CYP1A INDUCTION IN TAMBAQUI EXPOSED TO PETROLEUM HYDROCARBONS AND DISSOLVED ORGANIC MATTER

Matsuo, A. Y. O.

Instituto Nacional de Pesquisas da Amazônia – INPA

Laboratório de Ecofisiologia e Evolução Molecular, Manaus, AM, Brazil

Phone: +55 (92) 643-3187/Fax: +55 (92) 643-3186

E-mail: aline@inpa.gov.br

Woodin, B. R. & Stegeman, J. J.

Woods Hole Oceanographic Institution – WHOI

Department of Biology, Woods Hole, MA, USA

Val, A. L.

Instituto Nacional de Pesquisas da Amazônia – INPA

Laboratório de Ecofisiologia e Evolução Molecular, Manaus, AM, Brazil

EXTENDED ABSTRACT – DO NOT CITE

Introduction
Cytochrome P450 is a superfamily of heme-thiolate enzymes involved in the biotransformation of endogenous and exogenous compounds, such as hormones and xenobiotics. The CYP1A form is widely used as a biomarker of exposure to organic pollutants. CYP1A induction involves the activation of a specific receptor, the aryl hydrocarbon. Metabolism of petroleum hydrocarbons by CYP1A results in the biotransformation of the parental compound into more toxic forms. These intermediary metabolites are highly reactive and are known to be carcinogenic because they bind to DNA, modifying its structure and function. Analysis of CYP1A induction may therefore indicate the susceptibility of organisms to the toxic effects of petroleum hydrocarbons. 
In the Amazon basin, petroleum extraction began in 1988 at Coari (Brazil). Despite care in handling and transport, the risk of an oil spill is always a concern. Petroleum hydrocarbons, especially polycyclic aromatic hydrocarbons, are extremely toxic to fish. High concentrations of dissolved organic matter (DOM) in the water can alter the fate of these pollutants. 
We assessed CYP1A inducibility in tambaqui (Colossoma macropomum) acutely exposed to petroleum hydrocarbons and to DOM. Little is known about the effects of DOM itself on CYP1A induction, so we further tested the catalytic activity of CYP1A (EROD) over a range of DOM concentrations and sources.

Materials & Methods

CYP1A induction by petroleum and DOM

Tambaqui obtained from a fish farm were acutely exposed to one of the following treatments: a) control, b) petro (2.8% crude oil); c) DOM (22 mgC/l), and d) DOM+petro. CYP1A induction was evaluated by CYP1A protein concentration (Western blots), EROD activity (fluorimetry), and immunohistochemistry (IHC). Liver was sampled for microsomal isolation. Gills and a small sample of liver were fixed for IHC.

Influence of source and concentration of DOM 

Tambaqui were acclimated for 10 days to either a natural (NOM) or a commercial (AHA) source of DOM at 20, 40, and 80 mgC/l. Hepatic EROD activity was used as an indicator of CYP1A activity.

Statistical analyses used either Student’s t-tests or ANOVA, followed by Dunnett’s multiple comparison tests  ((=0.05).

Results & Discussion

CYP1A induction by petroleum and DOM

The results revealed for the first time that DOM induces CYP1A and also exacerbates the induction when combined with petroleum hydrocarbons. CYP1A protein concentration (Fig. 1a) and EROD activity (Fig. 1b) were closely correlated in tambaqui exposed to the treatments. IHC revealed that CYP1A induction in the gills was predominantly linked to pillar cells, whereas in the liver it was mostly in hepatocytes. CYP1A induction was highest in the treatment combining both DOM and petroleum hydrocarbons. 
The mechanism of CYP1A induction in fish exposed to petroleum hydrocarbons alone is well known, but the interpretation of CYP1A induction by DOM or by the combination of DOM and petroleum hydrocarbons is more complicated. Because CYP1A induction by DOM had never before been reported, we do not know what metabolites are formed when DOM is metabolized by CYP1A. We suspect that the intermediary metabolites derived from DOM biotransformation are not toxic, given the great diversity of fish species inhabiting Amazonian waters with a high DOM content (over 1,000 species inhabit the Rio Negro basin where the average DOM content is 35 mgC/l). 
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Fig. 1. a) Hepatic microsomal CYP1A concentration in tambaqui (N=6 per treatment), b) EROD activity in tambaqui following the same treatments. (*) indicates a significant difference relative to control.

CYP1A induction in the ‘DOM+petro’ treatment is unclear. Although high levels of CYP1A induced by petroleum hydrocarbons suggest high levels of toxic intermediates formed in phase I, the same may not be applicable when DOM is present in solution. Interactions between DOM and petroleum hydrocarbons result in decreased toxicity of the pollutant (Haitzer et al., 1998), but it has also been shown that DOM may increase the solubility of this pollutant, thus resulting in enhanced bioavailability to the organisms (Boehm & Quinn, 1973). Whether DOM decreases or amplifies the toxicity of petroleum hydrocarbons to fish cannot be evaluated by CYP1A analysis.
Influence of source and concentration of DOM
Increased levels of EROD activity were closely correlated with increased concentrations of DOM in the water, suggesting a concentration-dependent relationship (Fig. 2). 
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Fig. 2. EROD activity in tambaqui (N=6 per treatment) acclimated to either a natural (NOM) or a commercial (AHA) source of DOM at concentrations of 20, 40, and 80 mgC/l. (*) indicates a significant difference relative to control.

The degree of induction suggests that increased amounts of DOM (‘inducer’) were involved in increased activation of the Ah receptor. AHA overestimated the influence of DOM on EROD activity relative to NOM, when tested at the same concentration. Although commercial DOM is useful for qualitatively assessing the biological effects of DOM, natural DOM sources result in more accurate extrapolations.
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