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Iron in Soybean Seeds
-Studies of the Biosynthesis and Iron Accumulation
Process of Soybean Ferritin-

Taro MASUDA" and Kosuke FUJITA

Laboratory of Food Quality Design and Development, Division of Agronomy and
Horticultural Science, Graduate School of Agriculture, Kyoto University, Kyoto 611-0011

ABSTRACT

Iron deficiency is one of the most serious nutritional problems in the world.
Because soybean seeds contain a large amount of iron, it is a likely candidate
as a sustainable food-derived iron source. It has been suggested that the iron
storage protein ferritin may largely contribute to the net iron content in the seed
of soybean. Ferritin is a ubiquitous iron storage protein that forms a spherical
oligomer composed of 24 subunits. Previously, we have identified four cDNA
sequences of soybean ferritin, sfer-4. In this study, we investigated the whole life
of each member of soybean ferritin. The ferritin genes, especially sferl and sfer2,
were actively expressed during seed maturation, whereas the quantities of sfer3
and sfer4 mRNA were one-tenth less than those of the sferl and sfer2. However,
all four members were detected as components of soybean ferritin oligomers,
although the main components of ferritin were SFER1 and SFER2. The expressions
of sfer1, 2 and 3 were induced by the iron overload, while sfer4 showed constitutive
expression. The contribution of ferritin iron to a soluble form of iron was 38.7% and
16.4% in seeds and leaves, respectively. Thus, our results quantitatively showed
the large contribution of ferritin to the iron content in soybean seeds rather than
leaves. In processed foods made from soybean seeds, the oligomeric state of ferritin
was variable. However, they also maintained iron, even after severely adverse
conditions during food processing. Soy Protein Research, Japan 21, 37-43, 2018.
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Fig. 1. (@) Primary sequences of soybean ferritin subunits. The amino acid residues forming the ferroxidase
site are shown in red, while those of the nucleation site are shown in brown letters. "Transit peptide'
is responsible for the targeting for plastid, whereas 'Extension peptide' is the N-terminal region of the
mature subunits. The conserved 4-helix bundle and the fifth short helix are indicated as A-, B-, C-, D- and
E-Helix. Amino acid residues that strictly conserved among four members are indicated by * (b) Reduced
SDS-PAGE analysis of recombinant soybean ferritin SFER1, 2, 3 and 4 subunits. The gel was stained
with Coomassie Brilliant Blue R-250. Lane 1. rSFERL, lane 2: rSFER2, lane 3: rSFER3, lane 4, rSFER4.
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Fig. 2. Quantitative real-time PCR analyses of expression of four soybean ferritin genes. (a) Quantification of
mMRNA copy numbers of four soybean ferritin members during seed maturation. The gene expressions
of four ferritin genes (sfer1, 2 3 and 4) were monitored at six dillerent stages of seed maturation. The
diameters of seeds were 1. 2 mm, 2: 3 mm, 3: 6 mm, 4 8 mm, 5: 10 mm and 6: 13 mm. Data are means
+ SD of three to five experiments. (b) Quantification of mMRNA copy numbers of four soybean ferritin
members in mature leaves in response to iron overload and iron deficient conditions. Mature leaves were
obtained from plantlets grown in normal (ctrl), iron deficiency (-Fe) and iron overload (+Fe) conditions
for 48 hours, each of which had normal, none and ten times higher concentration of iron in the media.
Asterisk shows significant diJerence at p<0.01 when compared with the ctrl.
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Fig. 3. Immuno blot analysis of anti-SFER1 immunoprecipitants. Immuno-precipitation based on the anti-SFER1
IgG immobilized magnetic beads was performed against the lysate from soybean seed and detected by
anti-SFER1 antiserum (Left panel) and anti-SFER4 antiserum.
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Immuno-precipitation and iron quantification of ferritin from soybean seeds and leaves. (a) Immuno-
precipitation based on the anti-SFER1 IgG immobilized magnetic beads was performed against the lysate
from soybean seeds and leaves. Proteins were detected by immune-blotting using anti SFER1 antiserum.
(b) Contribution of ferritin iron to the soluble total iron in the extracts from seeds and leaves. The iron
concentrations of the extracts and IP fraction of control and anti-SFER1 were measured using atomic
absorption spectrophotometer. Data are meanst SE of five experiments. Asterisk shows significant
dierence at p<0.05.
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