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ABSTRACT

It has been suggested that dietary intake of soy protein is potentially beneficial
for prevention of obesity and hyperglycemia. 3 -Conglycinin, one of the major soy
proteins, has been reported to lower the blood glucose and insulin levels with an
increasing adiponectin level and decreasing plasma lipids levels in animal studies.
However, the underlying molecular mechanism is not yet fully understood. In this
study, we investigated the effect of digested peptide mixtures derived from 3
-conglycinin on myocellular glucose uptake and its molecular mechanism. Two
peptide mixtures (peptide mixtures-A and -B) were prepared by treating 3
-conglycinin with an artificial digestive juice and the enzymes from microorganisms,
respectively. When L6 myotubes were treated with these mixtures, both of them
increased glucose uptake dose-dependently. Mixture-A had a stronger ellect than
mixture-B. Although we could not identify the active peptide in mixture-A, peptides
with hydrophilic properties contribute to the stimulation of glucose uptake.
Next, we investigated whether glucose uptake stimulation is accompanied by
translocation of the glucose transporter 4 (GLUT4) to the plasma membrane, which
is an insulin-responsive transporter and is distributed in adipose tissue and skeletal
and cardiac muscles specifically, we found that the peptide mixture-A stimulated
translocation of GLUT4 without altering its expression level. We also found that
AMP-activated kinase (AMPK) was phosphorylated but Akt did not, indicating that
translocation of GLUT4 by the peptides derived from 3 -conglycinin was dependent
on the AMPK-pathway. In an animal study using type-2 diabetes mellitus model,
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GK rats, we confirmed activation of AMPK and downstream GLUT4 translocation
and UCP-3 expression in soleus muscle. In conclusion, intake of 3 -conglycinin will
prevent hyperglycemia by stimulating GLUT4 translocation followed by glucose
uptake in muscle. Soy Protein Research, Japan 15, 72-78, 2012.

Key words : 3 -conglycinin, peptide, anti-hyperglycemia, glucose transporter 4

(GLUT4), muscle

0000000000000 000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 00000D0000000
00000000000 O02200000000000
s001000000000000200000000
0001000000000000000000000
00000000000 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 0000D00000000
0000000040 6LUT400000000OOOO
000000000 0000000D00000000
000000000 000000000000000
000000000000000000000000
0ooo0oo00oooo

00000000000 000000000000
0000000000000000000KK-Ayd
000000000000000000000000
000000000 o00000000o0ooono
0000000OoOop-00000000000000
000000000000000000000000
000000000000000000000000
0000000000000 0000000000
000000000O0p-0000000000000
000000000000000000000000
000000000000000000000000
O00Op-00000000000000000000
0000000000 000000D0O0O0D0O0000
00000000000 00000D0DO0o0o0o000
000000000000 0000000R-0000

000000O0dodvol. 1820120

gbooooooboobdoboooobooooboobooo
gboobooooboobooooooooboboon
goooobo

oo
B-000000000000000O0O0DO0ODOO
00000000 O peptide mixture- AL OO OO0
0000000000000 D0000OO0O peptide
mixture-BO D0 00D O00Fig 1M 00000000
000000000000000000000000
0oooooooooon
0000000LwL000002% FBSO O OMEM
000000000000000000000000
00002% 000000000 000000MEMO
0000180 000000000000000000
01500004000000000000000
0oooooooooooo
0000000000000 000000oooo
000000000000 2-deoxyglucose 2DGO O
000oooo0**No00000000000400
000000001 mMO2DGO200 0000000
00000002060 00000000000000
000000000000000000000000
ooooooooooo

B -Conglycinin

Enzymatic degradation

Enzymes

Artificial
from

digestive enzymes . .
microorganisms

Peptide mixture-A Peptide mixture-B

Fig. 1 Preparation of peptide mixtures.
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Fig. 2. Stimulation of myocellular glucose uptake by
peptide mixtures. L6 myotubes were serum
starved for 18 h and were treated with 100
nM insulin, peptide mixture-A or -B at 0.3,
1, 3, or 10 mg/mL for 4 h. 2DG uptake was
determined as described in the text. Data
are shown as the means £ SE (n=3). *»<0.05,
**n<0.01 vs control by Dunnett's test.
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Fig. 3. Stimulation of myocellular glucose uptake by
the fractions of peptide mixture-A obtained
from HP20SS column chromatography. L6
myotubes were serum starved for 18 h and
were treated with 100 nM insulin, peptide
mixture-A and its fractions from HP20SS
column chromatography at 10 mg/mL for 4 h.
2DG uptake was determined as described in
the text. Data are shown as the means + SE
(n=3). *p<0.05, *p<0.01 vs control by Dunnett's
test.
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Fig. 4. Stimulation of myocellular glucose uptake by
the fractions of peptide mixture-A obtained
from ultrafiltration. L6 myotubes were serum
starved for 18 h and were treated with 100
nM insulin, peptide mixture-A, non-absorbed
fraction, and its fractions from ultrafiltration
(>100 K, >30 K, >10 K, >3 K, <3 K as
molecular weight) at 10 mg/mL for 4 h. 2DG
uptake was determined as described in the
text. Data are shown as the means £ SE (n=4).
Dilerent letters indicate significant dilerences
at p<0.05 by Tukey Kramer test.
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Fig. 5. Stimulation of myocellular glucose uptake by the desalting fractions of peptide mixture-A. L6 myotubes
were serum starved for 18 h and were treated with 100 nM insulin, peptide mixture-A and its absorbed
and non-absorbed fractions, and peptide mixture B with (open columns) or without (closed columns)
desalting by an electronic dialysis system at 1, 5, or 10 mg/mL for 4 h. 2DG uptake was determined as
described in the text. Data are shown as the means + SE (n=3-5). *p<0.05, *p<0.01 vs control by Tukey

Kramer test.
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Fig. 6. GLUT4 translocation and phosphorylation of
AMPK and Akt by peptide mixtures in L6
myotubes. L6 myotubes were serum starved
for 18 h and were treated with 100 nM insulin
or peptide mixtures at 1 and 10 mg/mL for 15
min. (A) GLUT4 in plasma membrane fraction
and whole cell lysate, phosphorylation of (B)
AMPK and (C) Akt were analyzed by Western
blot.
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Fig. 7. GLUT4 translocation, AMPK phosphorylation and UCP-3 expression in soleus muscle of 3 -conglycinin-
fed GK rats. Soleus muscle was isolated from [3 -conglycinin- or casein (control)-fed GK rats. (A and D)
GLUT1 and GLUT4 in the plasma membrane fraction and whole cell lysate, (B and E) expression and
phosphorylation levels of AMPK, (C and F) expression levels of UCP-3 and actin were detected by
Western blot (A-C) and densitometric analysis (D-F). ¥p<0.05 vs casein by Student-t test.
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Fig. 8. Molecular mechanism of 3 -conglycinin-induced glucose uptake.

000000O0dodvol. 1820120

Translocation
\t.

O
~.
.
(N

7



10 Nagasawa A, Fukui K, Funahashi T, Maeda N,

gogboogd

goboooooooOoOOOOOOOOp-0cO0O0000000O0O0O0000O0O0O0ODODLO
ooooooooooobooooooboOoOooooOoboboOoOoOoOobocOoOoOoOoOOobOoOoOoOoObOO
goooooooooooooooobooOoooobboOoOoOoOoboOOoUoOoObObOOoOoODObOO
goooooooOO0O0O0000000000000000000000B-0 0000000000
gooooooooooooooooboooooooboboOoooOooboOoOooooOooOoOooOoDObOoo
gooobooweDoboOOoOoooooooboooooooboooooooobooooooDooboOon
gobooooooooooooooooOoboobOoboOoooOooOobOoOoOooOOoOoOboOoOobOboOoDbObOo
goooooooooooooooobooooooooOoooobooooooboooOoooOoDobooO
gooooooooooooOoooobooooooooOoooOooObOOoOoooDOoboOoooODoboOo
goooooooooOobooooOooooobooOooOoOobeLvT400OO0OOODOODOODOOO
gobooodooooceLuT4 D0OO0OO00OO0OO0OO0OO0OOOO0OOOOOO0OOOOOOOOOO0O00O0
gobooooooooooooobooOoooooooAMPOOOOOOOOAMPKOOOOOO
Oo0000000oooooobooop-000000006e000000OC0DOO00O0O0OODOOD
gocekKOOOOOooooooooooooooooooAMPKOOOOOOOOOOOOUCP-30
ooooooOo0O0O0O00000000000p-0000000000000000O00000O0
AMPK/GLUTADOODOOOOOOOOOOOOOOOOOOOOOOOO0OOOOODOOOOO0OO
gooooooocoooooooboono

gooogo

50 Nishiumi S and Ashida H (2007). Rapid

Shimomura |, Kihara S, Waki M, Takamatsu K
and Matsuzawa Y (2002): Elects of soy protein
diet on the expression of adipose genes and
plasma adiponectin. Horm Metab Res, 34, 635-639.

20 Tachibana N, Ilwaoka Y, Hirotsuka M, Horio F

and Kohno M (2010):3 -conglycinin lowers very-
low-density lipoprotein-triglyceride levels by
increasing adiponectin and insulin sensitivity in
rats. Biosci Biotechlol Biochem, 74, 1250-1255.

30 Yamamoto N, Sato T, Kawasaki K, Murosaki

S and Yamamoto Y (2006): A nonradioisotope,
enzymatic assay for 2-deoxyglucose uptake in
L6 skeletal muscle cells cultured in a 96-well
microplate. Anal Biochem, 351, 139-145.

400 Yamamoto N, Kawasaki K, Kawabata K and

78

Ashida H (2010): An enzymatic fluorimetric assay
to quantitate 2-deoxyglucose and 2-deoxyglucose-
6-phaophate for in vitro and in vivo use. Anal
Biochem, 404, 238-240.

preparation of a plasma membrane fraction
from adipocytes and muscle cells: application
to detection of translocated glucose transporter
4 on the plasma membrane. Biosci Biotechnol
Biochem, 71, 2343-2346.

600 Kawabata K, Sawada K, lkeda K, Fukuda

I, Kawasaki K, Yamamoto N and Ashida H
(2011): Prenylated chalcones 4-hydroxyderricin
and xanthoangelol stimulate glucose uptake
in skeletal muscle cells by inducing GLUT4
translocation. Mol Nutr Food Res, 55, 467-475.

000000O0ddvol 18120120





