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Many studies conducted to date have shown that heavy 
metals have detrimental effects on organisms. However, 
many of them are resistant to certain amounts of those 
metals. In animals, a cystein rich unique protein, 
metallothionein, is known for its ability to detoxify 
heavy metals (K~gi 1974), whereas in higher plants, a 
new class of metal binding peptide, phytochelatin 
(Grill et al. 1985) has been characterized. In 
general, the effects of heavy metals on terrestrial 
organisms are better known than the effects on aquatic 
organisms. Although in the case of freshwater algae, 
several studies have shown the processes of metal 
detoxification (e.g. Weber et al. 1987; Watanabe et al. 
1988), only a few studies have shown the processes of 
metal detoxification in marine phytoplankton. However 
in our previous studies, cadmium binding peptide which 
was similar to phytochelatin, was purified from marine 
diatom cultured under cadmium rich condition (Maita et 
al. 1988; Maita and Kawaguchi 1989). In this paper, the 
amino acid sequence of Cd binding peptide was 
predicted. 

MATERIALS AND METHODS 

Phaeodactylum tricornutum was batch-cultured in 0.5-5 L 
of Mutsu medium (Sato et al. 1973) at 20~ with a 
daily photoperiod of 16 h light (3,000 lux) 
and 8 h dark. Cadmium, copper, and zinc were added to 
the experimental cultures, resulting in a final 
concentration shown in the figures. After 14 days, the 
cells were collected by centrifugation (1,000 • g, 
15 min), washed with filtered metal-free sea water, and 
then resuspended in 20 mM phosphate buffer, pH 8.0 
containing 0.25 M glucose and 0.1M NaCI. Cell 
suspensions were homogenized three times, each at 2-min 
exposures using an Ultra Turrax Homogenizer(FRG). 
Homogenates were centrifuged at 12,000 • for 30 min 
followed by I05,000x g for 60 min. 
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After centrifugation, the supernatant was chromato- 
graphed on a Sephadex G-75 (Pharmmacia, Sweden) column 
(2.6 X 60 cm) which had been equilibrated with phosphate 
buffer. The same buffer was used for elution at a flow 
rate of 25 mL-h -I and 5-mL fractions were collected. 
The fractions denoted by the bar (Fig. I) were pooled 
and applied to a DEAE Sephadex A-25 (Pharmacia) 
column (I X 4 cm), equilibrated and washed with the 
buffer. Elution was done by step-wise method with 
0.1-1.0 M NaCI in phosphate buffer solutions. 
Cadmium-rich fractions (Fig. 2) were then pooled and 
desalted on a Sephadex G-25 (Pharmacia) column (2.5 x 
25cm), equilibrated with 0.2 M ammonium formate 
buffer, pH 8.0. In the case of a shoulder peak, 
desalting was performed after rechromatography on the 
DEAE Sephadex A-25 under the same conditions. 
Ultraviolet absorbance of the fractions from both 
Sephadex G-75 and DEAE Sephadex A-25 columns was 
monitored at 254 and 280 nm with a spectrophotometer 
(Hitachi Seisakusho Co. Model 200-20). Cadmium 
concentration of the fractions was determined by 
using an atomic absorption spectrophotometer (Nippon 
Jarrel Ash Co. Model AA-782) with background absorbance 
correction of deuterium lamp. Standards for metal 
determinations were prepared from reagent grade 
CdCI2-5/2H20, CuSO4-5H20, and ZnCI 2 (Wako Pure Chemical 
Industries, Japan) in 0.1 N HNO 3. 

Purified fractions were collected, freeze-dried, and 
oxidized with performic acid according to the method of 
Moore (1963) for the sequence analysis. Amino acid 
located in the N-terminal of the peptide was dansylated 
(Hartley and Massey ]956). DNS-amino acid was 
determined by comparing amino acid composition before 
and after dansylation. The amino acid which apparently 
decreased on amino acid analysis was defined as the 
DNS-amino acid. In order to determine the C-terminal 
amino acid, hydrazinolysis (Niu and Fraenkel-Conrat 
1955) was performed. 

Amino acid composition was analysed using an amino 
acid analyzer (Shimadzu Seisakusho Co. Model LC-5A). 
Amino acid standard solution, type H (Wako Pure 
Chemical Industries) was injected several times giving 
a coefficient of variation of • 5%. 

RESULTS AND DISCUSSION 

The elution profile on Sephadex G-75 of the extract 
from cells cultured under the condition of I mg/L Cd is 
shown in Fig. I. Cd was eluted as a single peak. On the 
other hand, induction of binding peptides by individual 
additions of sublethal concentrations of Cu or Zn was 
not observed. However, addition of Cu and Zn to 
plankton growing in the presence of Cd caused the 
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Figure I. Sephadex G-75 gel filtration profile of 
the cytosol fractions from the culture of P. 
tricornutum treated in the medium containing I mg/L 
Cd. Absorbance at 254 nm( = ), 280 nm(--o--), and 
Cd concentration (~). Fractions denoted by the 
bar were pooled and purified further. 

displacement of Cd in the binding peptide fraction with 
Cu (Fig. 2). This suggests that the peptide has a 
higher affinity for Cu than Cd and Zn. Similar results 
are also shown by Jackson et al. (1987) in higher 
plants. 

Results of the further purification on DEAE Sephadex 
A-25 is shown in Fig. 3. Elution with different 
concentrations of NaCI showed that most of the 
compounds were eluted with 0.5 M NaCI. Both the 
profiles of the absorbance at 254 nm and the Cd 
concentration showed a peak (CdBP-I) with a shoulder 
(CdBP-2). 

CdBP-I and CdBP-2 consisted of only three species of 
amino acid, Glu, Cys, and Gly. The Glu/Cys/Gly ratio 
for CdBP-I was 4/3.4/I. The HPLC chromatogram of CdBP-I 
after hydrazinolysis (Fig. 4) clearly shows that the 
amino acid located in the C-terminal is Gly. 
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Figure 2. Sephadex G-75 elution profile of the 
supernatant fraction prepared by ultracentrifugation 
(105,000 g) from homogenized P. tricornutum cultured 
for 10 days under coexistence of 0.1 ppm Cd (---A~), 
Cu (---o---), and Zn( ~ ). 
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Figure 3. Ion exchange chromatogram (DEAE Sephadex 
A-25 ) of Cd rich fraction obtained by gel 
filtration. The symbols are same as Fig. I. 
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Figure 4. HPLC chromatogram of CdBP-I after hydra- 
zinolysis. N-leu was added for the internal standard. 

Table I shows the amino acid values obtained from the 
injection of 5.6 nmol peptide. This result shows that 
Gly/peptide ratio is I. Therefore, the peptide contains 
only one gly, which is located in the C-terminal 
position. The Result of dansylation of CdBP-I is 
summarized in Table 2. Amino acid composition of CdBP-I 
before and after dansylation of N-terminal amino acid 
resulted in the decrease of Glu at the rate of 0.7 
mol/mol peptide. In the case of glutathione (a peptide 
which has Glu in the N-terminal), there was a decrease 
of Glu at the rate of 0.7 mol/mol peptide after the 
dansylation, as shown in Table 3 These results 
clearly indicate that Glu exists in the N-terminal of 
CdBP-I. From the previous study according to the Cd 
binding peptide in P. tricornutum, Edman degradation 
was not successful (Maita and Kawaguchi 1989). This 
phenomenon strongly suggests the possibility of Y-GIu 
residue (Grill et al. 1985). Based on all the 
characteristics of the purified CdBP-I in this study, 
we concluded that CdBP-I is identical with 
phytochelatin, (Y-Glu-Cys)4-Gly (Grill et al. 1985). 

Table I. Molar quantities (nmol/sample) of the 
peptide (CdBP-I) and amino acids of hydrolyzed 
peptide. The values were determined by using 
HPLC, OPA method. 

Sample 
Peptide or amino acid, nmol/sample 

BP-I Glu Cys Gly 

CdBP-I direct 5.6 - - - 
CdBP-I hydrolyzed - 23.2 18.0 5.5 
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Table 2. Amino acid composition (mol/peptide) 
of CdBP-I and dansylated CdBP-I (DNS CdBP-I). 

Sample 
Amino acid, nmol/peptide 

Glu Cys Gly 

a) CdBP-I 4.0 2.9 1.0 
b) DNS CdBP-I 3.3 2.8 1.0 

a)-b) 0.7 0.1 - 

Table 3. Amino acid composition (mol/peptide) 
of glutathione(GSH) and dansylated glutathione. 

Amino acid, mol/peptide 
Sample ...... 

Glu Cys Gly 

a) GSH 0.86 0.74 1.0 
b) DNS GSH 0.17 0.75 1.0 

a)-b) 0.69 - - 

Table 4. Glu/Gly ratios of Cd binding peptides 
in P. tricornutum. 

Peptide 

Fr-2* 
Fr-3* 
CdBP-I 
CdBP-2 

Glu/Gly ratio 

2.0 
3.3 
4.0 
5.2 

*: Cadmium peptide fractions 
obtained in our previous study 
(Maita et al. 1988). 

Table 4 shows the Glu/Gly ratios of Cd-binding peptide 
purified from P. tricornutum. The values of Fr-2 and 
Fr-3 were calculated from our previous study on the 
same plankton (Malta et al. 1988). Ratios of 2, 3, 4, 
and 5 were obtained. These values indicate the 
existence of the peptides which have the sequence of 
(y-Glu-Cys)n-Gly (n=2 to 5). In higher plants (Grill et 
al. 1987), peptides which have the n value from 2 to 11 
were observed, and suggested that the peptides are 
synthesized by sequental addition of Y-glutamyl cystein 
residues to glutathione. The presence of cadmium 
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binding peptides which have the chain length of n=2 to 
5 in the marine diatom may also suggest that the 
peptides are produced through the same process. 
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