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Main contributions to Science (with selected publications)

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

We revealed that:

a) The migraine mutations in the CACNA1A gene causing FHM1:
i) produce gain of function of the human recombinant voltage-gated Ca** channel Cay2.1;
i1) increase the excitatory synaptic transmission without affecting the inhibitory synaptic
transmission in the cerebral cortex of a genetic mouse model of the disease, and lead to
dysregulation of the excitatory-inhibitory balance at key cerebral neuronal microcircuits;
ii1) facilitate the induction and propagation of cortical spreading depression (CSD, the
neurophysiological correlate of migraine aura and a trigger of the migraine pain mechanisms). This
facilitation is due to the enhanced release of glutamate from cortical excitatory synapses.

b) The migraine mutations in the ATP1A2 gene causing FHM2 and loss-of-function of the
human astrocytic a2 Na*/K* ATPase:
i) reduce the rate of glutamate and K* clearance at cortical excitatory synapses during neuronal
activity in a genetic mouse model of the disease
i1) facilitate the induction and propagation of cortical spreading depression. This facilitation is due
to the reduced rate of glutamate clearance at cortical excitatory synapses.

¢) Critical threshold levels of extracellular glutamate and NMDA receptors activation are
necessary for ignition of CSD in the cerebral cortex. These threshold levels are similar in wild-type
and FHM mutant mice; however, in the genetic mouse models of migraine they are reached with
stimuli of lower intensity and more rapidly, thus explaining their increased susceptibility to CSD
initiation.
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2) Cay2.1 channelopathies

We revealed that the mutations in the CACNAT1A gene causing episodic ataxia type 2 produce loss-
of-function of the human recombinant voltage-gated Ca?" channel Cay2.1.
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3) Biophysics and physiology of voltage-gated Ca%' channels

We revealed and characterized:

a) anew mechanism of regulation of the conductance of L-type Ca®* channels by protons and a
new mechanism of voltage-dependent gating of L-type Ca*" channels.

b) different gating modes of human Cav2.1 channels.

¢) anew “anomalous” neuronal voltage-gated L-type Ca*" channel

d) anovel neuronal P-type and two novel neuronal R-type Ca?* channels.
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4. Biophysical properties of mitochondrial proton pumps and energy transduction in mitochondria.

We revealed that the mitochondrial proton pumps are not completely coupled and developed detailed
kinetic models of the mitochondrial H* pumps and their chemiosmotic coupling.
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