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ABSTRACT

The dietary protein sources, casein and soy protein isolate (SPI), dillered from each
other in terms of the elect of dietary Mg-deficiency on the metabolism of rats. In
detail, 4-week-old male Wistar rats were fed 4 formulas with diJerent dietary Mg
levels and protein sources for 4 weeks. As a result, the serum non-esterified fatty
acid level was significantly decreased when rats were fed the Mg-deficient SPI diet.
Hepatic DNA microarray analysis was conducted, with the result that, in dietary
Mg deficiency, casein feeding significantly changed the expression of 660 genes,
while SPI feeding changed that of 419 genes. The significantly changed genes
in rats fed the Mg-deficient diet included transcription factor sterol regulatory
element binding transcription factor 1 (Srebfl) and genes involved in cholesterol
metabolism. These two changes differ between the dietary protein sources. Soy
Protein Research, Japan 15, 55-60, 2012.

Key words : soy protein isolate, Mg deficiency, lipid metabolism, DNA microarray,
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Table 1. Composition of the experimental diets
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cC MDC CS MDS
Mg Level Control Mg-deficiency Control Mg-deficiency
Protein Source Casein Soy protein isolate
Ingredient g/kg diet
Casein 200.000 200.000 — —
Soy protein isolate — — 201.193 201.193
Corn starch 531.657 532.154 530.685 531.293
Sucrose 100.000 100.000 100.000 100.000
Corn ail 70.000 70.000 70.000 70.000
Cellulose powder 50.000 50.000 50.000 50.000
Mineral mixture' 35.000 35.000 35.000 35.000
Vitamin mixture® 10.000 10.000 10.000 10.000
Choline bitartrate 2.500 2.500 2.500 2.500
Tert-butylhydroquinone 0.014 0.014 0.014 0.014
Magnesium oxide 0.829 0.332 0.608 —
Total 1,000 1,000 1,000 1,000
Chemical analysis %
Crude protein 175 174 173 173
Magnesium 0.046 0.021 0.049 0.018
Calcium 0.507 0.505 0.518 0.513
Phosphorus 0.319 0.313 0.347 0.345

! The mineral mixture is a modification of AIN-93G mineral mixture without magnesium oxide.

2 AIN-93 vitamin mixture.
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Table 2. Food intake, weight gain and serum characteristics in rats fed CC, MDC, CS or MDS*

Two-way
cc MDC CS MDS ANOVA?
Food intake (g/day) 176+ 0.3 17.0+ 0.9 174+ 14 16.5+ 0.9
Weight gain (g/day) 6.8+ 0.3 6.8+ 0.3° 55+ 05° 53+ 04° P
Magnesium (mg/100mL) 2.0+ 0.1° 17+ 02° 2.1+ 0.1° 15+ 01° M, Mx P
Calcium (mg/100mL) 10.2+ 0.4 10.6+ 0.3 10.1+ 03 104+ 03 M
Total protein (g/100mL) 58+ 0.3° 57+ 0.2° 52+ 0.1° 51+ 0.1° P
Albumin (g/100mL) 39+ 0.2° 39+ 0.1° 35+ 0.1° 35+ 00° P
Total cholesterol (mg/100mL) 728+ 6.0 76.2+ 8.9 725+ 45 77.7+ 10.9
LDL cholesterol (mg/100mL) 55+ 1.0° 6.3+ 05% 7.7+ 15° 83+ 26" P
HDL cholesterol (mg/100mL) 235+ 1.8 243+ 2.1° 287+ 1.2° 307+ 3.1° P
Triglyceride (mg/100mL) 297.3+ 1334* 289.0+ 52.3° 119.2+ 425" 1055+ 34.4° 2
Nonesterified fatty acid (1 Eq/L) 1665+ 78.3™ 2273+ 934° 1102+ 385"  97.2+ 27.9° P
Total ketone body {1 mol/L) 1335+ 21.8™ 1565+ 16.0° 1242+ 126" 137.7+ 163%™ M
Glucose (mg/100mL) 1627+ 165 1665+ 108  152.2+ 83 161.8+ 119

CC, control casein diet; MDC, Mg-deficient casein diet; CS, control soy protein isolate diet; MDS, Mg-deficient

soy protein isolate diet.
*Values are meansz SD for six rats.

?Significant elect (p<0.05): M, elect of dietary magnesium level; P, eJect of dietary protein sourse; Mx P, elect

of interaction.

*"Values with diderent superscript letters in the same row are significantly diderent (p<0.05).
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Fig. 1. Hierarchical clustering dendrograms from
gFARMS DNA microarray data. CC, control
casein diet; MDC, Mg-deficient casein diet;
CS, control soy protein isolate diet; MDS, Mg-
deficient soy protein isolate diet. CJControl
diet, ; Z:Mg-deficient diet.
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Table 3. Significantly enriched GO terms found in changed genes by Mg-deficient diet’

A GO term B. GO term
Lipid metabolism Lipid metabolism
lipid biosynthetic process lipid biosynthetic process
steroid metabolic process fatty acid metabolic process
sterol metabolic process fatty acid biosynthetic process
cholesterol metabolic process Organic acid metabolism
fatty acid metabolic process organic acid biosynthetic process
glycerolipid metabolic process carboxylic acid biosynthetic process
neutral lipid metabolic process cellular amino acid biosynthetic process
acylglycerol metabolic process serine family amino acid biosynthetic process
triglyceride metabolic process Oxidation reduction
Organic acid metabolism oxidation reduction
organic acid biosynthetic process Response to stimulus
carboxylic acid biosynthetic process response to endogenous stimulus
Ether metabolism response to organic substance
organic ether metabolic process response to hormone stimulus
glycerol ether metabolic process response to extracellular stimulus
Oxidation reduction response to nutrient levels
oxidation reduction response to nutrient

Response to stimulus

response to extracellular stimulus

cellular response to extracellular stimulus

response to nutrient levels

cellular response to nutrient levels

response to starvation

cellular response to starvation

response to endogenous stimulus

response to organic substance

response to hormone stimulus

response to drug

response to unfolded protein

response to protein stimulus
Immune response

antigen processing and presentation of peptide antigen

antigen processing and presentation of peptide antigen via MHC class |
Cell death

negative regulation of cell death

negative regulation of programmed cell death

negative regulation of apoptosis

anti-apoptosis
A, 660 genes changed by Mg-deficient casein diet (between CC and MDC); B, 419 genes changed by Mg-
deficient soy protein isolate diet (between CS and MDS).
! Significant eJect (Benjamini and Hochberg FDR corrections p<0.05).
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