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Physiological Function of Highly Purified Soy Proteins
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ABSTRACT

HepG2 cells were treated with short peptides (7S-peptides) derived from highly
purified soybean 3 -conglycinin, which was free from lipophilic protein, and the elect
of the peptide treatment on lipid metabolism was determined. 7S-peptide-treatment
suppressed the secretion of apolipoprotein B-100 from HepG2 cells into the medium.
The 7S-peptides also suppressed the incorporation of *H-glycerol and “‘C-acetate
into triacylglyceride, but not into major phospholipids, such as phosphatidylcholine
and phosphatidylethanolamine. Additionally, the synthesis of cholesterol esters was
dramatically decreased for 2 h after the addition of the 7S-peptides, whereas the
synthesis of cholesterol remained unchanged by 4 h and increased by 8 h after
the addition of the 7S-peptides. The cleaved nuclear form of SREBP-2 increased
8 h after the addition of the 7S-peptides, suggesting a decrease in intracellular
cholesterol levels. Analysis of changes in mRNA expression after 7S-peptide-
treatment suggested that the 7S-peptides increase the mRNA of genes related to
[3 -oxidation of fatty acids and the synthesis of cholesterol. From these results, it
may be concluded that the peptides derived from 3 -conglycinin altered the lipid
metabolism to decrease secretion of apolipoprotein B-100-containing lipoprotein
from HepG2 cells. Soy Protein Research, Japan 13, 30-36, 2010.

Key words : B -conglycinin, apolipoprotein B-100, very low density lipoprotein,
triacylglycerol, HepG2 cell.
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Fig.1. Size distribution of the 7S-peptides. The 7S-peptides were separated by gel filtration column
chromatography. Arrows indicate the elution time for peptides with molecular weight of 1,000, 500, or

120 daltons.

ApoB-100
(% of control)

0 3 6
7S-peptides (mg/mL)

B 20

L§1.5_

232

E = 10l

2=

%‘-

S x o5
0

0 3 6
7S-peptides (mg/mL)

Fig. 2. Decrease in the secretion of ApoB-100 from HepG2 cells by 7S-peptide treatment. A, The 7S-peptides
were added to the culture medium at 3 or 6 mg/mL. At 24 h post peptide addition the amount of ApoB-
100 secreted in medium was measured by ELISA. B, Cells were counted 24 h after the addition of the
7S-peptides. Values are presented as the percentage of the value obtained from the mock treated cells.

Bars represent the mean +
control.
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standard deviation of three experiments.
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Fig. 3. ECects of the 7S-peptide treatment of HepG2
cells on the incorporation of [2-*H]-glycerol and
[*“C]-acetic acid into glycerolipids. A, HepG2
cells were incubated for 24 h in the presence
of [2-H]-glycerol, and then incubated in the
presence of [2-°H]-glycerol with or without 3
mg/mL of the 7S-peptides for an additional 24
h. The amounts of radioactivity incorporated
into HepG2 cell TG, DG, PC, and PE were
measured. B, HepG2 cells were incubated for
2, 4, or 8 h in the presence or absence of 3
mg/mL of the 7S-peptides, and then incubated
in the presence of [2-°H]-glycerol for 1 h. The
amount of radioactivity incorporated into the
HepG2 cell TG, PC, or PE was measured.
C, HepG2 cells were incubated for 2, 4, or 8
h in the presence or absence of 3 or 6 mg/
mL of the 7S-peptides, and then incubated in
the presence of [““Cl-acetic acid for 1 h. The
amount of radioactivity incorporated into
the HepG2 cell TG was measured. Values
are presented as the percentage of the value
obtained from the mock treated control
cells. Bars represent the mean + standard
deviation of three experiments. ", p<0.05; "7,
p<0.005; """ p<0.001 compared to control.
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Fig. 4. Enzyme activities of HepG2 cells supplemented
with or without 7S-peptides. Enzyme activities
were measured at 8 h after addition of
7S-peptides. Results shown represent the mean
+ SD of three experiments.
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Table 1. Lipid metabolism related genes, which were up-regulated or down-regulated in HepG2 cells by addition
of 7S-peptides. HepG2 cells were incubated with or without 6 mg/mL 7S-peptides for 8 h. mMRNAs were
isolated and DNA microarray analysis was performed.

Fold variation

Gene product Accession number  Function related to lipid metabolism (75 peptides / control)
acetyl-coenzyme A carboxylase alpha BC000408 fatty acid synthesis 123
stearoyl-coenzyme A desaturase NM_005603 fatty acid synthesis 123
fatty acid binding protein 1 NM_001443 fatty acid uptake, transport, metabolism 132
ATP-binding cassette, subfamily D, NM_000033 beta-oxidation 123
member 1
AMP-activated kinase alpha 1 subunit NM_006251 beta-oxidation 071
gf&ﬁ%ﬁ;ﬁé;ﬁmphate AB040138 glycerolipid synthesis 047
glycerol kinase NM_000167 glycerolipid synthesis 132
lipin-1 D 80010 cofactor of PPAR alfa 23
lipin-2 NM_14646 similar to lipin-1 141
acyl coenzyme A: cholesterol 73751 CE synthesis 081
acyltransferase
squalene epoxidase NM_003129 steroids synthesis 2.00
Shydroxy-3methylglutaryl-coenxyme A NM_002130 steroids synthesis 174
synthase 1
$fydroxy 3 methylglutarylcoenzyme A NM_000859 steroids synthesis 174
reductase
7-dehydrocholesterol reductase NM_001360 steroid synthesis 152
mevalonate kinase NM_000431 steroids synthesis 141
lanosterol synthase NM_002340 steroids synthesis 141
farnesyl-diphosphate farnesyltransferase 1 BC003573 steroid synthesis 123
cytochrome P450-51 NM_000786 steroid synthesis 123
isopentenyl-diphosphate delts isomerse NM_004508 steroid synthesis 152
LDL receptor NM_000527 LDL uptake 187
LDL receptor-related protein 6 AF074264 chyromicron uptake 162
angiopoietin-like 3 (ANGPTL3) NM 021146 inhibition of serum TG clearance 0.09
transcription factor for genes related to

hepatocyte nuclear factor 4, alpha NM 000457 lipid and bile acid metabolism 0.29
ER-60 NM_005313 protein folding, degradation of ApoB-100 040
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Fig. 5. Effect of 7S-peptide treatment on the incorporation of [**C] acetic acid into cholesteryl ester and
cholesterol of HepG2 cells. HepG2 cells were incubated for 2, 4, or 8 h in the presence or absence of
3 or 6 mg/mL of the 7S-peptides, and then incubated in the presence of [*“Cl-acetic acid for 1 h. The
amount of radioactivity incorporated into the HepG2 cell cholesteryl ester (A) or cholesterol (B) was
measured. Values are presented as the percentage of the value obtained from the mock treated control
cells. Bars represent the mean + standard deviation of three experiments. **, p<0.005; ** p<0.001
compared to control.
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Fig. 6. Increase in the cleaved nuclear form of
SREBP-2 by treatment with 7S-peptide.
HepG2 cells were incubated for 8 h (lanes
1-3) in the presence or absence of 3 or 6 mg/
mL of 7S-peptides. SREBP-2 was detected
by immunoblot analysis. N and P denote
the cleaved nuclear form and the uncleaved
precursor forms of SREBP-2, respectively.
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