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We have recently identified a new class Ill chitinase from
pomegranate seeds (PSC). Interestingly, this new chitinase
naturally binds calcium ions with high capacity and low
affinity, suggesting that PSC is a Ca-storage protein. Analysis
of the amino acid sequence showed that this enzyme is
rich in acidic amino acid residues, especially Asp, which are
responsible for calcium binding. Different from other known
chitinases, PSC is located in the stroma of amyloplasts in
pomegranate seeds. Transmission electron microscopy (TEM)
analysis indicated that the embryonic cells of pomegranate
seeds are rich in calcium ions, most of which are distributed
in the stroma and the starch granule of the amyloplasts,
consistent with the above idea that PSC is involved in calcium
storage, a newly non-defensive function.

Plants correspond to pathogen attacks by inducing the expression
of a large number of genes that encode diverse proteins, many of
which are believed to have a function in defense. Chitinases are
kinds of these induced proteins, and play significant roles in the
interaction between plants and pathogenic fungi.!” Chitinases
(EC 3.2.1.14) could hydrolyze chitin, a linear homopolymer of
B-1,4-linked N-acetylglucosamine (GlcNAc) residues, to pro-
tect the plants from pathogen attacks.®® In contrast to the roles
of chitinases in defense, much less attention was paid to their
non-defensive functions."” We have purified the chitinase from
the pomegranate seeds (PSC) which has been classified into the
chitinase III according to the structural properties and amino
acid sequences.""" Differently, this enzyme is mainly distrib-
uted in the amyloplasts of the pomegranate seeds, and naturally
binds calcium ions with a stoichiometry of approximately ten
moles Ca** per mole of protein,'* suggesting that PSC may be the
Ca-storage protein. The content of this enzyme decreases with
time during seed germination.’® All these findings implied that
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PSC could play a non-defensive role in seeds. In this addendum,
some new results about predicted three-dimensional structure
of PSC and calcium distribution in amyloplasts were reported,
which advances our understanding of the structure and function
of this new enzyme.

Prediction of Three Dimensional Structure
of Chitinase Ill in Pomegranate Seeds

Sequence comparison indicates that PSC is highly homolo-
gous to a rubber tree chitinase whose three-dimensional struc-
ture has been determined by X-ray crystallography as a stable
(Bav), barrel fold with three pairs of disulfide linkage."” Three-
dimensional structure of the PSC was predicted by homology
modeling using the crystal structure of the rubber tree chitinase
as a template (Fig. 1A). Accordingly, eight alternating (3-strands
and a-helices were predicted in the PSC with six conserved cys-
teine residues presumably formed three pairs of disulfide bonds.
The predicted active site is located in the loop regions con-
necting the carboxyl ends of the B-strands and amino ends of
a-helices on top of the simulated three dimensional structure.
Glu 127 is considered as one of residues consisting of this active
site, which was identified in the loop sequence connected to
the 4 B-strand (Fig. 1B)."” One distinctive structural feature
of PSC from its analogs is that PSC contains 21 acidic amino
acid residues (Glu and Asp) (Fig. 1B), representing the highest
816 This result is
in good agreement with its isoelectric point (4.6). Furthermore,
MALDI-TOF-MS and X-ray diffraction (XRD) analyses
showed that these acidic amino acid residues in PSC are respon-

amount among all known class III chitinases.

sible for the binding of 10 calcium ions" with a similar way to
reported Ca-storage proteins.®"

The Localization of Calcium
in Pomegranate Seed Cells

The immunoelectron microscopy results of PSC showed that it is
mainly distributed in the stroma of amyloplasts of the embryonic
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Figure 1. Predicted structure of PSC. (A) The predicted three dimensional structure of the PSC using the homology modeling contains eight alternat-
ing B-strands (blue) and a-helices (green); (B) Possible calcium binding sites (glutamic acid in yellow and aspartic acid in pink).

Figure 2. Localization of calcium in the embryonic cells of pomegranate seeds by TEM. Pomegran-
ate seed cell sections were untreated (A and B) or treated with potassium antimonate (C and D).
Antimonate precipitates occur primarily in the stroma and starch granules of amyloplasts (arrows). a,
amyloplast; sg, starch grain; cm, cell membrane.

1964 Plant Signaling & Behavior

cells of pomegranate seeds.”” On the
other hand, PSC binds calcium ions
with high capacity and low affinity,
suggesting that PSC could be a cal-
cium storage protein in pomegranate
seeds. If this were the case, we would
expect that the amyloplasts of the
embryonic cells are rich in calcium
ions. To shed light on the distribution
of calcium, the ultrastructure of the
pomegranate seeds embryos cells was
observed by the transmission electron
microscopy (TEM). Without treat-
ment of potassium antimonite, no
precipitate was present in the nega-
tive controls (Fig. 2A and B). In con-
trast, upon treatment with potassium
antimonite as previously described in
reference 14, calcium-induced pre-
cipitates are distributed both in the
stroma and starch granule of the amy-
loplasts (Fig. 2C and D), while few
amount of precipitates occurs in cyto-
sol and cell walls." Consistent with
present observation, that calcium
is also present in the amyloplasts of
root-cap cells of corn.” Thus, the
present and previous findings raise
the possibility that the amyloplasts
could be an alternative organelle for
calcium storage in plant cells. PSC
might be responsible, at least partly,
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for calcium storage in the amyloplasts. Since PSC is compart-
mentalized in the amyloplasts, one of the most vital and yet least
understood organelles in seedling germination and early growth,
the detailed knowledge of PSC and amyloplasts presented here is
beneficial to understanding the function of this organelle.
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