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Transcriptome Analysis of the Effect of Soy Protein Intake in
Cholesterol-loaded Rats
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ABSTRACT

We have previously reported the effect of consumption of soy protein isolate (SPI) in
combination with other proteins on gene expression profile of rat liver in an attempt
to evaluate of the effect of SPI intake in dietary life. The result showed that a large
part of the action of SPI including ones on fatty acid and cholesterol metabolism was
maintained even in the presence of other dietary proteins. However the influence of
such diets on serum cholesterol level was negligible. In the present study, similar
analysis was conducted under a different experimental condition. Ten-week-old
male Wistar rats were pair-fed on experimental diets containing 0.5% cholesterol for
2 weeks. The experimental diets used were 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). The increase of serum cholesterol level was
significantly suppressed in S, G and G+S groups. Triglyceride and cholesterol levels
in the liver were lowest in the S-fed group. The result of DNA microarray analysis
showed that the total number of the genes that responded to dietary protein was
lower in the mixed protein groups as compared with S and G groups. The expression
levels of the genes for cholesterol synthesis pathway were low, and the impact of
dietary protein on them was not evident. On the other hand, the expression levels of
genes for the enzymes involved in fatty acid synthesis were relatively consistently
reduced in groups fed on S- and G-containing proteins. The result indicates that the
effects of mixed-protein feeding are less prominent under the present condition as
compared with the previous experiment and that the responses of genes for fatty
acid synthesis pathway are retained even when SPI is consumed with other proteins.
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Table 1. Composition of diets (g/kg)
Composition C G S C+S G+S
Casein 233.3 - — 1167 -
Gluten — 2500 - — 1250
Soy Protein Isolate - — 2222 1111 1111
Cornstarch 561.7 548.0 5758 568.7 561.9
Soybean Oil 500 500 500 500 50.0

Mineral Mixture 40.0 400 400 400 400
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 - - 15 -
Cholesterol 5.0 5.0 5.0 5.0 5.0
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. Cholesterol was obtained from Nakalai
Tesque.
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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. Epididymal fat weight (A) and serum cholesterol levels (B) 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
9% soy protein diet (C+S) or a 10% gluten and 10% soy protein diet (G+S) for two weeks (n=>5). Day zero (d0)
indicates the values on the starting day of the experimental diet. The bars not sharing the same letter are

significantly different (p <0.05).
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Fig. 3. Liver cholesterol (A) and liver triglyceride levels (B) 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). Day zero (d0)
indicates the values on the starting day of the experimental diet. The bars not sharing the same letter are

significantly different (p<<0.05).
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Fig. 4. 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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Table 2. Expression changes of selected genes for cholesterol and fatty acid metabolism

Gene Name C+S S G+S G
Metabolism of Cholesterol and Bile Acid (Fold Changes)
3-Hydroxy-3-methylglutaryl-CoenzymeA synthase 1 0.62 NC 0.76 NC
Sterol-C4-methyl oxidase-like NC NC NC NC
Cytochrome P450, subfamily 51 NC NC NC NC
Farensyl diphosphate synthase NC NC NC NC
Mevalonate (diphospho) decarboxylase NC NC NC NC
Llanosterol synthase NC NC NC NC
7-Dehydrocholesterol reductase NC NC NC NC
Isopentenyl-diphosphate delta isomerase NC NC NC NC
Squalene epoxidase NC NC NC NC
Isopentenyl-diphosphate delta isomerase NC NC NC NC
Farnesyl diphosphate farnesyl transferase 1 NC NC NC NC
Mevalonate kinase NC NC NC NC
3-Hydroxy-3-methylglutaryl-Coenzyme A reductase NC NC NC NC
Cytochrome P450, family 7, subfamily a, polypeptide 1 0.87 0.81 NC 1.52
Alcohol dehydrogenase 4 (class II), pi polypeptide* 0.66 NC 0.71 NC
Aldehyde dehydrogenase family 1, member A1* 0.57 1.52 0.71 NC
Fatty Acid Synthesis
Sterol regulatory element binding factor 1 NC 0.54 0.66 0.54
Fatty acid synthase 0.47 0.57 0.66 0.50
Acetyl-Coenzyme A carboxylase alpha NC 0.62 NC NC
Acetyl-Coenzyme A carboxylase beta 0.76 0.62 NC NC
Acyl-Coenzyme A dehydrogenase, short/branched chain NC 0.29 0.57 NC
Stearoyl-Coenzyme A desaturase 1 NC NC NC 0.62
Fatty Acid Oxidation
Acyl-CoA synthetase long-chain family member 1 NC NC NC 0.66
Acyl-Coenzyme A dehydrogenase, short/branched chain NC 0.29 0.57 NC
Carnitine palmitoyltransferase 1, liver NC 0.71 0.76 0.71
Carnitine palmitoyltransferase 1, liver NC 1.23 NC NC
Glycerol-3-phosphate dehydrogenase 2 NC NC 0.76 NC

Rats were fed on a 20% casein diet, a 10% casein and 10 % soy protein diet (C+S), a 20% soy protein diet (S), a 10%
gluten and 10% soy protein diet (G+S), or a 20% gluten diet (G) 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 fold ratio of increase or
decrease. "NC" indicates genes whose expression was determined "Not Changed" by the algorism of Microarray
Analysis Suit. Genes whose expression level was determined "Absent" are shown in italic.
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