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DNA METABOLISM IN RAT BRAIN DURING CONDITIONING
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During conditioning, RNA synthesis on a DNA template is known to be activated in the neu-
rons and glial cells [9] and this is an essential stage in the mechanism of conditioned reflex
formation [5, 4]. This may be accompanied by structural changes in the DNA itself. Changes
in the level of DNA methylation [2, 14] and amplification and reparative DNA synthesis [7, 10,
15] are changes of this type. It has been shown for bacterial systems that a fall in the meth-
vlation level of DNA methylated by monofunctional agents takes place through excision of 5-meth-
yleytosine, followed by repair of the single-stranded DNA breaks thus formed [13]. It has re-
cently been suggested that a decrease in the 5-methylcytosine content in the DNA of animals,
notably a return to normal after conditioning, can also take place through excision repair [1].

Since reparative DNA synthesis when replicative synthesis is suppressed during condition-
ing has not previously been studied, it was decided to undertake a parallel investigation of
the 5-methylcytosine content and the level of reparative DNA synthesis during the formation of
a conditioned active avoidance reflex in rats.

EXPERIMENTAL METHOD

Male Wistar rats weighing 190-210 g were used. Hydroxyurea was injected intraperitoneally
into the animals 2 h before sacrifice in a dose of 50 mg/100 g body weight, sufficient to inhib~
it replicative DNA synthesis by 987% [12]. An intraperitoneal injection of [*H]thymidine (spe-
cific radiocactivity 55 Ci/mmole, USSRorigin) in a dose of 100 uSi/100 g body weight also was
given 10 min later. The conditioned active avoidance reflex was formed in the animals. For
this purpose the animal was placed in a chamber through the floor of which @ current of 4 mA
was passed. The rats could avoid electric shocks by mounting on a platform placed in the cen-
ter of the chamber. This conditioned reflex of active avoidance of nociceptive stimulation
was formed in all animals in a time which varied from a few seconds to 5 min from the beginning
of stimulation. Animals trained to avoid nociceptive stimulation remained on the platform in
the chamber for up to 30 min, after which they were taken from the chamber and kept under ordi-
nary conditions. The rats were decapitated between 6 min and 8 h after the beginning of the
experiment. All subsequent procedures were carried out at 4°C. The brain was removed, the
gray matter of the cerebral hemispheres was detached, and the cell nuclei isolated [6]. DNA
was then isolated from the nuclei [11], its content [8] and nucleotide composition [3] deter-
mined, and the radioactivity of the DNA measured in residues on membrane filters in toluene
scintillator.

EXPERIMENTAL RESULTS

As Fig. 1 shows, immediately after the beginning of conditioning, the 5-methylcytosine
content in DNA from the cortical nuclei fell sharply below normal, but only 15 min later it
increased, and after 30 min it reached a maximum, namely, 35% above normal. Activation of
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Physiology, Academy of Medical Sciences of the USSR, Moscow. (Presented by Academician of the
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Fig. 1. Changes in 5-methylcytosine content in cerebral cor-
tical DNA of rats during formation of conditioned active avoid-
ance reflex and corresponding reparative DNA synthesis. Ab-
cigssa, time from beginning of experiment; ordinate, 1) level
of reparative synthesis, 2) 5-methylcytosine content (in per—
cent of control). In control: level of reparative synthesis
and 5-methylcytosine content, amounting to 70 cpm/pg DNA and
1.07%, respectively, taken as 1007%. Each point represents
mean of three independent preparations of cell nuclei. Each
preparation was obtained from 3-5 animals. For all DNA prep-
arations, Chargaff's rule was observed; content of guanine +
cytosine for all preparations did not differ significantly
and was between 42.9 and 43.6 moles %.

reparative DNA synthesis under these circumstances had two phases. The first, which was more
marked, followed primary demethylation of DNA, whereas the second, which was less well defined,
corresponded to a slow decrease in the level of DNA methylation during the period when condi-
tioned reflex formation was complete. The two phases of reparative DNA synthesis are thus evi-
dently closely linked with the demethylation process, evidence in support of excision repair

of regions containing 5-methylcytosine.

It can be postulated on the basis of these findings that reversible DNA methylation, in-
volving excision of 5-methylcytosine, participates in expression of the genome in cells of high-
er organisms, and, in particular, the genome of cerebral cortical cells, and it can thus take
part’ in temporary connection formation, one of the stages in the formation of systemic struc-
tural traces.
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