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Dietary Protein Beneficial to the Protein

Synthesis in Exercise-Trained Muscles
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Nagoya Institute of Technology

ABSTRACT

Branched-chain amino acids are main constituents of muscle proteins
as well as serve as energy sources during exercise. Branched-chain amino
acid metabolism is regulated by branched-chain a-keto acid dehydrogenase
(BCKDH). The present study demonstrated that liver BCKDH activity
was markedly lower in female rats than in male rats, suggesting that
regulation of branched-chain amino acid metabolism is different between
male and female. The activity of BCKDH kinase which is responsible for
phosphorylation and inactivation of BCKDH was significantly higher in
female than in male, suggesting that the gender difference of liver
BCKDH activity is at least in part attributed to the kinase expression in
the liver. Liver BCKDH activity in female rats fed a low protein diet was
significantly increased by acute exercise, suggesting that branched-chain
amino acid catabolism is promoted by the exercise despite under the
condition of dietary protein insufficiency and that the amino acids may
be wuseful energy sources during exercise. Dietary proteins contain

varying amount of branched-chain amino acids ; e.g., milk protein contains
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21.4% of the amino acid and soybean protein 18.4%. Serum branched-

chain amino acid concentrations were higher in trained rats fed a 30%

milk casein diet than in the animals fed a 30% soybean protein diet, even

though both dietary groups of rats were not insufficient to dietary

protein. These findings suggest that dietary protein rich in branched-

chain amino acids may be beneficial to protein synthesis in the exercise-

trained muscle.
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&1 Composition of experimental diets

Diet
Ingredient
8 %-Protein 30%-Protein 50%-Protein

: (%)
Casein, milk 8 30 50
Soybean oil 2.0 5.0 5.0
DL-Methionine 0.3 0.3 0.3
Mineral mix, AIN 76 3.5 3.5 3.5
Vitamin mix, AIN 76 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2
Inositol 0.01 0.01 0.01
Cornstarch 62 40 20
Cellulose 5.0 5.0 8.0
Sucrose to make 100%
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%2 Food intake, body weight gain and
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liver weight

30%Protein 50%Protein
Male Female Male Female
n 6 T 9 7
Food intake (g/week) 196+7 170+14 166+6 127+9*%
Body weight gain (g/3 weeks) 1767 58+3" 148+6 644"
Liver (g) 13.6£0.5 | 7.5%0.1° | 14.5%£0.6 | 7.0+0.2°

Values are means®=SE for 6-9 rats

* Significantly different from male rats in the same diet group (p<{0.05)
#Significantly different from female rats fed 30% protein diet (p<<0.05)

%3 Activities of BCKDH and its kinase in male and female rat livers

30% Protein diet 50% Protein diet
Male Female Male Female
BCKDH
Total activity (mU/g wet weight) | 1354162 934+34" 154068 1285168
Activity state (%) 44,676 7.6x0.8° 86.8+5.6" 8.6+2.2°
BCKDH kinase (min™") 0.80+0.13 | 1.51£0.19" | 0.38%£0.03 | 1.04£0.09"

BCKDH, branched-chain a-keto acid dehydrogenase
* Significantly different from male rats in the same diet group (p<<0.05)
#Significantly different from 30% protein diet group (p<<0.05)
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. #&4 Food intake, body weight gain and liver weight

Grou N Food intake | Body weight gain | Liver
i (g/week) (g/3 weeks) €3

30% Protein diet

Rested 9 161+12 56+ 6 7.8%+0.1

Exercised 9 1724 8 ol d T:2:40.2
8 % Protein diet

Rested 9 158+ 9 47+ 3 8.1£0.2

Exercised 9 168410 50% 3 7.7%£0.3

Values are means=SE for 9 rats
* Significantly different from rested and exercised rats (p<{0.05)

#% 5 Liver BCKDH activities in sedentary and exercised rats

BCKDH
Group Total activity Activity state
(mU/g wet wt.) (%)

30% Protein diet

Rested 1184+ 75 9.0*x1.4

Exercised 13341104 93.9+3.1*%
8 % Protein diet :

Rested 450+35" 5.2%£0.7

Exercised 437134 40.0x10.0%

Values are means®SE for 9 rats
*Significantly different from rats fed 30% protein diet (p<<0.05)
# Significantly different from rested rats (p<<0.05)
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[ Rested
B Exercised

Branched-chain a-keto acids (nmol/ml)

30 % 8 % 30 % 8%
Protein  Protein Proteln  Protein

|

Concentrations of branched-chain a -ket
oacids in serum of rested and exercised
rats fed 30% or 8% protein diet.

KIV, a-ketoisovalerate ; KIC, a-ketoiso
caproate ; KMV, a-keto- S -methylvalera
te. Values are means®=SE for9rats.

* Significantly different from rested rats
in the same diet group (p<<0.05)
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%6 Food intake and weights of body, gastrocnemius muscle and liver of trained and

sedentary rats fed soybean protein diet or casein diet

Food,intake || Body weight | — 2 omamiis Liver
Group n muscle
(g/week)
. ()

Sedentary rats

Soybean protein diet | 198+ 4 3B1E 7 1.97%0.06 11.3%0.2

Casein diet 8 198+ 6 370£10 2.00£0.09 12.740.7
Trained rats

Soybean protein diet | 7 2037 347%10 1.95+0.07 11.1£0.3

Casein diet 210+ 4 353+ 3 1.94£0.03 12.1£0.4

Values are means®=SE
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%7 Branched-chain amino acid concentrations in serum of trained and sedentary rats
fed soybean protein diet or casein diet

Vali
Group Leucine Isoleucine anne Total BCAA
(nmol/m/{)

Sedentary rats

Soybean protein diet 148+ 5 80+ 3 188+ 5 416+12

Casein diet 145+ 4 81+ 2 200= 5 426+11
Trained rats

Soybean protein diet 134+ 5 73+ 3 1676 374+13

Casein diet 152+ 4 862" 202+5" 440+12"

Values are means®=SE. BCAA, branched-chain amino acids

* Significantly different from soybean protein diet group (p<(0.05)
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