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Abstract — The objective of this study was conducted to identify
the possibility of using Chironomus metallothionein (MT) and
vitellogenin (VTG) as biomarkers of stress caused by endocrine-
disrupting chemicals (EDCs), heavy metals, herbicides and veterinary
antibiotics. We characterized the MT and VTG c¢DNA in Chironomus
riparius and evaluated their mRNA expression profiles following
exposure to different environmental pollutants. The gene expression
analysis showed that the MT mRNA levels increased significantly
after long-term exposure to cadmium (Cd), copper (Cu), Lead (Pb),
di(2-ethylhexyl) phthalate (DEHP), and 2,4-dichlorophenoxyacetic
acid (2,4-D). Moreover, the VTG mRNA expression increased
significantly in C. riparius larvae exposed to BPA, NP, DEHP, Cd,
2,4-D and fenbendazole. Evaluation of the long-term effects of
environmental pollutants revealed up regulation of Chironomus
MT mRNA in response to DEHP exposure among EDCs, and the
level of the VTG mRNA was increased significantly following
treatment with Cd and herbicide 2,4-D at all concentrations in a
dose-dependent manner. These results indicate that VTG could
be used as a potential biomarker of herbicide and Cd as well as
EDCs, while MT was a potential biomarker of heavy metals
such as Cd, Cu, and Pb in aquatic environments.

Keywords — Chironomus riparius, metallothionein, vitellogenin,
environmental pollutants, biomarker

1. Introduction

Environmental pollutants from industrial, agricultural,
and domestic sources contain a wide variety of natural and
synthetic chemicals. Organisms living in aquatic environment
are affected by these chemical toxicants (Torres et al. 2008).

*Corresponding author. E-mail: iskwak@jnu.ac.kr,
inkwak@hotmail.com

According to the characteristics of a species, the interactions
of toxic elements with living organisms in water may cause
biomagnifications along the food chain or bio-concentration
of what passes through the water. Furthermore, accumulation
of various pollutants in an aquatic environment occurs in
the sediment, which is the habitat of the midge larvae
(Planello et al. 2010). It is well known that aquatic sediments
can act as sinks for pollutants such as trace metals, with
sediment chemical concentrations often being orders of
magnitude higher than those encountered in surface waters
(Burton 1991). Chironomids are of great interest in ecology
because they represent a predominant part of benthic
communities in all freshwater systems. Indeed, these
organisms play an important role in detritus processing and
the recycling of organic matter (Rieradevall et al. 1995).
Chironomid species are useful indicators of environmental
states in aquatic ecosystems.

Biomarkers have been used for toxic assessment of
contamination in aquatic ecosystems (Ladhar-Chaabouni et
al. 2012). Gene expression response has also been sensitively
induced by characterized or uncharacterized chemical
stressors. In some aquatic organisms, metallothionein (MT)
and vitellogenin (VTG) genes, which are biomarkers of
heavy metals and endocrine disruptor chemicals (Papetti
and Rossi 2009; Kim et al. 2011; Velma and Tchounwou
2011), have been assessed. Metallothionein (MT) is a superfamily
of cysteine-rich proteins that contribute to metal metabolism,
detoxification of heavy metals, and immune responses such
as protection against ionizing radiation and antioxidant
defense (Wang et al. 2009). MT is a protein that has a low
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molecular weight of ~7 kDa and a high affinity for metals.
MT binds with metals and regulates the homeostasis of
essential trace metals such as copper and zinc and participates
in counteracting the toxic effects of heavy metals such as
cadmium, mercury, and silver (Viarengo et al. 1999). Numerous
studies have reported that MT is involved in the mechanisms
of general responses to stress and the tolerance and the
detoxification of heavy metals (Cobbett and Goldsbrough
2002; Choi et al. 2008).

Vitellogenin (VTG) is a large precursor protein of egg
yolk vitellin that provides energy reserves in oviparous
vertebrates and invertebrates (Shu et al. 2009). In many
insect species, VIGs are primarily synthesized in the fat
bodies in sex-, tissue-, and stage-specific manners, after
which they are secreted into the hemolymph and then
sequestered by competent oocytes via receptor-mediated
endocytosis (Sappington and Raikhel 1998; Snigirevskaya
and Raikhel 2005). Ecdysteroids (20-hydroxyecdysone,
20E, is the most active form) and juvenile hormones assume a
gonadotrophic role in adult female insects and regulate
vitellogenesis (Engelmann 1986; Bownes 1989; Bownes
et al. 1996). Insect VTGs are phospholipoglycoproteins
synthesized as ~200 kD precursors derived from a 6-7 kb
VTG mRNA transcript (Tufail and Takeda 2008). The number
of VTG genes varies among insect species (Tufail and
Takeda 2008). Insect VTG is also involved in the regulation
of hormonal dynamics and has multiple coordinating
effects on the social organization of worker and male honey
bees (Guidugli et al. 2005; Nelson et al. 2007). Induction of
VTG has been used as a biomarker of exposure to heavy
metals and EDCs in aquatic organisms (Cervera et al. 2005;
Matozzo et al. 2008; Shu et al. 2009; Hwang et al. 2010).
However, there is no information on the sequence of Chironomus
MT and VTG and the pattern of gene expression by chemical
toxicity.

In this study, the expression changes of the Chironomus
MT and VTG in 4th instar larvae of Chironomus riparius Mg.
(Diptera: Chironomidae), due to exposure to 8 environmental
chemicals with different modes of action - namely, bisphenol
A(BPA), 4-nonylphenol (NP), di(2-ethylhexyl) phthalate
(DEHP), cadmium chloride (Cd), copper chloride (Cu),
lead(ID)nitrate (Pb), 2,4-dichlorophenoxyacetic acid (2,4-
D), and fenbendazole, were evaluated. Endocrine-disrupting
chemicals (EDCs) can potentially interfere with the hormone
system and disrupt the reproduction of natural populations
of several aquatic organisms (Mills and Chichester 2005;
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Park and Kwak 2010). Many of the heavy metals released
into the environment in recent years can be traced to the
wastes associated with electroplating, smelting and mining
as well as the intensive use of consumer products such as
plastics, pigments and nickel/Cd batteries (Jarup et al.
1998; Zadorozhnaja et al. 2000). Herbicides are agricultural
contaminants found in rural ground water. The herbicide
2,4-dichlorophenoxyacetic acid (2,4-D) is one of the most
successfully and widely used herbicides (Teixeira et al.
2007). The widespread use of pesticides/herbicide has led
to increasing contamination of the aquatic environment
(Park et al. 2010). Veterinary antibiotics are widely used in
many countries to treat disease and protect the health of
animals (Park et al. 2009). Benzimidazole anthelmintics
have recently received attention due to their high production
volumes and potential adverse effects on non-target ecological
receptors (Oh et al. 2006; Kreuzig et al. 2007; Escher et al.
2008). For example, the annual sales amount and production
of fenbendazole in Korea was reported to be 356 (Kim et al.
2006) and 220 tons (Oh et al. 2006), respectively. These
various environmental pollutants have the potential to cause
problems in the ecosystem because they are not readily
degraded in the environment. Additionally, the toxic effects
of these pollutants on aquatic environments are not well
understood. To determine the potential for the use of
Chironomus MT and VTG as biomarkers, we investigated
the mRNA expression of MT and VTG genes in C. riparius
exposed to environmental pollutants such as EDCs, heavy
metals, herbicides and veterinary antibiotics.

2. Materials and Methods

Organisms

The rearing conditions utilized in this study followed the
methods described by Streloke and Kopp (1995). Briefly, C.
riparius larvae were obtained from adults reared in the
laboratory, with the original strain being provided by the
Korea Institute of Toxicology (Daejeon, Korea). All larvae
were reared in an environmental chamber under a 16:8 h
light: dark cycle and a light intensity of approximately 500 Ix.
During rearing, the temperature of the water in the incubator
chamber was maintained at 20 + 1 °C (Sanyo, Osaka, Japan).
Larvae that hatched from the eggs were maintained in Duran
crystallizing dishes (Schott, Mainz, Germany) containing
approximately 500 mL of M4 culture medium (Elendt 1990)
and a 1 cm sediment layer of fine sand (< 63 um particle
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size). The dishes were continuously aerated after introduction
of the midge larvae. Additionally, all dishes received 5 mg
of food that had been ground in a blender (0.5 mg Larva™;
Tetra-Werke, Melle, Germany) each day.

Exposure conditions

All experimental larvae were acquired by day 11 after
hatching from the same control egg masses. All chemicals
for experiments were purchased from Sigma-Aldrich (St.
Louis, MO, USA). For the chemical treatment, acetone was
used as the solvent for bisphenol A (BPA), 4-nonylphenol
(NP), and di(2-ethylhexyl) phthalate (DEHP). Water was
also used for cadmium chloride (Cd), copper chloride (Cu),
and lead(IDnitrate (Pb). The 2,4-dichlorophenoxyacetic acid
(2,4-D) and fenbendazole were dissolved in methanol as the
solvent. The three nominal concentrations were used for
exposure conditions of each pollutant at concentrations
that were previously tested in C. riparius during toxicity
experiments.

For each chemical treatment, 20 of the 4th instar C.
riparius larvae were transferred to 300-mL crystallizing
dishes (Schott, Mainz, Germany) containing 200 mL of M4
media, after which they were treated with one of three
concentrations of each chemical for long-term exposure
periods (96 h). All experiments were conducted in triplicate
using independent samples. The untreated larvae that were
used as controls were also measured in triplicate. Exposure
was conducted at a constant temperature (20 = 1°C) and a
16:8 h light:dark photoperiod was used for all experiments.

MT and VTG mRNA expression analysis

Total RNA was isolated from C. riparius larvae with TRIZOL"
reagent (Invitrogen, Scotland, UK) in accordance with the
manufacturer’s instructions. Single-strand cDNA was then
synthesized from 3 pg of total RNA using the SuperScriptTM
III RT kit (Invitrogen, Carlsbad, CA, USA) with a random
hexamer primer for reverse transcription in a 20 pl reaction

Table 1. Primers used for the amplification of specific genes

mix. The cDNA samples obtained were then utilized as PCR
templates using primers specific for the MT (HQ260607)
and VTG genes (HQ260608). The cDNA for the MT and
VTG genes was obtained from a C. riparius cDNA library
constructed in our previous study (Park et al. 2010).
Additionally, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal control (EU999991) for
PCR. The sequences of the oligonucleotide primers are
provided in Table 1. Quantitative RT-PCR amplification
and measurements were conducted using an AB7300 Real
Time PCR System (Applied Biosystems, Foster City, CA,
USA) in accordance with the manufacturer’s instructions.
To quantify the cDNA, RT-PCR was conducted using a
master mix with a final volume of 25 pl that contained 1pl
of cDNA template, 0.2 uM of each primer and 1SYBR"
Premix Ex Taq (Takara, Kyoto, Japan). The following PCR
conditions were utilized to amplify the genes: 94 °C for 4
min, followed by 35 cycles of 94 °C for 30 sec, 54 °C for 30
sec and 72 °C for 30 sec. The quality of the amplification
was then assessed with an AB7300 Real Time PCR system
to conduct dissociation curve analysis. The cycle threshold
(CT) was determined using the AB7300 System SDS software.
Fold changes in the expression levels were calculated via
the comparative CT method, which was normalized against
the GAPDH expression of the same samples. Each test
consisted of at least three replicates.

Data analysis

The results are expressed as the means = SD, unless
otherwise stated. MT and VTG mRNA levels in each sample
were normalized against the level of GAPDH in the same
samples based on standard curves. The normalized levels of
the MT and VTG transcripts in each chemical treated group
were then compared to those of the solvent controls using
ANOVA followed by Tukey’s multiple range test. Statistical
analyses were conducted using SPSS 12.0KO (SPSS, USA)
and a p <0.05 was considered significant.

Gene Primer sequences Amplified size GenBank Accession No.
GAPDH 5'-GGTATTTCATTGAATGATCACTTTG-3' 110 bp EU999991
5-TAATCCTTGGATTGCATGTACTTG-3'
MT 5'-GGGCTGCAAATGTTGTTCACA-3' 130 bp HQ260607
5'-GCAGCAGITCTTGCAGCATTC-3'
VTG 5'-GACTATAAAGATTGTTCCATGTG-3' 221 bp HQ260608

5'-GAGTATGGTGGAGAATCATTAGT-3'

2 Springer



438 Park, K. and Kwak, I.-S.

3. Results

Characterization of the C. riparius MT and VTG genes

MT and VTG genes are stress response-associated
biomarker genes. In this study, the C. riparius MT and VTG
genes were first identified from a library of C. riparius
cDNA. The partial sequences of the C. riparius MT and
VTG genes were deposited in the GenBank database
(accession no. HQ260607 and HQ260608). The nucleotide
sequences identified in this study were not significantly
homologous with those of any species present in the GenBank
database. However, the amino acid sequences of the MT region
of C. riparius were 56%, 52%, 51% and 45% homologous
with those of Belgica antarctica (Antarctic midge, ABF72882),
Drosophila melanogaster (Fruitfly, NP_650882), Tabanus
yao (Horsefly, ABX80078) and Anopheles gambiae (African
malaria mosquito, AAX860006), respectively. Additionally,
the amino acid sequences of the VTG region of C. riparius were
39%, 38% and 37% homologous with those of Aedes aegypti
(Aegypti mosquito, XP_001652449), Culex quinquefasciatus
(Southern house mosquito, XP_001865748) and Tribolium
castaneum (Red flour beetle, XP_001807564), respectively
(data not shown). Finally, the sequences of MT and VTG
were not highly homologous among species.

The expression of MT and VTG mRNA in response to
EDC:s exposures

Molecular responses to EDCs toxicity were observed via
an investigation of MT and VTG mRNA expression in C.
riparius exposed to BPA, NP or DEHP with various
concentrations for 96 h. The mRNA expression of the MT
gene in C. riparius larvae subjected to long-term exposure
to EDCs is shown in Fig. 1. The response of the MT gene
decreased significantly in C. riparius exposed to relatively
low concentrations, 1 pg L NP (» <0.05), although the MT
expression did not differ significantly between the control
and BPA treated group (Fig. 1). However, the response of
the MT mRNA expression was increased significantly at all
concentrations after exposure to DEHP alone (p < 0.05). A
significant increase (two-fold) in Chironomus MT was observed
in C. riparius exposed to a relatively high concentration (50
mg L") of DEHP (p <0.05).

VTG mRNA expression in C. riparius was increased
significantly in response to exposure to all concentrations of
BPA, NP or DEHP for 96 h (p < 0.05)(Fig. 2). The response of
VTG mRNA to BPA exposure was found to occur in a dose-
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Fig. 1. Expression of the MT mRNA in fourth-instar C. riparius
larvae exposed to EDCs for 96 h. MT mRNA expression
is shown relative to GAPDH expression following
normalization. The experiment was conducted in triplicate
and the data are expressed as the means = the standard
error of the mean. Differences between chemical treated
and solvent control treated samples were considered to be
significant at *p < 0.05
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Fig. 2. Expression of the VTG mRNA in fourth-instar C. riparius
larvae exposed to EDCs for 96 h. VTG mRNA expression is
shown relative to GAPDH expression following normalization.
The experiment was conducted in triplicate and the data
are expressed as the means = the standard error of the
mean. Differences between chemical treated and solvent
control treated samples were considered to be significant
at *p <0.05. ** indicates p < 0.01

dependent manner. The greatest increase in VTG gene
expression was observed in response to exposure to a
relatively high concentration (500 ug L") of BPA (»<0.01).
Additionally, DEHP toxicity against the VTG gene induced
its highest expression in C. riparius exposed to 5 mg L™
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DEHP (p < 0.01). Thus, all EDC treatments induced VTG
mRNA expression in C. riparius (Fig. 2).

The expression of MT and VIG mRNA in response to
heavy metal exposure

To identify genes involved in the responses to heavy
metals toxicity, we observed the MT and VTG mRNA
expression in C. riparius exposed to various concentrations
of Cd, Cu or Pb for 96 h. The expression of MT mRNA was
induced significantly in C. riparius after exposure to heavy
metals (Fig. 3). MT mRNA expression was significantly
up-regulated in response to all concentrations of Cd exposure in
a dose-dependent manner (p < 0.05). A significant increase in
MT mRNA of more than ten-fold was observed in response
to exposure to a relatively high concentration (20 pg L™) of
Cd (p <0.01). After Cu or Pb treatments, MT mRNA expression
was also increased in response to all concentrations (Fig. 3).

VTG mRNA expression was also significantly up-regulated
in response to all concentrations of Cd in a dose-dependent
manner (p < 0.05). The greatest increase in VTG mRNA
expression was more seven fold in response to a relatively
high concentration (20 ug L) of Cd (p <0.01)(Fig. 4). The
induced VTG mRNA was not observed in response to
exposure to any concentrations of Cu and Pb evaluated in
this study. The response of the VTG mRNA was only sensitive
to Cd exposure.

207 Ccd

- Cu

k=] &z Pb

E’C'_ 15 I

R %
3 /
/
| m _

C 02 2 20 110 100 5 50 500
Cd (%11 Cu (4 L) Pb (8 L)

Fig. 3. Expression of the MT mRNA in fourth-instar C. riparius
larvae exposed to heavy metals for 96 h. MT mRNA
expression is shown relative to GAPDH expression following
normalization. The experiment was conducted in triplicate
and the data are expressed as the means + the standard
error of the mean. Differences between heavy metal treated
and non-treated samples (control) were considered to be
significant at *p < 0.05. ** indicates p < 0.01
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Fig. 4. Expression of the VTG mRNA in fourth-instar C. riparius
larvae exposed to heavy metals for 96 h. VTG mRNA
expression is shown relative to GAPDH expression following
normalization. The experiment was conducted in triplicate
and the data are expressed as the means = the standard
error of the mean. Differences between heavy metal
treated and non-treated samples (control) were considered
to be significant at *p < 0.05. ** indicates p < 0.01
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Fig. 5. Expression of the MT mRNA in fourth-instar C. riparius
larvae exposed to 2,4-D and fenbendazole for 96 h. MT
mRNA expression is shown relative to GAPDH expression
following normalization. The experiment was conducted
in triplicate and the data are expressed as the means =+ the
standard error of the mean. Differences between chemical
treated and solvent control treated samples were considered
to be significant at *p < 0.05

The expression of MT and VTG mRNA in response to
exposure to herbicide and veterinary antibiotics

Changes in MT mRNA expression in response to long-
term herbicide and veterinary antibiotics are shown in Fig. 5.
MT mRNA expression was only significantly upregulated
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Fig. 6. Expression of the VTG mRNA in fourth-instar C. riparius
larvae exposed to 2,4-D and fenbendazole for 96 h. VTG
mRNA expression is shown relative to GAPDH expression
following normalization. The experiment was conducted
in triplicate and the data are expressed as the means =+ the
standard error of the mean. Differences between chemical
treated and solvent control treated samples were considered
to be significant at *p < 0.05. ** indicates p < 0.01
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in response to relatively high concentrations (10 pg L) of
2,4-D (p <0.05). However, the MT mRNA expression decreased
significantly in response to the 10 and 30 L™ fenbendazole
treatments (p < 0.05).

VTG mRNA responses to environmental pollutants were
observed in C. riparius exposed to various concentrations
of 2,4-D and fenbendazole for 96 h (Fig. 6). After 2,4-D
exposure, the Chironomus VTG mRNA showed a significant
increase in a dose-dependent manner. Additionally, the highest
increase of more seven fold was observed in response to a
relatively high concentration (10 pg L) of 2,4-D (p <0.01) (Fig.
6). However, the VTG mRNA response to veterinary antibiotics
was only significantly upregulated in response to relatively
low concentrations (1 pg L") of fenbendazole (p < 0.05).

4. Discussion

In this study, we investigated the differential expression
of MT and VTG mRNA in C. riparius in response to various
environmental pollutants. Rapid industrial development
has caused the release of diverse and complex forms of
chemicals into aquatic environments. MT has been suggested
as a biomarker of metal contamination in aquatic environments
via its binding to particular metals. Our findings regarding

&) Springer

the effects of heavy metal exposure on the mRNA level of
MT gene confirm that Chironomus MT is a useful biomarker
for the detection of long-term effects of heavy metals such
as Cd, Cu, and Pb. The induction of the MT gene in response to
heavy metals has been previously well characterized in
various organisms (Bourdineaud et al. 2006). Cd treatment
significantly elevated MT mRNA expression in heavy
metal-tolerant Anopheles gambiae mosquitoes (Mireji et al.
2010). Cd treatment also significantly induced MT mRNA
in a dose-dependent manner in the clam Mactra veneriformis
(Fang et al. 2010) and killifish Kryptolebias marmoratus
(Rhee et al. 2009).

MT also reportedly plays an important role in immune
response (Cai et al. 1999), antioxidant processes (Viarengo
et al. 2000; Cavaletto et al. 2002), and response to estrogenic
compounds (Canesi et al. 2007). One of the most notable
results was the up-regulation of the MT mRNA in response
to DEHP. This increase was observed in response to all
concentrations of DEHP evaluated herein (Fig. 1), which
suggests that the MT gene plays a functional role in response to
long-term DEHP toxicity in the aquatic invertebrate C.
riparius. DEHP is one of several compounds known to be
hepatic tumor promoters and toxins in mice. Hepatic MT
was very significantly up-regulated - by as much as eleven
fold - in response to MT in an animal model in a dose- and
time-related manner (Waalkes and Ward 1989). Additionally, it
was previously demonstrated that MTs participate in
several cellular functions such as regulation of growth and
antioxidative defenses (Mosleh et al. 2005, 2006). MT
mRNA levels increased significantly after 2, 4, and 7 days
of exposure to different concentrations of the herbicide
isoproturon in the aquatic worms Tubifex tubifex (Mosleh et
al. 2005). In the present study, the herbicide 2,4-D also
induced MT mRNA expression in C. riparius exposed to a
relatively high concentration of 2,4-D (Fig. 5). Moreover,
the MT mRNA response in C. riparius exposed to veterinary
antibiotics was decreased (Fig. 5). These results suggest
that decreased MT mRNA expression may be associated
with the response to oxidative stress by fenbendazole
exposure because the response of HSPs, CYP450 and GST
genes was observed in C. riparius exposed to fenbendazole
(Park et al. 2009). However, additional studies are needed
to better understand this result.

Endocrine disruptors or xenoestrogens are exogenous
agents that interfere with the production, release, transport,
metabolism, binding, action or elimination of natural hormones
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in the body that are responsible for the maintenance of
homeostasis (Tian et al. 2009). EDCs can induce VTG in
males and immature females among aquatic vertebrates and
invertebrates (Matozzo et al. 2008). To our knowledge,
there are limited data about VTG induction in insects
exposed to EDCs. In the present study, the expression of
Chironomus VTG mRNA was significantly up-regulated in
response to BPA exposure in a dose-dependent manner. NP
and DEHP exposure also increased VTG mRNA expression
in C. riparius (Fig. 2). DEHP was reported to have effects
on the female reproductive system of the zebrafish,
including interference with the signals involved in oocyte
growth, maturation and ovulation, as well as deeply impairing
ovarian functions leading to serious consequences on embryo
production (Carnevali et al. 2010). The VTG mRNA up-
regulation in response to DEHP observed in the present
study suggests that DEHP affects oocyte development in
the aquatic organism C. riparius.

Metallo-estrogens have recently been considered as a
new class of potent environmental estrogens (Iacavoli et al.
2009). The heavy metal Cd has recently been identified as a
novel EDC (Henson and Chedrese 2004; Planell6 et al.
2010). Cd exposure affects the release of pituitary hormones
and the gonad production of steroid hormones in vertebrates
(Lafuente et al. 2003; Smida et al. 2004). Additionally,
reproductive and developmental disorders have frequently
been associated with Cd exposure in different organisms,
including insects (Gintenreiter et al. 1993; Laskowski 2001).
In the terrestrial insect Oncopeltus fasciatus Dallas, Cd
exposure delays ovarian maturation and inhibits vitellogenesis,
probably by reduction in VTG (Cervera et al. 2005). Cd is
able to act like steroidal estrogens in vertebrates (Johnson et
al. 2003; Henson and Chedrese 2004), and as an endocrine
disruptor in invertebrates (Cervera et al. 2005). Therefore,
we confirmed the molecular changes that occur in aquatic
midge C. riparius after exposure to Cd by analyzing the
expression patterns of VTG mRNA. Among the heavy
metals evaluated in this study, the VTG mRNA was only
significantly up-regulated in a dose-dependent manner in
response to Cd exposure (Fig. 4).

The aquatic herbicide, 2,4-D, is widely used to selectively
control broadleaf and woody plants in various waterways.
2,4-D is one of the oldest and most commonly used herbicides
(Xieetal. 2005). VTG mRNA expression increased significantly
in C. ripaius exposed to 2,4-D in a dose-dependent manner
(Fig. 6), which suggests that it has estrogenic effects in

aquatic invertebrates and can influence the reproductive
system of C. riparius. Similarly, 2,4-D caused significant
induction of VTG mRNA in rainbow trout (Xie et al. 2005).
Once 2,4-D is in water, it is readily degraded to 2,4-
dichlorophenol, which is an estrogen receptor ligand (Jobling et
al. 1995).

There is no information available regarding the cellular
mechanism by which antibiotics toxicity occurs in aquatic
organisms. In the present study, the veterinary antibiotic
fenbendazole caused significant induction of the VTG mRNA
only when administered in relatively low concentrations for
long-term periods (Fig. 5). Recently, the veterinary antibiotic
sulfathiazole caused a change in the VTG mRNA expression
of Daphnia magna. The response of the VTG mRNA increased
in D. magna exposed to sulfathiazole and environmental
levels of ultraviolet B irradiation (Kim et al. 2009). VTG
serves as a storage protein providing amino acids, carbohydrates,
lipids and phosphates to the developing embryo (Matozzo
etal. 2008). VTG can also transport trace minerals (Falchuk
and Montorzi 2001). Therefore, under oxidative stress, the
demand for cofactors would increase, and as would mineral
transporters such as VTG However, further study is necessary
to understand the reasons for VTG induction and oxidative stress
in response to veterinary antibiotics in aquatic organisms.

5. Conclusion

We investigated the differential expression of MT and
VTG mRNA in the aquatic organism C. riparius, in response to
various pollutants. The induction of MT mRNA expression
was observed in response to DEHP and 2,4-D, as well as
heavy metals. A significant decrease in expression of the
MT mRNA was caused by NP and fenbendazole exposure.
The mRNA expression of Chironomus VTG increased
significantly in response to treatment with Cd, 2,4-D and
fenbendazole, as well as EDCs. Induction of VTG mRNA
by 2,4-D toxicity appeared to have a similar concentration-
dependent pattern of increase. Taken together, the results of
this study suggest that VTG has the potential for use as a
potential biomarker of EDCs, Cd and 2,4-D exposure in
aquatic organisms.
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