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The expression of Mgmt gene was investigated by Western blot analysis in the spontaneously immortalized
mouse cell line G1 and in its sublines G1-OA and G1-T at different passages of in vitro cultivation. The high-
est level of Mgmt expression has been revealed in G1-T subline cells and the lowest—in G1-OA subline cells.
The increase in the level of DNA repair enzyme Mgmt was observed in the cells of mouse cell line G1 as well
as in its subline G1-OA at later passages of in vitro cultivation. Since the G1-OA subline is characterized by
the highest frequencies of chromosomal aberrations, micronucleate and multinucleate cells, it is possible to
suppose a role of deficiency of DNA repair enzyme Mgmt in the increase of the chromosomal aberration

level in G1-OA subline.
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Introduction.  O%-methylguanine-DNA  methyl-
transferase  (also  O%-alkylguanine-DNA  alkyl-
transferase, in human gene MGMT, in mice — Mgmt) is
one of the enzymes of DNA repair, which protects the
cell from mutagenic effect of of alkylating carcinogens
[1,2]. MGMT enzyme functions by a stoichiometric re-
action of self-inactivation, the mechanism of which in-
volves the transfer of alkyl group (mostly methyl
group) from O°-position of guanine (O°MeG) of DNA
molecule to cysteine in active site of enzyme [1]. Mgmt
gene is expressed in both normal and malignant cells,
but the expression level varies depending on the type of
cells and their growth characteristics [3]. Thus, MGMT
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was reported to have higher expression level in some
neoplasia cells, in particular, resistant to alkylating
compounds or to reduce of MGMT expression at malig-
nant transformation [3-6].

The reactions of methylation and ethylation of gua-
nine in O° position are considered to be the main carci-
nogenic factors, regardless of the minority of such
DNA damages [7]. If the alkylated bases are not re-
paired with MGMT before the next replication, then
these damages are realised in gene mutations ( transi-
tions from guanine:cytosine to adenine:thymine), sister
chromatid exchanges, chromosomal aberration, death
or malignant transformation of cells [7]. It has been
demonstrated that during the MGMT deficiency or its
functional inactivation, O°MeG is involved to the for-
mation of secondary DNA damages, which include ab-
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Fig.1 Analysis of Mgmt gene expression in cell lines: 1 — G1, 59" pas-
sage;2—Gl1,71";3-G1,75™; 4— G1-0A, 35/26™; 5— G1-0A, 35/40™;
6-G1-0A,35/44"™; 7-3T3;8-G1-T, 66/13"; 9~ MCF-7 (a — Western
blot analysis of MGMT protein; b — diagram demonstrating the relative
level of MGMT protein: 1 —22-25 kDa; 2 — 48 kDa; 3 — total amount of
the protein). Cell extracts (250 pg of total protein per hole) were sepa-

errations of chromosomes [7-10], although the mechanism
of such damages has not been studied enough.

The results of cytogenetic analysis of spontaneously
immortalized mouse cell line G1 [11] and its sublines
show the differences in numbers of various chromosomal
aberrations.

The goal of this work was to analyse the expression of
Mgmt at the level of protein in the cells of new G1 line and
its sublines, G1-OA and G1-T, at different passages of in
vitro cultivation and to reveal the correlation between ab-
errations of chromosomes and the levels of the investi-
gated DNA repair protein.

Materials and Methods. The mouse cell line G1 was
obtained from material of embryonic origin of BALB/c
mouse strain at the Department of Human Genetics, Insti-
tute of Molecular Biology and Genetics, National Acad-
emy of Sciences of Ukraine; the sublines G1-OA and
G1-T were selected by the criteria of transformed pheno-
type in vitro [12, 13]. 12.5 days post coitum (dpc) em-
bryos of BALB/c mice were used for obtaining the G1 cell
line [12]. The cell lines of mice 3T3 (embryo) [14] and hu-
man MCF-7 (adenocarcinome of mammary gland), which

was selected as positive control, both obtained from
Saint Petersburg collection of cell lines [15] were
used.

MGMT level was determined by Western blot
analysis using monoclonal anti-MGMT antibodies
(Novus Biologicals, USA). Species-specific anti-
bodies conjugated with horseradish peroxidase
(Jackson ImmunoResearch, USA) were used as sec-
ondary antibodies. Protein extracts were obtained in
accordance with recommendations [16]. Concentra-
tion of total protein in cell lysates was determined
using the Bradford’s quantitative method [17].
Gel-electrophoresis of protein extracts and Western
blot analysis were carried out according to recom-
mendations [16, 18]. X-ray films were scanned us-
ing Ultrascan XL densitometer (LKB, Sweden).

Results and Discussion. The application of
Western blot analysis of the invetigated cells with
antibodies to MGMT allowed defining a series of
proteins with molecular weight of at ~22-24 and ~48
kDa (Fig.1, 2), which is a specific reaction of
monoclonal antibodies, as the similar signals have
not been observed after the treatment of membrane
with 1%-solution of bovine serum albumin instead
of primary antibodies with subsequent manipula-
tions in accordan with the manufacturer’s protocol.
The dependence of MGMT protein detection on the
type of ready protiens storing has been marked out in
the range of ~22-24 and ~48 kDa, as well as the de-
pendence from the variety of cell culture (the data is
not presented). Therefore, the data from both ranges
~22-24 and ~48 kDa have been included into the
analysis of detected MGMT protein. Detected pro-
tein (molecular weight 48 kDa) may be considered
to be the product of either alternative splicing of
mRNA or reconstructed gene, or protein complex,
which requires further detailed investigation.

Fig.1 shows that the level of Mgm¢? expression in
mouse G1 cell line at the 59" passage of in vitro cul-
tivation was lower than at the 71* and 75™ passages.
The total amount of MGMT protein at the 71* and
75™ passages did not differ essentially. The amount
of MGMT protein in lysates of G1-OA subline cells
at 35/26"™, 35/40™, and 35/44"™ passages of cultiva-
tion was lower than the one of the original G1 line at
the 70™ passages. The decrease in total amount of
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Fig.2 Analysis of Mgmt gene expression: 1 — BALB/c embryo; 2 —
G1, 27" passage; 3 — G1, 104™; 4 — G1-0A, 35/24"™; 5 — G1-OA,
35/65™ 6 — G1-T, 66/17™; 7 — G1-T, 66/35™ (a — immunodetection
of MGMT protein in the areas of ~22-24 kDa using anti-MGMT an-
tibodies; b — Western blot analysis using anti-tubulin antibodies
(~55 kDa), which was served as loading control; ¢ — diagram, dem-
onstrating the relative MGMT protein level: 1 —22-24 kDa; 2 — 48
kDa; 3 —total protein amount). Cell extracts (100 pg of total protein
per hole) were separated in 15%-polyacrilamide gel by
SDS-electrophoresis.

the investigated protein with the increased passages of
G1-OA cells has been observed. The highest level of
MGMT protein was detected at 66/13™ passage.
MGMT protein was detected in cells of 3T3 mouse cell
line, which is conditionally normal cell line with bal-
anced karyotype.

The levels of MGMT protein were compared in
lysates of BALB/c mouse embryo cells, in original G1
cell line at the 27" and 104™ passages, in cells of its
sublines G1-OA at the 35/24™ and 35/65" passages and
G1-T at 66/17™ and 66/35™ passages of in vitro cultiva-
tion (Fig.2).

The area of ~22-24 kDa is specific for the lowest
level of MGMT protein in BALB/c embryonic cells
(Fig.2). The cells of original G1 line and its sublines
G1-OA and G1-T demonstrated general tendency to-
wards the increase in amount of MGMT protein in cells
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at the later passages of in vitro cultivation. The area of
~48 kDa revealed specific signals of MGMT protein
and the same pattern of increase of amount of DNA re-
pair protein at later passages of cell cultures (Fig.2).
Additional signals of specific immune reaction were
detected in BALB/c embryonic cells, except for the ar-
eas of ~22-24 and ~48 kDa (data are not presented).
Summarizing the results of the analysis of total amount
of MGMT protein in the investigated cultures, it is
worth mentioning the significant increase in the amount
of MGMT in G1 cells at the 104™ passage, comparing
to the 27" passage, as well as in the cells of G1-OA
subline at late 35/65™ passage of cultivation, comparing
to the earlier 35/24™ passage (Fig.2). As it is clearly
seen in Fig.2, the amount of MGMT protein in the cells
of G1-T subline at the 66/17™ and 66/35™ passages did
not differ significantly. The mentioned amount ex-
ceeded the one after 12.5-dpc embryos of BALB/c
mouse strain and was significantly higher than the
amount of the investigated protein in the cells of origi-
nal G1 cell line and its subline G1-OA at the 27" and
35/24™ passages respectively.

Chromosomal aberrations were shown to be sec-
ondary DNA damages, which occur in two cycles after
replication of DNA from O°MeG at MGMT deficiency
[7, 8]. For instance, inhibition of MGMT activity by
0%-benzylguanine in human fibroplasts L136 results in
the increase of number of chromosomal aberrations
both directly after treatment and in further cell cycles
[9]. At the same time CHO cells with overexpressed
Mgmt acquired resistance to alkylation, which was
demonstrated with the formation of exchanges between
sister chromatids and chromosomal aberrations, com-
pared to MGMT-deficient cells [10]. Higher frequen-
cies of exchanges between sister chromatids in the sec-
ond mitosis after MNNG (N-methyl-Nr-ni-
tro-N-nitrosoguanine) treatment, comparing to the first
mitosis at exhaustion of MGMT, were revealed by
cytogenetic investigation of mouse fibroblasts. It has
been determined that the increased number of chromo-
somal aberrations was induced by primary damages of
DNA by O°MeG [8]. It is predominantly in the works
dedicated to the studies on reparative enzyme MGMT
in the formation of secondary DNA damages, which in-
clude chromosomal aberrations, the main part is given
to the chromosomal aberrations, which occur after
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treatment with methylating agents, in the cells with dif-
ferent level of Mgmt expression. We have analyzed the
relative level of Mgm¢ expression in spontaneously im-
mortalized mouse cell line G1 at different passages of
in vitro cultivation, as well as in the cells of sublines
G1-OA and G1-T using Western blot analysis.

The results revealed the highest level of Mgm¢t ex-
pression in the cells of subline G1-T, which is specific
for multilayer growth [13]. The lowest amount of
MGMT protein was revealed in extracts of GI-OA
subline cells, which are capable of growing in the poor
medium [13]. Preliminary results of cytogenetic analy-
sis of different sublines of G1 cell line, revealed G1-T
subline having the lowest number of chromosomal ab-
errations at the 66/30™ passage, while G1-OA subline
cells revealed the highest frequencies of chromosomal
aberrations, micronuclear and multinuclear cells at dif-
ferent passages [11, 13]. In the cells of both original
cell line Gland its subline G1-OA, the increase in the
amount of DNA repair protein at later passages of in vi-
tro cultivation has been revealed. Investigated cell cul-
tures were detected to have the increased genetic insta-
bility and destabilized karyotype at early passages. Re-
duced amount of MGMT protein is in good correlation
with the increased number of chromosomal aberrations
in the investigated cells. Therefore, the results obtained
allow the supposition on the possible role of MGMT
deficiency at the increased level of chromosomal aber-
rations in G1-OA subline.
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Akcnpeccus O%-mertunryannn-{HK Metunrpanchepass B KieTkax
CIIOHTAHHO UMMOPTAIU30BaHHOM TuHUM G1 MbIIM U ee CyOIMHUN
G1-OAuG1-T

Pesrome

C nomowwio Becmepu-6a10m ananusza npoanaiusuposand sKcnpec-
cus eena Mgmt 6 Kiemkax CHOHMAHHO UMMOPMATUZ0BAHHOU TUHUU
G 1 morwu u ee cyonunutt G1-OA u G1-T na pasnvix naccadgcax Kyio-
mueupoganus in vitro. Camulil 6blcOKUI YPOBEHb IKCNPECCUU BbIAG-
nen 6 kaemkax cyorunuu GI1-T u Haumenvwiuil — 6 Kiemxax
cyonunuu GI1-OA. B kaemkax kax ucxoOwou KiemouyHOU JUHUU

morwu G1, max u ee cyoaunuu GI1-OA nabnoodanu ysenuuenue
Konuvecmea penapamusrozo deaxa MGMT na 6onee no3onux nac-
cadxcax Kynvmusuposanus in vitro. Ilockonvky Oas cybaunuu
G1-OA xapaxmepHbl camvie 8blCOKUE YACHMOMbL XPOMOCOMHBIX
abeppayuil, MUKpOAOEPHbIX U MHO20S0EPHbIX KIeMOK, MONCHO
npeononodcUmsb 803MONCHYIO pOab Oeuyuma penapamueHoco
pepmenma MGMT 6 nogvluienuu ypoeus Xxpomocomnuix abeppayuii
6 cyonunuu G1-OA.

Knioueguie c1o6a: knemxu miekonumaiowux in vitro, O°-memun-
eyanun-J{HK memuimpancpepaza (MGMT), xpomocomuvie abep-
payuu.
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