Effect of Dietary Protein Quantity on the Activities of Brain
Proteases in Rats

Osamu TADA

Abstract

In this study, we examined effects of different quantity of dietary protein on the brain proteinases in
rats. Male Wistar strain rats (14 wk old) were divided into two groups, and fed the diets containing 0%
(protein-free) or 20% casein for 10 d, respectively. The body weight gain in the rats fed with the protein-
free diet was significantly low compared with rats fed the 20% casein diet. On the other hand, the protein
concentration in various brain regions were unaffected by quantity of dietary protein. However, the
activities of intracellular proteolytic enzymes were decreased along with the reduction of dietary protein,
especially cathepsins were significantly decreased. These results suggest that the proteolytic enzymes
in the brain declines along with a decrease in dietary protein quantity in order to compensate the loss of

protein, and finally protein levels is maintained in the brain.
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INTRODUCTION

The protein concentration in tissues are easily affected by nutritional alteration such as changes in
quantity of dietary proteins. These changes in protein metabolism may be reflected in the rate of protein
synthesis and breakdown, especially in the liver and muscle "®. There is an evidence indicated that
protein synthesis in the brain was also susceptible of the quality or quantity of dietary protein " and the
internal environment '*'". However, in comparison with the studies on the liver or muscle, there are few
documentations about the effect of dietary protein on brain proteolysis.

In the present study, we conducted to examine the effects of dietary protein on the brain proteolysis in
rats. As indices of the capacity for brain proteolysis, the activities of intracellular proteolytic enzymes such

as calpain (m- plus / -calpain), proteasome (20S plus 26S proteasome), and cathepsins were determined.

MATERIALS AND METHODS

Animal experiment. Male Wistar strain rats (12 wk old, Japan SLC Inc, Shizuoka, Japan) were
individually kept in stainless cages in a temperature- and humidity-controlled room (24 = 1°C and 55 +
5% relative humidity) with a 12 h light-dark cycle (light on 07:00-19:00). All rats had free access to 20%

casein diet and water for 14 d as adaptation period. Then the rats were divided into two groups, one fed ad
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libitum a 20% casein diet and the other a protein-free (0% casein) diet (Table 1) for 10 d. On the last day at
the experiment, the rats were decapitated, and then brains were immediately isolated. Finally, brain regions
such as cerebral cortex, hippocampus, cerebellum and brain stem were quickly removed and frozen in

liquid nitrogen, and stored at -80°C until assay.

Table 1. Composition of experimental diets

ingredient Protein-free 20% Casein
(%)
Casein' 0.0 20.0
Corn starch' 56.9 435
Sucrose' 28.4 21.8
Cellulose' 5.0 5.0
Corn oil 5.0 5.0
AIN-93 vitamin mixture? 1.0 1.0
AIN-93 mineral mixture® 3.5 3.5
Choline-Cl 0.2 0.2

1 Supplied by Oriental Yeast, Tokyo, Japan.
2 Supplied by Nihon Nosan K.K., Yokohama, Japan.

Chemical analysis. Each protease activities, such as calpain, proteasome and cathepsins, were analyzed
as described previously . Each brain region was homogenized in 2 volumes of ice-cold 20 mM Tris-HCI
buffer (pH 7.5) containing 5 mM EDTA and 10 mM dithiothreitol. Then the homogenate was centrifuged
at 30,000 X g for 30 min at 4°C . The supernatant was used for measurement of calpain and proteasome
activities. The resulting protein pellet was suspended in 50 mM acetate buffer (pH 5.0) containing 0.2
M NaCl and 0.1% Triton X-100. The suspension was centrifuged at 13,000 X g for 30 min at 4°C . The
supernatant was used for measurement of cathepsin B+L and cathepsin D activities.

Calpain activity was measured by the method of Sasaki et al. " by using 0.2 mM succinyl-Leu-Leu-
Val-Tyr-MCA, fluorogenic synthetic peptide as a substrate at pH 7.3. Proteasome activity was analyzed
by the method of Tanaka et al. '¥ determined with succinyl-Leu-Leu-Val-Tyr-MCA as a substrate at pH
8.0. The activity of cathepsin B+L was measured by the method of Barrett and Kirschke '* by using
fluorogenic peptides. It was assayed with 10 mM Z-Phe-Arg-MCA as a substrate at pH 5.5. This synthetic
substrate is hydrolyzed by cathepsin B and cathepsin L, so the activity is shown as cathepsin B+L activity.
The activity of cathepsin D was measured by the method of Barrett and Kirschke ' using 2% hemoglobin
as a substrate.

Protein concentration was measured by Lowry s method by using bovine serum albumin as a

standard 7.
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Statistical analysis. Data were analyzed by Student s #-test. A p value of less than 0.05 was considered

to be statistically significant. Each result was expressed as the means &+ standard errors.

RESULT AND DISCUSSION
The body weight gain in the rats fed the protein-free diet was significantly low compared with the rats
fed the 20% casein diet (Table 2). However, the weight and protein concentration in various brain regions

did not differ.

Table 2.  Effect of quantity of dietary protein on body weight gain, and tissue weight and protein concentration of
brain regions in rats
Values represent means 1-SEM, n=5. Student's ¢-test was performed
*Significantly different from that of the 20% casein diet group (p<0.05)

Protein-free 20% Casein
Initial body weight (g) 2723 £ 27 2742 £ 26
Body weight gain (g) -30.8 + 1.8% 271 %15
Tissue weight (g)
Cerebral cortex 0.165 =+ 0.003 0.163 = 0.005
Hippocampus 0.060 =+ 0.002 0.057 =+ 0.002
Cerebellum 0.131 # 0.005 0.138 =+ 0.004
Brain stem 0.248 =+ 0.005 0.229 =+ 0.006
Protein concentration (mg/g tisuue)
Cerebral cortex 1576 =52 1507 = 4.7
Hippocampus 156.1 = 6.8 1459 =43
Cerebellum 1773 = 438 1648 = 54
Brain stem 1445 = 1.8 1436 +=23

The activities of calpain, proteasome, cathepsin B+L and cathepsin D were determined in cerebral
cortex, hippocampus, cerebellum and brain stem (Table 3). The activities of proteolytic enzymes in some
brain regions declined with the decrease in quantity of dietary protein, especially cathepsin B+L activity

was significantly decreased by the protein-free diet.
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Table 3.  Effect of quantity of dietary protein on the activity of proteolytic enzymes in brain regions of rats
Values represent means 1-SEM, n=5. Student's t-test was performed
*Significantly different from the 20% casein diet grooup(p<0.05)

Protein-free 20% Casein
Calpain (nmol AMC/h/mg protein)
Cerebral cortex 17.72 = 1.56 1858 + 1.62
Hippocampus 2431 = 0.62 26.83 + 1.32
Cerebellum 1854 + 048 19.81 = 0.81
Brain stem 1429 = 1.07 1488 + 0.76
Proteasome (nmol AMC/h/mg protein)
Cerebral cortex 331 = 031 4.00 + 0.61
Hippocampus 1138 % 1.76 1006 + 496
Cerebellum 289 £ 123 6.12 + 248
Brain stem 373 =038 429 + 0.62
Cathepsin B+L (nmol AMC/h/mg protein)
Cerebral cortex 20.81 = 1.14* 3442 + 450
Hippocampus 38.17 + 328 3721 + 1.83
Cerebellum 2991 =+ 1.56* 3831 + 385
Brain stem 3232 + 1.70 2726 + 324
Cathepsin D (ug Tyr/min/mg protein)
Cerebral cortex 0.195 =+ 0.008 0218 =+ 0.038
Hippocampus 0.122 = 0.006 0.162 =+ 0.017
Cerebellum 0.114 % 0.004 0.119 * 0.004
Brain stem 0.145 = 0.022 0.173 = 0014

The intracellular proteolytic process is composed of lysosomal and nonlysosomal pathways in which
intracellular proteases are directly responsible for the degradation of proteins. Calpain is a cysteine
protease ubiquitously and constitutively expressed in the cytosol of mammalian cells, and is thought to
be the main agent of nonlysosomal Ca2+-dependent proteolysis '”. Proteasome is a multicatalytic ATP-
dependent proteolytic enzyme that needs ubiquitination of its substrate '”. The multiple proteolytic
pathways are essential to complete proteolysis. Lysosomal cathepsin B, L and D are endopeptidases of
neurons that might play major roles in intracellular protein catabolism *”. Cathepsin B is the most abundant
lysosomal protease, being required for the housekeeping function of lysosomes in protein turnover by
cells. In contrast, cathepsin L has been implicated in tumor progression and bone resorption >,

In previous study, Yokogoshi et al. reported that the fractional rates of protein synthesis in the brain
declined with a decrease in quantity of dietary protein, and the aggregation of polyribosomes in the brain
decreased with a decrease in dietary protein after only 5 h of feeding, and that there was a correlation
between the polysomal profile and RNA activity . Generally, the fractional rates of protein degradation
in the liver or skeletal muscle are increased with the reduction of protein intake, accompanied by ascent of
the activities and the protein expression levels of proteolytic enzymes, and then the masses of these organs
are decreased. In this study, the weight and protein concentration in the brain regions were unaffected by
quantity of dietary protein, and there was not ascent of the brain proteolytic enzyme activities. So, the rate

of protein degradation might decrease in the brain, although not determined in the present study. It seems
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that the regulation of brain protein metabolism differ from the other organs.
In conclusion, these results indicate that the brain protein metabolism is declined with the reduction
of dietary protein through the reduction of protein synthesis and not ascent of the proteolytic enzyme

activities, which will compensate to protein loss in the brain.
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