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Chrono-Nutritional Aspects of Protein-Rich Food on Mouse Circadian Rhythm

Shigenobu SHIBATA", Hiroki NAGAHAMA, Misa ITOKAWA,
Keisuke SAITO, Yu TAHARA and Akiko HIRAO

Laboratory of Physiology and Pharmacology,
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ABSTRACT

The rotation of the earth around its axis causes 24 h changes in environmental
conditions including temperature, food availability, light, and darkness. In addition,
seasonal changes in day length occur as a consequence of the earth orbiting the
sun. In order to cope with and anticipate these changes, most organisms throughout
the plant and animal kingdoms possess a circadian timing system. The peripheral
circadian clock in mice is entrained not only by light-dark cycles but also by daily
restricted feeding schedules. Behavioral and cell culture experiments suggest
an increase in glucose level as a factor in such feeding-induced entrainment. For
application of feeding-induced entrainment in humans, nutrient content and dietary
variations should be considered. To elucidate the food composition necessary
for dietary entrainment, we examined whether complete or partial substitution
of dietary nutrients affected phase shifts in liver clocks of mice. A combination
of glucose and casein without oil, vitamin, or fiber caused a significant phase
advance. Reduction of casein content or substitution by amino acids in AIN-93M
did not change the food-induced entrainment. Furthermore, casein substitution
by soybean protein, soybean peptide or soybean amino acids did not change food-
induced entrainment. The data suggest that requirement amounts of protein/amino
acids for entrainment of the clock gene are small. Genistein and daidzein, a phyto-
estrogen from soybean, strongly lengthened circadian rhythm and caused acute
induction of Per2 genes, whereas estrogen did not. These data suggest that soybean
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may have some elect on circadian rhythm, and may help recovery from circadian
deficit in shift-work. Soy Protein Research, Japan 14, 38-43, 2011.

Key words : circadian, food-entrainment, liver, chrono-nutrition, soy bean, genistein

00000000000 0000000000100
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
0000000000000D0000D0000000
0000000000000 0000000000
0000000000000 00000000000
0000000000000 00000000000
0000000000000 D00000000000
0000000000000 D00000000000
0000000000000 D00000000000
0000000000000 00000000000
000000000000000000000000
0000000000000 0o0o0oooooOo
000000000D0000D00000000000
0000000000000 D00000000000
0000000000000 D00000000000
0000000000000 D00000000000
000000000000000000000000
0000000000000 D00000000000
O0000O0Fg 1M 00000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000% Fig. 1M

0000000000000 0000000000
0000000000000 D00000000000
0000000000000 D00000000000
0*0000000000000000000000
000000000000000000000000
00000000 000*Wo0000000ooo
0000000000 000000 Fig. 100
000000000000000000000000
0000000000000 invitre 0000000
0000000000000D0000D0000000
0000000000000 D00000000000
0000000000000 D00000000000

0000o0ooddvol 1420110

0000000000000 0ex vivoD OO OO0
000000000 000000000000000
000000000000 DOO0O00Per2:Luc knock-in
00000000000 000000D0DO0o0oOo
00000000000000000000000ex
vivol DO OOOOOOOOOO0000000000
000000000000 000000000000
00000000000 000000000000
O0000GEDODOODDOOONOOOOOOOOO
0000000000000000DZOOOOOO
000000000000000000000000
00000000000 00000000000
O00DDE20000000000000000000
O000O00*0GEDDZOODOODODODOOODOOO
000000000 O0OinvireO ODOOODODOODO
O0O0inviveDOOOODOODOOOOODOODOOO
ooooooooo

z
Food = m 9
Food] )£ g
S ©
Input | o Input | &
@ y 2
v ,Q, A °
o - o o - >
Circadian S Circadian %
Clock e - Clock o)
o > ~
Q <}
x~ —_
c o
:g Out put & Out put
= v § v
2 5]
g <
Q.
. :
= o
o <
\ 5| ¥
L |Chrono-nutrino-kinetics | L |Chrono-pharmaco-kinetics |

Chrono-nutrino-dynamics Chrono-pharmaco-dynamics
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Fig. 5. Recovery effect by breakfast at ZT12 in
abnormal rhythm with feeding at daytime in
Per2:luc KI mouse. -soybean protein, peptide,
and amino acids elect-
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Fig. 7. Effect of genistein (GE), daidzein (DZ) and
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