Evolution and our daily rhythms
Gen Kurosawa & Shingo Gibo (iTHEMS, RIKEN)
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Many speaes have daily rhythms
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(NB: Number is the period of daily rhythms under constant dark)

- The comment from an astronomer at iTHEMS (Dr. Susumu Inoue)..

- The period of the earth was ~18.7h at 1.4 billion years ago.
Meyers & Malinverno (2019) PNAS
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The biggest challenge in the field of daily rhythms:
understanding sleep and sleep types
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Sleep types are related to daily rhythmes.

There are many people who are suffering from sleep disorder
Genes are important but, environments are also important.
Sleep types change with ages.



Body Temperature (°C)

The biggest mystery in the field of daily rhythms:

“Why is our daily rhythms stable to temperature?”
(Ex) Mammalian NIH3T3 cells
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While enzymatic reactions usually accelerate with temperature,
the period of daily rhythms is stable to temperature.



To quantitatively analyze data of daily rhythms,
we focus on waveform distortion from sine-wave

sinusoidal Time-series, x4(7)
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“We introduced the index, non-sinusoidal power (NS)”
Gibo and Kurosawa (2019) Biophys J



To obtain theoretical basis of waveform,
we analyze the simple model
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Result 1/3 : i '
= To obtain theoretical basis of waveform,

we derived the period of daily rhythms
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Period = 2n .
Quadratic eq. of rates

1. Accelerated reactions tend to shorten period.
2. If accelerated reaction elongates period,
waveform should become more non-sinusoidal.
3. More non-sinusoidal at higher temp for stable period.




Result 2/3 1

Waveform Distortion (NS)

Quadratic eq. of rates

Period = 2n

Prediction: More non-sinusoidal waveform at higher temp generates
stable period to temperature in daily rhythms.
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Result 3/3 . . .
) To obtain theoretical basis of waveform,

we solved the equation by the help of physics

Conventional perturbation approach: bad

x(t)= A cos wt + ¢t A, cos 2wt + .. Shingo
where A:=f.(k,k»,..), v=g(k,k>,..)

Renormalization-group approach
x(t)= Acos wt + ¢ A, cos 2wt + ..

“Now, we can understand waveform distortion
by using the language of kinetic constants (k;)”

Gibo, Kunihiro, Hatsuda, Kurosawa in prep



Other hypOtheS|S: Discussion 1/2

There should be a critical reaction for the period. If that
reaction is insensitive to temp, period can be stable to temp.
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Discussion 2/2

Daily rhythms in gene-activity = B ALfeedng  young (6mo) e  aged (19month)
is known to change with age. AR Nt g1 160, GYs2
But we don’t know how. 4 ™
= N
x \
Accosta-Rodriguez et al. (2022) & / »
Science g O Ot
o 15+ Per1 25 Per2 — Pck1
2 ] _
o 4
E \ S )/ NT ] M
\
S o ot B A o D o 5 3 N v—/ 4
. ) . 0 12 24 36 48 0 12 24 36 48
(Shlngo S |dea) Time (h)

From the analysis of waveform, cause of the change can be predicted.

Data of Young
Generation

Regulation of Aging (Simulation)

Quantification

) | of Aging

Data analysis, ML (amp, waveform,..)

Data of Aged
Generation




Summary

* Challenges about daily rhythms and sleep
- sleep types
- stability of daily rhythm to temperature

 Waveform is an important indicator for period of daily rhythms

* Dr. Singo Gibo is very smart (See poster #94 about hibernation)

Gibo and Kurosawa (2019) Biophys J
Gibo, Kunihiro, Hatsuda, Kurosawa in prep
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Supplementary



Suppose that you are in a cave..
Can you wake up tomorrow w/o cloc

FIGURE 9.1 The environment in a cave is constant.



Early-bird family in the world
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Competition experiment using
an ancestor of plants

A P28 vs. wild-type (24h period type)
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“Resonance seems essential.”



