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low molecular weight (MW ranging from 3500 to 14000 Da)
proteins which have the capacity to bind both essential
(such as zinc, copper, selenium) and non—essential (such as
cadmium, mercury, silver, arsenic) heavy metals through the
thiol group of its cysteine residues, which consist around 309
of its amino acidic residuesl6l. These MTs play important roles
in the homeostasis of the essential metals like copper (Cu)
and zinc (Zn) as well as being involved in the detoxification of
non—essential metals, such as cadmium (Cd)71. MTs as well
as metallothionein-like proteins (MTLPs) induction in aquatic
organisms have been recognized as a potential biomarker of
heavy metal toxicity and bioaccumulationls].

Cu is one of the most common contaminants found at high
concentrations in aquatic environment. That is to say, aquatic
organisms are being exposed to elevated levels of Cu. In
contrast to Cd, Cu as an essential element for the subsistence
of many animals, is a component of many metalloenzymes
and respiratory pigments and plays an important role in
the activities of cellular metabolisml9l. Both deficient and
excessive amounts of Cu can cause adverse effects in all
species.

Hence aerobic respiration, using oxygen as a nutrient, come
to predominate in biological systems. Organisms generally
adapt several antioxidant mechanisms in their biological
systems as defense processes, and these antioxidant systems
can provide suitable biomarkers for the assessment of
environmental stress. One representative biomarker is a phase
IT enzyme that plays a crucial role in mitigating oxidative stress
in all life forms. Response of animals to heavy metal stress
conditions were demonstrated in marine invertebrate such
as the mollusks Monodonta lineata, Nucella lapillusi10], the
Mediterranean clam Ruditapes decussatesl11], the polychaetes
Perenereis nuntia and Laeonereis acutal12.13].

Catalase (CAT) is an oxidative stress indicator in many
species including aquatic organisms. CAT catalyzes the
decomposition of H,0, to water and oxygen in cells. Particularly
CAT and glutathione S—transferase (GST) seem to be suitable
tools to detect oxidative stresses that were generated during
exposure to contaminants. MT and MTPs induction is also
considered as an indicator of antioxidant processes and
scavenger of free radicals[14].

Among several strong oxidant inducers, the toxic effect
of Cu has been well established as a potential trigger for
reactive oxygen species (ROS) generation during the redox
eycle. Suzuki et all12] reported that Cu (Cu” and Cu™)—induced
oxidation can be perform by reduction of H,0, by the Harber-
Weiss and Fenton reaction of Cu cations, resulting in cellular
damages due to hydroxyl radicals (HO"). For this reason, Cu
was selected as a definite inducer of oxidative stress in the
polychaete Capitella capitata (C. capitata) in this study.

Polychaete species can exhibit a marked capability to
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survive in disturbed environments and may have an elevated
tolerance to chemical stress. There were only few studies on
C. capitata. The deposit—feeding polychaete C. capitata is a
cosmopolitan opportunistic species that inhabits estuarine and
coastal environments. Due to its rapid population growth and
high tolerance to natural (e.g salinity) as well as anthropogenic
(e.g chemical contaminants) stresses, this Polychaete species is
often abundant in polluted estuaries. C. capitata is, therefore,
a useful test specimen to investigate the impacts of pollutants,
including metals(15].

Uppanar estuary is one of the polluted estuaries in the
south east coast of India with particular reference to SIPCOT
industrial complex which is located on the bank of Uppanar
estuary covering an area of about 520 acres with 59 industries.
It is specifically established for chemical, petrochemical,
fertilizers, pharmaceutical, dyes, soap detergent, packing
materials resins, pesticides, drugs, antibiotics etc
manufacturing industries. Most of the industries are wet
process industries and they consume large quantity of water for
their manufacturing process. There is no report on this kind of
biomarker in this estuary.

In the present research, Cu toxicity of metal polluted
sediment and laboratory cultured polychaete C. capitata was
tested. We also investigated the induction of metallothionein

as a biomarker.

2. Materials and methods
2.1. Test organisms

C. capitata weighing (1.5 £ 0.5) g was collected from Uppanar
estuary (11° 43" N, 79° 46’ F) Cuddalore, Tamil Nadu in May,
2011. Sediment samples containing C. capitata were brought
to the laboratory using cool box. The worms were carefully
extracted and transferred to a plastic dishes which containing
filtered seawater with artificial soil sediment for seven days
(salinity 109, pH 8) for acclimatizationl13l. During this period
worms were fed with Artemia salina and the water was changed
every three days. Photoperiod and temperature were applied
at 121:12D and 20 °C respectively. The continuous aeration was

given throughout the culturing process.
2.2. Metal exposure and accumulation

Initially organisms were transferred to dishes without sand,
being maintained for another 4 days before the beginning of
the assays. To assess the effects of the copper, the worms were
exposed to various concentrations of copper as CuSO,*5H,0
(Sigma). Then every ten healthy worms with the similar

fresh weight 1.5 g were placed in different glass beakers at
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20 °C with 1 L seawater with addition of CuSO, and the final
concentration was 50, 100, and 200 ¢ g/L. The worms were
exposed for 7, 14 and 21 days. In all the assays, control groups
were run in parallel, employing only saline water (109) with
the same characteristics cited above. All glassware used in
these experiments had been earlier soaked using 5¢, HNO, to
eliminate any adsorption of metals onto the beakers and roofed
with glass utensils in order to reduce evaporation. Triplicates
were prepared for each concentration. Before frozen at —20 ‘C
worms were weighed for further analysis. Worms dried at 60
°C and the dried worms were taken at constant weight then
digested in the concentrated HNO, and HCIO, at 100 °C. The
digested solutions were made up to the known volumes with
distilled water. The concentrations of Cu in the digested acidic
solutions were determined by using the inductively coupled
plasma—optical emission spectrophotometry (ICP-OES—
Perkin—Elmer)l16l. The content of Cu was expressed as

© glg dry weight.
2.3. Metallothionein analysts

One gram of each copper treated polychaete tissues were
placed in 3 mL ice—cold Tris-HCI] 25 mmol buffer (pH 7.2
at 20 °C), 0.1 mmol phenylmethylsulfonyl fluoride (PMSF) as
antiprotease and 0.5 mmol dithiothreitol (DTT) as the sulfydryl
—protecting agent to prevent the MT from oxidation, then
homogenized with distilled water and the homogenate was
centrifuged at 10000xg for 20 min at 4 C in individual
1.5 mL micro tubes for taking apart of MT from total protein. To
precipitate non MT proteins, 1 mL of supernatant aliquot was
heated at 100 °C for 10 min. Then the heat—treated homogenates
were cooled on ice for 5 min and centrifuged at 10000xg for
20 min at 4 ‘C. Concentration of MT in the tissue samples
were estimated with the mercury—saturation assay with small
modificationsl!7l. The blanks were prepared concurrently by
adding 200 ¢ L Tris-HCl (20 mmol, pH 7.2) to replace heat—
treated sample.

Aliquots of the heat—treated homogenate were fractionated
by gel-permeation chromatography [Sephadex G 75 (26 mm
x60 cm), sigma]. The elution was made with Tris—HCI
25 mmol, pH 7.2 containing 0.5 mmol DTT. For each
fraction, the absorbance at 254 nm was measured and copper
concentration analyzed by ICP—-OES (Perkin—Elmer). The total
protein was determined from the above supernatant without
heat treatment by Bradfordi18] method using bovine serum
albumin as a standard. MT and protein content determination

of each sample and blank was performed in triplicate.
2.4. Antioxidant assays

For antioxidant assays, frozen samples were homogenized
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with distilled water and then the homogenate was centrifuged
at 10000xg for 20 min at 4 °C. The supernatant was kept under 4
°C until being measured for superoxide dismutase (SOD), CAT
and GSH activities.

SOD assay was based on the ability of SOD to inhibit the
auto—oxidation of pyrogallol (50 mmol) in a 50 mmol Tris-HCI
buffer (pH 8.3). The reaction mixture contained 4.5 mL Tris-HCI
buffer, 100 ¢ L supernatant and 10 ¢ L pyrogallol. Oxidation
of pyrogallol absorbance was measured at 325 nm. One unit
of SOD activity was defined as 50¢, inhibition of the oxidation
process (mmol/mg protein/min)(19].

CAT activity was determined according to a modified method
of Greanwald(201. Tt was based on the decomposition rate of
H,0, by the enzyme, which can be measured as absorbance
decrease per minutes at 240 nm. The substrate was prepared by
adding 0.05 mL of supernatant with 1 mL H,0, (30 ¢) and
1.95 mL 0.67 mol phosphate buffer (pH 7.0). The concentration
of H,0,was determined 3—4 min after the initiation of the
reaction by the addition of supernatant. One unit of catalase
activity was defined as 509 H,0, consumption at 1 min
(mmol/mg protein/min).

GST activity was determined as described by Regoli et al21]
by increase of absorbency at 340 nm due to the conjugation
of glutathione (GSH) to 1—chloro—2, 4-dinitrobenzene (CDNB;
Sigma). Enzyme activity values were expressed in GST units,
where one unit was the enzyme amount necessary to conjugate
1 = mol of CDNB per minute and per milligram of total protein
present in the homogenate, at 25 °C and pH 7. GST activity was

measured in supernatant from worms exposed to copper.
2.5. Statistical analysis

In all cases a minimum of three independent experiments
was conducted and each sample was triplicated. Data
presented are means, standard deviations. Data were analyzed
with two way analyses of variance (ANOVA), and pair wise
multiple comparisons were illustrated using origin statistical

tool to compare Cu treatments at P<0.05.

3. Results
3.1. Copper concentration in polychaete C. capitata

During all the experimental periods, there was no
mortality observed. The worms, exposed to different copper
concentrations, exhibited a significant (P<0.05) accumulation
of this element after 7, 14 and 21 days exposure (Figure 1). The
control values remained stable over period of testing time.
Maximum concentration of copper was observed at 21 days
with 200 ¢ ¢/ [(67.89+2.47) ;. gfg dry weight].
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Figure 1. Accumulation of copper (,, g/g dry weight) in C. capitata
exposed to various concentrations of Cu after 7, 14 and 21 days.

3.2. Metallothionein induction

Through the experimental period, the amount of MTs
appearing in the control worms were steady at [(37.15+0.15),
(41.29+1.37), (42.47£1.93) 1 g/g] fresh weight on 7th, 14th and
21st day respectively. The highest concentration of MTs was
obtained with worm exposed 14 days to 100 ¢ g/L [(197.3+
12.32) 1 g/g fresh weight]. Elevation of MT concentrations was
dependent on the duration of exposure. Longer exposure to Cu
(21 days) induced a decrease of the MT content which remained
clearly higher than control levels. MTs were reported higher
(P<0.05) in worms—exposed to different concentrations of Cu
than in control worms (Figure 2).
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Figure 2. Metallothionein content in C. capitata after 7, 14, 21 days of Cu
treatment.

3.3. Total soluble protein content
In untreated group of C. capitata protein content ranged

between [(1458+63), (1475£89), (1493+48) 1+ g/g| fresh weight
after 7, 14 and 21 days respectively, which indicated that they
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remained stable during the experiment. Figure 3 indicates
the MTS contain high amount of copper compared to zinc and
cadmium. In the worms exposed to Cu for 7, 14 and 21 days, the
protein content was significantly higher than control worms
(Figure 4). The higher concentrations of total soluble protein
content were obtained with worm exposed to 200 ¢ g/L after 14
days shown in Figure 4. After 14 days of exposure the protein
content increased gradually.
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Figure 3. Metal-metallothionein perturbation in C. capitata exposed
7, 14 and 21 days to various concentrations of Cu.
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Figure 4. Effects of various concentrations of Cu on total soluble
protein content of C. capitata after 7, 14 and 21 days of exposure.
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3.4. Enzymatic activities

MTs are proteins that act not only as metal stores, but also
as antioxidants[34l. SOD is a group of metalloenzymes that
catalyze the conversion of reactive O, to produce H,0,, which
in itself is an important ROS. H,0, is subsequently detoxified
by two types of enzymes: CAT and POD. Therefore, the three
enzymes can cooperate to neutralize ROS. SOD activity in
copper—exposed worms was higher (P<0.05) compared to the
control group (Figure 5). The highest SOD activity was recorded
at 14th day of 100 g Cu (I) exposed worms. CAT activity was
significantly increased in Cu treated worms compare to control
worms. These increases are more important for higher Cu
concentration on 14th day (Figure 6). GST activity was increased
only in worms exposed to the higher copper concentration
when compared to the other groups tested (Figure 7).
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Figure 5. Effects of various concentrations of Cu on Superoxide

Dismutase activity of C. capitata after 7, 14 and 21 days of exposure.
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Figure 6. Effects of various concentrations of Cu on catalase activity of
C. capitata after 7, 14 and 21 days of exposure.
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Figure 7. Effects of various concentrations of Cu on GST activity of

C. capitata after 7, 14 and 21 days of exposure.

4. Discussion

The present study deals with enzymatic and protein variation
in C. capitata for metal exposure. The maximum concentration
of copper observed at 21 day (200.00 ¢ g/l) was higher than
that reported for the polychaete Hediste japonica after 6 days
exposure to Cu concentration of 150.00 ¢ g/, 22.41 ¢ g/g)22],
and this result was in agreement with the previous observation
for the polychaetes Nereis diversicolor exposed to various
concentrations of Cd, Cu and Zn for 21 days[23l. Our results
also indicated that Cu accumulation increased with exposure
time. Marcano et all24] also indicated the accumulation rate
of Cu [(29.1£23.6) . g/g dry weight]| during 8 days exposure.
Generally metals are bind with =SH compounds present in
polychaete worms(251. MTs has high metal affinity and can
be easily induced by metal treatment which supports to use
it as biomarkers of metal exposure, especially in the marine
environment. Metal response elements (MREs) of the MT gene
expresion elevated when it comes in contact with metals.
Metal-binding regulatory factors (MRFs) are responders of
MREs which activates MT gene transcriptionl26]. MT synthesis
can be controlled both at the level of transcription, and of
translation and there is evidence of high levels of MT mRNA
accompanied by low levels of MT protein. Marcano et all24]
reported that MT like proteins (10-20 kDa) from the polychaete
Eurythoe complanata have a higher affinity for zinc than
for copper. Some of the polychaetes have been used in
metal toxicity assessment using MT or MTLP as biomarker.
This is the first report on C. capitata like these studies.
Preliminary studies of the use of MT as a biomarker for metal
contamination were performed under laboratory conditions
using unrealistically high levels of contaminants, and under
conditions that were often very remote from field conditions.

Cu toxicity may be increase ROS which activate antioxidant
response element (ARE) for MT induction like an immune
response in polychaetes. Increase of MT concentrations in
animals exposed to Cu is clearly due to an activation of their
transcription but can be also related to a decrease of MTs
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degradative process. Additionally, Cu is known to induce
severe oxidative stress and a toxic effect in the polychaetes(27] .

It is well known that the protein degradation of MTs depends
on its metal content. In trout MTs half life changed from 12 to
30 days after Cu contamination(28]. In C. capitata exposed to
Cu an increase of metal-MTs was observed which can lead to
some modification of MT degenerative process. A decreased
of MT concentrations was observed in C. capitata exposed to
higher concentration of copper 200 ¢ g/L after 14 days.

The perturbation varied according to the duration of exposure
to different concentration was illustrated in Fig 3. In the
literature, results on protein content modification due to copper
exposure were inconsistent. The increase level of protein
content with metallothionein act as defensive mechanisms
during exposure to metal contamination. In untreated worms
MTs were mainly bound to Zn [(65.00£5.90)%] as it has been
previously demonstrated for other animal species (Fig 3). In
untreated worms Zn bound MTs used to transport information
through nervous system. In Cu contaminated worms the
amount of Zn is gradually replaced by Cu in metal bound
MTs. Fig 3 shows the percentage of Zn—-MTs decreased to
(37.00£1.40)% in worm exposed 7 days to 100 ¢ g/L. After 7 days
of exposure MTs were in mostly linked to Cu. In the same
time the quantity of Cd—MTs was not disturbed and remained
stable. More—over there was no significant perturbation of
Cd—MTs content was observed in C. capitata until the end of
experiment (21 days). Cadmium has higher affinity for MTs but
it was not seen in case of Zn.

The decrease of MT content observed in worm exposed 21
days to copper is partly due to a decrease of Cu—MTs and
Zn—-MTs content. In worm exposed 14 days to 200 ¢ g/l MTs
were quite saturated by copper (95.90£9.95), of Cu—MTs. The
induced alterations can inhibit the different cellular defense
and lead to an increase of pathology severityl29]. We can
conclude that Cu has displaced Zn from MTs. The function of
MTs includes intracellular metal metabolism and storage: MTs
act as a reservoir of Zn which rescues their enzymatic activities
by rapid exchange with apo—metalloproteins. It is possible that,
in Cu contaminated worms, high levels of MTs captured metals
from other metalloproteins and so lead to their inactivation.

The biotransformation of Cu accounts for significant increase
of total soluble protein content which could be related to the
development of defensive mechanism induced to overcome
the stress situation by Cu. The effect of stress induction may
reflect in enzyme degradation and tissue necrosis. These
effects can be overcome by increasing amount of protein.
Such hypothesis has been advanced to explain changes of
protein content observed in the polychaete Laeonereis acuta
which exposed to arsenic and in the prawn M. malcolmsonii
exposed to endosulfan(30.311. Cd stress increase ROS generation
by inhibit the electron transfer chain in the mitochondria.
The antioxidant enzymes play an important role in protecting
cellular systems from oxidative damages induced by ROS. The
enhanced activity of SOD was reported in many polychaetes
such as in N. diversicolor321.

CAT is an enzyme, which dismute superoxide anions (0,)
and decompose H,0,. The catalase activity helps the worms
to overcome the stress induced by Cu. The Cu treated worms
physiological conditions were changed by free radicals.
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Catalase activity response acts as defensive mechanism with
MTs to limit Cu toxic impact at the cellular system. Similar
elevations in CAT level have been reported in polychaetes
Perinereis nuntia exposed to copperl11] .

GST activity was reported as a biomarker of stress exposure in
the population of clamworms (Perinereis gualpensis)331. A time—
and dose—dependent increase of GST was found in P. nuntia
exposed to Cdi4l. Enzymes of the GST family are composed
of many cytosolic, mitochondrial, and microsomal proteins
which is the most abundant non protein thiol in the living
organisms and it plays a crucial role in intracellular protection
against toxic compounds such as Cu. N. succinea (Polychaeta,
Nereididae) used as a good test organism for examining
the effect of heavy metals along with the MTLP content
accompanied by the increased expression of glutathione
S—transferase theta (GST-T) gene as an antioxidant defense
upon exposure of copper. The highest activity was observed
on 7th day of 100 ¢ g exposed worm. Cu contamination of fish
has been shown to produce firstly an increase of GST activities
which is understood as a defensive mechanism to counteract
Cu toxicity.

The present study was carried out to identify the copper
exposure on physiological and enzymatic changes in
C. capitata. The apparent modifications of MTs—metal content
confirmed their importance in metal in cellular metabolism.
The increase of SOD, CAT, GST and total protein content
level suggested that an oxidative stress may be associated
with increase of MTs level in the worms. The high induction
of MTs observed in C. capitata during exposure to Cu make
them potentially useful biomarker to monitor heavy metal
contamination.
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