0o ooboooooodn

D000"'00000000O0O0O0ooooog

goboooobooboooboboooo

Elects of Soy Protein on Daily Rhythms of Metabolism and Locomotor Activity
Masaki TAKIGUCHI", Eriko MATSUMOTO, Ayano OOHIRA and Katsuro IWASE

Department of Biochemistry and Genetics,
Chiba University Graduate School of Medicine, Chiba 260-8670

ABSTRACT

Sterol regulatory element-binding protein-1 (SREBP-1) is a pivotal transcriptional
regulator of genes for lipogenesis, which is a representative circadian event of the
liver, and the expression of the Srebp-1 gene exhibits a robust daily rhythm of mice
with a peak in the nocturnal feeding period under standard housing conditions. We
recently reported that the Srebp-1 expression rhythm was remarkably altered by a
high carbohydrate diet, a high fat diet and a high protein (69% milk casein fraction)
diet, compared to that on a standard diet (Matsumoto, E., et al, 2010, J. Biol. Chem.
285: 33028-33036). Here, we examined the effects of a high soy protein diet on
daily rhythms of gene expression in the liver, as well as on circadian rhythms
of locomotor activity. We originally prepared a solidified diet containing 69% soy
protein isolate (Fujipro-F), allowing us to monitor intake of a high soy protein diet,
which showed a daily rhythm comparable to that of a standard diet. The high
soy protein diet exhibited more moderate effects on daily expression rhythms
of Srebp-1, as well as of the clock gene Dbp and the gene for the ornithine cycle
enzyme argininosuccinate lyase. EQects of the high soy protein diet on the circadian
rhythm of locomotor activity were also limited: phase advance of the rhythmicity
in constant darkness is comparable between the standard diet and the high soy
protein diet, while more remarked with the high casein diet. Therefore, soy protein
is likely of relatively reduced ellect on daily rhythms of metabolism and locomotor
activity. Soy Protein Research, Japan 14, 32-37, 2011.
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Fig. 1. Daily rhythms of food intake with a standard
diet and a high soy protein diet. A male wild-
type C57BL/6 mouse was fed ad /libitum with
a standard diet in 12 h:12 h light (the white
horizontal bar and unshaded area)/dark (the
black horizontal bar and shaded area) for
7 days, and further for 7 days with a high
soy protein (69% soy protein isolate) diet as
indicated by the brackets at the right margin.
The arrow indicates the time point when
diets were changed. Chows were served from
a feeding box harboring a scale. Food intake
was continuously recorded every 15 min on
a computer, and is plotted in 1-h bins. The
vertical scale for each day corresponds to 0.5 g.

34

O0000O0OSrebp-2000000DbpO 0 ODODOO
goooobooobobooobooboboooboooo
gooOoooobobooo
12000120000000000DO0O000000O02
gooooboOoboObOoobOoobooooboooo
gooo0d0obooOo0oobOooobOoOoobobooOom
000100000040 000o0oos3mooooon
0000ddooOooORNAOOOODOODODDOOOOOO
OFig. 2000000000 0000000000
O00Srebp-100000000D0OO0O0ODODODO
gooodoboooboboooboobobooboooo
gooooboooboboobooboboooboooo
goooobooboboobooboboobooooo
0000000000000 Fig. 20 upper panelstd
go0ooobppOOO0O00ODODDODOOODODOOO
goodbodbobobobobobobobobo
goooooooooooooooooooooo
000000000 00000000Fig. 20 middle
panels[1]
goooooooodoooooooooooooa
gooodobooobobooboobobooboooo
gooooooooooboboobbobboboobos400o0O
Jo0000Db0o0ooDbOoOooDOASLOmRNADOO
000000000000 Fig 20 lower panels(T0 [
go0o0o0obOOoOobDbOOo0obOoOobooooboooo
gdodoobbbbdoooogooboboobooboga
g oooooo
g oogoooooo
doodddoddoooogoooooooooooo
oo oooooooo
goooooobooboboboobooobo
goooboobooboooobooboboooboo
goboodobooobobooobooboboooboooo
goobooooboooboo
gooooOoOoboooooag
oo oooogogo
g ogoooooooogooo
oo oooooooo
joddddddddooooooooooooo
gbooboobob12200020oogboogobooo
goooboooboboz2c0oOobooOoobooooon
goOoooOo0oboOoOoboOboz2000ObOObObOObOOO
jodododgo3gogooooooboooooo
gooodobOoOobobo0oboobooboooboooo
OFg 3000000000 D0OO0DOOoOooooOO

0000o0ododdvol 1420110



ooooooOoooooooooooooooooo gooooooooooOoooboooooooooo
ooooooooooboooooboooooboooo oooooooooooooooon
ooooooooooooooooboOooobooooo

A Standard diet B High casein diet C High soy protein diet
D T (0 P
A A AR R O R (BT M A B
Sreph-1+ - =wes-sssgugeesss == @Ragepepe - - - - desges: .
[CEEETEIRSERNRITR 2T Irdrbaeiehd i padelan BTN
=180 = 180 — 180
=
160 £ 160 £ 160
Z 1407 £ 140 2 140 7
31207 3120 3120
Z 100 < 100 < 100
€ 80 € 80} 80
g 43 g 60 - E
2 40 ] 2 ' 2 ]
g 4 R £y L. & M
T 207 T 207 ;.5-4 1 s o ! & 20
& ] [ i
01 0 — | e L 0
3 7111519233 711151923 3 711151923 3 7 11 1519 23 3 7111519233 711151923
Zeitgeber Time (h) Zeitgeber Time (h) Zeitgeber Tima (h)
ZT (hy 3 7 115 18 23 3 T 1 15 19 23
Dbp » Tisinew e 98ses
[EIEEEREREEREETZE ST :
— 140 ;;140-
%m 51201
> 3
100 & 100
3 %) £
Z 601 E
g« £
& 20 =
2 o B ol
3 7111519233 7 11151923 3 7111519233 7 11151923 3 7111519233 711151923
Zeitgeber Time (h) Zeitgeber Time (h) Zeitgeber Time (h)
3 7 1 15 19 23
AS| P -ss-s se=se@eles=-- fE e eSS L L L
= 200 = 200 ; F 200
= 180 7 = 180 < 180 1
2 160 7 % 160 S 160
3 1401 5 140 3 140 1
< 120 1 120 - < 120 7
Z 1001 Z 1001 Z 400 1
E go1 E 401 E 80
s 601 z 60 g 60
& 407 & 401 5 404
g 201 & 20 g2 20
0 —— — 0 - . — 0 ——— —
3 7111519233 7 41151923 3 7111519233 7 11 1519 2 3 7111519233 7 111519 23
Zeitgeber Time (h) Zeitgeber Time (h) Zeitgeber Time (h)

Fig. 2. EQects of the high soy protein diet on daily gene expression rhythms in the mouse liver. Mice were
fed ad libitum with a standard diet in 12 h:12 h light/dark for at least 2 weeks, and further for 7 days
with the standard diet (A), high casein diet (B), or high soy protein diet (C). Daily rhythms of hepatic
Srebp-1 (top panels), Dbp (middle panels) and argininosuccinate lyase (As/) mRNA levels were examined
by Northern analysis. A chemiluminogram for detection of each mRNA is shown along with ethidium
bromide staining for 28S and 18S rRNAs. Below, quantified results of each mRNA level for one day
are plotted twice to cover a 2-day span, and values relative to the maximum value with the standard
diet (100%) are represented as mean + S.E. The broken lines for comparison represent the results
reproduced from A. Results for Srebp-1 and Dbp in A and B are partly reproduced from Ref. 7.
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Fig. 3. Elects of the high soy protein diet on circadian rhythms of locomotor activity in constant darkness. Mice
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were fed ad libitum with a standard diet in 12 h:12 h light (white horizontal bars and unshaded areas)/
dark (black horizontal bars and shaded areas) for the first 2 weeks, and further with the standard diet
(A\), high casein diet (B), or high soy protein diet (C) for 5 weeks as indicated by the brackets at the
right margin. Two weeks after the diet change, mice were transferred to constant darkness. Locomotor
activity was measured by a passive thermal-radiation motion sensor mounted above the cage for
continuous recording every 1 min on a computer, and is plotted in 5-min bins for 2 days (48 h) in each
horizontal span. Consecutive days are also aligned vertically, giving a double-plotted chart.
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