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We have identified a novel cDNA clone, termed DcCDT1, 
from Digitaria ciliaris, that confers cadmium (Cd)-tolerance to 
yeast (Saccharomyces cerevisiae). The gene encodes a predicted 
peptide of 55 amino acid residues of which 15 (27.3%) are 
cysteine residues. We found that monocotyledonous plants 
possess multiple DcCDT1 homologues, for example rice contains 
five DcCDT1 homologues (designated OsCDT1~5), whereas 
dicotyledonous plants, including Arabidopsis thaliana, Brassica 
rapa, poplar (Populus tremula x Populus alba) and Picea sitch-
ensis, appear to possess only a single homologue. GFP fusion 
experiments demonstrate that DcCDT1 and OsCDT1 are 
targeted to both the plant cytoplasmic membranes and cell 
walls. Constitutive expression of DcCDT1 or OsCDT1 confers 
Cd-tolerance to transgenic A. thaliana plants by lowering the 
accumulation of Cd in the cells. The functions of the DcCDT1 
family members are discussed in the light of these findings.

Cadmium (Cd) is a highly toxic transition metal, and is non-
essential for almost all living organisms.1 Therefore, Cd pollution 
of the earth’s environment could potentially cause serious problems 
for both the global ecosystem and human health.2 Indeed, we have 
a tragic history brought about by Cd poisoning, with patients 
suffering kidney failure and unbearable pain in the joints and spine 
due to bone softening.3,4 Despite the numerous laws that have 
been enacted to prevent further Cd contamination, yet pollution 
with heavy metals including Cd is still increasing on a global scale. 
As the control of Cd contamination of foodstuffs is expected to 

become extremely severe, remediation of Cd-contaminated soils is 
an issue that needs to be urgently addressed. One countermeasure 
strategy is the use of plants in phytoremediation5 which, despite 
its tremendous potential, still requires vast improvements before it 
can be promoted as an effective and established technology. Such 
improvements will necessitate the identification and development 
of novel and useful ‘molecular resources’. As a step towards this 
aim, we have screened cDNA libraries derived from natural habitat 
plants growing in a former mining site and isolated numerous 
candidate genes that could confer Cd tolerance to Cd-hypersensitive 
yeast mutant cells.6 Of these genes, we chose DcCDT1 (Digitaria 
ciliaris cadmium tolerance 1) for further analysis as it encodes a 
novel 55-amino acid-peptide product containing 15 cysteine (Cys) 
residues, and because several other Cys- rich peptides are known 
to function as heavy metal chelators.7,8 Rice plants possess five 
DcCDT1 homologues, designated OsCDT1~5, while other mono-
cotyledonous plant species, such as maize and barley, also contain 
multiple DcCDT1 homologues. In contrast, Arabidopsis thaliana 
appears to contain only a single DcCDT1 homologue (accession 
number NM_202281, At1g52827) with an open-reading frame 
(nucleotide positions 29–178) encoding a 49-amino acid peptide 
of sequence,

MKAPPQQEMTYYDNVKKRQDEQGCLFATFYALFCCC 
CCYEKCKCCCCCV,

whereas the database predicts a peptide (encoded by an alterna-
tive open-reading frame between nucleotides 63–251) consisting of 
62-amino acids, MTM SRN GKT NKA AYS QRF TRC SVA VAA 
TRS ASV VAA AFD FYI CII IST LLS LIV SLA SQL LF, which 
is of unknown function and shows no similarity to DcCDT1. The 
49-amino acid-peptide sequence (here termed AtCDT1) shares a 
high level of identity with DcCDT1 and OsCDT1, and these all 
contain 11 conserved Cys residues clustered in their carboxy-distal 
regions (Fig. 1A). Furthermore, as with DcCDT1 and OsCDT1, 
constitutive expression of AtCDT1 confers Cd-tolerance to S. 
cerevisiae (Fig. 1B), confirming that A. thaliana possesses a func-
tional DcCDT1 counterpart. The question thus arises if other 
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dicotyledonous plants also possess homologous gene(s). It appears 
that they do since we found two other examples, a Populus EST 
clone (accession number CU225257) and also a Brassica rapa 
subsp. pekinensis clone (accession number AC189268), that 
encode DcCDT1 homologues. However, further analyses will be 
required to determine whether these plants carry a single gene like 
Arabidopsis or a small gene family as in rice plants.

Several different plant components contribute to heavy metal 
homeostasis and detoxification. Among these are the low molecular 
mass (4–14 kDa) metallothioneins that contain a high ratio of Cys 
residues, and the small peptides known as phytochelatins that have 
the general structure, (γ-Glu-Cys)n-Gly.7-10 Other Cys-rich plant 
proteins involved in Cd tolerance and detoxification have also 
been reported.11,12 However, compared to all these, DcCDT1 and 
its homologues are unique and distinctive in both their peptide 
lengths (49–60 amino acids) and arrangement of Cys residues in 
the CL-(Y/F)-A-(C/T)-X5-CC-(F/C)-CCYE-(T/K)-C-(E/K)-C-
(CLDCL or delete)-CCCC consensus sequence.

As with other non-essential heavy metals, Cd can be detoxified 
by a variety of mechanisms, including secretion, compartmental-
ization, or chelation by metal ligands.13-16 DcCDT1 and OsCDT1 
confer Cd-tolerance to both yeast and Arabidopsis via a reduc-
tion in their cellular Cd contents. Both proteins also appear to 
be localized to the plant cell surface, including the cell walls, as 
judged by our GFP-fusion experiments. Based on these findings, 
we propose several possible functions for this novel peptide family. 
In one mechanism, the DcCDT1 family proteins chelate Cd at 
the cellular surface and prevent further Cd entry into the cells. In 
an alternative mechanism, the intracellular-formed DcCDT1-Cd 
complex is secreted out from the cells via an unknown mechanism. 

Induced expression of DcCDT1 in 109Cd-preloaded cells may well 
allow us to distinguish between these two possibilities.

A final question that needs to be addressed is whether the 
genes encoding this family of proteins can be potentially useful 
genetic resources for phytoremediation. OsCDT1, one of the five 
rice DcCDT1 homologues, reduces the Cd contents of yeast and 
Arabidopsis cells. Therefore, from the viewpoint of food safety, this 
protein family may be useful since constitutive root-specific expres-
sion of the genes may contribute to reduced Cd accumulation 
in the edible plant parts. Alternatively, silencing of all DcCDT1 
homologues in rice could plausibly result in the hyperaccumulation 
of Cd and the use of these plants in phytoremediation strategies.
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