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Synonymous Codon Selection Controls In Vivo Turnover and Amount
of mRNA in Escherichia coli bla and ompA Genes
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A number of silent codon changes were made in two Escherichia coli genes. For the ompA gene, the replace-
ment of seven consecutive frequently used codons with synonymous infrequently used codons reduced the ompA
mRNA level and its half-life. For the bla gene, the exchange of 24 codons for the most frequently used synony-
mous codons extended the blamRNA half-life. A modification of ribosome traffic could account for these obser-
vations.

The level of expression of a gene depends on the amount
and translation frequency of its full-length mRNA. The former
is linked to promoter strength but also to mRNA turnover and
to successful completion of transcription elongation, which
may depend on transcription polarity (14). The action of
RNases, which govern mRNA stability (3, 8), requires the
substrate target to be exposed free for sufficient time. The
ribosome traffic supported by the mRNA, defined as the fre-
quency of ribosome passage and free space between consecu-
tive ribosomes, and between RNA polymerase and the first
translating ribosome, could in part control RNase activity and
polarity (6, 7, 9, 10) and thereby gene expression. Neglecting
context effects (17), the rate of translation of a given sequence
is mainly the sum of those of its individual codons, which
depend primarily on the availability of the cognate tRNAs (1,
13, 18). The rate-limiting factor of codon translation would
then be the time taken until the arrival and binding of the first
cognate tRNA, which to a first approximation is inversely pro-
portional to the cellular concentration of that tRNA (12).
These considerations suggest that substitutions of synonymous
codons might introduce changes in translation rates affecting
the ribosomal traffic and RNase accessibility to mRNA.
Here we report that in the ompA and bla genes of Esche-

richia coli, the exchange of several codons for synonymous
ones, selected for their anticipated differences in translation
rates and therefore their expected ability to modify the ribo-
some traffic, indeed greatly affected the amount and turnover
of mRNA in vivo. The strongly expressed ompA (outer mem-
brane protein A) gene of E. coli makes a rather systematic use
of ‘‘fast’’ codons (among synonymous codons having at least
two cognate tRNAs, the ‘‘fast’’ codon is the one having the
most abundant cognate tRNA). We expect that silent muta-
tions, made by substituting fast codons by synonymous ‘‘slow-
er’’ ones, would reduce the translation rate. The silent muta-
tions were made from codon 183 to 190 (see Fig. 1A), selected
because they are far from the ribosome binding site and there-
fore should not interfere with translation initiation.
Plasmid pADM1 (pSC101 replication origin) carries the

ompA gene from the PstI-AsnI fragment of pTU100 (4). The
silent mutations (fast codons 183 to 190 exchanged for synon-

ymous slow ones) (Fig. 1A) were made by the method of
Kunkel (11), resulting in plasmid pADM183-190. The E. coli
strain BRE2413 (5) (ompA), was transformed by wild-type or
mutated plasmids and grown at 378C in LB. Rifampin was
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FIG. 1. (A) Wild type (wt) and silently mutated sequences of the ompA gene,
codons 183 to 190, with the corresponding amino acid (aa) sequence. (B) Decay
of wt and silently mutated mRNAs of the ompA gene, as observed by Northern
blotting. Two bands are seen on the autoradiograms, indicated by arrows. They
correspond to two transcripts of the ompA gene, the longer one (1,470 nucleo-
tides) having initiated at the lacZ promoter located 250 bp upstream of the
normal ompA promoter in our construction and the shorter one (1,220 nucleo-
tides) starting at the latter. Only half-lives of transcripts initiated at the ompA
promoter were measured. (C) Northern blot showing the amounts of mutated
ompA mRNA (lane 2) and the wt mRNA (lane 1).
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added (500 mg/ml) to exponentially growing cells. Aliquots
were removed (at times indicated on top of the lanes in Fig.
1B), and total RNA was extracted. Hybridizations were done
with a uniformly labelled antisense RNA probe produced by in
vitro transcription of the BamHI-TaqI fragment (216 nucleo-
tides) of the ompA gene, complementary to the 39 end of the
ompA transcript. The mRNA half-life was measured by plot-
ting, on a semilog scale, the band intensities measured by den-
sitometry versus time.
The results show that at 378C, the silent mutations reduced

the half-life from 4.5 min (ompA) to 3.7 min (ompA183-190)
(Fig. 1B). The steady-state amount of mRNA was reduced to
a 70% (Fig. 1C). The half-life values are the averages from two
independent experiments and are accurate within 5 to 10 s.
It is noteworthy that, for bacteria growing in the same me-

dium, the half-life of the wild-type ompA mRNA measured at
378C (4.5 min) differs significantly from that measured at 308C
(15 min; data not shown). The latter corresponds to the half-
life measured at 308C also by von Gabain et al. (19). The
turnover of the ompA mRNA displays a strong dependence on
growth temperature (unpublished results).
In contrast to the ompA gene, the bla (b-lactamase) gene

from Tn3 contains a fair amount of slow codons. This gene
therefore offers the opportunity to examine the effect of the
introduction of synonymous fast codons on the local and global
translation rate. The bla gene of plasmid pBRDT (pBR322
deleted from EcoRI to BamHI, thus having a single promoter
transcribing the bla gene) was mutated by the exchange of
codons 104 to 138 of the bla coding sequence by synonymous,
frequent codons, yielding plasmid pBR104-138 (a gift from
Delin Zhu [20]); the sequence of bla104-138 is given in Fig. 2A.
E. coli HB101 was transformed with these plasmids and grown
at 308C in LB. Decay kinetics were measured as for the ompA
assay. For the Northern blot (Fig. 2B) an RNA probe (266

nucleotides) complementary to the 59 end of the bla tran-
script (corresponding to the SspI-AhaII fragment of pBR322)
was produced by in vitro transcription. The mRNA half-life
was 3.0 min for bla and 5.0 min for bla104-138. We measured
the bla mRNA decay at 308C to have accuracy comparable to
that of the data obtained for the ompA mRNA at 378C.
The silent mutations introduced were aimed at disturbing

the ribosome traffic. In order to estimate the contribution of
the ribosomal traffic to the mRNA stability, the latter was
measured in the extreme situation where the mRNA is free of
translating ribosomes. The antibiotic kasugamycin inhibits the
initiation of translation in E. coli without affecting its elonga-
tion (16). mRNA decay experiments in the presence of kasuga-
mycin (1 mg/ml added 1 min before addition of rifampin) using
the Northern blot technique (not shown) indicate that the
ompA and ompA183-190 mRNAs had similar half-lives (2.0
and 2.3 min, respectively, at 378C). Similar results were also
obtained with bla and bla104-138mRNAs (54 and 66 s, respec-
tively, at 308C). The absence of translating ribosomes not only
reduces the mRNA stability but also abolishes the differential
effect introduced by the silent mutations.
The results suggest that in the case of the ompA gene, ribo-

somes efficiently protect the mRNA against endoribonucle-
ases. The replacement of codons 183 to 190 by synonymous,
slow ones presumably increases the translation time of this
sequence. This could result in a queue of ribosomes just up-
stream from codon 190 and much less dense ribosome traffic
downstream. The mRNA segment 39 to codon 190 would then
be exposed to RNase digestion for extended time intervals (the
time required by the translation pause). Also, the length of the
free mRNA segment between the transcribing RNA polymer-
ase and the first translating ribosome may have become larger
downstream from codon 190. This could allow the rho factor,
which needs 70 to 80 contiguous nucleotides for interaction

FIG. 2. (A) Wild type (wt) and silently mutated sequences of the bla gene, codon 104 to 138, with the corresponding amino acid (aa) sequence. (B) Decay of wt
and silently mutated mRNAs of the bla gene, as observed by the Northern blotting. Three bands are seen on the autoradiograms, indicated by arrows. They correspond
to the three transcripts initiated at the same promoter and terminated at the three known terminators.
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(2), to find enough space and time to terminate elongation of
the mutated mRNA prematurely (14).
The rationale we propose assumes that RNases and the

transcription termination factor rho (15) could find proper
target sites in the regions of reduced ribosome traffic or poor
transcription-translation coupling.
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