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Development and characterization of two new cell lines from
common carp, Cyprinus carpio (Linn)
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ABSTRACT

Two new cell lines (CCF and CCH) were established from fin and heart tissues of common carp, Cyprinus carpio. The cells were
optimally maintained in Leibovitz-15 medium supplemented with 10% fetal bovine serum (FBS) and 10 ng/m1 of basic fibroblastic
growth factor (bFGF). The effects of temperature, concentration of FBS and bFGF on the growth of CCF and CCH cells were examined.
The temperature ranged from 24 to 32 °C for good growth of the cells. The growth rate of cells was higher in medium containing 10%
FBS and the addition of bFGF to the medium significantly increased the growth rate. The CCF cells were found to be epithelial, while
the CCH cells were fibroblastic in nature. The cytogenetic analysis of the cell lines revealed a diploid number of 100 chromosomes in C.
carpio. The viability of CCF and CCH cell lines were 70 and 72%, respectively, after six months of storage in liquid nitrogen (-196 0 C).
Molecular characterization of the cell lines using 16S rRNA and Cytochrome Oxidase Subunit I (COI) revealed the origin of the cell
lines. These new cell lines will be useful for isolation of fish viruses and other in vitro biotechnological studies
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common carp. Development of cell lines from various tissues
of common carp is desirable for developing cell models for in
vitro study of their cellular physiology, molecular biology,
genetics,  immunology, endocrinology, nutrition,
comparative biology and biotechnology (Ye et al., 2006).

The present study reports two new cell lines (CCF and
CCH) from fin and heart tissues of C. carpio and their
evaluation for optimal growth conditions and molecular and
cytogenetic characterization.

METHODS

Primary cell culture

Healthy juveniles of C. carpio (body weight: 50-60 gm and
body length: 20-25 cm) were obtained from commercial
hatcheries in Uttar Pradesh and maintained in the wet lab of
the institute. All fish specimens were euthanized by keeping
them on ice for more than 15 min and surface sterilized by
dipping in an iodophore (Betadine, Pharmabutor, India) for 5
min. Primary cell cultures were initiated by aseptically
collecting fin, heart and swim bladder tissues. The tissues
were transferred to phosphate buffered saline (PBS)
(Invitrogen), containing antibiotic and antimycotic solution
(1000 U penicillin, 1000 μg streptomycin and 25 μg
amphotericin B per ml) (Invitrogen). The tissue samples were
then minced with sterile dissecting blades and scissors at
room temperature and washed four times with PBS containing
antibiotic and antimycotic solution. Approximately 25 tissue
fragments (1 to 2 mm3) were individually explanted into 25
cm2 tissue culture flasks (Nunc, Denmark) in 50 μl of fetal
bovine serum (FBS) (Invitrogen). After allowing the tissue to
attach for 8 h at room temperature, 5 ml of Leibovitz-15
medium (L-15) containing 20% FBS and 10 ng/ml basic
fibroblastic growth factor (bFGF) was added to each flask. The
flasks were incubated at 28°C and the medium was replaced
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INTRODUCTION

Cyprinus carpio, commonly called common carp, is a widely
distributed freshwater fish and a natural inhabitant of
riverine systems of Asia and Eastern Europe. The species
entered the carp polyculture system in India in the late 1950s
and thereafter the species has become an integral part of the
composite fish culture system in the country. The adoption
of intensive farming practices, unregulated use of inputs and
inbreeding in hatcheries, has led to increased disease
incidence in tropical carp. There have been several
incidences of mass mortality of carp in culture systems,
which are suspected to be caused by microbial diseases,
particularly of viral aetiology (Mohan and Shankar, 1994).
Hence, development of a cell line from tropical fish species
for identifying pathogenesis of viral diseases and for vaccine
production against viral and bacterial diseases is necessary.

Most cell lines in the past have been developed from
temperate fish (Fryer and Lannon, 1994), except primary
cultures from the kidney of the stinging catfish
Heteropneustes fossilis (Singh et al., 1995), caudal fin of L.
rohita (Lakra and Bhonde, 1996), heart tissues of Indian major
carp (Rao et al., 1997), caudal fin of Tor putitora (Prassana et
al., 2000), ovary of Clarias gariepinus (Kumar et al., 2001), gill
of C. gariepinus (Rathore et al., 2001) and liver and kidney of
L. rohita (Lakra et al., 2005). The development of new cell
lines from Tor putitora (Lakra et al., 2006a), Lates calcarifer
(Lakra et al., 2006b; Parameswaran et al., 2006 and 2007),
Epinephelus coioides and Chanos chanos (Parameswaran et al.,
2007) in recent years have opened new vistas for fish tissue
culture research on tropical aquatic species.

Although viral infections in fish in India are likely to
exist, no virus has been isolated and characterized so far
(Lakra et al., 2006). The carp leucocyte cell line (CLC; Weyts
et al., 1997) and epithelioma papulosum cyprini cell lines
(EPC; Fijan et al., 1983) have been developed from the
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every five days. The flasks were observed daily for
attachment, spreading, proliferation and morphological
details using an inverted microscope (Olympus Optical Co.,
Ltd) equipped with phase optics.

Subculture

After reaching 95 % confluency, the cells were trypsinized
using 0.25% trypsin solution and 0.2%
ethylenediaminetetraacetic acid (EDTA) in PBS. The
subcultured cells were grown in fresh L-15 with 15% FBS. In
the initial 10 subcultures, 50% of the culture medium was
replaced with the fresh medium. The concentration of FBS in
the L-15 medium was reduced to 10% for further
subculturing.

Growth studies

Growth characteristics of the cell lines were assessed at
selected temperatures, FBS and bFGF concentrations in L-15
media. The growth rates were assessed at 5 incubation
temperatures (18, 20, 24, 28 and 32 °C) for 7 days. A seeding
concentration of 2 × 105 cells/ml at 45 passage was used in 25
cm2 tissue culture flasks. On alternate days, 3 flasks from
different temperatures at which they were incubated were
withdrawn, trypsinized and cells were counted (4 counts per
flask) using a hemocytometer. Analogous procedures were
performed for the effects of various concentrations of FBS (5,
10, 15 and 20%) and bFGF (0, 5 and 10 ng/ml) on cell growth
at 28 oC for 7 days.

Cryopreservation

The ability of cells to survive in liquid nitrogen (LN2) at -196
0 C and their stability were assessed in three replicates in
freezing medium using previously described methods
(Freshney, 1994). Cells growing logarithmically for CCF and
CCH at 47 and 48 passages, respectively, were harvested by
centrifugation and washed with PBS and then suspended in
recovery medium (Invitrogen) at 1 X 106 cells per ml.
Aliquots (1.0 ml) were dispensed into 2.0 ml sterile cryovials
(10 numbers) (Nunc) held at 4 °C for 2 h, -20 oC for 1 h, at -70
oC overnight and then transferred into LN2. The frozen cells
were recovered after 6 months of post-storage by thawing at
37 oC in a water bath. Following removal of the freezing
medium by centrifugation, cells were suspended in L-15 with
10% FBS. The viability of the cells was measured by trypan
blue staining and the number of cells was counted using a
haemocytometer. The viable cells were seeded into 25 cm2

tissue culture flasks for further subculturing.

Karyotyping

Chromosomal counts were established at passage 47 and 48
for fin and heart cells, respectively. Cells were seeded in
duplicate 75 cm2 tissue culture flasks in L-15 medium with
10% FBS. After 24 h incubation, spent medium was replaced
with 10 ml of fresh medium containing 0.1 ml colcemid
solution (1 μg ml/1), (Sigma, St Louis, MO, USA) into the 1-
day-old cell culture for 2 h at 28 oC. After harvesting by
centrifugation (70 g, 5 min), the cells were suspended in a
hypotonic solution consisting of 0.5% KCl for 10 min and

fixed in methanol: acetic acid (3:1). The slides were prepared
following the conventional drop-splash technique (Freshney,
1994). The chromosomes were counted under a microscope
(Leica, Germany), after staining with 5% Giemsa for 10 min.

Molecular characterization (16S rRNA and COI mtDNA genes)

DNA Isolation

DNA extractions from CCF and CCH cells at passage 47 and
48 respectively, were completed following Ruzzante et al.
(1996) with minor modifications. Briefly, samples were
homogenized separately in incubation buffer (10 mM Tris-
HCl and 10 mM ethylenediaminetetraacetic acid (EDTA),
pH8.0), centrifuged at 10000 rpm at 4 oC after which the
supernatants were digested with lysis buffer (10mM Tris-
HCl, 10 mM ethylenediaminetetraacetic acid (EDTA), pH8.0,
0.5% SDS and 50 µg/ml Proteinase K). After incubation at 37
oC for overnight,  the digests were deproteinized by
successive phenol / chloroform and iso-amyl alcohol
extraction and DNA was recovered by ethanol precipitation,
drying and resuspension in TE buffer. The concentration of
isolated DNA was estimated at wavelength of 260 nm using
a UV spectrophotometer. The DNA was diluted to get a final
concentration of 100 ng μl-1.

Amplification and Sequencing

The 551 bp fragment of mitochondrial 16S rRNA gene was
amplified in a 50 µl reaction volume with 5µl of 10X Taq
polymerase buffer, 0.2 mM of each dNTP, 0.4 µM of each
primer, 2.5 U of Taq polymerase and 5μl genomic DNA using
the thermal cycler PTC 200 (MJ Research). The primers used
for the amplification of the partial 16S rRNA gene were
16SAR (5’-CGCCTGTTTATCAAAAACAT-3’) and 16SBR
(5’- CCGGTCTGAACTCAGATCACGT -3’) (Palumbi et al.
1991). The thermal profile used was 36 repetitions of a three-
step cycle consisting of denaturation at 94 oC for 1 minute,
annealing at 55 oC for 1 minute and extension at 72 oC for 1.5
minutes, including 4 minutes for initial denaturation at 94 oC
and 7 minutes for the final extension at 72 oC.

The 655 bp fragments of cytochrome oxidase subunit I
(COI) were also amplified in a final concentration of 50µl
volume with a final concentration of 5 µl of 10X Taq
polymerase buffer, 2μl of MgCl2 (50 mM), 0.25μl of each dNTP
(0.05 mM), 0.5μl of each primer (0.01 mM), 0.6 U of Taq
polymerase and 5μl of genomic DNA. The primers used for
the amplification of the COI gene were FISHF1-
5’TCAACCAACCACAAAGACATTGGCAC3’ and FISHR1-
5’TAGACTTCTGGGTGGCCAAAGAATCA3’ (Ward et al.,
2005). The thermal regime consisted of an initial step of 2
minutes at 95 oC followed by 35 cycles of 40 seconds at 94 oC,
40 seconds at 54 oC and 1 minute 10 seconds at 72 oC followed
by final extension of 10 minutes at 72 oC.

The PCR products were visualized on 1.2 % agarose gels
and the most intense products were selected for sequencing.
Products were labeled using the BigDye Terminator V.3.1
Cycle sequencing Kit (Applied Biosystems, Inc) and
sequenced bidirectionally using an ABI 3730 capillary
sequencer following manufacturer’s instructions. The
obtained sequences of PCR fragments were compared to the
known sequences of the species.
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Statistical Analysis

Data were expressed as mean ± S.E. A value of P < 0.05 was
considered as statistically significant. The statistical analysis
was computed using SPSS software.

RESULTS

The radiation of cells from the explants started after 2 to 3
days in 25 cm2 tissue culture flasks for CCF and CCH and a
monolayer of cells was formed approximately 3 weeks after
the implantation. The morphology of common carp fin cells
(CCF) was fibroblastic and epithelial during their initial
growth, which changed to epithelial-like cells gradually (Fig.
1). In contrast, the common carp heart (CCH) cells were
basically fibroblastic and myoctyes in the primary culture.
However, the cells became uniformly fibroblastic in later
passages. The CCF cells were subcultured successfully 49
times, whereas CCH cells were subcultured 51 times. The
cells were subcultured on 9-day intervals in L-15 medium
with 20% FBS for the first 10 subcultures, at 5-day intervals
in L-15 with 10% FBS during the subsequent passages.

The CCF and CCH cells exhibited different growth pattern
at different temperatures (Fig. 2 A). The growth of cells
increased as the culture temperature increased, when the
temperature was between 20 and 28 0C. Although cells grew
well at 28 0C, the growth rate of cells cultured at 32 oC began
to decrease. The growth rate was less markedly at 18 oC.

The effect of FBS and bFGF concentration on the
proliferation of cells is shown in Fig. 2 B and Fig. 2 C. The
growth rate of cells in medium containing 20 % FBS was
higher than that of cells in medium containing 5 -15 % FBS.

The addition of 10 ng/ml bFGF stimulated the proliferation
of cells. The absence of bFGF significantly decreased the
proliferation of cells.

Evaluation of the viability of CCF and CCH cells stored
in liquid nitrogen (-196 oC) established the capability of the
cells to survive following 6 month of storage. More than 70
and 72% of CCF and CCH cells from each vial remained
viable after the storage period and retained the ability to
attach and grow at 28°C. Following storage, no obvious
alterations in morphology or growth pattern were observed
for cells.

The CCF and CCH cell lines had similar chromosome
morphology. The results of chromosome counts of 82
metaphase plates revealed that the diploid number of
chromosomes in CCF and CCH cells ranged from 46 to 121
and 47 to 126, respectively (Fig. 3 A & B). Both heteroploidy
and aneuploidy were observed in the two cell lines, although
they were small in proportion. Nevertheless, the modal
diploid number of chromosomes for all the cell lines was
found to be 100.

An analysis of mitochondrial 16S rRNA and COI genes
was performed to verify the origin of the two cell lines.
Amplification from the 16S rRNA and COI genes for all cell
lines revealed the expected PCR products of 551 bp and 655
bp, respectively (Fig. 4). Subsequent comparative analysis of
the identified sequences demonstrated a 99% to 100 % match
for 16S rRNA and COI region of the known mitochondrial
DNA sequences from C. carpio. GenBank Accession No. for
16S rRNA and COI of CCF and CCH cell lines were
FJ183814-FJ183815 and FJ183806 - FJ183807 respectively. Our
data demonstrated that CCF and CCH cell lines are indeed
truly derived from C. carpio.

Fig. 1: Phase contrast microscope of common carp cells derived from (A, B, C) fin and (D, E, F) heart (200X).
A & D) Explant showing radiation of cells after 3 days from fin and heart, respectively.
B & E) subcultured cells of fin and heart, respectively, at 10th passage
C & F) subcultured cells of fin and heart, respectively, at 30th passage
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Fig. 2B

Fig. 2A
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Fig. 2: In vitro growth curves of CCF and CCH cells of Cyprinus carpio at (A) Temperatures (18, 20, 24, 28 and 32oC, (B) selected
concentration of FBS (5, 10, 15 and 20% and (C) bFGF (0, 5 and 10 ng/ml). Values were significantly different (p<0.05). Values are
means ± S.E. (n=3).

Fig. 2C

DISCUSSION

Fish cell cultures are good models for in vitro studies of the
propagation of pathogenic fish viruses. They also play
important role in toxicological and functional genomics
studies in fish. However, presently very few fish cell lines
are available for research in tropical species. In the present
research, in vitro cell culture systems from fin and heart of
common carp, namely CCF and CCH cell lines, were
established by the explant technique. The tissue of choice
and optimum physico-chemical environment-like culture
medium, FBS concentration, growth supplements, incubation
temperature, etc. varies considerably across fish species.
Joseph et al. (1998) observed good attachment and growth
with caudal peduncle of Cirrhinus mrigala and heart tissues
of C. mrigala and Catla catla. In primary culture of CCF,
fibroblastic cells and epithelial cells coexisted. However, in
subsequent subcultures, the epithelial like cells proliferated
more rapidly than the fibroblastic cells and ultimately
predominated. The pattern in CCH cells was fibroblastic and
myoctyic,  but fibroblastic cells were dominant after
subsequent passage. Most of the primary cultures reported
from fish in India were comprised of fibroblastic cells (Singh
et al., 1995; Lakra & Bhonde1996). A predominance of
fibroblastic cells over epithelioid cells in cell cultures from

fish has been reported by several workers in the past (Bejar
et al., 1997; Chi et al., 1999).

Both CCF and CCH cells exhibited maximum growth rate
at 28 oC, but were growing over a wide temperature range
(20-32 oC). This property increases the spectrum of viruses
that the cells can be used to isolate. The highest growth rate
of various tropical fish cell lines was observed at 32 oC (Lai
et al. 2003), 28 oC (Sathe et al., 1995) and 20-25 0C (Tong et
al., 1997). A temperature of 35-37oC has been reported to be
lethal to many fish cells (Tong et al., 1997).

The FBS is essential for survival and optimal growth of
cells. In primary cell cultures, FBS at high concentrations
(20%) is favourable for cell growth and attachment. After
subculture, the replication rate of CCF and CCH cells
increased as the FBS concentration increased from 5 to 20%.
These observations are similar to those previously reported
on the establishment of cell lines from other marine fish
(Kang et al., 2003; Lai et al., 2003). However, concentration of
FBS at 10 % provided relatively good growth and this is an
advantage to maintain the cell line at low cost.

Most cells do not survive or exhibit optimal phenotypic
properties for any length of time when cultured in basal
medium alone. The medium needs to be supplemented with
additional growth and survival factors, such as hormones,
transport proteins, trace elements or ECM (Extra Cellular
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Matrix) factors (Ham and McKeehan, 1979). The growth
factors like bFGF, a potent mitogenic agent for human
melanocytes has been used in previous studies (Halaban et
al., 1998). The bFGF is a potent mitogen for embryonic stem
cells derived from medaka Oryzias latipes (Hong and Schartl,
1996) and sea perch (Chen et al. ,  2003). Our results
demonstrate that bFGF stimulates proliferation of CCF and
CCH cells and can be used as growth factor in other cell
cultures also.

The euploid cell condition is an important parameter for
characterizing a cell line. The results of chromosome counts
of 82 metaphase plates from cell line at passage 47 and 48
revealed that the chromosome numbers of CCF and CCH
varied from 46 to 121 and 47 to 126, respectively.
Nevertheless, the modal number of chromosomes was 100.
Karyotype analysis revealed that over 48% and 46% of the
CCF and CCH cells possessed a diploid chromosome number
of 2n =100, respectively, which is identical to the modal
chromosome number of common carp reported earlier (Ohno
et al., 1967). This diploid rate is similar to or higher than
other reports in other fish cell lines (Sun et al., 1995, Hong et
al., 1996, Chen et al., 2003).

To confirm that the cell lines originated from common
carp, amplifications of 551 bp and 655 bp fragments of 16S
rRNA and COI gene sequences for all cell lines were
performed. The sequence analysis of both 16S rRNA and COI
fragments showed 99% to 100% similarity with respective

gene fragment of C. carpio. The results indicated that the two
cell lines were of C. carpio. Species identification of cell lines
is crucial for scientific research accuracy and reproducibility.
Hebert et al. (2003) have demonstrated the utility of the COI
gene as a universal barcode, referred to as “DNA barcodes”
for the genetic identification of animal life. Recently, Cooper
et al. (2007) used the COI region for identification of sixty-
seven cell lines used for barcode analysis. Our analysis also
proves the utility of the COI gene for identification of the
newly established cell lines from C. carpio.

Cryopreservation of cell lines is necessary for long-term
storage. The feasibility of cryopreservation of these two cell
lines was demonstrated, with appreciable recovery after
thawing of up to 72%. It was 50% for SAF-1 (gilt-head sea
bream) (Bejar et al., 1997), 73% for GF-1 (grouper) (Chi et al.,
1999) and 80-85% for SF (Asian sea bass) (Chang et al., 2001).

Some pathogenic viruses are known to be organ- and
tissue-specific, which makes the establishment of additional
cell lines from different organs and tissues of a host species
essential for proper monitoring of viral diseases. Therefore,
the established common carp cell lines, CCF and CCH from
fin and heart, respectively, would provide an enhanced
capability for viral detection and identification in the aquatic
animal species in India. These newly established and
characterized cell lines from C. carpio will be disseminated /
distributed to researchers all over the world on request for
further research in fish biotechnology.

Fig. 3: A chromosome spread of C. carpio from cell lines (A) CCF and (B) CCH
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