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ABSTRACT

To clarify the mechanisms for anti-diabetic action of genistein, its efect on glucose
metabolism and signal transduction were investigated in rat L6 myotubes. DNA
microarray analysis revealed that the mRNA levels of 1,134 genes were statistically
different between genistein-treated and control cells. Highly up-regulated genes
included Abcbla/Abcblb, Pdk2, and Adipor2; the functions of their protein
products are related to excretion of drugs, production of acetyl-CoA, and activation
of AMPK, respectively. Pathway analysis suggested that p53 pathway was
modulated by genistein, and genistein was found to decrease the phosphorylation
of p53 protein. To determine the ellect of genistein on energy expenditure, lactate
production, pyruvate consumption, and extracellular LDH activity were determined.
While genistein did not alect LDH release in the presence of a sullcient energy
source, genistein increased LDH release under the energy source-insufficient
condition. Lactate production was increased by genistein, indicating increased
dependency of the energy production to glycolysis. Pyruvate consumption was
attenuated by genistein, suggesting that the TCA cycle was suppressed. These
results suggest that genistein activates AMPK-GLUT4 pathway through the
decrease of intracellular ATP by the promotion of ATP consumption and the
suppression of ATP synthesis. In DNA microarray analysis of muscle tissue
from in vivo diabetic model db/db mice, administration of genistein increased the
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expression of Ldhb (lactate dehydrogenase B). Thus, genistein may improve glucose
metabolism via various pathways. Soy Protein Research, Japan 14, 1-6, 2011.
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Table 1. Changes of mMRNA expressions in L6 myotubes microarray analysis

Gene Symbol Gene Name Expression
Abcbla/Abcblb ATP-binding cassette, sub-family B (MDR/TAP), member 1A/B 1
Adipor2 Adiponectin receptor 2 1
Pdk2 Pyruvate dehydrogenase kinase, isoenzyme 2 1
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Fig. 1. EQect of genistein on mMRNA expression of Abcbla, Abcblb and Adipor2 in L6 myotubes. L6 myotubes
were cultured with or without genistein (50u M) for 4 hours. Relative mRNA expressions were
determined by real-time RT-PCR. Each value represents the mean + SEM for 3 wells. Asterisks mean
significant diCerences (" ”p<0.01, “p<0.05) evaluated by Student's t-test.

1.5+

1.0 s

0.5

Relative phosphorylation
levels of p53 (Fold)

O

O Genistein

Fig. 2. Effect of genistein on the phosphorylation of p53 at Ser-15 in L6 myotubes. L6 myotubes were
cultured with or without genistein (50p M) for 1 hour. Cell lysates were separated by SDS-PAGE and
immunoblotted with anti-phospho p53 and anti-p53 antibodies. Relative phosphorylation levels of p53
were measured by densitometric analysis. Each value represents the mean £+ SEM for 3 wells. Asterisk
means significant diJerences ("p<0.05) evaluated by Student's t-test.
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Fig. 3. Effect of genistein on LDH activity in L6 myotubes. L6 myotubes were cultured with or without
genistein (50p M) in the presence of pyruvic acid (2 mM: A or 0.4 mM: B) for 24 hours in glucose-starved
KHH buler. LDH activity in the supernatant was measured. Each value represents the mean + SEM
for 3 wells. Asterisk means significant diJerences ("p<0.01) evaluated by Student's t-test.
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Fig. 4. EDect of genistein on lactate production and pyruvate consumption in L6 myotubes. (A) L6 myotubes
were cultured with or without genistein (50u M) for 4 hours. The amount of lactate in the supernatant
was determined. Each value represents the mean + SEM for 3 wells. (B) L6 myotubes were cultured
with or without genistein (50p M) in the presence of pyruvic acid (0.4 mM) for 4 hours. The amount of
pyruvate consumption in the supernatant was determined. Each value represents the mean + SEM for
6 wells. Asterisk means significant diderences ("p<0.01) evaluated by Student's t-test.
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