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A b s t r a c t  
 

The use of avian primordial germ cells (PGCs) for production of chimeric and transgenic 
poultry is regarded as an alternative way to traditional methods of selection and transgenesis. This 
approach involves the introduction of donor primordial germ cells in the dorsal aorta of the recipient 
embryo during their migration from blood to gonads. In case of recipient embryo gonads coloniza-
tion by donor PGCs, the further differentiation of donor cells into mature germ cells becomes possi-
ble, for both males and females. A key factor for the effectiveness of this manipulation is obtaining of 
a pure population of embryonic cells. In this regard, the development of effective methods for isola-
tion and maintenance of PGCs in culture is important. Our research was aimed at the improvement 
of methodical approaches for isolation and cultivation of quail PGCs. This type of cells was isolated 
and characterized. Five- to six-day embryos were used for obtaining PGCs culture. Isolation of 
PGCs from quail embryos was performed using two methodological approaches — mechanical disso-
ciation and enzymatic treatment. Trypsin solution at concentration from 0.05 % to 0.25 % was used 
as proteolytic enzyme for enzymatic treatment. In order to obtain the most pure populations of 
PGCs, unequal ability to adhesion of different types of cells was taken into account. It was found 
that enzymatic treatment with 0.05 % trypsin is an effective method for embryos disaggregation pre-
serving significant proportion of viability (94 %) of fetal cells. Separation of different cell types based 
on their different ability to adhesion allows obtaining PGCs culture maximally purified from other 
cell types. Moreover, single embryo fibroblasts, remaining in the PGCs cell suspension after separa-
tion from the other cell types are used as a feeder layer to which PGCs are attached at the subse-
quent cultivation. It was shown that own primary embryonic fibroblasts are optimal as a feeder layer 
for short-term PGCs culturing as compared to the use of STO cells and cultured embryonic fibro-
blasts. If using the growth medium based on DMEM with high glucose level (4.5 g/l) supplemented 
with 20 % fetal bovine serum, 2 mM glutamine, 10-6 mM 2-mercaptoethanol, 2 ng/ml LIF (leuke-
mia inhibitory factor), 10 mM essential amino acids (MEM), the antibiotic gentamicin (50 ug/ml) 
the attachment of PGCs to the feeder layer was observed at day 1 to 2 of cultivation forming colo-
nies at day 3 to 4. The presence of primordial germ cell colonies was confirmed by immunohisto-
chemistry using specific primary antibodies to SSEA-1 (stage-specific embryonic antigen-1). 
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The production of transgenic and chimeric individuals based on primordial 
germ cells (PGC) is recognized as one of the promising areas of modern biotech-
nology, which are discussed as an alternative to traditional methods of genome 
selection and modification [1-5]. The use of this type of cells in selection and bio-
technological programs opens wide opportunities for directed genome modification 
and the reconstruction of valuable breeds and lines preserved in cryobank condi-
tions [6-12]. Peculiarities of biology of agricultural poultry allow us to consider 
PGC as a promising genetic material. The development of bird embryos outside 
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the female organism greatly facilitates the manipulations associated with the isola-
tion of PGC from donor embryos and their transplantation into recipient embryos. 

Primordial embryonic cells are the precursors of the germ cells. They are 
pluripotent, that is, in the process of embryogenesis they can differentiate into 
both male and female germ cells, which greatly expands the possibilities of real-
izing their potential when creating transgenic and chimeric individuals with giv-
en properties. The technology for obtaining such individuals involves the trans-
plantation of donor cells into the gonads of recipient embryos [13, 14]. Subse-
quently, these individuals can be used as "bioreactors", which produce in the 
genital organs mature donor cells (sperms, ovules) serving as genetic material for 
obtaining descendants with given properties. When recreating the breeds and 
lines of agricultural birds, the use of this approach is more preferable in compar-
ison to frozen-thawed spermatozoa, since it makes it possible to support the 
gene pool studs by male and female genetic material. 

One of the key factors ensuring the effectiveness of the described technol-
ogy is the production of a culture of PGC which is maximally purified from other 
types of embryonic cells. Much of the research was performed on chickens [15-
20]. The identification and characterization of PGC of other types of agricultural 
poultry is topical. 

Here, we reported the results of isolation and characterization of the 
quails PGC. It was shown for the first time that the preliminary removal of other 
cell types, in particular the largest population of embryonic fibroblasts, provides 
for a high purity of the quail PGC culture. The remaining fibroblasts form a 
feeder layer that has optimal properties for culturing the PGC as compared to 
other types of feeder layers.  

The aim of the work was to optimize the methods of isolation and cultiva-
tion of primordial germ quail cells, as a step in development of technology for ob-
taining individuals with specified properties. 

Tchnique. Primordial germ cells were isolated from 5-day-old quail em-
bryos (Coturnix coturnix) of Estonian breed. For disaggregation of embryos, we 
used two approaches, i.e. mechanical cell dissociation and enzymatic treatment.  

In mechanical dissociation, embryos were ground and pipetted for 5 min 
in DMEM (Dulbecco's Modified Eagle's Medium). In the enzymatic treat-
ment, embryos were transferred to physiological solution supplemented with 
antibiotic-antimycotic, and homogenized. The resulting cell suspension was 
centrifuged for 5 min at 200 g. DMEM preheated to 37 С was added to the 
precipitate, pipetted and centrifuged to separate the cells. Trypsin (0.05, 0.10, 
0.15 and 0.25 %) heated to 37 С was added to the precipitate and the cells 
were intensively pipetted for 5-10 min. 

To increase the proportion of PGC in the resulting suspension, different cell 
types were separated by their capability of adhesion. A series of experiments was 
performed (in 3 replicates) with short-term cell culture. The proportion of PGC 
identified by staining for alkaline phosphatase was calculated.   

DMEM HG (Invitrogen, USA) with 4.5 g/l glucose supplemented with 
fetal bovine serum (20 %), glutamine (2 mM), 2-mercaptoethanol (10-6 mM), 
LIF (leukemia inhibitory factor, 2 ng/ml), essential amino acids (MEM, 
Minimum Essential Medium, 10 mM), antibiotic gentamycin (50 μg/ml) was 
a growth medium in PGC culture. Cells were removed from the substrate 
with a 0.25 % trypsin solution.  

To prepare feeder layers, the cells, after reaching 90 % monolayer, were 
exposed for 3 hours to mitomycin C (Sigma, USA), 30 μg/ml final concentration, 
washed thrice with Hanks solution (PanEko, Russia) and used for PGC culture.  

Morphology of freshly isolated quail embryonic cells was studied under 
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a phase contrast microscope (Nikon, Japan).  
Cultured PGC were identified by immunohistochemical and histochemi-

cal staining. The cells were fixed for 10 min with chilled methanol (20 C). The 
immunohistochemical study was performed with the avidin-biotin test system 
(Vector Laboratories, USA) [21]. Anti-SSEA-1 (stage-sPGCific embryonic an-
tigen-1) served as the first antibodies. The antigen-antibody complex was de-
tected by peroxidase with 3,3-diaminobenzidine tetrachlorate (DAB) (Vector 
Laboratories, USA). A BCIP/NBT kit (5-bromo-4-chloro-3-indolphosphate 
and nitrosine tetrazolium, Vector Laboratories, USA) was used in staining for 
alkaline phosphatase. 

Results. Mechanical dissociation of quail embryos produced separate cells 
and their groups (Fig. 1, A), while enzymatic treatment (see Fig. 1, B) resulted 
in cell suspension consisting mainly of isolated cells. The cells practically did not 
aggregate. Single cell groups were detected only for low trypsin concentrations 
(0.05 and 0.10 %). Their proportion did not exceed 0.2 %. 
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Fig. 1. Primordial germ cells (PGC) obtained from embryos of quails (Coturnix coturnix) of Estonian 
breed by different dissociation methods: A — suspension of embryonic cells after mechanical disso-
ciation, small conglomerates of cells are seen (native preparation); B — suspension of embryonic 
cells during enzymatic treatment, isolated cells are seen (native preparation); C — 2-day culture, 
PGC (1), fibroblasts (2), epithelio-like cells (3) are seen (native preparation); D — 6-day culture, 
histochemical staining for alkaline phosphatase, arrow marks a colored colony of PGC; E — 4-day 
culture, immunohistochemical staining for SSEA-1 (stage-specific embryonic antigen-1), arrow 
marks a PGC colony; F — 4-day culture, absence of specific immunohistochemical staining for 
SSEA-1 expression in the control (without anti-SSEA-1), arrows mark the PGC colonies. Phase-
contrast (A, B) and light (C-F) microscopy (Nikon, Japan), ½400.  
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However, the yield of living cells was 4-25% (depending on the concen-
tration of the trypsin solution) less than in the case of mechanical dissociation, 
which was associated with the toxic effect of the enzyme on the cells (Fig. 2). 

Thus, in trypsinization, 
the maximum yield of living cells 
(94 %) was achieved using the 
minimum enzyme concentration 
(0.05 %), which was optimal to 
produce isolated embryonic quail 
cells while maintaining the high 
viability of the cell suspension. 

The suspension of em-
bryonic cells resulted from tryp-

sinization was plated onto culture dishes. During 1 hour, a significant portion of 
embryonic fibroblasts were attached to the plastics. After 24 hours, these cells 
flattened and began to divide. The most PGC, which had the appearance of 
rounded formations, was in suspension, and only a few were attached to spread-
ing embryonic fibroblasts, using them as a feeder layer. On the day 1 (see Fig., 
B), the PGC were attached to the feeder layer and acquired a spherical shape. 

In the resulting cell population, several types of cells were identified. 
Numerous groups consisted of embryonic fibroblasts, epithelioide cells and 
PGC. PGC was characterized by a rounded shape, epithelioide cells were irregu-
lar in shape and had large nucleus, fibroblasts were spindle-shaped (see Fig., B).  

To maximize the purification of the PGC population, we applied the 
method based on the unequal adhesive capacities of different cell types. After 
the embryonic quail cells were primary cultured for 1 hour, the supernatant 
with non-attached cells was removed and transferred onto fresh Petri dishes to 
continue culturing. The embryonic fibroblasts present in the suspension after 
collection of the culture medium served as the feeder layer on which the PGC 
were attached. After 1 hour, the supernatant was again removed for further 
culturing. After a three times repeated procedure, the proportion of PGC in 
the suspension increased to 79 %. 

Isolated quail PGC were added onto STO (transplanted mouse embry-
onic fibroblasts) cells, primary embryonic quail fibroblasts, chick embryonic fi-
broblasts which served as the feeder layers, or onto plates with 0.2 % gelatin. 
The best results were obtained with primary embryonic quail fibroblasts (Table). 

Efficiency of cultivation of primordial germ cells (PGS) of quails (Coturnix coturnix) 
depending on the feeder layer 

Feeder layer 
Attaching to the 
feeder layer 

Colony formation 

STO cell line On days 1 to 2 On days 4 to 5 
Embryonic fibroblasts of chickens On days 1 to 2 On day 4 
Primary embryonic quail fibroblasts On days 1 to 2 On day 3 
N o t e. STO — cell line of transplanted mouse embryonic fibroblasts. 

 

On days 3-4 of the culture, PGC formed colonies the presence of which 
was confirmed by expression of stem cell markers, the alkaline phosphatase (see 
Fig., D) and the protein SSEA-1 (see Fig., E, F). 

So, in quails, the uniformity of primary germ cells (PGC) culture de-
pends on the method used for their separation from other cell types and the 
feeder layer. Separation of cells by adhesion ability allows the maximum purifi-
cation of the PGC culture from other cells, in particular from embryonic fibro-
blasts. Single embryonic fibroblasts, remaining in the cell suspension, serve as 
the feeder layer during a subsequent cultivation on which the PGC are attached. 

Fig. 2. The proportion of live (a) and dead (b) primordial 
germ cells from Estonian quail (Coturnix coturnix) embry-
os produced by mechanical dissociation and trypsinization. 

0.25 
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0.10 
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PGC culturing on the feeder layers with a suitable growth medium allows to ob-
tain PGC colonies on days 3 and 4. Optimum feeder layer for quail PGC culture 
is formed from native embryonic fibroblasts. 
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