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Striatal neurons encode rhythm parameters subserving the coordination of body parts in
A4 | complex movements.
(BMEZR B I 1T DR AR & F1 2 V) X LR T X H —% a— N3 2 BRERAR R )

Our movements, such as playing musical instruments, participating in sports, walking and running, often
entail continuous execution of multiple body parts. The coordination of movement elements that allow for
the seamless and graceful performance of continuous movements is an intriguing phenomenon. Take, for
instance, the playing of a piano, where the fingers move in a repetitive and rhythmic manner, alternating or
moving simultaneously, yet in temporal coordination as if linked. However, the underlying control and
neural mechanisms that facilitate these movements remain elusive. To shed light on these issues, I have
employed two experimental approaches: behavioral analysis and electrophysiology, which clarified the
aforementioned phenomena.

I first performed movement analysis of mice using an original system that was capable of producing
complex movement, revealing that mice execute complex movement by creating a chunk of motion
sequences through a rhythm I term "Rhythm Chunk." In prior studies, a complex stepping task named the
"step-wheel task" was developed to investigate the coordination of multiple body parts in continuous running
of mice. The step-wheel is a motor-driven vertical wheel and mice were trained to step on complexly
arranged ladder-like pegs (peg-patterns) to obtain water. To comprehend the coordination of multiple body
parts in continuous movements, I measured the timing of stepping and licking and elucidated that mice
formed stable (chunks) and unstable (non-chunk) running segments in their complex stepping sequences. I
found that the parameters of rhythms, such as the interval and phase of repetitive movements of body parts,
were more firmly locked inside the stable running segments, indicating that the mice formed a motor chunk
through rhythms (rhythm chunk) which contributes to the coordination of multiple body parts in a timely
manner.

I next identified a group of neurons in the dorsolateral striatum that encoded the rhythm parameters
of movements during the complex stepping task. Multi-unit recordings were performed during the step-wheel
running and neurons were found to respond to events, including the approach to and leave from reward,
licking of the spout, and touches of forelimb paws to pegs. To gain a deeper understanding of those neurons,
I used specific peg-patterns that only changed the interval and phase of the left and right peg timing. Through
the use of these two patterns and a complex peg-pattern, I found that a considerable number of striatal
neurons demonstrated modulation of firing rates by the interval and/or phase. Interestingly, the firing rate of
those neurons tends to increase as the touch of pegs is repeated, indicating a responsiveness to repetition,
which is considered a parameter of rhythm. I have thus identified these neurons as rhythm neurons.
Furthermore, rhythm neurons were found to be responsive to specific phases within each touch and lick
movement cycle, indicating that the activity of these neurons also reflects the state of multiple body parts
coordination.

In conclusion, I found that complex and continuous movements are successfully executed by
incorporating rhythm chunks and that rhythm neurons may serve as the underlying neural mechanism that
coordinates the rhythms of multiple body parts and enables fluent movement. Although the number of
neurons is limited, some were found to change their firing rate between inside and outside of rthythm chunks,
suggesting a role in the formation or execution of rhythm chunks. I hypothesize that rhythm neurons may
convey rhythm information throughout the brain via projections to the spinal cord, cerebellum, or cerebral
cortex through the basal ganglia loop and may be involved in the rhythmic regulation of overall movement.
Understanding the contributions of these neurons are expected to lead to advancements in treatments for
Parkinson's patients and rehabilitation techniques.
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