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Neuronal Circuit Mechanisms Research Group
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This Group approaches mechanisms of the brain through examination of functions of neurons
and neuronal circuits. In 2004, the three laboratories and six research units of the Group
explored the levels of sphingolipid biometabolism, GABA synthesis, potassium channel, signal
transduction, synaptic plasticity, development, neuroglial interaction, neuronal circuit operation
in the cerebellar motor control and hedonic emotion, and made the following major findings. In
the Group, genetic manipulation, optical recording and two-photon microscopes are commonly
used in combination with cell physiological experiments on cultured cells, brain slices, in vivo
preparations and behavioral analyses of conditioned animals.

The Laboratory for Memory and Learning focused on long-term depression (LTD) as a mem-
ory element in the cerebellum and identified cytosolic phospholipase A2a and the immediate
early gene JunB as novel elements playing essential roles in the signal transduction underly-
ing LTD. The Laboratory for Neuronal Circuit Dynamics discovered and characterized a novel
form of synaptic plasticity at olfactory nerve-mitral cell synapses, and used potassium channel
deficient mice to correlate the altered properties of cerebellar neurons with altered motor be-
havior. The new Laboratory for Motor Learning Control revealed using the mouse ocular reflex
adaptation paradigm that the memory traces of the short-term and long-termmotor learning
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are located respectively in the cerebellar cortex and cerebellar (or vestibular) nuclei and that
LTD underlies both of them.

The Hirabayashi Research Unit established mutant mice deficient in sphingolipid biosynthe-
sis from L-serine in Purkinje cells by crossing Sptlc-2 floxed mice with L7-Cre transgenic mice,
and showed that sphingolipid biosynthesis plays essential roles in cerebellar development and
function. The Endo Research Unit using the Cre-loxP site-specific recombination technique
generated mice deficient in JunB only in Purkinje cells and submitted this to physiological ex-
amination. The Murphy Research Unit continued work on the role of endogenous nociceptin
in a hedonic state and showed that endogenous nociceptin determines diet preferences, whereas
exogenous nociceptin suppressed the expression of drug-seeking behavior. The Obata Research
Unit examined GADG67 knockout mouse fetus exhibiting cleft palate and revealed that impair-
ment of spontaneous tongue/head movement and neural discharges in the hypoglossal nerve as
potential causes of the malformation.

Two research units were set up in 2004. The Hirase Research Unit is now equipped with
simultaneous intracellular and multi-channel extracellular recording systems as well as a two-
photon microscope for in vivo investigation of neuron-glia communication, and has started to
investigate neuron-glia communication in the rodent hippocampus and neocortex. The Se-
myanov Research Unit focuses on mechanisms by which diffuse communication between neu-
rons and glia contribute to information processing in the brain by investigating the roles of glial
and neuronal extrasynaptic receptors as well as release, uptake and diffusion of exracellular
glio/neurotransmitters.
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