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ABSTRACT

The Mongolian sheep ear marginal tissue fibroblast cell line (MSF32) from 32 samples was successfully established by using

primary explants technique and cell cryoconservation technology. MSF32 cells were adherent, with a population doubling

time of 28.2 h. Chromosome analysis showed that >90.2% of cells were diploid (2n = 54) prior to cell passage 4.

Isoenzyme analyses of lactate dehydrogenase and malate dehydrogenase showed that the MSF22 cells had no

cross-contamination with other species. Tests for cell line contamination with bacteria, fungi, viruses and mycoplasmas

were also negative. Plasmids encoding the fluorescent proteins pEGFP-N3, pEGFP-C1, pECFP-N1, pECFP-mito, pDsRed1-N1

and pEYFP-N1 were transfected into cells to study exogenous gene expression in the cells. The plasmid transfection

efficiency was between 12.3% and 63.3%. Every index of the MSF32 cell line meets all the standard quality controls of

American Type Culture Collection (ATCC). Not only has the genetic resources of the Mongolian sheep been preserved at

the cell level, but also valuable materials had been provided for genome, postgenome and somacloning research.
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INTRODUCTION
Biodiversity is facing unprecedented challenges world-
wide and vulnerable animals are threatened by the
introduction of foreign species, massive destruction of
their natural habitats and industrial pollution, as
occurs in China. There are 596 known Chinese domes-
tic animal breeds, but 17 have become extinct and 336
breeds are threatened to various degrees (Liu et al.
2008). It is particularly crucial to protect the genetic
resources of endangered animals and to utilize modern
scientific methodologies to accomplish this feat. Pres-
ervation of individual animals, semen, embryos,
genomic libraries and cDNA libraries are all practical
options. In addition, modern cloning techniques have
made somatic cells an attractive resource for conserv-
ing animal genetic materials (Roberto et al. 2009).
Establishing fibroblast lines from endangered species
has been proposed as a practical approach for this
purpose; not only does it preserve precious genetic
material, but also it provides an excellent resource for
biological research (Wu et al. 2008).

Mongolian sheep is an ancient sheep breed in
China that originated from the Inner Mongolian
grasslands. This animal was one of the 78 nationally
protected domestic species, which was listed in 2000

by the Chinese government. There are many impor-
tant genetic traits in the Mongolian sheep, such as
meat quality, disease resistance and resistance
to cold weather, which have breeding potential by
hybridization.

In our report, we used the combined method of cell
viability, microorganism detection, chromosome
analysis, isoenzyme analysis, and fluorescent protein
genes transfection to detect the established cell line
(named MSF32 line) overall. Our project seeks a dif-
ferent approach to cryopreserve this nationally pro-
tected genomic resource for the purposes of reviving
endangered breeds by cloning and supplying a conve-
nient and effective resource for genomic research.
Moreover, with the development of science and tech-
nology, the roles of limited cell lines will become
increasingly prominent, and there will be unwonted
meaning.
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MATERIALS AND METHODS
Cell cultures
Ear tissue samples (approximately 1 cm2 in size) were
sampled from 32 individuals of Mongolian sheep (12 male
and 20 female) and collected into separate tubes containing
Dulbecco’s modified Eagle’s medium (DMEM) with ampicil-
lin (100 U/mL) and streptomycin (100 mg/mL). The samples
were rinsed and chopped into 1 mm3 pieces, which were
seeded on the surface of a tissue culture flask containing
DMEM+ 10% fetal bovine serum in a 37°C incubator with
5% CO2 (Zhou et al. 2004; Liu et al. 2008). Cells were har-
vested when they reached 80–90% confluence and were
divided into prepared culture flasks at 1:2 or 1:3 ratios
(Freshney 2000).

Growth curve and estimation of cell
viability by trypan blue dye
The cells with a concentration of 1.5 ¥ 104 cells/mL were
seeded into 24-well plates. After culturing for 7 days, three
wells were monitored and recorded on a daily basis for
density until they reached the plateau phase. Cell growth
curves were plotted, and the population doubling time (PDT)
was calculated based on the growth curve (Gu et al. 2006).
Cell viability before freezing or after recovery was deter-
mined using a hemocytometer to enumerate 1000 cells by
Trypan Blue vital stain method (Qi et al. 2007).

Cryogenic preservation and recovery
Prior to freezing, the culture should be maintained in an
actively growing state (log phase or exponential growth) to
ensure optimum health and good recovery. Harvested cells
were resuspended in freezing medium (10% dimethyl sul-
foxide + 50% fetal bovine serum + 40% DMEM) to a final
density of (3–5) ¥ 106 viable cells/mL. Subsequently, 1 mL of
the cell suspension was allocated into one sterile plastic cryo-
genic vial labeled with the animal name, gender, passage
number, freezing serial number and date. The vials were
sealed and kept at 4°C for 20–30 min to allow the DMSO to
equilibrate, then after programmed freezing they were
quickly and efficiently transferred to a liquid nitrogen storage
system.

To recover and reseed the cells, the frozen tubes were
removed from the liquid nitrogen storage system and quickly
thawed in a 42°C water bath, and then the cells were trans-
ferred into a flask with complete medium and cultured at
37°C with 5% CO2 (Freshney 2000).

The measurement of microorganism of
MSF32 cell line
Tests for contamination with bacteria, fungi and yeasts: for details
of the procedure used, see Doyle et al. (1990). Testing for
viruses: Hay’s haemadsorption protocol was used routinely to
examine the samples for cytopathogenesis using phase-
contrast microscopy (Hay 1992). Mycoplasma detection: Cells
were stained with Hoechst 33258 according to the DNA
fluorescent staining protocol to detect whether they were
contaminated by mycoplasma (Masover & Becker 1998). The
enzyme-linked immunosorbent assay Mycoplasma Detection
kit (Roche Diagnostics Corp., Indianapolis, IN, USA) was
used to detect the four most common mycoplasma species
(M. arginini, M. hyorhinis, Acholeplasma laidlawii, M. orale).

Chromosome analysis
Chromosomes were prepared, fixed and stained following
standard methods (Suemori et al. 2006). After Giemsa stain-
ing, the chromosome numbers per spread were counted for
100 spreads under an oil immersion objective. Relative
length-to-arm ratio and centromeric index and type were
counted according to the protocol of Sun et al. (2006) and
Kawarai et al. (2006).

Isoenzymes analysis
Isoenzyme patterns of lactate dehydrogenase (LDH) and
malate dehydrogenase (MDH) were detected by using the
vertical slab non-continuous polyacrylamide gel electro-
phoresis (PAGE) assay. In brief, the cells were harvested, and
protein extraction solution (0.9% Triton X-100, 0.06 mmol
NaCl/EDTA in mass ratio 1:15) was added after the cell
concentration was adjusted to 5 ¥ 107 mL cells/mL, then cen-
trifuged, and the supernatant was stored in aliquots at -80°C.
Forty percent sucrose liquid and the samples (1:1) were
mixed and then loaded in the individual lanes of the poly-
acrylamide gel (Wu et al. 2008). Different mobility patterns
were indicated by the relative mobility front (RF), which was
calculated as the ratio between the distance of migration of
the isozyme band and the bromophenol blue.

Expression of fluorescent protein genes
in Mongolian sheep fibroblastic cell
To obtain the highest transfection efficiency and low cyto-
toxicity, transfection conditions were optimized by varying
cell density and concentrations of fluorescent protein vectors
pEGFP-N3, pEGFP-C1, pECFP-N1, pECFP-mito, pDsRed1-N1
and pEYFP-N1 plasmid DNA (BD Biosciences Clontech, Palo
Alto, CA, US) and Lipofectamine™ 2000 (Invitrogen, Carls-
bad, CA, USA), according to lipofectamine media methods of
Escriou et al. (2001) and Tsuchiya et al. (2002). To estimate
the transfection efficiency, the cells were observed after being
transfected for 24, 48 and 72 h, respectively, under excitation
wavelength of 405 nm, 488 nm and 543 nm separately using
confocal microscopy (Nikon TE-2000-E, Tokyo, Japan). For
each experimental group, images were captured from 10
visual fields, and the confocal microscope was used to
measure the total and positive cell counts in each field to
determine the transfection efficiency. The effect of the exog-
enous genes on the cells was measured by the cell motility
using trypan blue.

RESULTS
Morphology of fibroblasts from
Mongolian sheep
We used a primary explants technique and cell cryo-
genic preservation technology to establish the MSF32
cell line and proceeded to biology and genetics detec-
tion. The culture conditions were optimal, and the
cells were healthy. Fibroblast-like or epithelial-like
cells could be seen migrating from the tissue pieces
5–12 days after explanting (Fig. 1A). When the time in
culture was increased, cells continued to proliferate
and were subcultured when they reached 90% con-
fluence (Fig. 1B). After subculturing, the fibroblasts
grew rapidly and replaced the epithelial cells gradually
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after 2–3 passages (Fig. 1C,D). The motilities of Mon-
golian sheep fibroblasts before freezing and recovery
measured by trypan blue staining were 98.5% and
96.7%.

Growth curve (cell dynamic
state observation)
The growth curve of the MSF cell line appeared as a
typical ‘S’ shape (Fig. 2A) and the PDT was approxi-
mately 28.2 h. There was a lag time or latency phase of
about 24 h after the cells were seeded, corresponding
to the adaptation and recovery of the cells from pro-
tease damage, then the cells proliferated rapidly and
entered the exponential phase. As the cell density
increased, proliferation was retarded by contact inhi-
bition; by the sixth day, the cells entered the plateau
phase and began to degenerate.

Microbial analysis
Tests for contamination with bacteria, fungi and yeasts
were negative; no microorganisms were observed in
the culture media. No viruses were indicated by the
cytopathogenic evidence or by the haemadsorption
test. Staining with the DNA fluorochrome Hoechst
33258 is the most effective and frequently used method
for detecting mycoplasma contamination (Barile &
Rottem 1993). Under a fluorescence microscope after

staining with Hoechst 33258, fibroblast nuclei appeared
as blue ellipses, showing that the established cell line
was mycoplasma-negative (Fig. 2B).

Karyogram and the chromosome
number of Mongolia sheep
According to Levan et al. (1964) and Li et al. (2007),
the chromosome number of sheep was 2n = 54, in
which three pairs were metacentric/submetacentric
chromosomes and 23 pairs were telocentric autosomal
chromosomes. The X chromosome was the longest
telocentric chromosome, and the Y chromosome is the
shortest metacentric chromosome. Our present results
are in accordance with this conclusion. The karyotype
composition of the Mongolian sheep is 4 m + 23 t
(Table 1), namely, chromosomes 1, 2, 3 and Y are
metacentric chromosomes; chromosomes 4 to 26 and
X are telocentric chromosomes (Fig. 2C).

The chromosome numbers per spread were counted
for 100 spreads of the first, second and fourth passages,
and the frequencies of cells with 2n = 54 were 91.4%,
90.6% and 90.2%, respectively. Aberrations in chro-
mosome numbers tended to increase with increasing
numbers of passages, indicating that in vitro culture
affected the heritage of cells slightly, but supporting
the inference that the cell line was reproducibly
diploid.

Figure 1 Culture and morphology of Mongolian sheep fibroblast cells. (A) Primary cells of Mongolian sheep, fibroblasts and
epithelial cells migrated from the tissue. (B) Subcultured cells of Mongolian sheep, the cells were subcultured until they
reached 90% confluence. After passage, growth accelerated and plateaued after 3–4 days. (C) Cells before cryopreservation;
the cells were healthy and in mitotic phase. (D) Mongolian sheep cells after recovery; the cells were cultured for 48 h after
thawing.
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Isoenzyme analysis of Mongolian sheep
cell line

The distribution patterns of isoenzyme polymorphisms
may be a characteristic of a species or a tissue
(MacLeod et al. 1999). Polymorphism analysis of
isoenzymes is currently the standard method for the
quality control of cell line identification and detection
of interspecies contamination. We improved the appa-
ratus and conditions for native PAGE, and successfully
determined the mobility of the isoenzymes of LDH and

MDH. The LDH bands obtained from Mongolian sheep
were compared with those from other species or
breeds, and five isoenzyme bands (LDH-1, -2, -3, -4,
-5) were observed (Fig. 3A). Enzymatic activities were
in order LDH-3, LDH-4, LDH-5, LDH-2, LDH-1;
LDH-3, LDH-4 and LDH-5 were dominant, while
LDH-1 and LDH-2 were scarcely observable.

All five domestic animals had two bands (s-MDH,
m-MDH), and there was a single m-MDH band near
the cathode and a single s-MDH band near the anode
(Fig. 3B). Similar activity was seen from both m-MDH

Figure 2 Growth curve, detection of microbial contamination and karyotype of MSF32 cells. (A) Growth curve of MSF32 cells.
The curve appeared as a typical ‘S’ shape with cell density on the left axis. Growth curve included latency phase, exponential
growth phase and stationary phase. (B) Mycoplasma contamination for the Mongolian sheep fibroblasts stained with
Hoechst33258 and positive control of Mycoplasma contamination stained with Hoechst33258. (C) Chromosome at metaphase
(left) and karyotype (right) of the MSF32 cell line. The chromosome number of Mongolian sheep was 2n = 54, comprising 52
autosomes and two sex chromosomes, while the sex chromosome type was XX (�).

Table 1 Chromosome’s parameters of Mongolian sheep

Chromosome
number

Relative length (%) Centromere
morphology

Chromosome
number

Relative length (%) Centromere
morphology

1 9.73 � 0.74 M 15 3.08 � 0.17 T
2 8.18 � 0.25 M 16 2.89 � 0.15 T
3 6.98 � 0.34 M 17 2.64 � 0.18 T
4 5.68 � 0.16 T 18 2.49 � 0.14 T
5 5.41 � 0.10 T 19 2.41 � 0.17 T
6 5.17 � 0.15 T 20 2.32 � 0.18 T
7 4.81 � 0.02 T 21 2.28 � 0.08 T
8 4.61 � 0.17 T 22 2.22 � 0.11 T
9 4.27 � 0.18 T 23 2.11 � 0.28 T

10 3.97 � 0.01 T 24 2.03 � 0.39 T
11 3.78 � 0.12 T 25 1.94 � 0.22 T
12 3.42 � 0.26 T 26 1.46 � 0.12 T
13 3.21 � 0.14 T X 4.94 � 0.12 T
14 3.12 � 0.19 T X 4.35 � 0.16 T

Note: M 1.0~1.6 metacetricchromosome (M); SM 1.7~2.9 submetacentricchromosome (SM); ST 3.0~6.0 subtelocentric chromosome (ST);
T � 7.0 telocentric chromosome.
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and s-MDH. These domestic animals had their own
unique bands with a different relative mobility.
These results indicated that there was no cross-
contamination of MSF32 cell line from different cell
lines established in our laboratory at the same time.

The expression results of six fluorescent
protein genes in Mongolia sheep
fibroblastic cells
The six fluorescent protein genes pECFP-C1, pECFP-
mito, pEGFP-C1, pEGFP-N3, pEYFP-N1 and
pDsRed1-N1 were all highly expressed with reference
to the optimized condition for pEGFP-N3 (Fig. 4).
Positively expressing cells were observed 12 h after
transfection and the numbers and intensity increased
markedly and reached a maximum at 48 h or 72 h.
The transfer efficiencies of the cyan fluorescent pro-
teins (pECFP-C1, pECFP-mito) were significantly
lower than those of the green, yellow and red fluores-
cent proteins (P < 0.01), and the green fluorescent
proteins (pEGFP-C1 and pEGFP-N3) were maximal.
The expression efficiencies of the six fluorescent pro-
teins at 24 h, 48 h and 72 h after transfer were
between 12.3 and 63.3. The numbers of fluorescent
cells decreased at 1 week, but a few dispersed positive
cells remained after 2 weeks and even after 1 and
2 months. By screening G418 resistance and mono-
clonic culture for 1 month, we obtained three positive
cell strains that stably expressed EGFP, EYFP and
DsRed.

Confocal fluorescence microscopy was used to
observe the distribution of green, yellow and red fluo-
rescence in the Mongolian sheep cells to determine the
subcellular location of six fluorescent proteins. The
results showed that the fluorescence could be
observed throughout the cytoplasm and nuclei of
control cells except in the cryptomere vesicle. DsRed
was mostly shown in cytoplasm (with a punctuate
pattern), whereas ECFP, EGFP and EYFP showed an
intense nuclear signal (Fig. 5). The viabilities of cells
transfected with pEGFP-C1, pEGFP-N3, pECFP-N1,
pECFP-mito, pEYFP-N1 and pDsRed1-N1 were 90.2%,
88.7%, 84.5%, 83.1%, 89.2% and 84.6%, respec-
tively; none of these was significantly different from
controls (92.2%, P > 0.05).

DISCUSSION
Establishment of Mongolian sheep
fibroblast cell line
Morphological results indicated that the primary Mon-
golian sheep cells are usually mixed with epithelial
cells. Different tolerances to trypsin were evident as
the fibroblasts fell off first when treated with trypsin
and were adherent again quickly after passage, while
most epithelial cells were not adherent or stably adher-
ent and fell off only when treated with mechanical
agitation. For this reason, purified fibroblasts could be
obtained after 2–3 passages (Zhou et al. 2004). The
average viability after thawing was above 90%, and
freezing had little influence on the viability of the
fibroblasts. Hence, it is likely that the Mongolian sheep
genome can be preserved by freezing fibroblasts in
liquid nitrogen for long-term storage.

Because too many passages and excess trypsin diges-
tion could adversely affect the biological characteristics
of such cells, especially hereditary characteristics, all
cells used to preserve a species should undergo a
minimum number of passages (<4). The procedures
used in this study conformed to the protocols of the
American Type Culture Collection (ATCC) technical
bulletin for primary culture, subculture and freezing.
Moreover, we characterized the established cell line
according to ATCC quality control procedures and
improved some techniques and methods, for example
increased expression of the six fluorescent proteins.

Mycoplasma detection
Microbial contamination is the most frequent pollu-
tion phenomenon in cell culture. The turbidity of
culture media contaminated by bacteria, eumycetes
and mycetes, can be seen with the naked eye. Viruses
can be seen under the microscope. But it is harder to
detect mycoplasma contamination. Mycoplasmas have
no nuclei and can grow and reproduce in currently
used media. They are hard to remove and could

Figure 3 LDH zymotype and MDH zymotype of MSF32 cell
line. These domestic animals had their own unique bands
with a different relative mobility. These results showed that
there was no cross-contamination between different breeds.
(A) Sodium dodecyl sulfate – polyacrylamide gel
electrophoresis of LDH, from up to down, there were
LDH-1, 2, 3, 4, 5. Panel A: 1 Zhiwei goat, 2 Jining black
goat, 3 Taihang black goat, 4 Mongolian sheep, 5,6 Luxi
cattle, 7 Simmental bovine,8 Angus bovine, 9 Piemontese
bovine, 10,11 large white pig. (B) MDH from up to down,
there were mMDH and sMDH. Panel B: 1,2 Qingyuan
partridge chicken; 3,4 Mongolian sheep; 5,6 Beijing duck;
7,8 Langshan chicken; 9,10 Tibitan chicken.
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coexist with cells for a long time. Because fluorescent
staining of mycoplasma DNA is simple and quick, it is
commonly used by some cell culture collection insti-
tutions such as the ATCC. Our microbiological detec-
tion results showed that the MSF32 cell line was
purified and free of micoplasma contamination.

Karyotype analysis
Isoenzyme and karyotypic data together can effec-
tively confirm the origin of a cell line and identify
possible cross-contamination. The practice of combin-
ing them has become a classical and standard method
for characterizing cell lines (Shepel et al. 1994; Nims
et al. 1998). Because we want to conserve the genomic
character of Mongolian sheep, the fibroblasts must
maintain the same diploid character as the cells in vivo.
The result showed that the proportion of cells with a
2n = 54 was above 90%, MSF32 cell line was a stable
diploid cell line. Chromosome analysis can relate a cell
line to the gender of the animal from which it was
derived, and also distinguish between normal and
malignant cells, since the chromosome number is
more stable in normal cells (Freshney 2000).

Isoenzymes analysis

Biochemical analysis of isoenzyme polymorphism is
currently considered the standard method for quality
control of cell line identification and interspecies con-
tamination, and is routinely used by the main biologi-
cal resource centers around the world (ATCC, ECACC,
DSMZ and Riken) (Parodi et al. 2002). LDH and MDH
are very important enzymes participating in the gly-
colytic pathway and citric acid cycle, respectively. They
are species-specific and constant, but the enzyme con-
tents and activities differ among species, providing a
biochemical indicator of species classification by chro-
matography and electrophoresis. We therefore chose
LDH and MDH to determine the species origin of the
cells and to measure cross-contamination.

LDH is a tetrametric molecule; the H and M subunits
are produced by expression of the ldha and ldhb genes,
and each tissue has a characteristic and species-specific
isoenzyme composition (Washizu et al. 2002). Arai
et al. (2003) and Zhou et al. (2004) analyzed the LDH
isoenzyme pattern in the leukocytes and plasma of
Debao horse and pony fibroblasts. Their results
showed that the plasma and Debao pony fibroblast

Figure 4 Comparative figures of six fluorescent proteins at 24 h after transfection using TE-2000-E inverted microscope with
excitation wavelengths of 433–588 nm to determine the transfection efficiency. A, B, C, D, E and F were the transfection
results of pEGFP-C1, pEGFP-N3, pECFP-C1, pECFP-mito, pEYFP-N1, pDsRed1-N1, respectively.
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LDH isoenzyme patterns were dominant for LDH-1,
LDH-2, and LDH-3; LDH-3 and LDH-4 were dominant
in the leukocytes. The present study on the LDH isoen-
zyme patterns of Mongolian sheep fibroblasts showed
that LDH-3, LDH-4 and LDH-5 were dominant. MDH
is a dimeric enzyme comprising cytosolic (s-MDH) and
mitochondrial (m-MDH) subunits. The mobilities of
MDH bands among poultry are essentially identical,
and the same is true among livestock. But MDH from
livestock migrates more rapidly than that from poultry,
and the enzyme content is also greater than in poultry.

Expression of fluorescent protein genes
Six fluorescent proteins with stable structures, high
expression levels and species-independent efficiency
have been used as marker genes to observe the expres-
sion, contribution and function of target proteins in
live cells and organisms (Baird et al. 2000). We consid-
ered that the expression efficiency of exogenous genes
could also be used as an efficient method to identify
and evaluate the quality of cell lines cultured in vitro.
In this study, positive cells were most abundant and

the fluorescence signal was strong, with the highest
transfection efficiency at 48 h after transfection. DNA
concentration, lipofectine concentration, the DNA
incubation time and lipofectine combination, and the
presence of serum, can all affect transfection efficiency,
which is identical in research on Vero cells, HeLa cells
and some other cell lines (Tseng et al. 1999; Escriou
et al. 2001; Rong et al. 2006). The transfected cells were
not significantly less viable than the control cells. The
results show that fluorescent protein expression had
no obvious effect on the growth and proliferation of
the transfected cells under a certain range, which is
consistent with previous findings (Huang & Li 2001).
Moreover, it is quite important for researchers to
determine the distribution of reporter genes before
analyzing the location of fusion protein.

Conclusions
Overall, the newly established MSF32 cell line had all
characteristics required by the cell line identification
criteria of ATCC. The expression of exogenous genes
showed that the cells were well transfected. The

Figure 5 The expression and distribution of pEGFP-N3, pDsRed1-N1 and pEYFP-N1 in Mongolian sheep cell. A, B and C were
the transfection results of pEGFP-N3, pDsRed1-N1 and pEYFP-N1 at 24 h after transfection. E, F and G were the transfection
results of EGFP-N3, pDsRed1-N1 and pEYFP-N1 at 48 h after transfection. I, J and K were the transfection results of pEGFP-N3,
pDsRed1-N1 and pEYFP-N1 at 72 h after transfection. D, H are transfectected by pEGFP-N3 and pDsRed-N1 at the same time
excited by 488 nm and 543 nm, separately. I images produced by merging two signals together (D, H).
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MSF32 line provides a useful approach for conserving
this unique breed in China and will be an effective
experimental material supply for further genetic
studies on the Mongolian sheep as well. The technical
platform now established will support the conserva-
tion of endangered species and their genetic materials
at the cellular level.
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