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1. Introduction

In essence most of the current theories of ageing
(e.g., error theory, mutation theory, crosslinking
theory, immunologic theory, radical theory) anticipate
that the numerous biochemical parameters, which
vary as a function of age, reflect modifications in the
expression of genetic information encoded in DNA
[1-3].

At the transcriptional level of gene expression a
great deal of attention has been devoted to post-
synthetic modifications of DNA-associated proteins
as one of the main means of directed regulation for
modulating the outflow of genetic information [4,5].
The implication is that post-synthetic modifications
of chromatin-bound proteins induce changes in DNA
conformation affecting the binding of enzymes and pro-
teins related to specific gene expression and contributing
to the structure of different chromatin forms [6,7].
Among the post-synthetic modifications the process
of acetylation of chromatin-bound histones has been
observed to correlate closely with gene activation for
RNA synthesis [4,8] . It becomes increasingly clear,
that histones serve to restrict the number of RNA
initiation sites on chromatin and that structural modi-
fications of histones by acetylation are involved in the
regulation of the degree of the genetic restriction of
chromatin by altering the number of RNA initiation
sites accessible on chromatin for endogenous RNA
polymerase molecules [9,10,22].

Since the well-defined changes in the structure and
transcription of chromatin during ontogenetic
development are most probably under genetic control
[11—-13] the question arises as to whether the chang-
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ing patterns of histone acetylation occurring during
the life span of a cell [14,15] are functionally impli-
cated in the ontogenetic variations of chromatin
transcription.

In this study on rats of different ages, the in vitro
uptake of acetate into chromatin-bound histones and
the chromatin-templated RNA synthesis of isolated
brain nuclei were measured in order to assess the sig-
nificance these parameters may possess in terms of
the biological function of chromatin for, or concomi-
tant with, ontogenetic development. It will be shown,
that there are clear age-dependent differences in the
rate of histone acetylation coinciding with altered
levels of RNA synthesis.

2. Methods

2.1. Isolation of nuclei

Virgin Wistar albino rats strain SW 70 (Winkelmann
Breeding Co. Borchen, FRG) were used for all experi-
ments. The animals were kept under controlled condi-
tions (defined light—dark rhythm, 10 h light, 26°C,
60% air humidity). Mating took place withina 2 h
period from 7:00—9:00 a.m.. The first 24 h period
after mating was called day O of pregnancy if sperms
were detected in the vaginal smear. On day 14—20 of
pregnancy the rats were killed by decapitation
(9:00—10:00 a.m.) and after dissecting the embryos
from the uteri the brains were rapidly removed and
dissected in different regions. The preparation of
nuclei from pooled regions of embryonal rat brains
as well as from newborn and adult rat brains was
carried out as in [16,17].
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2.2. Conditions for RNA synthesis

Endogenous RNA polymerase activities were mea-
sured under conditions completely eliminating reiniti-
ation using the technique in [9]. To allow formation
of stable initiation complexes cerebral nuclei (about
5 ug DNA) were incubated for 15 min at 37°C in
50 ul assays containing (final concentration): 50 mM
Tris—HC!, pH 7.9; 3 mM MnCl,; 1.0 mM each ATP
and GTP; and 0.03 mM [*H]JUTP (spec. act. 0.83 mCi/
mmol). Then RNA chain elongation was permitted
for additional 15 min by addition of 1.0 mM CTP and
MgCl, and (NH,4),SO, in final concentrations of
5.0 mM and 400 mM, respectively. The final UMP
incorporation into cerebral nuclear RNA was deter-
mined by the paper disk method as in [8].

2.3. Acetylation of cerebral histones

Histones were isotopically labeled by incubating
cerebral nuclei isolated from rats at different stages
of development with saturating amounts of [3H] -
acetyl-coenzyme A (spec. act. 0.50 Ci/mmol) in assay
mixtures consisting of 0.32 M sucrose, 20 mM Tris—
HCl, pH 7.5, 3 mM MgCl, and 6 mM Na,S,0; for
preventing degradation of histones by proteases. After
an incubation period of 40 min at 37°C when histones
were acetylated up to maximum values [17] aliquots
of the assay mixtures were pipetted into ice-cold
H,S0, up to a final concentration of 0.4 N and his-
tones were extracted and purified as detailed in [8,17] .

2.4. Gel electrophoretic separation of acetylated
histone fractions

Histones were characterized by electrophoresis in
15% polyacrylamide gels containing 3.125 M urea
following the method in [18] with the exception that
ethylene diacrylate was used as a crosslinking agent
instead of methylene bisacrylamide. After dissolving
the cerebral rat brain histones in 0.9 N acetic acid the
isotope distribution in the different histone fractions
was examined by separating under identical condi-
tions equal amounts of [*H]acetylated histone
samples followed by staining, destaining, scanning,
solubilizing and radicanalyzing the gels as detailed
in [8,21].

2.5. Analytical procedures
Protein was assayed by the method in [19] and
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DNA was determined by the diphenylamine reaction
as modified [20].

3. Results and discussion

In eukaryotes chromatin is organized in a manner
allowing for regulation of the expression of the genetic
information encoded in DNA. Transcription of
chromatin by endogenous DNA-dependent RNA
polymerases (EC 2.7.7.6) undergoes sequential varia-
tions during different developmental stages of a tissue
or during the life cycle of a cell [11—13,26] . Insight
into the regulatory mechanisms by which such trans-
criptional changes may be brought about is limited
by our understanding of the structural and biochemical
interaction of the nuclear components. In part,
ontogenetic variations of transcription may be attri-
butable to post-synthetic modifications of DNA-
associated proteins such as acetylation, phosphoryla-
tion, methylation or thiolation, altering the mode of
association of modified chromosomal proteins with
corresponiding DNA interaction sites and other chro-
matin components [4,5,7,16] .

Allfrey et al. were first to correlate changes in
covalent modifications of chromosomal proteins by
acetylation and phosphorylation to changes in nuclear
RNA synthesis (reviewed [4] ). We found that follow-
ing the administration of growth-inducing drugs an
increased acetylation of histones preceded and
accompanied an increased RNA synthesis [8,21] .
Conversely, the lanthanide-induced inhibition of rat
liver RNA synthesis is temporally connected with an
inhibition of acetate uptake by chromatin-bound
liver histone fractions [10]. Lately, we reported a
positive correlation between the degree of neuronal
and glial histone acetylation and the degree of the
number of RNA initiation sites accessible for RNA
polymerase molecules on neuronal and glial rat brain
chromatin [17,22] . Although direct evidence islacking
the results of these and other studies are generally
consistent with the view that there is a functional
relationship between histone acetylation and RNA
synthesis.

In the present study on cerebral rat brain nuclei
isolated at different stages of ontogenesis we focused
on correlated changes between modifications of
transcription and covalent modifications of histones
by acetylation.
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Fig.1. Incorporation of [*H]UMP into nuclear RNA by < 1504
cerebral rat brain nuclei isolated at different stages of pre- ~
and post-natal development. Components of assays and incu- T T
bation conditions were the same as in [9] for initiation and -8 1 month post partum
elongation of nuclear in vitro RNA synthesis and given in '§ 300+
section 2 including 0.03 mM [*H]UTP/assay set. Values given 8
are means of triplicate determinations + SEM. 5 1504
Q
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A comparison of the datain fig.1 indicates that the =
greatest changes in nuclear cerebral in vitro RNA syn- &
thesis, i.e., UMP incorporation into cerebral nuclear ‘,"5
RNA take place during the embryogenesis, especially (%E

between day 14 and 20 of gestation. Coincidentally
the rate of [3*H]acetate uptake by chromatin-bound
histones decreased directly proportional to the altered
levels of RNA synthesis. As further summarized in
fig.1, cerebral nuclear in vitro RNA synthesis did not
vary significantly between day 19 and 20 of preg-
nancy. From the comparative gel-electrophoretic
analysis of [*H]acetylated histone fractions it is
apparent that the decrease of acetate uptake during
the fetal development mainly concerns the arginine-
rich fractions H3 and H4 whereas the fractions H2B

and H2 A seem to be changed to a lesser extent (fig.2).

On the other hand measuring of histone acetylation of
chromatin-bound cerebral histones and chromatin-
templated RNA synthesis in nuclei isolated from 1—12-
month old rats established that both biochemical
processes were higher in old rats when compared with
the values obtained using the younger rats (fig.1,2).
These findings contradict reports suggesting that
the acetylation rate of histones decreases with age
[14]. This discrepancy could be due to employing
different tissues with different mitotic rates influenc-
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Fig.2. Altered rates of cerebral rat brain histone acetylation
at different stages of development. Chromatin-bound histones
were isotopically labeled up to maximum values by incubat-
ing cerebral nuclei isolated at the times indicated with

8.7 uCi [®H]acetyl-coenzyme A (spec. act. 0.50 Ci/mmol)
for 40 min as in [17]. Polyacrylamide gel electrophoretic
separation of [*H]acetylated histone fractions was carried
out using the method in [18] followed by staining, destain-
ing, scanning, slicing, solubilizing and radioanalyzing the

gels as detailed in [8].

ing the parameters investigated as cited by [23] and/
or due to age-related changes in acetate pool size
and/or acetate metabolism which must be excluded
when using acetate instead of the direct acetate donator
acetyl-coenzyme A. Our present results fully agree
with [15,24] indicating that the intensity of acetyla-
tion of liver histones is greater in old than in young
rats. Cerebral nuclei from adult rats exhibited a greater
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histone acetylating activity than did the corresponding
preparation from newborn animals.

Since the sequence-specific acetylation of e-NH, —
lysine residues of histones occur at their primary DNA
binding sites the degree of acetylation is an assayable
function of the number of histone binding sites not
bound to the PO, -groups of the DNA backbone.
Thus, changing patterns of acetylation in the develop-
ing and ageing rat brain reflect changes in the mode
and tightness of histone binding to DNA supposed to
lead to modifications of structure and function of
chromatin [4,6] . In particular, since studies using
fractionated chromatin revealed that histones are
bound differently in repressed and transcriptable
chromatin fractions as indicated by a 2-fold higher
histone acetylation rate in the transcriptable portion
of chromatin [25] changing patterns of histone
acetylation during the ontogenesis appear to be an
indication of changes in the ratio of transcriptable to
repressed chromatin within the genome.

In conclusion, if regulatory changes of chromatin
function are responsible for the sequential changes
of biochemical parameters occurring during the
various phases of life span our results will be of
interest in providing a structural basis for regulatory
changes in the transcriptional properties of chromatin.
It must, however, be emphasized that at present our
study represents a temporal relationship and does not
prove that age-related modification of histone acetyla-
tion is a causative factor which leads to the corre-
sponding age-related transcriptional changes. More-
over, it remains to be unequivocally established
whether or not these changes are a cause or only an
accompanying event of the developmental and ageing
processes. Criteria other than the chronological age
are required to determine the specifity of different
alterations to the process of ageing.
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