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Coldwater fish cell line: Development, characterization and applications
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ABSTRACT

Fish cell lines have been used as important in vitro tools for carrying out research in different disciplines including toxicology,
pathology, biotechnology, developmental biology and biomedical sciences. In recent years, the numbers of fish cell lines
have been increasing tremendously covering a wide variety of species and tissues. Fish cell lines developed in the country
have been maintained and cryopreserved in National Repositories with the financial assistance from the Department of
Biotechnology, Govt. of India, New Delhi. Different projects supported by Department of Biotechnology, Govt. of India
have been instrumental in boosting in vitro research in India using fish cell lines. Very few cell lines have been developed
and characterized from cold water fish species and hence emphasis should be given to develop more cell lines from cold
water fish to facilitate in vitro research in the area. The development, characterization and application of fish cell lines with

special reference to cold water fish are reviewed in this paper.
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Introduction

Cell line has been used as an important in vitro tool for
carrying out various investigations in physiology, virology,
toxicology and biotechnology. The adoption of intensive
farming practices, unregulated use of inputs and inbreeding
in hatcheries has led to increased disease incidence. There
have been several incidences of mass mortality of carps
in culture systems suspected to be caused by bacterial
and viral diseases. Cell lines from fishes are particularly
useful in detecting viruses and studying the molecular and
cellular basis of physiological processes and toxicological
mechanisms (Fryer & Lannan, 1994; Bols et al., 2005).
In recent years, cell lines from aquatic animals have
attracted considerable attention as a means of expediting
disease diagnosis. Several viral diseases in cold water fish
species have been reported (Dannevig et al., 1995, Crane
and Hyatt, 2011). Hence, development of cell line from
fish species is indispensable for virus isolation studies
and understanding viral pathogenesis. The fish cell lines
have been proven to be a valuable, rapid and cost-effective
tool in the ecotoxicological assessment of chemicals and
environmental samples.

The physiology and blood plasma constituents of
teleosts are similar with those of terrestrial vertebrates;
therefore, the methodology for culture of cells is also similar.
Fish cell lines are more advantageous over mammalian cell
lines in terms of its maintenance and versatile applications.
Because of lower metabolic rates than eurythermic cells,
fish cells can be maintained with little care for long periods
of time. Thus, permanent fish cell lines, in contrast to the
mammalian cells, are easier to maintain and manipulate,

and unlike primary cultures, produce highly reproducible
results (Wolf & Quimby, 1962). Embryonic and larval cells
are the most easy to cultivate being mitotically activated.

The first fish cell line RTG-2 was developed in 1962
using the ovary of a coldwater fish, rainbow trout (Wolf and
Quimby, 1962). Since then, an increasing trend in fish cell
line development has been observed from a wide variety
of tissues representing fish species from both tropical and
temperate waters. A comprehensive review by Lakra et al.
(2011) has reported 283 fish cell lines globally. The latest
information enlisting 517 fish cell lines in Cellulosaurus;
a knowledge resource on cell lines has been reported by
Bairoch (2017). The Department of Biotechnology has
been playing a pivotal role in promoting the fish culture
related research in India by providing necessary grants to
develop and maintain fish cell lines in the country. The first
preliminary efforts to develop fish cell culture were made at
Central Institute of Freshwater Aquaculture, Bhubaneswar
in late eighties of the last century (Kumar, 1987) followed
by successful primary cultures from gill tissue of mrigal,
Cirrhinus mrigala (Sathe et al., 1995), kidney of the
stinging catfish, Heteropneustes fossilis (Singh et al.,
1995), and caudal fin of Labeo rohita (Lakra and Bhonde,
1996) at various laboratories providing a momentum to fish
cell and tissue culture research in the country. In India, the
research on the development and characterization of fish
cell lines is mainly being conducted at several institutions
like National Bureau of Fish Genetic Resources (NBFGR),
Lucknow; Central Institute of Fisheries Education (CIFE),
Mumbai; Central Institute of Freshwater Aquaculture,
Bhubaneswar; Central Marine Fisheries Research Institute,
Kochi; C. Abdul Hakeem College, Vellore; National Centre
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for Cell Science, Pune; Fisheries College and Research
Institute (FCRI), Tamilnadu Veterinary & Animal Sciences
University, Tuticorin; Cochin University of Science and
Technology (CUST). Approximately, 50 fish cell lines
have been developed by different research groups in the
country (Goswami et al., 2015). A National Repository
of Fish Cell Lines (NRFC) was established during 2010
at ICAR-NBFGR, Lucknow with the financial assistance
from DBT, New Delhi for a project National Repository
for Conservation and Characterization of Fish Cell Lines
at NBFGR, Lucknow (Principal Investigator: Dr. M
Goswami). About 50 fish cell lines have been maintained
and cryopreserved in the NRFC.

Development and characterization of coldwater
fish cell lines in India

Teleost cell lines have been developed from a broad
range of tissues such as ovary, fin, swimbladder heart,
spleen, liver, eye muscle, vertebrae, brain and skin. A simple
and reproducible short-term fish cell culture technique was
described for Tor putitora by Prassana et al., 2000. A TP-1
cell line from cold water fish golden mahseer Tor putitora
was developed for the first time in India by Lakra et al. 2006.
Since then, consistent efforts have been made to develop
cell line from cold water fish. The cell line exhibited best
growth in the L-15 medium with 20% FBS at 28 °C.

Three cell culture systems were developed from caudal
fin, heart and gill of Tor tor (Kamalendra et al., 2010,
Kamalendra et al., 2011). Subsequently, a permanent cell
line TTCF was developed from caudal fin of 7or tor by
Yadav et al., 2012. TTCF cell line was cryopreserved and
presently maintained at NRFC with an accession number
NRFCO003.

The cell culture system from eye, heart, fin and swim
bladder of Puntius (Tor) chelynoides was developed from
eye of Puntius (Tor) chelynoides by Goswami et al., 2012.
The monolayer formed from heart explants exhibited
rhythmic heartbeat. The cells were grown in Leibovitz’L-15
media supplemented with 20 % fetal bovine serum (FBS)
at 24 °C. The PCE cell line from eye was characterized by
DNA barcoding based on amplification of mitochondrial
cytochrome oxidase subunit I (COI) & 16S rRNA genes
and cytogenetic analysis. The cell line demonstrated
expression for GFP reporter gene suggesting that this cell
line can be used for transgenic and genetic manipulation
studies. Further, genotoxicity assessment of PCE cells
illustrated the utility of this cell line as an in vitro model
for aquatic toxicological studies. The PCE cell line was
successfully cryopreserved and revived at different
passage levels. Another PCF cell line was developed from
the caudal fin of Puntius (Tor) chelynoides by Goswami et
al., 2014. Immunocytochemistry of PCF cells confirmed
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its fibroblastic morphological nature. Upon exposure of
PCF cells to bacterial extracellular products, significant
cytopathic effects were observed which validated the
usefulness of the PCF cell line for toxicity assessment as in
vitromodel. The cell line has been maintained in NRFC with
an accession number NRFCO0O01.

A SRCF cell line from caudal fin of snowtrout,
Schizothoraxrichardsoniiwas developed and characterized
by Goswami et al., 2013. The cell line has been maintained
in Leibovitz’s L-15 medium supplemented with 10% fetal
bovine serum (FBS) at 24 -C. Transfection of SRCF cells
with pEGFP-C1 plasmid showed bright fluorescent signals,
suggesting the application of cell line in transgenic and gene
expression studies. The cell line has been maiantained in
NRFC with an accession number NRFC002.

Applications of fish cell lines

Early work with fish cell lines was initiated with RTG-
2, a gonadal cell line derived from rainbow trout (Wolf and
Quimby, 1962). Fish cell lines have enormous applications
in biomedical research, toxicology, gene regulation, gene
expressions and gene transfer (Hightower and Renfro,
1988, Babich et al., 1986, Driever ef al., 1993). The main
advantage of cell cultureisthatcell lines allow higher control
of conditions of experiments and at the same time reduces
the variability of the in vivo responses that arise due to the
responses of fish to stress and environmental influences
and to disparate genetic background of farmed fish and
shellfish species. Fish cell cultures have been increasingly
used in toxicology research for evaluating effects of
various chemicals, pesticides and industrial wastes. The
effects of different inorganic and organic pollutants on the
metabolism of aquatic biological systems have been studied
using cell cultures and hence fish cell lines can be used bio-
indicators in environmental monitoring. Due to the good
correlation found between the in vitro data and the in vivo
fish data, the use of established fish cell lines can represent
an alternative tool to acute fish bioassay for toxicity
screening of chemicals. RTgill-W1 is an epithelial cell line
derived from the gill explants of normal adult rainbow trout
(Oncorhynchus mykiss) (Bols et al., 1994). RTgill-W1 has
beenused in toxicity testing of industrial effluents (Dayeh et
al.,2002), including petroleum refinery effluents (Schirmer
etal. 2001 ), polycyclic aromatic hydro-carbons (Schirmer
etal.1998) and metals (Dayeh et al.2005) including Cu, Cd,
Zn, Fe, and Ni.

In aquatic toxicology, in vitro investigations with both
freshly isolated cells and permanent cell lines have been
used for screening of chemicals or environmental samples
(Gagne et al., 1996; Mori and Wakabayashi, 2000; Davoren
etal.,2005; Tan et al.,2008). Genotoxicity and cytotoxicity
studies have been carried out with many primary fish cells
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and with different permanent fish cell lines (Brunbeck and
Neumuller, 1996; Kamman et al., 2000; Abdul et al., 2013,
Goswami et al.,2014; Tajuet al.,2014; Dubey et al.,2015).
Proteomic techniques, in particular, offer great potential for
insight into chemical modes of toxic action and are useful
tools in biomarker discovery (Wetmore and Merrick, 2004;
Benninghoff, 2007). Protein expression signatures (PES) of
fish cell lines have been developed using 2-DE and image
analysis (Wagg and Lee, 2005; Goswami et al., 2016).

Theutilizationoffishcelllinesinfishhealthmanagement
focusesonpreventionandcontrol ofinfectiousdiseases. Cell
lines help to understand the pathogenesis of virus, and other
intra cellular pathogens like Rickettsia sp. etc. Moreover,
cell culture methodologies are useful in diagnosis of viral
pathogen by production of cytopathic and syncytial effects
and aid in isolation and characterization of virus. The most
widely employed application of fish cell lines is the isolation
and characterization of viruses. Most commonly used fish
cell lines for diagnosis and characterization of intracellular
fish pathogens are RTG-2, EPC, FHM, CHSE-214, CCO
and BF-2. RTgill-W1 cell line demonstrated its ability
to support the growth of a novel paramyxovirus isolated
from the gills of disease seawater-reared Atlantic salmon
(Kvellestad et al., 2003). The complete genome sequence
of the virus, dubbed Atlantic salmon paramyxovirus or
ASPV, was made possible due to the growth support of
RTgill-W1 (Nylund et al., 2008). RTgill-W1 cell line could
be useful for studies of gill infecting microsporidia such
as Loma salmonae (Kent and Speare, 2005), the causative
agent for microsporidial gill disease of salmonids affecting
aquaculture-raised chinook salmon in Canada (Speare et
al., 2007). Fish leukocyte cell lines with cells of specific
lineage and function like T-cells, B-cells and macrophages
developed from catfish, Ictalurus puntatus, Onchorhynchus
mykiss etc. have been employed to generate immunological
informationuseful for disease prevention in farmedfish. Cell
lines of gut, skin and gill origin have been used to study the
local defense responses. The immuno-response potential of
DNA vaccines, recombinant protein and synthetic peptide
vaccines and immunostimulants can be studied with the aid
of cell lines.

Fish cell lines have useful applications as in vitro
models for studying the replication and genetics of the
viruses, the establishment and maintenance of virus
carrier states, effects of antiviral drugs and production of
experimental vaccines. /n vitro fish RBC cultures have
been used in investigations of the replication of the viruses
and as in vitro models of viral induced anemia (Reno and
Nicholson, 1980). Fish cell lines have been developed as in
vitro models for studying various biological processes. The
fish cell lines have been used for determining karyotypes
and other aspects of cytogenetics including chromosomal
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polymorphism and speciation, chromosome abnormalities
and evolution (Roberts, 1970). Organ cultures from tilapia,
eel and trout pituitary glands have been used for studying
the production of growth hormone prolactins (Baker and
Ingleton, 1975). Tolerance to cold water is important trait
which has tremendous economic interest in aquaculture
becausethe success ofaquaculture isinmany areasrestricted
by cold winter temperatures (Hinder, 2010). Cell line would
be an ideal in vitro for facilitating transgenic studies using
cold tolerant gene.

Conclusion

The number of fish cell lines has been increased
tremendously during the last decade covering wide ranges
of tissues in India. Cold water fish cell lines are available
in very limited numbers and more cell lines including stem
cell should be developed from prioritized cold water fish
species to facilitate in vitro genetic and biotechnological
research in cold water fisheries and aquaculture. Species
specific and tissue specific cell lines are need of the hour
for virological and toxicological studies. The fish cell line
repositories would be very useful in maintaining the cell
lines for in vitro research in the country. This would be the
right step for conservation of germplasm and other genetic
material of cold water fish species. The cell lines would be
valuable complement to whole animal studies for various
investigations and thus will resolve many ethical issues
associated with biological studies.
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