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a  b  s  t  r  a  c  t

Schizothorax  richardsonii,  commonly  called  snowtrout,  is  an important  indigenous  coldwater  fish of  the
Himalayas,  India  with  high  commercial  values  as food  and  game  fish.  A cell  line named  as  SRCF  was
developed  from  the  caudal  fin  tissue  of  S. richardsonii.  The  cell line  has been  maintained  in Leibovitz’s
L-15  medium  supplemented  with  10%  fetal  bovine  serum  (FBS)  at 24 ◦C. The  cells  showed  fibroblastic
morphology,  high  plating  efficiency  and  cell  doubling  time  of  48  h. Chromosomal  analysis  of  SRCF  cells
eywords:
ell line
RCF
nowtrout
chizothorax richardsonii

revealed  a  diploid  count  of  98 chromosomes.  The  origin  of  the cell  line  was  confirmed  by  the  ampli-
fication  of  655  and 578  bp  of  cytochrome  oxidase  subunit  I (COI)  and  16S  rRNA  of mitochondrial  DNA
(mt-DNA)  genes,  respectively.  Transfection  of SRCF  cells  with  pEGFP-C1  plasmid  resulted  in  bright  fluo-
rescent  signals,  suggesting  the  application  of  cell  line  in transgenic  and genetic  improvement  programme.
In addition,  genotoxicity  assessment  illustrated  the  utility  of  the  cell  line  as  an  in  vitro  model  for  aquatic
toxicological  studies.
. Introduction

A flurry of interest into the development of cell lines from
sh has been observed in the recent years. The cell lines have
een potentially used in toxicology (Babich and Borenfreund,
991; Segner, 1998), virology (Wolf, 1988) and also cytogenetics
Blaxhall, 1983). The fish cell lines have also made significant con-
ributions in biomedical research (Hightower and Renfro, 1988),
iotechnology and aquaculture (Bols, 1991), endocrinology (Bols
nd Lee, 1991), fish immunology (Clem et al., 1996; Bols et al.,
001), ecotoxicology (Fent, 2001; Castano et al., 2003; Schirmer,
006), disease control (Villena, 2003) and radiation biology (Ryan
t al., 2008).

Establishment of cell lines from different organs or tissues of a
ost species will be valuable for studying species-specific responses
o viral infection at the cellular level since some pathogenic viruses
re known to be organ or tissue-specific. Since the first cell line
eported in 1962 (Wolf and Quimby, 1962), about 283 cell lines
ave been established from finfish around the world (Lakra et al.,
010a). Most of the cell lines have been previously derived from

oldwater fishes of European origin but very few cell lines have
een developed from coldwater fishes of Asia and South East Asia

ncluding India (Lakra and Bhonde, 1996).

∗ Corresponding author. Tel.: +91 522 2442440.
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The snowtrout, Schizothorax richardsonii, is the principal indige-
nous food and game fish of the Himalayas available in various
upland resources. S. richardsonii is a widespread and sometimes
abundant species in the Himalayan foothills of Indus, Ganges and
Brahmaputra river basins. However, the species is undergoing
rapid declines in several locations along the distribution range
due to several anthropogenic threats such as dams, overfishing,
tourism, alien species introductions, and in some areas fishing
for ornamental purposes. S. richardsonii is enlisted in IUCN Red
List of Threatened Species (Vishwanath, 2010). Hence, the species
requires urgent protection and proactive conservation efforts to
save it from becoming threatened in most of its range.

Very few cell lines from coldwater fishes have been reported
from India except the cell lines from Tor putitora (Lakra et al.,
2006) and Tor tor (Yadav et al., 2011). Hence, the establishment
of snowtrout cell line will be instrumental in carrying out in vitro
studies as well as conservation of germplasm of this important cold-
water fish species. The present study was aimed to develop and
characterize a cell line named as SRCF from S. richardsonii.

2. Materials and methods

2.1. Primary cell culture and subculture
Live fingerlings of S. richardsonii weighing 10–20 g were col-
lected from the River Alaknanda, Garhwal, Uttarakhand, India
and were maintained in the wet lab of National Bureau of Fish

dx.doi.org/10.1016/j.tice.2013.02.002
http://www.sciencedirect.com/science/journal/00408166
http://www.elsevier.com/locate/tice
mailto:mukugoswami@gmail.com
dx.doi.org/10.1016/j.tice.2013.02.002
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enetic Resources (NBFGR), Lucknow, India. Before explant prepa-
ation the fish were maintained in aerated, sterile water containing
000 IU/ml penicillin and 1000 �g/ml streptomycin for 24 h at
oom temperature. The fish were then anaesthetized in ice-cold
ater, and wiped with 70% alcohol. The fin tissue was  taken out

septically and chopped in small pieces with scissors in phosphate-
uffered saline (PBS, Ca2+ and Mg2+ free). The tissue fragments from
n were then washed several times in an antibiotic solution (PBS
ontaining 500 IU/ml penicillin and 500 �g/ml streptomycin) and
hen planted into 25 cm2 standard cell culture flasks with approx-
mate 50 �l volume of fetal bovine serum (FBS) and incubated at
4 ◦C. After 24 h of attachment, L-15 medium supplemented with
0% FBS was carefully added to the flasks without unsettling the
xplants. Every 4–6 days, half of the medium was removed and
eplaced with fresh medium until passaging.

Upon attaining 90% confluency, cells were dislodged with
rypsin (0.1% (w/v), in PBS) containing 0.2% EDTA and subcultured at

 ratio of 1:2. After the first passage, cells were passaged at an inter-
al of 5–7 days. Initially, subcultured cells were maintained in L-15
edium with 20% FBS and after 10th passage, the concentration of

BS in L-15 medium was reduced to 10%.

.2. Growth characteristics

Growth characteristics of the SRCF cell line were assessed at
elected temperatures, FBS and bFGF concentrations. To determine
he growth at optimum temperature, 1 × 105 cells were seeded and
ncubated at 24 ◦C for 24 h then incubated at selected temperatures
f 16 ◦C, 20 ◦C, 24 ◦C and 28 ◦C in triplicates. Every alternate day,
riplicate flasks at each temperature were trypsinized and cell den-
ity was measured with haemocytometer for a total of 7 days. The
rowth response to various concentrations of FBS (5, 10, 15, and
0%) and bFGF (0, 5 and 10 ng/ml) on cell growth was carried out
sing the same procedure as for temperature.

.3. Cell plating efficiency

Plating efficiency of the cell line was determined at seeding con-
entrations of 200, 500 and 1000 cells per flask (z) (25 cm2 tissue
ulture flask) in duplicate at passage 12. Following 14 days of incu-
ation, the medium was removed and cell colonies were fixed with
ormalin (25%) and stained with crystal violet stain (1%). Colonies
ere then counted (x) in each flask under the microscope and
lating efficiency (y) was calculated using the formula y = 100xz−1

Freshney, 1994).

.4. Cytotoxicity test

SRCF cells at 15th passage were treated with Aeromonas sp. to
est the cytotoxicity of bacterial extracellular products (ECP) on the
ells. The ECP from Aeromonas sp. was prepared according to the
rotocol described by Balebona (1995). The cells were seeded and
rown as a monolayer in 24-well plates using L-15 medium supple-
ented with 10% FBS at 24 ◦C. For the toxicity test, the cell line was

noculated with 0.1 ml  serial dilutions of ECP. For negative controls,
ells were inoculated with sterile saline. Plates were incubated at

4 ◦C and the effects of ECP on the cells were observed after 24 h
nd 48 h.

.5. Chromosome analysis

Chromosome spreads were made from fin cells at different pas-

ages. The cells were seeded in a 25 cm2 culture flask and upon
eaching to 70–80% confluency, colchicine (0.05%) was  added to
he flask and flask was incubated for overnight. Next day, medium
as removed and transferred to a conical centrifuge tube. Flask was
 Cell 45 (2013) 219– 226

washed with PBS following trypisinization of cells. Contents were
removed and added to the tube containing the medium removed
earlier. Tube was  centrifuged at 600 × g for 5 min. Supernatant was
removed, leaving 0.5 ml  solution in the tube and gently resus-
pended the pellet. Carefully added prewarmed (30 ◦C) 0.075 M KCl
and incubated at 30 ◦C for 30 min. Centrifugation again carried out
at 600 × g for 5 min then cells were fixed with freshly prepared
chilled Carnoy’s fixative (1:3, acetic acid–methanol). Again cen-
trifuged at 600 × g for 5 min, supernatant was  discarded and cells
were resuspended in fixative. These fixed cells were then washed
two to three times with fresh fixative, and then resuspended in a
small amount of fixative. The slides were made by dropping the sus-
pension onto glass slides, air dried and stained with 5% Giemsa (pH
6.8) for 15–20 min. Finally, the slides were observed and chromo-
some counts were performed in more than 105 metaphase plates.

2.6. Molecular characterization

2.6.1. DNA isolation
DNA was  extracted from S. richardsonii tissue and SRCF cells

at passage 25 according to the method followed by Lo et al.
(1996). Briefly, the samples were trypsinized and homogenized
in lysis buffer (100 mm  NaCl, 10 mm Tris–HCl pH 8.0, 25 mm
EDTA pH 8.0, 0.5% sodium dodecyl sulphate and 0.1 mg  ml−1 pro-
teinase K) then incubated at 65 ◦C for 1 h, 5 M NaCl was  added
to a final concentration of 0.7 M followed by a slow addition of
1/10th volume of N-cetyl N,N,N-trimethyl ammonium bromide
(CTAB)/NaCl solution (10% CTAB in 0.7 M NaCl). After incubation
at 65 ◦C for 2 h, the digested samples were deproteinized by suc-
cessive phenol/chloroform/iso-amyl alcohol extraction. Finally the
DNA was precipitated with absolute ethanol, washed with 70%
ethanol and dissolved in TE buffer. The amount of isolated DNA
was quantified by using a UV spectrophotometer at wavelength
of 260 nm and DNA was diluted to get a final concentration of
100 ng �l−1.

2.6.2. Amplification and sequencing
Two genes 16S rRNA and cytochrome oxidase subunit I

(COI) of mitochondrial DNA were amplified. The 16S rRNA
fragment was amplified using the following primers: for-
ward 16SAR (5′-CGCCTGTTTATCAAAAACAT-3′) and reverse
16SBR (5′-CCGGTCTGAACTCAGATCACGT-3′) (Palumbi et al.,
1991). The cytochrome oxidase subunit I (COI) fragment was
amplified using the following primers: forward FISHF1 (5′-
TCAACCAACCACAAAGACATTGGCAC-3′) and reverse FISHR1
(5′-TAGACTTCTGGGTGGCCAAAGAATCA-3′) (Ward et al., 2005).

16S rRNA gene was amplified in a 50 �l reaction volume con-
tained 5 �l of 10× Taq polymerase buffer, 0.2 mM of each dNTP,
0.4 �M of each primer, 2.5 U of Taq polymerase and 100 ng genomic
DNA using the C-1000 thermal cycler (Bio-Rad). The PCR cycling
conditions involved an initial denaturation step at 94 ◦C for 4 min
followed by 35 cycles of 94 ◦C for 1 min, 55 ◦C for 1 min  and 72 ◦C
for 1.5 min  with a final extension phase at 72 ◦C for 10 min  and a
holding temperature of 4 ◦C after completion. COI gene was also
amplified in a 50 �l reaction volume containing 5 �l of 10× Taq
polymerase buffer, 0.25 mM of each dNTP, 0.4 �M of each primer,
2.5 U of Taq polymerase and 100 ng genomic DNA using the C-1000
thermal cycler (Bio-Rad). The PCR cycling conditions involved an
initial denaturation step at 95 ◦C for 2 min  followed by 35 cycles
of 94 ◦C for 40 s, 55 ◦C for 40 s and 72 ◦C for 1 min  10 s with a final
extension phase at 72 ◦C for 10 min  and a holding temperature of
4 ◦C after completion.
The amplicons were checked on 1.2% agarose gel and the
products with high intense bands were selected for sequenc-
ing. Products were labeled using the BigDye Terminator V.3.1
Cycle sequencing Kit (Applied Biosystems, Inc.) and sequenced
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idirectionally using an ABI 3730 capillary sequencer following
anufacturer’s instructions. The obtained sequences of PCR frag-
ents were compared to the known sequences of the species.

he obtained sequences of PCR fragments were compared to
nown sequences in the National Center for Biotechnology Infor-
ation (NCBI) database using the Basic Local Alignment Search Tool

BLAST).

.7. Immunocytochemistry

SRCF cells were examined for the expression of monoclonal
ntibodies directed against Vimentin and Cytokeratin for the mor-
hology confirmation at selected passages. Cells (2 or 4 × 104) were
lanted on 12-mm diameter uncoated coverslips in 12-well plates.
ells were grown on coverslips at 24 ◦C for 1–3 days, washed with
BS and fixed in paraformaldehyde (4% in PBS, v/v) for 10 min
t room temperature, again washed twice with PBS and blocked
ith a solution containing 5% sheep serum and 0.1% Triton X in

BS and then incubated at 37 ◦C for 1 h. Block was  removed by
ashing twice with PBS, dilution of primary antibody either a 1:40

ntivimentin clone V9 (V6630-CLONE 9 Sigma) or a 1:400 antipan
ytokeratin clone-11 (C2931-Clone C-11 Sigma) in PBS was  added
nd incubated for overnight at 4 ◦C. Next day cells were washed
ith PBS and were incubated with 100 �l of a 1:300 dilution of sec-

ndary antibody FITC-labeled anti-mouse IgG at 37 ◦C for 30 min.
uclei were counterstained with Hoechst 33258 stain (861405
igma–Aldrich) for 1 min. Labeled cells were visualized under flu-
rescence microscope. Negative controls (omission of the primary
ntibody) were included in each experiment.

.8. Cell transfection with GFP reporter gene

pEGFP-C1 plasmid was used with transfection reagents lipofec-
amine LTX and Plus Reagent for transfecting the sub confluent

onolayers of SRCF cells at passage 35. In brief, the SRCF cells were
eeded at a density of 1 × 105 in a 12 well plate individually and
ncubated for 18 h at 24 ◦C in normal atmospheric incubator. Before
ransfection, cells were washed with PBS and supplemented with
00 �l of fresh L-15 medium devoid of serum and antibiotics. The
lasmid DNA (200 ng of pEGFP-C1) was dissolved in 100 �l of opti-
em  and then 0.5 �l of plus reagent was added. The mixture was

ncubated for 5 min  at room temperature. 2 �l of lipofectamine LTX
as added to the mixture containing plasmid DNA and incubated

or 30 min  at room temperature. Finally the mixture was added
ropwise on 70–80% confluent SRCF cells in 12 well plate. The
edium was changed with fresh medium after an incubation of 6 h

t 24 ◦C. The green fluorescence signals were observed after 18 h
nder a fluorescent microscope (Olympus).

.9. Comet assay

SRCF cells at 40th passage were treated with hydrogen peroxide
H2O2), a genotoxic model compound, in order to assess the effi-
iency of the Comet assay for estimating genotoxicity on the cells.
or the assessment, cells were first grown in 24 well plate in 1 ml
edium for 24–48 h. The medium was then removed and replaced
ith 1 ml  of medium containing serial dilutions of the tested geno-

oxic compound, H2O2 (200, 100 and 50 �M),  based on preliminary
esults obtained for different range of concentration on the cell line.
xposure was  carried out for 24 h. After exposure cells were washed
ith PBS, trypsinized and processed for Comet assay.

The Comet assay (single cell gel electrophoresis assay) was

erformed following previously described protocol (Singh et al.,
988) with minor modifications. In brief, the cell suspension was
ixed with 0.6% low melting agarose and placed on a slide pre-

oated with 1.0% normal melting agarose. Third layer of 0.5% low
Cell 45 (2013) 219– 226 221

melting agarose was  added and left to solidify. Subsequently, the
cells, not the nuclei, were lysed in a lysis buffer (100 mM EDTA,
2.5 M NaCl, 10 mM Tris base, 1% Triton X-100, pH adjusted to
10) at 4 ◦C for at least 1 h. Single-strand DNA  was  prepared by
unwinding the DNA in electrophoresis buffer (1 mM EDTA, 10%
DMSO, 300 mM NaOH, pH 13) for 30 min  and then subjected to
micro-electrophoresis in the same electrophoresis buffer (25 V,
300 mA)  for 15 min. After electrophoresis, the alkalis in the gels
were neutralized by rinsing the slides in a neutralization buffer
(0.1 M Tris, pH 7.5) for 5 min  followed by drying and fixing of slides
in methanol. After staining with ethidium bromide (20 �g/ml) for
10 min, the slides were viewed under a fluorescent microscope
(Olympus).

2.10. Cryopreservation

The viability of SRCF cells after freezing in liquid nitrogen (LN2)
was evaluated. The slow freezing method was used to cryopreserve
cells. For cryopreservation, 72 h old cultures of SRCF cells were used
at passage 30 and 50. In brief, cells were removed from the flask sur-
face, concentrated by centrifugation, and resuspended in a freezing
medium consisting of L-15 medium containing 20% FBS and 10%
dimethyl sulphoxide (DMSO) at a density of 106 cells per ml.  The cell
suspensions were poured into 2 ml  sterile cryovials and tubes were
placed in a −80 ◦C freezer overnight then transferred to a liquid
nitrogen tank (−196 ◦C) for storage. After 3 months of post-storage
the cells were recovered. For recovery the vials were thawed in run-
ning water at 24 ◦C. Following removal of the freezing medium by
centrifugation, the cells were suspended in L-15 with 10% FBS and
tested for viability by haemocytometer counting after trypan blue
staining. The viable cells were seeded into 25 cm2 cell culture flask
and observed.

3. Results

3.1. Primary cell culture and subculture

The radiation of cells from the fin explants started after 72 h of
implantation. A confluent monolayer of primary cells was obtained
after 7 days (Fig. 1a). Morphologically, initial subcultures of cell
line consisted of both epithelial and fibroblast cells (Fig. 1b). After
20 passages, the cell line showed fibroblast morphology (Fig. 1c).
The cell line has successfully been subcultured up to 55 passages.
The cell line designated as SRCF has been maintained at cell culture
laboratory, NBFGR, Lucknow.

3.2. Growth characteristics

The cell line, when examined at different temperatures, exhib-
ited satisfactory growth at 20 ◦C with optimal growth at 24 ◦C, while
no significant growth was observed at 16 ◦C (Fig. 2a). The cells were
able to grow at 28 ◦C but as the time progressed, growth declined.
Cells exhibited poor growth at 5% concentration of FBS, relatively
good growth at 10%, but higher growth occurred with FBS concen-
trations of 15% and 20% (Fig. 2b). In the presence of bFGF (5 or
10 ng/ml) the cell proliferation was more rapid than the normal
one (Fig. 2c). In the absence of bFGF, the proliferation decreased
significantly.

3.3. Cell plating efficiency
The plating efficiency of SRCF cells seeded at a density of 200
cells per flask was 39% whereas the plating efficiency increased to
60% and 88% at 500 and 1000 cells per flask respectively with no
significant differences between replicates.



222 M. Goswami et al. / Tissue and Cell 45 (2013) 219– 226

re at d

3

t
C
a

3

c
4
o
s

3

t
(
c
fi
w
J
C

3

p
(

Fig. 1. Derivation of SRCF cell line. (a) SRCF cells primary cultu

.4. Cytotoxicity test

The ECP from Aeromonas sp. was cytotoxic for SRCF cells. Cyto-
oxic effects could be observed within 12 h after inoculation of ECP.
ells showed rounding, shrinking, detachment and finally obliter-
tion of the monolayer (Fig. 3).

.5. Chromosome analysis

The chromosome counts of 105 metaphase plates from SRCF
ells revealed that the chromosome number varied in a range from
9 to 119 (Fig. 4a) with a modal value of 98 (Fig. 4b). Distribution
f chromosomes was asymmetric and aneuploidy was observed in
mall proportion of cells.

.6. Molecular characterization

Amplification of 16S rRNA and COI genes of SRCF cells revealed
he expected gene sequences of 578 bp and 655 bp, respectively
Fig. 5). The 16S rRNA and COI gene sequences derived from SRCF
ell line showed 100% similarity with the gene sequences ampli-
ed from tissue sample of S. richardsonii. The gene sequences
ere submitted to GenBank and accession numbers obtained were

Q435845–JQ435846 and JQ435847–JQ435848 for 16S rRNA and
OI genes, respectively.

.7. Immunocytochemistry
Immunocytochemistry showed that SRCF cells were strongly
ositive for Vimentin and were negative for Cytokeratin
Fig. 6).
ay 7. (b) Cells at passage 5. (c) Fibroblastic cells at passage 25.

3.8. Cell transfection with GFP reporter gene

The SRCF cell line transfected with pEGFP-C1 plasmid using lipo-
fectamine LTX and Plus Reagent showed clear and strong green
fluorescent signals. The expression of EGFP in SRCF cells could be
detected as early as after 6 h post transfection (Fig. 7a and b).

3.9. Comet assay

The derived Comet upon exposure of the SRCF cells with H2O2
is shown in Fig. 8a. There was  a significant difference between the
comet tail-length of SRCF cells exposed to H2O2 in comparison to
the control (Fig. 8b). All the exposed concentrations of H2O2 were
found to be toxic on cell line.

3.10. Cryopreservation

The cryopreserved SRCF cells following dimethyl sulphoxide
(DMSO) slow freezing procedure showed significant viability of
cells after thawing. The revived cells recovered well and grew to
confluency within 7 days. Ability of cryopreserved cells to adhere
after thawing was good and most of the cells could be recovered
after freezing. Average estimated recovery percentage was 80–85%
of the initial cell population.

4. Discussion

The developed cell line SRCF from S. richardsonii in the present
study consisted of fibroblastic cells and the cell line has been main-

tained in L-15 medium supplemented with 10% FBS at 24 ◦C for up
to 55 passages. The cell line exhibited characteristics of continu-
ous cell line (Bejar et al., 1997; Lakra and Goswami, 2011). Cells
did not show any adverse effect by trypsin used for subculture, low
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and 24 ◦C (Lannan et al., 1984). FBS is an essential component for
cell growth and proliferation, the higher the concentration (up to
20%) the higher the cell growth. Similar results were also found in
ig. 2. Growth requirement of SRCF cells. (a) Different temperature. (b) Different
BS concentration. (c) Different bFGF concentration.

oncentration of trypsin was used for dislodging the cells. How-
ver, increasing trypsin concentration can speed up the digestion
f SRCF cells. The major advantage of maintaining the SRCF cell
ine was that no additional antibiotic used except during explant
reparation, whereas the use of antibiotics have been previously
eported in maintenance of many fish cell lines (Cheng et al., 2010;
u-Yang et al., 2010). This indicates that antibiotics will not become

 variable factor for bacterial pathogenesis studies using this cell

ine.

Basic fibroblast growth factor (bFGF) is a growth factor
hat shows important regulatory abilities in cell proliferation,
Fig. 3. Cytotoxic effect of extracellular products of Aeromonas sp. on the SRCF cell
line.

migration and differentiation. It probably activates tyrosine kinase
by binding to tyrosine kinase receptor and speed cell proliferation
via various pathways (Hrzenjak and Shain, 1995). SRCF cells were
found to grow optimally at 24 ◦C. Cells lines established from ‘cold
water’ fish appear to have lower optimum growth temperatures
as nine cell lines from salmonids showed best growth between 21
Fig. 4. Chromosome analysis. (a) Chromosome number distribution. (b) Metaphase
spread.
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Fig. 5. PCR amplification of 578 bp 16S rRNA and 655 bp COI mt-DNA genes of S.
richardsonii.  Lane 1, 16S rRNA negative control; lane 2, SRCF 16S rRNA; lane 3, postive
control 16S rRNA; M,  100 bp Generuler express DNA ladder (Fermentas); lane 4, COI
negative control; lane 5, SRCF COI; lane 6, postive control COI (negative control:
without template; positive control: muscle tissue of S. richardsonii).
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ig. 6. Expression of fibroblastic protein in SRCF cells labeled with Vimentin and
ITC-conjugated secondary antibody.

ther fish cell lines (Tong et al., 1997; Chen et al., 2005; Lai et al.,
000; Parameswaran et al., 2007a,b). However, 5% FBS can also
upport growth of the SRCF cell line but relatively good growth

as observed at 10% FBS. Hence, the cell line can be maintained at

ow cost using 10% FBS. Several fish cell lines were maintained at
ower serum concentration (10%) to make the practice cost effective
Lakra et al., 2010b; Lakra and Goswami, 2011).

Fig. 7. Expression of green fluorescent protein in SRCF cells transfected wit
 Cell 45 (2013) 219– 226

The SRCF cells showed moderately higher plating efficiency
and decreased contact inhibition as the passage number increased
which suggests spontaneous transformation might take place
during the later passages. Many properties associated with trans-
formation in vitro were reported to be a consequence of cell surface
modifications (Freshney, 1994). The SRCF cell line was  very sensi-
tive to the ECP of Aeromonas sp. and morphological changes were
seen as described by others (Bejar et al., 1997; Hameed et al., 2006).
This indicates the suitability of this cell line to test the cytotoxic
effects of bacterial extracellular products. Occurrence of changes in
chromosome number as a result of chromosome instability shows
the adaptation of cells to in vitro conditions. This instability can
be generated by culture conditions that damage chromosomes. In
this way the diploidy status is a good indicator of chromosome
stability that may  be relevant to the proximity of a cellular sys-
tem to the original physiological condition. Chromosome analysis
revealed that SRCF cells exhibited a modal chromosome number of
2n = 98, which is identical with the reported modal chromosome
number of S. richardsonii (Barat et al., 1997).

Species-specific DNA markers have been used to identify species
origin of established cell lines. Hence, cell line authentication using
molecular marker is essential especially when contamination with
other cell lines is suspected. COI gene sequence is a useful DNA
marker and its analysis has demonstrated it as the core of global bio-
identification systems for animals (Hebert et al., 2003). It has been
used to identify species and to study relationships among orga-
nisms (Song and Toh, 1994; Ward et al., 2005). Recently, COI region
has been used for identification of cell lines (Lakra et al., 2010b;
Lakra and Goswami, 2011; Cooper et al., 2007). The present study
revealed the efficiency of COI sequence as a diagnostic marker for
species identification. Other alternative marker such as 16S ribo-
somal RNA gene sequence was  used to confirm the origin of muscle
and fin cell lines of bluefin trevally (Zhao and Lu, 2006). The 16S
rRNA gene sequence of SRCF cell line also confirmed the originality
of the cell line.

Vimentin, which is a typical intermediate filament protein in
the fibroblasts, was  found to be expressed in SRCF cells. The result
revealed fibroblast morphology of SRCF cells. Strong Vimentin
labeling in the cytoplasm of the cell line indicates the immaturity
of cells (Wen  et al., 2008). The successful transfection of SRCF cells
with pEGFP-C1 plasmid illustrates the possibility for this cell line
to be genetically manipulated for gene targeting and expression
studies. After exposure to H2O2 significant increase of DNA damage
was observed in the SRCF cells as compared to cells that were not
exposed to genotoxic compound in the Comet assay. This suggests

that Comet assay can be applied successfully in fish cell lines, for
genotoxic monitoring of toxic compounds. The Comet assay detects
primary DNA lesions such as DNA strand breaks, but may  also detect
genomic instability, repair of double-strand breaks, DNA-adduct

h pEGFP-C1 vector: (a) fluorescent view and (b) phase contrast view.
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Fig. 8. Comets after single-cell gel electrophoresis of SRCF cells: 

ormation and DNA cross-links (Hartmann and Speit, 1995). The
resent study explored the possibility of using SRCF cell line as an

n vitro model in genotoxicology studies.
Cryopreservation of cell lines is necessary for long-term stor-

ge. DMSO is the most commonly used cryoprotectant for cultured
ells, including fish cells (Wolf and Quimby, 1969) due to its low
olecular weight and penetration capacity. Because of the slow

enetration of the cryoprotectant into the fin cells, slow freezing
ethod of cryopreservation proved to be highly efficient. However,

ecreased percentage recovery of cells demonstrates the mild toxic
ffect of DMSO (Mauger et al., 2006). For cryopreservation of SRCF
ells, the optimal concentration of DMSO used was 10%. However,
he concentrations of DMSO used for frozen cell suspensions are
0–20% (Donahoe et al., 1977; Jezek et al., 2002).

In conclusion, the cell line developed from caudal fin tissue of
. richardsonii could potentially be used as a powerful tool for con-
ervation genetics and biotechnological applications.

cknowledgments

The authors thank Director, NBFGR, Lucknow for his support and
ncouragement for the research program. Department of Biotech-
ology, Govt. of India, New Delhi is highly acknowledged for
nancial support.

eferences

abich, H., Borenfreund, E., 1991. Cytotoxicity and genotoxicity assays with cultured
fish cells: a review. Toxicol. In Vitro 5, 91–100.

alebona, M.C., 1995. Role of extracellular products in the pathogenicity of vib-
rio stains on cultured gilt-head seabream (Sparus aurata). Microbiologia 11,
439–446.

arat, A., Sahoo, P.K., Nagpure, N.S., Ponniah, A.G., 1997. Variation in NOR pattern in
different populations of Schizothorax richardsonii (Cyprinidae: Pisces). Cytobios
91, 181–185.

ejar, J., Borrego, J.J., Alvarez, M.C., 1997. A continuous cell line from the cultured
marine fish gilt-head seabream (Sparus aurata). Aquaculture 150, 143–153.

laxhall, P.C., 1983. Chromosome karyotype of fish using conventional and
C–banding method. J. Fish. Biol. 22, 417–424.

ols, N.C., 1991. Biotechnology and aquaculture: the role of cell cultures. Biotechnol.
Adv. 9, 31–49.

ols, N.C., Brubacher, J.L., Ganassin, R.C., Lee, L.E.J., 2001. Ecotoxicology and innate
immunity in fish. Dev. Comp. Immunol. 25, 853–873.

ols, N.C., Lee, L.E.J., 1991. Technology and uses of cell culture from tissues and organs
of bony fish. Cytotechnology 6, 163–187.

astano, A., Bols, N.C., Braunbeck, T., Dierickx, P., Halder, M.,  Isomaa, B., Kawahara,
K., Lee, L.E.J., Mothersill, C., Part, P., Repetto, G., Sintes, J.R., Rufli, H., Smith, R.,

Wood, C., Segner, H., 2003. The use of fish cells in ecotoxicology. Altern. Lab.
Anim. 31, 317–351.

hen, S.L., Ren, G.C., Sha, Z.X., Hong, Y.H., 2005. Development and characteriza-
tion  of a continuous embryonic cell line from turbot (Scophthalmus maximus).
Aquaculture 249, 63–68.
ated SRCF cells with H2O2 and (b) untreated SRCF cells (control).

Cheng, T.C., Lai, Y.S., Lin, I.Y., Wu,  C.P., Chang, S.L., Chen, T.I., Su, M.S., 2010. Establish-
ment, characterization, virus susceptibility and transfection of cell lines from
cobia, Rachycentron canadum (L.), brain and fin. J. Fish Dis. 33, 161–169.

Clem, L.W., Bly, J.E., Wilson, M., Chinchar, V.G., Stuge, T., Barker, K., Luft, C., Rycyzyn,
M.,  Hogan, R.J., van Lopik, T., Miller, N.W., 1996. Fish immunology: the utility of
immortalized lymphoid cells – a mini review. Vet. Immunol. Immunopathol. 54,
137–144.

Cooper, J.K., Sykes, G., King, S., 2007. Species identification in cell culture: a two-
pronged molecular approach. In Vitro Cell. Dev. Biol. Anim. 43, 344–351,
http://dx.doi.org/10.1007/s11626-007-9060-2.

Donahoe, P.K., Ito, Y., Hendren, W.H., 1977. The preservation of Mullerian inhibiting
substance during long-term freezing of testicular fragments. Cryobiology 14,
534–542.

Fent, K., 2001. Fish cell lines as versatile tools in ecotoxicology: assessment of
cytotoxicity, cytochrome P4501A induction potential and estrogenic activity of
chemicals and environmental samples. Toxicol. In Vitro 15, 477–488.

Freshney, R.I., 1994. Culture of Animal Cells: A Manual of Basic Technique. Wiley-Liss,
New York.

Hameed, A.S.S., Parameswaran, V., Shukla, R., Singh, I.S., Thirunavukkarasu, A.R.,
Bhonde, R.R., 2006. Establishment and characterization of India’s first marine
fish cell line from kidney of sea bass, Lates calcarifer. Aquaculture 257, 92–103.

Hartmann, A., Speit, G., 1995. Genotoxic effects of chemicals in the single cell gel
(SCG) test with human blood cells in relation to the induction of sister chromatid
exchanges (SCE). Mutat. Res. 346, 49–56.

Hebert, P.D.N., Cywinska, A., Ball, S.L., deWaard, J.R., 2003. Biological identifications
through DNA barcodes. Proc. R. Soc. Lond. B 270, 313–321.

Hightower, L.H., Renfro, J.L., 1988. Recent applications of fish cell culture to biomed-
ical research. J. Exp. Zool. 248, 290–302.

Hrzenjak, M.,  Shain, S.A., 1995. Protein kinase C-dependent and independent path-
ways of signal transduction in prostate cancer cells: fibroblast growth factor
utilization of a protein kinase C-independent pathway. Cell Growth Differ. 6,
1129–1142.

Jezek, D., Schulze, W.,  Kalanj-Bognar, S., Vukelic, Z., Milavec-Puretic, V., Krhen, I.,
2002. Effects of various cryopreservation media and freezing–thawing on the
morphology of rat testicular biopsies. Andrologia 33, 368–378.

Lai, Y.S., Murali, S., Ju, H.Y., Wu,  M.F., Guo, I.C., Chen, S.C., Fang, K., Chang, C.Y.,
2000. Two iridovirus-susceptible cell lines established from kidney and liver
of  grouper, Epinephelus awoara (Temminck and Schlegel), and partial character-
ization of grouper iridovirus. J. Fish Dis. 23, 379–388.

Lakra, W.S., Bhonde, R.R., 1996. Development of primary cell culture from the caudal
fin  of an Indian major carp, Labeo rohita (Ham.). Asian Fish Sci. 9, 149–152.

Lakra, W.S., Goswami, M.,  2011. Development and characterization of a con-
tinuous cell line PSCF from Puntius sophore. J. Fish Biol. 78, 987–1001,
http://dx.doi.org/10.1111/j.1095-8649.2010.02891.x.

Lakra, W.S., Goswami, M.,  Rajaswaminathan, T., Rathore, G., 2010b. Development
and characterization of two new cell lines from common carp, Cyprinus carpio
(Linn.). Biol. Res. 43, 385–392.

Lakra, W.S., Swaminathan, T.R., Joy, K.P., 2010a. Development, characterization, con-
servation and storage of fish cell lines: a review. Fish Physiol. Biochem. 37,
1–20.

Lakra, W.S., Bhonde, R.R., Sivakumar, N., Ayyappan, S., 2006. A new fibroblast like
cell  line from the fry of golden mahseer Tor putitora (Ham.). Aquaculture 253,
238–243.

Lannan, C.N., Winton, J.R., Fryer, J.L., 1984. Fish cell lines: establishment and charac-
terization of nine cell lines from salmonids. In Vitro 20, 671–676.

Lo,  C.F., Leu, J.H., Ho, C.H., Chen, C.H., Peng, S.E., Chen, Y.T., Yeh, P.Y., Huang, C.J.,
Wang, C.H., Kou, G.H., 1996. Detection of baculovirus associated with white spot

syndrome (WSSV) in penaeid shrimps using polymerase chain reaction. Dis.
Aquat. Organ. 25, 133–141.

Mauger, P.E., Le Bail, P.Y., Labbe, C., 2006. Cryobanking of fish somatic cells: opti-
mizations of fin explant culture and fin cell cryopreservation. Comp. Biochem.
Physiol. B 144, 29–37.

dx.doi.org/10.1007/s11626-007-9060-2
dx.doi.org/10.1111/j.1095-8649.2010.02891.x


2 e and

O

P

P

P

R

S

S
S

S

and characterization of a cell line TTCF from endangered mahseer Tor
26 M. Goswami et al. / Tissu

u-Yang, Z.L., Huang, X.H., Huang, E.Y., Huang, Y.H., Gong, J., Sun, J.J., Qin, Q.W., 2010.
Establishment and characterization of a new marine fish cell line derived from
red-spotted grouper Epinephelus akaara. J. Fish Biol. 77, 1083–1095.

alumbi, S., Martin, A., Romano, S., Mcmillan, W.O., Stice, L., Grabowski, G., 1991.
The simple fool’s guide to PCR. Version 2.0. Honolulu, HL 96822. Department of
Zoology and Kewalo Marine Laboratory, University of Hawaii.

arameswaran, V., Ahmed, V.P.I., Shukla, R., Bhonde, R.R., Hameed, A.S.S., 2007a.
Development and characterization of two  new cell lines from milkfish (Chanos
chanos)  and grouper (Epinephelus coioides) for virus isolation. Mar. Biotechnol.
9,  281–291.

arameswaran, V., Shukla, R., Bhonde, R., Hameed, A.S.S., 2007b. Development of a
pluripotent ES-like cell line from Asian sea bass (Lates calcarifer) – an oviparous
stem cell line mimicking viviparous ES cells. Mar. Biotechnol. 9, 766–775.

yan, L.A., Seymour, C.B., O’Neill-Mehlenbacher, A., Mothersill, C.E., 2008. Radiation-
induced adaptive response in fish cell lines. J. Environ. Radioact. 99, 739–747.

chirmer, K., 2006. Proposal to improve vertebrate cell cultures to establish them
as  substitutes for the regulatory testing of chemicals and effluents using fish.
Toxicology 224, 163–183.

egner, H., 1998. Fish cell lines as a tool in aquatic toxicology. EXS 86, 1–38.
ingh, N.P., McCoy, M.T., Tice, R.R., Scheider, E.L., 1988. A simple technique for quan-
titation of low levels of DNA damage in individual cells. Exp. Cell Res. 175,
184–191.

ong, N., Toh, H., 1994. Membrane-bound Bacillus cytochromes c and their phyloge-
netic position among bacterial class I cytochromes c. FEMS Microbiol. Lett. 122,
203–210.
 Cell 45 (2013) 219– 226

Tong, S.L., Lee, H., Miao, H.Z., 1997. The establishment and partial characterization of
a  continuous fish cell line FG-9307 from the gill of flounder Paralichthys olivaceus.
Aquaculture 156, 327–333.

Villena, A.J., 2003. Applications and needs of fish and shellfish cell culture for disease
control in aquaculture. Rev. Fish Biol. Fish. 13, 111–140.

Vishwanath, W.,  2010. Schizothorax richardsonii. In: IUCN 2011. IUCN Red List of
Threatened Species. Version 2011.2.

Ward, R.D., Zemlak, T.S., Innes, B.H., Last, P.R., Hebert, P.D.N., 2005. DNA barcoding
Australia’s fish species. Proc. R. Soc. Lond. B 360, 1847–1857.

Wen, C., Lee, C., Wang, C., Cheng, Y., Huang, H., 2008. Development of two cell lines
from Epinephelus coioides brain tissue for characterization of betanodavirus and
megalocytivirus infectivity and propagation. Aquaculture 278, 14–21.

Wolf, K., 1988. Fish Viruses and Fish Viral Diseases. Cornell University Press, New
York.

Wolf, K., Quimby, M.C., 1962. Established eurythermic line of fish cells in vitro.
Science 135, 1065–1066.

Wolf, K., Quimby, M.C., 1969. Fish cell and tissue culture. Fish Physiol. 3,
253–305.

Yadav, K., Lakra, W.S., Sharma, J., Goswami, M.,  Singh, A., 2012. Development
tor  (Ham.). Fish Physiol. Biochem. 38, 1035–1045, http://dx.doi.org/10.1007/
s10695-011-9588-7.

Zhao, Z., Lu, Y., 2006. Establishment and characterization of two cell lines from
bluefin trevally Caranx melampygus. Dis. Aquat. Organ. 68, 91–100.

dx.doi.org/10.1007/s10695-011-9588-7
dx.doi.org/10.1007/s10695-011-9588-7

	A SRCF cell line from snowtrout, Schizothorax richardsonii: Development and characterization
	1 Introduction
	2 Materials and methods
	2.1 Primary cell culture and subculture
	2.2 Growth characteristics
	2.3 Cell plating efficiency
	2.4 Cytotoxicity test
	2.5 Chromosome analysis
	2.6 Molecular characterization
	2.6.1 DNA isolation
	2.6.2 Amplification and sequencing

	2.7 Immunocytochemistry
	2.8 Cell transfection with GFP reporter gene
	2.9 Comet assay
	2.10 Cryopreservation

	3 Results
	3.1 Primary cell culture and subculture
	3.2 Growth characteristics
	3.3 Cell plating efficiency
	3.4 Cytotoxicity test
	3.5 Chromosome analysis
	3.6 Molecular characterization
	3.7 Immunocytochemistry
	3.8 Cell transfection with GFP reporter gene
	3.9 Comet assay
	3.10 Cryopreservation

	4 Discussion
	Acknowledgments
	References


