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Abstract

Induction of many genes encoding detoxifying enzymes and antioxidant proteins is
mediated through a common mechanism, which is controlled by electrophile responsive
elements (EpRE) within the regulatory region of those genes. Copper and methyl parathion
are environmental pollutants known to induce the expression of EpRE-mediated genes. In
order to evaluate the molecular response triggered by these pollutants, a stable cell line was
produced, which carries a transgene comprised of the green fluorescent protein (GFP)

reporter gene under transcriptional control of the mouse glutathione-S-transferase (gst/)



electrophile responsive element fused to the mouse metallothionein (m#/) minimal
promoter. The rat HTC hepatoma cells were transfected with the EpREmt-GFP construct
and successfully selected with G418 antibiotic. EpREmt-GFP HTC cells were treated with
0.002mg.L", 0.02 mg.L", 0.2 mg.L"" and 2 mg.L"' copper sulfate and 0.001 mg.L", 0.01
mg.L", 0.1 mgL"' and 1 mg.L"' methyl parathion for 48h. GFP expression was directly
quantified in living cells using a microplate fluorimeter. GFP expression was significantly
increased in higher concentrations of both pollutants, showing a 1.80- and 2.58-fold
induction of GFP at 2 mg copper.L” and 1 mg methyl parathion.L”", respectively (p<0.01).
The results obtained in the present study demonstrate that the EpREmt-GFP HTC cell line
can be an interesting model for further development for the study of the cellular response to
aquatic pollutants as well as a new tool for environmental monitoring at the molecular

level.
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Electrophile responsive elements (EpRE) are within the regulatory region of a
number of genes involved with xenobiotic metabolism and antioxidant defense. These
include NAD(P)H:quinone oxidoreductase (NQO), glutathione S-transferase Ya subunit
(GST Ya), heme oxygenase 1 (HO-1), and y-glutamylcysteine synthetase (GCL) (for

review see Jaiswal, 2004). EpRE core sequence (5’-TMAnnRTGAYnnnGCR-3’) was



characterized by defining regions of the sequence required for basal and xenobiotic
inducible expression (Rushmore et al., 1991). Copper and methyl parathion are pollutants
capable of generating oxidative stress in zebrafish cells and initiating the transcription of an
EpRE-regulated reporter gene (Carvan III et al., 2001). The objective of the present study
was to create and validate a stable reporter cell line using green fluorescent protein (GFP)
expression as a reporter of EpRE-mediated transcriptional activation. A stable cell line was
produced which carries a transgene comprised of the GFP reporter gene under
transcriptional control of the mouse glutathione-S-transferase (gst/) electrophile-responsive
element fused to the mouse metallothionein (mt/) minimal promoter. The cells used in the
present study were a rat hepatoma line (HTC) obtained from the Rio de Janeiro Cell Bank
(Brazil) and grown in RPMI 1640 (Gibco) medium supplemented with sodium bicarbonate
(0.2 g/L), L-glutamine (0.3 g/L), HEPES (25 mM) and B-mercaptoethanol (5 x 1072 M),
with 10% fetal bovine serum (Gibco), 100 IU/ml penicillin and 100 pg/ml streptomycin
(Gibco), in cell culture flasks, at 37 °C. In order to create the stably transfected EpRE-GFP
reporter cell lines, 5x10° cells were transfected with 5 pg of the EpREmt-GEP construct
and 25 pg DOTAP cationic lipid (Acros) in 2 mL serum-free RPMI medium and incubated
at 37 °C for 24 h. The medium was then replaced with 2 mL. RPMI medium and geneticin
(500 pg/mL; Gibco) was added after 48 h. Presence of the transgene in the cells was
verified by PCR with transgene-specific primers (RV3 - 5’-
CGGAATTCCTAGCAAAATAGGCTGTCCC-3’ and SV40-PA - 5’-
ACTGCGGCCCGTAAGATACATTGATGA-3’). For model validation, the EpREmt-GFP
HTC cells were plated at a concentration of 1x10° cells/well in a 24-well plate and were

treated with 0.002mg.L", 0.02 mg.L", 0.2 mg.L" and 2 mg.L"' copper sulfate and 0.001



mg.L’l, 0.01 mg.L'l, 0.1 mg.L'1 or 1 mg.L'1 methyl parathion for 48h. The compounds were
dissolved in water (copper) or acetone (methyl parathion) and added in a final
concentration of 0.01% (v/v) in the cell culture medium. The concentrations of 0.02 mg.L'1
and 0.01 mgL" indicated maximum values permitted by the Brazilian legislation in
freshwater for copper and methyl parathion, respectively. Controls were treated with
solvents (water for copper and acetone for methyl parathion). GFP expression was directly
quantified in living cells using a microplate fluorimeter (Victor 2, Perkin Elmer) with
excitation/emission at 485 nm/530 nm. GFP expression values were normalized to total cell
number. Fluorescence data were subjected to an analysis of variance (ANOVA). Post-hoc
comparisons were made by Tukey’s test and all statistical tests used fixed type I error of
5% (0=0.05). After selection with G418 antibiotic, the cells were subjected to genomic
DNA extraction (Sambrook et al., 1989) and PCR analysis, which confirmed the presence
of the transgene. For validation of the model, the stable cell lines were exposed to the
pollutants at the concentrations cited above and the GFP expression visualized by
epifluorescence microscopy (Fig. 1). The results of GFP fluorimeter quantification showed
a 1.8-fold induction of GFP at 2 mg copper.L" (Fig. 2A, p<0.01) and 2.58 times at 1 mg
methyl parathion.L” over controls (Fig. 2B, p<0.01). These results indicate an EpRE
induction only at concentrations that exceed 100 times the value permitted by the Brazilian
legislation. However, copper concentration up to 216 mg.L" has been found in aquatic
environment at Southern Brazil (Niencheski and Baumgarten, 2000), which makes this
model suitable for this level of contamination. In terms of comparison between the
pollutants studied here, Carvan III et al. (2001) also verified a larger induction capacity for
methyl parathion when compared to copper, corroborating our results. Profiles showing

induction of GFP reporter gene expression were described by Zhu and Fahl (2000). These



authors have considered that EpRE-mediated gene activation is related to cellular
detoxification processes. Even though we have demonstrated that EpRE can be induced in
HTC cells by high concentrations of copper and methyl parathion, a high level of basal
EpRE-GFP induction was also observed in this cellular type (Fig. 1). In fact, it is known
that genes involved with xenobiotic metabolism and antioxidant defense are highly
expressed in tumoral cells (for review see Nair et al., 2007). This could explain the lack of
significant differences at lower pollutant concentrations (Fig. 2). In addition, both
pollutants used here could be chelated or complexed with other components present in the
medium and thus unavailable to the cells. An interesting perspective of the present study is
the development of new reporter cell lines of non-tumoral origin, which are currently
underway in our laboratory. The employment of such cell lines as environmental
monitoring models through utilization of transgenes constituted by pollutant responsive
elements directing reporter gene expression could compose a sensitive, low-cost and
practical method for biological monitoring of aquatic pollution. In summary, the initial
results obtained in the present study are promising and have stimulated further development

of in vitro models as tools for the study of cellular response to aquatic pollutants.
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Figure captions

Fig. 1. Green fluorescence protein (GFP) expression visualized using an epifluorescence
microscope (x400 magnification). Cells were treated with 0.002 mg.L"' (C2), 0.02 mg.L’
(C3), 0.2 mg.L"(C4) and 2 mg.L"'(C5) copper sulfate and 0.001 mg.L"'(C2), 0.01 mg.L"
'(C3), 0.1 mg.L'(C4) and 1 mg.L"'(C5) methyl parathion for 48h. Controls (C1) were
treated with solvents (water for copper and acetone for methyl parathion). a. phase-contrast;

b. fluorescence.

Fig. 2. Green fluorescence protein (GFP) expression in EpREmt-GFP HTC cell line. Cells
were treated with copper sulfate (A) and methyl parathion (B) for 48h. Controls were
treated with solvents (water for copper and acetone for methyl parathion). The results are
expressed in RFU (relative fluorescence units) normalized by total cell number. Induction

is reported as the mean expression * S. E.; (¥) indicates significant difference (n=3) p<0.01.
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