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mRNA stabilization by the ompA 59 untranslated
region: Two protective elements hinder distinct
pathways for mRNA degradation

TODD E. ARNOLD,1,3 JEANNE YU,1 and JOEL G. BELASCO 1,2

1Department of Microbiology and Molecular Genetics, Harvard Medical School, Boston, Massachusetts 02115, USA
2Skirball Institute of Biomolecular Medicine, New York University Medical Center, New York, New York 10016, USA

ABSTRACT

The 59 untranslated region (UTR) of the long-lived Escherichia coli ompA transcript functions as an mRNA stabilizer
that can prolong the cytoplasmic lifetimes of a variety of messages to which it is fused. Previous studies have
identified two domains of this 5 9 UTR that together are responsible for its stabilizing effect. One is a 5 9-terminal
stem-loop. The other is a single-stranded RNA segment (ss2) that contains a ribosome binding site highly comple-
mentary to 16S ribosomal RNA. Here we report a detailed investigation of the function of these two stabilizing
elements. Our data indicate that mRNA protection by a 5 9 stem-loop requires no sequence features or thermodynamic
stability beyond the minimum necessary for stem-loop formation. Stabilization by ss2 appears to result not from a
high frequency of translation initiation, but rather from a high degree of occupancy of this 5 9 UTR segment by bound
ribosomes. Although close spacing of translating ribosomes is not critical for message stabilization by the ompA 59
UTR, mRNA longevity does require the periodic passage of ribosomes through the protein-coding region. Unlike
bound ribosomes, which hinder mRNA cleavage by RNase E, the 5 9 stem-loop appears to impede degradation of
ompA mRNA via a distinct pathway that is RNase E-independent. These findings imply that the ompA 59 UTR prolongs
mRNA longevity by impeding multiple pathways for mRNA degradation.
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INTRODUCTION
Messenger RNA degradation is an important genetic
regulatory mechanism that allows cells to adapt their
patterns of protein synthesis rapidly in response to
changing environmental conditions+ Although the im-
portance of this means of gene regulation has been
recognized for some time, only recently has significant
progress been made in characterizing the cis-acting
RNA elements that control decay rates and the trans-
acting cellular proteins that carry out the degradative
process+

In Escherichia coli, mRNA degradation is generally
thought to involve the combined action of endonu-
cleases and 39 exonucleases (reviewed in Belasco &
Brawerman, 1993)+ For most mRNAs that have been
examined, it appears that degradation begins with en-

donucleolytic cleavage+ The principal endonucleases
known to participate in mRNA decay in E. coli are RNase
E and, less frequently, RNase III+ Two functionally re-
dundant 39 exonucleases, polynucleotide phosphory-
lase (PNPase) and RNase II, then act to degrade the
RNA fragments generated by endonucleolytic cleav-
age+ (No 59 exoribonuclease activity has yet been iden-
tified in any prokaryotic organism+)

Despite recent progress in identifying many of the
protein factors that influence mRNA degradation in E.
coli, it is still not clear what governs the disparate rates
at which these enzymes degrade different mRNAs+ To
shed light on this question, we have conducted studies
to identify the cis-acting elements that determine mRNA
lifetimes in E. coli+ These investigations have focused
on elucidating the basis for the unusual longevity of the
E. coli ompA transcript+ This transcript, which encodes
an abundant outer membrane protein (OmpA), is among
the most long-lived mRNAs in E. coli+ Its half-life of
15–20 min at 30 8C far exceeds the 2–3 min half-life of
the average E. coli message (von Gabain et al+, 1983)+
The exceptional longevity of the ompA transcript ap-
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pears to be a consequence of its 133-nt 59 untranslated
region (UTR), which can prolong the lifetime of a vari-
ety of heterologous mRNAs to which it is fused (Be-
lasco et al+, 1986; Emory & Belasco, 1990; Hansen
et al+, 1994)+ This property indicates that the ompA 59
UTR contains elements that can protect mRNA from
degradation via one or more major pathways in E. coli+

We have determined the secondary structure of the
ompA 59 UTR (Fig+ 1), and by deletion analysis, we
have identified two distinct structural domains within
this RNA segment that contribute to its stabilizing effect
(Chen et al+, 1991; Emory et al+, 1992)+ One is a 59-
terminal stem-loop structure (hp1), whose precise de-
letion accelerates ompA mRNA degradation about
threefold (Emory et al+, 1992)+ The protective effect of
this stem-loop does not depend on its having a partic-
ular sequence or shape, as a large heterologous stem-
loop can act as an effective substitute+ In contrast, the
proximity of hp1 to the 59 end does seem to be impor-
tant for its efficacy in mRNA stabilization+ Although the
ribonuclease impeded by this ompA stem-loop has not
been identified, it appears not to be a 59 exonuclease
(Emory et al+, 1992)+ Presumably, the presence of a 59
stem-loop inhibits mRNA cleavage somewhere down-
stream by an E. coli endonuclease or 39 exonuclease+
More recently, 59-proximal stem-loops have been shown
to play an important role in stabilizing a number of
other prokaryotic RNAs as well (Bouvet & Belasco,
1992; Heck et al+, 1996; Matsunaga et al+, 1996b)+

The other stabilizing domain of the ompA 59 UTR is
a single-stranded RNA segment (ss2) that contains the
ompA ribosome binding site (RBS) and flanking se-
quences (Emory et al+, 1992)+ This finding and related
observations made in studies of other mRNAs suggest
that ribosomes play an important role in protecting
mRNA from degradation in prokaryotic cells (reviewed
in Petersen, 1993)+ However, there is no simple rela-
tionship between translation rates and mRNA stability,
and the mechanism(s) by which ribosomes impede deg-
radation has not been established+

In this study, we investigate the minimal base pairing
requirements for mRNA stabilization by a 59 stem-loop
in E. coli+ Our data indicate that the mere ability of such
a stem-loop to form is sufficient for ompA mRNA sta-
bilization+We also show that close ribosome spacing is
not necessary for stabilization by the ompA 59 UTR;
instead, a high level of ribosomal occupancy near the
59 end, together with ribosomal readthrough of the
protein-coding region, appears to be sufficient to
enhance mRNA longevity by impeding cleavage by
RNase E+ Interestingly, our studies suggest that the
presence of a 59 stem-loop protects ompA mRNA from
degradation via a distinct pathway that does not re-
quire RNase E+

RESULTS

Role of a 5 9-terminal stem-loop

To understand the mechanism by which a 59 stem-loop
can protect mRNA from degradation, it is essential to
elucidate fully the features of such a stem-loop that
contribute to its protective effect+ Previous experiments
have shown that deletion of the entire ompA 59 UTR
segment upstream of ss2 (ompAD104; see Fig+ 1) mark-
edly destabilizes the ompA transcript and that longevity
can be restored fully by adding a large synthetic stem-
loop (hp*: GAUCGCCCACCGGCAGCUGCCGGUGG
GCGAUC) to the 59 end of this truncated ompA variant
(to generate ompAD104* mRNA) (Emory et al+, 1992)+

To ascertain whether the protective capacity of a 59
stem-loop depends on its having a minimum size or
thermodynamic stability, the ability of smaller 59-terminal
stem-loops to stabilize the labile ompAD104 transcript
was assessed in vivo+ Each of these 59-terminal struc-
tures (hpA, hpB, hpC, hpD, hpQ) comprised a self-
complementary segment 8–20 nt in length having the
potential to form a hairpin structure with a nominal stem
size (N ) of 2–8 base pairs+ The nominal size of these
hypothetical stems is not an empirically determined
value; instead, it is the maximum number of uninter-
rupted Watson–Crick base pairs that could form at the
59 terminus, assuming a loop size of four nucleotides+
For low values of N, it is questionable for thermo-
dynamic reasons whether a stem-loop would actually
form (Serra & Turner, 1995)+

FIGURE 1. Sequence and secondary structure of the ompA 59 UTR+
Brackets delineate the boundaries of the four structural domains
within the ompA 59 UTR (Chen et al+, 1991): hp1 (nt 1–63), ss1 (nt
64–74), hp2 (nt 75–103), and ss2 (nt 104–133)+ The Shine-Dalgarno
element and translation initiation codon are underlined+
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