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Curriculum vitae

Education and training

1979, University of Padova, Degree (Laurea) in Chemistry, Magna cum Laude.
1979-1982, Research Fellow, Institute of General Pathology, University of Padova:
Energy transduction in mitochondria.

1984-1985, Postdoctoral Fellow (two EMBO Short Term Fellowships), Dept of Membrane
Research, Weizmann Institute of Science, Israel:

Non-equilibrium thermodynamics of oxidative phosphorylation and kinetic modelling of
mitochondrial H+ pumps.

1987-1990, Postdoctoral Fellow (EMBO Long Term Fellowship and Fogarty International
Fellowship), Dept of Cellular and Molecular Physiology, Harvard Medical School, U.S.A.:
Biophysics of voltage-gated Ca*" channels.

Employment and Research experience

1983-1991, CNR Researcher, CNR Unit Physiology of Mitochondria, Institute of General
Pathology, University of Padova:

Energy transduction in mitochondria.

1991-1993, CNR Director of Research, CNR Unit Physiology of Mitochondria, Dept. of Biomedical
Sciences, Univ. of Padova:

Biophysics and physiology of neuronal Ca** channels.

1993-2000 Associate Professor of General Physiology (Faculty of Sciences), Dept. of Biomedical
Sciences, Univ. of Padova:

Biophysics and physiology of neuronal Ca®* channels.

2000-, Professor of Physiology, Dept. of Biomedical Sciences, Univ. of Padova:

Calcium channelopathies of the central nervous system; in particular familial hemiplegic migraine;
migraine pathophysiology

Honors and Professional Memberships and Committees

1985, Luigi Galvani Prize of the Bioelectrochemical Society.

1996-2000 Member of Council of the Italian Society of Pure and Applied Biophysics

1996-2002 Member of Council of [IUPAB (Int. Union of Pure and Applied Biophysics)
2000-2003, Coordinator of the PhD Program in Molecular and Cellular Biology and Pathology of
the Univ. of Padova.

2001, National Prize “President of the Republic” in Mathematical, Physical and Natural Sciences
awarded by the Accademia dei Lincei

2005-2015, Coordinator of the PhD Program in Neurobiology within the PhD School of Biosciences
of the Univ of Padova

2006-2011 Editorial Board of “The Journal of Physiology”

2007- Editorial Board of “Channels”.

2010-2017 Member of Faculty of 1000

2011- Member of the Venetian Institute of Letters, Arts and Sciences

2016- Editorial Board of “Neuroscience”



2017- Editorial Board of “European Journal of Physiology”
2018- Editorial Board of “Current Opinion in Neurobiology”
2019-Associate Editor of “The Journal of Headache and Pain”
2020-Associate Editor of “Frontiers in Cellular Neuroscience”

Selected invited talks (since 2013):

-FASEB Conference on Ion Channel regulation (2013)

-International Union of Physiological Societies Congress (IUPS) (Keynote Lecture, 2013)
-9™ FENS Forum of Neuroscience (2014)

-15"™ World Congress on Pain (2014)

-Symposium on Migraine Disorders (2015)

-Winter Conference on Neural Plasticity (2015)

-2" European Calcium Channel Conference (2015)

-COSBID 2016 (2016) Keynote lecture

-Conference “More than neurons: towards a less neurocentric view of brain disorders” (2016)
-Mediterranean Neuroscience Meeting (2017)

-17th SINS National Congress (Plenary lecture, 2017)

-SBF-F44 Symposium Physiology and Pathophysiology of Voltage-Gated Ca2+ Channels: Recent
Insights (2018)

-12" European Headache Federation Congress (2018)

-Quantitative Biomedicine for health and disease (QBi02019) Workshop (2019)
-Symposium: Ion Channels in Brain diseases (2020)

-Gordon Research Conference on Membrane Transport Proteins (2020)

Acts as referee for many prestigious scientific journals (including Science, Neuron, Nature
Communications, PNAS, eLife, Ann Neurol, Cereb Cortex, J Neurosci, J Physiol) and international
granting agencies (including: Human Frontier Science Program, Wellcome Trust Foundation, NIH,
ANR, Israel Science Foundation, Austrian Science Foundation).

Contribution to Science (and selected publications)

1. Functional consequences of mutations causing familial hemiplegic migraine and
migraine pathophysiology

Familial Hemiplegic Migraine type 1 (FHM1). We characterized the effect of several FHMI
mutations on the biophysical properties of human recombinant Cay2.1 channels expressed in both
heterologous systems and neurons. We demonstrated that the mutations increase the open
probability and shift the activation of the calcium channel to lower voltages and hence produce
gain-of-function of the human Cay2.1 channel (1-3). Later, we characterized the functional
consequences of FHM1 mutations on neuronal calcium channels, cortical synaptic transmission and
cortical spreading depression in FHM1 knockin mice. We confirmed the gain-of-function of the
calcium current in several neurons of FHM1 mice including cortical pyramidal neurons (4-7), but
also showed that in specific types of neurons, including cortical fast-spiking interneurons, the
calcium current was barely affected (7-8). We showed that cortical excitatory synaptic transmission
and glutamate release at cortical pyramidal cell synapses were enhanced in FHM1 mice, whereas, in
striking contrast, inhibitory synaptic transmission and GABA release were unaltered at fast-spiking



and other multipolar interneuron synapses (5, 8-9). We also showed enhanced thalamocortical
synaptic transmission and dysregulation of the excitatory-inhibitory balance at the thalamocortical
feedforward inhibitory circuit (10). We demonstrated a lower threshold for induction of cortical
spreading depression (CSD) and a higher rate of CSD propagation in FHM1 mice both in vivo and
in cortical slices (4-6), and showed that the facilitation of CSD in these mice is due to the excessive
release of glutamate from cortical excitatory synapses (5).

Familial Hemiplegic Migraine type 2 (FHMZ2). We characterized the functional consequences of
a FHM2 mutation on glutamate and K+ clearance by cortical astrocytes in heterozygous FHM?2
knockin mice with reduced expression of the a2 Na, K ATPase and revealed that i) the reduced
expression of the a2 Na, K ATPase leads to a similar reduction in the membrane expression of the
glutamate transporter GLT1 in perisynaptic astrocytic processes surrounding cortical glutamatergic
synapses and ii) the rates of glutamate and K+ clearance by cortical astrocytes are both reduced in
FHM2 mice (11). We demonstrated a lower threshold for CSD induction and a higher rate of CSD
propagation in FHM2 knockin mice both in vivo and in cortical slices (11, 12), and showed that the
reduced rate of glutamate clearance by astrocytes can account for a large fraction of the facilitation
of CSD induction and propagation in these mice (11). Recently, we have shown that the reduced
rate of glutamate clearance in FHM2 mice results in increased amplitude and slowing of the
NMDAR EPSC elicited in L2/3 pyramidal cells; these alterations as well as the faciliation of CSD
were rescued by inhibition of diheteromeric GluN1-N2B NMDARs, which hardly affected the
NMDAR EPSC and CSD in WT mice, suggesting that the enhanced susceptibility to CSD in FHM2
is mainly due to specific activation of extrasynaptic GluN1-N2B NMDARs (13). Using fluorescent
glutamate imaging in awake mice, we have confirmed slower glutamate clearance in FHM2 mice
during sensory processing and revealed previously undescribed spontaneous "plumes" of glutamate
under basal conditions in layer 1 of somatosensory cortex not present in wild-type mice;
interestingly, a rise in plume frequency and extracellular glutamate preceded the onset of CSD,
which was prevented by inhibition of the plumes and glutamate rise (14).
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We were asked to write several reviews on familial hemiplegic migraine and migraine
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2. Cay2.1 channelopathies

Before concentrating on FHM we studied the functional consequences of mutations in the
CACNALA gene causing episodic ataxia type 2 (EA2) and the functional consequences of knocking
out the Cay2.1 channel in mice. We demonstrated that EA2 mutations cause loss-of-function of
Cay2.1 channels (26). In Cay2.1-/- mice, we showed dystonia and cerebellar atrophy in a highly
specific pattern (27), and by analyzing pain-related behavioral responses we revealed a
pronociceptive role of Cay2.1 channels in inflammatory and neuropathic pain states (26). We wrote
several reviews on Cay2.1 channelopathies (29-32).
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3. Biophysical properties of voltage-gated Ca** channels and the molecular and functional
diversity of neuronal Ca2+ channels

Before getting interested in Cay2.1 channelopathies, we used single channel current recordings to
characterize i) the biophysical properties of cardiac voltage-gated L-type Ca®" channels and of
recombinant human Cay2.1 channels and ii) the functional diversity of neuronal Ca®" channels. We
discovered a new mechanism of regulation of the conductance of L-type Ca®" channels by protons
(33-36) and a new mechanism of voltage-dependent gating of L-type Ca*" channels (37). Moreover
we revealed different gating modes of human Cay2.1 channels (38-39). We discovered a new
“anomalous” neuronal voltage-gated L-type Ca®" channel and characterized its biophysical and
molecular properties (40-42). We also revealed a novel neuronal P-type and two novel neuronal R-
type Ca2+ channels (43-45).
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4. Biophysical properties of mitochondrial proton pumps and energy transduction in
mitochondria.

At the beginning of my scientific career I combined experiments and modelling to investigate the
biophysical mechanisms of coupling between electron transfer and proton translocation in
mitochondrial redox-driven proton pumps and between ATP synthesis-hydrolysis and proton
translocation in mitochondrial proton ATPases, and the role of the H+ electrochemical gradient
across the inner mitochondrial membrane in mitochondrial energy transduction. We revealed that
the mitochondrial proton pumps are incompletely coupled (46-48) and that classical mitochondrial
uncouplers induce pump “slippage” besides acting as protonophores (49), and developed detailed
kinetic models of the mitochondrial H+ pumps and their chemiosmotic coupling (50-55)
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