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Elects of a Soybean Component on Zinc Absorption Using
Molecular Biological Approach

Taiho KAMBE

Graduate School of Biostudies, Kyoto University, Kyoto 606-8502

ABSTRACT

The zinc transporter ZIP4 (SLC39A4) is essential for zinc absorption. The
ZIP4 gene is mutated in humans in the rare, autosomal recessive genetic
disease acrodermatitis enteropathica, which is well known as the only severe
zinc deficiency. ZIP4 is dynamically regulated by multiple post-transcriptional
mechanisms. In zinc deficiency, ZIP4 protein levels are increased and localized on
the apical membranes after the extracellular amino-terminal half of the protein
is proteolytically cleaved. Administration of an oral gavage of zinc caused ZIP4
internalization and degradation in enterocytes. We found that similar responses
were observed in ZIP4 expressed in cultured mouse Hepa cells; ZIP4 is induced by
zinc deficiency and degraded in response to added zinc. Here, we generated the
anti-ZIP4 monoclonal antibody that specifically recognizes ZIP4 and established a
rapid screening system using it and Hepa cells to identify a soybean component
that increases ZIP4 expression, which should be a potential enhancer of zinc
absorption in the intestinal epithelial cells. We found that Soyaflavone HG, the initial
component of which is isoflavone, includes the factor(s) enhancing ZIP4 expression
by the use of this screening system, suggesting soyaflavone HG may contain a
factor(s) enhancing zinc absorption. Soy Protein Research, Japan 13, 101-104, 2010.
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Fig. 1. Generation of anti-ZIP4 monoclonal antibody. A. Representative result of EIA to select a mouse
immunized with purified MBP-ZIP4. Their spleens were removed to generate hybridomas. EIA was
carried out using the plate where purified GST-ZIP4 was fixed in the well. Mouse serum after 2nd (white
bar) and 3rd immunization (black bar) was examined. B and C. Results of EIA and immunoblot analysis
using supernatant of the hybridoma producing anti-ZIP4 antibody. EIA was carried out as in A and
the following proteins were subjected to immunoblot in C. 1. purified MBP-GST, 2. total cellular protein
prepared from MDCK cells, 3. total cellular protein prepared from MDCK cells stably expressing ZIP4.
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Fig. 2. Conceptual scheme of the screening system established in this study. A. Hepa cells up-regulate ZIP4
protein when cultured in zinc deficient medium in a manner similar to that of the intestinal epithelial
cells. Membrane proteins (10p g) prepared from the intestinal epithelial cells of mice fed a zinc adequate
(ZnA) or zinc deficient (ZnD) diet or Hepa cells cultured in the indicated condition (N; normal medium,
CX; zinc deficient medium) for 24 hr were lysed in lysis buler and then separated with electrophoresis
through 8% SDS polyacrylamide gels. The blot was blocked with blocking solution and then incubated
with anti-ZIP4 monoclonal antibody. B and C. Conceptual scheme of the screening system established in
this study. Hepa cells are useful to identify a soybean component(s) to increase ZIP4 expression. It should
be a potential enhancer of zinc absorption in the small intestine.
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Fig. 3. Soyaflavone HG stimulates ZIP4 expression in
Hepa cells. A. Hepa cells were cultured in the
presence of the indicated soybean components
for 24 hr. -; no addition, F; Fujipro F, SA;
Soyhealth SA, HG; Soyaflavone HG, AM; Hinute
AM. CX means the culture in the medium
supplemented with Chelex-treated FCS (zinc
deficient condition). B. Hepa cells were cultured
in the presence of the indicated concentration
of soyaflavone HG for 24 hr. In A and B, Total
cellular proteins (20p g) prepared from Hepa
cells cultured in the indicated conditions were
subjected to immunoblot analysis as in Fig. 2A.
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