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Nutrigenomics Study of Soy Protein Function in Light of Dietary Life
Hisanori KATO and Shinnosuke TSU]JI

Graduate School of Agricultural and Life Sciences, The University of Tokyo Tokyo 113-8657

ABSTRACT

Amid the expansion of nutrigenomics research area, transcriptomics analysis is
becoming one of the primary choices for the efficient analysis of the functions of
foods. This technology has already been applied to the evaluation of the function of
soy protein, and these studies have revealed some beneficial effects of soy protein.
However, it is not clear at present that such effects can be maintained in the
presence of other dietary proteins. The present study was conducted to evaluate the
effect of soy protein isolate on gene expression profile when it is consumed with other
proteins. Rats were fed on a 20% casein diet (C), a 20% gluten diet (G), a 20% soy
protein diet (S), a 10% casein plus 10% soy protein diet (C+S), or a 10% gluten plus
10% soy protein diet (G+S) for two weeks. Only modest changes in the cholesterol
and triglyceride levels in the liver and serum were observed. Liver RNA was
subjected to DNA microarray analysis. Principal component analysis revealed that
gene expression patterns of C+S and G+S groups were closer to S group than to C
and G groups. S diet caused upregulation of the genes for cholesterol metabolism,
fatty acid oxidation, antioxidation, and alcohol metabolism as well as downregulation
of the genes for fatty acid synthesis. These effects were consistently observed in rats
fed on the mixed protein diets. The results suggest that soy protein retain at least
part of its beneficial effects even when it is ingested with other proteins. Soy Protein
Research, Japan 9, 102-107, 2006.
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FFlE A7k = TRIzol reagent (Invitrogen) THES
FAXL, ZOBREHIIE-> THRRNAZ M L 7.
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Isolation Systems Il & IV (Promega) % FJ\> CTmRNA
DO %47 - 72. Expression Analysis Technical
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Table 1. Composition of the diets (g/kg)
Composition C G S C+S G+S
Casein 233.3 - — 116.7 -
Gluten - 250.0 - — 1250
Soy Protein Isolate - — 2222 1111 1111
Cornstarch 561.7 548.0 5758 568.7 561.9
Soybean Oil 50.0 50.0 50.0 50.0 50.0

Mineral Mixture 40.0 400 400 40.0 400
Vitamin Mixture 100 100 100 100 100

Cellulose 100.0 100.0 100.0 100.0 100.0
Choline Chloride 2.0 2.0 2.0 2.0 2.0
Methionine 3.0 — — 1.5 —
Total 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0

C: 20% casein, G: 20% gluten, S: 20% soy protein, C+S:
10% casein + 10% soy protein, G+S: 10% gluten + 10%
soy protein. The mineral and vitamin mixtures
(obtained from Oriental Yeast Co., Tokyo, Japan) were
prepared according to the American Institute of
Nutrition.
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Fig. 1. Body weight changes of the rats fed on diets
with different protein sources. Rats were fed on
a 20% casein diet (C), a 20% gluten diet (G), a 20%
soy protein diet (S), a 10% casein and 10 % soy
protein diet (C+S) or a 10% gluten and 10% soy
protein diet (G+S) for two weeks (n=5).
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Fig. 2. Blood and liver lipid levels of rats fed on diets with different protein sources. Rats were fed on a 20% casein
diet (C), a 20% gluten diet (G), a 20% soy protein diet (S), a 10% casein and 10% soy protein diet (C+S) or a
10% gluten and 10% soy protein diet (G+S) for two weeks (n=>5). Plasma cholesterol (A), serum triglyceride
(B), liver cholesterol (C), and liver triglyceride (D) were measured. The bars not sharing the same letter are

significantly different (P<0.05).
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Table 2. Expression changes of selected genes for lipid metabolism, antioxidation, and alcohol metabolism

Gene Name G S C+S G+S
Metabolism of Cholesterol and Bile Acid (Fold Changes)
HMG-CoA reductase 4.6 4.0 1.3 3.5
Isopentenyl-diphosphate delta isomerase 8.0 2.6 2.3 1.9
Squalene epoxidase 6.1 3.0 15 14
HMG-CoA syntase 1 4.9 2.0 1.7 1.2
Farnesyl dipohsphate farnesyl transferase 3.0 1.6 0.9 1.0
Mevalonate decarboxylase 2.6 14 1.3 1.2
Cytochrome P450 2.6 1.2 14 1.0
Alcohol dehydrogenase 4 (class II), pi polypeptide* 1.2 1.9 1.7 2.1
Aldehyde dehydrogenase family 1, member A1* 1.9 2.5 1.7 2.5
Fatty Acid Oxidation
Carnitine palmitoyltransferase 1 2.5 2.0 15 2.1
Acetyl-CoA acyltransferase 2 14 14 15 14
Acyl-CoA dehydrogenase, short/branched chain 2.5 3.0 2.0 3.3
L-3-Hydroxyacyl-CoA dehydrogenase, short chain 3.3 4.0 3.5 5.7
Hydroxy-CoA dehydrogenase, beta subunit 1.6 14 14 13
Carnitine/acylcarnitine translocase 1.3 1.3 1.2 1.3
2, 4-dienoyl-CoA reductase 1, mitochondrial 1.2 14 1.7 1.5
Fatty Acid Synthesis
Fatty acid synthase 1.2 0.7 0.7 0.6
Stearoyl-CoA desaturase 1 0.3 0.5 1.0 04
Acetyl-CoA caboxylase alpha 0.9 0.8 0.8 0.6
Acetyl-CoA caboxylase beta 0.5 0.3 0.5 0.3
Antioxidation and Alcohol Metabolism
Glutamate-cysteine ligase, catalytic subunit 2.8 2.3 1.5 3.0
Glutathione reductase 14 2.0 1.6 2.8
Microsomal glutathione S-transferase 1 1.2 1.3 1.3 1.3
Superoxide dismutase 1 1.3 1.2 1.2 13
Thioredoxin reductase 1 1.6 1.7 1.3 2.6
Cytochrome P450, family 2, subfamily e 1.5 1.3 1.3 1.3

Rats were fed on a 20% casein diet (C), a 20% gluten diet (G), a 20% soy protein diet (

UJ

), a 10% casein and 10% soy

protein diet (C+S) or a 10% gluten and 10% soy protein diet (G+S) for two weeks. Their liver RNA was subjected
to DNA microarray analysis. The expression levels of some of the genes in G, S, C+S and G+S groups were
compared with those in C group and shown in the table. The values with underline show "increase" and those in

italic show "decrease".
*: These genes are also involved in alcohol metabolism.
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Fig. 3. Principal component analysis (PCA) of the DNA
microarray data obtained from the liver of rats
fed on diets with different protein sources. Rats
were fed on respective diets as shown in the
legend to Fig. 1. PCA was carried out using all
raw data obtained by DNA microarray analysis
of rat liver transcripts. The result was plotted in
the two dimensional space.
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Fig. 4. Validation of the result of DNA microarray by RNase protection assay. Rats were fed on respective diets as
shown in the legend to Fig. 1. Six genes were picked up from Table 2 and their expression levels were
validated by using RNase protection assay. The results were normalized by the mRNA levels of GAPDH.
Each bar indicates mean expression level &+ SE in each dietary group relative to that in the 20% casein (C)
group. Asterisks show that the values are significantly different (P<0.05) as compared with C group.
Hmgcar: 3-hydroxy-3-methylglutaryl-Coenzyme A reductase, Cyp7al: Cytochrome P450, family 7, subfamily
a, polypeptide 1, Scdl:. Stearoyl-Coenzyme A desaturase 1, Fasn: Fatty acid synthase, Sqle: Squalene

epoxidase, Cptl: Carnitine palmitoyltransferase 1.
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