One-step purification of cadmium-induced metallothionein in the Amazon fish Colossoma macropomum
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Abstract

One important property of metallothioneins is the detoxification of transition metals. Thereby it has been proposed as a metal biomarker in aquatic environment. In the present work, we describe a one-step method to purify hepatic metallothionein from Colossoma macropomum exposed to cadmium. Purification was performed with a metal chelating chromatographic column. Purified metallothionein was evaluated by SDS-PAGE and UV spectra of the Cd2+-loaded protein. This method allows high purity and rapid extraction of apometallothionein.

Introduction

Metallothioneins are low molecular weight (6-7 kDa) cysteine-rich proteins (about 10% w/w representing 30% of the amino acid content in the primary structure). They occur throughout the animal kingdom as well as in all prokaryote and eukaryote microorganisms and higher plants. They are subdivided into families based on structural and phylogenetically similarities. In mammal tissues, four isoforms are found, designated as MT1 through MT4. Isoforms MT1 and MT2 are found in all tissues whereas MT3 is mainly expressed in the brain and MT4 is abundant in stratified tissues (Romero-Isart and Vasak, 2002). Their function is associated with the high d10 metal ions binding capacity. Biochemical interest on this family of proteins is related to the maintenance of homeostasis within the central nervous system; metabolic regulation via Zn trafficking and carcinogenesis, among other roles (reviewed by Coyle et al., 2002 and Chimienti et al., 2003). Another important property assigned for these proteins refers to their role in transition metal detoxification. Regarding that topic, there are several fields of interest, such as environmental sciences. In the present work we describe a simple method to isolate metallothionein from the liver of the fish Colossoma macropomum pre-treated with cadmium nitrate.
Material and Methods

Animals and cadmium treatment. Tambaquis (Colossoma mocropomum) were collected from the várzea of the Marchantaria island (3(15’S 59(58’W). The animals were maintained in 2,000-L tanks at 25 oC with aerated fresh water and fed ad libitum for one week. After this period, the animals (n=4) were weighted (319.38 ± 38.98g), measured (21.13 ± 0.62) and injected intra-peritoneally with CdNO3 to a final concentration of 3µg CdNO3/g fish. The animals were maintained into single aerated 20-L fishbowls for 48 h. Afterwards, the liver was extracted and frozen at -80°C. 

Purification and Characterization of Metallothionein. The tissue was homogenized (35% w/v) in 50mM Tris-HCl, pH 7.4; containing 0.1mM PMSF, 0.5mM DTT and 150 mM NaCl in a Teflon homogenizer. The homogenate was centrifuged at 15,000g for 90 min at 4°C. The supernatant was applied to a 1-mL HiTrap-Chelanting column (Amersham) previously loaded with Ni2+ and equilibrated with 50mM Tris-HCl, pH 7.4 added of 0.15 M NaCl. After loading with the liver homogenate, the column was washed with 10v of equilibrating buffer. The elution was performed by a 500 mM imidazol gradient. Fractions (1ml) were collected at a flow of 1 ml/min. After the determination of protein concentration, aliquots of each fraction were applied to a 15% SDS-PAGE. Metallothionein-positive fractions were mixed to prepare the apoprotein. ApoMT was obtained by incubation with 50 mM DTT and 10 mM HCl. The preparation was applied to a G-25 column pre-equilibrated with 10 mM HCl and 10 mM NaCl, according to Dallinger et al. (2001). All the procedure to obtain apoMT was performed under helium atmosphere. MT-Spectra were obtained by adding CdNO3 at increasing concentrations (from 8 (M up to 80 (M), as described by Stilman et al. (1987). 

Results

Figure 1 represents a SDS-PAGE showing apoMT obtained from cadmium-injected fishes and control animals. As depicted on the gel, the apoprotein was isolated at high level of purity after acidic treatment, followed by application into a G-25 column. Metallothionein obtained from metal chelating column represented about 80% of the protein eluted from the column (result not shown). Metallothionein was eluted from the metal chelating column at an imidazol concentration within the range of 150 to 200mM. The purification was improved performing the protocol to obtain the apo-protein according to Dallinger et al. (2001). Final preparation reached purity of about 95%.
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Figure 1. SDS-PAGE of ApoMT. Lanes 1 and 2 show apoMT obtained from livers of cadmium-induced animals and lane 3 from control sample. The right lane shows the molecular weight standards (Invitrogen).

The final characterization of apoMT was made by recording the UV spectra of the apoprotein and Cd2+-loaded protein samples. Figure 2 shows the spectrum obtained from apoMT (solid line). Cadmium-loaded protein spectra (dashed lines) were obtained by adding increasing Cd2+ concentrations (from 8 (M up to 80 (M) to 10 (g/ml apoMT. As seen in the plotted data, the absorbance at 260 nm was linearly increased at increasing Cd2+ concentrations, indicating the high cadmium affinity for apoMT. 
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Figure 2. Metallothionein spectra. Spectra were obtained with 10(g/ml apoMT and the addition of Cd2+ starting at 8 (M to a final concentration of 80 (M. Data were plotted as shown in the Insert. Solid line represents apoMT. Dashed lines represent Cd2+-loaded samples.

Discussion 

 This method is based on the fact that metallothioneins possess great amount of cysteine residues and thereby these residues chelate Ni2+ bound to the column resin. Methods described so far in the literature for metallothionein purification generally include several combined steps, such as: precipitation followed by chromatographic procedures including gel filtration, ion exchange and HPLC. Those methods take a long time for purification besides the high loss of protein mass along the entire procedure. The method here described is fast and simple, allowing a higher yield. The utilization of affinity chromatography presents another important advantage that is the utilization of higher volumes of sample into very small columns. All these factors improve yield and the purification process. 
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