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SUMMARY: It is shown that the stimulation of eukaryotic poly-
peptide synthesis by spermidine is due to the stimulation at the
level of initiation by following reasons. The incorporation of
formylmethionine into polypeptides was stimulated by spermidine
at the same degree to the incorporation of leucine into poly-
peptides. Fluorography of the polypeptides formed showed that
the number of chains of individual protein synthesized was larger
when spermidine was added. The formation of the complex of Met-
tRNAf, globin mRNA and 40-S ribosomal subunits was stimulated by
spermidine.

It is known that polyamines can enhance protein synthesis
in prokaryotic and eukaryotic cell-free systems (1-6). In an
Escherichia coli cell-free systems, we have reported that the
stimulation of polypeptide synthesis is due mainly to a stimula-
tion of the initiation complex formation of polypeptide synthesis
(4,6,7). In the eukaryotic cell-free systems, however, the
contradictory mechanisms on polyamine stimulation of polypeptide
synthesis have been presented. Konicki et al. {2) have reported
that polyamines stimulate polypeptide synthesis at initiation
level in the rabbit reticulocyte cell-free system, but Hunter
et al. (5) have reported that polyamines stimulate polypeptide
synthesis at elongation level in the wheat germ cell-free system.

In this communication, we have studied the effect of spermi-
dine on polypeptide synthesis in both rabbit reticulocyte and
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wheat germ cell-free systems in detail and have found that poly-

amines stimulate polypeptide synthesis at initiation level.

MATERIALS AND METHODS

Preparation of cell-free extracts - Reticulocyte lysate was
prepared from the blood of rabbits which had been made anemic

by acetylphenylhydrazine injection according to the method of
Hunt and Jackson (8). Nuclease~treated lysate was prepared
from the reticulocyte lysate by the method of Pelham and Jackson
(9). The incubated 30,000 x g supernatant (IS-30) of wheat germ
was prepared by the method of Roberts and Paterson (10).
Preparation of polysomes, ribosomes, mRNA, and aminoacyl-

tRNAs - Reticulocyte polysomes were obtained by centrifugation
of the reticulocyte lysate at 150,000 x g for 2 h, Yeast poly-
somes were prepared by the method of Gasior et al, (11).
Reticulocyte ribosomes were obtained by centrifugation of the
nuclease-treated lysate at 150,000 x g for 2.5 h, Globin mRNA
and yeast mRNA were prepared from their respective polysomes
according to the method of Krystosek et al. (12) using oligo(dT)-
cellulose (Boehringer Mannheim GmbH), Transfer RNAs were prepared
from Escherichia coli, rat liver and wheat germ 100,000 x g super-
nataptg by the prggedure of Zubay (13). Separation of E, coli
tRNA from tRNAp was performed by DEAE-Sephadex A-50 and
subsequent BD-cellulose chromatography according to_the method
of Seno et al, (l4). The preparation of E, coli f[3H]Met-tRNAf
wag carried out by the method of Nakamoto and Kolakofsky (15)
uging 2 pM [JH]methionine (specific activity, 3.3 Ci/mmol).

355 Met-tRNAf_was prepared by charging deacylated rat liver
tRNA with [35S]methionine (specific activity, 100-200 Ci/mmol)
using partially purified E. coli aminoacyl-tRNA synthetagg as
described by Smith and Henshaw (16). When rat liver f[7°S]Met
tRNAf was prepared, 0,15 mM folinic acid was added to the reaction
mixture.

Assay for polypeptide synthesis - The reaction mixture
(0,03 mIg. which contained 20 mM Hepes-KOH (pH 7.6), 15 uM hemin,
100 mM potassium acetate, 2 mM dithiothreitol, 1.5 mM ATP, 8 mM
creatine phosphate, 7.5 ug of creatine kinase (Boehringer
Mannheim GmbH), 20 pg of tRNA, 15 pl of reticulocyte nuclease-
treated lysate, 0.05 wCi of [1“03leucine (specific activity,
351 mCi/mmol, Radiochemical Centre Amersham), 30 pM each of 19
other amino acids, 0.5 pg of mRNA, and magnesium acetate and
spermidine at the specified concentrations, was incubated at
309 ¢ for 20 min, A 0.04 ml aliquot of each reaction mixture
was placed on a paper disc (25 mm diameter) and the hot trichloro-
acetic acid insoluble radioactivity was assayed with a liquid
scintillation spectrometer. when wheat germ IS-30 (1.8 Az60
units) was used in place of reticulocyte nuclease-treated lysate,
the reaction mixture contained 30 mM KC1l and 60 mM potassium
acetate instead of 15 pM hemin and 100 mM potassium acetate.

SDS-polyacrylamide gel electrophoresis - The reaction mixture
(0.05 mli for the determination of chain length by SDS-polyacryl-
amide gel electrophoresis was ths same to that for the polypeptide
synthesis except that 2 uCi of [ 5SJ-methionine (specific activity,
1150 Ci/mmol) was added instead of [l4C]leucine, Electrophoresis
was carried out according to the method of Laemmli (17), Fluoro-
graphy was performed by the method of Laskey et al. (18,19).

481



Vol. 97, No. 2, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Assay of Met-tRNAf binding to rabbit reticulocyte ribosomes -
The reaction mixture 20.05 ml?, which contained 20 mM Hepes-KOH
(pH 7.6), 100 mM KC1, 2 mM dith%gthreitol. 1l mM ATP, 0,2 mM GTP,
0.1 mM sparsomycin, rat liver [77S|Met-tRNAf (25,000 - 30,000 cpm),
0.5 ng of globin mRNA, 1.5 Ap60 units ribosomes, and magnesium
acetate and spermidine at the specified conggntrations. was incu-
bated at 30° C for 5 min, The amount of [ S]Met-tRNAf bound
?o gibosomes was measured by the procedure of Nirenberg and Leder

20).

Sucrose gradient centrifugation analysis of the initiation
complex of globin mRNA, | 3OS [Met-tRNA and ribosomes - After
incubation of 0.4 ml of the above mentioned reaction mixture at
30° ¢ for 5 min, a 0.37 ml aliquot was taken and placed on the
top of a 15 to 30% sucrose gradient (4,7 ml) in 50 mM Tris-HCl
(pH 7.5), 100 mM KCl, and 5 mM magnesium acetate, The tube was
centrifuged in a Hitachi RPS-50 rotor for 110 min at 48,000 rpm.
After centrifugation, 8 drop fractions were collected from the
bottom of the tube. Absorbance at 260 nm of each fraction was
measured after a 10-fold dilution with water, The radioactivity
was measured using a 0.3 ml aliquot of each fraction.

RESULTS AND DISCUSSION

Effect of spermidine on polypeptide synthesgis -~ The stimula-

tion degree by spermidine of formylmethionine incorporation and
leucine incorporation into polypeptide was compared using globin
mRNA in rabbit reticulocyte and wheat germ cell-free systems.

As shown in Fig. 1, the stimulation degree of formylmethionine
incorporation into polypeptide from E, coli fMet-tRNAf was almost
equal to that of leucine incorporation, although optimal Mg2+
concentration for formylmethionine incorporation was slightly
lower than that for leucine incorporation. Similar results

were obtained with rat liver fMet-tRNAf. although the incorpora-
tion of radiocactivity into polypeptide was low.

Effect of antibiotics was examined using reticulocyte lysate
(Fig. 2). The stimulation degree by spermidine of polypeptide
gynthesis decreased gradually as the concentration of aurintri-
carboxylic acid, an inhibitor of ihitiation, was increased. but
the addition of cycloheximide, an inhibitor of elongation, did
not influence significantly the stimulation degree by spermidine.

Then, [35S]methionine-labeled products of yeast mRNA directed
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Fig. 1. Effect of spermidine on globin mRNA directed formyl-
methlonine and leucine incorporations into polypeptides in rabbit
reticulocyte (A,C) and wheat germ (B,D) cell-free systems.

The assay was carried out under standard conditions unless stated
below, (-z-=) Radioactivity of f[JH IMet-tRNAf incorporated
(E,_coli fEBH]Met-tRNAf (7 wg, 20,000 cpm) and non-labeiﬁd leucine
(30 pM) were added to the ﬁeaction mixture instead of [1%CJleucine);
( ) radiocactivity of gl CJleucine incorporated (E. coli non-
labeled fMet-tRNAf (7 pg) was added to the reaction mixture);

(A and B, @) no sgermidine; (A and B, o) 0.5 mM spermidine.

(C, o) 1.5 mM Mg+ and no spegmidine; (C, 0) 1 mM Mg?* and 0.5 mM
spermidine; (D, o) 3.75 mM Mgt and no spermidine; (D, o) 2 mM Mg
and 0,5 mM spermidine.

2+

Fig., 2. Effect of aurintricarboxylic acid and cycloheximide on
spermidine stimulation of polypeptide synthesis using rabbit
reticulocyte lysate, The assay was carried out under standard
conditions except that the reaction mixture contained antibiotics
specified in the figure and reticulocyte lysate (15 pl) instead

of nuclease-tieated lysate and mRNA. (e) Aurintricarboxylic acid
and 1,5 mM Mg*; (o) aurintricarboxylic aciS‘ 1 mM Mg<* and 0.5 mM
spermidine; %l) cycloheximide and 1.5 mM Mg<T; (p) cycloheximide,
1 mM Mg2+ and 0.5 mM spermidine,

polypeptide synthesis in a rabbit reticulocyte cell-free system
were analyzed by fluorography. As shown in Fig. 3, the number
of chains of individual protein synthesized was larger when
spermidine was added, while the extension of the chain length
was not significantly influenced by spermidine. Similar results
were obtained with wheat gefm 15-30. These results strongly
suggest that polyamines stimulate polypeptide synthesis at the

level of initiation.,
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i Sodium dodecylsulfate polyacrylamide gel autoradiogram
of ‘3gS]methionine-labeled products of yeast mRNA directed poly-
peptide synthesis in a rabbit reticulocyte cell-free system.
SDS-polyacrylamide slab gel electrophoresis and fluorography werg
performed as described in Materigls and Methods. (1) 1.5 mM Mg +,
10 min incubation; (2) 1.5 mM Mg<t, 30 min incubation; (3) 1.5 mM
Mg+, 30 min incubation; (4) 1 _mM Mg<* plus 0.5 mM spermidine,
10 min incubation; (5) % mM Mg2+ plus 0,5 mM spermidine, 20 min
incubation; (6) 1 mM Mgt plus 0.5 mM spermidine, 30 min incubation.

Fig. 4. Effect of spermidine on rat liver Met-tRNAf binding to
rabbit reticulocyte ribosomes, The assay was carrled out under
standard conditions except that the addition of mRNA was changed

as specified below, (o o) No mRNA and no spermidine;

(0~==-=0)nio MRNA and 1 mM spermidine; (e——e)05 pg of globin mRNA
and no spermidine; (e---~#)Q5 pg of globin mRNA and 1 mM spermidine.

Effect of spermidine on the formation of initiation complex -

As shown in Fig. 4, Met-tRNAf binding to reticulocyte ribosomes
without mRNA was stimulated by spermidine. Met-tRNAf binding in
the absence of spermidine was inhibited by the addition of globin
mRNA. The addition of spermidine stimulated greatly Met-tRNAf
binding in the presence of globin mRNA. The similar results
were obtained when GTP was replaced by GMP-PCP (data not shown),
suggesting that the stimulation of the formation of initiation

complex by spermidine may be at the level of the formation of
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E§§;]5, Sedimentation behavior of the complex of globin mRNA,
[J5sImMet-tRNAf, and reticulocyte 80S ribosomes. Sucrose gradient
cenirifugation and measurement of radioactivity were _carried out
as_described in Materials and Methods,  (A) 2 mM Mg2*; (B) 1 mM
Mg2 and 0.5 mM spermidine.

the complex of globin mRNA, Met-tRNAf and 40S ribosomal subunits,
because GTP hydrolysis occurs at the formation of the complex
of globin mRNA, Met-tRNA, and B80S ribosomes (21). This was
confirmed by sucrose gradient centrifugation analysis of the
initiation complex. As shown in Fig. 5, stimulation of Met-tRNAf
binding by spermidine occurred on the 40S ribosomal subunit
region, These results confirm that polyamines stimulate poly-
peptide synthesis at the level of initiation.

Discrepancy between the results of Hunter et al.(5) and our
results may be due to the difference of mRNA used, since TMV RNA

is unieque among eukaryotic mRNAs.
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