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SUMMARY

The results previously obtained upon studying the Ll-23S RNA complex by the
fingerprint technique have been reexamined in the light of new data on 23S
RNA primary structure. The 23S RNA region that remains associated with the Li
ribosomal protein after RNase digestion of the synthetic complex lies between
nucleotides 2067 and 2235 from the 5'-end of the molecule. This region
contains a m7G near to the 5'-end and possesses a high degree of mutability
in E.coli. Three different sequences were observed in E.coli MRE 600. All
three sequences differ in two positions relative to the corresponding sequerne
in rrnB cistron from E.coli K12.
Striking homology is observed between the 23S RNA region associated with
protein Li and the 5'-part of Lii operon. This observation supports the model
of feedback regulation of r-proteins synthesis proposed by Yates et al.
(PNAS, 77, 1837) and strongly suggests that the region of 23S RNA located
between positions 2155 and 2202 is essential for the binding of protein LI.

INTRODUCTION

The 50S ribosomal protein Li is assumed to play an important role in ribosome

function (1,2). Yates et aZ. (3) recently showed that protein Li is the

translational repressor that regulates the synthesis of both protein Li and

Lii in the Lii operon. From their proposed explanation, every ribosome ini-

tiated at the beginning of the Lii message would continue to translate the Li

message and no independant translational initiation would take place at the

beginning of the Li message. Furthermore, initiation at the beginning of the

Lii message would be repressed by the binding of protein Li to the mRNA region

containing the initiation site. Since protein Li binds specifically to 23S RNA

under conditions of in vitro ribosome reconstitution (4,5), this model of regu-

lation of Lii operon by protein Li can be regarded as competition between 23S

RNA and protein's Lii, Ll mRNA. If this is so, one might find some structural

homology between this mRNA and the region of 23S RNA associated with protein

Li. Since, this 23S RNA region was only partially characterized using the

fingerprint technique (6,7,8), it was therefore of great interest to complete
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its identification and to compare its sequence to that of the postulated

mRNA binding region.

We recently determined 70 % of the 23S RNA nucleotide sequence using the

methods for RNA sequencing based on polyacrylamide gel electrophoresis (9)

and Brosius et al. (10) determined the complete nucleotide sequence of the

23S RNA gene from E.coli rrnB cistron present in the transducing phage
18

X rifd

In this paper, our previous results obtained on studying protein Ll-23S RNA

complex are re-examined in the light of these new sequencing data. This

investigation completes the identification of the region of E.coli 23S RNA

associated with protein Li. It reveals the presence of several microhetero-

geneities and shows the existence of sequence homologies with the region of

Lii operon corresponding to the initiation site for translation.

METHODS

This paper deals with experimental results already described in previous

papers.

1. Preparation and Ti RNase digestion of the Ll-23S RNA complex (6).
2. Fingerprint analysis of the Ti-resistant ribonucleoprotein complex (6,8).
3. Localization of the RNA region contained in the ribonucleoprotein complex

within 23S RNA molecule (11).

4. Sequence analysis of the 5'-part of this RNA region by the gel sequencing

technique (9) .

5. Obtention of this RNA region upon digestion of the 50S subunits (7) .

RESULTS AND DISCUSSION

Ti RNase digestion of the synthetic complex formed between E.coli 23S RNA and

protein Li, released three Ti-resistant ribonucleoprotein complexes which

were previously denoted 1, 2 and 3. Each of them contained a series of RNA

subfragments denoted 1 to 13 and 1'. These subfragments were previously ana-

lyzed by the fingerprint technique, and the sequences of the products obtained
by Ti and pancreatic RNases digestion were determined (6,8). These RNA sub-

fragments were found to be located in a 175 nucleotide long region, located

between nucleotides 700 and 900 from the 3'-end of 23S RNA, known as section

S (11).

A ribonucleoprotein complex containing proteins Li and L9 was released upon

Ti RNase digestion of the 50S subunit. This complex contained RNA subfragments

similar to those observed in ribonucleoprotein 2 (7).
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1. Characterization of the 23S RNA region remaining associated with protein

Li after digestion of the synthetic complex.

1.1 Identification of nucleotide sequence in the 23S RNA gene studied by
Brosius et al. (10) which correspondsto the Li-associated region of 23S RNA.

We compared the Ti-oligonucleotides from ribonucleoprotein complexes 1 and

2 (6,7), with those expected from the various regions of the 23S RNA

according to the DNA sequence established by Brosius et al. We found that the

RNA in ribonucleoprotein LI corresponds to the 23S RNA region lying between

positions 2067 and 2235 and that in ribonucleoprotein 2 to the 23S RNA region

located between positions 2083 and 2235. Figure 1 shows that most of the Ti

and pancreatic RNAases digestion products expected to be released by these

RNA regions according to the DNA structure were previously observed upon di-

gestion of ribonucleprotein 1 and 2 with these enzymes (6,7). There is never-

theless a few discrepancies. Ti oligonucleotides U-U-G {10} is expected twice

instead of once as previously described (6), and oligonucleotide U-G {17} 5

times instead of 6. These discrepancies can be explained by a base difference

at position 2203. Indeed, comparison of the fingerprints of the various RNA

subfragmentscontained in ribonucleoprotein 2 shows that our RNA had a guanine

at this position, whereas Brosius et al. observed a uracil. In addition to

this difference; Ti oligonucleotide U-A-A-U-C-C-G is expected from the DNA

sequence, instead of it we found the oligonucleotide (A-Up, 2Cp)G {13}. This

oligonucleotide can be explained by the presence in the RNA studied of a

guanine at position 2211 instead of the adenine as observed in the DNA

sequence. These two changes explain the discrepancies also observed between

the pancreatic RNase digestion products previously obtained (7) and those

expected from the DNA structure: oligonucleotides G-G-A-Cp {11}, A-A-Up {14},

G-A-Cp {151 and A-Up {17} were found with molar frequencies of 1, 1, 1 and 3

respectively instead of 2.

The existence of differencies between our RNA sequence and the DNA sequence

of Brosius et al. is not surprising since the RNA was obtained from E.coli

MRE 600 which derives from an E.coli B strain, whereas they used phage Xrifdi
which was constructed from the E.coli K12 strain (12).

1.2 Cistron heterogenei ties in the E.coli MRE 600 23S RNA region
associated with protein Li. In addition to the sequence variations mentioned

above, which are probably due to strain differences, the 23S PNA region asso-

ciated with protein Li displays cistronic heterogeneities within the E.coli
MRSE 600 strain. One of them was clearly identified previously at position
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Figure 1 : The E.coli 23S RNA region associated with protein Li. (a) The DNA
sequence encoding for this RNA region in the rrnB cistron of E.coli K12 (10),
Ti and pancreatic digestion products expected from digestion of the corres-
ponding RNA are indicated with the numbering previously adopted for the oligo-
nucleotides of ribonucleoproteins 1 and 2 (6,7). Hyphens representing phos-
phate linkages are omitted for reason of space. (b) The three possible sequten-
ces observed for the corresponding RNA region of E.coZi MRE 600, only obser-
ved changes are represented.

2132 which was found to be either adenine or uracil. In the first case, T2

oligonucleotide 6 was observed, it was replaced by oligonucleotide 6' in the

second case (6). This mutation was previously observed to be linked to another

one. Indeed, the presence of Tl oligonucleotide 6' was accompanied with the

appearance of a new Ti -oligonucleotide with the following composition:

(2Up, 2Cp)G. Re-interpretation of the fingerprints and comparison of the DNA

sequence reveal that this mutation occurs at position 2212, where the adenine
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is replaced by uracil, leading to Ti oligonucleotide U-U-C-C-G instead of

A-U-C-C-G {13}. Thus a cistronic heterogeneity exists in E.coli MRE 600 23S

RNA at position 2212, adjacent to the position 2211 where a difference is

observed between the RNA we studied and the DNA sequenced by Brosius et al.
It should be pointed out that in E.coli MRE 600 those cistrons having U at

position 2132 also have U at position 2312, which is not the case for the

gene sequence where there is U at position 2132 but A at position 2312.

Finally re-examination of our previous results reveals the existence of a

third cistronic heterogeneity in E.coli MRE 600. This one previously escaped

notice: the guanine 2083 can be replaced by another nucleotide (X), thus

Ti oligonucleotide U-m7G-A-A-C-C-U-U-U-A-C-U-A-U-A-G, which is the oligo-

nucleotide 2a from the 18S part of 23S RNA (11), is replaced by U-mr G-A-A-

C-C-U-U-U-A-C-U-A-U-A-X-C-U-U-G {26}. Due to their close properties, these

two oligonucleotides were previously confused. Re-examination of the pancrea-

tic RNase digestion products of oligonucleotide {26} indicates that X should

be an adenine. This heterogeneity explains the existence of the larger ribo-

nucleoprotein 1. Replacement of guanine by adenine at position 2083 prevents

Ti RNase cleavage at this position and therefore a longer RNA region remains

associated with protein Li after digestion of the synthetic complex. As ribo-

nucleoprotein 1 released Ti oligonucleotides 6 and 13 but not Ti oligonucleo-

tides 6' and U-U-C-C-G, even in trace amount, the cistrons bearing an adenine

at position 2083 also have adenine at position 2132 and 2312.

Therefore, 23S RNA molecules of E.coli MRE 600 present a high degree of cis-

tronic heterogeneity (1.8 %) in the region that binds protein Li. Three dif-

ferent sequences were observed (Fig. 1). One of them was present in larger

amount relative to the other two. Therefore, either it is encoded by several

cistrons, or the corresponding cistrons is expressed more frequently than the

others. Taking into account both the RNA sequences and the DNA sequence the

Li associated region of E.coli 23S RNA present a significant degree of varia-

bility (3 %).

This region of 23S RNA is probably not the only one exhibiting such variabili-

ty. Brosius et al. reported the sequence A-C-C-C-U-U-U-A-A-G-G-G between

positions 2792 and 2803, whereas we found the sequence A-C-U-C-C-U-U-G-A-G-A-G

Bram et al. (13) recently sequenced the 5'-end of the 23S RNA genes of the

rrnD and rrnX cistrons and found the latter sequence in both cistrons.

1.3 Occurrence of post-transcriptional modifications in or close to the

protein Li binding region of 23S ENA. rRNAs ctntain a limited number of

post-transcriptionally modified nucleotides (14). It is nevertheless impor-
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tant to determine their localization in the molecule since they might have

an important role. They can only be detected by direct analysis of the RNA.

Due to the cistronic heterogeneities described above it was not possible to

analyse the whole 23S RNA region associated with protein Li using new methods

for RNA sequencing. Nevertheless, using this technique we studied the nucleo-

tide sequence of the section S which contains the 60 nucleotides at the 5'-

end of the Li associated region. The sequence obtained for these 60 nucleo-

tides which was reported in a short communication (9), is identical to that

found by Brosius et al. But, according to the RNA analysis, guanine 2069 is

methylated on position 7. Figure 2L and2c give the demonstration of the

existence of this m Gp. A nucleotide of section S, which corresponds to the

second nucleotide of the Li associated region (starting from the 5'-end),

was recognized by none of the enzymes emnloyed excepted Phy I RNase (Fig. 2b).

This nucleotide creates on the sequencing gel a band deplacement characteris-

tic of the addition of a guanine (Fig. 2b). Finally, according to two-

dimensional analysis on polyacrylamide gel, this nucleotide was positiveley
charged at pH 3.5, and negatively at pH 8.3 (Fig. 2c) as should be expected

for m Gp whose N7 is protonated at pH 3.5 but not at pH 8.3.

We would like to mention, that the part of section S preceding the Li asso-

ciated region of 23S RNA, should also contain a modified nucleotide. At

position 2030, Brosius et al. reported an adenine whereas our study shows

that the corresponding nucleotide is cleaved by none of the RNases employed

(Fig. 2a). In particular, it is not cut by U2 RNase as are the other 25

adenines present in this RNA fragment. The presence of a m Ap at this posi-

tion would explain both the absence of U2 RNase cleavage on the sequencing

gel and an observation we previously made on examining the fingerprint

obtained after Ti RNase digestion of the 18S fragment of 23S RNA (15). This

fragment which contains section S has an unusual Ti RNase digestion product,

that we denoted c and whose electrophoretic mobility on DEAE paper is close

to that of A-A-G.

Therefore, in addition to the m Gp at position 2069, a second modified nucleo-

tide, likely m Ap, is present near to the Li binding region of 23S RNA at

position 2030.

Re-examination of the previous results allowed us to achieve a complete cha-

racterization of the region of 23S RNA which remains associated with protein

Li after digestion of the synthetic complex. This re-examination can also

provide information on the nucleotide sequences from the Li associated region

which are in close contact with the protein.
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2. The nucleotide sequences of the Li associated region of 23S RNA which are

in close contact with the protein.

Figure 3 represents the major RNA subfragment 1 of ribonucleoprotein 1 and

all the RNA subfragments of ribonucleoprotein 2. These subfragments extend

between positions 2067 and 2235 for ribonucleoprotein 1 and between positions

2083 and 2235 for ribonucleoprotein 2. As mentioned above, the presence of

an additional fragment in ribonucleoprotein 1 results from the impossibility

of Ti RNase cleavage at position 2083 when the nucleotide at this position

is Ap instead of Gp. So that this additional fragment should not interact

with protein Li. The protein Li binding site should be located between nucleo-

tides 2083 and 2235. The guanines 2201 and 2211 are very sensitive to Ti

RNase attack (Fig. 3). These guanines and the surrounding nucleotides should

not be in close contact with the protein.

Experiments previously made on the 50S subunits show that the interaction

between protein Li and 23S RNA should be identical in the synthetic complex

and in 'the subunit. Indeed, limited digestion of the 50S subunit released

a ribonucleoprotein complex , previously denoted II, which contains proteins

Li and L9 and a 23S RNA region slightly larger than the Li associated region

of the synthetic complex. The RNA subfragments corresponding to the region

2083-2235 were identical to those of ribonucleoprotein 2 from the synthetic

complex (7). The additional nucleotide sequence might be related to the

presence of protein L9.

3. Comparison between the Li associated region of 23S RNA and other RNA

regions found to or expected to bind this protein.

As stated in the introduction, Yates et al. proposed a model of regulation

of Lii operon by protein Li in which 23S RNA would compete with protein's Lii,

Li mRNA for the binding of protein Li. We, indeed, observed interesting homo-

logies between the nucleotide sequence preceding Lii message in the Lii

operon (16) and the sequence of 23S RNA found associated with protein Li

(Fig. 4). Stanley et aZ. (17) observed that BaciZZus stearothermophiZus 23S

RNA can bind ribosomal protein Li from E.coZi. They established a partial

nucleotide sequence of the interacting region. In Figure 4, we compare the

part of this sequence of BaciZZus stearothermophiZus 23S RNA which corres-

ponds to the E.coZi 23S RNA region displaying an homology with Lii mRNA.

Similitudes are observed between E.coli and B.stearothermophiZus 23S RNAs

at the same place where homologies are observed between E.coZi 23S RNA and

the Lii operon and the two 23S RNAs display different sequences at the places
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where E.coli 23S RNA and the Lii operon have different sequences. In other

words, these three sequences have a common pattern which is represented in

Figure 4. The occurrence of such homologies by chance in three different

sequences is highly unlikely and probably reflects the common affinity of

these three RNA regions for protein Li. The homologous region of mRNA is

located just before the initiator A-U-G. Binding of protein Li to this

region will certainly block initiation. Therefore, these observations support

the model of translational feedback regulation of r-proteins synthesis

proposed by Yates et al. (3).

We previously observed that Ti oligonucleotide A-A-A-U-A-C-U-A-C-C-A-C-C-C-U-

U-U-A-A-U-G {1} can bind 30S ribosomal protein Si (18). This oligonucleo-

tide belongs to the Li associated region, displaying an homology with the

nucleotide sequence preceding the Lii message (Fig. 4). It would be interes-

ting to check if protein Si can bind to the mRNA and therefore can control

the synthesis of proteins Li1 and Li.

The affinity of protein Li for 23S RNA is expected to be stronger than that

for the mRNA. Thus within the Li-23S RNA complex, protein LI probably inter-

acts with a larger number of nucleotides than within the postulated L1-mRNA

complex. This could explain why the part of 23S RNA displaying an homology

with mRNA does not encompass the whole 23S RNA region associated with protein

Li. On the other hand,it is possible that some of the RNA subfragments present

in the ribonucleoprotein are held by RNA-RNA interactions and therefore do

not interact directly with the protein. One point is obvious: the set of

short 23S RNA sequences located between positions 2155 and 2199 which present

an homology with the sequence preceding the Lii message in the Lii operon

should be very important for the binding of protein Li to 23S RNA. Examination

of the pattern common to both RNAs reveals that U can be replaced by C in many

places, which is not the case for A and G. It is relevant that no heterogenei-

ty was observed in the region of 23S RNA displaying the homology with the mRNA

and that this area of 23S RNA is highly protected against ribonuclease action

within the synthetic complex whereas position 2201 which is very sensitive to

Ti RNase, is located next to the 3'-end of the homologous region.
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