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Our team was established in Sep. 2004, and my team
leader position in BSI has been tentative. I spent most of
my research time outside BSI. Here is the summary of my
research activity.

1. Single-cell graded working memory model

Working memory represents the ability of the brain
to hold information for relatively short periods of time.
Working memory is believed to be mediated by persistent
neuronal firing. However, the mechanism of generating
such persistent activity remains elusive. A widely accepted
hypothesis is that persistent activity is generated by rever-
berating synaptic input, but this hypothesis was recently
challenged by experimental findings that single entorhinal
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neurons can give graded persistent activity. Here, we pro-
pose a cellular mechanism to generate persistent firing of
multiple firing rates in single neurons. In the proposed
mechanism, graded stable concentrations of inositol 1,4,5-
trisphosphate (IP3) and Ca2+ can be achieved without
fine parameter tuning by IP3 formation and IP3-induced
Ca2+ release from stores. We demonstrated how the min-
imum stimulus duration required for inducing the graded
rate changes, which was unnaturally long in the slice exper-
iments, can be significantly reduced by modulating param-
eter values in the Ca2+-IP3 coupled dynamics (Teramae
and Fukai, J. Computat. Neurosci., 2004).

2. Temporal integrator circuit in monkey ante-
rior cingulate cortex (ACC)

Cortical neurons often exhibit steady increases or de-
creases of firing rate during a delay period of cognitive
task. The climbing or descending neuronal activity is
generally linked with prospective or retrospective informa-
tion coding, such as anticipation of future events or mem-
ory of past events. Climbing activity, in particular, may
represent temporal integration of externally or internally
driven inputs. It has been thought that delay-period ac-
tivity may be generated by reverberating synaptic input.
However, this hypothesis has not been tested in terms of
climbing and descending activities, and their underlying
mechanism remains elusive. We showed evidence that such
delay-period activities in monkey ACC consist of tempo-
rally organized, stepwise rate changes in neuronal firing. A
computational model suggested that these state transitions
may reflect temporal integration by a recurrent network of
bistable or quasi-bistable neurons. Our network model has
uniform synaptic connections and relies neither on neuron-
dependent activation thresholds nor on finely-tuned synap-
tic weights. This simple network structure can account for
the large trial-to-trial variability of spike trains in the pre-
vious experiments. We proposed a simple stochastic pro-
cess model to explain why coupled bistable elements may
perform temporal input integration.

3. Sequence of the UP-state depolarization with
millisecond accuracy: modeling study

Accumulating evidence suggests that in vitro and in
vivo cortical neurons show spontaneous membrane poten-
tial fluctuations between a depolarizing UP state and a
resting DOWN state. Recently, calcium imaging of neo-
cortical slices revealed that these spontaneous membrane
potential fluctuations are repeated in sequence, and that
the relative times of the UP-state onset in some neurons
exhibit millisecond accuracy (Ikegaya et al., Science 2004).
Blockade of AMPA and NMDA receptor-mediated synap-
tic transmissions abolished the membrane fluctuations in
many, but not all, neurons, suggesting that the two-state
fluctuations are generated by reverberating synaptic input.
We attempted to generate the precise sequence of UP-state
depolarization in a recurrent network model to study the
underlying neuronal mechanism. We found that such a se-
quence can self-organize successfully through spike-timing-
dependent plasticity.

4. Neuronal avalanches as a clue to the cortical
network development

It was recently reported that a cortical culture or a
slice preparation develops synchronized neuronal activity
that occurs intermittently. Interestingly, such an activ-
ity exhibits power laws in the distributions of its spatial
size and life time. This implies that the cortical activ-

BRI 724 4

ity has neither typical length scale nor typical time scale.
It is, however, unclear what network structure may give
rise to the characteristic synchronized activity of cortical
neurons. We have constructed a simple network model of
spiking neurons that gives power law distributions quite
similar to those of experiments. Preliminary results of our
model suggest how neurons may be wired together in an
activity-dependent manner during the development of cor-
tical networks.

5. The phase response curves of motor cortical
neurons

Cholinergic input significantly modulates the intrinsic
response property of cortical neurons. How these modula-
tions affect the rhythmic synchronization between cortical
neurons, and whether such changes are layer-specific re-
main unknown. We studied the Phase-Response Curve
(PRC) of layer II/III and layer V pyramidal neurons by
intracellular recordings from a slice preparation of the rat
motor cortex. The PRC is crucial for rhythmic synchro-
nization of neurons, and can theoretically be classified into
two types (type I and type II). Many layer II/III pyra-
midal neurons showed weakly periodic responses and the
type II PRC, while all of the layer V pyramidal neurons
recorded exhibited periodic responses and the type I PRC.
We further investigated differential effects of carbachol ap-
plication to the PRCs of layer I1I/III and layer V pyrami-
dal neurons. Functional implications of the experimental
findings will be tested by theoretical analyses of cortical
network models.

6. Computational models of the probabilistic de-
cision making in animals

Which policy we should obey in decision making, if the
reward is obtained only by a correct choice of response,
and if such a choice is determined in a probabilistic man-
ner. A rule often observed in animal’s choice behavior is
the so-called matching law. It is generally believed that an-
imals are interested in maximizing the reward, the match-
ing rule is often considered to result from such a maximiza-
tion behavior. Taking decision tasks within the variable
interval schedule and its variants as examples, we have
tested whether well-known behavioral learning rules like
the actor-critic learning may lead to maximization of re-
ward and the matching behavior. Results of these studies
showed that maximizing the reward should cost a tremen-
dous computation time in many tasks, whereas the match-
ing behavior is preferred to by the behavioral learning rule.
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