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The N-methylpurine-DNA glycosylase (MPG), o ubiquito
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glvcosylase (MPG) were investigated in Balb/c mice of four different growing stages;, newbormn, 1, 4 and

ous DNA repair enzyme, removes N-methyipurine
f the N-methvyipurine-DNA

8-weeks postparfum. MPG expressions in the newborm and the 8-week-old mice were the highest in
thyrmus and testis, respectively. The fested fissues of the newborn mice had consistently higher MPG
mMRNA level than 8-week-old adulfs except in testis and thymus, The MPG mRNA level In tesfis was the

lowest in the newbom mice, but it affained the highest i

n the 8-week-old mice. The leveals of MPG mBRNA

armong the different tissues in the newbom and the 8-week-old mice were more than 9.0 and 19.0-fold

respectively. These results suggest that the of MPG expression was depe

had fissue-specificity.

ndent on the growing stage and

Keywords: DNA repalr, gene expression, mouse, MPG, tissue-specificity

INTRODUCTION

DNA repair is a universal phenomenon that maintains the
sequence and structural integrity of genome which are
continuously damaged either by spomtaneous reactions or
by exposure to external physical and chemical agents.
The atkyl adducts in DNA may lead to toxic and mutagenic
responses (Washington ef a/, 1989). N-Alkylpurines in DNA
may themselves be toxic to the cell {(Lindahl et g/, 1988;
Mitra ef al,, 1992). The evolution of repair system for alky!
adducts may be related fo the fact that even in the absence
of exposure to external alkylating agents, spontaneous
methylation of varicus nucleophilic sites in DNA may ocour
in vivo by nonenzymatic reaction with S-adenosyimethionine
(Barrow and Magee, 1982). Endogenous damage to DNA
may be a major contributor to both ageing and cancer (Park
and Ames, 1988). N-Alkylpurines in DNA may also coniribute
to other biclogical hazards, especially the induction of
chromosomal aberrations. There is a correlation between
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N-alkyia level and clastogenic efficiency of various

alkylating agmt& Also, the significance of previous studies
about the change in the level of alkylation repair in ageing
is not clear (Gensler and Bemnstein, 1981; Kovacs et a/,
1984; Bond and Singh, 1987, Licastro and Walford, 1986;
Mullaat et af, 1990; Wel ef af,, 1993).

N-Methyipurine DNA glycosylase (MPG), a ubigquitous
DNA repair enzyme, removes N-methylpurine aﬂd other
damaged purines induced in DNA. Their glycolytic removal
leaves apurinic sites in DNA, which, when not further repaired,
could lead 1o cell death, point mutations, chromosome
aberrations, ageing and carcinogenesis (Generoso, 1882;
Loeb and Preston, 1886, Samson et al, 1991). it is, therefore
important to investigate the possible tissue-specificity @f
repair of the alkyl adducts in DNA in delail. Escherichia
cofl has two MPGs: namely, the AlkA and Tag proteins,
the products of afid and fag genes (Gallangher and Brant,
1984; Chakravarti ef al, 1991). The constitutively expressed
Tag protein is specific for 3-alkyladenine (Bjelland and

Seeberg, 1987). In contrast, the AlkA protein, a component
of the ada regulon and inducible by alkylating agents, has a
broad substrate specificity and removes not only 3-alkyl-
adenine, but 7-alkylguanine and 3-alkylguanine as well,
and also O%-methyl thymine and O°-methyloytosine (Lindahl,
1982; McCarthy ef al, 1984). However, the mammalians
appear 1o have only one MPG, which is more akin 1o the
AlkA protein in that it removes all three N-methylpurines in
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DNA (Craddock and Henderson, 1982; Gallangher and
Brent, 1984; Helland ef al, 1987; Chakravarti ef al,, 1891),

Since the mouse model is being extensively used for
mutagenesis of xenobiotic compounds including alkylating
agenis, it is also important to consider the tissue-specific
variation of different growth stages in the mRNA level of
DNA repair genes. Regulation of enzyme activity may occur
at various levels. According to Washington ef al. (1988,
1988), the activity of the mouse MPG is regulated in a organ-
specific and age-dependent fashion. The repair activities
for N-alkylpurine and OS-methyliguanine vary widely in
different tissues and the lack of repair of OS-alkylguanine
has been correlated with tumor induction in rats (Pegg,
1984). DNA repair has been reported to decline with age in
isolated rodent celis (Park and Ames, 1888; Washington et
al., 1889). Chakravarti et al (1991) observed that cells of
mouse origin have an intermediate level of MPG message
compared to human and rat cells.

Even fewer dala are available for the mammalian MPG,
thug, the molecular basis of regulation of MPG has not been
extensively studied (Engelward af al, 1883; Kim et al, 1997,
Hoy ef al,, 1997). Therefore, we have measured the levels of
MPG mRNA in various organs at 4 different growing stages
without giving external damage.

MATERIALS AND METHODS

Preparation of mouse tissues

Mice were sacrificed periodically at newborn (within 24h
after birth) and, 1, 4 and 8 weeks postpartum. The various
rgans (brain, heart, kidney, liver, lung, muscle, spleen,
wi;umacjn, testis and thymus) of Balb/c mice were rapidiy
resected and dipped into llauid nitrogen and stored at -70°C
urdil use for BNA preparation,

ff)

Preparation of total cellular RNA and Northern blot
hybridization

Total cellular RNA was isolated by the acid phenol method
of Chomzynski and Sacchi (1987). The samples were
repared by homogenization from organs of 2-3 animals.
20 ug BNA in each lane of 1.2% agarose gel containing
2.2M formaldehyde was electrophoresed in 1x MOPs
buffer and tra Mwmm onto nylon membranes by capillary
movement in 10x standard saline citrate solution. Filters were
hybridized to %P-labslied DNA probes at 42°C for 14-168 h
and washed twice with 2 x 88C at room temperature for 5
min, 3 times with 2x 58C/A.05% 8DS ai 55°C for 15 min,
and twice with 0.1 x SSC at room temperature for 5 min.
The level of MPG expressions was calculated after the

scanning of autoradiographic film using laser densitometer.

DNA probe preparation

The mouse MPG cDNA fragment (1.1kb) was prepared by
EcoRli digestion of the pGl 1945 clone (Talsuka ef af, 1995)
and the CHOb insert (0.74kb) was obtained by the digestion
of the cDNA clone with Xhol-EcoRl which were derived
from the rat cDNA library (Lim et al, 1984). The fragmenis
were radiolabeled by the method of random priming using
a-[3?PJdCTP and used as a probe for the Northern blot
hybridizations.

RESULTS

Tissue-specific level of MPG mRNA

We surveyed the MPG mRNA expression in 10 organs
{brain, heart, kidney, liver, lung, muscle, spleen, siomact
testis and thymus) in Balb/c mice at four different growing
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stages, such as, newborn, 1, 4, 8-week-old, except the
muscles of newborn mice (Fig. 1).

Newborn mice were sacrificed within 24h after birth and
expressions of MPG mRBNA at the various organs were
determined and normalized with that of CHOb. CHOb mRNA
was also measured at the same time for a gquantitative load
of RNA. MPG message of the newborm mice was decreasing
in the order of thymus, lung, brain, kidney, liver, spleen,
stomach, heart and festis. MPG mBNA in thymus was the
highest level in the newborn mice. The message was also
detected in the lung, brain, kidney, liver, spleen, stomach
and heart. Testis expressed CHOb at very high level in the
newborn mice, bul the level of MPG mBNA was very low
in the organ (Fig. 1A).

MPG expression in the 8-week-old (young aduit) mice
was decreasing in the order of teslis, spleen, stomach,
thymus, kidney, brain, muscle, heart, lung and liver. The

highest level of MPG mRNA was found in testis of young
adults. Also, the expression of MPG in the spleen, stomach,
thymus, kidney and brain was detectable in the 8-week-
old mice (Fig. 1D). However, In the other organs, namely,
skeletal muscle, heart, lung and liver, it showed a very low
level of expression in the 8-week-old mice. The MPG mRNA
expression was more than 9.0-fold hagh@r in thymus than
testis of newborn mice, but the higher leve! of MPG expres-
sion drastically switched in testis from thymus in the 8-week-
old mice (Fig. 1A, D). Tissue-specific MPG mFPNA lavels
in the T-week-old and the 4-week-old mice were similar to
newborn and 8-week-old mice (Fig. 1). Inferestingly, the
brain has the highest level of MPG among the organs in 1-

esck-old mice (Fig. 1B).

DISCUSSION

in order to understand the tissue-specific regulation of MPG
gene at the transcriptional level, we have analyzed changes
of MPG expression in mice from newborn through 8-week-
old. There were significant tissue-specific differences in the
mANA level of MPG. There were also significant tissue-
specific differences in the mRNA expression of MPG. Among
the tested organs, the highest MPG expression was found
in thymus and testis of newbomn and 8-week-old adult mice
{(Washington ef al,, 1988, 1989). The level of MPG mRNA
among the different tissues in the newbormn and the 8-week-
old mice was more than 9.0 (e.g., between thymus and
testis in newborn mice) and 19.0-fold respectively. The
differences between the newbormn and the 8-week-old mice
in the mRNA level among the different organs were about
2-fold. The eight-week-old adult mice had higher differences
among the tissues tested than the newborn mice. The large

variation in the MPG mRNA level among different tissues
from the same sirain underscores the uncertainty in relating
the role of DNA repair 1o mutation induction and human
genetic risk, particularly, when the experiments involve
different cell types (Washingion ef al, 1989). However,
the significance of tissue-specific variation in the MPG
level is not clear. One possible explanation is that the liver
DNA may be the target for the highest level of adduct
formation, because the active species for alkylation are
often produced by P450-mediated metabolic activation of
alkylating mutagens and carcinogens (Nebert and Gonzalez,
1987; Washington et al., 1989, Mitra and Kaina, 1993;
Bellec ef al, 1298). On the basis of this hypothesis, we
also expected that the highest level of other alkylation
repair proteins would be present in fiver. It was, therefore,
extremely surprising to observe that in mouse, the MPG
mARNA level was highest in the testis of 8-week-old mice,
higher than that of the liver, and that the brain had also a
high level of expression.

Engelward ef al. (1993) reported that the highest and
fowest MPG mRNA levels were seen in the testes and
heart respectively, with a 21-fold difference. Kidney, liver
and C;p een showed intermediate levels of MPG mRNA and
the brain, lung and skeletal muscie levels were almost as
low as iha‘t seen in the heart. The results were similar to
our results except in the liver tissue. One other DNA repair
gene, XPBC/ERCC-3, also showed relatively high levels
of mRNA in the testes, suggesting that there may be a
generally increased level of DNA repair in these germ line
cells (Weeda ef al, 1991; Engelward ef &/, 1993).

However, these patlerns were different from the other

esults of MPG activity (S. Mitra, personal communication).

The MPG activity was studied in six organs (brain, liver, lung,
spleen, stomach, ovary) from 6- 1o 10-week-old Blab/c
mice. The tissues can be arranged in order of decrea
activity of glycolytic removal as stomach > liver » spleen >
hung > ovary > brain. The enzyme activity is not consistent
with the MPG mRNA level of our resulis. Howevsar, in
contrast 10 MPG activity, the level of mBNA expression is
higher in the newborn mice than in the yvoung adulis
whether the tissue-specific variation in MPG expres
a reflection of the franscription rates of the gene or re
from altered stabilily of the mRNASs is not known.
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