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INTRODUCTION

The zebra finch Taeniopygia guttata (Aves, Passeriformes, 
Estrildidae) is an effective model object of neurobiology 

used for investigation both the neurophysiological (singing, 
recognition of acoustic signals, learning) and behavioral 
(communication, choice of a partner, caring for offspring) 
aspects of the brain functioning. Its genome was sequenced 
in 2010 and became the second deciphered avian genome 
after the chicken one (Warren et al., 2010). The interest in 
zebra finch cell and developmental biology was promoted 
by the discovery of an additional chromosome, which is 
present only in the germ cell line (Pigozzi and Solari, 1998; 
Torgasheva et al., 2019).

Cell culture makes it possible to obtain and preserve 
the genetic material of the studied object in unlimited 
quantities. Maintenance of cell lines, preparation of 
cytological and cytogenetic preparations are standard 
methods that have become routine in many laboratories. 
However, the method of obtaining a primary cell culture 
(i.e. cells obtained directly from animal tissues) requires 
optimization for each object. It concerns mainly the 
concentration of antibiotics used for the decontamination 
of animal tissue pieces and the temperature of cultivation. 
The body temperature in different bird species varies from 

38.54±0.96 to 43.85±0.94°C, while the lower temperature 
is typical for larger birds (Prinzinger et al., 1991).

The most convenient material for obtaining avian primary 
cell culture is developing embryos. Zebra finch is an altricial 
species. The period of its embryonic development is about 
two weeks. Immediately after oviposition, the embryo is at 
the early/middle blastula stage, which corresponds to the 
EGK-VI/VIII stage (Eyal-Giladi and Kochav, 1976; Mak 
et al., 2015). It is convenient to manipulate with 8-9 days 
embryos (stage 33-34, Murray et al., 2013). If the embryo 
is older, we advise to take only skin and connective tissues 
samples and not to use dense structures (eyes, cartilage, 
feathers) for cell culture. If the embryo is underdeveloped, 
the eggs should be incubated in a humidified air incubator 
at +39°C. It is also possible to obtain cells from a biopsy 
material of an adult bird (e.g., pieces of skin). In this case 
it is necessary to carefully decontaminate samples with 
antibiotics and antimycotics cocktail (e.g. 1000 μg/ml 
streptomycin, 1000 U/ml penicillin, 25 μg/ml amphotericin 
B, 250 μg/ml gentamicin, diluted in culture medium). 

In general, the procedure for obtaining a primary cell 
culture consists of three stages: preparation of the workplace 
and material for obtaining cells, trypsinization of animal 
tissue samples, inoculation of cells into a culture flask. The 
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protocol below describes how to obtain cell culture of zebra 
finch fibroblasts, and it can be used as a basic protocol for 
cell culture establishment for any songbird.

equipMenT
•	 Cell culture laminar flow hood
•	 Humidified CO2 incubator (adjusted to 39°C, 5% 

CO2)
•	 Cytological centrifuge with a batch rotor 
•	 Inverted microscope with phase-contrast objectives 

and rings
•	 Water bath or an air incubator
•	 +4°C refrigerator, -20°C, -80°C freezers
•	 Magnetic stirrer

inSTruMenTS (all inSTruMenTS ThaT cOMe in 
cOnTacT wiTh The cellS MuST be STerile)
•	 Stainless-steel ophthalmic scissors, scalpels and 

tweezers
•	 5 ml syringes without needles
•	 Petri dishes for embryo retrieval
•	 Sterile glass weighing bottles (5-15 ml) with lids and 

magnetic stir bars inside
•	 Tissue culture flasks of 25 cm2 and 75 cm2

•	 Pasteur glass pipettes with cotton plugs
•	 Serological pipettes of 5, 10, 25 ml
•	 Rubber or silicone bulb for Pasteur and serological 

pipettes (sterilized with 70% ethanol)
•	 Automatic serological pipette or pipettor (with a 

protective filter)
•	 Centrifuge tubes
•	 Hemocytometer
•	 Freezing containers for cell cryopreservation and 

cryovials
•	 Waterproof marker for labeling culture flasks
•	 Containers for disposal of used culture medium, 

solutions, and dry waste

reagenTS (all SOluTiOnS ThaT cOMe in cOnTacT 
wiTh The cellS MuST be STerilized by auTOclaving 
Or filTraTiOn)
•	 70% ethanol
•	 Sterile cell culture media: Minimum Medium (MEM) 

(Gibco, USA) or Dulbecco’s modified Eagle medium 
(DMEM) (BioloT, Russia) or Ham’s F12 medium 
(ThermoFisher Scientific, USA) containing 10% 
fetal calf serum (FBS) (GE Healthcare, USA), 2 mM 
L-glutamine (BioloT, Russia) and antibiotics (10 μg/
ml penicillin, 10 μg/ml streptomycin from BioloT, 
Russia). FBS can be filtered through a 0.45 μm filter;

•	 0.25% and 0.05% (m/v) Trypsin in 0.53 mM EDTA 
(Paneco, Russia) in PBS filtered through a 0.45 μm 
filter and stored at -20°C. PBS should not contain ions 
of Mg2+ and Ca2+. Trypsin-EDTA solution from other 

manufacturers (e.g. Sigma-Aldrich #T3924, Thermo 
Fisher Scientific #R001100) or animal origin free 
TrypLE™ reagent (Thermo Fisher Scientific) can also 
be used for cell dissociation;

•	 Hank’s balanced salt solution (BioloT, Russia);
•	 Sterile phosphate-buffered saline (1xPBS): 137 mM 

NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.8 mM 
KH2PO4, pH 7.4 (can be purchased e.g. ThermoFisher 
Scientific, USA).

•	 Medium for cells cryopreservation: 95% FBS, 5% 
DMSO, filtered through a 0.22 μm filter, stored at 
-20°C.

Before starting, clean working area with disinfectant and 
sterilize with UV light, switch on a laminar flow hood and 
allow the airflow to stabilize.
1. Prepare complete cell culture medium adding FBS 

to final concentration of 10%, warm it to 39°C in a 
water bath / air incubator. Thaw and warm an aliquot 
of 0.25% trypsin.

2. Thoroughly wash the eggshells in warm soapy water. 
Care is required, the eggshells can be very thin. 
Transfer the eggs to a laminar, blot additionally with a 
paper towel soaked in 70% ethanol or spray with 70% 
ethanol from a spray bottle.

3. Cut the eggshell with sterile scissors from the blunt 
end (where the air chamber is located) (Figure 1a), 
remove the embryo into a Petri dish with ~1ml of 
sterile 1xPBS, decapitate the embryo (to get rid of 
nerve cells, if possible). Wash the embryo from the 
blood 2-3 times in 3 ml of 1xPBS. When working 
with several embryos, use a separate Petri dish for each 
sample.

4. Transfer the washed embryo to a new Petri dish and 
macerate it using sterile scissors and / or a 5 ml syringe 
without a needle. Add 0.8-1.5 ml 0.25% trypsin. Using 
a sterile Pasteur glass pipette, transfer the resulting 
suspension into a sterile weighing bottle, put a sterile 
magnetic stir bar inside. Place the vessel on a magnetic 
stirrer in a CO2 incubator at 39°C and stir for 10-20 
min depending on the size of the tissue pieces.

5. At the end of trypsinization, transfer the vessel with 
the cell suspension to the laminar and add 1-2 ml of 
the culture medium with FBS to inhibit the action of 
trypsin.

6. Transfer the cell suspension to a centrifuge tube, add 
culture medium to 10 ml, and centrifuge for 5-10 min 
at 1000 rpm.

7. Remove supernatant leaving 0.5-1 ml. Resuspend the 
pellet delicately with a sterile Pasteur glass pipette. 
Lightly press it to the bottom to avoid foaming. 

8. If there is a small number of cells in the pellet, transfer 
the cells to a 25 cm2 flask with 5 ml of the medium; if 
there are a lot of cells, transfer them to a 75 cm2 flask 
with 10 ml of medium (Figure 1b). Sign on the flask 
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sample name, passage number, and date. Place flask in 
a CO2 incubator (39°C, 5% CO2).

9. The next day, change the culture medium to remove 
floating (dead) cells. Add 10 ml complete culture 
medium to a 25 cm2 flask and 20 ml to a 75 cm2 flask.

10. Regularly check the flasks, pay attention to the 
turbidity and color change of the medium. Check the 
condition of cells using an inverted phase-contrast 
microscope paying attention to their morphology, 
viability, appearance of floating dead cells.

11. If phenol red added to the standard cell culture medium 
changes color from bright red (pH 7.4) to yellow (low 
pH) or purple (high pH) due to the accumulation of 
cell metabolites, the medium should be replaced. On 
average, the procedure is performed every 2-3 days. 
If there are few cells, we recommend to change half 
the volume of the culture medium to keep the cellular 
mediators released by the cells into the media during 
growth. The time to establish primary cell culture 
depends on the initial density of cells attached to the 
bottom of the culture flask (Figure 1c).

12.  When cells form a subconfluent monolayer, they 
should be passaged. To do this: remove the medium, 
wash the bottom of the flask twice with 1xPBS or 
Hank’s solution, add ~ 1 ml of 0.05% trypsin, incubate 
for 1 min at 39°C. Observe the cells with an inverted 
phase-contrast microscope - avian cells are very 
sensitive to trypsin. When the cells become round, hit 
the sidewall of the flask with your palm, transfer the 
flask to the laminar and inhibit the action of trypsin 
by adding 1.5-2 ml of cell culture medium with FBS. 
Gently resuspend the contents of the flask with a 
sterile Pasteur glass pipette.

13. Transfer the cell suspension to a centrifuge tube, 
bring the volume to 10 ml by adding culture medium 
and centrifuge for 5 min at 1000 rpm. Remove the 
supernatant, leaving about 1 ml, and resuspend the 
pellet. At the first subculture (passage), the cells are 
transferred into a new flask of the same size (dilution 
no more than 1: 1), adding 10 ml of complete culture 
medium to a 25 cm2 flask, and 20 ml to a 75 cm2 flask.

14. After 5-7 days, fibroblasts form a monolayer. Now you 
can subculture the cells at a dilution of 1:2, repeating 
the procedures in paragraphs 12-13. Don’t forget to 
sign the flask with the name of the sample, passage 
number, and date.

After 5-7 passages and performing the necessary tasks (e.g., 
obtaining cytological and/or chromosomal preparations), it 
is recommended to freeze cells to keep the resulting culture. 
Dimethyl sulfoxide (DMSO) used as a cryoprotectant is a 
very toxic substance for cells, so the contact time with it 
should be minimized and the work should be carried out 
as quickly as possible.
•	 Unfreeze aliquots of the medium for cells freezing and 

warm it to + 4°C. 
•	 Cool the polystyrene freezing container for cell 

cryopreservation to + 4°C.
•	 Trypsinize cells as described in step 12 and bring the 

volume of the medium to 10 ml.
•	 Count the number of cells using a hemocytometer. 

Centrifuge the cells suspension for 5 min at 1000 rpm, 
then remove supernatant.

•	 Gently resuspend the pellet in such a volume of 
cryopreservation medium that the cell concentration 
is at least 3 million/ml. Pour the resulting suspension 
into cryovials, sign the sample name and date and 
immediately place them in a container for cell 
cryopreservation at + 4°C, leave there for 4 hours.

•	 Transfer the container of cryovials to the -20°C freezer 
and leave overnight.

•	 The next day, freeze the cryovials with cells in liquid 
nitrogen. Cells can be stored in liquid nitrogen bank or 
a freezer at -80°C.

TO Thaw cryOpreServed cellS
•	 Warm the complete culture medium to + 39°C.
•	 Pour 12 ml of culture medium into a 15 ml centrifuge 

tube. Remove the cryovials with cells from the cryo-
storage. Warm a cryovial in a water bath at +39°C for 1 
min and then shake the frozen column with cells from 
the cryovial into the tube with the medium. Wash 
remaining cells in a cryovial with 1 ml of complete 
culture medium and transfer them to the same 
centrifuge tube. Centrifuge for 5-10 min at 1000 rpm, 
remove the supernatant, and gently resuspend the cell 
pellet in a small amount of culture medium. Transfer 
the suspension to a culture flask as described in steps 
8-13.

As in the case of cultured cells of other animals, zebra 
finch cell cultures are used to study the universality of 
the mechanisms of cell interaction, differentiation and 
dedifferentiation of cells, and signal transduction. The 
resulting cells are a valuable source of genetic material for 
the study of zebra finch somatic genome. 

Unlike mammalian cells, zebra finch cells should be 
cultivated at + 39°C. Also, a lower percentage of trypsin 
should be used while subculturing due to the greater 
sensitivity of zebra finch cells. It should also be remembered 
that the lifetime of primary cell cultures is limited. In 
optimal cultivation conditions, the most active growth phase 
occurs between the third and seventh passages. By the 12-
15th passage, the primary cell cultures begin to degrade: the 
cytoplasm of the cells is highly vacuolated, granules appear, 
the cells become rounded, lose their connection with other 
cells and the substrate, and eventually die (Figure 1d). 
Cryopreservation of the obtained cell cultures is not only 
an opportunity to resume cultivation at any time but also 
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a necessary step to keep cell populations in the most active 
state, saving reagents and time of a researcher.

Figure 1: Steps of primary cell culture obtaining from a 
zebra finch embryo. (a) Embryo isolation from an egg. 
(b) Cell suspension after mechanical dissociation and 
trypsinization of the embryo. (c) Primary cell culture of 
zebra finch Taeniopygia guttata. (d) Degradation of zebra 
finch cell culture. Highly vacuolated cells are shown. Scale 
bars are 50 micrometers.
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