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SUMMARY : The effects of polyamines on in vitro amino acid
incorporation into rat cerebral, cerebellar, "neuronal" and
"elial" nuclei have been found to be dose dependent. Maximal
increase occurred at 0.1 mM spermine and 1 mM spermidine respec-
tively, at higher concentrations of spermine and spermidine nu-
clear amino acid uptake by &all systems examined was inhibited.
These results suggest that polyamines may have a regulating
function for nuclear amino acid incorporation in rat brain.

INTRODUCTION

Aliphatic polyamines such as putrescine, spermine and
spermidine are assumed to be involved in vital cell functions
such as synthesis of RNA (1,2) and protein (3-7). Although
polyamines occur in relatively large amounts in the brain (8)
and polyamine concentrations have been reported to vary in
different brain regions (9), no clear information is available
on their biological role in nervous tissue.

On the other hand functional and mebtabolic differences between
the various cell types of the brain seem to be connected with
differences in nuclear processes such as RNA polymerase acti-
vities (10,11), nonhistone phosphorylation (12) and amino acid

incorporation (13).
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As a first step towards elucidating the functional significance
of polyamines in the nervous system, we have studied the ef-
fects of these substances on nuclear protein synthesis of neu-

ronal and glial tissues.

MATERTIALS and METHODS

Female Wistar rats (140-150 g), previously starved for
16 hrs, were killed by decapitation. The brains were rapidly
removed and separated into cerebellum and cerebrum. All opera-
tions were carried out at 4°C.

Cerebral and cerebellar nuclei were isolated by means of
hypertonic sucrose and Triton X-100 (13). Brain nuclei were
fractionated into two different populations - "neuronal" and
"glial" - by discontinuous sucrose density gradient centrifuga-
tion, as described elsewhere (12,13).

Polyribosomes from total brain were isolated by use of the non-
ionic detergent Triton X-100 and high KCl concentration (0.24 M)
according to Gielkens et al. (14).

Spermidine (Fluka, Switzerland) and spermine (Merck-Schuchardt,
Germany) were dissolved in bi-distilled water, adjusted to

pH 6.8 with HCl.

The assay for nuclear amino acid incorporation contained
in a final volume of 0.5 ml: 0.1 ml nuclear suspension (BOO/ug
protein); 0.07 ml (450/ug protein) of the 105 000 x g super-
natant from rat brain; 0.002 ml pyruvate kinase (20/ug);

25 mM sodium phosphate buffer, pH 6.75; 5 mM sucrose; 20 mM glu-
cose; 60 mM NaCl; 7.5 mM MgCly; O0.05 mM ATP; 1 mM GTP;

1.5 mM GSH; 3 mM phosphoenolpyruvate; 0,05 mM each of a mixbure
of 20 inactive amino acids with the exception of leucine;
Squi[?H] leucine (specific activity: 36 Ci/mmole respectively
52 Ci/mmole; Amersham, England).

The assay for ribosomal amino acid incorporation contained
in a final volume of 0.5 ml: 0.2 ml ribosomal suspension (770/ug
RNA); 0.08 ml (550/ug protein) of the 105 000 x g supernatant
of rat brain; 0.015 ml pyruvate kinase (150/ug); 40 mM Tris,
pH 7.8; 7.5 mM MgClp; 1 mM ATP; 0.25 mM GTP; 1 mM GSH;

10 mM phosphoenolpyruvate; 60 mM KCl; 0.05 mM each of a mixture
of 20 inactive amino acids, with the exception of phenylalanine;
0.01 mM polyuridylic acid; 1.5/uCi qu]phenylalanine (specific
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activity: 415 Ci/mmole; Amersham, England).

For preparation of the 105 000 x g supernatant and for
further details of incubation see elsewhere (13%).

After 15 min of incubation at 57°C, trichloroacetic acid-
insoluble radiocactivity for both systems was determined in a
0.1 ml aliquot using the paper-disk method of Mans and Novelli
(15). Radioactive samples were counted in Bray’s scintillation
fluid (16) using a Packard TriCarb liquid scintillation Counter
(model 3380) with automatic standardization. DITA was determined
by the diphenylamine reaction (17), RNA by the orcinol method
(18) and protein according to Lowry et al. (19).

RESULTS and DISCUSSION

We have reported in previous work on the higher amino acid
uptake by "neuronal" than by "glial" rat brain nuclei (13).
With regard to the question of whether and in what way polyami-
nes effect nuclear peptide synthesis in different brain cells,
amino acid incorporation into raft cerebral and cerebellar nuc-
lei, respectively into "neuronal'" and "glial" nuclear popula-
tions, was measured in bthe presence of increasing polyamine
concentrations.

Spermine and spermidine exhibit dose dependent effects on
the in vitro amino acid uptake by rat brain nuclei (Fig. 1) :
Maximal stimulation of [5H]1eucine incorporation by cerebral as
well as by cerebellar nuclei occurred at 0.1 mM spermine and
1 mM spermidine respectively. At higher concentrations the po-
lyamines inhibit the nuclear amino acid uptake in cerebrum and
cerebellum.

The physiological meaning of the stimulatory effect of po-
lyamines on nuclear amino acid incorporation is suggested by
the following findings: Those spermine and spermidine concen-

trations found to be stimulatory on nuclear amino acid uptake
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Fige 1 Effect of spermidine (@-®) and spermine (@ -Q)

on incorporation of radiocactivity by incubating rat cerebral (4)
and cerebellar (B) nuclei with 5/uCi [BH] leucine (spec. act.:
26 Ci/mmole) as described under Materials and Methods.

Values are means of quadruplicate determinations.
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Fig. 2 Effect of spermidine (® -® ) and spermine (© -0©)
on incorporation of radiocactivity by incubating polyribosomes
of rat brain with 1.5/uCi ﬂ4C]phenylalanine (spec. activity
415 Ci/mmole) as described under Materials and Methods.
Values are means of quadruplicate determinations.

(Fig. 1) are in the range of the polyamine concentrations oc-
curring in rat cerebral cortex and cerebellum (9). Similar con-
centrations, i.e. 0.25 mM spermine and 2.5 mM spermidine have
been shown to enhance in vitro RNA synthesis (20). Furthermore,
in rat brain both nuclear and ribosomal [BH]leucine uptake are
increased maximaliy by nearly the same spermine and spermidine

concentrations (Fig. 1,2). This might suggest that in rat brain
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TABLE I Effect of spermidine on incorporation of radiocacti~
vity by incubating "neuronal® and "glial" nuclei of
rat brain with S/uCi 5y leucine (spec. activity:
52 Ci/mmole).

Spermidine dpm / mg protein
"neuronal" "elial"
nuclei
None 5729 1724
1.0 mM ool 2635
1.5 mM 6510 2241
7.5 mM 276 659

Isolation of ™neuronal" and "glial” nuclei as described under
Materials and Methods. Nuclear material was derived from

60 rat brains.

Values are arithmetic means of 4 incubation assays.

the mechanism of protein synthesis in the nucleus and on cyto-
plasmic ribosomes may have some common features.

There are significant differences in the basal level of
amino acid uptake between the cerebral and cerebellar, respec-
tively between "neuronal' and "glial" nuclear populations
(Fig. 1, Tab. I). Independent of such differences the stimula-
tory effect of spermine and spermidine ranges between 40 % and
60 % in all amino acid incorporating systems examined, i.e. in
brain ribosomes and in cerebral, cerebellar,"neuronal" and "gli-
al™ nuclei (¥Fig. 1,2, Tab. I).

Since multiple effects of polyamines - e.g. on RNA synthe-
sis (1,2) and on ribosomal protein synthesis (1,3,5) have been
abttributed to their cationic nature (1), we tested the combined
effects of various Mg2+ concentrations and of 1 mM spermidine,

a concentration which stimulates maximally rat cerebral leucine
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Fig. 3 Effect of 1 mM spermidine (® - @) on incorporation
of radiocactivity by incubating cerebral nuclei with 5/uCi
PH]leucine (spec. act. 52 Ci/mmole) at various Mg2+ concen-—
trations; (O -0 ) no polyamines. Incubation conditions and de-
termination of amino acid incorporation as described under
Materials and Methods.

Values are means of quadruplicate determinations.

uptake at 7.5 mM Mg2+. As can be seen from Fig. 3, omission of

Mg2+

in the incubation assay leads almost to zero values of ce-
rebral nuclear amino acid incorporation; this is in agreement
with other reports on nuclear protein synthesis (1%,21).

1 mM spermidine, a concentration which was found to stimulate
maximally rat cerebral amino acid incorporation in the pre-

2+, cannot completely substitute for Mg2+,

sence of 7.5 mM Mg
but causes a shift of the Mg2+ concentration required for maxi-
mal amino acid uptake by rat cerebral nuclei from 7.5 mM to
4 mM Mg2+. This is in accordance with results obtained from

studies with bacterial and mammalian ribosomes (3,5,22) and is
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supported by our findings that complete replacement of Mg2+ by
polyamines in %the sucrose solublons used for isolation of rat
cerebral nuclei abolishes nuclear amino acid incorporation.
Interestingly, the degree of leucine uptake observed with 1 mM

spermidine, in the presence of Mg2+

concentrations suboptimal
for amino acid incorporation without polyamines, is signifi-
cantly higher than that seen in the absence of spermidine under

optimal Mg2+

concentrations. This indicates that parallel to
the sparing effect on Mg2+, which may be connected to the cat-
ionic nature of polyamines, additional sites in nuclear protein
synthesis are affected by spermidine.

Most recently Igarashi et al. (7) reported that polyamines
play an important role in protein synthesis possibly by regula-
ting formation and binding of aminoacyl-t-RNA to ribosomes.

At present we cannot differentiate whether similar mechanisms
are involved in the polyamine induced increase of rat brain nu-
clear amino acid incorporation. However, our findings suggest
that rat brain nuclei do respond to physiological polyamine
concentrations, which have been shown to vary in different
brain regions.
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