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The ex pres sion of Mgmt gene was in ves ti gated by West ern blot anal y sis in the spon ta ne ously im mor tal ized
mouse cell line G1 and in its sublines G1-OA and G1-T at dif fer ent pas sages of in vi tro cul ti va tion. The high -
est level of Mgmt ex pres sion has been re vealed in G1-T subline cells and the low est – in G1-OA subline cells. 
The in crease in the level of DNA re pair en zyme Mgmt was ob served in the cells of mouse cell line G1 as well
as in its subline G1-OA at later pas sages of in vi tro cul ti va tion. Since the G1-OA subline is char ac ter ized by
the high est fre quen cies of chro mo somal ab er ra tions, micronucleate and multinucleate cells, it is pos si ble to
sup pose a role of de fi ciency of DNA re pair en zyme Mgmt in the in crease of the chro mo somal ab er ra tion
level in G1-OA subline.
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In tro duc tion. O6-methylguanine-DNA methyl-
transferase (also O6-alkylguanine-DNA alkyl-
transferase, in hu man gene MGMT, in mice – Mgmt) is
one of the en zymes of DNA re pair, which pro tects the
cell from mutagenic ef fect of of alkylating car cin o gens
[1, 2]. MGMT en zyme func tions by a stoichiometric re -
ac tion of self-in ac ti va tion, the mech a nism of which in -
volves the trans fer of alkyl group (mostly methyl
group) from O6-po si tion of gua nine (O6MeG) of DNA
mol e cule to cysteine in ac tive site of en zyme [1]. Mgmt
gene is ex pressed in both nor mal and ma lig nant cells,
but the ex pres sion level var ies de pend ing on the type of
cells and their growth char ac ter is tics [3].  Thus, MGMT

was re ported to have higher ex pres sion level in some
neo pla sia cells, in par tic u lar, re sis tant to alkylating
com pounds or to re duce of MGMT ex pres sion at ma lig -
nant trans for ma tion [3-6].

The re ac tions of methylation and ethylation of gua -
nine in O6 po si tion are con sid ered to be the main car ci -
no genic fac tors, re gard less of the mi nor ity of such
DNA dam ages [7].  If the alkylated bases are not re -
paired with MGMT be fore the next rep li ca tion, then
these dam ages are real ised in gene mu ta tions ( tran si -
tions from gua nine:cy to sine to ad e nine:thy mine), sis ter
chromatid ex changes, chro mo somal ab er ra tion, death
or ma lig nant trans for ma tion of cells [7].  It has been
dem on strated that dur ing the MGMT de fi ciency or its
func tional in ac ti va tion, O6MeG is in volved to the for -
ma tion of sec ond ary DNA dam ages, which in clude ab -
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er ra tions of chro mo somes [7-10], al though the mech a nism 
of such dam ages has not been stud ied enough.

The re sults of cytogenetic anal y sis of spon ta ne ously
im mor tal ized mouse cell line G1 [11] and its sublines
show the dif fer ences in num bers of var i ous chro mo somal
ab er ra tions.

The goal of this work was to ana lyse the ex pres sion of
Mgmt at the level of pro tein in the cells of new G1 line and
its sublines, G1-OA and G1-T, at dif fer ent pas sages of in
vi tro cul ti va tion and to re veal the cor re la tion be tween ab -
er ra tions of chro mo somes and the lev els of the in ves ti -
gated DNA re pair pro tein.

Ma te ri als and Meth ods. The mouse cell line G1 was
ob tained from ma te rial of em bry onic or i gin of BALB/c
mouse strain at the De part ment of Hu man Ge net ics, In sti -
tute of Mo lec u lar Bi ol ogy and Ge net ics, Na tional Acad -
emy of Sci ences of Ukraine; the sublines G1-OA and
G1-T were se lected by the cri te ria of trans formed phe no -
type in vi tro [12, 13].  12.5 days post coitum (dpc) em -
bryos of BALB/c mice were used for ob tain ing the G1 cell
line [12].  The cell lines of mice 3T3 (em bryo) [14] and hu -
man MCF-7 (adenocarcinome of mam mary gland), which

was se lected as pos i tive con trol, both ob tained from
Saint Pe ters burg col lec tion of cell lines [15] were
used.

MGMT level was de ter mined by West ern blot
anal y sis us ing monoclonal anti-MGMT an ti bod ies
(Novus Bi o log i cals, USA).  Spe cies-spe cific an ti -
bod ies con ju gated with horse rad ish peroxidase
(Jack son ImmunoResearch, USA) were used as sec -
ond ary an ti bod ies.  Pro tein ex tracts were ob tained in 
ac cor dance with rec om men da tions [16].  Con cen tra -
tion of to tal pro tein in cell lysates was de ter mined
us ing the Brad ford’s quan ti ta tive method [17]. 
Gel-elec tro pho re sis of pro tein ex tracts and West ern
blot anal y sis were car ried out ac cord ing to rec om -
men da tions [16, 18].  X-ray films were scanned us -
ing Ultrascan XL den si tom e ter (LKB, Swe den).

Re sults and Dis cus sion. The ap pli ca tion of
West ern blot anal y sis of the invetigated cells with
an ti bod ies to MGMT al lowed de fin ing a se ries of
pro teins with mo lec u lar weight of at ~22-24 and ~48 
kDa (Fig.1, 2), which is a spe cific re ac tion of
monoclonal an ti bod ies, as the sim i lar sig nals have
not been ob served af ter the treat ment of mem brane
with 1%-so lu tion of bo vine se rum al bu min in stead
of pri mary an ti bod ies with sub se quent ma nip u la -
tions in accordan with the man u fac turer’s pro to col. 
The de pend ence of MGMT pro tein de tec tion on the
type of ready protiens stor ing has been marked out in 
the range of ~22-24 and ~48 kDa, as well as the de -
pend ence from the va ri ety of cell cul ture (the data is
not pre sented).  There fore, the data from both ranges
~22-24 and ~48 kDa have been in cluded into the
anal y sis of de tected MGMT pro tein.  De tected pro -
tein (mo lec u lar weight 48 kDa) may be con sid ered
to be the prod uct of ei ther al ter na tive splic ing of
mRNA or re con structed gene, or pro tein com plex,
which re quires fur ther de tailed in ves ti ga tion.

Fig.1 shows that the level of Mgmt ex pres sion in
mouse G1 cell line at the 59th pas sage of in vi tro cul -
ti va tion was lower than at the 71st and 75th pas sages. 
The to tal amount of MGMT pro tein at the 71st and
75th pas sages did not dif fer es sen tially.  The amount
of MGMT pro tein in lysates of G1-OA subline cells
at 35/26th, 35/40th, and 35/44th pas sages of cul ti va -
tion was lower than the one of the orig i nal G1 line at
the 70ths pas sages.  The de crease in to tal amount of
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Fig.1 Anal y sis of Mgmt gene ex pres sion in cell lines: 1 – G1, 59th pas -
sage; 2 – G1, 71st; 3 – G1, 75th; 4 – G1-OA, 35/26th; 5 – G1-OA, 35/40th; 
6 – G1-OA, 35/44th; 7 – 3T3; 8 – G1-T, 66/13th; 9 – MCF-7 (a – West ern 
blot anal y sis of MGMT pro tein; b – di a gram dem on strat ing the rel a tive
level of MGMT pro tein: 1 – 22-25 kDa; 2 – 48 kDa; 3 – to tal amount of
the pro tein).  Cell ex tracts (250 µg of to tal pro tein per hole) were sep a -



the in ves ti gated pro tein with the in creased pas sages of
G1-OA cells has been ob served.  The high est level of
MGMT pro tein was de tected at 66/13th pas sage. 
MGMT pro tein was de tected in cells of 3T3 mouse cell
line, which is con di tion ally nor mal cell line with bal -
anced karyotype.

The lev els of MGMT pro tein were com pared in
lysates of BALB/c mouse em bryo cells, in orig i nal G1
cell line at the 27th and 104th pas sages, in cells of its
sublines G1-OA at the 35/24th and 35/65th pas sages and
G1-T at 66/17th and 66/35th pas sages of in vi tro cul ti va -
tion (Fig.2).

The area of ~22-24 kDa is spe cific for the low est
level of MGMT pro tein in BALB/c em bry onic cells
(Fig.2).  The cells of orig i nal G1 line and its sublines
G1-OA and G1-T dem on strated gen eral ten dency to -
wards the in crease in amount of MGMT pro tein in cells

at the later pas sages of in vi tro cul ti va tion.  The area of
~48 kDa re vealed spe cific sig nals of MGMT pro tein
and the same pat tern of in crease of amount of DNA re -
pair pro tein at later pas sages of cell cul tures (Fig.2). 
Ad di tional sig nals of spe cific im mune re ac tion were
de tected in BALB/c em bry onic cells, ex cept for the ar -
eas of ~22-24 and ~48 kDa (data are not pre sented). 
Sum ma riz ing the re sults of the anal y sis of to tal amount
of MGMT pro tein in the in ves ti gated cul tures, it is
worth men tion ing the sig nif i cant in crease in the amount 
of MGMT in G1 cells at the 104th pas sage, com par ing
to the 27th pas sage, as well as in the cells of G1-OA
subline at late 35/65th pas sage of cul ti va tion, com par ing 
to the ear lier 35/24th pas sage (Fig.2). As it is clearly
seen in Fig.2, the amount of MGMT pro tein in the cells
of G1-T subline at the 66/17th and 66/35th pas sages did
not dif fer sig nif i cantly.  The men tioned amount ex -
ceeded the one af ter 12.5-dpc em bryos of BALB/c
mouse strain and was sig nif i cantly higher than the
amount of the in ves ti gated pro tein in the cells of orig i -
nal G1 cell line and its subline G1-OA at the 27th and
35/24th pas sages re spec tively.

Chro mo somal ab er ra tions were shown to be sec -
ond ary DNA dam ages, which oc cur in two cy cles af ter
rep li ca tion of DNA from O6MeG at MGMT de fi ciency
[7, 8].  For in stance, in hi bi tion of MGMT ac tiv ity by
O6-benzylguanine in hu man fibroplasts L136 re sults in
the in crease of num ber of chro mo somal ab er ra tions
both di rectly af ter treat ment and in fur ther cell cy cles
[9].  At the same time CHO cells with overexpressed
Mgmt ac quired re sis tance to alkylation, which was
demonstrated with the for ma tion of ex changes be tween 
sis ter chromatids and chro mo somal ab er ra tions, com -
pared to MGMT-de fi cient cells [10]. Higher fre quen -
cies of ex changes be tween sis ter chromatids in the sec -
ond mi to sis af ter MNNG (N-methyl-N´-ni -
tro-N-nitrosoguanine) treat ment, com par ing to the first
mi to sis at ex haus tion of MGMT, were re vealed by
cytogenetic in ves ti ga tion of mouse fibroblasts.  It has
been de ter mined that the in creased num ber of chro mo -
somal ab er ra tions was in duced by pri mary dam ages of
DNA by O6MeG [8].  It is pre dom i nantly in the works
ded i cated to the stud ies on re par a tive en zyme MGMT
in the for ma tion of sec ond ary DNA dam ages, which in -
clude chro mo somal ab er ra tions, the main part is given
to the chro mo somal ab er ra tions, which oc cur af ter
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Fig.2 Anal y sis of Mgmt gene ex pres sion: 1 – BALB/c em bryo; 2 –
G1, 27th pas sage; 3 – G1, 104th; 4 – G1-OA, 35/24th; 5 – G1-OA,
35/65th; 6 – G1-T, 66/17th; 7 – G1-T, 66/35th (a – immunodetection
of MGMT pro tein in the ar eas of ~22-24 kDa us ing anti-MGMT an -
ti bod ies; b – West ern blot anal y sis us ing anti-tubulin an ti bod ies
(~55 kDa), which was served as load ing con trol; ñ – di a gram, dem -
on strat ing the rel a tive MGMT pro tein level: 1 – 22-24 kDa; 2 – 48
kDa; 3 – to tal pro tein amount). Cell ex tracts (100 µg of to tal pro tein
per hole) were sep a rated in 15%-polyacrilamide gel by
SDS-electrophoresis.

c



treat ment with methylating agents, in the cells with dif -
fer ent level of Mgmt ex pres sion.  We have an a lyzed the
rel a tive level of Mgmt ex pres sion in spon ta ne ously im -
mor tal ized mouse cell line G1 at dif fer ent pas sages of
in vi tro cul ti va tion, as well as in the cells of sublines
G1-OA and G1-T us ing West ern blot anal y sis.

The re sults re vealed the high est level of Mgmt ex -
pres sion in the cells of subline G1-T, which is spe cific
for multilayer growth [13]. The low est amount of
MGMT pro tein was re vealed in ex tracts of G1-OA
subline cells, which are ca pa ble of grow ing in the poor
me dium [13]. Pre lim i nary re sults of cytogenetic anal y -
sis of dif fer ent sublines of G1 cell line, re vealed G1-T
subline hav ing the low est num ber of chro mo somal ab -
er ra tions at the 66/30th pas sage, while G1-OA subline
cells re vealed the high est fre quen cies of chro mo somal
ab er ra tions, micronuclear and multinuclear cells at dif -
fer ent pas sages [11, 13].  In the cells of both orig i nal
cell line G1and its subline G1-OA, the in crease in the
amount of DNA re pair pro tein at later pas sages of in vi -
tro cul ti va tion has been re vealed.  In ves ti gated cell cul -
tures were de tected to have the in creased ge netic in sta -
bil ity and destabilized karyotype at early pas sages.  Re -
duced amount of MGMT pro tein is in good cor re la tion
with the in creased num ber of chro mo somal ab er ra tions
in the in ves ti gated cells.  There fore, the re sults ob tained 
al low the sup po si tion on the pos si ble role of MGMT
de fi ciency at the in creased level of chro mo somal ab er -
ra tions in G1-OA subline.
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Ýêñïðåñ ñèÿ O6-ìå òèë ãó à íèí-ÄÍÊ ìå òèë òðàí ñôå ðà çû â êëåò êàõ 

ñïîí òàí íî èì ìîð òà ëè çî âàí íîé ëè íèè G1 ìûøè è åå ñóá ëè íèé

G1-OA è G1-T

Ðå çþ ìå

Ñ ïî ìîùüþ Âåñ òåðí-áëîò àíà ëè çà ïðî à íà ëè çè ðî âà íà ýêñ ïðåñ -
ñèÿ ãåíà Mgmt â êëåò êàõ ñïîí òàí íî èì ìîð òà ëè çî âàí íîé ëè íèè
G1 ìûøè è åå ñóá ëè íèé G1-OA è G1-T íà ðàç íûõ ïàñ ñà æàõ êóëü -
òè âè ðî âà íèÿ in vitro. Ñà ìûé âû ñî êèé óðî âåíü ýêñ ïðåñ ñèè âû ÿâ -
ëåí â êëåò êàõ ñóá ëè íèè G1-T è íà è ìåíü øèé – â êëåò êàõ
ñóá ëè íèè G1-OA. Â êëåò êàõ êàê èñ õîä íîé êëå òî÷ íîé ëè íèè

ìûøè G1, òàê è åå ñóá ëè íèè G1-OA íà áëþ äà ëè óâå ëè ÷å íèå
êî ëè ÷åñ òâà ðå ïà ðà òèâ íî ãî áåë êà MGMT íà áî ëåå ïî çäíèõ ïàñ -
ñà æàõ êóëü òè âè ðî âà íèÿ in vitro. Ïîñ êîëü êó äëÿ ñóá ëè íèè
G1-OA õà ðàê òåð íû ñà ìûå âû ñî êèå ÷àñ òî òû õðî ìî ñîì íûõ
àáåð ðà öèé, ìèê ðî ÿ äåð íûõ è ìíî ãî ÿ äåð íûõ êëå òîê, ìîæ íî
ïðåä ïî ëî æèòü âîç ìîæ íóþ ðîëü äå ôè öè òà ðå ïà ðà òèâ íî ãî
ôåð ìåí òà MGMT â ïî âû øå íèè óðîâ íÿ õðî ìî ñîì íûõ àáåð ðà öèé
â ñóá ëè íèè G1-OA.

Êëþ ÷å âûå ñëî âà: êëåò êè ìëå êî ïè òà þ ùèõ in vitro, O6-ìå òèë -
ãó à íèí-ÄÍÊ ìå òèë òðàí ñôå ðà çà (MGMT), õðî ìî ñîì íûå àáåð -
ðà öèè.
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