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BRIEF COMMUNICATION

A novel cadmium induced protein in wheat:
characterization and localization in root tissue
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Abstract

A 51-kDa soluble protein was over-expressed in wheat (7riticum aestivum) seedlings by the treatment of seeds before
germination with 50 uM CdCl, for 48 h and subsequently washed off Cd*". This protein designated as Cd stress
associated protein (CSAP), was purified. Polyclonal antibody was raised against CSAP for localizing the protein in root
tissue of treated and control seedlings. It was observed that CSAP was located below the plasma membrane and outer
periphery of the tonoplast. This unique type of organized localization of CSAP is suggestive of defensive role against
metal phytotoxicity. N-terminal analysis of CSAP and expressed sequence tags (EST) database search of wheat
sequences suggests that this protein has not been reported earlier in higher plants.
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The exposure of plants to metal ions is known to induce
several stress-associated proteins, chaperons (Ownby and
Hruschka 1991), and peptides, such as, metallothionins
and phytochelatins (Cobbett 2000a,b). These proteins and
peptides function in cellular regulation and homeostasis
during metal stress (Rauser 1995). The response of plants
to low or moderate concentrations of Cd>" has been
extensively studied (Ombretta et al. 2003, Stolt 2003,
Wojcik and Tukiendorf 2005). For example, Cd*'
induced changes in the protein profiles were observed in
several plants (Oven ef al. 2001, Lee et al. 2003, Agrawal
and Sharma 2006).

Cadmium salts are usually used as antifungal agents
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(Osbourn 1996, Mittra et al. 2004). However, Cd is also
reported as phytotoxic, at higher concentration it retards
the plant growth and development (e.g. Carrier et al.
2003). Effects of low dose Cd”" on accumulation of stress
proteins (for resistance of plant against biotic stress) and
their cellular localization is meagre. In this commu-
nication, we report the induction of a stress associated
novel protein of molecular mass 51 kDa in wheat upon
exposure to 50 uM CdCl,, its immunolocalization in root
cells and its sequencing.

Surface sterilized wheat (Triticum aestivum L.) seeds
(100), treated with 0.01 % HgCl, (m/v) for 10 min and
washed thrice in sterile distilled water, were treated with

Abbreviations: CSAP - cadmium stress associated protein; f.m. - fresh mass; HPLC - high performance liquid chromatography;
SDS-PAGE - sodium-dodecyl sulphate polyacrylamide gel electrophoresis.
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50 uM CdCl, for 48 h at room temperature (28 + 2 °C).
The seeds were allowed to germinate on filter paper
saturated with sterile distilled water. An equal number of
seeds without Cd*" treatment served as control as
described earlier (Mittra et al. 2004). The Cd content of
the control and the treated seedlings were estimated by
atomic absorption spectrometry followed by method of
Basu et al. (1994). Treated and control 7-d-old seedlings
were used to extract soluble proteins using Na-phosphate
buffer (10 mM, pH 7.5). Total content of soluble proteins
was estimated using the method of Lowry et al. (1951).
The soluble proteins were separated (Laemmli 1970) and
the gel was stained using Coomassie Briliant Blue R250
and the apparent molecular masses of the bands were
determined using molecular mass markers (Genei,
Bangalore, India) and gel scanner (Bio-Rad, CA, USA)
with Quantity One software. The protein of interest was
cut out from the gel and electro-eluted according to
Young et al. (1987) at a constant current of 8 - 10 mA for
5 h (Basu et al. 1994). The concentration of the eluted
protein was estimated and again the protein was analyzed
on a 10 % SDS-PAGE to check its purity and for further
in-gel triptic digestion and liquid chromatography mass
spectrometry (LC-MS/MS) analysis. Polyclonal antibody
was raised against Cd stress associated protein (CSAP)
from the purified protein (Mittra ef al. 2004).

The purified protein was dissolved in water at a
concentration of 80 pg cm™. The N-terminal sequence of
CSAP was obtained by automated Edman degradation,
followed by HPLC and UV detection (Edman and Begg
1967), using a PPSQ-21A protein sequencer (Shimadzu,
Kyoto, Japan). Searches for sequence similarity were
performed on the Blast P databases.

To determine protein localization in cellular level,
root tips (0.5 cm from the tip) of seedlings were
aseptically excised and fixed in 0.5 % glutaraldehyde
(Sigma, St. Louis, USA) and 2.0 M p-formaldehyde in
0.1 M Na-phosphate buffer, pH 7.2 + 0.2, for 12 h at 4 °C.
The tissue processing and immunolabelling was
according to Sinha Roy et al. (2002). The quantitative
estimation of gold particles was made to ascertain the
relative abundance of CSAP in treated and control tissues
and was expressed as number of particles per area unit.

The seeds were treated with 50 uM CdCl, for 48 h
and the Cd*" was subsequently washed off. This
treatment did not significantly affect the germination and
establishment of seedlings. Thus, 50 puM Cd** was
considered to be mild and non-toxic. The Cd**
concentration in treated seedlings was estimated to be
0.6 umol g'(f.m.), while that of the control was less than
0.02 pmol g'(fm.). SDS-PAGE analysis showed the
presence of a novel protein prominently in the treated
seedlings, which is only faintly visible in the control
sample (Fig. 1). This protein was further purified to
homogeneity and the molecular mass was estimated to be
nearly 51 kDa (Fig. 1). We designated this protein as
cadmium stress associated protein (CSAP). Similarly,
AP’" induced changes in some low molecular mass
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proteins and addition of one 55-kDa cytoplasmic protein
were reported, however, the nature of this Al**-induced
protein has not been characterized (Basu et al. 1994).

The purified CSAP was analyzed by PPSQ-21A4
protein sequencer. A total of 15 amino acid residues were
analyzed by Edman degradation (15 cycles). The
resultant amino acid sequence, beginning with the
N-terminus, was SEGDPMNKMHILYGG (Ser-Glu-Gly-
Asp-Pro-Met-Asn-Lys-Met-His-Ile-Leu-Tyr-Gly-Gly).
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Fig. 1. SDS-PAGE profile showing over-expression of 51-kDa
Cd*" stress associated protein. The protein was stained with
Comassie blue stain. M - marker protein, lane I - untreated
(control) sample, lane 2 - 50 uM Cd*" treated sample, lane 3 -
purified CSAP.

This sequence segment was searched for homologous
sequences using Blast P program and no similarity was
found with other reported sequences. Even when the
expected value parameters were increased, it yielded the
same result. The searches were done against non-
redundant database. Further, no match to this sequence
was found from a search on the Express Sequence Tag
(EST). This shows that the 15-residue sequence may be
unique. Thus, we assume that the CSAP is a unique and
novel protein which is not reported earlier in higher
plants. The complete sequence of CSAP and its
functional role, however, await future investigation.

Localization of the CSAP in root tissues was analyzed
by immunogold labeling using anti-CSAP-antiserum. A
close scrutiny revealed that dense gold labeling (105.75 +
26.69 um™) were observed below the plasma membrane
and at the outer periphery of the tonoplasts (Fig. 2) in the
cells of the treated roots. The gold particles appeared in
concentric rings below the plasma membrane and were
not scattered. Also, the particles were observed across the
tonoplast in a similar fashion. In the case of the untreated
control the extent of the labeling was very low. This type
of organized localization of CSAP is suggestive of
possible defensive role against metal phytotoxicity.

Usually, plants when exposed to high concentrations
of heavy metals, including Cd*, produce low molecular
mass peptides like phytochelatins and metallothionins as
well as reducing substances such as glutathiones (e.g. Lee
et al. 2003). At this time, the exact role of CSAP in
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Fig. 2. Transmission electron micrographs showing localization of CSAP in root tissues. 4 - Cd*" treated section showing heavy
labelling (x45 000), B - labelling at the outer periphery of the vacuolar membranes in treated section (x45 000), C - gold labelling in
untreated tissue (x24 000), D - Cd**-treated root section in which anti-CSAP-antiserum is replaced with the pre-immune rabbit serum
(x24 000). The number of labelled gold particles were 95.75 + 26.69 (Fig. 24), 83.62 + 31.73 (Fig. 2B) and 6.18 + 1.61 pm™

(Fig. 20); ¢ - cytoplasm, pm - plasma membrane, d - dictyosome.

reducing Cd*" toxicity is uncertain but over-expression of
CSAP in response to mild doses of Cd*" suggest that this
protein possibly plays a major role in avoiding Cd*"
toxicity to plants. Although, earlier studies with A"
showed that it could induce high molecular mass proteins
(Basu et al. 1994), no such report is available for Cd*".
Further work is required to establish any similarity
between the two proteins.

In summary, we report for the first time, an over
expression of a 51-kDa Cd*'-induced protein in response
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