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The tRNA fragment TpYpCpGp was found to bind to 5s RNA. This Sy: 
blnding is ten times increased when a specific 5s RNA-protein complex is 
used. The ability of Tp~pCpGp to bind to the complex could be abolished 
by selective chemical edification of two adenines in 5s RNA. Such 5s RNA, 
when incorporated into 50s ribosorrnl subunits, yielded particles with 
greatly reduced biological activities. From the results presented we 
conclude that 5s RNA is most likely part of a site with which the TYC-loop 
of tRNA interacts on the ribosome. 

Attempts to elucidate the precise function of 5s RNA in the ribosome 

have led to the following observations: 1. 5s RNA is essential for ribosomal 

activity, since 505 ribosomal subunits lacking 5s RNA were inactive when 

tested in a series of different biological assays (1). 2. One of the functions 

of 5s RNA is structural since -5s RNA ribosomal particles are lacking several 

ribosomal proteins (1). 3. The 5s RNA binding proteins were subsequently 

identified for Bacillus stearothermophilus (2) and Escherichia coli (2, 3) 

by reconstituting specific 5s ma-protein complexes from 5s RNA and 50s 

ribosomal protein components. 4. Modification of the 3'-terminal end of 5s RNA 

follawed by 50s reconstitution experiments have established that the 3'- 

terminal nucleoside of the 5s RNA is not essential for its biological function 

(4, 5). 5. Reconstitution experiments have shcwn that different prokaryotic 

5s RNAs can be incorporated in g. stearothermophilus 50s ribosomal subunits to 

' Paper No. 6 on "Structure and Function of 5s RNA". Preceding paper is 

reference 8. 
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yield biologically active particles, whilst eukaryotic 5s RUs cannot (6). 

6. Recently both, GTPase and ATPase activities have been found in association 

with specific 5S RNA-protein complexes isolated from B. stearothermophilus - 

(7, 8) and with rat liver systems (9). This enzymatic activity may implicate, 

that 5s EL4 is either at or near the peptidyl transferase center of the 

ribosome. 

It has been proposed that 5s WA interacts on the ribosome with tRYA 

during protein synthesis (10). Such proposed interaction would take place 

between the TYC-loop of tRNA and part of the CGAAC sequence of 5s Rii. 

Indeed, it has been reported that TpYpCpGp inhibits non-enzymatic binding 

of aminoacyl tRNA to ribosomes (11, 12). Recently it has also been observed 

that TpYpCpGp inhibits enzymatic binding of aminoacyl tRNA to ribosomes and 

additionally that it prevents magic spot (pppGpp and ppGpp) formation (13). 

The binding site of TpYpCpGp still remains to be identified. We decided to 

further investigate this problem by reducing the ribosome-tRHA system to 

smaller components, such as 5s RNA or 5s RNA-protein complexes and the 

tRNA fragment Tp~pCpGp. The results reported in this comrrmn ication indicate 

that TpYpCpGp weakly binds to free 5s RNA and strongly to specific 5s RNA- 

protein complexes. Selective modification of two adenines in 55 RNA prevents 

this interaction. 

Materials and Methods 

Isolation of g. stearothemphilus and 5. coli 50s and 30s ribosomal 

subunits, reconstitution of g. stearothmphilus 50s subunits and @y(U) 

directed polyphenylalanine incorporating assays were carried out as 

previously published (1). 

Chemical modification of 5s RNA with mronoperphthalic acid was performed 

as described (14-16). For details of 5s RNA modification on the ribosome 

see legends to Figure 2. The number of adenine l-N-oxides per RNA molecule 

was determined as previously reported (14-16). 5s RNA (120 nucleotides) 

contains 23 adenines per mlecule (17) and 23s RNA (3000 nucleotides) was 

estimated to contain 800 adenines per molecule (14). 

943 



Vol. 54, No. 3,1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Equilibrium dialysis and synthesis of 3 H Labeled UpUpCpG was carried 

out as described (18). Tp~pCpCp was isolated from 32 P labeled g. coli tRNA 

using essentially the method reported (12). Two-dimensional polyacrylamide 

gel electrophoresis was according to (19). 

Results and Discussion 

Reaction of monoperphthalic acid with RNA modifies non base-paired 

adenines to their l-N-oxides (14-16). Such adenine l-N-oxides are unable to 

participate in normal Watson-Crick type base pairing (16) and it was this 

reason why i+oxidized 5s RNA was used in parts of this investigation. TO 

check the importance of non base-paired adenines in 5s RNA, E. coli 5s RNA 

was N-oxidized to various extents and then checked for biological activity 

in B. stearothermophilus reconstituted SOS subunits. Figure 1 shows that 

with increasing number+ of adenine l-N-oxides per 5s RNA molecule an 

increasing amount of biological activity was lost. The inhibition curve 

reached an intermediary plateau at 45 % residual activity when an average 

of seven adenines were modified per 5s RNA molecule. Further N-oxidation of 

5s RNA yielded another decrease in poly(U) directed polyphenylalanine 

synthesis. Analysis of B. stearothermophilus reconstituted SOS riboscmes for - 

their RNA content showed, that only when more than eight adenines per 55 RNA 

had been modified, the 5s RI\IA was incorporated in less than equimolar amounts. 

Parallel with this reduced incorporation of 5s RNA the binding of the 5s RNA 

proteins decreased, such as B-L5 and B-L22, which have previously been 

identified as 5s RNA binding proteins (2). These data indicates that when 

less than eight adenines were modified per 5s RI@., its biological function 

was affected, but not its structural function. This suggests that some non 

base-paired adenines of 5s RNA are essential for ribosm1 activity. 

' The nwlbers of adenine-l-N-oxide per RNA molecule were determined 

spectrophotometrically and by base analysis (14-16) and refer to the 

average number of adenines modified. 
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TIME IMINI 

Fig. 1. Poly(U) directed polyphenylalanine synthesis activity of B. stearo- 
therrophilus SOS ribosomes reconstituted with N-oxidized E. coli 53 RNA 
modified free in solution and then incorporated in 50s su&nmM>. The 
solid square ( 8 > in the graph represents the activities obtained with 
g. coli 5s RNAs which had been N-oxidized on the g. coli 50s ribosomal 
sub= prior to incorporation into g. stearothmpas SOS subunits (see 
also Figure 2). 100 % activity (11 moles phenylalanine polymerized per mole 
SOS ribosomes) corresponds to reconstituted lJ. stearothermophilus ribosomes 
with unmodified E. coli 5s RNA. -- 
Fig. 2. Number of adenines N-oxidized per molecule RNA with respect to 
time. 5s RNA modified free in solution (-1. 235 RNA (60) 
and 5s RNA (o----6) modified with rnonoperphthalic acid in E. coli 
SOS ribosomal subunits were N-oxidized with slight modificatxon= 
previously described (14). The reaction was carried out at room tempe- 
rature in a total volume of 12.0 ml, which consisted of 6.0 ml 50s 
subunits (10 mg per ml) in TM4 I buffer (0.01 M Tris-HCl, pH 7.8, 
0.01 M MgC12, 0.03 M NH4C1, 0.006 M 6-mercaptoethanol), 0.120 ml 1.0 M 
phosphate buffer, pH 7.0, 0.06 ml 1.0 M M&12, 1.0 ml monoperphthalic 
acid (1.0 M) and 5.82 ml water. After 10, 30 and 90 minutes 4.0 ml of 
the reaction mixture was withdrawn and diluted with 20 ml TMA I buffer. 
Each sample was dialyzed against 5 liters of TMA I at goC. The rlQ?As 
were then extracted with buffer saturated phenol and separated by 
Sephadex G-100 chromatography (4). Extent of N-oxidation was deter- 
mined as previously described (14-16). 

liext, we explored the possibility to selectively modify those adenines 

in 5s RNA, which are essential for its biological activity. Therefore, 

5. coli SOS subunits were reacted with monoperphthalic acid. It was expected 

that adenines of 5s WA important for biological function, would be exposed 

and, thus, readily available for the chemical reaction. Figure 2 shows the 
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average number of adenines per 5s RNA and 23s PJti modified in the SOS 

ribosome with respect to time. The results demonstrate that only two adenines 

of 5s iilL4 were modified after 10, 30 and 90 minutes of reaction, whilst 23s 

RNA was increasingly modified over this time period. If free 5s RNA was 

modified under similar conditions seven adenine l-i&oxides were found per 

molecule RNA after 90 minutes of reaction (Figure 2). 

Employing 5s FULL, which had been modified on the ribosomal subunit, in 

50s reconstitution experiments showed that it was normally incorporated 

into the particles, but that those particles had only 45 % activity in a 

poly(U) directed polyphenylalanine synthesizing system (Figure 1). Each of 

the 5s RNA samples modified on the ribosome for 10, 30 and 90 minutes 

behaved identically. Two-dimensional polyacrylamide gel electrophoresis 

analysis of such 50s reconstituted subunits showed no loss in protein 

content, i.e. the 5s RNA binding proteins were present in normal amounts 

(data not shown). From these results we conclude that 55 RNA contains two 

non base-paired adenines which are on the surface of the ribosome and which 

are essential for the biological activity of the ribosome. 

It is worth noting that all tRNAs involved in chain elongation contain 

the sequence GpTpYpCpPup (20-21) and that all prokaryotic 5s RNAs so far 

sequenced contain the sequence CpGpApApcp (17, 22). This observation led 

Forget and Weissman (10) to propose that tRNA could possibly interact with 

5s RNA on the riboscme. To investigate this possibility the following 

experiments were carried out. The binding of the synthetic oligonucleotide 

UpUpCpG, which should be an analogue of TpYpCpGp, to 5s RNA was measured by 

equilibrium dialysis. Table 1 shows that UpUpCpG weakly binds to E. coli 

5s RNA. This binding is significantly increased with specific 5s RNA-protein 

complexes. Selective modification of two adenines per 5s RNA drastically 

reduces binding (Table 1). Similar results, but with significantly higher 

binding constants, were obtained when UpUpCpG was replaced by TpYpCfip 

(Table 1). Again the 5s N&protein complex showed nearly a ten fold higher 

946 



Vol. 54, No. 3,1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table 1 

Molar association constants of oligonucleotides with 

g. coli 5s XNA and 5s RNA-protein complexes at -2OC in 

0.35 M KCl, 20 n-U MgC12, 30 mM Tris-HCI buffer pH 7.4. 

Oligonucleotide 

5s RNA UPWPG 3 loo 
5s RXA (N-ox) UPWPG 1 500 
5s RNA-protein UPWPG 22 000 

5s RNA TPW~GP 8 300 
5s RNA (N-ox) TP'WWJP 5 000 
5s RNA-protein TP'WWP 12 000 
5s RNA-protein (N-ox) TPW~GP 2 000 

affinity for the oligonucleotide than 5s RNA itself. This suggests that 

binding of specific proteins to 5s RNA changes the conformation of the RNA. 

It seems, therefore, advisable to treat all studies on the secondary or 

tertiary structure carried out with free 5s RNA with caution, since they 

may not be relevant to the native structure of 5s RJA in the ribosome. 

Again modification of two specific adenines in 5s RNA severely decreased 

the K-value of the tRNA fragment (TpYpCpGp). That modification of 5S RNA 

decreases the oligonucleotide binding in the complex shows that it binds 

to the RNA and not to the protein. 

From the results presented here we conclude the following: 1. The 

structure of 5s FW free in solution differs from that in specific 5s Ri- 

protein complexes. 2. 5s RNA contains two adenines which are involved in 

binding of Tp~pCpGp. 3. These two adenines of SS RNA are on the surface of 

the ribosome and are essential for riboscmal activity. 

It seems most likely that tRNA interacts with its TW-loop with 5s FW, 

on the ribosome. This would represent for tRNA a third site of binding, 
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besides the anticodon and CC&end. We would like to propose that the presence 

of the TYC-loop in tRX4 has been selected for adding specificity to its 

binding on the ribosome, i.e. that sequences such as UpUpCpGp would be less 

effective competitors. 
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