondria, the organelle respon-
sible for the generation of most cellular energy. In
particular, we have been studying the bioenerget-
ics processes using the filamentous fungus Nexro-
spora crassa. We have identified and characterized
all respiratory chain NADH dchydrogenases
from Neurospora, namely the proton-pumping
complex I and the four alternative NAD(P)H
dehydrogenases (one internal and three external
enzymes). We found that complex I is essential for
sexual development and the alternative enzymes
are important for the germination of both sexual
and asexual fungal spores. We also described the
composition of the fungal complex I (about 40
proteins). We have defined the role of many of
theses polypeptides in the assembly, structure and
function of complex I. We also generated fungal
models of human mitochondrial disease associ-
ated with complex I, finding that some mutations
result in diminished levels of the enzyme rather
than affecting its activity.

We have also identified and determined the cellu-
lar location and characterized of all FKBP proteins
(ligands of immunossupressant FK-506) from
Neurospora crassa, unraveling some of their roles
within the cell. We cloned two proteins (enolase
and NAD+ synthetase) from Streptococcus sobri-
nus, an agent of dental caries, which affect the
mice immunological system. We identified and

collected Neurospora species from nature for
the first time in Europe, participating in a study
of fungal diversity at continental scale. We also
showed that N. czassa can be used as a model or-
ganism to investigate programmed cell death.

Future research goals

Mitochondria are crucial for the life of organ-
isms, through its capacity for energy production
and regulation of other cellular processes, but
also have a central role in programmed cell death
(PCD). The death program is essential for the
development of metazoan organisms and its dys-
function may result in human disease, like can-
cer. Our main objective for the future is the char-
acterization of genes/proteins and mechanisms
involved in programmed cell death, with par-
ticular emphasis in the mitochondrial involve-
ment. We anticipate that knowledge about novel
processes associated with programmed cell death
will be useful to develop drug combinations that
can be used as anti-fungal and/or anti-tumor
agents. For this, we plan to establish and use
the filamentous fungus Neurospora as a model
organism to investigate PCD. We also plan to
continue the characterization of mitochondrial
proteins/complexes, with particular emphasis in
respiratory chain components, and their role in
mitochondrial biogenesis and function.
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Previous research results

Glutamine Synthetase (GS) is a crucial enzyme in
nitrogen metabolism, as it catalyses the first step at
which nitrogen is brought into cellular metabolism.
The complete understanding of the mechanisms
controlling GS activity is of uppermost importance,
not only for plants but for all forms of life. We use
the model legume Medicago truncatula to investi-
gate the regulatory mechanisms that control this key
enzyme and evaluate its in—volvement in the regu-
lation of nitrogen use efficiency (NUE). Our previ-
ous studies provided important insights towards the
understanding of the genetic and molecular basis
of GS expression in Medicago truncatula. We have
identified important regulatory controls operating
both at the gene and protein levels which modify
GS activity according to the context in which the
metabolism is taking place and we have determined
the tridimensional structure of the proteins. Using
reverse genetics we succeeded in obtaining trans-
genic plants altered for the levels of GS specifically in
root nodules. Analysis of these plants indicates that
nodule GS activity is positively correlated with sym-
biotic nitrogen fixation and plant nitrogen utiliza-
tion efficiency. Using the tools of trancriptomics and
metabolomics we identified the major transcript and
metabolite changes associated with the altered nod-
ule metabolism. Taken together, these studies pro-
vide important knowledge for the manipulation of
nitrogen assimilation, towards the goal of obtaining
plants more efficient in terms of nitrogen utilization,
better protein content and increased productivity.

Future research goals

For the coming years we aim to continue our re-
search on the biochemical and genetic regulation
of the metabolic processes that are required for
nitrogen assimilation in the model legume Medi-
cago truncatula. Whole genome approaches using
plants in which the activity of key metabolic en-
zymes has been modified either by reverse genetics
or by the use of specific inhibitors, will be used to
identify novel regulatory and signal transduction
genes. The research involves the use of functional
genomics approaches together with traditional
tools of genetics, biochemistry, and physiology
to dissect the molecular mechanisms regulating
gene expression and enzyme activities in response
to alterations in nitrogen metabolism. In the con-
tinuation of the dissection of the post-translational
mechanisms that regulate glutamine synthetase
activity and its physiological implications for ni-
trogen metabolism, three major processes will be
studied: protein-protein interactions, phospho-
rylation and nitration. We also aim to investigate
the contribution of GS for seed metabolism, with
a special focus on a novel GS isoenzyme that we
identified recently and is specifically expressed in
seeds of M. truncatula.

Selected references

Melo PM, Silva LS, Ribeiro I, Seabra AR, Carvalho HG (2011) Glutamine
synthetase is a molecular target of nitric oxide in root nodules of Medi-
cago truncatula and is regulated by tyrosine nitration. Plant Physiol. doi:
10.1104/pp.111.186056

Seabra AR, Vieira CP, Cullimore JV, Carvalho HG. (2010) Medicago trunca-
tula contains a second gene encodinga plastid located glutamine synthetase
exclusively expressed in developing seeds. BMC Plant Biol. 19;10:183.

Seabra AR, Carvalho H, Percira P (2009) Crystallization and preliminary
crystallographic characterization of glutamine synthetase from Medicago
truncatula. Acta Cryst. F65,1309-1312.

Lima L, Seabra A, Melo P, Cullimore J, Carvalho H (2006) “Post-translation-

al Regulation of Glutamine synthetase in root nodules of Medicago
truncatula.” Journal of Experimental Botany 57 (11): 2751-2761.

Barsch A, Carvalh H, Cullimore J, Niehaus K (2006) “GC-MS based me-
tabolite profiling reveals consecutive alterations in Medicago truncatu-
la root nodule carbon and nitrogen metabolism following inhibition of
Glutamine synthetase activity.” Journal of Biotechnology, 127: 79-83.

Carvalho H, Lopes-Cardoso I, Lima L, Melo P and Cullimore J (2003)
“Nodule Specific Modulation of Glutamine Synthetase in Transgenic
Medicago truncatula Leads to Inverse Alterations in Asparagine Syn-
thetase Expression.” Plant Physiology 133(1):243-52.




42

"l

As old as it gets (at 25°C): a ten month old D. americana male fly

Molecular Evolution

Jorge Vieira

Email: jbvieira@ibmec.up.pt

\

»

PhD in Biomedical Sciences, University of Porto
Post-doctoral fellow, University of Edinburgh
Independent Researcher, IBMC, 2001

Group Leader at IBMC, since 2004

Previous research results

Due to the recent advances in genome sequencing
techniques, it is now feasible to have data on the
genome of many individuals, yet the meaning of
the observed variation is still largely unclear. Un-
derstanding the genetic basis of phenotypic varia-
tion is thus still one of the main goals of research
in Biology. Indeed, even in model systems, such as
Drosophila, where this problem is more tractable
than in humans, progress on the identification
of the variants responsible for the within and be-
tween species phenotypic differences in impor-
tant life-history traits such as size, cold resistance,
developmental time or lifespan to name a few, is
still very limited. Not surprisingly, within the ge-
nus Drosophila, most studies have been performed
in the model species D. melanogaster. Therefore,
for most phenotypic traits it is unclear whether
the results obtained for D. melanogaster can be
generalized to other distantly related species.
When using a candidate gene approach, we have
found important differences regarding the genetic
basis of immune response traits, cold resistance
and lifespan. Remarkably, several genes identified
in D. melanogaster as responsible for variation in
important phenotypic traits are not present in dis-
tantly related Drosophila species. Variation in gene
content is observed even when studying highly
conserved gene networks (such as genes involved
in meiosis). Since our main aim is to identify the

causative polymorphisms responsible for varia-
tion in ecologically important traits, we have
been performing as well classical association
studies in species of the virilis group.

Future research goals

Variation in phenotypic traits such as size,
developmental time, cold resistance, propen-
sity to enter diapause, and lifespan, are likely
responsible for present day Drosophila species
distributions, and for the degree of adaptation
to the ongoing climate change. Very likely, these
traits were also important in determining the
fate of different Drosophila species in the past
(for instance, during the last glaciation). The
identification of the climatic features that limit
species distributions can be inferred using GIS
and ancestral state reconstruction techniques.
Such information can help in the identification,
through the association with a given amino acid
variant or expression pattern at candidate genes,
of the genetic basis of within and between spe-
cies phenotypic variation. Our recent work led
to the identification of a likely causative variant
at two genes involved in the setting of lifespan
and one involved in cold resistance. Further
work is now being conducted to understand
why such variants affect the phenotype the way
they do.
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Previous research results

Our research group has been for a number of years
involved in studying the molecular mechanisms
required for maintenance of genomic stability dur-
ing cell division. Towards this aim we have used
Drosophila melanogaster as our model organism
resorting to classical genetics, biochemistry and cell
biobogy to identify and characterize genes that are
essential for this process. During these studies we
identified, characterized and performed functional
studies of proteins involved in a number of events
that take place during cell division. We were involved
in the identification of the founding member of the
Polo-like kinase family and demonstrated its role
in mitotic progression and centrosome maturation.
Subsequently we identified mutations for y-tubulin
and showed that although it was involved in micro-
tubule nucleation from centrosomes, partly func-
tional spindles could be made in its absence. During
subsequent years we concentrated our work on the
proteins required for mitotic chromosome organiza-
tion and demonstrated that the condensin complex
is not required for overall chromosome architecture
but is essential for sister chromatid individualization.
During the last few years our attention has turned
to the functional analysis of proteins involved in
the Spindle Assembly Checkpoint that monitors
proper attachment of chromosomes to the mitotic
spindle. We have shown that some of these proteins
like Bub3 and BubR1 have essential roles in mitosis
that are additional to their roles in the checkpoint.

Also we demonstrated that the kinase activity of
BubR1 plays a major role during regulating mei-
otic recombination.

Future research goals

The work in progress to uncover the molecular
mechanisms that integrate the signals that result af-
ter microtubules bind the kinetochore with those
involved in checkpoint signalling. For this we are
studying at the biochemical level the role BubR1
and the kinase Mps1 play in signal transduction.
In parallel we are continuing to study the role of
BubR1 in meiotic progression and have identified
Polo as an important genetic interactor to supress
nondisjunction. Moreover, we have started two
new lines of rescarch designed to study 1) the
molecular requirements for SAC deficient cells
to become tumorigenic and 2) the role os SAC
proteins and other mitotic regulators in cell divi-
sion within well-defined epithelia and its relation
to Apico-Basal polarity. We continue to use tissue
culture cells, dsSRNAA, in vivo fluorescence imaging
and biochemical approaches to develop models for
microtubule attachment and checkpoint function.
In parallel we are designing experiments that will
test the models derived from these studies in dif-
ferent cell types within the whole organism includ-
ing mitotic. With these approaches we aim to de-
termine the possible contribution of chromosome
missegregation in tumour development.
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In vitro systems are extremely powerful tools to study the mechanism of peroxisomal protein import. Here, 35S-labeled PEX5 was incubated
with purified peroxisomes and components of the ubiquitin-conjugating cascade. The experiment shows UbcH5-mediated mono- ubiquit-
ination of PEXS5 and its partial export back into the cytosol. Conjugation of a GST-Ubiquitin fusion protein to PEXS is also possible in this
system but the corresponding conjugate is no longer a substrate for the export machinery.
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Previous research results

Peroxisomal proteins are synthesized on cytosolic
ribosomes and post-translationally targeted to the
peroxisome by cycling receptors. There are two
main receptors: PEX19 is the receptor/chaperone
for intrinsic membrane proteins; PEXS, alone or
with the help of the adaptor protein PEX7, is the
receptor/translocator for proteins destined to the
matrix of the organelle. Our main aim has been
to understand the mechanisms of these two pro-
tein sorting pathways. Using iz vitro import sys-
tems developed in our laboratory, we have shown
that PEXS becomes transiently inserted into the
peroxisomal membrane docking/translocation
machinery during the transport cycle. Our data
further suggest that protein-protein interactions
involving PEXS on one side, and the membrane
machinery on the other, provide the energy for
the cargo translocation process. Following this
step, PEXS is extracted from the peroxisomal
membrane machinery in an ATP-requiring step.
Remarkably, this requires monoubiquitination
of PEXS at a conserved cysteine residue. Finally,
the ubiquitin moiety is removed from the cytoso-

lic PEX5 conjugate probably by a combination
of enzymatic and non-enzymatic mechanisms.
Our goal at present is to understand why this
unconventional ubiquitination is used in this
pathway.

Future research goals

We will continue to study the mechanism of
protein sorting into peroxisomes. Efforts will
be focused on PEX7, an adaptor protein that
increases the range of cargo proteins recognized
and transported by PEXS. In parallel, we will
try to understand how PEXS interacts directly
with most cargo proteins and, after insertion
into the peroxisomal docking/translocation
machinery, releases them into the organelle ma-
trix in a process that apparently does not require
ATP-hydrolysis.

Besides the work on peroxisomal biogenesis we
are also developing a new research line on pro-
tein regulation by ubiquitin and ubiquitin-like
molecules.

Selected references

Freitas MO, Francisco T, Rodrigues TA, Alencastre IS, Pinto MP, Grou CP,
Carvalho AF, Fransen M, Sa-Miranda C, and Azevedo JE (2011) “PEXS
binds monomeric catalase blocking its tetramerization, and releases it upon
binding the N-terminal domain of PEX14.” Journal of Biological Chem-
istry (Epub October 5, doi/10.1074/jbc.M111.287201).

Alencastre 1S, Rodrigues TA, Grou CP, Fransen M, Sa-Miranda C and
Azevedo JE (2009) “Mapping the cargo protein membrane translocation
step into the PEXS cycling pathway.” Journal of Biological Chemistry
284(40): 2724351

Grou CP, Carvalho AF, Pinto MP, Huybrechts SJ, Sa-Miranda C, Fransen
M and Azevedo JE (2009) “Properties of the ubiquitin-PexSp thiolester

” Journal of Biological Chemistry 284:10504-10513.
Grcu CP, Carvalho AF, Pinto MP, Alencastre IS, Rodrigues TA, Freitas MO,

Francisco T, S&-Miranda C and Azevedo JE (2009) “The peroxisomal
protein import machinery - a case report of transient ubiquitination
with a new flavor.” Cellular and Molecular Life Sciences 66:254 —
262.

Grou CP, Carvalho AF, Pinto MP, Wiese S, Piechura H, Warscheid B,
Si-Miranda C and Azevedo JE (2008) “Members of the E2D (UbcHS)
family mediate the ubiquitination of the conserved cysteine of PexSp,
the peroxisomal import receptor.” Journal of Biological Chemistry
283:14190-14197.

Carvalho, AF, Pinto, MP, Grou, CP, Alencastre, IS, Fransen, M, Sa-
Miranda, C and Azevedo, JE (2007) “Ubiquitination of mammalian
Pex5p, the peroxisomal import receptor.” Journal of Biological Chem-
istry 282:31267-31272




Sandra de Macedo Ribeiro

PhD (Dr. rer. nat.) in Chemistry, TU Miinchen, 1999

Post-doctoral fellow at the MPI fiir Biochemie (Martinsried) and IBMB-CSIC (Barcelona)
Group Leader at CNBC, Coimbra, 2002-2006

Independent Researcher at IBMC (2006) and Group Leader since 2009, Head of Mo-
lecular and Cellular Biology Unit (2011).

Email: sribeiro@ibmec.up.pt

Previous research results

Our group aims at characterizing protein func-
tion at an atomic level, focusing on the structural
and functional study of biomedically relevant
enzymes. The core of the research methodology
is X-ray crystallography, complemented by other
biophysical and biochemical techniques aiming
at elucidating the biological function and biomo-
lecular interactions of target proteins. Current re-
search includes the following topics:

(1) Structure-function relationships in enzymes
implicated in neurodegenerative disorders, espe-
cially ataxin-3, the protein affected by polyglu-
tamine expansion in Machado-Joseph’s discase;
(2) Structural characterization of novel therapeu-
tic targets from human pathogens (e.g. Candida
albicans).

Major achievements include contributions to-
wards the understanding of the fibrillization
pathway and of the nucleocytoplasmic shuttling
activity of human ataxin-3, as well as the identi-
fication of novel post-translational modifications
regulating the stability and proteolytic activity
of this ubiquitin hydrolase. Moreover, we have
determined the three-dimensional structure of
seryl-tRNA synthetase from C. albicans, a central
enzyme in the peculiar mechanism of ambiguous
decoding of the universal leucine CUG codon
both as serine and as leucine. This structural analy-
sis unveiled novel structural features and showed
that serine or leucine insertion within the CUG-

encoded position induced only subtle struc-
tural changes, which were associated with small
changes in aminoacylation activity.

Future research goals

Serious pathologies often arise from the impair-
ment of the regulatory mechanisms controlling
cellular processes, which can be circumvented
by understanding the atomic details of the en-
zymes involved in specific pathways. Specific
inhibition, spatial and temporal compartmen-
talization, and post-translational modifications
of the intervening enzymes allow a tight regu-
lation of those processes. A major goal for the
following years will be the molecular and bio-
chemical characterization of the role of ataxin-3
post-translational modifications on its biomo-
lecular interactions, proteolytic activity, struc-
ture, and aggregation behavior using iz vitro
and 7z situ models. The recent characterization
of the C. albicans proteome potentially affected
by CUG ambiguous decoding prompted the
structural and functional characterization of
specific pathways associated with virulence and
pathogenesis. We will therefore concentrate on
the structural and biochemical characterization
of medically relevant enzymes and drug targets
from human pathogens, aiming at contributing
to the development of novel therapeutic strate-
gies.
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Previous research results

Changes in redox homeostasis and the accumula-
tion of oxidative damages is a hallmark of ageing
and a number of diseases associated with ageing.
The yeast Saccharomyces cerevisiae is an excellent
eukaryotic model organism and yeast molecular
genetics has been extensively exploited to provide
powerful insights into the redox signalling path-
ways mediating oxidative stress protection and cell
longevity. Our group has identified major protein
targets oxidised in yeast under oxidative stress
conditions and shown that the turnover of oxi-
dised proteins (by the vacuolar proteinase Pep4p)
as well as scavenging of reactive oxygen species (by
endogenous antioxidant defences or quercetin, a
polyphenolic compound present in the diet) play
akey role in cell homeostasis during chronological
ageing.

We have also shown that Isclp, the yeast ortho-
logue of mammalian neutral sphingomyelinase-2,
modulates redox homeostasis, iron levels and
apoptosis and its deficiency leads to a shortened
chronological lifespan. Moreover, Isclp is an up-
stream regulator of Sit4p, a ceramide-activated
protein phosphatase, and our results implicate
Sit4p activation in mitochondrial dysfunction
and premature ageing.

Our current goal is to identify and characterize
downstream targets of Sit4p. We are also inves-
tigating whether polyphenolic compounds exert
their protective effects through modulation of cell
signalling.

Future research goals

We aim to further characterize the molecular
mechanisms by which bioactive sphingolipids,
such as ceramide, and enzymes of sphingolipid
metabolism modulate redox homeostasis and
chronological lifespan. For that, we are develop-
ing two major lines of research:

1. Role of neutral sphingomyelinase: we will use
biochemical assays and molecular and cell biol-
ogy methods to identify and characterize down-
stream targets of Isc1p and Sit4p. We will focus
on the characterization of signalling pathways
that modulate mitochondria and vacuoles, two
organelles with critical roles in redox homeosta-
sis.

2. Molecular mechanisms of Niemann Pick type
C disease: We will use yeast as a model organism
to investigate the role of Nerlp, the yeast or-
thologue of hNPCl, in redox homeostasis and
lifespan. Loss of function mutations in hNPC1
are associated with the Niemann Pick type C
(NPC) disease, characterized by changes in cho-
lesterol and sphingolipid metabolism. Insights
from yeast studies will be validated in cultured
fibroblasts isolated from patients with different
NP-C1 mutations (collaboration with the Lyso-
some and Peroxisome Biology Unit, IBMC).
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Previous research results

We are interested on the molecular mechanisms
of transport and regulation in ion transport mem-
brane proteins. Our studies are focused on a cou-
ple of potassium channels, both from eukaryotic
and prokaryotic organisms, one ion symporter
and an ion antiporter. In these studies we com-
bine X-ray crystallography, for three-dimensional
structure determination, with different biochemi-
cal and biophysical techniques.

The MlotiK1 cyclic nucleotide regulated potas-
sium channel is one of the proteins which we have
been studying. This channel is activated upon
binding of cAMP just like the CNG and HCN
channels in humans. In the past few years, to-
gether with the lab of Lise Thomas in the US, we
have characterized the functional, structural and
biochemical properties of this potassium chan-
nel. In particular, we have determined the struc-
ture of the full-length channel as well as several
different structures of its regulatory domain. We
now understand fairly well the molecular changes
that occur at the level of the regulatory domain

when it binds or unbinds cAMP. Currently, we
are developing a molecular model for the mo-
lecular changes which occur at the level of the
channel during gating. For this purpose, and
together with Daniel Miiller in Switzerland, we
have recently characterized the conformational
transition of the channel using Atomic Force
Microscopy.

Future research goals

At present one of our aims is the expansion of
the set of technical tools used in our studies. We
have started using fluorescence spectroscopy to
characterize the mechanism of the membrane
proteins. In particular, we have been developing
ion transport assays using fluorescence probes
that are sensitive to K* concentration. We are
now hoping to start using FRET techniques in
the cell to characterize large multiprotein com-
plexes that include the channels we have been
studying.
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Neuroscience

The main objectives of this Unit are to consolidate ongoing
studies in the areas of Neurodegenerative Diseases, neuronal
repair and regeneration, neuronal protection and development,
and pain. The interdisciplinary nature of the research takes ad-
vantage of the knowledge and expertise from different research
groups. The areas explore human genetic studies in dominant
ataxias like MJD, FAP and other lysosomal diseases, including
their genetic and epigenetic associations, the development of in
vitro and in vivo models for these diseases, structural and cell
biology studies, development of animal models, clinical stud-
ies and the transition of this research into therapeutics. Work
in the Unit also aims to search for neuroprotective molecules in
a variety of neurodegenerative discase models and in particular
to identify molecular strategies that promote regeneration and
repair. The Unit also includes groups that work in the area of
chronic pain using primarily model organisms, as well as direct
clinical research. The Unit has made a strong effort to promote
translational research for, the Center for Predictive and Preven-
tive Genetics, which provides Genetic counseling for a large
number of individuals for a variety of human conditions.
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Previous research results

'The work of our laboratory focuses mainly on molec-
ular mechanisms regulating myelination and remyeli-
nation of the nervous system. Oligodendrocytes in
the central nervous system (CNS) and Schwann cells
in the peripheral nervous system (PNS) produce my-
elin, a lipid-rich biological membrane, which forms
multilamellar, spirally wrapped sheets around axons.
Myelination allows rapid saltatory conduction of ac-
tion potentials, and contributes to the maintenance
of axonal integrity. The devastating neurological ef-
fects caused by demyelinating discases in both CNS
and PNS illustrate the importance of the process. De-
spite being intrinsically different, both glial cell types
proliferate and migrate over long distances before
undergoing the remarkable morphological changes
associated with the ensheathing and myelination of
axons. Precise control of these processes derives, at
least in part, from instructive cues originating within
the extracellular environment, in which proteins of
the extracellular matrix (ECM) are essential com-
ponents. CelllECM contact is largely mediated by
integrins, a major group of ubiquitous cell-adhesion
receptors for the proteins of the ECM. Over the past
five years, using conditional transgenic approaches in
mice together with appropriate 7 vitro cell culture
systems, we have investigated the role of integrin
and integrin-associated molecules in the regulation
of myelination. Our results showed essential roles
for integrin P1, integrin-linked-kinase, particularly
interesting Cys-His-rich protein (PINCH) and for
the RhoGTPases cdc42 and racl in the regulation of
different stages of Schwann cell and oligodendrocyte
development and myelination. More recently, we

have also shown roles for some of these molecules
in nervous system remyelination and neural pro-
genitor differentiation.

Future research goals

In the future we will continue focussing mainly
on fundamental mechanisms of myelination and
remyelination. We aim to: 1. Characterize further
the functions of integrin-associated proteins and
of the Rho-family of small guanosine triphos-
phatases (Rho GTPases) in the regulation of
CNS and PNS developmental myelination and
remyelination. To do that we will use a comple-
mentary set of experimental approaches includ-
ing conditional tissue-specific gene ablation in
mice, iz vitro myelination systems, genomic and
proteomic methods, siRNA technology, as well
as optical and electron microscopy. 2. Identify
novel regulatory molecules and pathways in the
context of myelination and remyelination of the
nervous system using state-of-the-art proteomic
approaches followed by siRNA-based functional
assays. We will also use proteomics to identify
interacting partners for some of the proteins we
have previously described to be involved in the
regulation of myelination and remyelination,
such as those belonging to the atypical RhoGT-
Pases sub-family. 3. Expand our rescarch in
regenerative neuroscience. We will investigate
whether regulation of RhoGTPase signaling can
promote neuro-protection after injury or disease
of the nervous system.
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Previous research results

We work towards improving animal-based re-
search in a way that addresses both scientific va-
lidity and animal welfare. In studies of behaviour
and welfare, we study how animals behave in dif-
ferent housing environments, and how providing
resources animals value affects parameters mea-
sured in research in neurosciences and immunol-
ogy. Our results indicate that — while improving
animal welfare - furnishing mouse cages with nest-
ing material and shelters does not compromise re-
search results. We also use different experimental
and epidemiological methods to understand the
problems with early pup mortality in laboratory
mouse breeding. Research into anaesthesia inves-
tigates how different concentrations affect learn-
ing, memory and brain morphophysiology in rats
and mice and also develops refined anaesthesia
protocols. In ethics, we ask how the harm-benefit
balance of research can be improved. Analyses of
different types of research have identified critical
points in which animal welfare can be improved,
and more recently we have also started to address
the question of how to optimize benefit. We have

also analyzed biotechnology applications from
an animal-ethics perspective.

Future research goals

The overall goal remains to develop animal-
based research in a way that takes both research
quality and animal welfare into account.
During the coming years, focus will be on an in-
tegration of our studiesof behaviour and welfare
with the biomedical research where the animals
are used. Similarly, we will take an integrative
approach to the ethical harm-benefit analysis
of animal-based research, further developing
methods for critical evaluation of harm reduc-
tion and benefit optimization. In anaesthesia,
the work on assessing different protocols and
their effect on different levels of the nervous
system continue. To achieve these goals, we are
expanding our interdisciplinary and interna-
tional collaborations, which now include soci-
ologists and engineers as well as philosophers
and life scientists. We welcome collaboration
with industry.
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Previous research results

UniLiPe works in the field of lysosomes and lyso-
somal storage discases (LSDs). During these years
our work contributed to the knowledge of the ge-
netic epidemiology of LSDs and the pathogenic
mechanisms of Gaucher disease (GD), Fabry dis-
ease (FD) and a new LSD due to the deficiency in
LIMP-2. Thebirth prevalence of 27 different LSDs
in the Portuguese population was determined.
Overall, LSDs have a prevalence of 1:4.000 live
births, a value significantly higher than the ones
previously reported (Pinto R. et al 2004). The im-
pact of sphingolipids storage in the immune and
neurological systems function was investigated.
GD patients presented an upregulation of CD1d
and MHC-class II and imbalances in T and
iNKT cell subsets (CD4+, CD8+, and Va24+)
T cells (Balreira A et al,, 2005). FD “knockout
mice” showed alterations in T and in iNKT cells,
however these anomalies were not observed in
FD patients (Balreira A et al., 2008). We demon-
strated for the first time that Fabry mice have Gb3
accumulation in the peripheral nervous system,
alterations in sensorimotor function, hypoalgesia
and no impairment of motor nerve conduction
(Rodrigues L et al., 2009). Recently, we described
adeficiency in LIMP-2, in two sisters with Action
Myoclonus-Renal Failure syndrome. Accordingly
with our findings, in the absence of LIMP-2, the
sorting receptor for B-glucocerebrosidase, a cell
type specific glucocerebrosidase deficiency is ob-
served (Balreira A et al., 2008).

Future research goals

In UniLiPe, our main goal is to study the biol-
ogy of lysosome and LSD, particularly, sphingo-
lipidosis. Our main objective is to investigate the
impact of lysosomes dysfunction in cell, tissue
and organism homeostasis, exploring the effect
of abnormal sphingolipids metabolism in the
development of symptoms common to sphin-
golipidosis and to complex disorders such as
obesity, hypertension, stroke and left ventricular
cardiac hypertrophy. Our hypothesis is that the
storage of sphingolipds in the endolysosomal
system interferes with the recycling mechanisms
altering the lipids distribution and the lipid rafts
membranes composition, what may result in ab-
normal function of cells, namely of the nervous
and immune systems. In order to investigate
this, the lipid profile of plasma and tissues from
Gaucher disease (GD) and Fabry disease (FD)
patients and animal models will be determined;
the impact of the metabolic abnormalities, in
the immune and the nervous system of GD and
FD, will be evaluated. The role of LIMP-2 in the
biogenesis of lysosomes and the mechanisms of
sorting of glucocerebrosidase in different types
of cells will be also investigated.
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Studies transthyretin (TTR)-related degenerative
diseases and the role of amyloidogenesis inhibitory
and enhancing factors in disease development. In
particular, we focus on familial amyloidotic poly-
neuropathy (FAP) an autosomal dominant disease
related to TTR mutations, prevalent in Portugal.
Other lines of research devote to signalling path-
ways involved in brain injury, particularly those
related to Alzheimer disease, brain ischemia, and
oxidative conditions using unique animal mod-
els and seek neuroprotective strategies to rescue
phenotypes related to these conditions. Specific
objectives: - To identify unknown ligands of TTR
important in the biology of the protein in health
and disease by determination of TTR- protein li-
gand interactions both “in vitro” and “in vivo” us-
inga TTR-KO mouse model.

- To understand why TTR has propensity to ag-
gregate as amyloid fibrils through studies of inter-
mediate forms in TTR amyloidogenesis and effect
of inhibitory and enhancing factors.

- To generate newer improved models for FAP for
investigation on signalling cascades triggered by
TTR aggregates, for biochemical markers of the
disease, for elucidation of neurodegeneration, and
to test newer drugs/protocols to inhibit cytotox-

Sousa MM, Barbas do Amaral J, Guimardes A, Saraiva MJ. (2005) “Upregu-
lation of the extracellular matrix remodelling genes, biglycan, neutrophil
gelatinase-associated lipocalin and in familial amyloid polyncuropathy.”
FASEB Journal 19: 124-126.

Teixeira P, Cerca F, Santos SD, Saraiva M]J. (2006) “Endoplasmic reticulum
stress associated with extracellular aggregates: evidence from transthyre-
tin deposition in familial amyloid polyneuropathy.” Journal Biological
Chemistry 281: 21998-22003.

Santos SD, Fernandes R, Saraiva MJ. (2010) “The heat shock response modu-
lates transthyretin deposition in the peripheral and autonomic nervous
systems.” Neurobiology of Aging. 31(2):280-89

Macedo B, Batista AR, Ferreira N, Almeida MR, Saraiva M]. (2008) “Anti-

icity in tissues related to amyloid deposition.

- To understand neuroprotection of TTR in Al-
zheimer disease and in ischemia; to understand
neuroprotection in models of oxidative stress.

We will foccus on Neurodegeneration and Neu-
roprotection: We will dissect molecular path-
ways triggered by TTR aggregates and forms to
ameliorate cell death; these studies encompass
indepth knowledge of unknown functions of
TTR in the nervous system; will seck for the
molecular basis of neuroprotective properties
of TTR in the nervous system; we will follow
on with the characterization of acyl-L-carnitine
neuroprotective properties.

A large effort of the Group is on translational
medicine on unique pre-clinical models for
FAP, and participation on clinical trials on FAP
patients. For that purpose we collaborate with
international up-front companies in the de-
velopment of new therapeutic and prophylatic
drugs in the treatment of protein misfolding
disorders.

apoptotic treatment reduces transthyretin deposition in a transgenic
mouse model of Familial Amyloidotic Polyncuropathy” Biochem Bio-
phys Acta—  Molecular Basis of Discase, 1782:517-522.

Costa AR, Saraiva MJ, Cardoso 1. (2008) “Transthyretin Protects against
A-Beta Peptide Toxicity by Proteolytic Cleavage of the Peptide: a
Mechanism Sensitive to the Kunitz Protease Inhibitor.” PLoS ONE
3:¢2899.

Alves E, Summavielle T, Alves CJ, Gomes-da-Silva J, Barata JC, Fernandes
E.Bastos Mde L, Tavares MA, Carvalho E (2007) “Monoamine oxi-
dase-B mediates ecstasy-induced neurotoxic effects to adolescent rat-
brain mitochondria.” Journal of Neuroscience 27:10203-10.
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The work of our research group aims at elucidating
the mechanisms that underlie the physiological pro-
cessing of pain at the molecular, cellular and network
levels, and at characterizing the changes that take
place during the establishment of chronic Pain. Pain
is a phylogenetically old organism protective function
that involves the recognition of internal and external
threats and the organization of adequate protective
and reacting responses. The nervous system is a major
player in the entire process by detecting damaging or
putatively damaging conditions, conveying the infor-
mation to perception and response centers and modu-
lating input flow according to a multitude of past
and present events. In various pathological situations
implying particularly intense or sustained noxious
stimulation or lesion of the nervous system, pain be-
comes a threat in itself by determining structural and
physiological changes in the pain circuitry, as well as
in various cognitive and affective circuitries intimately
implicated in pain processing. In spite of all the pain
killers available, there are various types of pain that
still escape pain treatment, chronic pain being a major
public health problem with enormous impact in the
world economy. By the use of multiple approaches,
from molecular biology and network design to iz vivo
multi-electrode electrophysiology coupled to behav-
ior analyses, our group has made major contributions
to our present knowledge of pain. These include the
characterization of the spinal system conveying noci-
ceptive information to brain centers, the uncovering
of facilitatory supraspinal pain modulation, the neu-
rochemical spinal and supraspinal changes occurring
upon the establishment of chronic pain and the cog-
nitive impairment resulting from chronic pain. In ad-
dition, epidemiological studies have revealed the high

Chen Z-F, Rebelo S, White F, Malmberg AB, Baba H, Lima D, Woolf CJ,
Basbaum Al, Anderson D (2001) “The paired homeodomain protein
DRGI1 is required for the projection of cutaneous sensory afferent fibers
to the dorsal spinal cord.” Neuron 31: 59-73

Lima, D. and Almeida, A. (2002) “The medullary dorsal reticular nucleus as a
pronociceptive centre of the pain control system.” Progress in Neurobiol-
ogy 66: 81-108

Cruz CD, Neto FL, Castro-Lopes J, et al (2005) “Inhibition of ERK phos-
phorylation decreases nociceptive behaviour in monoarthritic rats” Pain

116:411-419

impact of chronic pain in Portugal.

The group will pursue his main objective of further
understand the physiopathology of pain by investi-
gating along four different lines:

1. We will continue the study of the molecular play-
ers in the embryonic development of the nocicep-
tive system as a way of identifying molecular mark-
ers of its various components. This should enable
us to investigate the differential role of each part in
pain processing and identify molecules of putative
therapeutic interest directed specifically to each one.
'This study will focuse on the primary-afferents/ sec-
ond order circuit, where past studies by the group
revealed the transcription factor Prrxll to relate
specifically to the development of the excitatory
component and to be over expressed during inflam-
matory chronic pain.

2. Molecular changes occurring during chronic pain
will continue to be studied at the peripheral, spinal
and supraspinal level in the monoarthritis, osteoar-
thritis, spared nerve injury and diabetic neuropathy
models. Gene manipulation of multiple neuronal
systems together with microdyalisis will be used to
better reveal the plasticity of neurotransmission in
such chronic pain conditions.

3. Chronic preparations using multiclectrode elec-
trophysiological recording coupled to behavior re-
cording will be used to study chronic pain-induced
cognitive abnormalities related to misfunctioning
of prefrontal and striatal regions.

4. Epidemiological studies will continue in order to
establish the prevalence of acute and chronic post-
operative pain.

Pinto M, Sousa M, Lima D, Tavares I (2008) “Participation of p-opioid,
GABAB, and NK1 receptors of major pain control medullary areas
in pathways targeting the rat spinal cord: Implications for descending
modulation of nociceptive transmission.” Journal of Comparative
Neurology 510: 175-187

JiG, Sun H, FuY, Li Z, Pais-Vieira M, Galhardo V, Neugebauer V. (2010)
“Cognitive impairment in pain through amygdala-driven prefrontal
cortical deactivation” ] Neurosci 30:5451-5464.

Ferreira-Gomes, ], et al., Phenotypic alterations of neurons that innervate
osteoarthritic joints in rats. Arthritis Rheum, 2010. 62(12): p. 3677-85.
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The inability of axons to regenerate in the mature
central nervous system (CNS) is a major obstacle
in the treatment of neurological disorders and
CNS injury. A key principle guiding research
in axon regeneration is that extrinsic cues in the
environment of neurons, as well as cell-intrinsic
mechanisms, contribute to the limited capacity
of neurons to regenerate. While progress has been
made in characterizing the extrinsic cues that in-
hibit axon growth, the cell-intrinsic mechanisms
that govern axon regeneration remain poorly un-
derstood.

Through the use of in vivo models of injury, in vit-
ro neurite outgrowth assays, as well as proteomics
and cell biology approaches, our group has identi-
fied modulators of nerve regeneration:

- In the peripheral nervous system (PNS), we
identified transthyretin (TTR) as a nerve regen-
eration enhancer.

- In the CNS, we identified candidates that enable
axonal regeneration following a lesion to the PNS
(conditioning lesion).

- We determined that plasmalogens, a membrane
phospholipid, affect neurite outgrowth and neu-
ronal membrane fluidity.

The ongoing characterization of basic mecha-
nisms enabling axonal regeneration will support
future therapeutic applications aiming to promote
axonal growth.

Miranda CO, Teixeira CA, Liz MA, Sousa VE, Franquinho F, Forte G, di
Nardo P, Pinto-do-O P and Sousa MM (2011). Systemic delivery of bone
marrow-derived mesenchymal stromal cells diminishes neuropathology in
amouse model of Krabbe’s discase. Stem Cells, In Press.

Fleming CE, Mar FM, Franquinho F, Saraiva MJ and Sousa MM (2009).
Transthyretin internalization by sensory neurons is megalin-mediated and
necessary for its neuritogenic activity. J. Neurosci. 29:3220-32.

Liz MA, Fleming CE, Nunes AF, Almeida MR, Mar FM, Choe Y, Craik CS,

We are interested in understanding cell-intrinsic
pathways enhancing axonal growth. For that, we
are dissecting the following mechanisms:

- Axonal transport of injury signals and regen-
eration enhancers: The activation of a regenera-
tion program comprises the transport of injury
signals from site of lesion to the cell body. These
signals will then induce the expression of regen-
eration enhancers. We are characterizing injury
signals and putative novel axonal regeneration
enhancers identified by our group. Moreover,
the relevance of unknown genes highly ex-
pressed by sensory and motor neurons is being
studied.

- Cytoskeleton remodeling: Cytoskeleton re-
modelling is crucial to support axon extension.
In this context, we identified GSK3beta and ad-
ducin, which are involved in microtubule and
actin dynamics respectively, as differentially
regulated in conditions where increased axonal
regeneration is observed. Now, we will evaluate
the potential of modulating GSK3beta and ad-
ducin in vivo, using the spinal cord injury mod-
el, to promote CNS regeneration.

- Membrane fluidity: Besides cytoskeleton re-
modeling, membrane refashioning is essential
for growth. Given the involvement of plas-
malogens in membrane fluidity and neurite
outgrowth in vitro, we will evaluate in vivo
their role in neurons and in myelin-forming
glia, physiologically and during degeneration/
regeneration.

Powers JC, Bogyo M, Sousa MM (2009). Substrate specificity of tr-
ansthyretin: identification of natural substrates in the nervous system.
Biochem J. 419:467-7:

Fleming CE, iva MJ and Sousa MM (2007). Transthyretin enhances
nerve regeneration. J. Neurochem. 103: 831-9.

Nunes AF, Saraiva MJ and Sousa MM (2006). Transthyretin knock-
outs are a new mouse model for increased neuropeptide Y. FASEB J.
20:166-8.
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Previous research results

Our group has long been studying the pathophysi-
ology of arterial hypertension and its regulation
by catecholamine, the rennin-angiotensin sys-
tem (RAS) and reactive oxygen species (ROS).
Hypertension has been associated with reduced
sensitivity to acute pain both in animal models
and in humans. This hypertension-induced hy-
poalgesia appears to be due to inhibition of no-
ciceptive transmission. Our studies addressing the
mechanisms of the physiological and pathologi-
cal interaction between cardiovascular and pain
regulatory systems showed that there is a decrease
of nociceptive activation of spinal cord neurones,
due to changes of GABAergic inhibitory system.
In chronic pain there are also decreased responses
to pain in Angiotensin IT hypertensive animals.
The NTS and VLMlat are involved in cardiovas-
cular and pain control. CVLM neurons express-
ing AT 1 receptors, and involved in the CVLM-AS
pathway are mainly non-catecholaminergic. The
decreased expression of NMDA receptors in the
NTS elicits hypoalgesia and hypertension. The
administration of NMDA reverses the nocicep-
tive and cardiovascular effects.

NOX activation is involved in the pathophysiolo-
gy of SNI peripheral neuropathy, although differ-
ent pain sub modalities (mechanical and thermal)
were differentially affected, suggesting differential
modulation of C and AS3 fibers.

Selective alpha2C-adrenoceptor blockade pro-

duces an increase in brain tissue levels of dop-
amine; by enhancing the transport activity of
the catecholamine precursor L-DOPA.

Future research goals

Our future work intends to further enlighten-
ing the dispute about the existence of separate
neuronal populations for pain modulation and
cardiovascular control and the role and mecha-
nisms of angiotensin II involvement.

Evaluate the interaction between the hyperten-
sive and chronic pain pathological states, involv-
ing not only inflammatory but also neuropathic
chronic pain. Evaluate the oxidative status in
spinal and supraspinal pain processing areas.
Characterize an alternative therapeutic target
for the prevention/treatment of diabetic neph-
ropathy, eventually associated with hyperten-
sion.

Unravel the mechanisms contributing to the
cardiac and renal protection exerted by aspirin
and RAS blockers.

Provide novel insights to the physiology of
brain alpha2C-adrenoceptors but also evaluate
these receptors as possible targets in diseases as-
sociated to dopamine imbalance such as Parkin-
son’s disease.

Characterize the role of adrenaline on the matu-
ration of the different -adrenoceptor subtypes.

Selected references
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We are studying the basic principles of organiza-
tion and physiological functioning of spinal no-
ciceptive processing circuitries. A combination
of imaging, labeling and recording techniques is
used to describe the anatomical structure of spinal
nociceptive neurons, their interconnectivity, effi-
cacy of transmission in sensory synapses and the
mechanisms of cell-specific firing pattern genera-
tion. We have recently described several new types
of the local axon collaterals issued by the lamina
I projection neurons, implying strong involve-
ment of projection neurons in intra- and inter-
segmental spinal integration. We have also found
that sensory processing in the superficial dorsal
horn is dominated by excitatory interneurons.
The synapses formed by the excitatory interneu-
rons activate Ca**-permeable AMPA receptors,
show several forms of functional plasticity, and a
release from synapses of one neuron can be sufhi-
cient to excite another neuron. Our former studies
of the spatial distribution of Na* and K* channels
in dorsal horn neurons elucidated the roles of the
soma, axon initial segment and dendrites in spike
generation. We have also shown that Aj- and C-
afferents from several segmental dorsal roots con-
verge monosynaptically on individual neurons in
laminae I and II, what can form the basis for the

Szucs P, Luz LL, Lima D, Safronov BV (2010). Local axon collaterals of lam-
ina I projection neurons in the spinal cord of young rat. ] Comp Neurol
518: 2645-65.

Pinto V, Szucs P, Lima D, Safronov BV (2010). Multisegmental A3- and C-
fiber input to neurons in lamina I and the LSN. J Neurosci 30: 2384-95.
Santos SFA, Luz LL, Szucs P, Lima D, Derkach VA, Safronov BV (2009)
Transmission efficacy and plasticity in glutamatergic synapses formed by
excitatory interneurons of the substantia gelatinosa in the rat spinal cord.

PLoS ONE 4: ¢8047: 1-18.

Szucs P, Pinto V, Safronov BV (2009) Advanced technique of infrared LED
imaging of unstained cells and intracellular structures in isolated spinal
cord, brainstem, ganglia and cerebellum. ] Neurosci Meth 177: 369-80.

somatovisceral integration underlying phenom-
enon of referred pain.

Our future research will deal with the neurons
in the most superficial dorsal horn layer, lamina
I, which is a key element of the spinal nocicep-
tive processing system. Based on technological
progress achieved in our laboratory during the
last five years, we shall study several unknown
properties of the neuronal circuitry organiza-
tion in lamina I: functional connectivity be-
tween different morphological types of lamina
I neurons, the monosynaptic transmission be-
tween lamina I neurons, as well as the activity-
dependent plasticity and types of transmitter-
activated receptors involved. We shall study
the axonal architecture of lamina I local-circuit
neurons and monosynaptic convergence of so-
matic and visceral primary afferent fibers on in-
dividual lamina I neurons. We are also planning
to study the descending input to lamina I neu-
rons from the brainstem and other supraspinal
areas and to create realistic computer models of
major classes of spinal lamina I neurons based
on detailed 3-D reconstructions of completely

filled cells.

Pinto V, Szucs P, Derkach VA, Safronov BV (2008) Monosynaptic con-
vergence of C- and Ad-afferent fibres from different segmental dorsal
roots on to single substantia gelatinosa neurones in the rat spinal cord.
J Physiol 586: 4165-77.

Santos SFA, Rebelo S, Derkach VA, Safronov BV (2007) Excitatory in-
terneurons dominate sensory processing in the spinal substantia gelati-
nosa of rat. J Physiol 581: 241-54.

Safronov BV (1999) Spatial distribution of Na+ and K+ channels in spi-
nal dorsal horn neurones: role of the soma, axon and dendrites in spike
generation. Prog Neurobiol 59: 217-41.
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Our group aims at uncovering the fine mechanism
of micturition control in health and in several
discase states and at offering better and safer treat-
ments to patients with lower urinary tracts symp-
toms, like urinary incontinence or bladder pain.
At an experimental level we make use of animal
models that mimic diseases as spinal cord lesions,
overactive bladder or bladder obstruction due to
prostate enlargement. We have studied the impor-
tance of neurotrophins and TRP receptors and
its endogenous agonists in these processes and
in terms of therapeutic possibilities we are mak-
ing progresses in finding effective TRPV1 and
TRPV4 antagonists and clarifying how Botuli-
num toxin works once injected in the bladder or
in the prostate gland.

Ataclinical level we were involved in a large multi-
centre clinical trial that demonstrated for the first
time the efficacy and safety of Botulinum Toxin
type A in the treatment of urinary incontinence
due to neurological disorders and defined the
ideal dose of this toxin. We also contributed de-
cisively to introduce this toxin in the treatment of
chronic bladder pain states. We made substantial
progresses in the definition of urinary biomarkers
in overactive bladder. We are currently investigat-
ing the possibilities of the pharmacological ma-
nipulation of the bladder adrenoreceptors for the
treatment of this syndrome. Finally we investigat-
ed new surgical options for treatment of urinary
incontinence in women.

Cruz F, Herschorn S, Aliotta P, Brin M, Thompson C, Lam W, Daniell G,
Heesakkers J, Haag-Molkenteller C.. Efficacy and Safety of Onabotuli-
numtoxinA in Patients with Urinary Incontinence Due to Neurogenic De-
trusor Overactivity: A Randomised, Double-Blind, Placebo-Controlled
Trial. Eur Urol. 2011 Oct;60(4):742-50. Epub 2011 Jul 13

Silva], Pinto R, Carvalho T, Botelho E, Silva P, Silva C, Cruz F, Dinis P. botu-
linum toxin type A administration: evaluation of the effects on sexual func-
tion. BJU Int. 2011 Jun;107(12):1950-4

Antunes-Lopes T, Carvalho-Barros S, Cruz CD, Cruz F, Martins-Silva C
(2011). Biomarkers in overactive bladder: a new objective and noninvasive

The future research of the translational neuro-
urology group will be directed into two main
new areas. One is the prevention of bladder
overactivity and the other is the identification of
urine and blood biomarkers to aid the diagnosis
and treatment of bladder overactivity.
Prevention of bladder overactivity will start to
be investigated in animals model of spinal cord
injury, which most closely reproduce the equiva-
lent human condition (spinal cord lesion). Fast
administration of TRP antagonist and seques-
tration of neurotrophins appear as ideal pharma-
cological intervention to prevent the appearance
of bladder overactivity. In addition we hope to
investigate the effect of electrosacral neuromod-
ulation in this process, in collaboration with the
Tubingen Group of Neurourology (Germeny).
As collateral to this research we expect to gain
relevant information about the role of neurotro-
phins and TRP receptors in micturition control.
Biomarkers are measurable characteristics that
reflect physiological, pharmacological, or disease
processes. Bladder overactivity lacks objective
diagnostic tests. Therefore, identification of ob-
jective parameters will be extremely relevant to
aid diagnosis, in addition to clinical examina-
tion, and monitor treatment. Although our re-
cent studies indicate that neurotrophins are the
most obvious candidates, we intent to perform
proteomic analysis of urine and blood of these
patients in order to detect additional biomarkes
candidates.

tool? Adv Urol. 2011;2011:382431. Epub 2011 May 29.

Cruz CD, Cruz F (2011). Spinal cord injury and bladder dysfunction:
new ideas about an old problem. ScientificWorldJournal. 11:214-34.

Charrua A, Avelino A, Cruz F (2011). Modulation of urinary bladder in-
nervation: TRPV1 and botulinum toxin A. Handb Exp Pharmacol.
202):345-74

Oliveira R, Botelho F, Silva P, Resende A, Silva C, Dinis P, Cruz F. Explor-
atory Study Assessing Efficacy and Complications of TVT-O, TVT-
Secur, and Mini-Arc: Results at 12-Month Follow-Up.Eur Urol. 2011
Jan 21. [Epub ahead of print]
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Our group focuses on genetics of neurological dis-
eases, mainly the spinocerebellar ataxias (SCAs),
Huntington discase and other movement disor-
ders.

We have been involved in the identification and
characterization of genes and mutations for domi-
nant (SCA) and recessive hereditary ataxias (AOA),
Huntington disease (HD) and HD-like disorders
and hereditary spastic paraplegia (HSP/SPG).

We have also been interested in complex disorders,
particularly in the study of migraine (familial and
association studies), to assess familial aggregation
and ascertain susceptibility genes. We have also
studied paediatric stroke, multiple sclerosis and hy-
podontia.

Our animal-based rescarch (mice and C. elegans)
has been centred on Friedreich ataxia, Machado-
Joseph disease (MJD/SCA3) and SCAG, to evalu-
ate disease mechanisms as well as the function of
proteins involved. Cell models have been used to
characterize ataxin-3 interactors and assess the role
of protein processing and protein degradation sys-
tems in neurodegenerative disorders.

We have been also involved in the identification of
disease modifiers and epigenctic modification in
HD, MJD and familial amyloid polyneuropathy
(FAP) ATTRV30M.

Another interest has been the study of founder ef-
fects, ancestral haplotypes and mutational origins
mainly in MJD, but also SCA2 and SCA10.

Our unit is served by a large multidisciplinary team,
including clinical neurology and epidemiological

Emmel VE, Alonso I, Jardim LB, Saraiva-Percira ML, Sequeiros J (2011):
Does DNA methylation in the promoter region of the ATXN3 gene mod-
ify age at onset in MJD (SCA3) patients? Clin Genet 79:100-2

Sequeiros J, Ramos EM, Cerqueira J, Costa M do C, Sousa A, Pinto-Basto J,
AlonsoJ (2010): Large normal and reduced-penetrance alleles in Hunting-
ton disease: instability in families and frequency at the lab, at the clinic and
in the population. Clin Genet 78:381-7

Lemos C, Pereira-Monteiro J, Mendonga D, Ramos EM, Barros J, Sequeiros
J. Alonso I, Sousa A (2010): Syntaxin 1A in migraine susceptibility: evi-
dence for its involvement in a Portuguese study. Arch Neurol 67:422-7
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A, Saraiva-Pereira ML, Jardim LB, Matsuura T, Sequeiros J, Silveira I

studies, psychosocial genetics and ethics; popula-
tion genetics, genetic epidemiology and historical
genetics; gene mapping and mutational analysis,
functional genomics and animal models.

Identification of new genes and mutations in
neurodegenerative disorders are still one of our
major goals, as these can be translated into regu-
lar clinical practice and have a direct impact in
patient management and genetic counselling in
their families.

We will continue the search for cell pathways and
pathogenic mechanisms in neurodegeneration,
through the study of cell and animal models. We
are particularly interested on the impact of muta-
tions in protein folding and aggregation, as well
as on toxic intermediate species and the role of
protein degradation systems in aggregate forma-
tion and clearance.

We will further invest on the search for disease
modifiers (genetic, epigenetic and environmen-
tal), through human, cell and animal-based ap-
proaches that might help clarifying the disease
mechanisms contributing to Huntington, SCAs,
FAP ATTRV30M or Parkinson disease.

Patient studies and genetic epidemiological tools
will be used also for identification of modifiers. In
addition, understanding the genetic contribution
to the actiology of complex diseases will remain
one of our aims.
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Previous research results

The interest on ageing & stress has led us to foc-
cus on patterns of expression in human cells and
tissues.

Stress-induced cell senescence mimicks replicative
senescence of cells and is known to result from
the action of a very limited number of physical or
chemical agents. Recently, we added copper as one
new such agent, and are now scarching specific
mechanisms involved, which may underlie cop-
per related human disorders. Reproductive ageing
presents a very peculiar aspect of human ageing.
In fact, whereas middle aged males evidence age-
related deterioration of the penile structure and
vascular remodelling (as reduced smooth muscle
cells and enhanced lipid cells deposition in the
corpus cavernosum and VEGF receptor varia-
tion), the reduced antioxidant protection offered
to oocytes by the surrounding cumulus cells is al-
ready noticed in younger females and associates to
reduced number of successful pregnancies. Ageing
thus imparts an oxidative stress upon cells which
may be due to enhanced protein carbonylation,
a point under investigation. Specific conditions
impinging on stress receptors, as melanocortin-5
receptor, start a transductive process which acti-

vates cAMP/PKA and MAPK pathways. An
unexpected lypolitic effect recently observed,
became a point of interest.

Future research goals

While exploring mechanisms that make copper
induce cell senescence, we are now extending
the range of oxidative stress regulation of human
oocytes along reproductive ageing, through a
major grant from an international pharmaceuti—
cal company. In addition, we are including the
study to oocyte derived growth factors which
work as cumulus oophorus cells modulators. To
explore further the atherosclerosis-prone high
fat diet effect upon the rat corpus cavernosum,
we are testing the use of antioxidants and their
putative targets or modulators. To examine the
role of carbonylated proteins as intermediates
in the modulation of metal induced oxidative
stress on human fibroblasts and enlarge the
prospects in ageing cell research, we are using
now a human T cell line. The lypolitic effect un-
der stressful conditions that was found is now
being explored, employing a human adipose cell

line (SGBS).
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Biology of Inflammation and
Reproduction

Natércia Teixeira

Is the group leader, since 1996, and is also a professor of Cell Biology at the Faculty of
Pharmacy. She obtained her degree in Pharmacy at the University of Porto and hasa PhD
in Biochemistry from the University of Strathclyde (Glasgow).

Email: natercia@ffup.pt

Previous research results

The principal aim of our research has been the
understanding of the cellular and molecular
mechanisms underlying different inflammatory
conditions, associated with physiological and
pathological situations that can trigger serious or
fatal events. Our group has been focusing on three
main areas: i) study of several blood markers, to es-
timate in a quantitative way risk factors associated
with serious or fatal events occurring alongside
with inflammatory conditions; ii) understanding
of the mechanisms that underpin the dynamic
uterine-embryo interactions during successful
and complicated pregnancy, as well as the role of
endocannabinoids in fetoplacental development;
iii) biological evaluation of new compounds and
drugs for the treatment of hormone-dependent
tumors and inflammatory diseases.

Future research goals

W plan to further study the biology of inflamma-
tory diseases (psoriasis, chronic renal disease, obe-
sity) and the role of inflammation in i) worsening
of psoriasis; ii) erythropoietin resistance and the
associated cardiovascular risk, in patients with
chronic kidney disease, and in animal models with

induced renal failure; iii) cardiovascular risk
in obese children and adolescents. We studied
about 100 Portuguese families with Hereditary
Spherocytosis; we intend to further study the
biology of HS and to develop flow cytometry
assays to diagnosis of RBC membrane discases.
In addition, the pharmacological and toxico-
logical effects of natural antioxidants and of
therapies used in inflammatory conditions are
also future goals.

Other main objective will focus on the biologi-
cal evaluation of new potent anti-tumor com-
pounds for hormone-dependent breast and
prostate cancers, as well as the investigation of
the type and signaling pathways of cell death in-
duced by these compounds

The biological actions of endocannabinoids are
now emergingin various physiological processes.
Our group showed a pro-apoptotic activity for
anandamide in uterine decidual cells. We intend
to extend our study to the mechanisms underly-
ing endocannabinoid effects in the fetoplacen-
tal bed in order to understand the involvement
of these lipid modulators in tissue remodelling
during gestatio.

Selected references

Fonseca B.M., Correia-da-Silva G., Taylor A.H., Lam PM.W., Marczylo T.H.,
Konje J.C., Bell $.C., Teixeira N.A. (2010) N-acylethanolamine levels and
expression of their metabolizing enzymes during pregnancy” Endocrinol-
ogy. 151(8), 3965-3974

Cepa M, Correia-da-Silva G, Tavares Silva EJ, Roleira FME, Hong Y, Chen
S, Teixeira NA (2008) “Molecular mechanisms of aromatase inhibition by
new A,D-ring modified steroids.” Biological Chemistry 389: 1183-1191

Nascimento H, Silva L, Lourengo P, Castro E, Weinfurterova R, Guerra
ARego C, Ferreira Mansilha H, Quintanilha A, Santos-Silva A, Belo L.
“Lipid profile in portuguese obese children and adolescents. Interaction
of apolipoprotein E polymorphism with adiponectin levels”. Archives of
Pediatrics & Adolescent Medicine 2009; 163:1030-1036.

Coimbra S, Oliveira H, Reis F, Belo L, Rocha S, Quintanilha A, Figueiredo

A, Teixeira F, Castro E, Rocha-Percira P, Santos-Silva A. “Interleukin
(IL)-22, IL-17, IL-23, IL-8, vascular endothelial growth factor and tu-
mour necrosis factor- levels in patients with psoriasis before, during
and after psoralen-ultraviolet A and narrowband ultraviolet B therapy”.
British Journal of Dermatology 2010; 163:1282-1290.

Rocha S, Costa E, Rocha-Pereira P, Ferreira F, Cleto E, Barbot J, Quin-
tanilha A, Belo L, Santos-Silva A. “Erythrocyte membrane protein
destabilization versus clinical outcome in 160 Portuguese Heredi-
tary Spherocytosis patients”. British Journal of Haematology 2010;
149:785-794.

Tejera E, Nieto-Villar ], Rebelo L “Unexpected heart rate variability in the
ageing process of arrythmic subjects”. Commun Nonlinear Sci Numer
Simulat. 2010;15(7):1858-1863




Genetics and Arthritis
Research

Jacome Bruges Armas

PhD, University of Porto
Group Leader at IBMC, since 2005

Email: jacome@seebmo.org

Previous research results

We are currently devoted to two different areas: 1)
the study of detrimental calcifications characterizing
and complicating a number of skeletal disorders, and
2) the study of additional genetic factors associated
with the neurological disorder Machado Joseph Dis-
ease (MJD).

Rheumatic disorders: The etiology and clinical char-
acterization of rheumatic disorders with ectopic
calcification is still our main research interest. The
investigated disorders are Diffuse Idiopathic Skel-
etal Hyperostosis (DISH), chondrocalcinosis (CC)
and ankylosing spondylitis (AS). Whole genome
expression studies in cartilage and synovial tissue bi-
opsies from AS patients are currently being analyzed.
The possible AS genetic association of three genes
(TNFSFIS, ERAP and IL23) is currently being
scrutinized in a cohort of Portuguese AS patients and
controls. The non classical HLA loci E, G, E DPA
and DPB are also being investigated in AS patients
and controls to investigate its possible involvement in
the etiology of this disorder.

Neurological Disorders: Machado-Joseph  disease
(MJD/SCA3) is the most common autosomal domi-
nant spinocerebellar ataxia, being caused by a gain of
function of ataxin-3, which occurs when an abnor-
mally expanded CAG motif is present in the coding
region of ATXN3 gene. In MJD, the causative mu-
tation itself is not sufficient to determine the disease
expression, supporting the contribution of additional
genetic factors. We have recently focused our efforts
on the regulation and transcriptional variation of
the A7XN3, and its potential as a modulator of the
clinical variability of MJD. Investigation aiming to

understand the clinical spectrum of MJD has also
resulted in the identification of the Apolipoprotein
E gene as a modulator of MJD’s phenotype.

Future research goals

Rheumatic Disorders: Future work will involve the
collection and organization of biological samples,
from patients with the rheumatic disorders under
study — DISH, CC and AS - in a BioBank. This
project will enable the assemblage of important
information that can be used for studies of etiol-
ogy, therapy and clinical outcome. Cell culture of
human bone marrow mesenchymal stem cells and
human chondrocytes were also recently started;
expression studies involving the cultured cells will
surely be of major interest. Whole exome sequenc-
ing of patients with the phenotype DISH/CC will
be performed/analyzed with the objective of iden-
tifying mutated genes that can be the underlying
cause of the phenotype DISH/CC. Methylation
and proteomic studies, with the AS biospecimens
collected so far, will hopefully establish new inves-
tigation lines and identify new genes of interest.
Neurological Disorders: in addition to ApoE,
other genetic modifiers remain to be identified.
Microarray expression data is being generated for
patients, aiming to pinpoint potential new can-
didates. Presently, accurate measurement tools, to
detect the first signs of the disease and subtle thera-
peutic benefits, are needed for MJD. We are using
a non-biased whole-genome approach to detect

such changes in peripheral blood of patients.
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Previous research results

We are interested in combining approaches of
physics, chemistry and biology to understand,
characterize and manipulate biological systems
with molecular precision. The main lines of re-
search are:

a) supramolecules - structural characterization and
manipulation of peptide and protein assemblies.
Projects: peptide-based assemblies with function-
al properties for molecular recognition and deliv-
ery of guest molecules (1,2); protein self-assembly
processes involved in amyloid diseases (3,4).

b) molecules - protein structure elucidation using
X-ray crystallography complemented with other
techniques. Projects: structural and functional
characterization of the enzyme responsible for the

degradation of the pesticide molinate (5) and
structure-based design of transthyretin amyloid

inhibitors(6).

Future research goals

In the future we will focus on the study of the
self-assembly of biomolecules (peptides or pro-
teins) oriented for two complementary goals:
i) development of supramolecular complexes
for molecular recognition and delivery of bio-
active compounds and ii) mechanistic studies
of amyloid fibril formation. In addition, we are
also interested in using X-ray crystallography
for structure-oriented research of amyloid in-
hibitors.
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Previous research results

Our laboratory focuses on Leishmania, the
agents of human and canine Leishmaniasis in
many regions of the world, Portugal included.
Leishmaniasis is a serious, often fatal, condition
for which no satisfactory therapy exists. We have
been studying aspects of the thiol metabolism of
Leishmania, namely the processes used by these
parasites to eliminate peroxides. Initiated with the
identification and the characterization of several
Leishmania antioxidant enzymes, our work has
recently led to two important findings. One of
these refers to the discovery that redox metabo-
lism in the mitochondrion of Leishmania and
other trypanosomatids is not dependent on the
activity of a class of trypanosomatid-specific oxi-
doreductases named as tryparedoxins. Our most
recent significant contribution relates to another
Leishmania mitochondrial enzyme, the peroxire-
doxin LimTXNPx which we identified as a factor
essential for the parasites to thrive in their mam-
malian hosts. Noticeably, the i% vivo crucial func-
tion of LimI XNPX could not be explained by its
well characterized peroxidase activity. Rather, our
observations suggested this mitochondrial perox-
iredoxin to function as a chaperone, an activity
that may allow the parasite to sustain the change
of temperature as it passes from the insect to the
mammalian host.

Future research goals
Our research on thiol metabolism has 3 immedi-
ate aims:

i) To characterize the chaperone activity of
LimTXNPx at the biochemical level and con-
firm its iz vivo significance.

ii) LimI[ XNPx is essential for Leishmania sur-
vival in the mammalian hosts but is redundant
in the insect stage, the promastigote. Our objec-
tive is to investigate if Leishmania promastig-
otes devoid of LimI XNPx can be used as a basis
for a life attenuated vaccine.

iii) Leishmania thiol metabolism is interesting
for drug development because it depends on
trypanothione and not, as their hosts, on glu-
tathione. This suggests that it can be used as a
target for new anti-Leishmania therapeutics.
Presently, we are genetically and chemically vali-
dating the enzymes involved in the synthesis of
trypanothione in Leishmania infantum.

We have now initiated a second area of research,
metal acquisition in intracellular Leishmania.
A detailed knowledge of the parasite metal
transport machinery and of the modifications
in metal metabolism occurring in infected cells
will not only increase our understanding of the
infective process itself, but may provide also an
opportunity for therapeutic intervention. Our
aims are:

i) To identify and characterize components of
metal uptake systems in Leishmania infantum.
ii) To investigate the changes taking place in
iron metabolism proteins and in iron traffic in
L. infantum-infected macrophages.
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Technological Platforms

The IBMC has several scientific, administrative
and general services that are shared by all Research
Groups and also provide external services for the
community. These scientific services are run by ded-
icated Technical Staff; some of them already hold
PhDs. These technicians are encouraged not only
to provide services but also to undertake technical
development as well as training.

Advanced Flow Cytometry
Advanced Light Microscopy
Animal House

Cell Culture and Genotyping
Histology and Electron Microscopy
Programs‘ Office

Protein Production and Purification
Technology Transfer Office

Advanced Flow Cytometry

Catarina Dinis Leitao

PhD
Head of Department, IBMC

Email: catarina.leitao@ibmc.up.pt

The mission of the Advanced Flow Cytometry
Unit (AFCU) is to offer researchers efficient and
reliable flow cytometric services with the highest
standards of quality control and productivity.

The AFCU provides investigators with equip-
ment for acquisition and analysis of flow cyto-
metric data and for cell sorting from single cell
suspension using fluorescence. Furthermore, the
AFCU gives training and consulting for research-
ers that intend to use the flow cytometry in their

projects; and helps analyzing and interpreting
data. A number of applications, including the
multicolor analysis of cell phenotype, gene ex-
pression, membrane potential, Ca2+ and Mg2+
influx and cell cycle can be performed.

For analyzing the flow cytometric data, the
AFCU is equipped with a Flowjo workstation
(a computer with a licence for the flowjo soft-
ware). The available equipment can be booked
on line.

Advanced Light Microscopy

Paula Sampaio

PhD
Head of Department, IBMC
Email: sampaio@ibmc.up.pt

The Advance Light Microscopy (ALM) is the scien-
tific core facility of IBMC dedicated to state-of the-
art optical microscopy applications for biosciences.
Multidimensional (6D) imaging of cells and tissues,
high speed live cell microscopy, molecular analysis
techniques and in vivo microscopy are some of the
applications available. The ALM provides access to
advanced light microscopy systems as fluorescence
widefield and laser scanning confocal microscopes,
training in equipment use, scientific advisement in
experiment planning, consulting and collaboration

in research projects, and develops educational
activities. The ALM deals with a broad range of
biological problems and acts to establish connec-
tions between different investigators and areas of
research. Furthermore, we have high motivation to
implement new experiments and techniques. The
ALM works as an open-access facility to all mem-
bers of the IBMCeINEB Associated Laboratory
and outside researchers from scientific and techno-
logical communities.




Animal House

Modnica Sousa

PhD

Head of Department, IBMC
Email: msousa@ibme.up.pt

The Animal House (AH) is a licensed breeding and
experimental facility holding 2000 cages of rodents
(mice and rat) and 2-4 rabbits. There are several
strains of genetically modified mice, most of which
are immunocompromised. The AH provides differ-
ent services that support animal based research:

a) Care and management of genetically modified
animals (breeder selection, mouse breeding, wean-
ing, animal identification, sample collection for
genotyping, weekly animal records and care of sub-

lethal KOs;

Sofia Lamas

Head of Department, IBMC
Veterinary

Email: sofia.lamas@ibmc.up.pt

b) Supply of common rodents from different
strains (CS7BL/6J, BALB/c, 129, NMRI and
Wistar Han rats), timed pregnant females, em-
bryos and neonates;

¢) Specialized services: Polyclonal antibody pro-
duction, Rederivation techniques; PCR diagnostic
for common rodent pathogenic agents;Veterinary
care and surgical interventions: administration of
substances, blood collection, and post surgical as-
sistance; Training of researchers and animal care-
takers (FELASA category A and B).

Cell Culture and Genotyping

Paula Magalhaes
Head of Department, IBMC
Email: paulam@ibmc.up.pt

The Cell Culture and Genotyping Service (CC-
Gen) cooperates with researchers through: a) Cell
culture service that offers individual, fully equipped
and monitored rooms for cell culture, mycoplasma
tests and N2 reservoir for cell storage; b) genotyp-
ing and gene expression service that facilitates the
implementation of these technologies, including ex-
pert consultation and training and providing equip-
ment for gene expression analysis (iQS Real-Time

PCR Detection System); automated DNA and
RNA extraction (Maxwell 16 System); quantifi-
cation of DNA, RNA and protein (NanoDrop);
and automated electrophoresis system for nucleic
acids and protein analysis (Experion); c¢) Mouse
genotyping service for that implements and op-
timizes genotyping protocols and performs rou-
tine analysis of 46 different genes. All services
offer technical assistance to all researchers.

Histology and Electron Microscopy

Rui Fernandes
Head of Department, IBMC
Email: rfernand@ibme.up.pt

This Core Research Facility is centred on Trans-
mission Electronic Microscopy (TEM) namely
conventional Ultrastructure; immunoelectromi-
croscopy; elemental analysis — EDX; STEM; in
situ hybridization; Autoradiography; training in
tissue preparation, and Optical Microscopy name-
ly criomicroscopy and paraffin embedding with
the ancillary equipment.

The equipment available to perform these tech-
niques includes an electron microscopes Jeol JEM
1400, Zeiss model EM 10C and model EM 902A
with a SC1000 OriusTM CCD camera gatan,

ultramicrotomes, and for optical microscopy: vi-

bratome, freeze and paraffin microtomes, paraf-
fin tissue processor and a modular embedding
system.

The Facility provides both the equipment and
technical support to researchers needing high
level optical and TEM to tackle studies either
of cell or material sciences. Besides the instruc-
tion of researchers the Facility also offers train-
ing courses as well as guided visits to high school
students. Currently the Facility is also engaged
on workshops or exhibitions for the general
public organized by the Office of Science Com-
munication of the IBMC.

Programs’ Office

Catarina Carona
Head of Department, IBMC

The Programs’ Office is a joint department of
IBMC, INEB and IPATIMUP and its main pur-
pose is to support the researchers with project ap-
plications, by searching and announcing funding
opportunities, studying the specific call require-
ments and helping to prepare and submit the proj-
ect proposals.

Email: ccarona@ibmec.up.pt | ccarona@ipatimup.pt

The office is also involved in other research re-
lated activities, such as circulating information
about scientific events, fellowships and job posi-
tions, managing the requests for licensing proj-
ects with animal experimentation and support-
ing ongoing projects and programs.




Protein Production and Purification

Frederico Silva
PhD

Head of Department, IBMC
Email: ffsilva@ibmc.up.pt

The Protein Production and Purification Unit
(UP3) provides access to state-of-the-art equip-
ment for the expression, purification and bio-
chemical/biophysical analysis of recombinant
proteins. This facility provides both scientific and
technical expertise, actively participating in the es-
tablishment of interdisciplinary research and net-
working activities involving internal and external
research groups.

Users have access to facilities for the heterologous
expression of proteins in prokaryotic and eu-

karyotic systems, as well as to chromatographic
techniques, and to a wide range of analytical
methods such as absorbance spectroscopy, spec-
trofluorimetry, circular dichroism spectrometry,
microcalorimetry and surface plasmon reso-
nance. Proteins, as well as a wide variety of other
biomolecules (such as nucleic acids and small
molecules), can be studied in terms of their
specific activity, stability, and molecular interac-
tions.

Technology Transfer Office

Anténio Parada
Head of Department, IBMC
Email: aparada@ibmc.up.pt

The mission of the TTO is to promote the research
activities of the Associate Laboratory IBMC to
public and private investors, to protect the intellec-
tual property capital and to promote social devel-
opment. It has one FTE with a degree in Biology
and a MBA.

Its main tasks are:

1) Management of Material transfer agreements.
2) Scouting of licensing opportunities

3) Spinning out and starting new ventures

4) Attraction of foreign direct investment

The objective is to maintain a profitable business
unit that contributes to the financing of IBMC.

Translational
Iniciatives
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8 Jorge Sequeiros
Full professor, ICBAS; PI, UnIGENe; Director, CGPP; President, National Medical
Genetics Commission; Board, Port. College of Medical Genetics; Member, National
Council for Ethics in the Life Sciences; Board, ESHG; Member, PPPC, ESHG; Orga-
nizer, SCAs EQA, EMQN
Email: jsequeir@ibmec.up.pt

Previous research results

‘The CGPP develops its activities in three main areas:
(1) medical genetics clinic and genetic counselling,
(2) genetic testing for hereditary diseases and (3)
training in human genetics for health professionals.
At the outpatient clinic, patients and families with ge-
netic diseases are observed and counselled by a multi-
disciplinary team of clinical geneticists, neurologists,
haematologists, psychologists & social service. A spe-
cific protocol for presymptomatic testing and coun-
selling in late-onset neurological diseases is in place
for relatives at-risk.

At our molecular genetics lab, diagnostic, carrier,
pre-symptomatic and prenatal tests are available for
a large number of diseases, namely dominant and re-
cessive ataxias, Huntington (HD) and HD-like dis-
cases, spastic paraplegias, Wilson, Parkinson, familial
Alzheimer and frontotemporal dementia, familial
hemiplegic migraine, Charcot-Marie-Tooth, familial
amyloidosis, epilepsies, neurofibromatosis and other.
A quality management system is in place. The DNA/
cell-line bank storages thousands of samples, coupled
with clinical and pedigree data, available for research.
'The European EQA for SCAs is administered by us,
since 2004, for the European Molecular Quality Net-
work. EMQN Best Practice guidelines for genetic
testing of the SCAs were developed and consensus
and controversies identified and discussed. SCAbase
(scabase.cu) is an evidence-based online diagnostic re-
source for the dominant ataxias (SCAs) and publicly
available.

CGPP is the hosting institution for Orphanet-PT
(www.orpha.net - the portal for rare diseases and or-

phan drugs), collecting the national data for the data-

base and translating its contents into PT.

15 EuroGentest leaflets (www.eurogentest.org) for
patients and families were developed, revised and/
or translated to PT. CGPP participates in other
European networks, as EHDN, Euro-Wilson and
SPATAX, and collaborates closely with the nation-
al patient organizations for ataxias, HD and amy-
loidosis. CGPP has also been offering consultancy
in public policies and ethics, to national health
authorities and international organizations, par-
ticipating in several international guidelines for the
OECD, EC, CoE, ESHG, ESHRE and EASAC
and FEAM.

Future research goals

CGPP activity focus on the following services to
the community:

Genetic testing mostly for neurological diseases
and haemocromatosis. Full list of genetic tests of-
fered is available at www.cgpp.cu;

Genetic counseling, Medical Genetics and Neu-
rology consultations to patients and families, as
well as psychological evaluation and follow-up;
Education and training in human and medical
genetics for physicians and other health profes-
sionals; clinical and lab rotations for medical
residents; education for biologists, biochemists
and others, in a diagnostic laboratory context;
rotations for psychologists, nurses, social service
and the professional master course in genetic
counselling;

Biobank of DNA, cell lines and other biological

materials for potential future studies.
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