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Abstract 
The amperometric titrations of the purified metallothionein (MT) chromatographic fractions with cadmium ions were performed in the 
buffered 0.59 M NaCl solution, pH 7 .9 at 25°C. MTs were isolated from digestive glands of the mussels (Mytilus galloprovincialis) 
exposed to cadmium. Different purification procedures of the chromatographic fractions could be the reason for the differences in their 
metal and MT content. It is perhaps the reason for their different complexing properties for cadmium. The applied differential pulse anodic 
stripping voltammetry (DPASV) is suitable for physico-chemical characterization of MTs due to its species-selectivity and sensitivity. 
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Metallothioneins are rather small, metal-inducible and metal-binding pro
teins that are rich in cysteine residues, and are responsible for the metal 
detoxification and metal homeostasis in living organisms [1,2]. Since the 
knowledge of the biological functions of MTs, which is based on under
standing their molecular and physico-chemical properties, is still not com
plete, our aim was to contribute to this knowledge by characterizing the 
metal-binding properties of MT isoforms, induced and isolated from the 
digestive gland of M. galloprovincialis exposed to cadmium, at a concentra
tion level close to the cellular one at which metal interacts with the protein. 

Experimental 
Adult specimens of M. galloprovincialis (5-7 cm, from Lim channel, 

Northern Adriatic) were exposed for 14 days to 200 µg Cd dm-3 (l.8xl0-6 
M Cd2+ added as CdC12) in a continuous flow-through seawater system 
(S=38%o, 20°C). The biochemical procedure of the isolation and purifica
tion of MTs from the composite sample of the digestive glands of cadmi
um-exposed M. galloprovincialis is described elsewhere [3,4]. 

For further complexation studies the chromatographic fractions which 
contained MT were finally selected based on their highest cadmium con
tent [4,5]. MT content was determined according to the Brdicka reaction 
[6,7]. Amperometric titrations of MTs with cadmium were performed at 
constant temperature (25.0±0.5 °C), ionic strength (0.59 M) and pH 
(7 .9)(8]. Voltammetric measurements in a differential pulse anodic strip
ping mode (DPASV) were carried out with a µAutolab instrument (Eco 
Chemie, The Netherlands); the measurement parameters are defined else
where[8]. 

Results and Discussion 
Before commencing the amperometric titration, the cadmium [4]. and 

metallothionein [7]. content was analysed in the selected chromatographic 
fractions (Table 1). It was found that dithiotreitol (DTT), added as a reduc
ing agent during the MT isolation, competes with MT for Cd2+ ions and 
masks CdMT complex formation [6]. Therefore, DTI must be removed 
from the MT samples. Preferably, in the MT isolation procedure B-mer
captoethanol should be used instead. 
Table 1.Cadmium and MT content in the selected chromatographic fractions 

Purified 
chromatographic c(Cd)/M c(MT)/M 

fractions 

MT10(IV) 7.54·10-8 1.5·10-6 

MT10(V) 5.05·10-8 3.3·10-6 

MT10(27) 4.34·10-7 2.1·10-7 
MT20(18) 5.34·10-7 1.1·10-7 
MT10(12)(13)E.P. 1.08·10-6 not determined 

CdMT complexes [9,10]. give the anodic signal (Fig. 1) with the peak 
potential at Ep== -0 .66 V. The most positive peak at -0 .45 V is assigned to 
the oxidation of the mercury electrode in the presence of thiol groups com
plexed with cadmium [ll]. (Fig. 1). The fact that during the amperometric 
titration of MT with CdCl2 solution two distinct anodic signals, one of the 
CdMT complex and the other of Cdionic (Ep = -0.60 V; Fig. 1), are 
observed indicates that under the selected measuring conditions the CdMT 
complex is electrochemically inert and a reversible type of complex. From 
the peak heights of CdMT and Cdionic signals using the modified van den 
Berg-Ruzic-Lee method6-8, the complexing capacity (CL) (Table 2), and 
the apparent stability constants of CdMT were determined. Normalizing 
the available MT concentration for complexing cadmium (CL) with the 
total (analytical) concentration of metallothionein (c(MT)) the number of 
cadmium ions additionally bound by the MT molecule could be deter
mined. The variations of the Cd4 and MT7 concentrations (Table I) and the 
stoichiometric ratio (Table 2) in the selected chromatographic fractions, 
suggest that different purification procedures caused differences in the 
metal and MT content of the chromatographic fractions and therefore 
resulted in different complexing properties for cadmium. 
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Figure 1 Amperometric titration of MT in 0.59 M NaCl, pH 7.9 with cadmium: to 50 µI 
MT10(IV)(or 4·10-9 M) Cd2+ solution is added in the concentration range from 1.42·10·9 M 
to 8.52·10·9 M10. 

Table 2.Cadmium complexing capacity (CL) of MT from differently purified chromato• 
graphic fractions. The results refer to 0.59 M NaCl, pH 7.9 at (25.0±0.5) °C 

Purified 
chromatographic c(MT)' / M CL/M CL/ c(MT) 

fractions 

MT10(IV) 4.0·10-9 4.0·10-9 1.0 
MT10(V) 8.0·10-9 1.0-10-8 1.3 
MT10(27) 5.8·10-10 1.0-10-9 1.7 
MT20(18) 4.3·10-10 5.710-10 1.3 
MT10(12)(13)E.P. 1.310-8 7.0·10 -9 0.5 
MT20(17)(18)E.P. 4.210-9 1.4·10 -8 3.3 

' aliquot of c(MT) from Table 1 diluted in 20 ml supporting electrolyte 
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