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Abstract Structural analyses have shown that nucleotides at
the positions 770 and 771 of Escherichia coli 16S rRNA are
implicated in forming one of highly conserved intersubunit
bridges of the ribosome, B2c. To examine a functional role of
these residues, base substitutions were introduced at these
positions and mutant ribosomes were analyzed for their
protein synthesis ability using a specialized ribosome system.
The results showed requirement of a pyrimidine at the
position 770 for ribosome function regardless of the nucleotide
identity at the position 771. Sucrose gradient profiles of
ribosomes revealed that the loss of protein-synthesis ability of
mutant ribosome bearing a base substitution from C to G at
the position 770 stems from its inability to form 70S ribosomes.
These findings indicate involvement of nucleotide at the position
770, not 771, in ribosomal subunit association and provide a
useful rRNA mutation that can be used as a target to investigate
the physical interaction between 16S and 23S rRNA.
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The ribosome is a ribonucleoprotein complex composed of
two unequally sized subunits. Ribosomal RNAs (rRNAs)
account for two-thirds of the ribosome and form the core
of subunits, which are stabilized by RNA-RNA interactions
in addition to RNA-protein interactions [1, 18, 19, 27].
They are responsible for most, if not all, catalytic reactions
in protein synthesis that include mRNA selection, decoding
the genetic information, formation of peptide bonds, nascent
peptide release, GTP hydrolysis, etc. (reviewed in [15]).
Nucleotides of rRNA in intersubunit contacts have been
detected by chemical footprinting [2, 6, 12] and chemical
cross-linking [13]. Structural studies further defined
intersubunit bridges that involve protein-RNA and protein-
protein interactions, in addition to RNA-RNA contacts in
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ribosomes derived from different microorganisms [3, 4,
20, 22, 23]. Some of these bridges made of RNA-protein
and protein-protein contact are often broken and rearranged
during specific steps in protein synthesis [5, 16, 24, 26].
These dynamic movements of the intersubunit bridges
have been proposed to play a role in translocation of
tRNAs during elongation step and dissociation of subunits
in termination step. The model of Yusupov et al. [28]
presents 12 intersubunit bridges that seem to be largely
conserved in all living organisms [4, 22]. The intersubunits
located in the central areas encompassing the decoding
center in the small subunit (SSU) and the reaction center in
the large subunit (LSU) contribute more than 80% of the
individual intersubunit contacts [4]. Most of the identified
intersubunit contacts based on structural analyses involve
RNA and one of highly conserved intersubunit bridges of
the ribosome, B2c, involves residues C770, G771, C899,
G1514, and G1515 of 16S rRNA, C1832 and C1833 of
23S rRNA, and Mg ion [20, 21]. However, involvement of
these residues in ribosomal subunit association was
indicated only based on the structural analyses and their
function in protein synthesis has not been characterized. In
the present study we investigated a functional role of
residues C770 and G771 of 16S rRNA in protein synthesis
using a specialized ribosome system [9-11].

MATERIALS AND METHODS

Strains and Plasmids

All plasmids were maintained and expressed in Escherichia
coli DH5a.. Cultures were maintained in LB containing 100 pg
of ampicillin ml™" (LB-Ap100). To induce the synthesis of
plasmid derived rRNA from the lacUV5 promoter, IPTG
was added to a final concentration of 1 mM.

Mutations were introduced at the positions 770 and 771
by cloning PCR products containing N (A, C, G, or T) at
the positions 770 and 771 into pRNA122 plasmid [9-11]
using Bglll and Dralll sites. A recombinant PCR method



[7] was used to create mutations and the primers used
are 16S-537F (5-GGAGGGTGCAAGCGTTAATCGGAA),
N770N771 (5'-ATCTAATCCTGTTTGCTCCCCANNCT-
TTCGCACC), 777F (5-AGCAAACAGGATTAGATACC)
and ASD-B (5-GGCGACTTTCACTCACAAAC).

Minimum Inhibitory Concentration (MIC)

MICs were determined as previously reported [9]. Briefly,
overnight grown cultures in LB-Apl00 were diluted and
induced in the same medium containing 1 mM IPTG for 2-3 h.
Approximately 10* of the induced cells were then added to wells
containing LB-Ap100+ and 1 mM IPTG and chloramphenicol
at increasing concentrations. Cultures were grown for
24 h, and the lowest concentration of chloramphenicol that
completely inhibited growth was determined as the MIC [8].

Protein and RNA Work

Cultures were grown to ODg,, of 0.1 and 1 mM IPTG was
added to induce the synthesis of pRNA122-ribosomes.
Culture samples were harvested two hours after induction
to obtain total protein or RNA. The relative abundance of
protein bands was quantified using Versa Doc imaging
system (Bio-Rad) and Quantity One (ver. 4.5.1; Bio-Rad).
30S and 70S ribosomes were isolated from 400 ml of cells
grown in the same way described above by the method
of Powers and Noller [14]. The ratio of plasmid to
chromosome-derived rRNA in total RNA was determined
by a modified primer extension [9, 17] by annealing the
end-labeled primer 16S 793R (5'-ATCTAATCCTGITTG-
CTCCC) complementary to the 770 mutation site and
extending through the mutation site using AMV reverse
transcriptase. The extension reaction contained a mixture
of dATP, dCTP, dTTP, and ddGTP. The synthesized
cDNAs were resolved by PAGE and the ratios of mutant to
non-mutant tfRNA were determined by comparing the
amount of radioactivity in each of the two bands.

RESULTS AND DISCUSSION

Genetic Analysis of Site-directed Mutations Constructed
at the Positions 770 and 771 of 16S rRNA

To verify the RNA-RNA interactions that constitute
intersubunit bridges identified by structural analyses, site-
directed mutations were constructed at the positions 770
and 771 of 16S rRNA gene in a specialized ribosome
system and the protein-synthesis ability of mutant ribosomes
was measured. These sites were chosen because functional
analyses of the residues have not been previously done and
the intersubunit bridge B2c that they are involved to form
is mainly composed of RNA-RNA interactions. In the
specialized ribosome system we utilized, the chloramphenicol
acetyltransferase (CAT) reporter message was translated
exclusively by plasmid-derived ribosomes that cannot translate
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Fig. 1. Functional analysis of mutations constructed
positions 770 and 771 of 16S rRNA in pRNA122.

A. Nucleotide identities are indicated in the order of 770 and 771, and
mutations are underlined. B. Western blot analysis of CAT protein
synthesized in E. coli cells expressing pRNA122 ribosomes bearing
mutations at the positions 770 and 771 of 16S rRNA. Cultures were grown
to ODgy of 0.1 and 1 mM IPTG was added to induce the synthesis of
pRNA122-ribosomes. Culture samples were harvested at ODg,, of 0.6 to
obtain total protein. The same membrane probed with anti-CAT polyclonal
antibody was stripped and reprobed with anti-S1 polyclonal antibody. The
relative abundance of protein bands was quantified by setting the amount
of CAT protein produced by wild-type pRNA122 ribosomes as one. The
experiments were repeated three times and averaged. Standard error of the
mean (£numbers) is used to indicate the range of the assay results.
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normal cellular messages [9-11, 25]. Thus, the level of
function of plasmid-derived mutant ribosomes could be
assayed in vivo by growing clones in the growth media
containing different levels of chloramphenicol and determining
the minimal inhibitory concentration (MIC).

The results showed that a base substitution from C
(wild-type) to U at the position 770 (C770U) resulted in
mildly deleterious effect (MIC=500) whereas a change to a
purine resulted in moderately (C770A, MIC=400) or strongly
deleterious effect (C770G, MIC=150) on ribosome function,
indicating that a pyrimidine (C or U) at the position 770 is
required for ribosome function (Fig. 1). A base substitution
at the position 771 had no effect (MIC of G771A=600) or
mildly deleterious effect (MIC of G771C and G771U=500
and 550, respectively) on the protein synthesis ability of
the ribosome. A single mutation at each of the positions showed
a negative effect to each other on ribosome function since cells
expressing mutant ribosomes bearing a double mutation at these
positions exhibited a lower MIC compared to those expressing
mutant ribosomes bearing a corresponding single mutation.

Analysis of Protein Synthesis Ability of Mutant Ribosomes
To confirm that the degree of resistance to chloramphenicol
(Cm) correlates with the amount of CAT protein synthesized
by mutant ribosomes, Western blot analysis was performed
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Fig. 2. Effects of a base substitution at the position 770 of 16S rRNA on ribosomal subunit association.

A. Sucrose gradient profiles of ribosomes prepared from cells expressing pPRNA122-C770G or -C770U. Positions of 308 subunits, 50S subunits, and 70S
subunits are indicated by arrowheads. B. Schematic representation of modified primer extension method. C. Distribution of plasmid-derived mutant 16S
rRNA. The 30 nucleotide-long DNA fragments synthesized from plasmid-derived mutant rRNA and the 24 nucleotide-long DNA fragments synthesized
from chromosome-derived wild-type rRNA are indicated. In lane P, sample from extension reaction carried out without RNA was loaded.

using polyclonal antibodies to CAT. As shown in Fig. 2B,
there was a good agreement between them showing that
mutant ribosomes lost their ability to synthesize CAT
protein at different degrees resulting in different levels of
resistance of cells expressing mutant ribosomes to Cm.
Mutant ribosomes bearing a substitution at the position
771 still retained more than 85% of protein synthesis ability
of wild-type ribosomes, indicating that, inconsistent with a
conclusion drawn from the crystal structure of the ribosome
[20], the residue C771 is unlikely to be involved in the
intersubunit bridge, B2c, for ribosomal subunit association.

Effects of a Base Substitution at the Position 770 on
Ribosomal Subunit Association

Based on structural analyses of others and our results, we
speculated that mutant ribosomes bearing a base substitution
to a purine residue at the position 770 have a defect in
ribosomal subunit association and consequently lost their
protein-synthesis ability. To test this hypothesis, mutant
ribosomes bearing a base substitution at the position 770
were purified using a sucrose gradient and analyzed for
their ability to form 70S ribosome. C770U and C770G
mutations were chosen for this experiment because
ribosomes bearing C770U and C770G showed the highest
and lowest protein synthesis function, respectively among
mutant ribosomes with a point mutation at this position.
Sucrose gradient profiles of mutant ribosomes prepared
from cells expressing 16S rRNA bearing C770G (16S-
C770G) showed an increased abundance of 30S subunits
compared to those from cells expressing 16S-C770U.

Primer extension analysis of the C770G mutant showed
that the mutant 16S TRNA was prevalent in the 30S peak
(~45%) and was notably underrepresented in peaks of 708
ribosomes (~6%), indicating that perturbed ribosomal
subunit association is the primary cause of inhibition of
translation. A moderately deleterious mutant (C770U)
showed a moderate decrease in the amounts of 70S
ribosomes (~29%) compared to free 30S subunits (~36%),
whereas it has been previously shown that wild-type rRNA
synthesized from pRNAI122 constitutes approximately
40% of both free subunits and 70S ribosomes [10].

Taken together, the present study demonstrates that the
residue C770, not G771, is involved in ribosomal subunit
association and a mutated residue at 770 can be used as a
target to investigate the physical interaction between 16S
and 23S rRNA in ribosomal subunit association.
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