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Terrestrial organisms, including humans, display behaviors intricately aligned with the 24-hour
cycle of sunlight. Circadian rhythms can be broadly classified into diurnal rhythms, which are
regulated by the central pacemaker, the suprachiasmatic nucleus (SCN), in response to light signals
transmitted via the retina, and feeding rhythms, which govern peripheral tissues such as the
digestive system through food intake. Nevertheless, circadian rhythms can be disturbed by various
factors, such as nocturnal smartphone usage, which interferes with diurnal rhythms, and irregular
work shifts or erratic eating patterns, which disrupt feeding rhythms. In response to this issue,
we conducted investigations into both circadian and feeding rhythm systems, with the objective of
modulating these rhythms through the administration of external pharmacological agents and stimuli.
Melanopsin and DNA aptamers were examined as modulators of circadian rhythms. Melanopsin,

a blue light receptor in the retina, transduces light stimuli into neural signals that are relayed to
the suprachiasmatic nucleus (SCN). Employing the Cell-SELEX methodology, we identified 15

DNA aptamers (Melapt) that selectively bind to melanopsin. Functional assessments of Melapt were
conducted both in vitro (using the Per2:ELuc cell line) and in vivo (in Perl:Luc transgenic mice).

Monitoring of samples with Melapt over a 24-hour period in both in vitro and in vivo settings
revealed two distinct types of Melapt: Melapt04 advanced the phase of rhythms at both subjective
dawn and subjective midday, while Melaptl0 induced a phase delay. The phase shifts observed in
both experimental conditions were congruent. These results suggest that Melapt can effectively
modulate circadian rhythms, offering potential therapeutic applications for disorders such as social
jet lag.

Restricted feeding was employed as a means to regulate feeding rhythms. Irregular meal times,
which contribute to social jet lag, have the potential to disrupt feeding rhythms in peripheral
tissues. Perl:Luc transgenic mice were subjected to a 4-hour restricted feeding (RF) regimen
during their resting period; samples from the SCN and peripheral digestive organs were
subsequently collected, and 24-hour luminescence rhythms were assessed. By day 7 of RF, phase
peaks in the esophagus and jejunum shifted to align with the timing of RF. However, the phase
peak of the SCN remained unaffected. These findings suggest that the peripheral clocks within the
digestive organs function independently of the SCN and synchronize with the feeding schedule.

Neuropeptide Y (NPY) is believed to be a key modulator of the central clock, including the
suprachiasmatic nucleus (SCN), in the regulation of feeding behavior. To explore NPY secretion to
the SCN, NPY::Venus transgenic mice were generated. Confocal microscopy of SCN slices from
NPY::Venus Tg mice allowed for the observation of NPY-containing secretory granules labeled with
Venus signals. The results revealed that the quantity of NPY projected to the SCN increased on
day 2 of restricted feeding (RF), although no significant difference in NPY levels was observed on




day 7 of RF when compared to control mice. The release of NPY-containing secretory granules to
the SCN was elevated during fasting, suggesting a potential impact on the function of the rhythmic
oscillator within the SCN.

These findings illustrate that Melapt can be utilized to modulate circadian rhythms. Additionally,
we observed that desynchronization between circadian and feeding rhythms occurs when feeding
times are altered and maintained. Melapt, which stabilizes feeding times and promotes
wakefulness, may hold therapeutic potential for the treatment of social jet lag and sleep disorders.

These results suggest that the diurnal rhythm can be manipulated through the application of
Melapt. Furthermore, it was noted that desynchronization between the diurnal and feeding
rhythms arise due to the independent regulation of each peripheral clock in the digestive organs by
fluctuations in feeding timing, independent of the SCN. In this study, we demonstrated that such
desynchronization can be modulated through functional alterations in signaling molecules, such as
melanopsin and NPY, offering valuable insights into potential treatments for social jet lag and
sleep disorders.
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