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Abstract
Metallothionein (MT) gene encodes metal regulatory proteins or metallothionien which regulate the heavy metal
concentration in all vertebrates including fishes. These proteins have cysteine rich residues that bind with metal ions by
metal-thiolate
thiolate bonding and maintain homeostasis of metal ions in organisms. The diffe
different
rent isoforms of MT have reported in
all vertebrates as MT-1, MT-2, MT-33 and MT
MT-4. MT-1 and MT-2 are well reported in fishes. The present manuscript reviews
the expression and regulation of the gene encoding metal regulatory protein or metallothionien in fishes.
f
The regulation of
essential metals in fishes is maintained by the metal responsive element (MRE), which on binding with transcription factor-1
factor
(MTF-1)
1) starts the transcription and controls the expression of MT gene. Thus the expression level of metallothionein
meta
gene in
the fishes can be used as a potential bio-indicator
indicator for assessment of heavy metal pollution in the aquatic system. It provides
protection to the fishes from oxidative stress induces by metal ions and can also represent the stress condition
condit
of aquatic
ecosystem due to heavy metal pollutants.
Keywords: MTs and its isoforms, MT gene expression and Regulation, MT functions.

Introduction
In the present time, the metal pollution in surface water,
drinking water and other food products is major concern. The
rapid industrialization, mining, agricultural activity and vehicles
discharge huge amount of health hazards chemicals containing
Cr, Cu, Cd, Pb, As and Hg in the environment. These metals
directlyy come into the aquatic environment such as river and
ponds due to discharge of untreated industrial wastes. In India
many rivers such as Kali, Ramganga, Ganga, Yamuna and many
others have been reported to be polluted mainly through
discharged of untreated wastes into rivers by many industries1.
The accumulation of heavy metals takes place either into the
tissue of aquatic organisms or persists into the sediment that
results gradual increment of heavy metal concentration in the
ecosystem which linked to biogeochemical
geochemical cycle and causes
toxicity in the aquatic flora and fauna2.
The regulation of metal ions by aquatic organisms is up to a
certain concentration and protects themselves from adverse
effects. However, continuous exposure of heavy metals into the
aquatic body disturbs the regulatory processes and initiates
metal accumulation.
Fishes are considered to be a sensitive pollution indicator of
aquatic body because they are directly in contact with surface
water and can store and metabolize the water bo
borne pollutants3,4.
The regulation of heavy metals in fishes is regulated by metal
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binding protein called metallothionien (MT). It regulates the
essential metals such as Zn and Cu, protect aquatic biota from
metal toxicity and oxidative stress5.
The MT protein
otein encoded by MT gene and its transcription is
started by binding of metals on metal responsive elements
(MRE) region that binding transcription factor-1
factor (MTF-1)6. The
changes in level of MT gene expression in fishes have been
used as a biomarker for detecting
tecting the metal pollution in water
bodies7.
Fishes are directly in contact with surface water and being used
for the assessment of water quality of aquatic system and as
such can serve as bio-indicators
indicators of aquatic environment8,9. In the
present day the possible use of MT gene expression in fishes as
a biomarker for assessment of heavy metal stress in aquatic
environment is an important aspect for researchers.

Metallothionien gene in fishes
MT gene encodes low molecular weight (6-7
(6 K Da) protein
called Metallothionein10. It is a cytosolic protein which contains
cysteine residues that chelate with metal ions such as Zn, Cd,
Cu, and Se by metal- thiolate bonding11. It protects organisms
from oxidative stress induces by metal ions12.
During
uring this process the cysteine binding metal ions are liberated
into the medium by oxidizing of cysteine into cystine that
activates the MTs synthesis13.
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MT and its different isoforms in fishes

Expression and regulation of MT gene

There are four different isoforms of MT known in all vertebrates
viz MT-1, MT-2, MT-3 and MT-4 14. These isoforms are found
in different parts of the body and performs different role.
Among these isoforms MT-1 and MT-22 are major isoforms,
being ubiquitous and found in all tissue15. MT
MT-3 and MT-4 are
minor isoforms
oforms basically found in specialized tissue such as
MT-33 is found in nervous system and glia, MT
MT-4 in squamous
epithelial cells16,17. MT-1 and MT-22 are widely reported in all
vertebrates, including fish. MT-1 and MT-22 isoforms have been
repoted in many fish
sh species such as the common carp ((C.
carpio), icefish (Chionodraco hamatus),
), and pike ((Esox
lucius)18-20. The Pisces MT was first reported in fish
Pleuronectes platessa and its two different isoforms MT
MT-A and
MT-B were reported in Rainbow trout21,22. The two isoforms
MT-1 and MT-22 have been also reported in goldfish Carassius
auratus23. Many authors working in the field of metallothionein
have described different MT isoforms in many vertebrates
including fish species.

Expression of MT gene is induced by various inducers such as
oxidative stress, metal exposure, cytokines, hormonal stress like
glucocorticoids and thyroid etc24,25. Each inducer works through
a particular MT gene promoter for initiating specific response
such as oxidative stress, heavy metal, cytokines, glucocorticoid
and thyroid, require antioxidant response eliments (ARE), metal
response elements (MRE), cytokine response eliment (CRE),
glucocorticoid response elements (GRE), and thyroid response
elements (TRE) respectively for transcription of MT gene. MT
gene transcription is initiated by the binding of metal
transcription factor-1 (MTF-1)
1) to metal responsive element
(MRE) promoter through activation of heavy metals26,27.
Generally, the MT expression level
vel is dose dependent of heavy
metals. However, there is no such relation found in the case of
excessive over dose of heavy metals28. Different fish species
show different MTs expression level and distinct tolerance to
exposure of different heavy metals and
a
they may also be
inducing29.

Figure
Figure-1: Expression and Regulation of MT gene.
(a) Metal induced MTF-11 binds with MRE promoter region (b) Binding of MTF
MTF-1
1 with MRE starts the transcription and produce
MT transcript (c) Translation of MT transcript to produce MT protein which protects cells from oxidative damage.
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Function of MT
In the past few years many researchers have suggested the
functions of metallothionien in cells of aquatic animals
including fish species. Some reported functions of
metallothionien in aquatic animals summarized below.
Free radicals scavenger: The free radicals scavenging activity
of MT have reported in several animal cell lines and also in
epithelium cell line of Cyprinus carpio fish by cadmium
exposure30-32. The MT expression and free-radical
radical scavenging
activity was also observed in Channa punctatus in response to
exposure of some chemicals and stresses33.
Metal detoxification and homeostasis: MT plays a significant
role in detoxification and homeostasis of essential and non
nonessential metals34,35. The synthesis of MTs several folds during
oxidative stress that prevent cells from cytotoxicity and DNA
damage 32,36,37.
Inhibition of apoptosis: The significant roles of MTs have
been reported in the process of apoptosis38. The inhibition of
apoptosis by hepatic MT has been reported in Carassius auratus
gibelio by regulating caspase-3 activity39.

their role as bioindicator for monitoring the heavy metal
pollution of aquatic ecosystem
ystem40,42,43,. Nevertheless, the
application of MTs as bioidicator due to change of expression
level of MT gene through a number of factors such as pH,
temperature, season, sex, age and reproductive cycle41, 44.

Conclusion
This review shows the importantt role played by MTs in heavy
metal tolerance. The exposure of heavy metals induces the MT
gene expression for regulation of accumulated heavy metals and
protects the cells from oxidative damage especially during
development. In addition, the results of fish
fi MT gene expression
can be used as sensitive bio-idicator
idicator for assessment of heavy
metal pollution in the aquatic environment. In recent time the
developing countries are suffering from increasing the heavy
metal concentration in aquatic system such as river
ri
and ponds.
The relationship between MT gene expression and exposure of
exogenous pollutants can be contributed to improve the
strategies for assessing the fish health by MT gene expression in
the polluted aquatic environment. Therefore, for this to be
achieved it should be collected more information about different
isoform of MT gene, their function and various sources which
induces MT expression in fishes.

Acknowledgement
Dinesh Kumar wishes to thank University Grant Commission,
New Delhi for their financial support as fellowship.

References
1.

Gupta Varsha, Malik D.S. and Dinesh K. (2017). Risk
assessment of heavy metal pollution in middle stretch of
river Ganga: an introspection. Int. Res. J. of Env. Sci.,
Sci. 6(2),
62-71.

2.

Pandey G. and Madhuri S. (2014). Heavy Metals Causing
Toxicity in Animals and Fishes. Res J. of Ani. Vet. And
Fish. Sci., 2(2), 17-23.

3.

Sarangi P.K. (2012). Micronucleus assay: a sensitive
indicator for aquatic pollution. In. J. of Res. in BioSci., 1(2),
32-37.

4.

Ladhar-Chaabouni
Chaabouni R., Machreki-Ajmi
Machreki
M. and HamzaChaffai A. (2012). Use of metallothioneins as biomarkers
for environmental quality assessment in the Gulf of Gabes
(Tunisia). Env. Moni. and assessment, 184(4), 2177-2192.

5.

Rosesijadi G. (1996). Metallothionein
tallothionein and its role in toxic
metal regulation. Comp. Biochem. Physio., 113(2), 117123.

6.

Amiard J.C., Amiard T.C., Barka S., Pellerin J. and
Rainbow P.S. (2006). Metallothioneins in aquatic
invertebrates: Their role in metal detoxification and their
thei
use as biomarkers. Aqua. Toxi., 76(2), 160-202.

Figure-2: The main functions of Metallothionein in fishes.
In development: In a study, MT mRNA is found highest level
in ovary of H. mylodon40. The MT mRNAs may play a
significant role in homeostasis of metal which is primary needs
of embryogenesis and early development of larva in polluted
aquatic environment 41.
Bio-indicator: MT gene expression act as a bioindicator for
evaluating the heavy metal pollution in the aquatic environment.
MTs gene have recently gained attention for the implication of

International Science Community Association

60

International Research Journal of Environmental Sciences ____________________________________________ISSN 2319–1414
Vol. 6(7), 58-62, July (2017)
Int. Res. J. Environmental Sci.
7.

8.

9.

Iman M.K., Abumourad Wafaa T., Abbas Mohammad
M.N., Authman and Shenouda M.G. (2014). Environmental
impact of heavy metal pollution on metallothionein
expression in nile tilapia. Res. J. of Pharma. Biol. and
Chem. Sci., 5(2), 998-1005.
Dautremepuits C., Paris Palacios S., Betoulle S. and Vernet
G. (2004). Modulation in hepatic and head kidney
parameters of carp (Cyprinus carpio L.) induced by copper
and chitosan. Comp. Biochem. Physiol. C. Toxicol.
Pharmacol., 137(4), 325-333.
Lopes P.A., Pinheiro T., Santos M.C., da Luz Mathias M.,
Collares Pereira M.J. and Viegas Crespo A.M. (2001).
Response of antioxidant enzymes in freshwater fish
populations (Leuciscus alburnoides complex) to inorganic
pollutants exposure. Sci. Total Env., 280(1-3), 153-163.

10. Smirnov L.P., Sukhovskaya I.V. and Nemova N.N. (2005).
Effects of environmental factors on low-molecular-weight
peptides of fishes: A review. Russ. J. Ecol., 36(1), 41-47.
11. Sigel H., Sigel R.K. and Sigel A. (2009). Metallothioneins
and related chelators (Metal ions in life sciences).
Cambridge, England: Royal Society of Chemistry, ISBN 184755-899-2.
12. Amiard J.C., Amiard T.C., Barka S., Pellerin J. and
Rainbow P.S. (2006). Metallothioneins in aquatic
invertebrates: Their role in metal detoxification and their
use as biomarkers. Aquatic Toxicology, 76(2), 160-202.
13. Kumari M.V., Hiramatsu M. and Ebadi M. (1998). Free
radical scavenging actions of metallothionein isoforms I
and II. Free Radic. Res., 29(2), 93-101.
14. Moffatt P. and Denizeau F. (1997). Metallothioniens in
physiological and physiopathological processes. Drug
Metab. Rev., 29(1-2), 261-307.
15. Kagi J.H.R. (1991). Overview of metallothionein. Methods
Enzymol., 205, 613-626.
16. Masters B.A., Quaife C.J., Erickson J.C., Kelly E.J.,
Froelick G.J., Zambrowicz B.P., Brinster R.L. and Palmiter
R.D. (1994). Metallothionein III is expressed in neurons
that sequester zinc in synaptic vesicles. J. Neurosci.,
14(10), 5844-5857.
17. Quaife C.J., Findley S.D., Erickson J.C., Froelick G.J.,
Kelly E.J., Zambrowicz B.P. and Palmiter R.D. (1994).
Induction of a new metallothionein isoform (MT-IV) occurs
during differentiation of stratified squamous ephitelia.
Biochem., 33(23), 7250-7259.
18. Hermesz E., Abraham M. and Nemcsok J. (2001). Tissuespecific expression of two metallothionein genes in
common carp during cadmium exposure and temperature
shock. Comp. Bioch. Physi., 128(3), 457-465.
19. Scudiero R., Carginale V., Capasso C., Riggio M., Filosa S.
and Parisi E. (2001). Structural and functional analysis of
metal regulatory elements in the promoter region of genes

International Science Community Association

encoding metallothionein isoforms in the Antarctic fish
Chionodraco hamatus (icefish). Gene, 274(1-2), 199-208.
20. Kille P., Kay J. and Sweeney G.E. (1993). Analysis of
regulatory elements flanking metallothionein genes in Cdtolerant fish (pike and stone loach). Biochim. Biophys.
Acta., 1216(1), 55-64.
21. Overnell J. and Coombs T.L. (1979). Purification and
properties of plaice metallothionein, a cadmium-binding
protein from the liver of the plaice (Pleuronectes
platessa). Biochem. J., 183(2), 277-283.
22. Bonham K., Zafarullah M. and Gedamu L. (1987). The
rainbow trout metallothioneins: Molecular cloning and
characterization of two distinct cDNA sequences. DNA,
6(6), 519-528.
23. Carpene E. and Vasak M. (1989). Hepatic metallothioneins
from goldfish (Carassius auratus L.). Comp. Biochem.
Physiol. Part B Comp. Biochem., 92, 463-468.
24. Bremner I. (1991). Nutritional and physiological
significance of metallothionein. Method Enzymol., 205, 2535.
25. Palmiter R.D. (1998). The elusive function of
metallothioneins. Proc. Natl. Acad. Sci. USA., 95(15),
8428-8430.
26. Andrews G.K. (2000). Regulation of metallothionein gene
expression by oxidative stress and metal ions. Biochem.
Pharmacol., 59(1),95-104.
27. Gunther V., Lindert U. and Schaffner W. (2012). The taste
of heavy metals: Gene regulation by MTF-1. Biochim.
Biophys. Acta., 1823(9), 1416-1425.
28. Walker C.J., Gelsleichter J., Adams D.H. and Manire C.A.
(2014). Evaluation of the use of metallothionein as a
biomarker for detecting physiological responses to mercury
exposure in the bonnet head, Sphyrna tiburo. Fish Physiol.
Biochem., 40(5), 1361-1371.
29. Kim J.H., Rhee J.S., Dahms H.U., Lee Y.M., Han K.N. and
Lee J.S. (2012). The yellow catfish, Pelteobagrus
fulvidraco (Siluriformes) metallothionein cDNA: molecular
cloning and transcript expression level in response to
exposure to the heavy metals Cd, Cu, and Zn. Fish Physiol.
Biochem., 38, 1331-1342.
30. Ruttkay-Nedecky B., Nejdl L., Gumulec J., Zitka O.,
Masarik M., Eckschlager T., Stiborova M., Adam V. and
Kizek R. ( 2013). The role of metallothionein in oxidative
stress. Int. J. Mol. Sci., 14(3), 6044-6066.
31. Wright J., George S., Martinez-Lara E., Carpene E. and
Kindt M. (2000). Levels of cellular glutathione and
metallothionein affect the toxicity of oxidative stressors in
an established carp cell line. Mar. Environ. Res., 50, 503508.

61

International Research Journal of Environmental Sciences ____________________________________________ISSN 2319–1414
Vol. 6(7), 58-62, July (2017)
Int. Res. J. Environmental Sci.
32. Thornalley P.J. and Vasak M. (1985). Possible role for
metallothionein in protection against radiationinduced
Oxidative stress. Kinetics and mechanism of its reaction
with superoxide and hydroxyl radicals. Biochim. Biophys.
Acta., 827(1), 36-44.

39. Falfushynska H., Gnatyshyna L., Turta O., Stoliar O.,
Mitina N., Stoika R. and Zaichenko A. (2014). Responses
of hepatic metallothioneins and apoptotic activity in
Carassius auratus gibelio witness a release of cobalt and
zinc from water- borne nano scale composites. Comp.
Biochem. Physiol. toxicol. Pharma., 160, 66-74.

33. Atif F., Kaur M., Ansari R.A. and Raisuddin S. (2008).
Channa punctata brain metallothionein is a potent
scavenger of superoxide radicals and prevents hydroxyl
radical-induced in vitro DNA damage. J. Biochem. Mol.
Toxicol., 22(3), 202-208.

40. Cho Y.S., Choi B.N., Ha E.M., Kim K.H., Kim S.K., Nam
Y.K. and Kim D.S. (2005). Shark (Scyliorhinus torazame)
metallothionein: cDNA cloning, genomic sequence, and
expression analysis. Mar. Biotechnol., 7, 350-362.

34. Miles A.T., Hawksworth G.M., Beattie J.H. and Rodilla V.
(2000). Induction, regulation, degradation and biological
significance of mammalian metallothionein. Crit. Rev.
Biochem. Mol. Biol., 35(1), 35-70.

41. Chen W. Y., John J. A. C., Lin C.H., Lin H.F., Wu S.C.,
Chang C.Y. and Lin C.H. (2004). Expression of
metallothionein gene during embryonic and early larval
development in zebrafish. Aquat. Toxicol., 69(3), 215-227.

35. Blindauer
C.A.
and
Leszczyszyn
O.I. (2010).
Metallothioneins: Unparalleled diversity in structures and
functions for metal ion homeostasis and more. Nat. Prod.
Rep., 27, 720-741.

42. Langston W. J., Chesman B. S., Burt G. R., Pope N. D. and
Mc Evoy J. (2002). Metallothionein in liver of eels Anguilla
anguilla from the Thames Estuary: an indicator of
environmental quality?. Mar. Environ. Res., 53(3), 263293.

36. Aschner M., Conklin D.R., Yao C.P., Allen J.W. and Tan
K.H. (1998). Induction of astrocyte metallothioneins (MTs)
by zinc confers resistance against the acute cytotoxic
effects of methylmercury on cell swelling, Na uptake, and
K release. Brain Res., 813(2), 254-261.
37. Cai L., Koropatnick J. and Cherian M.G. (1995).
Metallothionein protects DNA from copperinduced but not
ironinduced cleavage in vitro. Chem. Biol. Interact., 96(2),
143-155.
38. Vasák M. and Hasler D.W. (2000). Metallothioneins: new
functional and structural insights. Curr. Opin. Chem. Biol.,
4(2), 177-183.

International Science Community Association

43. Tom M., Chen N., Segev M., Herut B. and Rinkevich B.
(2004). Quantifying fish metallothionein transcript by real
time PCR for its utilization as an environmental biomarker.
Mar. Pollut. Bull., 48, 705-710.
44. Marijic V.F. and Raspor B. (2006). Ageand tissuedependent
metallothionein and cytosolic metal distribution in a native
Mediterranean fish, Mullus barbatus, from the Eastern
Adriatic Sea. Comp. Biochem. Physiol. C Toxicol.
Pharmacol., 143, 382-387.

62

