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Fig. 1. Residual cadmium in roots {A—A), stems ((CO—{J) and
leaves {O—O) of water dropworts grown at different con-
centrations of Cd** for 3 days (A) and 7 days (B). Water dropworts
grown on a nutrient solution [1 mM Ca(NO,),, 6 mM KNO,;, 1 mM
NH,H,PO,, 0.5 mM MgSO,, pH 7.0] for 3 days were transferred to
the same nutrient solution containing different concentrations of
Cd* and incubated at 25~27°C for 3 or 7 days before harvest.
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Table 1. Residual chromium in roots, stems and leave of water
dropworts grown at different concentrations of Cr’* for 3 and 7
days. Samples were treated as described in Fig. 1 except incubation
with Cr*",

day 3 days 7 days
organ (mg Cr*/g D.W.") (mg Cr*'/g D.W.)
Cr* (ppm) leaf stem root leaf stem root
0 0.00 0.00 0.00 0.00 0.00 0.00
5.2 0.02 0.15 1.17 0.00 0.19 3.05
10.4 0.01 0.29 312 0.00 0.29 4.36
15.6 0.00 0.34 3.77 0.01 0.50 6.19
20.8 004 047 525 0.04 0.37 7.35
26.0 0.01 0.65 533  0.00 0.47 7.96
31.8 0.05 0.68 6.23  0.05 0.34 8.65
36.4 0.03 0.59 7.60 0.10 0.48 7.15
39.0 0.02 0.69 8.50 0.10 0.40 6.44
Ydry weight
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Table 2. Residual lead in roots, stems and leaves of water dropworts
grown at different concentrations of Pb”* for 7 days. Samples were
treated as described in Fig. 1 except incubation with Pb*".

organ leaf stem root
Pb* (ppm) \ (mg Pb*/g DW.”) (mg Pb*/g D.W.) (mg Pb*/g D.W.)
0.0 0.00 0.00 0.00
0.5 0.00 0.00 0.12
1.0 0.00 0.01 0.16
2.0 0.00 0.02 0.39
4.0 0.00 011 5.47
10.0 0.00 0.67 14.60
20.0 0.00 0.80 23.60
30.0 0.00 0.93 32.60
50.0 0.01 1.12 40.80
Ydry weight
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Fig. 2. Elution profiles of Sephadex G-50 gel filteration for the root
extracts of water dropworts that were grown for 7 days in the pres-
ence (A) or the absence (B) of 20 ppm Cd*. The extract of sample
grown in the absence of Cd** was mixed with Cd** to a final con-
centration of 50 ppm before gel filteration. The column size was
2.5X85 cm and 16 ml of the extracts were applied. Flow rate was
15 mi/h and fraction volume of 5.4 ml was collected.
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Fig. 3. Elution profile of DEAE-cellulose column chromatography of
the Sephadex G-50 active fractions (fraction no. 40~55 in Fig. 2).
The column (1.8X3 cm) was equilibrated with a Tris buffer (20
mM Tris, 10 mM KCl, 2 mM B-mercaptoethanol, pH 7.5) and elut-
ed with the same buffer containing 0.1 M (1), 0.2 M (2), 0.3 M (3),
0.4 M (4) and 1 M (5) NaCl. Flow rate was 25 mi/h and fraction
volume of 1 m! was collected.
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Fig. 4. Identification of cadmium binding protein on a polyacylamide
gel. The active fraction of DEAE-cellulose column containing 0.2
ppm Cd** was electrophoresed on a 8% polyacrylamide gel. The gel
was dissected into 1 cm long and assayed for cadmium content.
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Table 3. A comparation of amino acid composition of cadmium bind-
ing protein from water dropwort root with those of the cadmium
binding protein from cabbage leaf and the cupper binding protein
from agrostis root. (residue % of each amino acid)

Sample

Dropwort Cabbage Agrostis
Amino acid residué Root Leaf” Root”
Lys 9.9 2.3 3.3
His 2.2 5.3 0.8
Arg 0.5 15 1.6
Asp-Asn 16.6 - 44 10.0
Thr 5.5 1.9 2.9
Ser 8.3 2.3 8.2
Glu-Gin 10.7 274 19.0
Pro 110 14.0 58
Gly 6.4 9.6 12.0
Ala 3.7 2.3 6.0
Cys 9.9 20.0 18.0
Val 3.3 2.6 4.2
Met 0 15 0.7
lle 2.6 1.6 15
Leu } 5.7 1.9 3.6
Tyr 0 0.8 0.6
Phe 35 0.7 15
Trp ND.? N.D. N.D.
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Uptake of Heavy Metal lons by Water Dropwort (Oenanthe stolonifera DC.) and ldentification of
Its Heavy Metal-Binding Protein

Young-Il Park, Hee-Guen Kim, Yoo-Young Kim' and In-Soo Kim* (Department of Genetic Engineering,
‘Department of Biochemistry, College of Natural Sciences, Kyungpook National University, Taegu 702-701,
Korea)

Abstract : Uptake of heavy metal ions by water dropwort (Oenanthe stolonifera DC.) and its cadmium-bind-
ing protein were studied to probe for good method to remove heavy metal contaminants from environments.
The plant was cultured in the culture medium (pH 7.0) containing the various concentrations of Cd*, Cr* or
Pb* for 3 and 7 days. The residual heavy metals deposited in roots linearly increased as the metal ions con-
centration increased up to 17 ppm for Cd*, 20 ppm for Cr** and 50 ppm for Pb*. Above these concentrations,
the plant growth was inhibited and the uptake rates of the metal ions decreased. The heavy metals absorbed
by the plant were mostly deposited in roots. In particular, the residual concentration of lead in roots was a-
bout four times higher than those of cadmium and chromium. When cultured in the medium containing 20
ppm of each metal ion, 80% of cadmium, 90% of cromium and 96% of lead were deposited in roots out of the
total residual metal ions in the plant. These values correspond to 6.1 mg of cadmium, 5.2 mg of chromium
and 23.6 mg of lead per one gram of roots tissue on a Odry weight basis. A cadmium-binding protein was par-
tially purified by extraction, gel filtration and DEAE-Cellulose chromatography from water dropworts that
was grown in the medium containing 20 ppm Cd*. The purified protein was a single band on SDS--and non-
denaturing- polyacrylamide gel electrophoresis. Its molecular mass was estimated to be ca. 5,000 dalton by
gel filteration. Analysis of amino acid composition of the protein indicated that it had a typical amino acid
composition of heavy metal-binding protein in that it contained 27% of acidic amino acids and 9.9% of cys-
teine. However, it is likely that the protein is a new plant metal-binding protein, since its amino acid com-
position is somewhat different from those of phytochelatins that have been known so far.

*Corresponding author



