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CYP1B1 knockdown does not alter synergistic developmental toxicity of polycyclic aromatic hydrocarbons in zebrafish (Danio rerio)
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Polycyclic aromatic hydrocarbons (PAHs) are contaminants increasing in the environment largely due to burning of fossil fuels. Our previous work identified a synergistic toxicity interaction in zebrafish embryos occurring when PAHs that are agonists for the aryl hydrocarbon receptor (AHR) co-occur with PAHs that are CYP1A inhibitors. This toxicity is mediated by the AHR2, and morpholino knockdown of CYP1A exacerbated toxicity. This study tested two hypotheses: 1) in the absence of functional CYP1A, metabolism of PAHs is shunted towards CYP1B1, which has been shown in mammals to produce more reactive metabolites of PAHs; alternatively 2)
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CYP1B1 serves a protective role similar to CYP1A. We used a morpholino approach to knockdown CYP1B1 alone and in co-knockdown with CYP1A to determine whether we could alter deformities caused by synergistic toxicity of PAHs. CYP1B1 knockdown was not different from non-injected controls; nor were CYP1B1+CYP1A co-knockdown deformities different from CYP1A knockdown alone. These data suggest that CYP1B1 is not a significant factor in causing synergistic toxicity of PAHs, nor, in contrast to CYP1A, in providing protection.
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Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous organic contaminants, currently increasing in the environment largely due to burning of fossil fuels (Van Metre and Mahler, 2005). Certain combinations of PAH (AHR agonist + CYP1A inhibitor) can result in synergistic embryotoxicity; this interaction has been shown to be regulated by the AHR2 in zebrafish, and CYP1A plays a protective role in this toxicity (Billiard et al., 2006). CYP1B1 overlaps in function with CYP1A, shares 39% protein similarity (Godard et al., 2005), and is thought to have a greater tendency to metabolize substrates to more toxic products than CYP1A. For example, CYP1B1 can metabolize the PAH benzo(a)pyrene (BaP) to the genotoxic metabolite trans-7,8-dihydroxy-7,8dihydrobenzo[a]pyrene and in the presence of epoxide hydrolase, is ten times more active than CYP1A in doing so (Shimada et al., 1999). CYP1B1 null mice are protected from BaP induced bone marrow toxicity; BaP was only able to cause bone marrow toxicity in a low affinity AHR mouse unable to produce sufficient levels of CYP1A to detoxify BaP (Galvan et al., 2003). The authors showed that liver CYP1A serves to metabolize and prevent BaP from reaching the bone marrow where CYP1B1 can form the more toxic dihydrodiol epoxide PAH metabolite, leading to apoptosis of progenitor B-lmphocytes. This situation resembles the PAH synergistic developmental toxicity in our zebrafish studies, in which low levels of the PAH-type AHR agonist -naphthoflavone (BNF) become toxic when CYP1A is unable to metabolize it (Billiard et al., 2006). Thus, one hypothesis is that a metabolic shift toward CYP1B1 is responsible, at least partly, for the synergistic toxicity in developing zebrafish. Alternatively, given the similarity of protein identity and function between CYP1A and CYP1B1, we also tested the hypothesis that CYP1B1 serves a protective function similar to CYP1A.
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We used a morpholino approach to transiently knockdown expression of CYP1B1 in developing zebrafish embryos. Experiments were conducted using the zebrafish AB* strain following confirmation that the cDNA region surrounding the CYP1B1 ATG start sight was not different from the published Tubigen strain sequence NM_001013267 (data not shown). Morpholinos against CYP1B1

(5'-TCTCAGAGCCAGCAGGACATCCATC-3'), CYP1A

(5' -TGGATACTTTCCAGTTCTCAGCTCT-3' ), and a standard control morpholino (5' -CCTCTTACCTCAGTTACAATTTATA-3' ) were obtained from GeneTools (Philomath, OR, USA). Embryos were injected with 3-5nl of 0.15mM morpholino and dosed with 21 µg/L 7-ethoxyresorufin, as well 1 µg/L BNF, 50 µg/L or 100 µg/L of the CYP1A inhibitor -naphthoflavone (ANF) alone and in combination with BNF, from 24hpf to 96hpf (Billiard et al., 2006). At 96hpf, embryos were imaged for EROD activity and deformities, and results were quantified using IP Lab software (Scanalytics Inc., Fairfax, VA, USA) and expressed as % control as previously described (Billiard et al., 2006).

Data presented as mean ± SEM (n= 3 pools of 5 embryos). While the large numbers of embryos required for these studies prevented inclusion of a control morpholino in every experiment, we have previously shown this control morpholino is not different from noninjected controls using these same chemical exposures (Billiard et al., 2006).

EROD activity was increased by exposure to BNF in the non-injected controls (NI) and CYP1B1-knockdown larvae, and not in the CYP1A-knockdown or CYP1A+1B1-double knockdown larvae. BNF-induced EROD activity was inhibited by co-exposure with ANF in all groups (data not shown). No significant deformity rescue or
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exacerbation was observed between CYP1B1-knockdown and NI controls, nor between CYP1B1+CYP1A double knockdown compared to CYP1A-knockdown alone (Fig. 1).

To confirm knockdown of CYP1B1, we dosed control morpholino and CYP1B1morpholino injected embryos with a more potent AHR ligand, PCB126 at a non-toxic dose of 1 µg/L, and used whole mount immunolocalization with CYP1B1 polyclonal antibodies (a generous gift from D. Buhler) to visualize protein knockdown at 72hpf.

Immunohistochemistry was conducted as described previously for zfCYP1A (Andreasen, et al., 2002). CYP1B1 antibody was used at a concentration of 18 µg/mL, and Alexa

Fluor ® 594 goat anti-rabbit IgG at a dilution of 1:1500 (Molecular Probes, Eugene, OR) to impart fluorescence.

Localization of CYP1B1 at 72hpf was found in epithelial cells, and was inducible by PCB126 (Fig. 2). This induction was lessened in CYP1B1 knockdown embryos, although not completely. As the CYP1B1 antibody was made prior to the discovery of CYP1C1, it is possible that this polyclonal antibody recognizes CYP1C1 as well as CYP1B1. Regardless, we were able to obtain some knock-down with the CYP1B1 morpholino.

In light of recent studies identifying CYP1C1 as a fish specific closely related CYP1 family member, it has been suggested that the piscine CYP1B1 and CYP1C1 enzymes, which have 48% protein similarity, together serve the function of the singular CYP1B1 enzyme in mammals (Godard et al., 2005). It would thus be interesting to see in future studies whether knockdown of CYP1C1 alters PAH toxicity.

In conclusion, we were not able to observe any rescue or exacerbation of deformities by CYP1B1 knockdown by itself or in combination with CYP1A
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Figure Caption

Fig. 1 .

 1 Fig. 1. Quantification at 96 hours post fertilization of pericardial edema (a), jaw-eye gap

Fig. 2 .

 2 Fig. 2. Immunolocalization of CYP1B1 (530 nm excitation and 586 nm emission filter;
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