592

Bulletin of Experimental Biology and Medicine, Vol. 119, Ne 6, June, 1995

Participation of Methylcobalamin in In Vitro

DNA Methylation

R. I. Klyasheva, E. V. Sharkova, I. I. Nikol’skaya,

E. V. Belozerova, and A. M. Yurkevich

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 119, Ne 6, pp. 616-618, June, 1995

Original article submitted June 30, 1994

Two DNA-methylases from nuclei of rat liver are compared for their ability to me-
thylate thymic DNA in the presence of methyl group donors, radiolabeled *H-S-
adenosyl-L-methionine and methylcobalamin. DNA-methylase with an isoelectric point
of 5.2 is found, which uses both donors of methyl groups although its activity is more
expressed with *H-S-adenosyl-L-methionine. *H-S-adenosyl-L-methionine and
methylcobalamin presumably interact with different sites of the enzyme.
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It is now thought that the level of cytosine methy-
lation in eucaryotic DNA is a factor regulating gene
activity [1]. Methylation of DNA is catalyzed by two
DNA-methylases, or (DNA-cytosine-5)-methyl-
transferases, with the participation of S-adenosyl-L-
methionine (SAM). SAM is considered to be a
universal donor of methyl groups for DNA methy-
lation [8]. The methyl residue in SAM originates in
vivo from methylcobalamin (MC) [3], which is pro-
duced in the organism from vitamin B, [12]. The
participation of MC in in vivo DNA methylation,
where MC acts as a precursor of methyl groups for
SAM [3], may be conceived as follows:

+MC +ATP
Homocysteine - Methionine -
homocysteine methionin eadenosyl-
methyltransferase transferase
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+DNA
Adenosylmethionine —» 5-Methylcytosine-DNA —
DNA-methyltransferase

At the same time, the possibility of direct me-
thylation of DNA has been postulated [2,11]:

+MC
DNA -»  5-Methylcytosine-DNA
DNA-methyltransferase

To verify the possibility of direct methylation
of DNA by MC we compared preparations of
DNA-methylases from nuclei of rat liver for their
ability to methylate DNA in vifro in the presence
of two *H-labeled donors of methyl groups, SAM
and MC.

MATERIALS AND METHODS

Acceptor DNAs from calf thymus and Micrococ-
cus luteus (Serva) were used in the experiments.
Column isoelectric focusing (LKB) of proteins was
performed with ampholytes with pH ranging from
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Fig. 1. Isoelectric focusing of a preparation of DNA—methylases from rat liver. Donor of methyl residue is SH—SAM (a) and

SH—MC (b). Ordinate: I} radioactivity of substrate, cpmx10° (a) and cpmx10? (b); II} pH; III) protein concentration, mg/ml. {)

methylase activity; 2) pH gradient; 3) protein concentration.

3.5 to 10. Donors of methyl groups were *H-la-
beled SAM (specific activity 15 Ci/mmol, Amer-
sham) and MC (specific activity 0.1 Ci/mmol)
synthesized from oxycobalamin and *H-CH,I as
described previously [5] with a modification. DNA-
methylases were isolated from the nuclei of rat
liver isolated as described earlier [7]. Total prepa-
rations of DNA-methylases isolated from nuclear
extracts by salting out with 0.8 N ammonium sul-
fate [6] were then fractionated by isoelectric focus-
ing with ampholytes [10]. Methylase activity was
measured as described elsewhere [4]. The sample
contained either 40 pl *H-MC or 20 pl *H-SAM
(specific activity of the working solutions was 0.1
Ci/mmol and 0.2 Ci/mmol, respectively). Since
’H-MC is a photosensitive preparation, all manipu-
lations were carried out in the dark or under red
illumination [11]. The radioactivity of thymic
DNA in cpm/g protein was taken as the unit of
DNA-methylase activity. The concentration of pro-
tein was determined after Bradford [9].

RESULTS

In the first stage, we had to verify the presence of
DNA-methylase activity in the total preparation from
the nuclear extracts of rat liver using both *H-SAM
and 3H-MC. The data in Table 1 indicate that
DNA-methylases from the total protein fraction are
able to methylate thymic DNA in vifro in the pres-
ence of both labeled donors of methyl groups.

In the second stage, the total preparation of
DNA-methylases was fractionated by isoelectric fo-
cusing with ampholytes allowing for separation of
DNA-methylases with close isoelectric point val-
ues [4,10].

Using isoelectic focusing we hoped to identify
DNA-methylase fractions differing in their ability
to use SAM and MC. When SAM was used as the
donor of methyl groups, the profile of DNA-me-
thylase activity consisted of 6 peaks with different
isoelectric points: 3.7, 4.8, 5.2, 7.6, 8.3, and 8.8.
The maximal activity is concentrated in the alka-

TABLE 1. Level of in Vitro Methylation of Thymic DNA by *H—-MC and 3H-SAM, cpm/mg Protein

Donors of Methyl Groups

Source of DNA-methylases

*H-MC *H-SAM

Total preparation from nuclei of rat liver

12,321 29,821
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TABLE 2. Effect of the Second Donor of Methyl Groups on Enzymatic in Vitro DNA Methylation

Level of DNA methylation, % of initial value
Added components,
concentr};tion "H-SAM *H-MC
thymic M. luteus thymic M. luteus
MC
0.005 uM 116 131 - -
0.05 pM 138 129 - -

DL —methionine, 0.02 pM

line range. The phenomenon of plurality of eu-
caryotic DNA-methylases has been described ear-
lier when total preparations of methylases from
human and animal tissue were fractionated by iso-
electric focusing [4,6]. The profile of methylase
activity in the presence of *H-MC is characterized
by a lesser number of methylase peaks and a lower
activity (Fig. 1, ). There was only one distinct
peak with maximal activity in the neutral range
(isoelectric point 5.2).

The experiments reveal that *H-MC may
act as the donor of methyl groups in in vitro
DNA methylation. Both a total preparation of
DNA-methylases and the individual enzymes may
use SAM and MC as the donors of methyl
groups, although methylase activity is more ex-
pressed with SAM.

DNA-methylase is known to use donors of
methyl groups differing in their chemical structure.
Under standard conditions it exhibits different ac-
tivity with SAM and with MC, and presumably
the donors interact with different sites and possess
unequal affinity to the enzyme. To confirm this
assumption we carried out methylation of DNA
with *H-SAM and *H-MC in the presence of an-
other donor, unlabeled MC and SAM, respectively.
Given the fact that two types of DNA-methylases
exist in the eucaryotic cell, we identified de novo
DNA-methylase and maintenance DNA-methylase
using as the substrate unmethylated DNA from Mi-
crococcus luteus and thymic DNA, respectively.

Table 2 shows that unlabeled MC in a con-
centration of 0.05 pM does not prevent methyla-
tion of DNA by *H-SAM and even activates me-
thylation of DNA from Micrococcus luteus by
29% and thymic DNA by 38%. Methionine (0.02
uM), a constituent moiety of SAM, completely
inhibits methylation of both unmethylated and
methylated DNA (Table 2). Unlabeled SAM does
not prevent methylation of thymic DNA with 3H-
MC and activates methylation of DNA from Mi-
crococcus luteus (Table 2). Methionine has a simi-

lar effect (Table 2). These results indicate that MC
and SAM interact with different sites of the en-
zyme. Moreover, both MC and SAM may act as
agents stimulating the participation of another do-
nor in the reaction.

Our results are in conformity with the data
reported earlier [11]. However, in our experiments
MC in lower concentrations (0.005 - 0.05 pM) ac-
tivates both types of methylation (Table 2),
whereas in the literature [11] MC in a concentra-
tion of 1 pM does not affect the maintenance type
of methylation. Unlabeled SAM does not prevent
methylation of DNA in the presence of *H-MC
(Table 2). From our findings and the data reported
earlier [11] we can deduce that there are two in-
dependent paths of in vifro DNA methylation gov-
erned by SAM and MC, respectively.

The authors are grateful to V. P. Shevchenko
of the Institute of Molecular Genetics, Russian
Academy of Sciences, for his help in the synthe-
sis of labeled MC.
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