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SUMMARY : The specificity of RNA from free and bound polyribosomes 
for free and bound ribosomes was examined using the system for 
cell-free protein synthesis dependent on RNA. RNA from free poly- 
ribosomes can stimulate amino acid incorporation in the system 
with free ribosomes in the presence of KC1 extract from free poly- 
ribosomes, which was prepared by treatment of polyribosomes with 
0.8M KCl. Whereas RNA from bound polyribosomes can stimulate 
amino acid incorporation in system with bound ribosomes. This 
suggests that in course of protein synthesis a distinct specif- 
icity is present between messenger RNA and ribosomes. 

INTRODUCTION 

In all animal cells, polyribosomes are divided into two class- 

es by their situation; either attached to membrane of endoplasmic 

reticulum or free of membrane. It has been demonstrated that 

bound polyribosomes can synthesize exportable proteins (l-lo), 

and in secretory cells major part of ribosomes is in bound poly- 

ribosomes (11). Free polyribosomes can synthesize non-exportable 

proteins (12), and in rapidly multiplying cells most is in free 

polyribosomes. While there are numerous investigations on char- 

acteristic proteins synthesized by these two classes of poly- 

ribosomes, it has not become apparent which factor(s) is in- 

volved in the segregation of ribosomes into two classes of poly- 

ribosomes. An approach which we adopted was to examine the 

specificity of messenger RNA for ribosomes from free and bound 

polyribosomes in the course of protein synthesis dependent on RNA. 
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MATERIALS AND METHODS 

Preparation of bound and free polyribosomes Membrane-bound and 

free polyribosomes were prepared by the method of Webb et al. 

(13) - The actual procedure was described in our previous report 

(14). The pelleted polyribosomes were suspended in medium con- 

taining 0.25M sucrose, 50mM Tris-HCl, pH 7,4, 5mM MgC12, 25mM KC1 

(TKMS buffer). 

Preparation of RNA from free and bound polyribosomes RNAs were 

extracted by SDS-phenol method according to Scherrer and Darnell 

(15) and designated as bound- or free- polyribosomal RNA. 

Preparation of KC1 extract from bound and free polyribosomes 

Suspension of bound or free polyribosomes was adjusted to 0.8M 

KC1 and, after standing for 3 hr at OOC, it was centrifuged at 

150,000 g for 1.5 hr. The supernatant was dialyzed against TKMS 

buffer and designated as bound- or free-KC1 extract. 

System for cell-free protein synthesis dependent on RNA The 

supernatant used for this experiment was prepared by centrifu- 

gation of post-mitochondrial fraction at 150,000 g for 1.5 hr. 

The procedure and the reaction mixture for cell-free protein 

synthesis dependent on RNA were described in a previous paper 

(16). The polyribosomes were incubated at 37OC for 60 min t0 

convert them into monosomes and to the mixture were added RNA, 

KC1 extract and 5 FCi of 3 H-phenylalanine (spec. act. 660 mCi/m- 

mole, Daiichi Pure Chemical Co., Tokyo). At the indicated time, 

an aliquot of the reaction mixture was added to S%-trichloro- 

acetic acid (TCA) and the insoluble precipitate was collected, 

washed by centrifugation and dissolved in 0.04N NaOH after 

heating twice at 90°C for 20 min. Its radioactivity was deter- 

mined by a liquid scintillation counter with toluene-Triton 

scintillator. 
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RESULTS AND DISCUSSION 

The present experiment was carried out to examine whether RNA 

extracted from free or bound polyribosomes had the specificity 

for ribosomes and KC1 extract prepared from free or bound poly- 

ribosomes in the course of protein synthesis dependent on RNA. 

As described in our previous paper (161, messenger RNA added to 

the system for cell-free protein synthesis, in which polyribosomes 

had been converted to monosomes as completing the translation, 

could stimulate amino acid incorporation in the presence of KC1 

extract, which was prepared by treatment of polyribosomes with 

0.8M KCl. 

Fig. 1 shows the incorporation of radioactive amino acid into 

TCA precipitable materials dependent on free-polyribosomal RNA 

after free polyribosomes (a) or bound polyribosomes (b) were pre- 

incubated in the system for cell-free protein synthesis. As seen 

in Fig. 1 (a), free-KC1 extract can stimulate the amino acid in- 

corporation dependent on free-polyribosomal RNA added to the 

system with free ribosomes, but bound-KC1 extract cannot stimu- 

late amino acid incorporation in this system. Fig. 1 (b) shows 

that free-polyribosomal RNA added to the system with bound 

ribosomes cannot direct the amino acid incorporation in the 

presence of either free- or bound-KC1 extract. 

Fig. 2 shows amino acid incorporation dependent on bound- 

polyribosomal RNA in the system with free ribosomes (a) or bound 

ribosomes (b). As seen in this figure, bound-polyribosomal RNA 

can direct amino acid incorporation only in system with bound 

ribosomes in the presence of bound-KC1 extract, but not in the 

presence of free-KC1 extract, and also cannot direct amino acid 

incorporation in the system with free ribosomes in the presence 

of either. free or bound-KC1 extract. These results seem to in- 
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hcubatmn tlme(min) 

Fig. 1. Amino acid incorporation dependent on free-polyribosomal 
RNA in system with free (a) and bound (b) ribosomes. 

Free and bound polyribosomes were prepared as described 
in previous report (14). Free (a) and bound (b) poly- 
ribosomes equivalent to 1.2 mg RNA were incubated with 
supernatant in the reaction mixture as described in a 

9 revious report (16) at 37°C for 60 min, and 5 PCi of 
H-phenylalanine, 25 pg protein of free- or bound-KC1 

extract, and 50 pg of free-polyribosomal RNA were added 
and again incubated at 37OC. Final volume was 0.85 ml. 
At the indicated time, an aliquot (0.2 ml) was added to 
5% TCA and the radioactivity in hot TCA precipitate was 
determined as described in MATERIALS AND METHODS. 

o----o , amino acid incorporation in the system with 
free-KC1 extract. m , amino acid incorporation 
in the system with bound-KC1 extract. x=-----x , amino 
acid incorporation in the system without KC1 extract. 

(b) 

lncubatlon tlme(mln) 

1 
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Fig. 3. Stimulation of amino acid incorporation in response to 
the dose of KC1 extract added to the system with free (a) 
and bound (b) ribosomes. 

Reaction was carried out as described in legend to 
Fig. 1, except that KC1 extract of the indicated amount 
was added. Final volume was 0.25 ml. Reaction was 
carried out at 37'C for 60 min. o---o , amino acid 
incorporation in the system with free-KC1 extract and 
free-polyribosomal RNA. &-A , amino acid incorpo- 
ration in the system with free-KC1 extract and bound- 
polyribosomal RNA. +-----o , amino acid incorporation 
in the system with bound-KC1 extract and free-poly- 
ribosomal RNA. &----4 , amino acid incorporation in 
the system with bound-KC1 extract and bound-polyribosomal 
RNA. 

dicate that free and bound-polyribosomal RNA undergo the trans- 

lation by a distinct species of ribosomes. 

KC1 extract contains the initiation factor for protein syn- 

thesis as described in our previous paper (16). Free- and bound- 

KC1 extracts were found to have the specificity for both messenger 

RNA and ribosomes. To ascertain this further, amino acid incor- 

poration in response to the increasing dose of each KC1 extract 

Fig. 2. Amino acid incorporation dependent on bound-polyribosomal 
RNA in system with free (a) and bound (b) ribosomes 

Reaction was carried out as described in legend to Fig. 
1. o------.0 , amino acid incorporation in the system 
with free-KC1 extract. o-----o amino acid incorpo- 
ration in the system with bound-KCi extract. )c------x , 
amino acid incorporation in the system without KC1 ex- 
tract. 
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was examined, and Fig. 3 shows this result. As seen in Fig. 3 (a) 

free-KC1 extract stimulate amino acid incorporation in the system 

with free ribosomes and free-polyribosomal RNA in response to 

the added dosage, but not in the system with bound-polyribosomal 

RNA. Bound-KC1 extract can stimulate amino acid incorporation 

dependent on neither free- nor bound-polyribosomal RNA added to 

the system with free ribosomes. Bound-KC1 extract can stimulate 

amino acid incorporation only in the system with bound ribosomes 

and -RNA as shown in Fig. 3 (b). Thus, a distinct specificity 

was observed between messenger RNA, ribosomes and KC1 extract. 

However, it is not demonstrated whether initiation factor(s) 

itself contains the specificity for the binding of ribosomes to 

messenger RNA, since KC1 extract was a crude fraction which con- 

tained proteins released by treatment of polyribosomes with 0.8M 

KCl. 

We were interested on which factor(s) was involved in the 

determination of bound and free polyribosomes. The results pre- 

sented here indicate that messenger RNA from free and bound poly- 

ribosomes contains the specificity for a distinct species of 

ribosomes. Although this does not demonstrate the factor(s) 

which determines the segregation of free and bound polyribosomes, 

this appears to give a key. Shires et al. (17) reported that 

membrane-bound polyribosomes had greater affinity than free poly- 

ribosomes to smooth membrane. Recently, Rosbash (18) reported 

that messenger RNA was present as free messenger RNP-ribosome 

complex with about 120 s in size before formation of bound poly- 

ribosomes, and subsequently this complex could bind with the mem- 

brane. We have not yet found which of the ribosomes, messenger 

RNA or proteins in KC1 extract has affinity to the membrane, and 

the mechanism by which polyribosomes attach to the membrane, but 

718 



Vol. 49, No. 3, 1972 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

it appears to be certain that there exist messenger RNA and 

ribosomes which are destined to form bound polyribosomes. 
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