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ABSTRACT

Zinc deficiency is a world-wide health problem and recent reports contain estimates
that more than 25% of the world population is at risk of zinc deficiency. Hence a
strategy enabling elcient zinc absorption is needed. In the intestinal epithelial cells,
the zinc transporter ZIP4 (SLC39A4), which was identified as a responsible gene for
the rare, autosomal recessive genetic disease acrodermatitis enteropathica, functions
as an essential component for zinc absorption. Exogenous expression of ZIP4 leads
zinc uptake into the cells, suggesting that a food factor increasing ZIP4 expression
should be a potential enhancer of zinc absorption in the intestinal epithelial cells.
We established a rapid screening system using anti-ZIP4 monoclonal antibody and
Hepa cells to identify a soybean component increasing ZIP4 expression, and found
by the use of this screening system that soyaflavone HG, the initial component of
which is isoflavone, includes the factor(s) enhancing ZIP4 expression. In this study,
we improved the screening system by expressing secretory alkaline phosphatase
under the control of the metallothionein promoter, which enabled us to monitor
increases of zinc content in the cells. We confirmed increases of zinc content in the
cells treated with soyaflavone HG by the use of this improved system, suggesting
that soyaflavone HG stimulates zinc uptake in the cells via enhancement of ZIP4
expression. Furthermore, we investigated the mechanism of how soyaflavone HG
increases ZIP4 expression and found that soyaflavone HG inhibits ZIP4 degradation
triggered by zinc. These results strongly suggest that soyaflavone HG contains
useful factor(s) to enhance zinc absorption. Soy Protein Research, Japan 14, 58-62,
2011.
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Fig. 1. Soyaflavone HG increases zinc uptake in Hepa cells. A. Conceptual scheme of establishment of SEAP-
Hepa cells. B. Soyaflavone HG increases SEAP activity in SEAP-Hepa cells in a dose-dependent manner.
SEAP activity in the spent medium was measured and its activity was calculated from a standard curve.
SEAP activity is expressed as mUA g total cellular protein. In SEAP-Hepa cells, SEAP activity indicate

increases in zinc content in the cells.
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Fig. 2. Component(s) of soyaflavone HG induces ZIP4 expression in Hepa cells. A. Soyaflavone HG (60 mg) was
separated into 10 fractions (F10 F10) by TLC using the solvent system ACN/distilled water (30:70). B.
The potency of component(s) of each fraction to induce ZIP4 expression was investigated. Fraction 8 and 9
(F8+9) contains component(s) enhancing ZIP4 expression. CX: zinc deficient medium, HG: soyaflavone HG.
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Fig. 3. Soyaflavone HG inhibits the degradation of
ZIP4 in Hepa cells. Hepa cells cultured in the
zinc deficient medium (CX) were treated with
20y M ZnS0, with (CX - HG+Zn) or without
(CX - Zn) Soyaflavone HG for 6 h (lanes 3 and
4) or cultured for 30 h in the zinc deficient
medium to which Soyaflavone HG had been
added for the last 6 h (CX - HG, lane 5 and 6).
Total cellular protein was analyzed by Western
blotting using anti-ZIP4 antibody. Soyaflavone
HG inhibits the degradation triggered by
added zinc to zinc deficient culture (lane 3). N:
cultured in the normal medium, CX: cultured
in the zinc deficient medium for 24 h.
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