
CANONICAL RIBOSOME RESCUE

MECHANISMS IN BACTERIA

Ribosomes carry out protein synthesis in all living

cells by the process known as translation (Fig. 1).

Ribosomes start protein synthesis by recognizing the start

site (usually the AUG codon and less commonly GUG or

UUG) on a messenger RNA (mRNA) (Fig. 1a). This ini-

tiation step is followed by multiple elongation cycles dur-

ing which ribosomes move through the mRNA open

reading frame (the segment of mRNA encoding a specif-

ic protein), reading its nucleotide sequence and convert-

ing (translating) it into the amino acid sequence of the

synthesized protein (Fig. 1c). Each elongation cycle

begins with the delivery of the appropriate aminoacyl-

tRNA to the ribosomal A site, followed by its reaction

with the peptidyl-tRNA located in the P site, and ends

with the translocation of the newly formed peptidyl-

tRNA, from the A to the P site. The complete elongation

cycle and its main participants are depicted in

Fig. 1, a and c. Finally, ribosomes terminate translation

and release mature protein, when one of the three stop

codons (UAA, UAG, or UGA) is reached (Fig. 1a).

In actively growing bacteria, the ribosome-catalyzed

polymerization of nascent peptides occurs at a rate of

around 15 amino acids per second [1, 2]. Notably, this

rate is not constant, and rapid progression of the ribo-

some along mRNA can be interrupted by pauses. In many

cases, ribosomal pauses during translation are part of the

cell physiology since they can play an essential role, for

example, in co-translational folding, acquisition of

chemical modification into the proteins, or sorting of

nascent proteins to appropriate compartments [3, 4]. On

the other hand, the ribosome pauses can be detrimental

for the cell, when they are caused by translation of dam-

aged mRNAs or polymerization of problematic amino

acid segments in the nascent peptides. Cells utilize sever-

al translational accessory factors to relieve these unwant-

ed pauses and eliminate their harmful effect. For

instance, the bacterial elongation factor-P (EF-P) and its

archaeal and eukaryotic homologs eIF5A, alleviate trans-

lational pauses caused by polyproline stretches in the nas-

cent peptides [5, 6]. To this end, the factors stabilize pep-

tidyl-tRNA in a productive conformation capable of

reacting with Pro-tRNAPro that comes to the ribosomal

A site [7]. Another translation elongation factor EF4

(LepA) has been suggested to contribute to relieve trans-

lational pauses in unfavorable conditions such as high

magnesium concentrations or low temperature [8].

However, in some cases, translational pauses are hard or
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even impossible to relieve, and translating ribosomes may

get stuck at a specific site on mRNAs. Ribosomal stalling

is especially escalated during different stresses such as

amino acid starvation [9], temperature shifts [10], and

treatment with ribosome-targeting inhibitors [11]. Under

these conditions, ribosomes can stall at the 3′-end of

truncated mRNAs lacking their normal stop codon. Such

no-stop mRNAs usually appear in a cell as a result of pre-

mature transcription termination or nuclease cleavage of

full-length mRNA transcripts. Stalling can also occur on

intact mRNAs leading to accumulation of the no-stop or

no-go ribosomal complexes. The no-stop complexes

(which are structurally identical to the complexes formed

on the truncated mRNAs) are accumulated, when ribo-

somes erroneously read through the normal stop codons

and then get stuck at the 3′-ends of the undamaged

mRNAs. The absence of a codon in the ribosomal A-site

is a distinguishable feature of these complexes recognized

by the “canonical” bacterial rescue systems. In contrast

to the no-stop complexes, the no-go ribosomes stall in

the middle of translated mRNAs. The “canonical” sys-

tems cannot rescue these ribosomes due to the occupan-

cy of their mRNA channels by mRNA. As a first step

towards rescuing no-go complexes, the bacterial toxin

RelE, an endonuclease activated by amino acid starva-

tion, can bind to them and cut off the mRNA invading

the ribosomal A site. As a result of the RelE cleavage, the

no-go complexes are converted into no-stop stalled ribo-

somes that can be targeted by the “canonical” rescue

mechanisms (Fig. 2a). These mechanisms, including

SmpB•tmRNA-mediated trans-translation, ArfA, and

ArfB, has been thoroughly reviewed [12-14], and I will

only briefly describe them below.

Trans-translation is the primary mechanism that res-

cues no-stop ribosomes in bacteria [15]. This mechanism

relies on the operation of two cellular factors: a small pro-

tein SmpB and transfer-messenger RNA (tmRNA), a

hybrid of tRNA charged with an alanine residue and

Fig. 1. Translation cycle in bacteria. a) With assistance of initiation factors (IFs), small (30S) and large (50S) ribosomal subunits join to form

the full 70S ribosome at the mRNA start site (AUG, GUG, or UUG codons). Elongation factors (EFs) help the ribosome to polymerize

amino acids into protein during the elongation stage. The full-length protein is released by release factors (RFs) from the ribosome that has

reached a stop codon (UAA, UAG, or UGA). After termination, recycling factors (RRF and EF-G in bacteria) split the ribosome into sub-

units to initiate a new round of translation. b) Schematic representation of elongating ribosome at the pre-transpeptidation stage. This ribo-

some carries translated mRNA (located on the small subunit), aminoacyl-tRNA (in the ribosomal A site), and peptidyl-tRNA (in the P site).

c) Overview of an elongation cycle. The cycle consists of three sequential steps: (i) EF-Tu-mediated binding of appropriate aminoacyl-tRNA

to the ribosomal A site, (ii) reaction of the aminoacyl-tRNA with the P-site peptidyl-tRNA catalyzed by the ribosomal peptidyl transferase

center, and (iii) EF-G-mediated translocation of the newly formed peptidyl-tRNA augmented by one amino acid residue from the A to the

P site.
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mRNA encoding a special short degron tag (Fig. 2b).

SmpB and tmRNA form a complex that is delivered to the

no-stop ribosome by EF-Tu [16]. Being delivered to the

ribosome, SmpB interacts with the small subunit and ver-

ifies that the mRNA channel and the A site are empty,

while tmRNA mimics aminoacyl-tRNA and binds to the

ribosome placing its CCA end aminoacylated with ala-

nine into the ribosomal peptidyl-transferase center where

it reacts with the peptidyl-tRNA. After the peptide trans-

fer to tmRNA, the stalled ribosome translates the degron-

coding segment of the tmRNA. Termination of tmRNA

translation at the stop codon located at the end of the

degron-coding sequence results in the recycling of the

ribosomes through the standard mechanism, and the

released C-terminally tagged peptide is targeted to prote-

olytic degradation.

Although components of trans-translation were

identified in all sequenced bacterial species, disruption of

this system usually is not lethal [17] due to the existence

of two auxiliary rescue mechanisms, ArfA and ArfB, in

some bacteria. These systems support bacterial growth,

when the activity of SmpB•tmRNA complex is compro-

mised or insufficient. ArfA is a small protein that binds to

the A site in the small ribosomal subunit when it contains

no mRNA codon and then recruits release factor 2 (RF2)

to the stalled ribosome to hydrolyze the peptidyl-tRNA

[18, 19] (Fig. 2b). Interestingly, such selectivity for RF2 is

not uniform among bacteria; in Francisella tularensis, a

small ArfA-analogous protein ArfT can recruit either RF1

or RF2 to no-stop ribosomes [20]. ArfB (previously

known as YaeJ) is a homolog of the release factors (RFs)

whose peptidyl-tRNA hydrolase activity is stop-codon-

independent [21, 22] (Fig. 2b). Similar to ArfA, ArfB

binds only to the ribosome positioned at the 3′-end of

mRNA with no mRNA codons placed in the A site.

Interestingly, both backup rescue systems discriminate

between the stalled and active ribosomes in the same way

as the SmpB•tmRNA complex; they bind to the empty

mRNA entry channel on the small ribosomal subunit

normally occupied by the translated mRNA to initiate the

ribosome rescue. Given the existence of these backup res-

cue systems in many bacteria, the recent discovery of a

completely different ribosome rescue mechanism in

Bacillus subtilis became an unexpected and pleasant sur-

prise. Even more striking is the fact that this rescue mech-

anism is reminiscent of the Ribosome-associated Quality

Control (RQC) system that operates in eukaryotes. To

understand similarities of the bacterial and eukaryotic

RQC systems, I will briefly describe how the stalled ribo-

somes are rescued in eukaryotic cells.

Fig. 2. Rescue of stalled ribosomes by canonical bacterial systems. a) Ribosome stalling can result in formation of the no-stop or no-go com-

plexes. Canonical rescue systems can directly recognize only the no-stop ribosomes with empty mRNA channels, whereas no-go ribosomes,

in order to be recycled, need to be converted to no-stop ribosomes by endonuclease RelE. b) The resulting no-stop ribosomes are rescued by

trans-translation mediated by the transfer-messenger RNA in complex with SmpB protein. Translation of the mRNA-like segment of the

tmRNA is terminated by the canonical release factors RF1 or RF2. If activity of this quality control system is compromised, stalled peptidyl-

tRNA can be hydrolyzed by the ArfA-recruited RF2 or by the stop-codon-independent release factor ArfB. All three canonical bacterial res-

cue systems, SmpB•tmRNA, ArfA, and ArfB (colored in blue), recognize an empty or partly vacant mRNA channel in the small subunit of

the no-stop ribosome.
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RESCUE OF THE STALLED RIBOSOMES

IN EUKARYOTES

While the aforementioned bacterial rescue mecha-

nisms target intact stalled ribosomes, the prolonged

stalling of translation in eukaryotes induces splitting of the

80S ribosome into its constituent subunits (small 40S and

large 60S), followed by their independent recycling for the

next rounds of translation [13]. The model for the rescue

of the stalled 80S ribosome is shown in Fig. 3 (top panel).

Ribosome splitting requires concerted action of three fac-

tors: Hbs1L (yeast Hbs1p), which binds in the vicinity of

the unoccupied mRNA entry channel, eRF1 paralog

Pelota (Dom34p in yeast), which occupies the empty A

site of the stalled ribosome, and ATPase ABCE1 (yeast

Rli1p), which is recruited to the stalled ribosome by Pelota

after Hbs1L dissociation to induce splitting of the stalled

ribosome into subunits (Fig. 3, Splitting step). After ribo-

some splitting, mRNA is released from the 40S subunit to

be degraded by the 5′-3′ exoribonuclease Xrn1 and the 3′-

5′ exosome [23], and then the mRNA-free subunit is recy-

cled by ABCE1 [24]. Simultaneously, the 60S subunit dis-

sociates still carrying peptidyl-RNA because Pelota/

Dom34p lacks peptidyl-tRNA hydrolase activity. Fate of

Fig. 3. Eukaryotic ribosome-associated quality control pathway. Top panel) the ribosome-associated quality control (RQC) is preceded by

splitting of the stalled 80S ribosome with assistance of three proteins Pelota, Hbs1L, and ABCE1. Next, NEMF (green) and Listerin (brown)

bind to the resulting 60S•peptidyl-tRNA complex and modify the nascent peptide. NEMF extends the C-terminus of the nascent peptide

with alanine/threonine residues (CAT-tail) to expose its lysine residues, otherwise hidden inside the ribosomal exit tunnel, for Listerin-cat-

alyzed ubiquitination. Finally, the nascent peptide is released from the 60S subunit by endonuclease ANKZF1 hydrolyzing peptidyl-tRNA

and delivered by AAA+ ATPase p97 to the proteasome for degradation. Bottom panel) model for recycling of tRNA after ANKZF1-mediat-

ed nascent peptide release. ANKZF1 cuts off the 3′-CCA of the stalled peptidyl-tRNA leading to the release of the CCA-nascent peptide

conjugate degraded by proteosome and generation of the truncated tRNA carrying a 2′,3′-cyclic phosphate. After removing the cyclic phos-

phate by ELAC1, the CCA-adding enzyme TRNT1 recycles the tRNA by adding back the 3′-CCA nucleotides to its 3′-end.
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the 60S•peptidyl-tRNA complex depends on the length

of the nascent peptide conjugated with the tRNA. If the

nascent peptide is relatively short, then the peptidyl-tRNA

can simply dissociate from the large subunit [25]. In con-

trast, if the nascent peptide is long enough to establish sta-

ble interactions within the nascent peptide exit tunnel or

fold outside the ribosome, the peptidyl-tRNA remains

stuck in the 60S subunit. In this situation, the peptidyl-

tRNA-jammed large ribosomal subunit is recognized and

resolved by the proteins of the special rescue pathways

named RQC (thoroughly reviewed in [26]) (Fig. 3). The

RQC pathway is triggered by the selective binding of the

nuclear export mediator factor (NEMF/yeast Rqc2) to

the interface between the 60S subunit and the peptidyl-

tRNA, where this protein plays at least three roles: (i) it

prevents 40S from rejoining with the 60S•peptidyl-tRNA

complex, (ii) it recruits E3 ubiquitin ligase Listerin (yeast

Ltn1p) to ubiquitinate the stalled nascent peptide, and

(iii) it recruits Ala-tRNAAla and Thr-tRNAThr and pro-

motes the mRNA-independent addition of alanine and

threonine residues to the C-terminus of the nascent pep-

tide (the C-terminal extension called CAT tail) to expose

the nascent chain-lysine residues that might be hidden

inside the exit tunnel of the 60S subunit for the Listerin-

mediated ubiquitination (Fig. 3, CAT-tailing/Ubiqui-

tination step) [27]. The ubiquitinated nascent peptide is

then cleaved from tRNA by the endonuclease ankyrin

repeat and zinc finger domain-containing protein 1

(ANKZF1/yeast Vms1p) [28] (Fig. 3, Release step).

Notably, in contrast to the peptide release during the reg-

ular translation termination, when the canonical RFs pro-

voke ribosomal peptidyl-transferase center to hydrolyze

the ester bond between the tRNA and peptide moieties in

the peptidyl-tRNA, ANKZF1 selectively cleaves off its

terminal 3′ CCA nucleotides [29]. The resulting CCA-

nascent peptide conjugate is extracted from the RQC

complexes with the assistance of AAA+ ATPase p97 (yeast

Cdc48p) and its cofactors, UFD1 and NPLOC4 (yeast

Ufd1p and Npl4p), and then is delivered by them to the

proteasome for degradation (Fig. 3, Degradation step).

Simultaneously, the ANKZF1-generated truncated tRNA

dissociates from the 60S subunit and is recycled through a

two-step process that includes removing 2′,3′-cycle phos-

phate by a mammalian homolog of RNaseZ, ELAC1 [30],

followed by restoration of its 3′-CCA end by the CCA-

adding enzyme TRNT1 [29] (Fig. 3, model for tRNA

recycling shown on the bottom panel). Finally, the large

ribosomal subunit free of tRNA and nascent peptide can

be recruited for the new rounds of translation.

RQC-LIKE RIBOSOME RESCUE SYSTEM

IN BACTERIA

Until recently, it had been thought that the RQC

mechanism operates exclusively in eukaryotes (eRQC)

whereas ribosome rescue in bacteria is solely achieved by

the “canonical” bacteria-specific systems such as

SmpB•tmRNA, ArfA/ArfT, and ArfB. This conclusion

was based on several facts, including the following:

1. In many bacteria, combined deletion of the

“canonical” rescue systems is synthetically lethal

[31, 32], suggesting absence of any other backup rescue

systems in the studied species.

2. There are no obvious bacterial homologs of the

key eRQC factors, such as the splitting triad Pelota-

Hbs1-ABCE1, the E3 ubiquitin ligase Ltn1, and 60S-

dependent peptidyl-tRNA endonuclease ANKZF1/Vms1p.

3. Activity of the eRQC system is tightly coupled

with ubiquitination of the 60S-bound stalled peptides,

modification that is not common in bacteria.

Nevertheless, while most of the RQC factors are

eukaryote-specific, NEMF/Rqc2 homologs are found in

archaea as well as in some bacterial species where they are

known as members of the fibronectin-binding protein A

(FbpA) family of virulence factors [33]. FbpA proteins

produced by pathogenic bacteria were suggested to bind

to fibronectin present in the extracellular matrix, thereby

ensuring host adhesion [34]. However, Lytvynenko et al.

[35] recently showed that a NEMF/Rqc2 homolog from

Bacillus subtilis, RqcH, is directly involved in the ribo-

some rescue. It was found that RqcH can selectively bind

and deliver Ala-tRNAAla(UGC) to the peptidyl-tRNA-

occupied 50S ribosomal subunit (that becomes split from

the 30S subunit by a still-unknown ribosome rescue fac-

tor) to facilitate the C-terminal tagging of the incomplete

nascent peptide with a polyalanine tail. This nascent pep-

tide modification is reminiscent of the CAT-tailing reac-

tion mediated by NEMF/Rqc2 in eukaryotes. However,

in contrast to the eRQC, where the CAT tail indirectly

facilitates peptide degradation by promoting its ubiquiti-

nation, the C-terminal polyalanine tail in bacteria acts

directly as a degron signal recognized by ClpXP pro-

tease (Fig. 4a).

Structural studies shed more light on several aspects

of the mechanism of polyalanine tailing in bacteria

[36, 37] (Fig. 4b). The cryoelectron microscopy (Cryo-

EM)-generated structures of the B. subtilis RQC com-

plexes revealed that the incoming Ala-tRNA forms exten-

sive interactions with the ribosome-bound RqcH. While

the D- and T-loops of the alanyl-tRNAAla interact with

the positively charged patch on the RqcH surface, two

anticodon nucleotides G35 and C36 are engaged in the

formation of a specific network of interactions with sever-

al residues of RqcH (Fig. 4b). Such RqcH-mediated

tRNA decoding rationalizes high selectivity of the RQC

complexes for tRNAAla. The structural, biochemical, and

genetic evidence further identified the Hsp15 homolog

YabO as an important RqcH partner for polyalanine tag-

ging (Fig. 4, b and c). This small protein stabilizes an oth-

erwise wobbly peptidyl-RNA in the P site of the 50S sub-

unit (and therefore, YabO has been renamed as RqcP) in
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a productive conformation competent for reacting with

the incoming Ala-tRNAAla recruited by RqcH to the ribo-

somal A site. Finally, the RQC structures captured at dif-

ferent stages of polyalanine tailing allowed to suggest a

model of how this reaction proceeds on the ribosome

(Fig. 4c). According to this model, following the riboso-

mal splitting of the stalled ribosome, the peptide moiety

of the RqcP-stabilized peptidyl-tRNA in the P site is

transferred to the RqcH-recruited Ala-tRNAAla in the A

site, extending the nascent peptide with a C-terminal ala-

nine. Dissociation of RqcP from the RQC complex

allows for the deacylated P-site tRNA to relocate into the

E site, and the newly formed peptidyl-tRNA adopts an

A/P-like hybrid conformation. Subsequent spontaneous

dissociation of deacylated tRNA from E site allows

rebinding of RqcP to the complex, followed by the shift of

the A/P-site peptidyl-alanyl-tRNAAla into the P site and

completion of the elongation cycle. This elongation cycle

of alanine addition is repeated several times to produce

polyalanine-tagged peptides. Finally, the tagged peptide

is released by another yet unknown factor to the cytosol,

where it is degraded by ClpXP protease (Fig. 4a).

Fig. 4. Bacterial RQC-like pathway. a) In general, the bacterial RQC-like pathway consists of the same basic steps as the analogous pathway

in eukaryotes (see Fig. 3). However, the only well-studied step of this mechanism is addition of the polyalanine degron tail to the C-terminus

of the 50S-bound nascent peptide. In B. subtilis, this step is assisted by the NEMF/Rqc2 homolog RqcH and the small protein RqcP. b) Cryo-

EM structure of the bacterial RQC complex from B. subtilis (PDB: 7AS8). The RQC complex consists of the stalled 50S ribosome (light grey),

tRNAAla (dark grey, the secondary structure of the tRNAAla is shown below the Cryo-EM structure), RqcH (green), and RqcP (yellow). In this

complex, Asp97, Arg98, Glu121, Asn151, and Arg154 residues (shown in blue) of RqcH read G35 and C36 nucleotides (shown in red) of UGC

anticodon in tRNAAla. c) Polyalanine tailing cycle in B. subtilis (see main text for details).
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Discovery of the RqcH- and RqcP-mediated

polyalanine tailing revealed existence of the RQC-like

ribosome rescue system in at least some bacteria.

Nevertheless, many aspects regarding functioning of this

system remain unknown. It is unclear what cellular con-

ditions initiate splitting of the stalled ribosomes in bacte-

ria and what cellular factor(s) stimulates the splitting. It is

also unknown how the peptidyl-tRNA-jammed large 50S

subunits are rescued in the gamma-proteobacteria and

actinobacteria, where the key factor of C-terminal

polyalanine tailing, RqcH, is missing. It also remains to

be established, what serves as a signal for termination of

polyalanine tagging and what cellular factor hydrolyzes

the resultant peptidyl-tRNA. Some of the important

unanswered questions pertaining to the mechanisms of

RQC-like ribosome rescue in bacteria are discussed

below.

HOW ARE THE STALLED RIBOSOMES

SPLIT IN BACTERIA?

Splitting of the stalled ribosome into subunits is the

critical step that initiates the RQC-mediated rescue

mechanism. Conditions that induce such splitting in bac-

teria and cellular factors involved in this process are not

known yet. Interestingly, it has been shown that the

stretches of acidic amino acids (aspartate and glutamate)

incorporated into a nascent peptide can destabilize the

translating ribosome and induce its dissociation into sub-

units, apparently without the involvement of other fac-

tors [38].

Even though this example illustrates a factor-inde-

pendent dissociation of ribosomes, such spontaneous

splitting events are apparently not widespread because

they are induced by very specific – and therefore very

rare – amino acid motifs in the nascent peptides, which

seem to be under evolutionary pressure to be excluded

from proteins [39]. Therefore, the existence of factor(s)

specialized in recognizing and actively splitting stalled

ribosomes in bacterial cells remains a distinct possibility.

During normal bacterial translation, Ribosome Recycling

Factor (RRF) and EF-G split the ribosome after termi-

nation and release of the mature protein. However, it is

implausible that these proteins dissociate the stalled ribo-

somes carrying peptidyl-tRNAs, since in vitro experi-

ments have clearly shown that the dissociation activity of

the RRF•EF-G complex is limited exclusively to the

post-termination ribosomes carrying deacylated

tRNA [40].

It is worth noting that translational stalling increases

during certain extreme conditions, such as heat shocks. It

was found that the bacterial heat shock GTPase HflX can

dissociate vacant and mRNA-associated ribosomes carry-

ing deacylated P-site tRNA [41]. Based on this data, it

was suggested that HflX could serve as an alternative split-

ting factor that recycles the post-termination ribosomes

(generated via the regular or rescue system-induced pep-

tide release) under conditions such as heat shock, when

activity of the RRF•EF-G recycling complex is compro-

mised. Although the dissociation activity of HflX on post-

termination ribosomes is established, its ability to split

stalled ribosomes carrying peptidyl-tRNA remains to be

examined. The homologs of HflX, ribosome-dependent

ATPase YchF and GTPase ObgE, could be other potential

candidates for the ribosome-splitting activity in bacte-

ria [42, 43].

HOW ARE THE JAMMED LARGE RIBOSOMAL

SUBUNITS RESCUED IN BACTERIA

THAT LACK RqcH?

In B. subtilis, the C-terminal polyalanine tailing of

the stalled nascent peptides is facilitated by the concerted

action of RqcH and RqcP. Noteworthy, the ability of the

RqcP homolog from E. coli, Hsp15, to bind the peptidyl-

tRNA-jammed 50S subunits has been well documented

[44]. Nevertheless, phylogenetic analysis has not been

able to find the RqcH homologs in actinobacteria and

gamma-proteobacteria (such as E. coli), raising the ques-

tion of how the large ribosomal subunits occupied with

peptidyl-tRNA are rescued in these bacterial species. It

was speculated that E. coli Hsp15 can stabilize the 50S-

bound peptidyl-tRNA in a P-site conformation compe-

tent for its hydrolysis by some release factor [45, 46]. If

this is the case, then the ribosome rescue mechanism in

actinobacteria and gamma-proteobacteria could, in prin-

ciple, bypass the polyalanine-tailing step. Alternatively,

polyalanine tailing in these species may be facilitated by

the concerted action of Hsp15 and some RqcH-unrelated

protein. It remains to be established which of these sce-

narios accounts for the resolution of the 50S•peptidyl-

tRNA complexes in these species.

HOW IS THE NASCENT PEPTIDE RELEASED

FROM THE 50S RIBOSOMAL SUBUNIT?

Regardless of the polyalanine tailing, the ester bond

of the large subunit-associated peptidyl-tRNA has to be

hydrolyzed, and the nascent peptide needs to be released.

The “canonical” bacterial rescue systems (SmpB•

tmRNA, ArfA/ArfT, and ArfB) trigger hydrolytic activity

of the ribosomal peptidyl-transferase center leading to

peptidyl-tRNA hydrolysis. However, since these mecha-

nisms operate exclusively upon the full 70S ribosomes,

their involvement in the peptide release during the RQC-

mediated rescue is unlikely. The peptidyl-tRNA

Hydrolase (PTH), an essential protein that hydrolyzes

ribosome-free peptidyl-tRNA [47, 48], and a mysterious

RF-homolog PrfH, whose function in the cell remains
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enigmatic [49], could be candidates for such release

activity. Lastly, existence of some tRNA-specific endonu-

clease with Vms1/ANKZF1-like activity also cannot be

excluded.

MEDICAL SIGNIFICANCE

OF THE BACTERIAL RQC SYSTEM

Infectious diseases caused by pathogenic bacteria are

usually treated with antibiotics, small molecules that

inhibit vital processes in bacterial cells, thereby prevent-

ing their proliferation [50]. Since the RQC-like rescue

mechanism is not essential for viability of Bacillus sub-

tilis [35], it may appear to be a poor target for antibiotics.

However, RqcH homologs are essential for virulence of

some pathogens, including S. pneumoniae, S. aureus,

E. faecalis, and L. monocytogenes [51-54]. This fact makes

bacterial RQC an attractive target for developing a funda-

mentally new class of medicines. In contrast to the tradi-

tional antibiotics that inhibit growth or kill bacteria, these

drugs should keep pathogens at bay by neutralizing their

virulence. In theory, this strategy could significantly

reduce propensity of pathogens for developing drug

resistance. Further studies of ribosome rescue systems in

bacteria, including the RQC pathway, may reveal new cel-

lular targets for the development of better anti-infectives.

High potential of this strategy is confirmed by the recent

discovery of acylaminooxadiazoles (including the so-

called KKL-35 compound) as inhibitors of trans-transla-

tion with pronounced antibacterial properties [55, 56].
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