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Abstract Astronotus ocellatus, commonly called the
oscar, is one of the popular cichlids among aquarium
hobby. The present study deals with the development
and characterization of a new cell line from caudal fin of
A. ocellatus. The cell line was cultured in Leibovitz’s L
−15 medium supplemented with 10% fetal bovine se-
rum at 28 °C. The optimum temperature and FBS con-
centration for cell growth were tested with temperature
ranges from 20 to 37 °C and FBS concentrations of 5–
20% at 28 °C. The Astronotus ocellatus fin cell line has
been subcultured 45 times since its development and the
modal chromosome number (2n) is 48. The cell line is
composed mainly of epithelial cells as confirmed by
immunocytological technique using anti-cytokeratin an-
tibodies. The cell line was cryopreserved at different
passage levels and the revival efficiency showed 80%
survival rate. Partial sequence amplification and se-
quencing of two genes, mitochondrial 16S ribosomal
RNA and cytochrome oxidase I, confirmed the origin of
cell line. The cell line did not show Mycoplasma con-
tamination. The cells showed good transfection efficien-
cy when transfected with 2 μg of pAcGFP1-N1 expres-
sion vector. The extracellular products of fish bacterial
pathogens viz., Aeromonas hydrophila and A. caviae,
were cytotoxic to AOF cells but were not susceptible to
Cyprinid herpes virus 2. The development of AOF cell
line will have significant applications in fish virology

and will prove useful to isolate pathogens in the event of
sudden viral disease outbreak and for the development
of vaccines and diagnostic kits.
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Introduction

Ornamental fish farming is a developing industry all
over the world, with an average annual growth rate of
international trade in export of ornamental fish of 14%
(FAO 2013). Astronotus ocellatus is among the most
important members of the cichlid family in the orna-
mental fish trade, with a wide range of colors and forms.
It is considered among the most intelligent ornamental
fish because of its interactive behavior in the aquarium
(Pronek 1982). With the growth of the ornamental fish
sector, more attention has been given to the emerging
diseases that have caused losses in ornamental fisheries.
There are four reports of viral diseases of aquarium
cichlids, but only the megalocytiviruses (Yanong and
Waltzek 2013) and iridoviruses (Yanong and Terrell
2003) have been reported previously in Oscar. The
diagnosis of fish viral pathogens is primarily based on
clinical signs, histopathology, and electron microscopic
studies of diseased tissues. Their basic biology and
pathogenicity are often difficult to study due to lack of
cell lines for culturing viruses.

Cell lines offer a huge advantage over in vivo exper-
iments where a number of animals have to be sacrificed
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for each study. Maintaining such large numbers of ani-
mals is also troublesome. Numerous cell lines have been
developed and characterized from different fish species
(Lakra et al. 2011). India has contributed 14 fish cell
lines from 9 different freshwater and brackishwater spe-
cies such as Labeo rohita, Catla catla, Cirrhinus
mrigala, Clarias gariepinus, Tor putitora, Etroplus
suratensis, Epinephelus coioides, Lates calcarifer, and
Chanos chanos (Lakra et al. 2011). These cell lines have
contributed greatly to the detection of viral pathogens of
fish in India, viz. viral nervous necrosis (VNN)
(Banerjee et al. 2014), carp edema virus (CEV)
(Swaminathan et al. 2016), Cyprinid herpes virus 2
(CyHV-2) (Sahoo et al. 2016). Considering that several
emerging viral pathogens have been reported in recent
years from India, cell lines from important ornamental
fish are essential for isolating viruses and studying
virus-host interactions. There is no report on the devel-
opment of a cell line from oscar till date. In this study, a
novel cell line from fin of oscar (AOF, A. ocellatus fin)
was established and characterized. The AOF cell line
will be useful for studying viral pathogens and other
gene functions in vitro.

Materials and methods

Generation of primary culture and maintenance

Apparently, healthy A. ocellatus were purchased from
local ornamental fish farms and kept in plastic tanks for
acclimatization for a week. The fish were provided with
proper aeration and feed and one third of water was
changed every alternate day. A primary culture from
caudal fin was prepared following the explant method,
which is more advantageous than the enzymatic method
(Avella et al. 1994). Briefly, the caudal fin was wiped
with 70% alcohol and cut aseptically into a petriplate
with 1 mL of phosphate buffer saline (PBS) (Life Tech-
nologies, Grand Island, NY) with antibiotics-
antimycotics (100×) (Life Technologies, Grand Island,
NY) and Gentamicin/Amphotericin B (500×) (Life
Technologies, Grand Island, NY). The fin sample was
washed thrice with PBS by gentle pipetting and finally
transferred to a fresh Petri plate with PBS. The tissue
sample was then minced into small pieces of 1 mm3

using a sterile scalpel blade. The tissue fragments were
then explanted with 200 μL of fetal bovine serum (FBS)
(Life Technologies, Paisley, UK) into a 25-cm2 cell

culture flask (Thermo Scientific, Roskilde, Denmark)
and allowed to attach to the surface in a vertical position
for 2 h. Finally, 7 mL of complete mediumLeibovitz’s L
−15 (L-15) (HiMedia, Nashik, India) with 20% FBS and
100 μL of antibiotic and antimycotic solution were
added to the flask and incubated at 28 °C.

Once the primary culture achieved 90% confluency,
the cells were passaged into another flask. Briefly, the
confluent flask was first washed with PBS twice and
finally treated with 0.25% trypsin-EDTA (Life Technol-
ogies, Grand Island, NY) in PBS. The cells were har-
vested by vigorous pipetting with 2 mL of fresh L-15
mediumwith 5% FBS, 1 mL of which was seeded into a
fresh flask. The volume was made up to 7 mL in both
the flasks with fresh L-15 medium containing 5% FBS.
No antibiotics were used hereafter. The passage number
was recorded every time.

Cell growth studies

The stability of cell growth pattern was studied at dif-
ferent FBS concentrations and temperatures at 27th
passage level. The cells were seeded in six-well tissue
culture plates at a density of 5 × 104 cells per well. Plates
were incubated at 20, 25, 28, 35, and 37 °C. Another set
of plates had the cells grown in 5, 7.5, 10, 15, and 20%
FBS concentration at 28 °C in duplicate. The growth
pattern was observed up to day 14. Finally, cells were
harvested and counted with a hemocytometer.

Cryopreservation and revival

The cells were cryopreserved at 5, 15, 20, and 35th
passage levels for further use. When the cells achieved
70–80% confluency in a flask, they were trypsinized
(0·25% trypsin-EDTA in PBS) and collected in a 15-mL
centrifuge tube by centrifuging at 367×g at 4 °C. The
cells were then washed thrice with 2 mL PBS with
antibiotics and finally resuspended in Recovery™ cell-
culture freezing medium (Life Technologies, Grand Is-
land, NY) at a density of 5 × 106 cells/mL. The cells
were then aliquoted to 1.5 mL pre-sterilized cryovials
and stored at − 20 °C for 2 h. The cells were then kept at
− 70 °C overnight and then transferred to liquid nitrogen
(LN2) for cryopreservation.

After 6 months, the cells were revived and checked
for cell viability. Briefly, the frozen cells were thawed
quickly at 37 °C in a water bath and mixed drop-wise
with complete medium in a 15-mL centrifuge tube.
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Then, the cells were centrifuged at 825×g at 4 °C and the
pellet resuspended in 10 mL of complete medium. Cell
viability was checked with a hemocytometer following
trypan blue staining. The revived cells were seeded into
25-cm2 flask and incubated at 28 °C for further culture.

Immunophenotyping of the cells

AOF cells at 32nd passage were grown on cover slips
placed on 6-well plates (Thermo Scientific, Jiansu, P. R.
China) for immunotyping. After a 24-h culture at 28 °C,
the cells were washed with PBS and fixed in methanol
for 30 min at − 20 °C. The methanol was removed, the
cells were washedwith PBS again, and finally incubated
in 1% BSA dissolved in PBS for 1 h at 37 °C. The cells
were incubated with primary antibodies (1:200), mouse
anticytokeratin (pan), clone AE1/AE3 antibodies (Life
Technologies, Grand Island, NY), or mouse anti-
fibronectin antibodies (Life Technologies, Grand island,
NY) overnight at 4 °C. For control group, 1% BSAwas
used in PBS in place of primary antibodies. Then, the
cells were washed with PBS and incubated with rabbit
anti-mouse immunoglobulin (IgG) fluorescein isothio-
cyanate conjugate (Life Technologies, Grand Island,
NY) diluted 1:50 times in PBS containing 1% BSA for
1 h. After a final wash with PBS, the cover slips were
mounted in VECTASHIELDmountingmedium (Vector
Laboratories, USA) and monitored under a fluorescence
microscope (Nikon, Japan).

Chromosome analysis

Chomosome analysis was done at 12th and 34th passage
level. Briefly, 24-h grown culture with 80% confluency
was washed with PBS and treated with colchicine at a
final concentration of 1 μg/mL in complete medium for
4–6 h at 28 °C. Then, the cells were trypsinized and
pelleted down in a tube by centrifuging at 367×g for
10 min at 25 °C. The supernatant was removed and the
cells were treated with 5 mL of 0.56% KCl for 25 min.
Then, the cells were pre-fixed for 5 min in 10-mL
fixative solution (3:1 methanol and acetic acid). The
cells were pelleted again at 367×g at 4 °C for 10 min
and washed four times with methanol and acetic acid
solution. Finally, the cells were resuspended in 2-mL
fresh fixative solution and dropped onto a clean pre-
cooled glass slide to make them spread. The cells were
stained with 10% Giemsa solution for 20 min and dried

for 20 min at room temperature. A total of 100 chromo-
some spreads were counted using a light microscope.

Mitochondrial gene sequencing

To authenticate the origin of the cell line, COI and 16S
rRNA gene were amplified from DNA isolated from
cells at 30th passage level. Mitochondrial DNA
(mtDNA) isolated from muscle tissue of A. ocellatus
according to the salting out method (Miller et al. 1988)
served as positive control for amplified DNA sequences.
Universal primers for COI (F 5′CGC CTG TTT ATC
AAA AAC AT 3′ and R 5′CCG GTC TGA ACT CAG
ATC ACG T 3′) (Ward et al. 2005) and 16s rRNA (F 5′
TCAACCAACCACAAAGACATTGGCAC 3′ and
R 5′TAGACT TCTGGG TGGCCAAAGAATCA3′)
(Palumbi et al. 1991) produced bands of 642 and
562 bp, respectively. The PCR reaction and temperature
conditions were as per Swaminathan et al. (2013). The
PCR products were analyzed in 1.5% agarose gel and
visualized under UV transilluminator (Bio-Rad, USA).
The PCR products were then purified and sequenced
using ABI 3730 DNA analyzer (Applied Biosystems,
USA). The resulting DNA sequences for both the frag-
ments were aligned with known sequences of
A. ocellatus obtained from National Centre for Biotech-
nology Information (NCBI, USA) database.

Cytotoxicity test and bacterial extracellular products

For cytotoxicity studies, Aeromonas hydrophila and
Aeromonas caviae isolated from diseased fish in our
laboratory were used. The extracellular products
(ECPs) from these bacteria were prepared as per Liu
(1957) with some modifications. Briefly, the bacterial
cells were incubated for 48 h at 28 °C after spreading
onto a sterile cellophane sheet overlaying an agar plate.
The cells were harvested with PBS and sonicated for
10 min on ice. The cell suspensions were centrifuged at
13,000×g for 20 min at 4 °C, and the supernatant was
filtered through 0.22-μm filters (Satorious, Göttingen,
Germany) and stored at − 80 °C until further use.

Cytotoxicity was tested as per Fornelli et al. (2004).
Briefly, 2 × 105 cells from AOF at 32nd passage level
were seeded into a 6-well plate and incubated for 18 h.
Then, the medium was replaced with 100 μL of ECP
samples and 900 μL fresh medium and incubated for
48 h. Later, the cells were harvested and cell viability
was measured by MTT [3-(4, 5-dimethylthiazol-2-yl)-
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2,5-diphenyltetrazolium bromide] (Invitrogen, USA)
assay (Borenfreund et al. 1988). After 48 h, the medium
was replaced with 20 μL of 5 mg/mL MTT in PBS and
incubated for 4 h at 20 °C. The MTT solution was
aspirated and the cells were washed twice with PBS.
Then, dimethyl sulfoxide was added at 150 μL/well to
solubilize the produced intracellular purple formazan
crystals and absorbance was measured at 570 nm. The
percentage viability was then calculated.

Viral susceptibility study

Cyprinid herpesvirus 2 (CyHV-2), the viral pathogen
isolated in India, from the goldfish, Carassius auratus
(Sahoo et al. 2016), was used for viral susceptibility
studies. Viral inoculum was prepared by homogenizing
the infected tissue samples in L-15 medium with antibi-
otics and without FBS. The tissue homogenate was then
frozen and thawed four times and centrifuged at
12,000×g for 45 min at 4 °C. The supernatant was
filtered using 0.22-μm membrane filter and stored at −
20 °C for further use. Oscar cell line at its 30th passage
was incubated with tissue filtrate for 1 h at 37 °C. After
1 h, the tissue filtrates were aspirated and fresh L-15
medium with 5% FBS was added and the cells were
incubated at 28 °C. The cells were observed for cyto-
pathic effects (CPE) under an inverted microscope
(Nikon, Japan) for 15 successive days.

Transfection

For transfection studies, cells were cultured in a 6-well
plate at a density of 1 × 105 cells well−1 at 40th passage
level. After 24 h, the sub-confluent monolayers were
transfected with 2 μg of pAcGFP1-N1 expression vec-
tor (Clontech, USA) using Lipofectamine 2000 Trans-
fection Reagent (Invitrogen, USA) following the man-
ufacturer’s instructions. After 52 h, the transfected cells
were checked for the green fluorescence signals under a
fluorescent microscope.

Mycoplasma detection

To checkMycoplasma contamination, cells at 36th pas-
sage level were grownwithout antibiotics in the medium
for 5 days. Then, the cells were harvested and centri-
fuged at 200×g for 10 min. Supernatant was transferred
into new micro-centrifuge tubes and centrifuged further
at 250×g to remove debris. Finally, the supernatant was

centrifuged at 15,000×g for 10 min and the pellet was
resuspended in 50 μL of buffer solution. Then, the
solution was heated at 95 °C for 3 min and stored at −
20 °C until use. Tests for Mycoplasma contamination
were run using EZdetectTM PCR Kit (HiMedia, USA)
based on amplification of spacer region between 16S
and 23S ribosomal RNA (rRNA) genomic DNA se-
quence. The amplification products were analyzed in
1% agarose gel.

Results

Primary culture

Explant method was followed to develop the cell culture
from caudal fin of Oscar. Cell growth and migration to
form a complete monolayer took place after day 15 of
the culture (Fig. 1a). The monolayer subcultured at
initial passages (10th passage) comprised both
fibroblastic-like and epithelial-like cells (Fig. 1b). Later,
after about 22nd passage, epithelial-like cells dominated
over fibroblastic cells. The developed cell line was
named A. ocellatus fin (AOF) and passaged up to 45th
passage level. The immunostaining results showed a
strong positive signal in the cells incubated with
cytokeratin, but not in fibronectin which confirmed that
AOF cells are epithelial cells (Fig. 1d).

Effects of temperature and FBS on growth

The AOF cells grown at varying temperatures ranging
from 20 to 37 °C showed maximum growth at 28 °C.
The AOF cells grown at different FBS concentration
showed increase in growth rate with increased FBS
concentration. The cells showed comparatively less
growth at 5% FBS concentration, relatively moderate
growth was seen at 10 and 15%, and maximum growth
was observed at 20% FBS concentration (Fig. 2a, b).

Cryopreservation

The AOF cells that were cryopreserved at 5th, 15th,
20th, and 35th passages were successfully revived after
6 months with 80% viability (Fig. 3). The revived cells
formed a monolayer at 28 °C by about day 10 without
showing any morphological change.
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Fig. 1 Phase contrast and
fluorescent photomicrographs of
freshwater Oscar, Astronotus
ocellatus caudal fin cell line
(AOF). a Explant culture of
caudal fin from A. ocellatus
showing radiation of cells, bAOF
cell line at 10th passage, c AOF
cell line at 22nd passage, and d
AOF cells showing presence of
cytokeratin marker

Fig. 2 Growth curve of
freshwater Oscar, Astronotus
ocellatus caudal fin cell line
(AOF) to a different temperatures
(20, 25, 28, 35, and 37 °C) and b
different fetal bovine serum
(FBS) concentrations (5, 7.5, 10,
15, and 20%). Values aremeans ±
SD (n = 3)
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Species authentication

Most of the AOF cells at 12th and 34th passage level
were arrested in metaphase after treatment with colchi-
cine. The chromosome count of hundred cells revealed
32 to 55 and 30 to 54 chromosomes in 12th and 34th
passage level, respectively, showing a peak at 48 diploid
chromosome number. The majority of cells (53%)
showed a haploid chromosome number (2n = 48), that
is in accordance with the published chromosome number
of the species (Fig. 4a, b).

The COI and 16S rRNA amplification produced
products of 642 and 562 bp, respectively. The sequence
information obtained for these two fragments showed a
98–99% match with the known A. ocellatus mtDNA
sequences in NCBI database in the basic local alignment
search tool (BLAST; Altschul et al. 1990). This con-
firmed that the cells as originating from A. ocellatus and
the sequences were submitted to GenBank.

Cytotoxicity to bacterial ECPs and virus susceptibility
tests

The cytotoxicity of ECPs fromA. hydrophila andA. caviae
was noticed in AOF cells after 12 h post-inoculation (hpi).
Change in cell morphology, such as cell shrinking and
rounding and floating of dead cells (Fig. 3), was observed
at 48 hpi whereas no significant change was observed in
the PBS-treated control group. The percentage viability of
AOF cells observed in MTT assay showed an inverse
relationship with duration of ECP incubation time. The
AOF cells did not show any CPE to CyHV-2, even after
2 weeks and 10 blind passages.

Transfection

The AOF cells transfected at 40th passage with 2 μg of
pAcGFP1-N1 expression vector showed fluorescent

signals at 52 h post-transfection. The estimated trans-
fection efficiency of AOF cells was c. 12%, indicating
its potential to be used in transfection studies for gene
expression (Fig. 5).

Detection of Mycoplasma contamination

At 36th passage, the AOF cells did not give any ampli-
fication, thus confirming they are free from any Myco-
plasma contamination.

Discussion

In this work, a cell line was established and character-
ized from caudal fin of Oscar for its use in virus isolation
studies. The AOF cell line was passaged for more than
45 times over a period of 1 year. Emerging viral diseases
are causing huge economic losses to ornamental fish and
commercial aquaculture, and they may become a threat
to wild aquatic animals too (Walker and Winton 2010).
Astronotus ocellatus, commonly called the oscar, is a
popular ornamental fish not only for its varying body
color and form, also for its interactive behavior with the
hobbyist (Pronek 1982). This species is susceptible to
iridoviral infections that can cause huge losses in pro-
duction as well as wild stocks (Yanong and Tarrell
2003). A cell line from the caudal fin of A. ocellatus
was developed and characterized for use in virus isola-
tion studies.

The cell line was maintained in L-15 medium with
10% FBS. L-15 was used since it supports better growth
of fish cell lines compared to other media (Fernandez-
Puentes et al. 1993) and is widely used as a preferred
media in many fish cell lines (Lakra et al. 2011). The
AOF cells have not shown any morphological changes
up to the 45th passage level. The passage number was
restricted to 45th since more passages and high volume

Fig. 3 Cytotoxicity effects of
preparation of extracellular
products (ECPs) from Aeromonas
hydrophila to Astronotus
ocellatus Oscar fin cell line
(AOF) before (a) and after 24 h
(b) post-inoculation
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of trypsin exposure may affect the phenotypic and ge-
notypic characteristics of the cells. Though both
epithelial-like and fibroblastic-like cells were observed
during the initial passages, a homogeneous population
of epithelial cells was noticed after the 22nd passage.

This was further confirmed with a strong positive reac-
tion to epithelial marker, cytokeratin, and a negative
reaction to fibroblastic marker, fibronectin. The AOF
cells showed temperature-dependent growth between 20
and 37 °C with optimum growth at 28 °C. Previously,

Fig. 4 Karyotyping of freshwater
Oscar, Astronotus ocellatus
caudal fin cell line (AOF) a
cellular chromosomes of AOF
cells (34th passage) and b
frequency distribution of
chromosomes of AOF cells in 100
spreads

Fig. 5 Expression of the green
fluorescent protein gene (gfp) in
Astronotus ocellatus caudal fin
cells at 40th passage
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Ossum et al. (2004) reported that the cells from warm
water fishes can grow at 15–37 °C incubation tempera-
ture. The growth pattern of AOF cells checked at differ-
ent concentration of FBS (5–20%) showed an optimal
growth at 10% FBS concentration, which again reduced
the cost of FBS in the culture. Cryopreservation of AOF
cell lines for 6 months at − 196 °C showed 80% viability
after revival. Previous reports also showed similar re-
sults (70–90% viability) after storage at − 196 °C
(Chaudhary et al. 2013; Swaminathan et al. 2013). The
chromosome number of AOFwas found to be 2n = 48 at
12th and 34th passage numbers, which was in accor-
dance with the modal chromosome number reported
earlier by Nascimento et al. (2006). Mitochondrial
DNA genes, e.g., COI and 16S rRNA amplified and
sequenced from the AOF cell line, further confirmed the
origin to be A. ocellatus. These genes are mostly used
for species identification and deriving phylogenetic re-
lationships, among aquatic and mammalian species. The
AOF cells were free from Mycoplasma contamination
as checked by screening by PCR at 36th passage as
described by Frerichs (1996). Screening for Mycoplas-
ma contamination is important since 1–35% of cells are
prone to this kind of contamination in primary early
passage and in continuous cell cultures (Uphoff and
Drexler 2002).

ECPs are important virulent factors of many fish
pathogenic bacteria that serve to resist the host defense
mechanism (Ellis 1991). The cytotoxicity showed by
ECPs of A. hydrophila and A. caviae in AOF cells was
almost similar to CPE produced by other pathogenic
bacteria studied earlier (Swaminathan et al. 2010;
Sood et al. 2015). The cytotoxic effects of ECPs of
A. hydrophila and A. caviae on AOF cells in vitro can
be used as an alternative to in vivo bioassays to deter-
mine cytotoxic effects. However, AOF cell lines cannot
be used as an isolating cell line for CyHV-2, since it did
not show any susceptibility to this virus. Other viral
species should also be tested, which may show CPE in
AOF cells. The transfection efficiency of AOF cells was
found to be really good which allows it to be an efficient
cell line for gene expression studies and assessing pro-
moter efficiency in various plasmid constructs. Addi-
tionally, having a cell line of A. ocellatuswill also give a
platform for further studies on the pathogenesis of many
fish pathogens. Some pathogenic viruses are species
specific which makes the establishment of the host cell
line necessary for proper monitoring of viral diseases
(Luc Rougee et al. 2007). Therefore, the development of

AOF cell line will help in isolating viruses in case of any
report on disease outbreaks of A. ocellatus. The AOF
cell line was deposited at National Repository of Fish
Cell line (NRFC), National Bureau of Fish Genetic
Resources (NBFGR), Lucknow, India for further avail-
ability and dissemination.

In conclusion, a cell line, AOF has been successfully
developed from the caudal fin of A. ocellatus. The ECPs
from pathogenic fish bacteria, A. hydrophila and
A. caviae, are cytotoxic to AOF cells and AOF cells
are suitable for gene expression studies. The novel AOF
cells could also be used in viral isolation studies and for
the development of antiviral health management
strategies.
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