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SUMMARY - Polypeptide synthesis programmed by poly(U) and globin mRNA has 
been studied in cell-free extracts from wheat germ. A two-step reaction with a 
preincubation at high Mg ++ levels followed by a second step carried out after a 
shift to a low Mg++ concentration and the addition of labeled amino acids is de- 
scribed. Under these conditions the initiation of polyphenylalanine synthesis can 
be blocked without affecting the elongation of polypeptide chains. This procedure 
allows the selective inhibition of polypeptide synthesis initiation without using any 
drug or antibiotic. 

Synthetic and natural messenger ribonucleic acids can be translated in cell- 

free systems obtained from both bacteria and eukaryotic cells. However, the 

polypeptide synthesis directed by an artificial messenger as poly(U) occurs at 

higher Mg ++ levels due to the requirements for the binding of these messengers 

to ribosomal particles. This initiation step with synthetic polynucleotides takes 

place either without the involvement of initiation factors (1, 2) or with the parti- 

cipation of only two of them (3). 

The efficient translation of artificial and natural messengers at different 

optimal Mgf+ concentrations seems to indicate that the elongation of polypeptide 

chains has a less stringent requirement for Mg++ levels than the initiation pro- 

cess. Therefore, the polypeptide synthesis reaction could be carried out in 

two separate steps: a) the binding of messenger to ribosomes at a relatively high 

Mg++ level, and b) the subsequent synthesis of polypeptide chains after a shift to 

a lower Mg++ concentration. 
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In the present paper we study the poly(U) directed polyphenylalanine synthe- 

sis in cell-free systems from wheat germ. We demonstrate that a decrease of 

Mg++ level after the attachment of poly(u) to ribosomes inhibits further initiation 

of polypeptide synthesis, and that under these conditions only the elongation of 

polyphenylalanine takes place. 

MATERIALS AND METHODS 

Raw wheat germ was obtained from Niblack Foods, Inc. (Rochester, N. Y.). 
Rabbit globin mRNA was kindly provided by Dr. E. Nack. Poly(U) (K salt), 
wheat germ tRNA and ammonium salt of aurintricarboxylic acid (ATA) were pur- 
chased from Sigma. [14C]Phenylalanine (527 mCi/mmol) and [35Slmethionine 
(564 Ci/mmol) were from New England Nuclear Corp. 

Wheat germ cell-free extract (S23) was prepared according to a modification 
of the method described by Marcus et al. (4, 5). Three grams of wheat germ 
were ground in a precooled mortar with 18 ml of a solution containing 90 mM KCl, 
2 mM CaC12, 1 mM magnesium acetate and 6 mM KHCO3. The resulting suspen- 
sion was centrifuged for 10 min at 23,000 x g and the supernatant fluid was care- 
fully collected in order to avoid the upper lipid layer. After adding Tris-HCl, 
pH 7. 5, and magnesium acetate to 20 mM and 2 mM final concentrations, respec- 
tively, the extract was centrifuged again for 10 min at 23,000 x g. The super- 
natant liquid was applied to a Sephadex G-25 column (50 x 2 cm) equilibrated with 
a solution containing 3 mM ‘Iris-HCl, pH 7,5, 50 mM KCl, 1 mM magnesium 
acetate and 5 mM 2-mercaptoethanol. After elution with the same buffer the frac- 
tions with maximal A260 absorbance (about lo-15 ml) were collected, pooled and 
centrifuged at 23,000 x g for 10 min. The supernatant fluid was fractionated in 
small aliouots and kept frozen at -70%. All operations were performed at 0-4QC. 

In vitro polypeptide synthesis induced by p&y(U) or globin.mRNA - The -- __~--- ___-._-_-_- 
standard reaction mixture was carried out in a total volume of 0.05 ml which con- 
tained: Hepes-KOH, pH 7.6, 20 mM; ATP, 1 mM; GTP, 0.02 mM; creatine phos- 
phate, 8 mM; creatine phosphokinase, 2 pg; dithiothreitol, 2 mM, 19 unlabeled 
amino acids excluding phenylalanine or methionine, 0.03 mM each; wheat germ 
tRNA, 10~8; S23 wheat germ extract, 0.25 to 0.5 A 6 unit; poly(U), 4Ong, or 
globin mRNA, 1 pg, were used as messengers, and 1 C phenylalanine, PI 
or [35S7methionine, 

O.O5,uCi, 
5 pCi as labeled amino acids, respectively. Potassium ace- 

tate and magnesium acetate were added as indicated in each case. The incubation 
was performed at 27% and the reaction was stopped by addition of 1 ml cold water. 
After 15 min at 37-OC with 0.3 N NaOH containing 2 mg/ml of unlabeled phenyl- 
alanine or methionine and 50 ng of bovine serum albumin as carrier, cold trichlo- 
roacetic acid was added to 10-s final concentration. The precipitate was collected 
on glass fiber (GF/c) filters, washed with cold 5% trichloroacetic acid, dried and 
counted in a Packard scintillation counter. 

In some experiments complete mixtures without radioactive amino acids 
were preincubated for 15 min at 27X; afterwards, ATA and the corresponding 
labeled amino acid were added and polypeptide synthesis was measured at dif- 
ferent times as described above. 
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Polyphenylalanine synthesis carried out in two steps - Poly(U) binding to 
wheat germ ribosomes was performed in 0.025 ml of complete reaction mix- 
tures as described above, but omitting phenylalanine. After preincubation for 
15 min at 27QC (first step), Mg++ was adjusted to the desired final levels while 
all other components (except poly(U) and S23 extract which were not added again) 
were kept at the same initial concentrations. Then, labeled phenylalanine was 
added and the incubation was resumed at the same temperature in a total volume 
of 0.075 ml (second step). Aliquots from the reaction mixture were taken at the 
indicated times to measure the radioactive trichloroacetic acid insoluble material. 

RESULTS AND DISCUSSION 

Cell-free extracts from wheat germ are able to translate synthetic polynucleo- 

tides and natural messengers with good efficiency. The in vitro polypeptide syn- -- 

thesis directed by poly(U) and globin mRNA in wheat germ systems has shown 

quite different Mgf+ concentration curves (Fig. 1). The amino acid incorporation 

directed by globin mRNA was maximal within a narrow range (2 to 3 mM Mg++) 

whereas polyphenylalanine synthesis showed a broader peak of activity between 4 

0 2 4 6 8 10 0 1 Mg++concn. (mM) 
0 30 60 -0 30 60 90 0 2 TIME (min ) 

Fig. 1 - Effect of Mg* concentration on polypeptide synthesis induced by 
poly(U) and globin mRNA in cell-free extracts from wheat germ. 
Standard reaction mixtures as described in Materials and Methods were used 
with 0.25 A266 unit of S23 extracts and the indicated Mg++ levels. K+ con- 
centrations were 110 mM and 80 mM with poly(U) and natural messenger, re- 
spectively. The incubation time was 40 min. Symbols: r) and 0 correspond 
to poly(U) and globin n-RNA, respectively. 

Fig. 2 - Effect of ATA on polypeptide synthesis directed by globin mRNA or 
poly W. Reaction mixtures were as described in Materials and Methods and 
in Fig. 1. A and B show the results of experiments carried out with globin 
mRNA and poly(U), respectively, at the corresponding optimal conditions for 
Mg++ and K+. The reactions were performed in a single step without any 
addition ( 0 and # ) or with 6 x 10 -5 M ATA added at the beginning of the in- 
cubation (0 and l ), and in two steps adding ATA (6 x 10 -5 M) and radioac- 
tive amino acid at the beginning of the second step (A and A ). 
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and 7 mM Mg 
++ 

. These results are probably due to different requirements for 

the initiation process with natural and synthetic messengers, since the reactions 

involved in the elongation of polypeptide chains are essentially the same with both 

kinds of messengers. In fact, it is well known that the participation of initiation 

factors in the binding of natural messengers to ribosomes gives rise to a con- 

comitant sharp decrease of the Mg ‘+ requirement (6, 7). On the other hand the 

results depicted in Fig. 1 seem to indicate that the elongation of polypeptide chains 

takes place both at high (6 mM) and low (2 mM) Mg+’ levels. I f  this assumption 

is correct it would be possible to study the elongation of polyphenylalanine in- 

dependently of the initiation process by a shift of Mgf+ concentration in the reac- 

tion mixtures. It should be mentioned that the amino acid activation under con- 

ditions of protein synthesis almost does not change in a wide range of Mg ++ le- 

vels (data not shown). 

In order to follow the elongation of polypeptide chains separately from the 

initiation complex formation we have used ATA, which is a well known inhibitor 

of the binding of natural and synthetic messengers to ribosomes (8-10). Fig. 2 

(A and B) shows that when ATA was added to the reaction mixtures before the 

messenger, polypeptide synthesis with both poly(U) and globin mRNA was com- 

pletely inhibited. On the other hand when ATA was added after a 15 min prein- 

cubation of the complete mixtures which did not contain labeled amino acids, 

the inhibitor blocked all subsequent initiations either with poly(U) or globin 

mRNA. However, ATA did not impair the elongation of polypeptide chains 

corresponding to the initiation complexes already formed during the preincuba- 

tion. Once these chains were completed the amino acid incorporation curves 

levelled off. This kind of kinetics is typical of the inhibition of polypeptide syn- 

thesis initiation (11). 
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Fig. 3 - Kinetics of polyphenylalanine synthesis after a shift of Mg++ concen- 
tration or ATA addition. Phenylalanine incorporation assays were carried 
out a) in a single step reaction at 6 mM ( l ) or 2 mM Mgf+ (A); b) in a two- 
step reaction with the following modifications at the beginnin of the second 
step: the addition of 6 x 10 -5 M ATA (m ), or the shift of Mg f+ levels from 
6 to 2 mM ( 0 ). All other conditions as in Materials and Methods and in 
Fig. 1. 

Fig. 4 - Effect of different conditions during the first step of the reaction on 
the kinetics of polyphenylalanine synthesis. Reactions were performed in 
two steps with a shift from 6 mM to 2 mM Mg++ concentration after the first 
step carried out at 27QC for 5 (O), 10 (A) or 15 min (A); at 0% for 15 min 
( l ) and at 27QC for 15 min in the absence of tRNA ( 0 ). A control correspond- 
ing to the time course of phenylalanine incorporation carried out in a single 
step at 6 mM Mg++ is also shown ( 0 ). All other details as in Materials and 
Methods and in Fig. 3. 

The higher level of amino acid incorporation obtained in the absence of ATA 

is probably due to reinitiation of polypeptide chains with globin mRNA or to a 

late binding of poly(U) to ribosomes. 

Fig. 3 shows the time course of polyphenylalanine synthesis occurring at high 

(6 mM) or low (2 mM) Mg++concentration, as well as when the reaction was per- 

formed in two steps: preincubation at 6 mM Mg 
++ 

during which a poly(U)-ribosome 

complex was formed, followed by a second incubation after adding labeled amino 

acids with a simultaneous decrease of final Mgf+ levels to 2 mM. At this low 

Mg++ concentration no new initiation complexes can be formed since the one step 

reaction at 2 mM Me;++ showed very little or no polyphenylalanine synthesis (Fig. 3). 

Therefore under these conditions only the elongation of polypeptide chains took 
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place during the second step of the reaction. This interpretation is also sup- 

ported by the almost identical time curve obtained when the reaction was per- 

formed in two steps with ATA added at the end of the first step (Fig. 3). The 

polyKJ)-ribosome complex formed during the preincubation, although somewhat 

unstable at low Mg ‘+ levels, could be detected when radioactive synthetic poly- 

nucleotide was used and the reaction mixtures were submitted to sucrose gra- 

dient centrifugation analysis (data not shown). 

A detailed study of the two-step reaction under different conditions has in- 

dicated that uncharged tRNA must be present during the first step and that the 

initiation complex formation occurs better at 27-OC than at O-OC (Fig. 4). The 

tRNA requirement for the efficient binding of messengers to ribosomes has been 

reported previously in bacterial and eukaryotic systems (1, 12). 

The results described in this paper with wheat germ cell-free systems de- 

monstrate that a two-step reaction in which the Mg 
++ 

concentration is decreased 

after the attachment of poly(U) to ribosomes, is a simple way to inhibit polypep- 

tide synthesis initiation. Although the shift of Mg 
++ 

concentration has been re- 

ported by Shafritz et al. to distinguish the initiation of poly(U)-directed poly- 

phenylalanine synthesis either in the absence or in the presence of initiation fac- 

tors (3), this procedure has not been used so far to block the initiation step and 

to measure the elongation of polypeptide chains independently of other reactions 

involved in the translation process. 
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