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Summary

Beef marbling is an important trait of meat quality, which contributes directly to the value of beef especially in the
Japanese market. The development of beef marbling was closely associated with an increase in the number of adipocytes,
that is, adipocyte differentiation in the skeletal muscle. Peroxisome proliferator-activated receptory (PPARY) is a ligand-
dependent transcription factor that directly activates the expression of adipocyte-specific genes, and is universally ac-
cepted as the master regulator for adipocyte differentiation. Through screening for natural PPARYy activator in feed us-
ing the PPARy luciferase reporter assay, the ethanol extracts of sake lees, soy sauce lees, vinegar lees, and beer lees, and
soy sauce oil activated PPARy. Treatment with the ethanol extracts of these lees materials enhanced some markers of
adipocyte differentiation such as glycerol-3-phosphate dehydrogenase activity and triglyceride accumulation in 3T3-L1
cells. These results suggest that these lees materials possess PPARy activators. Moreover, according to the results of the

sequential fractionation assay, we confirmed that PP ARy-activate factors in soy sauce oil were different from linoleic acid,

originated from soy bean oil.
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Fig. 1 Effect of food processing by-products on activation of PPARy by luciferase ligand assays.
pM-hPPARYy, p4 x UASg-tk-luc and pRL-CMV were transfected into CV1 cells, and 5 h after transfection, the cells were treated with
various food processing by-products for 24 h. The activity of a vehicle control was set at 100 % and the relative luciferase activities were
presented as fold induction to that of the vehicle control. Troglitazone (1 uM) was the positive control and 0.1 % ethanol was the vehicle
control. The bars represent mean values * SD for 4 well. * p < 0.05 vs. vehicle control.
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Fig. 2 Effect of lees materials on differentiation of 3T3-L1 cells.
Two-day postconfluent 3T3-L1 preadipocytes (day 0) were treated with or without lees materials for 10 days. The assays were per-
formed on differentiated adipocytes (day 10). (A) GPDH activity (B) Intracellular triglyceride concentration. The bars represent mean
values = SD for 4 well. *p < 0.05 vs. cultures treated without lees materials.
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Fig. 3 Distribution of the PPARYy activator in soy sauce oil.
50 mg soy sauce oil or 25 mg linoleic acid dissolved in 500 uL hexane was added to a silica Sep-Pak Plus cartridge conditioned with hex-
ane. The cartridge was eluted with 0, 5, 15, 30, 50, 70, and 100 % diethyl ether in hexane successively, and these fractions were further
analyzed by PPARyligand assays. The activity of a vehicle control was set at 100 % and the relative luciferase activities were presented
as fold induction to that of the vehicle control. Troglitazone (1 uM) was the positive control and 0.1 % ethanol was the vehicle control.
The bars represent mean values = SD for 4 well. *p < 0.05 vs. vehicle control.



VEBBIZE DD OERET L7720, BilhB L) /-
% % Sep-Pak Plus Long Silica Cartridges (2 & 0 43-j L,
LR—=%—7 v &A% HTPPARY T A ik HELiE %

MiE L7 (Fig.3)o YZF VI —F VilEEA30, 5, 15, 30,

50, 70, 100% & 7B X HICAFH v ERALEBEHE L
K= =T v XA 2i7o72. ZOFHE, Fuiihrh o PPARy
EHALR T Y = F VT — 5 ViR 30 B X 0V 100% o
SHici s nz (Figd)e ThICHL, UV —VED
PPARyIHHEALR 125 B X U 15 mg/L oW IR S5 h
720 L72H o T, Wil v F VT —F VIR 30% B
X 0100% W5z /i S s PPARy i AL -1, K&l
HRDY ) — VB TIZ R W DRI ENT. SR DE
MO Y T F 0V T — 7 ViR 30 3 X 08 100% #5512 D v
T, 3T3-L1 MRt ErAIe 2 v IR MR 3 1bic 5- 2 % %
BARE LTI RS R,

IF 2Ty VIR KRE 2 R S ERERETH 575,

70% L% 7 — )V THiM L 72 BK P O LB W ] 5312 3B W
TAVIISRIAFOT 7Y arygEF8MNL, 3T3L1
BRBGHIRZIZBWWTA ¥ A1) YRIBIC X A REILD A& AsHn
L7299, &Iz,
PPARyOT7 IT=A ME LTERHLZ VI —ZAM) AHE
HBEINT B 2 EDMEEINTWE, 72, KEIEL&E
NHAV 75K VEHIBAEDOROGESTH D, 50, W
LM B X O 13 PPARY &AL 123778
T5Z e ENDS, EERTESEEENC L o T
R WRE%DH L. 4%, FWHIZB VT Sep-Pak
2 & %55 & LGS A LEYD B,

WmE LT, ARBTRLE—F—7 vt  ORE H

N EmBEER EY Y SO S B, Wk, B, B,

Y —ui, A PPARy BB IR LER A L7 S5
12, ThomBiGibiE %A LomsEIE, 3T3-L1 JeihHl
R b e RAE L7z F 7z, W& 15 PPARy G
ILETFIE, KGMHEROY ) — VB TR WZ EATRIB S
N7zo 5%IZZFNZND PPARYIGMHALRF 2 TH 5 D
RE LT L BEDD B,

SEW

1) Rosen ED, Spiegelman BM (2001) PPARY. A nuclear

regulator of metabolism, differentiation, and cell growth.

J Biol Chem 276 : 37731-37734.

2) Michalik L, Wahli W (1999) Peroxisome proliferator-
activated receptors : three isotypes for a multitude of
functions. Curr Opin Biotechnol 10 : 564-570.

3) BEM—RR, LWEASF, KBt =3t i, KEF
M (1998) 77 V) ¥ Y FHEAB X OTRIiEEDIEE 4

T4 XA DL EENDWMIFITHENT,

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

D IRIHLREA & TR U 72 IR a1 S 0 7312 135
R WAAIgE 65 :10-14.

Okuno A, Tamemoto H, Tobe K, Ueki K, Mori Y,
Iwamoto K, Umesono K, Akanuma Y, Fujiwara T,
Horikoshi H, Yazaki Y, Kadowaki T (1998) Troglita-
zone increases the number of small adipocytes with-
out the change of white adipose tissue mass in obese
Zucker rats. J Clin Invest 101 : 1354—1361.

Forman BM, Tontonoz P, Chen J, Brun RP, Spiegelman
BM, Evans RM (1995) 15-Deoxy-delta 12, 14-
prostaglandin J2 is a ligand for the adipocyte determi-
nation factor PPARY. Cell 83 : 803—812.

Tsitsigiannis DI, Bok JW, Andes D, Nielsen KF, Frisvad
JC, Keller NP (2005) Aspergillus cyclooxygenase-like
enzymes are associated with prostaglandin production
and virulence. Infect Immun 73 : 4548—4559.

Green H, Wise LS (1979) Participation of one isozyme
of cytosolic glycerophosphate dehydrogenase in the
adipose conversion of 3T3 cells. ] Biol Chem 254: 273—
275.

Lowry OH, Rosebrough NJ, Farr AL, Randall R] (1951)
Protein measurement with the folin phenol reagent. J
Biol Chem 193 : 265—275.

Ahn IS, Do MS, Kim SO, Jung HS, Kim YI, Kim HJ,
Park KY (2006) Antiobesity effect of Kochujang (Ko-
rean fermented red pepper paste) extract in 3T3—L1
adipocytes. ] Med Food 9: 15—21.

Lee SK, Kim H]J, Chi SG, Jang JY, Nam KD, Kim NH,
Joo KR, Dong SH, Kim BH, Chang YW, Lee JI, Chang
R (2005) Saccharomyces boulardii activates expres-
sion of peroxisome proliferator-activated receptor-y in
HT-29 cells. Korean ] Gastroenterol 45 : 328—334.
Inoue H, Jiang XF, Katayama T, Osada S, Umesono K,
Namura S (2003) Brain protection by resveratrol and
fenofibrate against stroke requires peroxisome proliferator-
activated receptor o in mice. Neurosci Lett 352: 203—
206.

Belury MA, Moya-Camarena SY, Lu M, Shi L, Leesnitzer
LM, Blanchard SG (2002) Conjugated linoleic acid is an
activator and ligand for peroxisome proliferator-activated
receptor-gamma (PPARY). Nutr Res 22: 817—-824.
Kwon DY, Jang JS, Lee JE, Kim YS, Shin DH, Park S (2006)
The isoflavonoid aglycone-rich fractions of Chungkookjang,
fermented unsalted soybeans, enhance insulin signal-
ing and peroxisome proliferator-activated receptor-y
activity in vitro. Biofactors 26 : 245—258.



