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Zearalenone (ZEN) is a nonsteroidal estrogenic
mycotoxin produced by Fusarium graminearum. ZEN enters
the aquatic environment via agricultural run-off from F.
graminearum-infested agricultural products. In addition to
agricultural fields, ZEN has been detected in soils, drainage
water, and wastewater influent and effluents in several
countries worldwide!2), as well as in flowing river waters3).
Because of its pronounced estrogenicity, it is a major
concern in agueous environments, even at very low levels
of nanograms per liter4. Furthermore, the toxin has been
found in commercial fish feeds and feed materials5. ZEN
undergoes two biotransformation pathways by
enterocytes; the first pathway is based on hydroxylation,
producing a- and B-zearalenols, presumably catalyzed by
3a- and 3B-hydroxysteroid dehydrogenases, respectivelys).
However, there are limitations in the data available for the
estrogenic potency of ZEN analogs (ZENs) in fish. This study
aimed to evaluate the estrogenic potentials of ZEN and its
analogs, o-zearalenol (a-ZEL), a-zearalanol (a-ZAL), B-
zearalenol (B-ZEL), B-zearalanol (B-ZAL), and zearalanone
(ZAN), using zebrafish-based in vivo and in silico assays.

At 72 hours post-fertilization (hpf), zebrafish embryos
were subjected to exposure to either DMSO or varying
concentrations of ZEN and its analogs. At 96 hpf, exposed
embryos were collected for gene expression analysis to
investigate the concentration-response relationships for
MRNA expression of an estrogen receptor (ER) target gene,
CYP19A1b. In silico analyses were performed using the
Molecular Operating Environment as reported previously?).
Briefly, a homology model of ligand binding domains (LBDs)
of zebrafish ER subtypes (i.e., zZfERa, zfERB1, and zfERB2)
were constructed based on the crystal structures of human
ERa and ERP proteins. Molecular docking simulations of
ligands tozfER subtypes were performed using ASEDock

program in the MOE. The scoring value calculated with
ASEDock was based on the ligand-protein interaction
energy. The most stable binding mode of the ligand with
each zfER LBD was determined based on the lowest
U_dock value (kcal/mol)

Exposure of zebrafish embryos to ZENs resulted in the
induction of CYP19A1b expression in a concentration-
dependent manner by all tested chemicals. Based on the
half maximal effective concentration (ECsg), the estrogenic
potencies were ranked as a-ZEL (24 nM) > a-ZAL (35 nM) =
ZAN (38 nM) > B-ZAL (51 nM) > ZEN (87 nM) > B-ZEL (163
nM). In silico docking simulations of ZENs with zfER
subtypes revealed that all ZENs formed a hydrogen bond
with Leu355 in zfERa LBD except for B-ZEL, Leu372 in
zfERB1 LBD except for ZAN, and Leu357 in zfErb2 LBD
except for B-ZEL. The interaction energy of ZENs to each of
the zfER subtypes showed positive correlations with ECso
for in vivo CYP19A1b induction by these compounds (Fig.
1).
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Fig. 1. Correlation between ECso values of CYP19A1b expression in vivo and interaction energies of compounds to

each of zfER subtypes in silico.
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