Bull. Environ. Contam. Toxicol. (1994) 53:726-732 Environmental

inger- Contamination
© 1994 Springer-Verlag New York Inc. fard Toxical

Involvement of Metallothionein in Cadmium
Accumulation and Elimination in the Clam
Ruditapes Decussata

M. J. Bebianno, M. A. P. Serafim, M. F. Rita

University of Algarve, Campus de Gambelas, Faro, 8000, Portugal

Received: 12 August 1993/Accepted: 28 March 1994

Cadmium is one of the most toxic pollutants in seawater because of its persistence,
toxicity and potential for bioaccumulation. It is included on the "black list" of
several international agreements established to regulate the input of pollutants into
the marine environment (Yeasts and Bewers 1987).

The deleterious effects of cadmium contamination in marine organisms result from
its accumulation within specific tissues. However, most of these organisms have
developed subcellular detoxification processes, including the synthesis of
metallothioneins, low-molecular weight, metal-binding proteins (Bebianno and
Langston 1991, 1992; Bebianno et al. 1992; Roesijadi 1992; Walkes and Goering
1992).

Bivalves have the ability to accumulate and concentrate cadmium to levels several
orders of magnitude above those found in their environment. The present study
was designed to examine the involvement of metallothionein synthesis in cadmium
accumulation and elimination in the bivalve Ruditapes decussata when exposed to
a sublethal cadmium concentration (100 pg/l) and to a mixture of cadmium (100

ug/D), copper (50 pg/l) and zinc (50 pg/l).

MATERIALS AND METHODS

Ruditapes decussata (shell length 32+3 mm, mean dry weight 0.30+0.07 g) were
collected from the Ria Formosa lagoon (South of Portugal) and acclimated in
aerated seawater, salinity 36+1%0 and 20+2°C, for one week prior to the
experiments. Sixty clams were held in 5 L and exposed to a cadmium concentration
of 100 pg I"! for up to 40 days, after which they were transferred to clean
seawater for fifty days. A further group of 60 clams was maintained in
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clean seawater throughout the experiment as controls. Water in each tank was
changed twice a week. Samples of six control and six treated clams were
removed for analysis of cadmium concentrations after 7, 14, 21, 30 and 40 days of
exposure and after 20 and 50 days in clean seawater. In addition, metallothionein
concentrations were determined in controls, in clams treated for 40 days, and in
clams detoxified for 50 days in clean seawater.

In a separate experiment, 60 clams were exposed to a mixture of cadmium (100
ug/h), copper (50 ug/l) and zinc (50 pg/l). A sample of six clams was taken for
cadmium analysis after 7, 14, 21 and 30 days of exposure.

The soft parts of Ruditapes decussata were removed from the shell. The gills,
digestive gland and remaining tissues were dissected into individual tissues. Six
samples of each individual tissue were pooled, weighed and dried for subsequent
cadmium analysis. The tissues of a further six individuals were pooled and
homogenized in three volumes of 0.02 M Tris-HCI (pH 8.6) buffer in an ice-bath.
Subsamples were taken for determination of wet/dry weight ratio. Aliquots of the
homogenate (3 to 5 ml) were centrifuged at 30,000 g for 1 hr at 4°C. The
supernatant (cytosol) was separated from the pellet, heated at 80°C for 10 min, to
precipitate the high molecular weight (HMW) proteins, and subsequently
centrifuged at 30,000 g for 1 hr at 4°C. Aliquots (50 to 250 pl) of the heated
cytosol were taken for quantification of metallothioneins (MT) by differential pulse
polarography, as described in Bebianno and Langston (1989), using a polaro%raph
Methrom 646. Metallothionein concentrations were determined as mg g~ dry
weight of homogenized tissue.

Cadmium was analyzed in dried, HNO3-digested subsamples of the gills, digestive
gland and remaining tissues using flame or fumace atomic absorption
spectrophotometry. Analysis of Cd in TORT I lobster hepatopancreas (National
Research Council Canada) resulted in values of 26.98+0.01 pg g-! compared with
a certified value of 26.3+2.1 pg g-1. All metal concentrations were expressed on a
dry tissue weight basis. All data were analyzed statistically using ANOVA with a
significance level of 0.05.

RESULTS AND DISCUSSION

Accumulation of cadmium and subsequent depuration in the gills, digestive gland
and remaining tissues of treated clams are presented in Fig. 1.
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EXPOSURE DEPURATION

Figure 1. Total cadmium concentrations in the gills (m), digestive gland (A) and
remaining tissues (®) of Ruditapes decussata exposed to cadmium (100 pg I-1) for
40 days and detoxified for 50 days. Samples pooled from six individuals.

Concentrations of cadmium in tissues of controls did not change during the course
of the experiments, with the highest concentrations occurring in the digestive
gland (6.1+0.34 pg g-1) followed by the gills (4.8+0.99 g g-1) and the remaining
tissues (2.1+0.34 ug g-1). In comparison with the controls, cadmium increased in
all the tissues of the treated clams during the initial 30 days of exposure (P<0.05).
Cadmium accumulation rate was highest in the digestive gland (5.8 pg g1 d-1,
P<0.01), followed by the gills (3.6 pg g1 d-1, P<0.001) and the remaining tissues
(12 pg g1 d-1, P<0.01). The concentration of cadmium in the digestive gland
exceeded that in the gills but only after 14 days of exposure (Fig. 1). This suggests
that cadmium in the gills is transported to the digestive gland for storage, which
concurs with earlier observations for the same species (Bebianno ez al. 1993), for
the mussels Mytilus edulis (Scholz 1980) and Mytilus galloprovincialis (Viarengo
et al. 1985), and for the gastropod Litforina littorea (Bebianno et al. 1992).

After 30 days of exposure to cadmium the accumulation was much slower
indicating the approach of equilibrium (Fig. 1). At the end of the exposure period,
the concentrations of cadmium in the digestive gland, gills and remaining tissues at
treated clams were, respectively, 34, 25 and 20 times higher than those in the
tissue of control clams. Similar patterns of cadmium accumulation have been
observed for the clam Ruditapes decussata, for the mussels Mytilus edulis and
Mytilus galloprovincialis, and for the gastropod Littorina littorea exposed to
400ug Cd I-1 over the same period (Bebianno & Langston 1991, 1992; Bebianno
et al. 1992; Bebianno ef al. 1993).
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Table 1. Cadmium concentrations in tissues of Ruditapes decussata exposed to
100 pg Cd 1! and to a mixture of 100 pg Cd, 50 pg Cu and 50 ug Zn/l after 30
days of exposure.

Tissue Control Cd Cd+Cu+Zn
He/'g ng/'s Hg/'g
Whole soft tissues 36 854 88.6
Gills 5.1 112.5 1313
Digestive gland 6.4 188.6 195.8
Remaining tissues 22 39.1 36.7

The accumulation of cadmium in the tissues of R. decussata exposed for 30 days
to cadmium mixed with copper and zinc is compared in Table 1 with the
accumulation of cadmium in clams exposed to only cadmium over the same
period. In comparison with the controls, the pattern of cadmium uptake was
similar, although the final concentrations of cadmium in the tissues of clams
exposed to the mixture of metals were higher except in the remaining tissues than
those treated only with cadmium. It is possible that cadmium might be replacing
zinc and copper in the tissues (unpublished data). Vicente ef al. (1988) carried out
a similar experiment with this species of clam at 14°C and similar concentrations
of cadmium. They observed lower accumulation levels of cadmium than those
obtained in the current experiment which can be attributed, perhaps, to the lower
temperature. Henry ef al. (1982) also noted a direct correlation between cadmium
uptake and temperature in this species.

When the clams were transferred from treated seawater, the levels of cadmium
continued to increase in all tissues, particularly in the digestive gland, for up to 20
days in clean seawater, before starting to decline (Fig. 1). Within 50 days of
depuration, the concentration of cadmium in the gills, digestive gland and
remaining tissues declined by 62%, 51% and 26%, respectively. Even at the end of
the depuration period, these tissue still retained 9, 29 and 17 times more cadmium,
respectively, than did the equivalent tissues from the controls. These results show
that the loss of cadmium is a slow process and that the rate of release depends on
the tissues involved, possibly reflecting different routes of cadmium metabolism.
The half-life for cadmium in these tissues was not calculated because of the lack of
data during the period of depuration. In the case of the oyster Crassostrea
virginica and the gastropod Littorina littorea it was suggested that cadmium was
transferred from the gills to internal tissues during detoxification, since the
turnover rate was much lower in the latter relative to the former tissues (Roesijadi
and Klerks 1989, Langston and Zhou 1987). In Mytilus galloprovincialis
previously exposed to 200 ug Cd/l for 28 days, there was a 50% decrease in
cadmium levels within the gills and digestive gland after 4 months of detoxification
(Viarengo et al. 1985).
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Figure 2. (A) Total cadmium concentrations and (B) metallothionein
concentrations in the gills, digestive gland and remaining tissues of Ruditapes
decussata controls and clams exposed to cadmium for 40 days and detoxified for
50 days. Samples pooled from six individuals.

R. decussata shows a capacity for accumulating and surviving high concentrations
of cadmium, which suggests that at least some of its tissues are capable of
synthesis of metallothioneins which inhibit the toxic effects of this pollutant
(Bebianno ef al. 1993). A comparison of the concentrations of cadmium and
metallothionein in the gills, digestive gland and remaining tissues are presented in
Fig. 2 for clams that were maintained as controls; exposed to cadmium for 40 days;
and depurated for 50 days after exposure to a cadmium solution (100 ug I-1) for
40 days. In control clams, there was a reduction in the concentration of
metallothionein from the digestive gland (2.45+0.38 mg g-1) to the remaining
tissues (1.9620.72 mg g-1) and finally to the gills (1.03£0.22 mg g-1). Clams
exposed to cadmium for 40 days showed an increase in metallothionein levels
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which was four-fold in the gills and three-fold in the other tissues (ANOVA,
P<0.05) (Fig. 2). After depuration for 50 days, there was a decrease in the
concentration of metallothionein to levels which were slightly higher than those
estimated for the controls. In the gills, the difference was still two-fold but, for the
other tissues, the difference was much lower, suggesting that the turnover of
metallothionein, although different in the three tissues, was faster than cadmium
turnover. The results provide evidence for the induction of metallothionein in the
clams exposed to cadmium, confirming earlier work on this species (Bebianno et
al. 1993) and on Mytilus edulis (Pavicic et al. 1992; Bebianno and Langston
1991), M. galloprovincialis (Bebianno and Langston 1992) and in Littorina
littorea (Bebianno et al. 1992). The greater induction of metallothionein in the gills
compared to the other tissues observed in Litforina littorea and Crassostrea
virginica (Roesijadi and Klerks 1989) suggests that metallothioneins in these
tissues are involved in the elimination of cadmium by the three tissues of the clams.

These results suggest that metallothioneins are involved in the accumulation and in
the elimination of cadmium from the gills, digestive gland and remaining tissues.
Consequently, estimation of metallothionein in the gills can be used as a sensitive
measure of biological response of cadmium exposure.

Acknowledgements. M.J. Bebianno was supported by a research grant from the
European Environmental Reseach Organization (EERQ). The authors also thank
Dr J. D. Icely for the English revision of this paper.

REFERENCES

Bebianno MJ, Langston WJ (1989) Quantification of metallothioneins in marine
invertebrates using differential pulse polarography. Portugaliz Electrochimica
Acta 7:59-64

Bebianno M]J, Langston W] (1991) Metallothionein induction in Myfilus edulis
exposed to cadmium. Mar Biol 108:91-96

Bebianno MJ, Langston WJ (1992) Cadmium induction of metallothionein
synthesis in Mytilus galloprovincialis. Comp Biochem Physiol 103C:79-85

Bebianno MJ, Langston, WJ and Simkiss K (1992) Metallothionein induction in
Littorina littorea (Mollusca: Prosobranchia) on exposure to cadmium. J Mar
Biol Assoc UK 72:329-342

Bebianno MJ, Nott JA and Langston WJ (1993) Cadmium metabolism in the clam
Ruditapes decussata: the role of metallothioneins. Aquat Toxicol 27:315-334

Henry M., Huang W, Cristiani G, Bellau M and Durbec JP (1982) Toxicité et
bioaccumulation du cadmium chez la palourde Ruditapes decussata, en fonction

731



des facteurs temps, concentration et temperature. Vles Journées d'Etudes
Pollutions Marines en Mediterranée, CIESM, Cannes, 737-742

Langston WJ and Zhou M (1987) Cadmium accumulation, distribution and
metabolism in the gastropod Littorina littorea: the role of metal-binding
proteins. J Mar Biol Assoc UK 67:585-601

Pavicic J, Skreblin M, Raspor B, Branica M, Tusek-Znidaric M, Kregar I and
Stegnar P (1987) Metal pollution assessment of the marine environment by
determination of metal-binding proteins in Mytilus sp.. Mar Chem 22:235-248

Roesijadi G (1992). Metallothioneins in metal regulation and toxicity in aquatic
animals. Aquat Toxicol 22: 81-114

Roesijadi G and Klerks PL (1989) Kinetic analysis of cadmium binding to
metallothionein and other intracellular ligands in oyster gills. J Exp Zool 25:1-12

Scholz N (1980) Accumulation, loss and molecular distribution of cadmium in
Mytilus edulis. Helgolander Meeresunters 33:68-78

Viarengo A, Palmero S, Zanicchi G, Capelli R, Vaissiere R and Orunesu M (1985)
Role of metallothioneins in Cu and Cd accumulation and elimination in the gill
and digestive gland cells of Mytilus galloprovincialis Lam. Mar Environ Res
16:23-36

Vicente N, Baghdiguian S, Henry M and Riva A. (1988) Phenoménes
synergetiques induits par l'action combinée d'un jeune prolongé a basses et
hautes temperatures et d'une contamination par un sel de cadmium chez
Ruditapes decussatus. Oceanis 14:125-131

Yeasts PA and Bewers JM (1987) Evidence for anthropogenic modification of
global transport of cadmium. In: Nriagu JO and Sprague JB (eds) Cadmium in
the Aquatic Environment, Advances in Environmental Sciences and Technology
vol 19. John Wiley & Sons, 19-34

Walkes MP and Goering PL (1992) Metallothionein and other cadmium-binding
proteins: recent developments. In: Mamett L.J. (ed) Frontiers in Molecular
Toxicology, Washington D.C., 263-270

732



