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Different ways for studying DNA synthesis and DNA methylation were investigated. On the one
hand the reactions were measured by incorporation of several specific precursors, taking into ac-
count that pool alterations might influence the results. The best way to avoid this is the direct
conversion of DNA cytosine to DNA 5-methyl-cytosine by using ['4C]-cytidine. According to our
results we propose to calculate the correct DNA methylation rate in term of the specific radio-

activity of the separated DNA bases.

Introduction

DNA methylation is a specific enzymatic reaction
at the polymeric level. After the synthesis of the
polynucleotide few of the newly incorporated cyto-
sine bases are modified to 5MC by the transfer of
the methyl group of S-adenosylmethionine to DNA
cytosine 179,

In this paper we want to show different ways of
simultaneous measurements of DNA synthesis and
DNA methylation in vivo. Therefore different radio-
active labelled precursors were used to compare
DNA synthesis and DNA methylation in control
organs and in organs with an enhanced nucleic acid
metabolism i.e. in the antigen stimulated mouse
spleen and in the regenerating liver. Furthermore,
we are dealing with the question how the methyla-
tion rate of DNA should be expressed in a way
avoiding additionally methodical errors.

Methods

For hepatectomy experiments two lobes of the
liver of female Wistar rats (80—100g) were re-
moved by the method of Higgins and Anderson .
24 hours thereafter the animals were killed by de-
capitation and the residual lobes of the liver were
used for DNA isolation.

For immunization each mouse (NMRI-breed, ap-
prox. 20 g) was injected i.p. by a single dose of
300 ug bovine serum albumin 24 hours before
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being killed. The spleens of 4 mice were pooled and
used as one sample for DNA isolation.

DNA isolation from rat liver was performed by
the Colter procedure !! and the DNA purified by in-
cubation at 37°C in SSC for 1hour with ribo-
nuclease (50 ug/ml) and for additional 16 hours
with pronase (1 mg/ml). This incubation mixture
was deproteinized by an equal volume of chloro-
form — isoamylalcohol (24 :1), the DNA was pre-
cipitated by a double volume of ethanol. Spleen
DNA was isolated by the method of Marmur 12 with
an additionally pronase incubation for 16 hours at
37 °C following the ribonuclease treatment (1 hour).

Base separation was performed after formic acid
hydrolysis of the DNA by thinlayer chromatography
as reported elsewhere 3. 5MC was the only
methylated base detected in DNA of normal and
regenerating liver in agreement with Craddock 4.

Materials

L-methionine (methyl-T) with a specific radio-
activity of 2.9 Ci/mmole (Batch 23) and [2-14C]-
thymidine with a specific radioactivity of 60 mCi/
mmole were obtained from Radiochemical Center,
Amersham, England. Endoxan (Cyclophosphamide)
is a gift from ASTA-Werke, Brackwede, Germany.
Bovine serum albumin was purchased from Boeh-
ringer, Mannheim, Germany. [U-1*C]-deoxycytidine
with a specific radioactivity of 512 mCi/mmole
(Batch 8) was obtained from the Radiochemical
Center, Amersham, England.

Abbreviations: A, adenine; DNA, deoxyribonucleic acid;
5MC, 5-methylcytosine; BSA, bovine serum albumin; SSC,
standard saline citrate solution; T, thymine.
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Results

a. Double label pulse experiments

In these experiments [1C]-thymidine incorpora-
tion was used as measure for DNA synthesis and
the labelling of S5MC derived from [3H]methyl-
methionine served as measure for DNA methyla-
tion. 24 hours after hepatectomy DNA synthesis is
much more elevated than DNA methylation in com-
parison with the control values (Tablel). Addi-

Table I. Measurements of DNA synthesis and DNA methy-
lation by double pulse labelling with [*4C]-thymidine and
[®H]-methionine in control and hepatectomized rats 24 hours
after operation. Endoxan (100 ug/g body weight), [*H]-
methylmethionine (5 uCi/g body weight) and [14C]-thymi-
dine (0.1 uCi/g body weight) were injected 2 hours, 60 and
20 min, respectively, before decapitation. Mean values of

4—6 rats.
DNA DNA-Synthesis
Methyla-
tion
[BH]5MC [4C]T [3BH]T [3H] A
{dpm/pmole base]
Control 4495 8367 292 23
24 h 21225 49533 2225 118
24 h 4 Endoxan 6750 19600 805 51

tionally, applying Endoxan, DNA methylation is
reduced to a higher extent than DNA synthesis in
the regenerating liver.

Beside 5MC, thymine and adenine were labelled
by [®*H]methionine, too. This is achieved by the
conversion of the methyl group of methionine over
the C;-pool to the adenine and thymine precursors
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for DNA synthesis. The specific radioactivity of
these both bases can be used as an intrinsic measure
for DNA synthesis. As shown in TableI the [®H]-
labelling of thymine and adenine corresponds to the
values of DNA synthesis obtained by the ['C]-

thymidine incorporation.
b. Experiments with [Y*C]-deoxycydidine

Applying [*H]methionine, respectively [1*C]-
thymidine, an altered behaviour of the single pre-
cursor pool can influence the correlation between
DNA methylation and DNA synthesis. Such pool
alteration can be avoided by labelling with [1*C]-
deoxycytidine. In this case the direct conversion
of DNA-cytosine to DNA-5MC at the polymer level
can be measured. 24 hours after BSA immunization
this conversion is elevated compared to the control
animals. This is indicated by measuring the DNA
methylation rate ([MC-100]/[MC+C]) as dpm
per umole base (Table IT). If this DNA methylation
rate is calculated only by the counts found in cyto-
sine and 5SMC (dpm) deviated results in the single
experiments are achieved. Such expressions would
lead to a similar DNA methylation rate in control
and immunized mice. This effect depends on the dif-
ferent base contents of each isolated DNA as shown
in the base analysis data of Table II.

Discussion

The methylation of DNA in comparison to DNA
synthesis in higher organisms can be measured in
different ways. If one uses double label pulse ex-

Table II. Analysis of cytosine and 5-methoxycytosine of the spleen DNA in single experiments and different calculation of
their conversion rate. [!4C]-deoxycytidine (0.1 uCi/g body weight) was injected i.p. 60 min before killing.

Experi- DNA-Analysis DNA-Methylation
ment DNA-Synthesis
No. [pmole - 10—4]  [Y of total [dpm] [MC-100] [MC-100]
base content] [MC+C] [MC+C]
%% dpmin5 MCY,dpm/umole in 5MC
Control mice
1 Cytosine 112440 20.50 1174 4.39 80.7
5MC 71.7 1.18 54
2 Cytosine 1280.0 20.50 1040 3.97 79.4
5MC 67.3 1.08 43
BSA-immunized mice
3 Cytosine 1384.0 10.8 896 4.27 94.8
5MC 65.3 0.98 40
4 Cytosine 1344.0 20.30 577 5.09 103.8
5MC 69.4 1.05 31
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periments pool alteration should be considered. For
this we determined the specific radioactivity of each
base after application of [*C]thymidine and [3H]-
methionine. Additionally to 5MC, DNA thymine
and DNA adenine were labelled by [*H]methionine.
This results from the transfer of the methyl group
of methionine via the Cj-pool to thymine and
adenine precursors for DNA synthesis !. Conse-
quently their [?H]labelling rates are conform to the
rate of DNA synthesis indicated as [1*C]thymidine
incorporation. If there were any pool alterations as
shown under the influence of diverse drugs by
Puschendorf et al. 1%, any differences should be ob-
served in the three determined DNA synthesis rates.
In our example (TableI) the DNA synthesis rates
are well corresponding in their stimulation after
hepatectomy and in their inhibition by Endoxan 7.
This indicates that there are no different alterations
of these precursor pools involved. In contrast to the
stimulation of DNA synthesis the labelling of DNA-
S5MC is less stimulated in the regenerating liver and
is decreased to a higher extent by the action of
Endoxan. This result let us propose that 24 hours
after hepatectomy DNA methylation is reduced or
incompletely terminated.

Studying DNA methylation in the spleen of im-
munized mice, we observed a reduced [3H]methio-
nine labelling of DNA-5MC, thymine and adenine
compared to the control animals8. On the other
hand we could demonstrate an increased thymidine
incorporation into spleen DNA after immunization.
This indicates a variation or a different behaviour
of the single precursor pools. To avoid such pool
alterations we measured the direct conversion of
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DNA cytosine to DNA-5MC applying [1*C]d-cyti-
dine (Table II). The correlation of the radioactivity
quantitatively analysed (Goldamnn-Ménagé!l, p. 258,
found in DNA-5MC to DNA cytosine corresponds to
the DNA methylation rate at the newly synthesized
polynucleotide. Indications are given by the base ana-
lysis that small deviations either in the base composi-
tion of each isolated DNA batch or in the base sepa-
ration should be considered. It is well known that
5MC is not uniformly distributed over the whole
DNA, on the contrary, it is clustered in some DNA
segments, as for example in the mouse satellite
DNA which contains relatively about 3 times more
SMC than the rest of the DNA . Therefore it
seems to be obvious that the isolated DNA may dif-
fer in its content of 5MC from one experiment to
the other. So, it does not suffice to correlate only
the radioactivity found in the DNA bases cytosine
and 5MC of a given DNA amount. The radioactivity
must be refered to the content of the separated
bases. We want to propose the expression of the
correct DNA methylation rate in the correlation of
[5MC-100]/[MC + C] as dpm/umole base.

Using this way of calculation similar values are
obtained for the enhanced spleen DNA methylation
in BSA immunized mice in the single experiments.
The differences in the values calculated either from
the radioactivity found in the bases of a defined
amount of DNA and from the specific radio-
activity of each base are demonstrated in the two
last columns of the Table II.
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