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Anti-Muscle Atrophy Action of Dietary Soy Proteins
Takeshi NIKAWA"

Department of Nutritional Physiology, Institute of Health Biology,
The University of Tokushima Graduate School, Tokushima 770-8503

ABSTRACT

Background: Unloading stress induces skeletal muscle atrophy. We have reported
that Cbl-b ubiquitin ligase is a master regulator of unloading-associated muscle
atrophy. The present study was designed to elucidate whether dietary soy glycinin
protein prevents denervation-mediated muscle atrophy, based on the presence of
peptides inhibiting Cbl-b ubiquitin ligase in soy glycinin protein. Methods Mice
were fed either 20% casein diet, 20% soy protein isolate diet, 10% glycinin diet
containing 10% casein, or 20% glycinin diet. One week later, the right sciatic
nerve was cut. The wet weight, cross sectional area (CSA), IGF-1 signaling, and
atrogene expression in hindlimb muscles were examined at 1, 3, 3.5, or 4 days after
denervation. Results: The 20% soy glycinin diet significantly prevented denervation-
induced decreases in muscle wet weight and myofiber CSA. Furthermore, dietary
soy protein inhibited denervation-induced ubiquitination and degradation of IRS-
1 in the tibialis anterior muscle. Dietary soy glycinin partially suppressed the
denervation-mediated expression of atrogenes, such as MAFbx/atrogin-1 and
MuRF-1, through the protection of IGF-1 signaling estimated by phosphorylation of
Akt-1. Conclusions: Soy glycinin contains a functional inhibitory sequence against
muscle-atrophy-associated ubiquitin ligase Cbl-b. Dietary soy glycinin protein
significantly prevented muscle atrophy after denervation in mice. Soy Protein
Research, Japan 16, 99-103, 2013.
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"0 77085030 0 0 0 00031815

0000o0odododvol 16120130



0000000000 0000000000000
0000000000 000000D0O0000000
000000000 0000000DO0OO0o0O0O000
0000000D000000000D0O0000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 0000000000
000000000000000000000000
000000000000000000000000
00000000000 O0** 00000000000
000000000000 00000DO000000
000000000000 000000000000
0000000000000000D00000000
000000000000000000000000
0000000000000000000Fig 100
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000%*0000000000
0000000000 000000D0OO0D0O0000
oooooo

goooao

gooooooboomrs10ooooooo

gogbooboooboobbooobooboooboo
Chl-bO0ODODOODOODOIRSIDDOODOOOODOO
DIZIDDDIGF-lDDDDDDDDDDDDFig.ZIjED
Ch-bODO0O0OD0DOO0OO0ODODODOO0OOO0ODODOODOO
O00000oOoooOochbOODOOOOOOOOO
O00o0o0oooo00oOooooOooooooooo
00000000000 OCh-bOOOIRS-1IO00O0OO
O00oo0o0oO0o0oooOooooOoooooooo
000000000000 SPI: soy protein isolatedO O
O0ooOoooousmoooooooorsoooon
goooorPOOO3OO0ODODOODODbDOOO
000o0o0oo0ooDoOoOoooooooooogaocel-
free ubiquitination systemO 0 0 O O

Cell-free ubiquitination systemO O OO0 OO0 00O
gooooooobobooboobobooobooobo
OE1D0000000000E20000000000
O0E00O0O0O00ODOODOOO0OOOOOOODOOO
O000o0o00o00oooO0oooooooooooo
oo0oo0o0ooooooOoooooooooooo
oo0ooO0oooO0ooooOoooooooooooo

100

0000000000000000000000dSPIO
0000000000000 D00000000000
00000000000000000000000
O000Fg 300000000000000000
OO0OCb-bOODIRSAI0DO0O0O0O0OOOOO0DY
0000000000000 0000000000
Heckl OO DODOCOSTOOODODOOOOOOODDOO
00D000000000Fg 40000000000
000000000000000004n vivoD DO OO
000000000000IRS-1000000000
0000000 Fig. 500

Ubiquitination

D)
o
o @%
€

% Q
@
o) 0
3} @
@ IRS
S IRS RS 1
= 1 ati
k=] Activation of
_5— Degradation by Insulin/IGF-1 signaling
2 protieisome 1
- Increase in muscle
Muscle protein synthesis
atrophy

Fig. 1. Peptide-mediated inhibition of ubiquitin ligase.
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Fig. 2. Mechanistic model of unloading-mediated
muscle atrophy. Unloading induces ubiquitin
ligase Cbl-b in myocytes. Cbl-b stiumulates
ubiquitination and the degradation of IRS-1,
an important intermediate in IGF-1 signaling
pathway, resulting in IGF-1 resistance in
myocytes during unloading. IGF-1 resistance
induces impaired protein synthesis and
enhances protein degradation in muscle,
leading to muscle atrophy.
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Fig. 3. Inhibitory effect of soy-glycinin-derived
peptides on Cbl-b-mediated IRS-1 ubiquitination.
(I) Purified soy protein isolate (SPI), lipoprotein
(LP), soy glycinin (G), and soy B -conglycinin
(C) were digested with trypsin, then 20u g/
mL of each of the hydrolysates was subjected
to cell-free ubiquitination assay to elucidate
their inhibitory elects on Cbl-b-mediated IRS-1
ubiquitination.
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Fig. 4. Inhibitory effect of soy-glycinin-derived
peptides on Cbl-b-mediated IRS-1 ubiquitination.
(1) HEK293 cells transfected with mock
vector/pCEFL-Cbl-b-HA, pcDNA3.1-rat IRS-
1-V5, and pcDNA3-FLAG-Ubiquitin were
treated with the indicated concentration of
casein-derived (control) or soy-glycinin-derived
peptides for 2 hours in the presence of 100 nM
epoxomicin and 10ng/mL IGF-1. Cell lysates
from these cells were immunoprecipitated with
an anti-V5 antibody. The immunoprecipitates
were subjected to immunoblot (IB) analysis
for the indicated proteins. MMSTD: molecular
mass standards. Representative findings of
three experiments with matching results.
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Fig. 5. Elects of dietary soy glycinin protein on IGF-1 signaling in denervated muscle. (A, B) The right and left
legs of C57BL/6 mice were subjected to denervation and sham operation, respectively. The mice were
fed with 20% casein (control) or 20% soy glycinin diet froml week before denervation till the end of the
experiment. TA muscles were isolated at days 1, 3, 35, and 4 after denervation. Homogenates of TA
muscles isolated were subjected to immunoblotting (IB) for IRS-1 and actin on the indicated days after
denervation.
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Fig. 6. Alignment of glycinin precursor protein sequences. The sequence of soy glycinin was similar to that of
Cblin peptide, indicated by the box. The sequences were retrieved from the UniProt database (http://
www.uniprot.org/). G1, Glycinin G1; G2, Glycinin G2; G3, Glycinin; G3; G, Glycinin G; G4, Glycinin G4.
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