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ABSTRACT

Metallothionein gene (MT) has been used commonly as a potential molecular marker to detect the
harmful effects of heavy metals in aquatic environment. Fish(Catla catla) was exposed to sliver
nanoparticles for induction of MT gene. Gene MT was successfully characterized and 179bp amplicon
product was amplified. MT-2 gene, isolated from the liver, was highly similar to the Cyprinus carpio
metallothionein gene. The particle size of the sliver nanoparticles were found to be in the range of
70nm to 585nm with an average size of 192 nm. All the above results revealed thatfish MT gene would

be a useful biomarker for metal pollution.

INTRODUCTION

Aquatic pollution arises when a water body is harm-
fully affected due to the accumulation of large amounts
of materials to the water(rivers, ocean, lakes and
groundwater). Aquatic pollution occurs when pollut-
antsare discharged into water bodies withoutadequate
treatment to remove harmful compounds. Aquatic
environment is considered as a main factor for con-
trolling both health and disease in cultured and wild
fishes. The pollution of the aquatic environment
caused by inorganic and organic chemicals is a major
factors posing serious threat to the survival of aquatic
organisms including fish. Heavy metal like, Sliver,
Copper, Gold, Lead. Mercury etc may cause serious
consequences to fish species in relations of retarded
growth, decreased reproduction rate and increased
sensitivity to diseases (Langston et al., 2002). The

pollution level at the sub-lethal dose is difficult to
detect. Insuch case, Metallothionein (MT) gene is com-
monly used as a molecular marker to identify the harm-
ful effects of heavy metals in aquatic environment .

Metallothioneins (MTs) are group of cysteine-rich
intracellular metal binding proteins (Kagi and
Schaffer, 1986). MTs play multifunctional roles,
including homeostasis of trace elements and detoxi-
fication of poisonous heavy metals. MTs involve ina
number of biochemical processes by providing a pool
of Cu® and Zn*" in the biosynthesis of metalloenzymes
and metalloproteins within the cells (Kelly et al ., 1996;
Jiang et al., 1998).

In metal detoxifications, MTs may reduce the toxic
effects of metals by degrading the ratio of the uptake
of heavy metal into cells (Kagi and Schaffer, 1986; Kagi
etal., 1991; Roesijadi et al., 2000). In fish and shellfish,
exposure to sub-lethal levels of heavy metals results
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in the production of MTs Klaverkamp et al. (1984). It
has already been reported in many fishes such as
winter flounder (Pleuronectesa mericanus) (Jessen-Eller
and Crivello, 1998), gibelcarp (Carassius auratusgibelio)
De Boeck et al., (2003) and gudgeons (Gobiogobio)
Knapen et al. (2007). Since fish are vulnerable to metal
contamination in water, MT gene expression can be
used as a biomarker of metal ion contamination. In
mammals, 4 MT isoforms have been found and MT-1
and MT-2 are the major isoforms (Thirumoorthy et al.,
2011). However, only 2MT isoforms (MT-1 and MT-2)
have been found in fishes such as, common carp (C.
carpio) Hermesz et al., (2001); icefish (Chionodra
cohamatus) Scudiero et al., (2001) and pike (Esoxlucius)
Kille et al.,(1993).

Silver is an infrequently occurring metal in the
earth’s crust but is dumped at much higher concen-
trations in ores in association with other elements
(Renner, 2009). In aquatic environment, silver
originates from anthropogenic sources, leaching or
mining (Purcell and Peters, 1998). During the current
development era of nanotechnology, silver
nanoparticles (Ag-NPs) have been used for various
types of consumer products, such as health care prod-
ucts, cosmetics and textiles and are easily enter into
aquatic environment through waste product of above
products . Since silver ion is toxic to fish (Lima et al.,
1982 ; Morgan and Wood, 2004) it is vital to establish
the toxicity of silvernanopartilces. During last few
years, an increasing number of recent reports have
provided evidence of the cytotoxicity of Ag-NPs at
doses of low exposure(Kawata et al., 2009; Kim et al.,
2009). Ag-NPs have harmful impact on aquatic or-
ganisms, such as zebrafish and medaka fish, and
cause oxidative stress, cellular apoptosis, chromo-
somal aberrations .Wise et al., (2009), and other devel-
opmental toxicity effects during early life stages and
adulthood Wu et al., (2010). However there is less
information on the development of biomarker in re-
sponse to the Ag-NPs on commercially important fish
species.Therefore, the present study was aimed to
synthesis sliver nanoparticles, molecular character-
ization and phylogenetic analysis of MT gene in one
of the commercially important Indian major carps
(Catlacatla) using silver nano particles (Ag-NPs)
induction.

MATERIALS AND METHODS

Synthesis of Silver nanoparticles: Silver
nanoparticles were synthesized following the

procedure given by Dragieva et al. (1999) with slight
modification. Briefly, an aqueous solution of 200 mM
AgNO3 was prepared and keplt in an ice bath under
continuous stirring using a magnetic stirrer to cool
for 20 minutes. After that 2mL aqueous solution of
200mM Sodium Borohydride (NaBH4) solution was
added drop- by- drop to this cool solution under
continuous stirring,. Stirring was stopped as soon as
the solution became yellow in colour, which indicated
the formation of silver nanoparticle. After 30 seconds,
a drop of an aqueous solution of 0.3% polyvinyl
pyrrolidone (PVP) was added to prevent aggregation.

Characterization of sliver nanoparticles: Mean par-
ticle size and size distribution of sliver nanoparticles
was determined by photon correlation spectroscopy
with Beckman Coulter DELSA Nano Particle Size
analyser .

Animal procurement, rearing and experimental
conditions: The animals (Catlacatla) were procured
from Aquaculture Farm, Pen, RaigadDist,
Maharashtra (India) and were stocked in a circular
tank (1000 L) after giving a prophylactic dip treat-
ment in KMnO4 solution (50 mg/L) for 2 min. The
sliver nanoparticles (100pg/L) treatment was given
for a period of 36 hrs and after that sample was
collected for molecular characterization of
metallothioneins (MTs) gene.

RNA isolation and cDNA synthesis: Total RNA from
the target tissues (liver) was isolated using Trizol Re-
agent ((Invitrogen). RN A was quantified by measur-
ing absorbance at 260nm in a nanodrop and purity of
the sample was checked on a 1% agarosegel.First-
strand cDNA synthesis was carried out using 2 pg of
DNase-treated total RN A as template. Reverse tran-
scription was performed using Moloneyleukemia
virus reverse transcriptase (M/s Fermentas) follow-
ing manufacturer’s instructions. Briefly, 2 ug of total
RNA was mixed with 1 pg of oligo(dT)18 primer and
incubated at 65 °C for 5 min. After incubation, 10X RT
reaction buffer, 1 mM each of ANTPsand 1 pg reverse
transcriptase enzyme were added and reaction
volume made up to 20 pL with DEPC treated water.
Following incubation at 55°C for 30 min, and 85°C 5
min to complete the cDNA synthesis reaction. cDNA
was directly used in PCR to amplify the target cDNA
using specific primers

Polymerase Chain Reaction (PCR): PCR (Takara,
USA) was performed to amplify the desired DNA frag-
ments from the template. PCR was performed in 25 uL
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reaction volume containing 1 uL template DNA, 100
pmol of each specific primer, 200 pM of each ANTPs,
0.75 units of Taqg DNA polymerase and 10x Taq buffer
containing 25mM MgCI2. PCR condition for 35 cycle
was initial denaturation 95 °C for 4 min, denaturation,
93 °C for 0.30 sec, annealing 55 °C for 0.45 sec, Exten-
sion 72 °C for 0.30, and Final extension 72 °C for 8
min. Primer used for amplifying MT genewas, For-
ward 5'- ATGGAYCCYTGYGADTGCKCYAA-3'5'-
and Reverse TTRCACACRCAGCCWCARGCRCA-3

Sequence and Phylogenetic Analysis: The sequences
was analysed using software Gene Runner V. 3.0.Ho-
mology searches of nucleotide sequence were per-
formed using BLAST n algorithm of the National Cen-
tre for Biotechnological Information (http://
www.ncbi.nlm.-nih.gov/blast). Phylogenetic tree was
constructed by Maximum parsimony method using
the software MEGA 5.05.

RESULTS AND DISCUSSION

The present study was carried out to study is the mo-
lecular characterization of MT gene using AgNPs for
induced expression of MT gene in Catlacatla fish.

Characterization of sliver nanoparticles: The particle

size of the sliver nanoparticles were found to be in the
range of 70nm to 585nm with an average size of 192

nm (Figure 1). The zeta potential of the particle was
recorded as +30 mv which indicates that nanoparticles
are highly stable.

Molecular characterization of MT-2 gene: A partial
sequence of 179 bpamplicon product was amplified
from the liver tissue of Catlacatla. Gel picture is shown
in Figure 2. The homology sequence of the MT-2 of
Catlacatla is 91% identical to Ctenopharyn godonidella
metallothionein-2 (KC256783.1), 91% with
Hemibarbusmylodon —metallothionein (MT)
(EF689139.1), 92% with Zacco platypus metallothionein
(KC952875), 92% with Cyprinus carpio metallothionein
Il mRNA, (AF249875.1) and 92% with C. Auratus
metallothionein (X97271.1). Phylogenetic relation-
ship between the Catlacatla fish MT-2 and MTs from
other fishes are given in Figure 3.

Metallothionein gene is a biomarker frequently
used as an indicator of metal exposure since it is ex-
tremely specific and sensitive to metals and is induced
in response to elevated metal concentrations in living,
cells (Olafson et al., 1988). Similar conclusion can be
made from the present study also. Metallothionein
(MT), Transferrin and Glutathione peroxidise has been
found to be expressed in gill and liver tissue of zebra
fish, rainbow trout, medaka, etc. leading to oxidative
stress and apoptisis due to nanoparticles exposure
(Picard et al., 2008; Yun et al., 2009). Chae et al., 2009
reported that induction of the MT mRNA levels in the
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Fig. 1 Mean particle size of the sliver nanoparticles by using particle size analyser
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N Sl —— 179bp

Fig. 2 Amplification of Metallothionein (MT) gene from Catla catla
Lane M : Generuler 100 bp plus ladder (MBI Fermentas) 1,2, 3 are three different individuals of Catla catla

gy

gi|Cyprinus carpio| metallothionein Il mRNA complete cds.

gi|C.auratus mRNA| metallothionein

gi |catla catla] metallothionein (MT)

gi|Ctenopharyngodon idella] metallothionein 2 mRNA complete cds

P gi|Zacco platypus| metallothionein mRNA complete cds
s gi|Hemibarbus mylodon| metallothionein (MT) mRNA complete cds

gi|AF136177| Homo sapiens metallothionein

Fig. 3 Phylogenetic relationship between the Catla catla fish MT gene with other animals

liver is sudden but not prolonged, showing an initial
increase during the first couple of days and then a
decrease back to a normal level expression with longer
exposure times (>4 days). Anassessment between the
MT expression levels when exposed to equivalent
elemental silver amounts of Ag-NPs and AgNO3
showed noteworthy difference between the toxicants
during short exposure times but reduced as the
exposure time is extended(Chae et al., 2009; Choi et
al., 2010).

Metallothionein gene expression is prompted by a
high variety of stimuli, as metal exposure like Cu®,
Cd*, Ni*", Pb*, Hg* and Zn*Ag+ Au+, oxidative
stress etc. Chan et al., 2004 found the Common carp
Metallothionein mRNA levels in the intestine and kid-
ney following exposure to Cd* and Zn* showed high
fold induction. Toxicity effect of silver nanoparticles
in aquatic midge, Chironomusripariuswas reported

Chan et al., (2011), where alteration in gene expres-
sion was observed and have significant implications
in different developmental stages. Cheunget al., (2005)
reports Cu® and Ni* induced the production of
hepatic MT mRNA in vivo and MT gene expression
study shows highest fold induction in liver follow-
ing the administration of heavy metal ions.
Oncorhynchus mykiss fishes were exposed to colloidal
AgNPs Johari et al., (2011) at nominal concentrations
of 100, 32, 10, 3.2, 1, 0.32, 0.1, and 0.032 mg/L and
study revealed that the fish were more sensitive to
colloidal silver nanoparticles during the early life stage
than in later stages. Similar result has also been
observed in present study. All above studies clearly
indicates that MT gene can be used as biomarker and
can provide valuable information on the aquatic
environment pollutions.
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CONCLUSION

The present study showed that metallothionein (MT)
gene expression can be used as a biomarkers for
nanotoxicity.

ACKNOWLEDGEMENTS

The authors are grateful to Dr W.S. Lakra, Director,
Central Institute of Fisheries Education, Mumbai, for
providing necessary facilities for carrying out this
experiment.

REFERENCES

Chan, P.C,, Shiu, C. K.M,, Felice, WW. Y., Wong, |. Ka-Y.,
Lam, K. Lim and Chan, K.M. 2004. Common carp
metallothionon gene: ¢cDNA cloning , gene struc-
ture and gene expression studies. Biochimica Biophysica
Acta. 1676 : 162 - 171.

Cheung, Andrew, P.L., Vincent, K.L.L., King, M.C. 2005.
Tilapia metallothionein genes: PCR-cloning and
gene expression studies. Biochimica et Biophysica Acta.
1731 :191- 201.

Choi, J.E,, S. Kim, J.H. Ahn, P. Youn, ].S. Kang, K. Park, J.
Yi and Ryu, D.Y. 2010. Induction of oxidative stress
and apoptosis by silver nanoparticles in the liver of
zebra fish. Aquat.Toxicol. 100 : 151 - 159.

De Boeck, G., Ngo, T.T.H., Van Campenhout, K. and Blust,
R. 2003. Differentialmetallothionein induction pat-
terns in three freshwater fish during sublethal cop-
per exposure. Aquat. Toxicol. 65 : 413- 424.

Dragieva, I, Stoeva, S., Stoimenov, P., Pavlikianov, E. and
Klabunde, K. 1999. Complex formation in solutions
for chemical synthesis of nanoscaled particles pre-
pared by borohydride reduction process. Nanost. Mat.
12:267- 270.

Hermesz, E., Abraham, M. and Nemcsok, 2001. Tissue-
specific expression of twometallothionein genes in
common carp during cadmium exposure and
temperatureshock. | Comp. Biochem. Physiol. C 128 :
457 - 465.

Jessen-Eller, K. and Crivello, J.F. 1998. Changes in
metallothionein mRNA and protein after sublethal
exposure to arsenite and cadmium chloride in juve-
nile winter flounder. Environ. Toxicol. Chem. 17 : 891-
896.

Jiang, L.J., Maret, W. and Vallee, B.L. 1998. The glutathione
redox couple modulates zinc transfer from
metallothionein to zinc-depleted sorbitol dehydro-
genase. Proc. Natl. Acad. Sci. U.S.A. 95 : 3483-3488.

Johari, S.A., Kalbassi, M.R., Soltani, M. and Yu, I. 2013.
Toxicity comparison of colloidal silver nanoparticles
in various life stages of rainbow trout (Oncorhyn-
chusmykiss). J. Iran. ]. Fish. Sci. 12 (1) : 76 -95.

Kagi, J.H. and Schaffer, A.1988.Biochemistry of
metallothionein. Biochem. 27 : 8509 - 8515.

Kelly, E.J., Quaife, CJ., Froelick, G.]. and Palmiter, R.D.
1996. Metallothionein | and II protect against zinc
deficiency and zinc toxicity in mice. |. Nutr. 126 :
1782-1790.

Kagi, ].H. 1991. Methods Overview of metallothionein.
Enzymol. 205 : 613-626.

Klaverkamp, J.F., Macdonald, W.A., Duncan, D.A. and
Wagemann, R. 1984. Metallothionein and acclima-
tion to heavy metals in fish: a review. In: Cairns,
V.W., Hodson, P.V. 99-113.

Kille, P., Kay, J. and Sweeney, G.E. 1993. Analysis of regu-
latory elements flanking metallothionein genes in
Cd-tolerant fish (pike and stone loach). Biochim.
Biophys. Acta. 12 : 55 - 64.

Knapen, D., Reynders, H., Bervoets, L., Verheyen, E. and
Blust, R . 2007. Metallothionein gene and protein
expression as a biomarker for metal pollution in
natural gudgeonpopulations. Aquat. Toxicol. 82:163-
172.

Kawata, K. Osawa, M. and Okabe, S. 2009. In vitro toxicity
of silver nanoparticles at noncytotoxic doses to
HepG2 human hepatoma cells .Environ. Science and
Technol. 43 (15) : 6046 - 6051.

Kim, S. and Choi, J.E. 2009. Oxidative stress-dependent
toxicity of silver nanoparticles in human hepatoma
cells. Toxicol. In vitro. 23 : 1076 - 1084.

Lima, A.R., Curtis, C. and Hammermeister, D.E. 1982.
Acute toxicity of silver to selected fish and inverte-
brates. Bulletin of Environ. Cont. and Toxicol. 29 : 184-
189.

Langston, W.]., Chesman, B.S., Burt, G.R., Pope, N.D. and
McEvoy, 2002. Metallothionein in liver of eels
Anguilla anguilla fromthe Thames Estuary: an in-
dicator of environmental quality. Marine Environ-
ment Research. 53: 263-293.

Morgan, T.P. and Wood Environ, C.M. 2004. A relation-
ship between gill silver accumulation and acute sil-
ver toxicily in the freshwater rainbow trout: sup-
port for the acute silver biotic ligand model. Toxicol.
and Chem. 23 : 1261-1267.

Nair ,P.M.G,, Park, S.Y, Lee, S.W. and Choi, J. 2011. Differ-
ential expression of ribosomal protein gene, gona-
dotrophin releasing hormone gene and Balbiani
ring protein gene in silver nanoparticles exposed
Chironomusriparius. Aquat. Toxicol. 101 : 31 -37.

Olafson, RW., McCubbin, W.D. and Kay, C.M. 1988. Pri-
mary and secondary structural analysis of a unique
prokaryotic metallothionein from a Synechococcus
sp. Cyanobacterium. Biochem. 251: 691- 699.

Purcell, TW. and Peters, ]. 1998. Environment. Toxicol. and
Chem. 17 : 539 - 546.

Picard, E., Fontaine, L., Jonet, L., Guillou, F., Behar Cohen,
F.and Courtois, Y., Jeanny, 2008. The protective role
of transferrin in Miiller glial cells after iron-induced
toxicity. J. C. Mol. Vis. 14 : 928 - 941.

Unfiled Notes Page 5



56 RATHER ETAL.

Roesijadi, G. 2000. Metal transfer as a mechanism for
metallothionein-mediated metal detoxification. Cell.
Mol. Biol. 46 :393 - 405.

Renner, H. 2009. Silver, silver compounds, and silver al-
loys. Industrial Ullmann's Encyloped of Indust. Chem.
John Wiley & Sons, New York, NY, USA.

Scudiero, R, Carginale, V., Capasso, C., Riggio, M., Filosa,
S. and Parisi, E. 2001. Structural andfunctional analy-
sis of metal regulatory elements in the promoter
region of genesencoding metallothionein isoforms
in the Antarctic fish Chionodraco hamatus. Icefish Gene.
274 :199- 208.

Thirumoorthy, N., Shyam Sunder, A., Manisenthil Kumar,
K.T., Senthilkumar, M., Ganesh, G.N.K. and Malay

Chatterjee, 2011. Worl. |. of Surgical Oncol. 9 : 54.

Wise, ].P., Goodale, B.C. and Wise, S.5. 2010. Silver
nanospheresare cylotoxic and genotoxic to fish cells.
Aqua. Toxicol. 97 : 34 - 41.

Wu, Y., Zhou, Q,, Li, H., Liu, W., Wang, T. and Jiang, G.
2010. Effects of silver nanoparticles on the develop-
ment and histopathology biomarkers of Japanese
medaka (Oryziaslatipes) using thepartial-life
test,” Aqua. Toxicol. 100 : 160 -167.

Yun, J.C., Chi, H.P, Jinwon, L., Eunjoo, B., Jongheop, Y.
and Man Bock, G. 2009. Evaluation of the toxic im-
pact of silver nanoparticles on Japanese medaka
(Oryziaslatipes). Aquat. Toxicoll. 94 : 320 - 327.

Unfiled Notes Page 6



