
Vol. 15, No. 6, 1964 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

STIMCLATIOW OF 14GLEUCIWE IRCORPORATIOW INTO PROTEIR 

IN VITRO BY RIBOSOMAL RNA OF ESCHERICHIA COLI -- 

16. Otaka, S. Osawa and A. Sibatani 

Research Institute for Wuclear Medicine and Biology, Hiroshima 

University, Kasuml-Cho, Hiroshima, Japan. 

Received April 6, 1964 

Among RWAs of S. s, only RWA fractions to be Identified with 

messenger RWA have so far been known to stimulate the protein synthesis 

in vitro (cf. Gros et al., 1963). -- They eediment as a broad 14s peak. 

Meanwhile, ribosomal RWA has been considered only as a structural 

component of ribosomal particles, because of its failure to show any 

'messenger' activity in vitro after isolation from ribosomes (cf. Gros -- 

et&L., 1963; Lipmann, 1963; Crick, 1963). However, before we can 

safely conclude that the riboeomal RNA lacks information for protein 

synthesis, possible factors should be considered which might inactivate 

ribosomal RNA, even if the RWA carried genetic codes. One of such 

factors would possibly be the fairly well-ordered structure of ribo- 

somal RNA (cf. Spirin, 1963) which would prevent its proper attachment 

on the ribosome in a cell-free system for protein synthesis. 

We have recently demonstrated that the ribosomal particles are 

fonaed via several intermediate steps starting from a set of free 

ribosomal RIiAs with nearly the ssme sedimentation coefficients as the 

mature RWAe (Kono 8 Osawa, 1964). It has also been shown that the 

riboaomal RWA which has not yet been incorporated into mature ribosomal 

particles has a secondary structure distinct from, and probably less 

ordered than, that of mature ribosomal RWA (Mitsui et al., 1963; 

Suzuki I% Hayashi, 1964). Such a 'premature' ribosomal RWA might 
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accomodate itself properly on the ribosome and can direct the protein 

synthesis. In this note, we will report some experimental results 

which support the above view. 

Throughout this paper, RNA to be tested for stimulation of amino 

acid incorporation into protein was prepared from cells of 2. a 

B(H) subjected to our 'shift-up' culture conditions (Mitsui et al., 

1963). Advantage of using this system lies in the selective supres- 

sion of messenger RNA synthesis during the first 20 min of the shift- 

UP1 starting from the starved cells which have the minimum content of 

preformed messenger RNA. In order to accumulate the 'premature' 

ribosomal RNA by preventing the formation of mature ribosomal parti- 

cles, chloramphenicol (Car) was added at the outset of shift-up culture. 

RNA was prepared from such cells by the Method II described previously 

(Mitsui et al., 1963). 

Total FiNA prepared from cells 10 min after the shift-up or fraction 

Fig.1. Stimulation of l4Gleucine 
into protein by E. coli 16s ribo- 
somal RNA fraction - 

The RNA preparation used was Fr.11 
described in legend of Rg.3. 

I- The reaction mixture contained, in 
a total volume of 0.25 ml, 0.04 ml 
of S-30 fraction (Nierenberg and 
Matthaei,l961), 0.25 mg of g. s 
sRKA, 0.62 moles of phosphoenol 
pyruvate, 5 pg of pyruvate kinase, 
0.25 wales of ATP, 0.062 wales of 
GT 
10 5 0.1 PC of %-Lleucine (2.5 x 

cpm), each 0.05 Wales of 19 
amino acids, 86 mM of KCl, 25 mM of I I I 

0 02 0.4 0.6 0.8 
Tris buffer (pH 7.8), 12.5 mM of b& 

RNA MG 
acetate, and 6 mM of mercaptoethanol. 
Samples incubated at 37 C for 30 min, 
were deproteinised with hot 5% TCA- 
0.25% Na tungustate (pH 2). Protein 
precipitate was washed on aMillipore 
filter with TCA-tungustate. Radio- 
activity was measured in Packard Tri- 
Carb Scintillation Spectrometer. 

of 16s region (see below) thereof was active for the stimulation 

of 14C-leucine incorporation into protein in a cell-free system of 

E. s which was similar to that of Nierenberg and Matthaei (1961), 
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and Gilbert (1963). Under the conditions employed, the smount of 

FUJA added to the system was proportional to the amount of leucine 

incorporated (Fig. 1). 

In the next experiment, RIIA was prepared from the cells 0, 5, 

12, 30 and 50 min after the outset of the shift-up in the presence 

of W. Each RNA preparation was then fractionated by sucrose density 

gradient centrifugation. Following measurement of U.V. abeorbancy 

at 260 w, four fractions, Fr. I ( 2OS), Fr. II (15-2OS), Fr. III 

(7-15s) end Fr. IV ( 7s) were separately pooled as indicated in 

therighteide of Fig. 2, and the RNA was precipitated with ethanol. 

Appropriate amount of RNA for testing amino acid incorporation was 

usually obtained by 4 to 6 runs of density gradient centrifugation. 

Stimulation of 140leucine into protein was then tested for each 

fraction, and the results are illustrated in Fig. 2. All RNA fractions 

from zero time cells had no activity, In the preparations of 5 min 

and 12 min, about 45% and 35% of the activity were present in Fr. I 

and Fr. II, respectively. Therefore, 8096 of the activity resided in 

the ribosomal RNA region. The rest of the activity was recovered from 

Fr. III (messenger RNA region), while no activity was found in Fr. IV. 

It should be recalled here that at these stages of the shift-up 

culture, most of the rapidly labelled RNA had a base ratio of ribo- 

scnnal-RNA type and sedimented at nearly the same velocity as the mature 

ribosomal RNA (hlitsui et al., 1963). At 30 min, this distribution of 

activity wae changed. The activity of Fr. I and Fr. II decreased, while 

that of Fr. III increased with appearance of some activity in Fr. IV. 

At 50 min, the messenger region (Fr. III plus IV) revaled more than 

half of the activity in the total RNA preparation. At this stage, 

the labelled SNA showed a ENA-type base ratio, and sedimented predomi- 

nantly between 4s and 15s (Fig. 3; see also.Mitsui et al., 1963). 

From the above experiments, it is evident that the ribosomal RNA 

formed prior to the shift-up culture was inactive, and all the active 
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Fig. 2. Distribution of activity 
to stimulate l4C-leucine incorpo- 
ration into protein among sub- 
fractions of g. coli RNA prepared 
from cells of sh=up culture 
containing chloramphenicol 

Each three liter portion of 
shift-up culture containing 
200 p&l of CM were shaken for 
the time period indicated. The 
RNA prepared from the above cells 
were centrifuged at 25,000 rpm. 
for 15 hr in a sucrose density 
gradient (2.5 to 15%) containing 
0.1 I NaCl-0.05 M sodium acetate 
(PH 4.8), and fractions I, II, 
III and IV were obtained. RNA 
was precipitated from each 
fraction with 2 volumes of 
ethanol dissolved in 10 m?d Tris 
buffer pH 7.8), dialysed and f 
tested for its ability to sti- 
mulate 14Gleucine incorporation 
into protein. For the incuba- 
tion conditions , preparation of 
radioactive protein and radio- 
activity measurement, see legend 
of Pig. 1. 

Fig. 3. Sedimentation 

-o- 
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2 

analysis of RNA labelled for 
20 set with 3E-adenosine 
50 min after transfer to the 
shift-up medium containing 
chloramphenicol 

200 PC of 3H-adenosine were 
added to 140 ml of shift-up 

0.5 I culture containing 200 &ml 
of CM. After 20 set, cells 
were chilled and the RNA 
was prepared. Conditions of 
centrifugation were the 

0 0 ssme as in Fig. 2. After 
0 IO 20 30 measurement of optical den- 

TUBE NO. sity at 260 ma, an equal 
vol. of 20% TCA was added 
and the RNA was collected 
on a bIillipore filter for 
radioactivity measurement. 
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BNA was synthesized after the shift-up. Some newly formed RNA in the 

ribosomal ENA region was active. Since no ribosomal particles were 

formed in the presence of Cbl, the activity can not be due to the mature 

ribosomal BEA derived from ribosome, but rather to the 'premature' 

ribosomal RNA. The above view was further supported by the following 

experiment. 

From the cells taken 10 min after the shift-up culture in the 

presence of CM, Fr. I and Fr. II ENA were isolated by 6 runs of sucrose 

density gradient centrifugation. Fr. I and Fr. II were respectively 

centrifuged again. 2.3 ml fractions were collected into 12 tubes. 

Following optical density measurement, the RNA in each tube was pre- 

cipitated with ethanol, dialyzed and tested for amino acid incorporation 

into protein. From tube no. 1 to 7 in the case of Fr. I RNA, end no. 1 

to 8 in Fr. II RNA, the RNA could be collected quantitatively. No 

sufficient emount of BNA was collected from no. 8 to 12, and no. 9 to 

12 of Fr. I and Fr. II RNA, respectively, and therefore their activity 

was not tested. 

The results illustrated in Fig. 4a and b indicated that the 

activity curve for amino acid incorporation into protein coincided well 

with the optical density profile of 16s and 235 ribosomal RNA, suggest- 

ing that the active ANA was 'premature' rlbosomal ENA rather than 

messenger RNA. The higher specific activity observed in the right side 

of the curve may be due to some contamination of messenger RNA. It 

was estimated that at least 30% of the optically detectable ribosomal 

BNA in Fig. 4 should be 'premature' ribosomal ENA from the CM-particles 

(Nomura & Watson, 1959; Kono & Osawa, 1964) plus 'free' ribosomal BNA 

(Kono & Osawa, 1964). It is at present not as yet decided whether 

the active RNA was represented by RNA from CM-particles, free RNA, or 

both. 

Part of this work was conducted by E.O. and S.O. at the Institute 

of Molecular Biology, Bagoya University. JVe are indebted to Mr. S. Tani 
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Fig. 4. Distribution of activity to stimulate 14Gleucine incorporation 
into protein in the 16s and 23s ribosomal ENA region 

Six liters of shift-up culture containing 200 &ml of CM were shaken 
for 10 min. Fractions I (235 region) and II (16s region) were obtained 
by the procedure described in the legend of Fig. 2. Fr. I and II were 
recentrifuged at 25,000 rpm. for 15 and 20 hr, respectively. 2.3 ml 
fraction was collected into 12 tubes. After measurement of optical 
density, RNA in each tube was precipitated with 2 vol. of ethanol, 
dissolved in 0.5 ml of Tris buffer (pH 7.8) and dialysed. Each WA 
preparation was tested for its ability to stimulate amino acid incorpo- 
ration into protein (see legend of Fig. 1). Total activity to stimulate 
l4Gleucine incorporation by ENA in each tube was plotted in comparison 
with the distribution of CD260 of 16s (a) and 23s (b) ribosomal RNA. 

for his valuable technical assistance. The work was supported by Grants 

from the National Institutes of Health (GM 10466-01 and GM 12045-01) and 

from the Ministry of Education of Japan. 

REFERENCES 

Crick,F.H.C., in J.N.Davidson and ;Y.E.Cohn, Progress in Nucleic Acid 
Research, Vol. 1, Academic Press, New York, 1963, p.164. 

Gilbert,#., J.Mol.Biol., a, 374 (1963). 

Gros,F., Naono,S., Woese,C., Uillson,C. and Attardi,G,,In H.J.Vogel, 
V.Bryson and J.O.Lampen, Informational Macromolecules, Academic 
Press, New York, 1963, ~387. 

Kono,?d. and Osawa,S., Biochim.Biophys.Acta, in press. 

Lipmnn,F., in J.N.Davidson and ti.E.Cohn, Progress in Nucleic Acid 
Research, Vol. 1, Academic Press, New York, 1963, p.135. 

Yitsui,H., Ishihama,A. and Osawa,S., Biochim.Biophys.Acta, 76, 401, 
(1963 ) . 

573 



Vol. 15, No. 6, 1964 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Nierenberg M. and Matthaei,H.H., Proc.Natl.Acad.Sci.U.S., 47, 1588, 
(1961j. 

Romura,L. and Watson, J.D., J.Mol.Biol., 1, 204 (195'3). 

Spirin,A.S., in J.N.Davidson and 'U.E.Cohn, Progress in Nucleic Acid 
Research, Vol. 1, Academic Press, New York, 1963, p.301 

Surmki,H. and Hayashi,Y. Biochim.Biophys.Acta, submitted for publi- 
cation. 

574 


