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Genetic instability of mouse embryonic germinative
G1 cell line and disfunction of the mitotic checkpoint
and ð53
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The ability of cells of mouse G1 cell line to survive after treatment with different concentrations of
colchicine has been analysed. We have shown that G1 cells at 26th and 114th passages are less sensitive to
the treatment with colchicine than BALB/c mouse em bryonic fibroblasts. These results indicate attenuation
of the mitotic checkpoint of G1 cells. The expression of p53 has been detected at low levels in cells of G1 cell
line and its sublines G1-OA and G1-T by West ern blotting. It has been shown by immunoprecipitation that
G1 cells contain wild type and mu tant p53 that could lead to the disfunction of p53. Ge netic instability of G1
cell line is possibly associated with the failure of the mitotic checkpoint and functional inactivation of p53.
Key words: mouse cell in vitro, mitotic checkpoint, chromo somal instability, p53

Introduction. Chromosomal instability i.e. loss or gain
of chromosomes, also aneuploidy, is often observed in
various human tumours and is considered to be one of
the markers of solid tumours [1]. The changes in ploidy
are more significant at the later stages of tumour development, and thus chromosomal instability correlates
with acquisition of malignant phenotypes [2, 3]. There
is a concept that chromosomal instability is a mutator,
increasing the number of mutations, which result in tumour formation [4]. The molecular bases of chromosomal instability have not been studied enough, however, recently much attention has been paid to the issue
of genetic and epigenetic changes of the mitotic checkpoint (or the checkpoint of spindle assembly), which
functions as the provider of equal distribution of chromosomes between two daughter cells [5–7]. As the majority of cells are incapable of terminating their division
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as a response of to the presence of compound like
nocodazole [8], the search for mutations resulting in
chromosomal instability is narrowed to the search for
the mutations of genes of mitotic checkpoint. Similar
mutations were detected in some human cell lines,
which are characterized by chromosomal instability
[9]. However, it has been shown that the damage of mitotic checkpoint primarily results in the death of cells
[1, 10], and in order to obtain the phenotype of the chromosomal instability, there should be at least additional
loss of p53 function [1]. The correlation between chromosomal instability (ploidy change) and the loss or
mutational inactivation of p53 is observed in numerous
experimental and clinical investigations [11–17].
Tumour suppressor gene p53 (TP53 in human and
Trp53 in mice) is mutated the most in human tumours,
its mutations have been revealed in more than 50% of
human tumours [18–20]. Mutational inactivation
and/or deletion of p53 is common for different types of
tumours in the cases of sporadic and familial cancer dis-
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eases [18, 19]. Protein p53 is specific for the numerous
functions [21, 22], particularly participation in the inhibition of abnormal growth of cells [23] and initiation of
apoptosis [24]. p53 has been called the guardian of the
genome due to the function of securing the genome integrity and elimination of damaged cells [25]. Besides,
some more important functions of p53 are the DNA repair [26] and inhibition of angiogenesis [27]; p53 is
know to be the transcription factor of many genes [28].
The activation of target genes by p53 may result in the
growth stop either before replication of DNA in G1
phase of cell cycle or prior to mitosis in G2 phase. The
stop in growth enables the cells to repair the damaged
DNA while due to apoptosis the damaged cells are
eliminated, which prevents the securing the damages in
DNA as mutations.
In normal cells p53 protein is non-functional, it is
activated as a response to different signals only, e.g.
damage of DNA, abnormal proliferative signals,
hypoxia, the loss of cell adhesion, etc [27]. In the majority of human tumours p53 is non-functional or incorrect functioning also [27]. Inactivation of p53 function
may be achieved in different ways, in some cases not
only through the mutation of p53 gene but also in functional changes of p53 protein during its binding to virus
proteins, localisation of protein in cytoplasm, as a result
of changes in protein encoding genes (e.g. Mdm2), associated with p53 etc [27].
Both the studies on morphological and growth
characteristics of new embryonic germ cell line G1
[29, 30] and the results detailed cytogenetic analysis
[31] testify in favour of spontaneous transformation of
the investigated cells in vitro, accompanied by the intensive evolution of karyotype. Different aberrant
mitoses revealed [30] as well as high frequencies of
aneuploid cells in G1 cell line populations [31] indicate the deregulation of division of cells and weakening of mitotic checkpoint [6]. The presence of chromosomal aberrations in the cells under investigation
reveals the disfunctioning of reparation [31, 32].
Therefore, in order to identify possible factors of chromosomal instability in mouse cells in vitro we have
analysed the expression of Trp53 on the level of protein and investigated the life capacity of cells of the G1
line after treatment with colchicine at different passages of in vitro cultivation.

Materials and Methods. Cell cultures. Mouse G1
cell line, obtained from embryonic material of BALB/c
mouse strain at the Department of Human Genetics of
Institute of Molecular Biology and Genetics of NAS of
Ukraine, its sublines G1-OA and G1-T, selected by the
features of transformed phenotype in vitro [29, 30], and
12.5-d.p.c. mouse embryos of BALB/c strain, which
were used to obtain mouse cell line G1 [29], were used
in the current work.
The cells were cultivated in DMEM medium
(Sigma, USA) with 1–10% of fetal bovine serum
(Sigma), 100 units/ml of penicillin, and 100 mg/ml of
streptomycin.
Activity analysis of mitotic checkpoint. To analyse
the ability of cells to survive and to divide after the
treatment with colchicine, the cells were sown in
96-well plates, 15 thousand each, and incubated at 37°C
and 5% CO2 in the growth medium with the corresponding concentration of fetal bovine serum for 24 hours.
The next 24 hours the cells were incubated in the
growth medium with 0.05, 0.5, and 5 mg/ml of
colchicine and with no colchicine addition. The cells
without any colchicine were used as control (control 1,
C-1) and with the addition of colchicine solvent, water,
(control 2, C-2) were used as negative control. After
the colchicine was washed away, the cells were cultivated for 0 and 48 hours in the growth medium. The
solvent was added to the nutrition medium in the volumes, corresponding the colchicine concentrations of
0.5 and 5 mg/ml. To calculate the numbers of survived
cells in the mentioned above time, the growth medium
was added with triazolyl blue tetrazolium bromide
(Sigma) in the concentration of 75 mg per 1 ml of medium and incubated for 4 hours at 37°C and 5% CO2.
The medium was removed, added with dimethyl
sulfoxide, 200 ml per well, pipetted gently and determined for the spectrophotometric density at l=540 nm.
Preparation of lysates of mammalian cells. The
cells were cultivated to 70-80% confluence and then
were washed twice with phosphate-buffered saline
(PBS, pH 7.4) and collected from the glass using 0.02%
EDTA. Cell suspense was washed twice with PBS (pH
7.4) and centrifuged at 15 000 rpm for 10 min. The cell
pellet was added with the corresponding volume of
lysis buffer. The pieces of embryonic tissues of
BALB/c mouse strain, obtained in aseptic conditions,
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were washed in PBS (pH 7.4), powdered in mortar with
liquid nitrogen and incubated with the lysis buffer.
To carry out the immunoprecipitation, lysis of cells
was performed for 30 min on ice in the buffer of the following contents: 0.05 M tris-HCl (pH 8.0), 0.15 M
NaCl, 0.005 M EDTA, 1 % NP-40, and 0.002 M
phenylmethylsulfonyl fluoride.
To carry out the Western Blotting, the cell pellet
was added with buffer of: 0.05 M trisHCl (pH 8.0), 0.15
M NaCl, 0.005 M EDTA, 0.003 M 1,4-dithiotreitol,
0.002 M phenylmethylsulfonyl fluoride and incubated
on ice for 30 min. Then the cell lysates were sonicated
on ice by ultra-sound three times, 10 sec each, with 30
sec interval, centrifuged for 30 min at 4°C at 10 000 g.
The supernatant was transferred to a fresh tube, and the
pellet was discarded.
Western Blot analysis of tissue and cell lysates.
Bradford’s quantitative method was used to determine
total protein concentration in cell lysates [31].
Gel-electrophoresis of cell lysates was performed in accordance to the recommendations [34].
Immunoprecipitation and Western Blotting were
carried out using the monoclonal anti-p53 antibodies by
Chemicon International, USA: 1) PAb240, capable of
detecting in denaturated conditions of both forms of
p53: wild type and mutants, whereas in the native conditions – only the mutant form and 2) antibodies
PAb246, reactive to wild type p53 only. Species-specific
antibodies,
produced
by
Jackson
ImmunoResearch, USA, conjugated with horse-radish
peroxidase were used as secondary antibodies.
Western-Blot analysis was performed according to
recommendations, presented in [34]. The proteins were
separated by single-level electrophoresis in 10%
SDS-polyacrylamide gels. Separated proteins were
transferred from SDS-PAAG to polyvinylidene fluoride membrane (Millipore, USA) using the method of
semi-dry transfer in the buffer, which contained 39 mM
of glycine, 48 mM basic tris, 0.037% SDS and 20%
methanol, pH 8.3 and using the method of tank transfer
in the buffer of the following contents: 192 mM of
glycine, 25 mM tris-HCl, 10% methanol, using the
transfer systems of BioRad, USA. After the transfer the
membranes were incubated for 1 hour with gentle agitation on a platform shaker to prevent non-specific binding (0.01 M tris-HCl, pH7.5, 0.15 M NaCl, 5% nonfat
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dried milk). Then, membranes were incubated for 1
hour at room temperature with gentle agitation on a
platform shaker in the solution of primary monoclonal
antibodies (1 ?g/ml of antibodies in the blocking solution). The membrane was washed three times 10 min
each in buffer, containing 0.01 M tris-HCl, pH7.5, 0.15
M NaCl and 0.1% of tween-20. Species-specific secondary antibodies, conjugated with horseradish
peroxidase, were added as recommended by the manufacturer and incubated with the membrane during 1
hour at room temperature with gentle agitation on a
platform shaker.
Chemiluminescent reaction of the membrane was
carried out for 1 min in the solution of: 100 mM
tris-HCl, pH 8.5, 1.237 mM 3-aminophthalhydrazide
(luminol), 0.673 mM trans-4-hydroxycinnamic acid
(p-coumaric acid), and 0.011% H2O2. Membrane was
exposed to X-ray film, produced by Agfa, USA.
Immunoprecipitation. Cell lysates were centrifuged
at 10 000 g for 30 min at 4°C. 500 mg of total protein
were incubated with 40 ml of 50% protein A-sepharose
during 1 hour, then centrifuged at 30 000 g for 2 min.
The lysates was added 15 ml of antibodies (1.5 mg) and
then incubated (4°C, 16 hours). After incubation with
antibodies, 60 ml of 50% protein A-sepharose were
added and incubated again (4°C, 1 hour), then centrifuged at 3 000 g for 2 min. Protein A-sepharose was
washed three times in the buffer (0.05 M tris-HCl, pH
8.0, 0.15 M NaCl, 0.005 M EDTA, 1% NP-40, and
0.002 M phenylmethylsulfonyl fluoride). Protein
A-sepharose was added 20 ml 2 x Laemmli buffer and
boiled for 10 min.
Microphotography. Pictures of microobjects were
taken using Jenaval microscope (Carl Zeiss, Austria)
with lens of 25x, 40x, and 100x using the Canon
Powershot digital camera (Canon, UK) and Zoom software.
The statistical analysis of the result obtained was
performed according to the method, described in [35].
Results and Discussion. The cell populations of
mouse G1 cell line were revealed to have different aberrant mitoses, namely, cells with different numbers of
nuclei, micronuclear cells, bridges, C-mitoses, etc, and
high frequencies of aneuploid cells at different passages of in vitro cultivation [30, 31]. Aberrant mitoses
revealed are consequences of both damages of chromo-
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Fig.1 Anal ysis of activity of mitotic checkpoint in mouse embryonic fibroblasts (MEFs, 2nd passage in vi tro): a – the number of living cells,
absolute value of optical density (1 – 0 hours; 2 – 48 hours); b – relative number of living cells in comparison to the control (1 – 0 hours; 2 –
48 hours); absciss – colchicine concentration, mg/ml, C-1 – control (cells only); C-2 – control 2 (cells and colchicine solvent – water)

somes and mitotic apparatus and cytotomy [36]. The
loss or gain of chromosomes in cells, cancer cells in
particular, are known to be the results of aberrant
mitoses [37]. Eukaryotic cells are specific for the existence of a qualitative mechanism, controlling the normal course of mitosis i.e. mitotic checkpoint, which
provides correct distribution of chromosomes during
cell division [6, 7]. Supposedly, mitotic checkpoint in
the cells of the investigated mouse cell line G1 is either
partially active or inactive at all.
The cells of defected mitotic checkpoint are not capable of terminating its division if the chromatides are
not attached to the spindle fibers or attached inproperly
as well as also in the case of damaged kinetochore or
formed several spindle poles (so called multi-polar
mitoses) etc [6, 7]. Thus the cells onset premature
anaphase.
Normal cells, treated with solution
depolymerising spindle microtubule or inhibiting the
formation of one, stop in the cell cycle and do not enter
the mitosis as their mitotic checkpoint is activated [38,
39]. The cells with damaged mitotic checkpoint are not
capable of terminating their division after treatment
with mitotic poisons, e.g. nocodazole, colchicine,
colcemide, etc [8]. Therefore, we have tested G1 cells
at the 26th and 114th passages of in vitro cultivation for
their capability to surviving and dividing after treatment with colchicine of different concentrations. The
relative number of living cells, obtained testing the normal cells – mouse embryonic fibroblasts (MEFs) isolated from 12.5-d.p.c. BALB/c mouse embryos, were
used as the control.

It was revealed that the number of living cells decreased after MEFs incubation with colchicine of different concentrations in no time after the change of the
medium (Fig.1). The comparison with the control
(cells and solvent) revealed the number of cells to decrease app. 24–33% (Fig.1, b). In 48 hours after the
change of the growth medium, the number cells increased in both controls, at the same time their number
decreased in the wells, treated with different concentrations of colchicine (Fig.1). The cells, treated with 0.05
?g/ml colchicine were the least sensitive – 63.9% of
cells survived; average sensitivity of cells to 0.5 ?g/ml
was 45.19% and MEFs were the most sensitive to 5
?g/ml colchicine per 1 ml of medium – 27.54% (Fig.1,
b). This fact reveals the correlation between the MEFs
sensitivity and colchicine concentration. Thus, we
have defined effective proliferation blocking and significant decrease in the number of living cells in MEFs
population after treatment with colchicine, which also
testifies to the functional activity of mitotic checkpoint
in MEFs.
The number of G1 living cells at the 26th passage after treatment with colchicine in different concentrations
decreased insignificantly (Fig.2, a). The comparison
with the control revealed app. 13–14% decrease in the
number of cells (Fig.2, b). In 48 hours after change of
the medium, the number of living cells at 0.05 ?g/ml
colchicine exceeded that of MEFs and amounted
76.86% (Fig.1, Fig.2, a, b). The number of survived G1
cells was also increased at the 26th passage, compared to
MEFs, after treatment with 0.5 and 5 mg/ml of
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Fig.2 Analysis of activity of mitotic checkpoint in the cells of mouse G1 cell
line: a – number of living cells at the 26th passage, ab solute values of optical
density; b – relative number of living cells at the 26th passage, compared to
the control; c – number of living cells at the 114th passage, ab solute value of
optical density; d – relative number of living cells at the 114th passage, compared to the control (a–d: 1 – 0 hours, 2 – 48 hours); absciss – colchicine
concentration, mg/ml, C-1 – control (cells only); C-2 – control 2 (cells and
colchicine solvent – water); e – anaphase of G1 line cells at the 104th passage of in vitro cultivation with chromosomal delay (black arrow) and
bridges between groups of anaphase chromosomes (white arrow); lens 100x,
ocular 10x.

colchicine (Fig.2), 65.67 and 68.51%, respectively. No
significant difference has been discovered in the sensitivity of the investigated G1 cells to the concentration
of colchicine of 0.5 and 5 mg/ml. Therefore, the activity
of mitotic checkpoint at the 26th passage of cultivation
of cells of the mouse G1 cell line is lower, compared
with MEFs.
The analysis of the activity of the mitotic checkpoint of G1 cells at the 114th passage of in vitro cultiva342

tion revealed the highest number of survived cells after
the treatment with colchicine, in comparison with the
26th passage and MEFs. The number of survived cells in
comparison with the control decreased ~5% only at the
treatment of colchicine of 0.05 ?g/ml and ~20% at 0.5
and 5 mg/ml (Fig.2, c, d). In 48 hours after the change of
the growth medium, the number of survived cells at
different colchicine concentrations was at a rather high
level (79.82, 79.97, and 76.44% of survived cells at the
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Fig.3 Numbers of survived cells compared to the control: a – 0 hours and b – 48 hours of cell growth, prior treated with different colchicine
concentrations, after the change of growth medium (1 – MEFs, 2nd passage; 2 – G1, 26th passage; 3 – G1, 114th passage); absciss –
colchicine concentration, mg/ml, C-1 – control (cells only); C-2 – control 2 (cells and colchicine solvent – water)

aforementioned colchicine concentrations) (Fig.2).
Therefore, the cells of mouse G1 cell line were revealed
to be insensitive to different concentrations of
colchicine at the 114th passage of in vitro cultivation,
which testifies about weakened mitotic control.
The analysis of mitotic checkpoint in MEFs and in
G1 cell line at the 26th and 114th passages on in vitro cultivation also revealed MEFs to be the most sensitive to
the effect of different concentrations of colchicine. G1
cells were shown to be less sensitive at both early and
late passages (Fig.3, a).
In 48 hours of growing of cells after the change of
the medium, the significant difference in the number of
survived cells in MEFs population at different
colchicine concentrations was observed as well as in
the numbers of survived cells in MEFs and G1 populations (Fig.3, b). G1 cells were revealed to be insensitive
to the effect of different concentrations of colchicine,
whereas every 10-time increase in colchicine concentrations, MEFs were shown both not to divide and die.
Therefore, the lower sensitivity of G1 cells to the effect
of colchicine at the 26th and 114th passage of cultivation,
compared to MEFs, was revealed, while the cells at the
114th passage were specific for the lowest sensitivity
(Fig.3).
The inactivation of mitotic checkpoint in cells of
the mouse G1 cell line is evidenced by the premature
separation of centromeres, compared with sister
chromatides, revealed at the 15th passage of in vitro cultivation [40]. The factors, causing the loss of chromosome, the formation of micronuclei, and aneuploidy of
the investigated cell line, may include not only the spin-

dle defects (as multi-nuclear cells in the G1 cell population and multipolar mitoses in their sublines were
observed) but also the defects of kinetochores, particularly delay in anaphase of chromosomes (Fig.2, e).
Therefore, the obtained results reveal that the
disfunction of mitotic checkpoint is responsible for the
chromosomal instability of the cells of mouse G1 cell
line.
Some other factors are involved in the occurrence
of phenotype of chromosomal instability in mammalian
cells, e.g. the loss of function of tumorsupressor p53
[1]. Fibroblasts of p53-/- of mice were shown to reveal
high aneuploidy [11, 12–16]. The correlation between
mutation or deletion of p53 and the occurrence of
aneuploidy have been established in various human tumours [17].
The mechanisms of p53 inactivation prior to the occurrence of chromosomal instability have not been clarified yet. One of the known mechanisms is presented
by the regulation of cycle of centrosome duplication
during p53 inactivation [11, 41, 42]. Thus, loss of p53
was shown to result in hyper-amplification of
centrosomes in mouse cells in vitro, as a result high frequency of aberrant mitoses (multipolar mitoses and
damaged cytokinesis) was observed, which in its turn
results in the increase in number of errors in the transfer
of chromosomes to the sister cells [11, 41]. Other possible mechanisms are related to p53 regulation of the
cell cycle and apoptosis.
Therefore, we have analysed the expression of
Trp53 gene in the cells of mouse G1 cell line and its
sublines G1-OA and G1-T at different passages of in vi343
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Fig.4 P53 protein detection: a – Western-Blot analysis of p53 with
monoclonal antibodies PAb240 in cells: 1 – MEFs; 2 – G1, 30th
passage; 3 – G1, 106th passage; 4 – G1-OA, 35th/24th passages; 5 –
G1-OA, 35th/65th passage; 6 – G1-T, 66th/17th passage; 7 – G1-T,
66th/35th passage; b – immunoprecipitation of p53 with PAb240
antibodies (1, 2, 4) and PAb246 (3, 5) from protein extracts of cells:
1 – G1, 30th pas sage; 2, 3 – G1, 106th pas sage; 4, 5 – MEFs

tro cultivation using the methods of Western Blotting
and immunoprecipitation. Western Blotting was carried out on monoclonal antibodies PAb240, which in
the denaturated conditions recognised both forms (native and mutant) of p53 protein [43, 44].
Immuneprecipitation was performed with antibodies
PAb246, specific to wild type p53, and PAb240, which
at the native conditions are bound with mutant p53 only
[43, 44].
Low level of p53 was revealed in all investigated
cell cultures using Western Blotting (Fig.4, a). MEFs
lysates were used as the positive control of p53 expression.
As PAb240 at denaturated conditions allows detecting p53 of both mutant and wild types, therefore, to determine which of the forms of p53 is present in G1 cells
we have performed immunoprecipitation of p53 at the
native conditions with PAb240 and pAB246 antibodies. At these conditions PAb240 are bound to mutant
p53 only and PAb246 with wild type p53. Only wild
type p53 was immunoprecipitated from the MEFs
lysates. At the same time lysates of the G1 cells at the
106th passage of cultivation in vitro revealed the
immunoprecipitation of both wild and mutant p53
forms (Fig.4, b). Mutant p53 were detected at the 30th
and 106th passages of in vitro cultivation of G1 cells
(Fig.4, b). The presence of mutant and wild p53 forms
may result in functional inactivation of p53 due to the
formation of p53-tetramere between wild type p53 and
mutant p53, as it has been described in [45, 46].
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Therefore, the analysis of p53 expression revealed
the mutant form of p53 in G1 line cells at the 30th and
106th passages of in vitro cultivation. These data correlate with the results of analysis of activity of mitotic
checkpoint in the investigated cells. Chromosomal instability and destabilisation of cell line karyotype are
expected to increase at the conditions of weakened mitotic control and the absence of functional p53. It is
possible that simultaneous inactivation of mitotic
checkpoint and expression of p53 of both types may
provide the explanation to extended stage of establishment in vitro of mouse G1 cell line with intensive evolution of karyotype [31].
Thus, having performed the analysis of survivability of the cells of mouse G1 cell line and divisibility after treatment with colchicine, it is possible to conclude
the weakening of function of mitotic checkpoint at different passages of in vitro cultivation. Western-Blot
analysis allowed low-level detection of p53 protein in
the cells of G1 line as well as in its sublines G1-OA and
G1-T, whereas the immunoprecipitation of p53 protein
at the native conditions revealed the mutant p53 form in
the G1 cells at the 30th and 106th passages of in vitro cultivation. Both wild type and mutant p53 were detected
at the 106th passage of G1 cells. Summarising the stated
above it has to be said that increased chromosomal instability and intensive process of karyotypic evolution
of spontaneously immortalised mouse G1 cell line [29,
31, 32], as well as aberrant mitoses in the cells of this
line are due to the damages in regulation of mitosis and
possibly inactivation of p53.
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Ãåíåòè÷åñêàÿ íåñòàáèëüíîñòü ýìáðèîíàëüíûõ ãåðìèíàòèâíûõ
êëåòîê ëèíèè G1 ìûøè è íàðóøåíèå ôóíêöèé êîíòðîëüíîé
òî÷êè ìèòîçà è ð53
Ðåçþìå
Èçó÷åíà âûæèâàåìîñòü ìûøèíûõ êëåòîê ëèíèè G1 ïðè îáðàáîòêå êîëõèöèíîì â ðàçíûõ êîíöåíòðàöèÿõ. Óñòàíîâëåíà
ìåíüøàÿ ÷óâñòâèòåëüíîñòü ê äåéñòâèþ êîëõèöèíà êëåòîê ëèíèè G1 íà 26-ì è 114-ì ïàñ ñàæàõ ïî ñðàâ íåíèþ ñ ýì áðèîíàëü -
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íûìè
ôèáðîáëàñòàìè
ìûøè
ëèíèè
BALB/c,
÷òî
ñâèäåòåëüñòâóåò îá îñëàáëåíèè êîíòðîëüíîé òî÷êè ìèòîçà â
êëåòêàõ ëèíèè G1. Ïðè ïî ìî ùè Âåñòåðí-áëîò àíàëèçà âûÿâëåí
áåëîê ð53 íà íèçêîì óðîâ íå êàê â êëåòêàõ ëèíèè G1, òàê è åå
ñóáëèíèé G1-OA è G1-T. Ìåòîäîì èììóíîïðåöèïèòàöèè â
êëåòêàõ ëèíèè G1 îïðåäåëåíî ïðèñóòñòâèå áåë êà ð53 îáîèõ òè ïîâ: êàê äèêîãî, òàê è ìóòàíòíîãî, ÷òî ìîæåò âûçâàòü íàðóøåíèå åãî ôóíêöèè. Ãåíåòè÷åñêàÿ íåñòàáèëüíîñòü êëåòîê
ëèíèè G1 ìûøè ñâÿçàíà ñ íàðóøåíèåì ôóíêöèè êîíòðîëüíîé
òî÷êè ìèòîçà è, âåðîÿòíî, ñ ôóíêöèîíàëüíîé èíàêòèâàöèåé
ð53.
Êëþ÷åâûå ñëîâà: êëåòêà ìûøè in vitro, êîíòðîëüíàÿ òî÷êà
ìèòîçà, õðîìîñîìíàÿ íåñòàáèëüíîñòü, ð53.
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