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SUMMIRY: From the studies on the s,permidine stimulation of poly- 
phenylalanine synthesis catalyzed by E. coli 50s and reconstituted 
30s particles containing 16s RNA and 30s ribosomal proteins from 
E. coli and B. thuringiensis in different kinds of combinations, it 
is concluded that 165 RNA is mainly responsible for the stimulation 
of polypeptide synthesis by spermidine. 

In various cell-free systems, it has been reported that poly- 

amines have not only a sparing effect on the wig'+ requirement for 

polypeptide synthesis but also a stimulating effect, which can not 

be fulfilled by any amount of Mg2+ (l-8). Polyphenylalanine synthe- 

sis with E. coli ribosomes was stimulated about 2-fold by SPD, while 

that with B, thur. ribosomes was stimulated about 5-fold by SPD (9). 

From the results of experiments determining polyphenylalanine syn- 

thesis catalyzed by reconstituted systems containing different com- 

binations of 30s and 50s ribosomal subunits from E. coli and 

B. thur., it was concluded that 30s ribosomal subunits are res.pon- 

sible for the stimulation of polypeptide synthesis by SPD (10). In 

this communication, we present data showing that 16s RNA is mainly 

responsible for the stimulation of polypeptide synthesis by SPD. 

MATERIALS AND METHODS 

Materials - Dialyzed ribosomes from E. coli Q13 and B. thur. 

Abbreviations: SPD, s,permidine; B. thur., Bacillus thuringiensis. 
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and Sephadex G-50 treated SlOO from E. coli CL13 (S-SlOO) were ,pre- 
pared as described previously (3,9). The preparation of ribosomal 
subunits (30s and 50s) was carried out according to the procedure 
of Igarashi and Kaji (11) using Hitachi RPZ48T zonal rotor. The 
subunits were pelleted by centrifugation at 150,OOOg for 20 hr. 
The pellets were resuspended in Buffer I (10 mM Tris-HCl, pH 7.5, 
30 mIvl NH4C1, 10 mM magnesium acetate, and 6 MI 2-mercaptoethanol) 
and stored at -700 until used, E. coli and B. thur. 16s RNA was 
prepared from 70s ribosomes by the method of Nomura et al, (12), 
exce.pt that macaloid was used instead of bentonite. The total 30s 
proteins of E. coli and B. thur. were prepared from 30s ribosomal 
subunits by the method of Nomura et al. (12). E, coli Sl protein 
and Sl-depleted ribosomes were prepared according to the procedure 
of Tal et al. (13). One major and two minor bands were observed by 
polyacrylamide disc gel electrophoresis in our Sl preparation. 
Immobilized enzymes (Sepharose 4B-RNase A and Sepharose 4B-chymo- 
trypsin) were prepared as described previously (14). About 1.0 mg 
of each enzyme was immobilized by 1.0 ml of Sepharose 4B. 

Reconstitution of "30s" particles and procedures for polyphenyl- 
alanine synthesis - The reconstitution of 30s particles was performed 
according to the procedure of Traub et al. (15) with the following 
modifications: 1) the RNA solution (30 A260 units) was preheated at 
420 for 7 min; 2) the mixture was incubated at 42O for 20 min; and 
3) the mixture contained 14 miM magnesium acetate and 6 n&i SPD instead 
of 20 mm magnesium acetate when 16s RNA of B. thur. was used for the 
reconstitution of 30s particles. Polyphenylalanine synthesis was 
carried out as described previously (3) except that ribosomes or 
ribosomal subunits were used as specified in the tables. 

RESULTS 

Determination of the component of 30s ribosomal subunits res- 

ponsible for the SPD stimulation of polyphenylalanine synthesis - 

The effect of SPD on polyphenylalanine synthesis was studied by 

using E. coli 50s and 30s .particles reconstituted in various combi- 

nations from 16s RNA and total 30s proteins prepared from E. coli 

and B. thur. ribosomes. As shown in Table 1, polyphenylalanine 

synthesis was stimulated about Z-fold by SPD with 30s particles 

reconstituted from E. coli 16s RNA and either E. coli or B. thur. 

.proteins. In contrast, if the 16s RNA of the reconstituted particles 

were of B. thur. orgin, the polyphenylalanine synthesis was stimu- 

lated about 3.4-fold and 3.9-fold, when the proteins were of E. coli 

and B. thur. orgin, respectively. In all of these combinations, 

the 165 RNA a.ppears to be the controlling factor for the stimula- 

tion. Thus, these results suggest that 16s RNA is mainly responsi- 
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Table 1. Activity of reconstituted 30s .particles containing 

different combinations of 16s RNA and 30s proteins 
from E. coli and B. thuringiensis 

Source of Ions [14C]Phenyl- Stimulation 
Expt. 30s particles (mlV1 ) alanine by SPD 

No, 16s RNA Proteins 
incor,porated 

Mg 2+ SPD (c,pm) (-fold) 

E8 E 13 6 i 2992 6270 2.10 

E Bb 15 1 8 i ;E 2.16 

B E 18 - 2009 8 6 6843 3.41 

B B 18 
9 

; 2050 
8309 

4.05 

E E 12 2915 8 ; 5159 1.77 

E B 12 
2 8 ; 

681 
1253 

1.84 

B E 14 1515 8 6 5076 3.35 

B B 16 - 1063 8 6 4104 3.86 

a: E. coli, b: B. thurinaiensis, 

The reaction mixture (0.1 ml) for polyphenylalanine synthesis 
contained 0.25 A260 unit of reconstituted 30s particles and 0.4 
A260 unit of E. COli 50s subunits. Ions specified in the table 
were at the optimal concentrations for polyphenylalanine synthesis. 

ble for the stimulation of poly,phenylalanine synthesis by SPD. 

In addition, SPD increased the yield of reconstituted 30s particles 

containing B. thur. 16s RNA (Table 2). The 30s particles reconsti- 

tuted in the presence or absence of SPD showed almost equal specific 

activity for poly,phenylalanine synthesis (Table 2) and each prepara- 

tion sedimented at about 30s (data not shown). SPD did not have 

any effect on the yield of reconstituted 30s garticles containing 

E. coli 16s RNA, 
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Table 2. Effect of spermidine on the reconstitution of 30s 

particles containing B. thuringiensis 16s RNA 

Ionic conditions Yield of 30s Activity of 30s ,particles 
during particles reconstituted from B. thur. 

reconstitution (A260 unit) 16s RNA and 30s proteins of 
(MI) B. thur. 

Source of 30s 

K+ ws 
2+ SPD proteins Ions (mM) [14C]Phenyl- 

E. coli B. thur, alanine 

e 
2+ SPD incorporated 

(cpm) 

- 330 20 - 12.8 14.4 18 1207 
9 6 5590 

330 17 3 15.6 16.7 18 6 1342 
9 5896 

6 20.4 18 - 330 14 19.0 1282 
9 6 5729 

The reaction mixture (8.5 ml),containing 30 A260 units of preheated 
B. thur. 16s RNA and 40 equivalents of E. coli or B. thur. total 30s 
ribosomal proteins, was incubated for 20 min at 420 under different 
ionic conditions as specified in the table. The reaction mixture was 
cooled to 4O and concentrated by centrifugation at 50,000 rpm for 3.5 hr 
in a Hitachi fixed-angle rotor 65. The pellet was dissolved in 0.25 ml 
of Buffer II (10 mM Tris-HCl, pH 7.5, 30 mill NH4C1, 0.3 mm magnesium 
acetate, and 6 mill 2-merca.ptoethanol), and the solution was centrifuged 
for 10 min at 30,000 g. The IVig2+ concentration of the 30s particles 
solution was adjusted to 10 m&l, and absorbance at 260 nm was measured, 
Polyphenylalanine synthesis was carried out as described in the legend 
of Table 1. 

Effect of RNase A and chymotrypsin on the SPD stimulation of 

polyphenylalanine synthesis - In Experiment 1 in Table 3, RNase A 

or chymotrypsin was added to the reaction mixture. Although the 

content of poly(U) in the reaction mixture was decreased by the 

addition of RNase A, the content of poly(U) in the presence or 

absence of SPD did not change significantly in these experiments 

(data not shown). In Experiment 2, 30s subunits were pretreated 

with immobilized enzymes and then polyphenylalanine synthesis was 

performed in the presence of 50s subunits. In both experiments, 

the stimulation of polyphenylalanine synthesis by SPD was decreased 
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Table 3. Effect of RNase A andti-chymotrypsin on the stimulation 
of polyphenylalanine synthesis by spermidine 

RNase A Ions(mlvl) [14C]Phenylalanine Stimulation 
-et. or incor,porated by SPD 
No. o(-chymotrypsin Mg2+ SPD (c.pm) (-fold) 

14 
7 ;I 

0.01 
RNasea ng 

14 
7 i 

1 0.02 ng 14 7 4. 

Chymo. .0.5 ng 
14 

7 ;; 

1 Pi3 14 7 ;I 

9516 
20488 
4748 
7552 
1648 
2784 

;:z 
2820 
5796 

2.15 

1.86 

1.69 

2.07 

2.06 

14 7507 
7 ; 15429 2.06 

10 ul 14 ; 3824 RNaseb 7 6908 1.81 

30 Pl lsj: ; 1912 2716 1.42 2 

20 pl 1; ; 3186 6266 1.97 Chymo.b 

60 ~1 14 ; 1775 7 3397 1.91 

a: Free enzyme, b: Immobilized enzyme, 
In Experiment 1, the reaction mixture (0.1 ml) for polyphenylalanine 
synthesis contained 0.75 A260 unit of E. coli ribosomes and RNase A 
i;;gm;nlTeype 1-A) orp(-chymotrypsin~(Sigma, Type II) as specified in 

In Experiment 2, E. co11 30s subunits (12 A260 units in 
0.45 ml 0: Buffer. I) were incubated at 30° for 10 min with immobi- 
lized enzymes as specified in the table, The immobilized enzymes 
were removed by centrifugation for 10 min at 20,000 g, and the enzyme- 
treated 30s subunits were used for the assay of poly,phenylalanine 
synthesis after the dialysis against Buffer I for 2 hr. The reaction 
mixture (0.1 ml) contained 0.3 A260 unit of the enzyme treated 30s 
subunits and 0.5 A260 unit of E. coli 50s subunits. Ions specified 
in the table were at the optimal concentrations for poly,phenylala- 
nine synthesis. 

by RNase A but not by chymotrypsin. These results again indicate 

that 16s RNA is mainly responsible for the stimulation of polyphe- 
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Table 4. Effect of E. coli Slprotein on the stimulation of 

polyphenylalanine synthesis by spermidine 

Ribosomes Ions (mM) ['" J C Phenyl- Stimula- 
alanine tion by 

0. 

MgL+ SPD 
incorporated SPD 

(cpm) (-fold) 

13 - E. coli Sl-depleted ribosomes 7 _ 

E. coli Sl-depleted ribo. +Sl "g 4. 

E. coli ribosomes 

E. coli ribosomes +Sl 

B. thur. ribosomes 

B. thur. ribosomes +Sl 

6.02 

1966 
11466 5.83 

The reaction mixture (0.1 ml) for poly,phenylalanine synthesis contained 
0.75 A260 unit of the kind of ribosomes specified in the table. 
Where indicated, 3.2 ug of Sl protein were added to the reaction mixture. 
Ions specified in the table were at the optimal concentrations for 
poly,phenylalanine synthesis. 

nylalanine synthesis by SPD. 

Effect of E. coli Sl protein on the SPD stimulation of polyphe- 

nylalanine synthesis - It has been reported that 30s subunits from 

Bacillus genus lacks a protein equivalent to E. coli Sl protein 

(16,171. As stated before, the degree of SPD stimulation of poly- 

phenylalanine synthesis with 30s subunits reconstituted from 

B. thur, 16s RNA and B. thur. proteins was greater than the stimu- 

lation of 30s particles reconstituted from B. thur. 16s RNA and 

E. coli proteins. Therefore, we examined the possibility that Sl 

protein decreases the stimulatory effect of polyphenylalanine syn- 

thesis by SPD. As shown in Table 4, til proein did not alter the SPD 

stimulation of polyphenylalanine synthesis with d. coli Sl-depleted 
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ribosomes or B. thur. ribosomes. However, the Sl protein did increase 

the polyphenylalanine synthetic activity of each kind of ribosomal 

preparation. These results suggest that Sl protein is not concerned 

with the SPD stimulation of polypeptide synthesis, 

DISCUSSION 

The data presented show that 165 RNA is mainly responsible for 

the stimulation of polyphenylalanine synthesis by SPD. However, we 

can not completely deny the possible involvement of 30s proteins in 

the SPD stimulation of polyphenylalanine synthesis, since the degree 

of SPD stimulation of polyphenylalanine synthesis with 30s subunits 

reconstituted from B. thur. 16s RNA and B. thur. proteins was grea- 

ter than that with 30s ,particles reconstituted from B. thur. 16s 

RNA and E. coli proteins, The low activity of 30s particles recons- 

tituted from E. coli 165 RNA and B. thur. proteins com,pares with 

the very low activity reported earlier for 30s particles reconsti- 

tuted from E, coli 16s RNA and B. stearothemophilus proteins (12). 

If one could obtain more active 30s ,particles reconstituted from 

E. coli 16~ RNA and B. thur. proteins, it might be elucidated as to 

whether or not 30s proteins are also responsible for the stimula- 

tion of polyphenylalanine synthesis by SPD. In this respect, it is 

of interest to mention that the inability to translate the coat 

cistron of RNA phage R17 protein with B. stearothermophilus 30s 

subunits has been attributed to both 16s RNA and S12 protein (18). 

However, contradictory results have been reported (l9,20). 

It is also of interest that the yield of reconstituted 30s 

particles containing B. thur. 16s RNA was increased if the recon- 

stitution process was conducted in the presence of SPD. The effect 

of SPD became greater when the tem,perature of the incubation for 

reconstitution was decreased from 42' to 40'. There is a report 

that SPD may facilitate the recontitution of E. coli 50s ribosomal 
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subunits (21). Therefore, polyamines may play a role not only in 

protein synthesis but also in the biosynthesis of ribosomes in some 

kinds of bacteria. 
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