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ABSTRACT The canonical translation initiation mechanism involves base pairing be-
tween the mRNA and 16S rRNA. However, a variety of identified mechanisms deviate
from this conventional route. Beck and Janssen (J Bacteriol 199:e00091-17, 2017,
https://doi.org/10.1128/JB.00091-17) have recently described another noncanonical
mode of translation initiation. Here, we describe how this process differs from previ-
ously reported mechanisms, with the hope that it will foster increased awareness of the
diversity of regulatory mechanisms that await discovery.

The standard model for initiation of translation in bacteria involves base pairing
between a Shine-Dalgarno (SD) sequence upstream of the start codon and the

complementary anti-SD (aSD) sequence at the 3= end of 16S rRNA in a 30S ribosomal
subunit. This mode of initiation, where the SD is a major component of the ribosome
binding site (RBS), is widespread in bacteria and archaea and has until recently been
inferred to be the dominant initiation pathway. The model posits that the SD-aSD
interaction increases the local concentration of 30S ribosomal subunits in the vicinity of
the initiation codon, facilitating subsequent events in initiation complex formation (1).
Systematic approaches in Escherichia coli have demonstrated the influence of SD length
and its distance from the initiation codon (2). In general, longer SD elements support
increased expression; however, the relationship is nonlinear, and binding affinity alone
does not fully explain the observed protein expression levels. Weaker SD sequences are
particularly susceptible to the effects of mRNA decay and transcription termination (3),
while extended (8- to 10-nucleotide [nt]) SD sequences inhibit translation, presumably
since such sequences trap the ribosome on the RBS (4). Among E. coli genes, the
average SD length is 6.3 nt (5), and the average spacing between the SD and initiation
codon is 4.4 nt (4). The SD sequences from Bacillus subtilis, in general, are longer than
their E. coli counterparts (6), a property that may be linked to the absence of a large
ribosomal protein bS1 in many Gram-positive organisms (7).

30S subunit binding and effective initiation is heavily influenced by the mRNA
structure surrounding the RBS. Many of the gene regulatory mechanisms that target
initiation operate by altering the local RNA structure encompassing SD sequences.
These mechanisms include translational coupling, where translation of an upstream
open reading frame (uORF) disrupts the RNA structure surrounding the downstream
RBS. The binding of small regulatory RNAs or RNA binding proteins, metabolites (in
riboswitches), or increases in temperature (in thermosensors) can all influence the local
RNA structure, with corresponding effects on initiation. An additional model is required
to explain how certain mRNAs with RBSs sequestered in stable structures can be
translated effectively. The “standby binding” model posits that 30S subunits bind first
to single-stranded RNA flanking the structured, RBS-containing element. The bound
standby 30S subunit can then compete effectively for RBS capture upon transient
opening of the adjacent RNA structure (8). Additional examples of standby binding
suggest that this initiation mode may be widespread (9).
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Alternatives to the SD-aSD mode of initiation. Some leadered mRNAs lack
recognizable SD-like sequences in their untranslated regions (UTRs). Moreover, analyses
of sequenced genomes indicate that the SD-aSD interaction is completely absent in
some archaea and bacteria (10, 11). Among the alternative initiation mechanisms,
proposals involving mRNA-rRNA complementarity outside the aSD region of 16S rRNA
have, in general, not withstood scrutiny (12, 13). In some instances, mRNA interactions
with ribosomal protein bS1 provide an alternative, SD-independent route to initiation
on leadered mRNAs. This large protein has both RNA binding and unwinding activities
and aids initiation on both SD-containing and SD-free templates. The protein bS1 has
a broad affinity for G-poor RNAs, and at least some of the SD-lacking mRNAs contain
A/U-rich leader regions that are required for bS1 binding (4). However, there is no S1
protein in archaea, and in some bacteria bS1 is either absent or nonfunctional in
translation, and so additional, undefined initiation mechanisms must exist in these
organisms.

Leaderless mRNAs lack a 5= untranslated region (5=-UTR) entirely, and while rare in
E. coli, they are abundant in archaea and in the Actinobacteria and Deinococcus-Thermus
groups of bacteria, in which as many as 30% of the genes are leaderless (14). An
essential difference between initiation on leadered versus leaderless mRNAs is that the
latter begins with the binding of a 70S ribosome to the 5= end. While the 30S mode of
initiation has long been considered dominant, a recent proposal suggested that
initiation by scanning 70S ribosomes is the frequent mode of translation of polycis-
tronic mRNAs (15).

Regulation of translation initiation by a 5=-uAUG. While a variety of noncanonical
translation initiation mechanisms have been described, Beck and Janssen have recently
described yet another variation of noncanonical translation initiation in E. coli (16).
Previous work from this group identified several examples of uORFs positioned at the
5= terminus that influenced expression of the corresponding downstream cistron (17).
The uORF within ptrB mRNA was shown to greatly increase expression of the ptrB
coding sequence. Although increased expression depended on the 5=-terminal AUG
codon (5=-uAUG), the uORF was not efficiently translated (17). In their most recent
study, Beck and Janssen explored this fascinating translation initiation mechanism (16).
Notably, instead of relying on translation of the 5=-uORF, the 5=-uAUG functioned as a
70S ribosome recognition signal to attract ribosomes to ptrB mRNA, which facilitated
efficient translation of the ptrB coding sequence further downstream. Since strength-
ening the ptrB SD sequence alleviated the requirement for the 5=-uAUG, it is apparent
that recruitment of a 70S ribosome by the 5=-uAUG compensates for a poor ptrB SD
sequence. Strikingly, replacing the 5=-UTR of other mRNAs with that from ptrB conferred
a similar dependence on the ptrB 5=-uAUG, indicating that the features within the ptrB
5=-UTR are sufficient to control downstream gene expression (16).

A model was proposed to explain the mechanism of ptrB regulation (16). In this
model, the 5=-uAUG acts as a recognition signal and binding platform to attract 70S
ribosomes to the transcript, thereby increasing the localized concentration of ribo-
somes on the ptrB transcript. Following this initial interaction, sequence features within
the 5=-UTR stabilize the bound 70S ribosome until it transitions down the mRNA.
Additional interactions with two A residues in the early ptrB coding sequences help
compensate for the poor ptrB SD sequence, thereby properly positioning the ribosome
at the ptrB initiation codon. Together, these sequences function cooperatively, using
established recognition signals in a unique combination (Fig. 1).

While it is clear that the 5=-uAUG plays a direct role in increasing translation of ptrB
by functioning as a recognition signal to attract 70S ribosomes to the transcript, it is
likely that a 70S ribosome stably associated at the 5= end of a transcript would lead to
stabilization of the mRNA. E. coli RNase E is an endoribonuclease that cleaves RNA in
single-stranded A/U-rich regions (18). This essential enzyme plays a key role in the
degradation of mRNA and in a variety of RNA processing reactions (19). In addition
to cleaving transcripts by an internal entry pathway (20), RNase E cleavage can
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occur by a 5=-end-dependent mechanism in which 5= monophosphorylated mRNAs
interact with a 5= binding pocket on the enzyme (21, 22). Since a small RNA binding
protein is capable of stabilizing mRNA by blocking RNase E access to the 5= end of
an mRNA (23), it is reasonable to assume that binding of a 70S ribosome to a
5=-uAUG would protect the mRNA from 5=-end-dependent cleavage. Such a mech-
anism would be in addition to the general mRNA stabilization caused by translating
ribosomes (24).

Once viewed as a peculiarity, it is now evident that noncanonical translation
initiation mechanisms are commonplace. It has been estimated that approximately half
of bacterial genes lack an SD sequence (25). Furthermore, the observation that mRNAs
with 5=-uAUG sequences are abundant in E. coli (17) suggests that the mechanism
described by Beck and Janssen (16) could be widespread. Considering the fre-
quency and diversity of these atypical mechanisms, it seems likely that additional
noncanonical translation initiation mechanisms await discovery.
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