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SUMMARY - In vitro phosphorylation and acetylation of histones

and thelr modulation by spermine and spermidine were studied

using slices of cerebral cortex of female rats of various ages.
Phosphorylation and acetylation of individual histones decrease
with increasing age. Spermine and spermidine have stimulatory
effects on both the modifications of specific histones in lmmature
rats. These effects decrease with increaslng age. Such changes

in covalent modifications of histones may alter gene expression
and contribute to the aging process.

INTRODUCTION - Chromatin 1s a complex of DNA, histones and non-

histone chromosomal (NHC) proteinsg. Histones belng basie in nature,
act as non-specific gene repressors and participate in the basic
structure of chromatin (1,2). They undergo post-translational
covalent modifications such as phosphorylation, acetylation,
methylation and ADP-ribosylation, which play significant roles in
the modulation of their lnteraction with the DNA.

Phosphorylation of histones weakens their interaction with
the negatively charged DNA, and thereby causes their dissocliation
from the latter. This may stimulate template activity of DNA for
RNA synthesis (3). Acetylation of histones 1s reported to change
the conformation of the chromatin and stimulate its template
activity (4). Recently, we have reported that acetylation of
histones and RNA synthesls decrease in the brain as a function
of age (5). Polyamines are cations. They directly act at the
chromatin level by binding with DNA phosphates (8). Hence they

*To whom reprint requests should be addressed,

0006-291X/79/190708-07$01.00/0
Copyright © 1979 by Academic Press, Inc.
All rights of reproduction in any form reserved. 708



Vol. 90, No. 3, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

may alter the structure of chromatin, and thereby alter its
template activity. Polyamines have been implicated in cell multi-
plication and growth (7). Since neuronal division stops at a very
early age in mammals, we wanted to know if polyamines have any
effect on phosphorylation and acetylation of histones of the

brain of rats which may have a role in cell division.

MATERIALS AND METHODS - Female rats, 2-(immature), 15-(adult)

and 84-weeks (0ld), of Wistar strain were used. They were killed
by cervical dislocation and the cerebral cortex was immediately
cut into slices of approximately 0.4 mm thickness. In wvitrg phos-~
phorylation (8) and acetylation (9) of histones were studied by
incubating 1.0 g of the sliced tlssue in flasks containing 4.0 ml
Krebs-Ringer bicarbonate buffer, pH 7.4. Spermine (10™%M) or
spermidine (6 x 10-5M) was added to the experimental flasks.
Cycloheximide (2 x 107%M) was added to each flask to inhibit
proteiln synthesis. The control and experimental flasks were set
up in duplicate in a water bath at 37°C and shaken for 30 min.
Then 0.1 mCi of 321>-orthophosphate (carrier free) and O.1 mCi of
(U—14C) sodium acetate (specific activity 49.3 mCi/mmole; Bhabha
Atomic Research Centre, Bombay) were added to the flasks set up
for phosphorylation and acetylation, respectively. The shaking

was continued for 60 min.

The slices were then taken out and washed thrice in cold
Krebs-Ringer bicarbonate buffer. The chromatin was purified from
the tissue (10) and the histones were extracted fron the chromatin
(11). The electrophoretic analysis of histone was done on 10%
polyacrylamide gels (7.5 x 0.6 cm) containing 6.25 M urea and
0.9 M acetic acid (12). The histone bands in the gel were scanned
at 500 nm. The bands were cut by a blade and the radioactivity in
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each slice was counted in an LS-100C Beckman scintillation counter
after digesting the slices in 0.2 ml of 30% Ho0g (v/v) at 37°C

overnight.

RESULTS AND DL SCUSSION - The electrophoretic mobilities of all the
five histones of the brain of immature, adult and old rats were
found to be similar (Fig. 1). This corroborates the findings of
Klimenko et al (13), and Carter and Chae (14). Such a similarity

in the pattern indlcates that apparently no change occurs in the
polypeptide chains of histones of the cerebral cortex of rats during

the life span.
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Fig. 1. Densitometric scanning of the histones, and phospho-
rylation and acetylatlon of individual histones of
the cerebral cortex of female rats of different ages.
(=eeem—), gel scanning at 500 nmj; (———), phospho-
rylationg and (—.—.9 acetylation.
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Fig. 2. Effects of polyamines on phosphorylation of individual
histones of the cerebral cortex of female rats of
three ages.

Normal in vitro phosphorylation of individual histones of
the three ages are shown in Flgs. 1 and 2. Individual histones are
differently phosphorylated as a function of age. The relative degree
of 32p incorporation into individual histones of young and adult
rats 1s H1) H4) H2A) H2B) H3. Phosphorylation of all the histones
decreases 1n old age, the maximum decrease being in H1 and H4. H1
is present in the linker region and H4 in the nucleosome core.
Decrease in phosphorylation of both the histones may be due teo
conformational changes in the chromatim. Such changes may account
for a decrease 1n the template activity of chromatin as a function

of age (5). Polyamines have specific stimulatory effects on
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phosphorylation of individual histones in vitro (Fig. 2). Spermine

stimulates phosphorylation of Hl, H2A and H4 histones in the young,
and the effect decreases with increasing age. Spermidine stimulates
phosphorylation of H1, H2B, H2A and H4 histones in the young. In
the adult, stimulation of phosphorylation is seen only in H24. No
effect on any histone is seen in the old. Differential stimulation
of phosphorylation of specific histones by polyamines and its
variation with age indicates that these effectors may have specifiec

regulatory effects at the genetic level.

Acetylation of lysine residues of chromosomal proteins is
reported to alter the structure and function of chromatin and
stimulate DNA-dependent RNA synthesis (4). Our data show that
in vitro acetylation of individual histones varies with age
(Fig. 1,3). The relative degree of acetylation of individual
histones in young and adult rats is H2B) H24) H1, H3, H4. A high
degree of H4 acetylation in lmmature rats observed by us may be
responsible for the high template activity of genes at this age
(15). A dramatic decrease in H4 acetylation in old age may cause
condensation of chromatin and a decrease in RVA synthesis (16).
The decrease in the degree of acetylation of H2B and H4 with increas-
ing age, and the absence of any significant change for H1l, H3 and
H24 histones is likely to cause changes in the conformation of

chromatin at selective sites and also decrease RNA synthesis.

Fig. 3 shows that polyamines stimulate acetylation of the
nucleosomal histones, H3, H2B, H2A and H4 in yitro. This effect

decreases with age. The effect of Hl histone of immature rats
1s negligible. Acetylation of H2B and H4 has been shown to be
necessary for RNA synthesis (17). Since polyamines are reported

to stimulate gene transcription (18), their specific stimulatory
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Fig. 3. Effects of polyamines on acetylation of individual
histones of the cerebral cortex of three ages.

effects on acetylation of nucleosomal histones, and their altera-
tions with age indicate the specific role that polyamines may
have on age-dependent gene expression. Epinephrine and estradiol
have also been shown to stimulate acetylatlon of specific histones
in vitreo (19).

This is the first report which shows that polyamines
stimulate phosphorylation and acetylation of specific histones
in yitro. Such effects may cause modulation of the expression
of specific genes. We have observed th at the levels of both
spermidine and spermine, but not of putrescine, decrease with
age (20). This may cause age-dependent variations in the expre-
ssion of genes. Such alterations at the level of genes brought

about by endogenous effectors in a sequential order after the
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attalnment of reproductive maturity may lead to senescence. This
is consistent with the gene regulation theory proposed by
Kanungo (21).
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