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Abstract

Primary cell lines of the red-eared slider were established from somatic slider
tissues cultivated in appropriate medium for a certain period. Exponential cell
growth started after 2 weeks of continuous cultivating. The cells were of vari-
ous morphology resembling keratinocytes, fibroblasts, and melanocytes, some
of them gathered to form dense conglomerates similar to so-called “embryoid
bodies”. The cell lines were maintained for 3-7 passages before being taken for
cytogenetic manipulations. Red-eared slider cell lines derived in this way can be
cryopreserved and successfully recovered to provide a source of fixed cells for
3D imaging as well as a source of chromosomes and chromatin fiber prepara-
tions for cytological and cytogenetic studies. The protocol for red-eared slider
cells was developed on the basis of the experiments described.
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Introduction

The red-eared slider (Trachemys scripta elegans Wied-Neuwied, 1839, Emydidae,
Testudines) (Fig. 1) is the most popular pet turtle. Due to its availability, this spe-
cies serves as a biological model to study temperature-dependent sex determina-
tion (Ramsey and Crews, 2007, 2009; Czerwinski et al. 2016), hypertranscrip-
tional type oogenesis diversity, the diversity and evolutionary trends of rRNA
gene amplification mechanisms in animals (Koshel et al. 2016), etc. Native to the
southern United States and northern Mexico, the red-eared slider has become an
invasive species in many areas, and therefore also serves as a model object for the
study of salinity adaptation and hypoxia tolerance (Bansal, Biggar, Krivoruchko,
and Storey, 2016; Hong et al. 2019).

There is no information of any stable cell lines in cell banks for T.scripta.
For reptilia, commercial cell lines are in general limited to one chelonian cell line
TH-1 from the terrestrial turtle Terrapene carolina (https://www.lgcstandards-
atcc.org/products/all/CCL-50.aspx). However, the literature indicates that pri-
mary somatic cell lines have been established and reported for several Testudi-
nes species, such as the Galapagos giant tortoise Geochelone nigra (Goldstein,
1974), green turtle Chelonia mydas (Mansell, Jacobson, and Gaskin, 1989; Lu et
al., 1999), snapping turtle Chelydra serpentina, painted turtle Chrysemys picta,
mud turtle Kinosternon flavescens (Christiansen et al., 2001), hawksbill sea turtle
Eretmochelys imbricata (Fukuda et al., 2012), olive ridley sea turtle Lepidochelys
olivacea (Fukuda et al. 2014), loggerhead sea turtle Caretta caretta (Webb et al.,
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Fig. 1. Juvenile red-eared slider Trachemys scripta elegans.

2014; Fukuda et al., 2018), and Chinese soft-shelled tur-
tle Pelodiscus sinensis (Guo et al., 2016). Establishment
of an ovarian stem-like cell line from the P. sinensis was
recently described (Xu et al., 2018). A common conclu-
sion is that reptile cells require a cultivation temperature
of 28-30° C and a high concentration of antibiotics and
antimycotics at the beginning of cultivation. Available
data indicate that telomerase is often present in adult
somatic reptile tissues, and telomere-based replicating
aging is unlikely to occur in most species studied to
date (Gomes, Shay and Wright, 2010). Telomerase activ-
ity was also detected in old painted turtles (Chrysemys
picta), and cultured cells from this species were still suc-
cessfully dividing at passage 120 (Paitz et al. 2004).

Here we describe a procedure optimized to estab-
lish primary cultures of fibroblast-like cells from the
red-eared slider somatic tissues using both enzymatic
and migration methods. Maintained cell cultures can fa-
cilitate the study of viruses and provide a source of chro-
mosomes, chromatin fibers, interphase nuclei, DNA,
RNA and fixed cells preparations that can be used in
molecular, cytogenetic, immunocytochemical and 3D
cytological studies. Primary cell cultures from the red-
eared slider might represent a good model system for
the analysis of telomerase activity. Established cell lines
can be cryopreserved for longtime storage.

Animals:

Red eared sliders can be purchased from authorized
zoo traders or by agreement with zoos. They can be main-
tained in captivity according to common recommenda-
tions for freshwater turtle care (Mahlin, 1997; https://
www.thesprucepets.com/red-eared-sliders-1238387
http://www.reptilesmagazine.com/Red-Eared-Slider-
Care-Sheet/). The female red-eared turtle used here was
maintained in a small closed population at the Labora-
tory of Chromosome Structure and Function. Handling

and euthanasia followed protocols approved by the Saint
Petersburg State University Ethics Committee (State-
ment #131-03-2).

Equipment:

o Laminar flow hood (recirculating/top-vented);

o Humidified carbon dioxide incubator (adjusted to
28°C, 5% COy);

o Cytological centrifuge with a batch rotor;

o Inverted microscope equipped with phase-contrast
objectives and rings (e.g. Leica, Zeiss, Olympus,
Nikon);

o  Water bath or an air incubator for warming up cell
culture medium and working solutions;

o  Fridge and -20° C freezer;

o  Magnetic stirrer.

Instruments:

Desiccator;

Sterile stainless-steel ophthalmic scissors;

Sterile scalpel blades and sterile histological needles;

Sterile histological forceps;

Sterile 5 ml syringes without needles;

Sterile glass weighing bottles with a ground cover or

small sterile glasses with a foil cover;

Sterile stir bars;

Sterile slides cut into ~20x20 mm pieces;

o Tissue culture flasks typically of 25 cm? (e.g. Corn-
ing Falcon #363108) or 75 cm? (e.g. SPL Life Sci-
ences #70075);

o  Cell culture dishes typically 60 mm in diameter (e.g.
Corning Falcon #353002);

o  Sterile Petri dishes of larger diameter to preserve
the cultural dishes from contamination;

o Sterile Pasteur glass pipettes with plugs;

o Sterile 2, 5, 10 and 25 ml serological pipettes;

o  Rubber or silicone bulbs for Pasteur and serological
pipettes (can be sterilized with 70 % ethanol);

o  Water-resistant marker for labeling flasks and Petri
dishes;

o Containers for disposal of aspirated medium and

rubbish.

O O O O O O

o O

Reagents:

o Chloroform;

70 % ethanol;

o Sterile standard cell culture medium: Minimum
Medium (MEM) (e.g. Gibco™ #11095080) / Dul-
beccos modified Eagle medium (DMEM) (e.g.
BioloT #1.3.6) / Ham’s F-12 medium (e.g. Thermo-
Fisher Scientific #11765054) containing 15% fetal
bovine serum (FBS) (e.g. GE Healthcare HyClone™

o
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Fetal Bovine Serum #SH30088.03), 2 mM L-gluta-
min (e.g. BioloT #1.3.8.1) and antibiotics (200 U/
ml penicillin, 200 pg/ml streptomycin (e.g. BioloT
#1.3.18), 50 ug/ml gentamicin (e.g. BioloT #1.3.17),
5 pug/ml amphotericin B (e.g. BioloT #1.3.15)). FBS
can be filtered through 0.45 pm filter if necessary.
0.25% and 0.05% Trypsin in 0.53 mM EDTA (e.g.
Paneco #11034, #110341n) for detaching adherent cells
filtered through 0.45 um filter and stored at -20° C.
Antibiotic incubation medium (ABT medium):
standard cell culture medium with 1000 pg/ml
streptomycin, 1000 U/ml penicillin (e.g. BioloT
#1.3.18), 25 ug/ml amphotericin B (e.g. BioloT
#1.3.15), and 250 pg/ml gentamicin (e.g. BioloT
#1.3.17);

Sterile phosphate buffer (PBS): 137 mM NaCl,
2.7 mM KCI, 10 mM NazHPO4, 1.8 mM KH2PO4,
pH 7.4 (can be purchased e.g. ThermoFisher Scien-
tific #C10010500CP).

Procedure:

Prepare sterile working area: wash working surface
with disinfectant and treat the working cabinet with
UV irradiation. Just before use, switch on a lami-
nar flow hood and allow it to reach working airflow
pressure.

Prepare complete cell culture and antibiotic media.
Warm cell culture medium, ABT medium and PBS
to 28° C before use. Thaw and warm an aliquot of
trypsin.

Put a red-eared slider in a desiccator with a small
amount of chloroform for several minutes to eutha-
nize it. It takes about 20 min to euthanize a red-eared
slider aged 5-9 mos. (the shell is up to 7x6 cm).
Wash the turtle thoroughly in warm water with
soap, treat skin folds carefully. Transfer the animal
to the laminar flow hood. Sterilize the skin with
70 % ethanol.

Dissect the animal with sterile scissors.

Dissect out the internal organs (heart, kidney,
spleen) and pieces of connective tissue (e.g., mesen-
tery) for procedure option A (see below). Put them
in a sterile Petri dish with sterile 1xPBS solution.
Use a separate Petri dish for each sample. We do not
recommend using lung, intestine, and periorbital
tissue samples as they might be strongly contami-
nated with bacteria and fungi. Liver does not con-
tain many fibroblasts, and adult hepatocytes propa-
gate poorly and undergo rapid deterioration.

Cut out small pieces of skin (2-3 mm?), put them
into a sterile Petri dish containing ABT medium
and incubate for 2 hrs at room temperature.

Use the time of skin incubation in ABT solution to

try an enzymatic method for cell culture establishment

from internal tissues according to option A. If your task
is establishment of cell cultures from only skin explants,
follow option B.

Option A. Establishment of primary
cultures of red-eared slider cells by
trypsinization of tissue samples
(enzymatic method)

Al.

A2.

A3.

A4

AS5.

Ao.

A7.

A8.

Transfer sample rinsed in 1xPBS (step 6) to a new
Petri dish, cut into small pieces with sterile scissors
or a syringe.

Add 0.8-1.5 ml of 0.25% trypsin and pipette with
a sterile Pasteur pipette. Aspirate tissue pieces and
transfer them into a small sterile glass weighing
bottle with a ground cover and a sterile stir bar in-
side, put the bottle onto a magnetic stirrer inside
a carbon dioxide incubator at 28° C and mix for
10-15 mins, depending on the size of the pieces.
Deactivate trypsin by adding 2-3 ml cell culture
medium.

Transfer the cell suspension to a centrifuge tube,
centrifuge at 1000 rpm for 5 mins. Remove the su-
pernatant.

Resuspend the precipitate in the cell culture me-
dium, then transfer the cells into a culture flask or
culture dish (Fig. 2a). Tighten the flask cap (if using
a flask with a gas-permeable lid; if not — leave the
cap partly open to allow the incubator gas to en-
ter the flask), label with the culture name, passage
number and date.

Put the flask (or dish) in an incubator at 28° C, 5%
CO,.

Regularly check flasks, noting turbidity and medi-
um colour. Examine the culture under an inverted
phase-contrast microscope, noting cell morphology
(Fig. 2b) and viability, signs of contamination such
as dead floating cells, presence of bacterial and/or
fungal cells. If necessary, change culture medium.
The time of stable primary cell culture establish-
ment depends on the initial density of the cells at-
tached to the surface of the culture flask.

When the cells reach a confluent state (Fig. 2¢), they
have to be passed. Rinse them twice with 1xPBS,
add ~1 ml of 0.25 % trypsin and constantly observe
them under the inverted phase microscope. When
the cells become round, pipette gently to detach the
cells and deactivate trypsin with 1.5-2 ml complete
cell culture medium. Transfer cells in a centrifuge
tube and centrifuge at 1000 rpm for 5 mins. Remove
the supernatant. Resuspend the precipitate in cell
culture medium and transfer to a new flask of the
same size (reseed the cells to a new flask at a dilu-
tion not more than 1:1). After 5-7 days, the cells
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Fig. 2. Representative phase contrast photomicrographs of red-eared slider cells. (A) Cell suspension just after enzymatic digestion of mesen-
tery pieces; (B) fibroblast-like cells derived from mesentery; (C) fibroblast-like cells reached 80 % confluence; (D) view of freshly isolated skin
fragments pressed down by a slide piece in a Petri dish with cell culture medium; (E) morphology of primary cultured keratinocyte-like cells
on day 5 after initial cultivation of skin explants; (F) terminally differentiated keratinocyte-like cells on day 9; (G) during days 5-14, the first
fibroblast-like cells appear around the explant; (H) numerous fibroblast-like cells appear on day 14, when the explant was reused for inoculat-
ing new cells; (I) morphology of fibroblast-like and melanocyte-like cells on day 26 of skin explant cultivation. Images A-C, E-I are at the same

magnification, scale bar — 50 pm; scale bar for image D — 10 mm.

form a monolayer. Now it is possible to reseed the
cells at a dilution of 1:2. Label the flask, indicating
the culture name, passage number and date.

Option B. Establishment of cell cultures
from skin explants

B1. After incubation in ABT solution (step 7), transfer
the skin fragment into a new Petri dish with a drop
of cell culture medium (keep skin wet).

B2. Cut up the skin fragment into tiny pieces, holding
sterile scalpel blades with sterile forceps at 45°. Ster-

B3.

B4.

B5.
Be.

ile histological needles can also be used for this ac-
tion.

Inoculate 12-14 tiny pieces into a drop of cell cul-
ture medium in a new Petri dish, close them with a
sterile slide piece measuring 5x5 mm.

Add the cell culture medium in the Petri dish so
that the bottom is completely covered (~4 ml of cul-
ture medium for a Petri dish of 6 cm in diameter)
(Fig. 2d).

Label with sample name and date.

Put the dish in the carbon dioxide incubator (28°C,
5% CO2).
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B7. During the next days, regularly check for medium
opacity and colour in the Petri dish, examine skin
piece viability under an inverted phase-contrast mi-
croscope. As a rule, epithelial-like cells are the first
to emerge from the skin fragment (Fig. 2e, f), and
they dominant for approximately 2 wks. As they go
through passages, the fibroblast-like cells become
more proliferative and for about 1 mo. they form
the dominant population in the culture (Fig. 2g, 1).

B8. During cell growth, phenol red added to standard
cell-culture medium changes color from bright red
(pH 7.4) to yellow (low pH) or purple (high pH)
due to cell metabolites, indicating that the medium
has changed. To change the medium, remove old
culture medium with a sterile Pasteur pipette, lift
the slide with a sterile histological needle, and add a
new aliquot of cell culture medium. It is possible to
transfer the skin pieces into a new 6 cm Petri dish,
cover them again with a new sterile slide piece, and
repeat steps B4-B6 so that new cells suitable for cul-
tivation emerge (Fig. 2h). In this case fibroblast-like
cells appear faster, for there is no need to adapt to
the culture medium.

B9. To passage fibroblast-like cells, rinse the Petri dish
twice with 1xPBS, add ~0.8 ml of 0.05% trypsin
(into a 6 cm dish) and follow step AS.

After 5-7 passages and performing the necessary
tasks (for example, obtaining cytological and/or chro-
mosome preparations), it is recommended to freeze cells
for long storage according to standard procedure, using
medium for cryopreservation (95 % fetal bovine serum,
5% dimethyl sulfoxide).

Conclusion

Here, we report the establishment of red-eared slider cell
lines using enzymatic and migration methods. Both pro-
tocols were effective; the most important thing to bear in
mind when sampling a tissue and establishing primary
cultures is to process with antibiotics and antimycotics as
thoroughly as possible, using concentrations several times
higher than those for cultivating mammalian cells. We
could suggest that dermal-tissue samples from the tail tip
can be taken directly from a live animal, but in this case
the incubation time in the ABT medium can be increased.
However, careful preparation of the euthanized animal
and internal organ biopsy significantly reduces the risk
of contamination by microorganisms. When internal or-
gan samples are used, protocol A is better. The cultivated
cells are of various morphology resembling keratinocytes,
fibroblasts, and melanocytes (Fig. 2). When established,
from a confluent flask with fibroblast-like cells it is pos-
sible to obtain nearly 5 million cells. After a month of cul-
tivation (3—4 passages), fibroblast-like cells can gather to

form dense conglomerates similar to “embryoid bodies”
Cultivated red-eared slider cells are remarkable for their
viability, unlike, for example, primary cell cultures of dif-
ferent species of birds and mammals. Slider cells forgive
minor errors in the protocol and therefore can be used
for student training. The present protocol can serve as the
basis for further studies on features and behavior of turtle
cells in culture.
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