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Abstract

Neotropical fishes have been increasingly exposed to xenobiotics, in nature and in farms, but little is known about the biochemistry of their intoxication. Glutathione S-transferases (GST) conjugate xenobiotics with reduced glutathione (GSH) increasing their hydrosolubility and thus favoring their excretion. Specific substrates were used to standardize optima conditions for assays of cytosolic GST found in liver of pacu (Piaractus mesopotamicus). Two GST-mu were identified, a homodimer with molecular mass of 23.8 kDa per subunit, and a heterodimer with two polypeptides of 21.3 kDa and 23.8 kDa. The GST-pi found in liver of pacu is a homodimer with molecular mass of 23.8 kDa per subunit.

Introduction

Aquatic animals are exposed constantly to pollutants like pesticides, polycyclic aromatic hydrocarbons and polychlorinated biphenyls. Unfortunately, the lipophilicity of these xenobiotics is an obstacle to their elimination from the body because lipophilic compounds can be readily reabsorbed. Consequently, the elimination of xenobiotics depends on the increasing of their solubility in water through biotransformation. The glutathione S-transferases (GST) are isoenzymes of the biotransformation system. Cytosolic GST isoenzymes are classified into five classes designated alpha ((), mu ((), pi ((), theta (() and sigma ((). Their function is to catalyze the combination of several xenobiotics with reduced glutathione (GSH), producing more polar GSH-xenobiotic conjugates, which are more hydrosoluble and thus more easily excreted. Glutathione-xenobiotics conjugates may be excreted in bile and urine.

Despite the fact that Neotropical fishes have been increasingly exposed to xenobiotics, both in the environment and in fish culture, very little is known about the biochemistry of the enzymes that promote their biotransformation. In the present study, specific substrates were used to standardize optima conditions for assaying the activity of three classes of GST. In addition, we purified pi and mu GST isoenzymes responsible for the enzymatic activities we found in pacu liver. 

Methods

Sexually mature males and females specimens of fish were used. Cascudo (Hypostomus punctatus Valenciennes, 1840, Loricariidae) weighed approximately 230 g and measured between 25 and 28 cm. Pacu (Piaractus mesopotamicus Holmberg, 1887, Characidae) measured around 25 cm and weighed approximately 350 g. Matrinxãs (Brycon cephalus Günther, 1869, Characidae) measured around 33 cm and weighed approximately 400 g. Dourados (Salminus brasiliensis Cuvier, 1816, Characidae) measured around 50 cm and weighed approximately 1,400 g.

Total GST activity, and alpha, mu, and pi GST-isoenzymes were assayed in liver cytosolic aliquots. We employed 1,2-dichloro-4-nitrobenzene as substrate to determine the activity of GST of the mu class, ethacrynic acid to assay the activity of class pi GST, and cumene hydroperoxide to assay the activity of class alpha GST. The non-specific substrate 1-chloro-2,4-dinitrobenzene was used to assay total GST activity. The fishes were arranged into two groups with 12 animals. The fishes from the first group received an intracelomal injection of benzo(a)pireno (15 mg per kg body weight) suspended in corn oil (assay group). The other group received only corn oil (control group). Six fishes from each group were sacrificed 7 days after the injection and the other sacrificed 14 days after injection.

Isoenzymes of mu and pi classes from liver of pacu were purified from liver cytosol through three steps: affinity chromatography using an S-hexylglutathione-agarose resin; ionic exchange chromatography using a resourceTM Q (Pharmacia Biotech) and reversed phase high-pressure liquid chromatography using a C4 SupelcosilTM LC-304 (Supelco Park).

Results and Discussion

The predominant GST isoenzyme activity in liver of pacu and matrinxã was determined to pertain to the alpha class. As seen in Table 1, when we compared alpha-GST activities found in pacu with those activities reported for other fish species, pacu’s liver alpha-GST activity was 14 times higher than matrinxã’s (Brycon cephalus), 125 times higher than gudgeon’s (Gobio gobio) and 830 times higher than sea trout’s (Salmo trutta). GST isoenzymes of mu and pi classes are predominant in liver of cascudo (Table 1). The mu class GST activity in pacu liver was half the one found in cascudo (Hypostomus punctatus) liver, 1.5 times the activity found in matrinxã liver, three times the liver activity found in dourado (Salminus brasiliensis), and 20 times the activity reported for channel catfish (Ictalurus punctatus) liver. The pi class GST activity of pacu was six times lower than that from cascudo and it was similar to those from other species (Table 1).

Two GST of the mu class were identified in liver of pacu, a homodimer with molecular mass of 23.8 kDa per subunit, and a heterodimer with two polypeptides of 21.3 kDa and 23.8 kDa molecular masses. The class pi GST purified from liver of pacu is a homodimer with molecular mass of 23.8 kDa per subunit.

Table 1. Activities of hepatic GST isoenzymes from liver of some different vertebrate species ((mol min-1 mg-1 protein).

	vertebrates
	MU
	PI
	alpha

	cascudo
	0.297
	0.245
	(

	pacu
	0.143
	0.039
	12.49

	matrinxã
	0.090
	0,043
	0.867

	dourado
	0.047
	0.038
	(

	a channel catfish
	0.007
	0.037
	(

	btrout
	(
	0.048
	0.015

	csalmon 
	(
	0.070
	(

	dgudgeon
	(
	(
	0.100

	erat (female)
	0.05
	0.029
	0.372

	emouse (female)
	0.05
	0.032
	0.598


a Gallagher et al., 1996

b Egaas et al., 1999

c Nóvoa-Valiñas et al., 2002

d Almar et al., 1998

e Egaas et al., 1995a
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Figure 1. Activity levels of GST isoenzymes from pacu liver 7 and 14 days after an intracelomal injection of 15 mg benzo(a)pyrene /kg body weight.

Class mu GST activity augmented significantly after the injection of pacu with benzo(a)pyrene (Figure 1).
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