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ABSTRACT

We have previously demonstrated that muscle proteases and the related molecules
play important roles in disorders of muscle function. For example, rats subjected to
an acute running exercise have significantly high calpain activity in gastrocnemius
muscle. Rat gastrocnemius muscle atrophied by spaceflight or tail-suspension is
specifically sensitive to the ubiquitin-proteasome proteolytic pathway. In this study,
we examined the effects of soy protein isolate (SPI) or soy protein-derived peptides on
these proteolytic pathways. SPI diet prevented exercise-induced protein degradation
in skeletal muscle possibly through inhibition of calpain-mediated proteolysis, as
compared with the casein diet. Soy protein-derived peptides inhibited protein-
ubiquitination caused by oxidative stress in mouse myoblastic cells. Our results
suggest that soy protein may contain bioactive factors for regulating proteolysis in
skeletal muscle. Soy Protein Research, Japan 7, 69-74, 2004.
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Table 1. Soy protein peptides “High-nute D3 and R”
High-nute D3 High-nute R

Characteristics

Protein contents (%) 90.6 91.8
Protein chemistry
solubility with 15% TCA (%) 98.8 99.9
mean AA residues of peptides 56 3 4
content of free amino acid (%) ~ 2PAF 10 14
Additional contents no no
Features of solution
pH 6.3 6.8
color clear clear
color at acidic conditions slight cloudy clear
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Fig. 1. Plasma CK and muscle calpain activities in rat
subjected to an acute running exercise. Rats fed
a casein or soy protein isolate diet for 4 wk were
subjected to the running exercise at a fixed work
of 80 kg-m. Blood and gastrocnemius muscle
were collected at the indicated times. Values are
mean £ SEM, n=5. Means with different
superscripts are significantly different, P<0.05.
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Effect of SPI diet on muscle protease activities. Rats fed a casein or soy protein isolate diet for 4 wk were
subjected to the running exercise at a fixed work of 80 kg-m. Gastrocnemius muscle was collected after the
running exercise. Values are mean = SEM, n=5. Means with different superscripts are significantly
different, P<0.05.
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Effect of SPI diet on fragmentation of SPI. (A) Rats fed a casein or soy protein isolate diet for 4 wk were applied
to the running exercise at a fixed work of 80 kg-m. Proteins (40 mg/lane) in the soluble fractions of
gastrocnemius muscle in rats fed were subjected to SDS-PAGE. (B) Signals were quantitated by densitometric
analysis. Values are mean = SEM, n=5. Means with different superscripts are significantly different, P<0.05.
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Fig. 5. Accumulation of MHC degradation fragments
in gastrocnemius muscle of spaceflight (A) or
tail-suspended rats (B). Proteins (40 mg/lane) in
the soluble fractions of gastrocnemius muscle in
spaceflight or tail-suspended rats were
subjected to SDS-PAGE and transferred to a
nylon membrane. Intact MHC (arrows) and its
degradation fragments (closed triangles) were
detected by Western blot analysis.
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Fig. 6. Protease mRNA expression in gastrocnemius
muscle of spaceflight (A) and tail-suspended rats
(B). Total RNA (1 pg) extracted form the indicated
muscles was subjected to a semiquantitative RT-
PCR analysis. mRNA concentrations were
determined by calculating the ratio of the signal of
the target cDNA to that of an internal standard
p-actind cDNA. Values are mean = SD, n=6.
*Indicates significantly different, P<0.05.
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Fig. 7. Accumulation of ubiquitinated proteins in gastrocnemius muscle of spaceflight (A) or tail-suspended rats
(B). Proteins (40 mg/lane) in the soluble fractions of gastrocnemius muscle in spaceflight or tail-suspended
rats were subjected to SDS-PAGE and transferred to a nylon membrane. Ubiquitinated proteins were

detected by Western blot analysis.
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Fig. 8. Effect of soy protein-derived peptides on
ubiquitination caused by oxidative stress.
Whole proteins (40 mg/lane) of C2C12 cells were
subjected to SDS-PAGE and transferred to a
nylon membrane. Ubiquitinated proteins were
detected by Western blot analysis.
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