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Abstract 

Bacterial RNA degradosomes are multienzyme molecular machines that act 

as hubs for post-transcriptional regulation of gene expression. The ribonuclease 

activities of these complexes require tight regulation, as they are usually 

essential for cell survival while potentially destructive. Recent studies have 

unveiled a wide variety of regulatory mechanisms including autoregulation, 

post-translational modifications and protein compartmentalization. Recently, the 

subcellular organization of bacterial RNA degradosomes was found to present 

similarities with eukaryotic messenger ribonucleoprotein (mRNP) granules, 

membraneless compartments that are also involved in mRNA and protein 

storage and/or degradation. 

In this review, we present the current knowledge on the composition and 

targets of RNA degradosomes, the most recent developments regarding the 

regulation of these machineries and their similarities with the eukaryotic mRNP 

granules. 
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RNA degradosomes at the center of bacterial post-transcriptional 

regulation 

Post-transcriptional regulation is one of the most important levels of control of 

gene expression in every kingdom of life [1]. It involves all the mechanisms that 

affect structure and/or stability of cellular transcripts, including stable RNAs 

(ribosomal and transfer RNAs, called rRNAs and tRNAs, respectively), as well 

as messenger RNAs (mRNAs) and regulatory RNAs, designated small RNAs 

(sRNAs) in bacteria.  

Ribonucleases (RNases) are key enzymes in post-transcriptional regulation, 

involved in RNA maturation and degradation. They act either internally on the 

RNA molecule as endoribonucleases, or as exoribonucleases by attacking the 

RNA at its 5’ or 3’-end to initiate degradation. To control such important 

functions, some RNases act in multi-protein complexes. These complexes are 

designated exosomes in Eukarya and Archaea and RNA degradosomes in 

bacteria and chloroplasts [2,3]. 

The first RNA degradosome was identified in Escherichia coli as a complex 

bound to RNase E, an endoribonuclease that initiates bulk mRNA degradation 

[2,4,5]. More recently, RNA degradosomes were found to be more widespread, 

being present in many different bacteria, including important human pathogens, 

such as Staphylococcus aureus [6], Pseudomonas aeruginosa [7], 

Mycobacterium tuberculosis [8] or Helicobacter pylori [9], among others. Since 

RNases are potentially very destructive enzymes if they degrade RNAs that are 

important for bacterial survival, their activities must be under tight control. 

Recent studies have reported diverse regulatory mechanisms including 

negative-feedback loops, post-translational modifications, bacterial or phagic 

protein inhibitors, etc., that will be presented in this review. Most interestingly, 

recent work has revealed that RNA degradosomes can have subcellular 

localizations that vary between organisms. Even more surprising was the 

finding that RNA degradosomes form structures similar to the eukaryotic 

processing bodies (p-bodies, see Glossary) and stress granules, 

membraneless organelles involved in RNA degradation [10]. These similarities 

will also be addressed in this review. 

 

RNA degradosomes are widespread and vary in composition  
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Both Gram-positive and Gram-negative bacteria possess an important 

repertoire of RNases that varies between species both in number and 

composition. For instance, the Gram-negative model organism, E. coli, 

possesses 15 RNases [11], including RNase E. The Gram-positive model, 

Bacillus subtilis, possesses 20 RNases [12,13] with striking differences such as 

the absence of RNase E and the presence of RNases J1/J2 and RNase Y.  

The number of RNA degradosomes reported in bacteria has been rising over 

the years. Their composition is variable (Table 1 and references therein), 

although it cannot be excluded that this is partly due to the various approaches 

or conditions used to characterize them. Despite this, they are defined by two 

core components (Fig. 1): at least one RNase (from here on designated 

dRNase, for "degradosome RNase") and an RNA helicase of the DEAD-box 

family. The RNA helicase helps unfolding secondary structures in RNA 

molecules, allowing the cleavage sites to be accessible for one or more 

RNases. Often, the complex contains multiple RNases with different enzymatic 

activities (an endonuclease and an exonuclease), their "combined" activities 

being compatible with the multiple functions of the degradosome. Several 

degradosomes include, in addition, a metabolic enzyme (enolase, aconitase or 

phosphofructokinase) whose role in the complex is not completely clear; it has 

been proposed that enolase can couple the metabolic status of the cell with 

RNA degradation in E. coli, as it is important for the degradation of mRNAs 

encoding central metabolism proteins [14].  

The E. coli RNA degradosome is centered on the essential hydrolytic 

endoribonuclease RNase E (EcoRNase E) [4], an enzyme composed of an N-

terminal catalytic domain and a C-terminal unstructured scaffolding region with 

two RNA-binding sites. This C-terminal domain carries several Short Linear 

Motifs (SLiMs) that are abundant in proteins carrying intrinsically disordered 

regions (IDRs), as well as well-defined binding sites for the other components 

of the complex: the RNA helicase RhlB, the phosphorolytic 3'-5' 

exoribonuclease PNPase and the glycolytic enzyme enolase [4,15]. Other 

studies report additional partners that might correspond to minor constituents 

(Table 1). In addition, interaction of RNase E with the RNA chaperone Hfq has 

been proposed to be mediated by RNA [16]. The C-terminus of EcoRNase E 

contains a short membrane-targeting sequence that interacts with the E. coli 
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inner membrane phospholipids to form a stabilized amphipathic α-helix that acts 

as a membrane anchor for the whole complex. The anchoring of the RNase E-

based degradosome to the membrane is not ubiquitous in bacteria; it is 

conserved in the gamma-proteobacteria [15] but not in some alpha-

proteobacteria that have been recently shown to possess a cytoplasmic RNase 

E-based RNA degradosome [17,18]. The role of the membrane anchoring of 

EcoRNase E is still not completely clear but some clues were recently provided 

and will be discussed below [19–21].  

In Gram-positive bacteria, such as the model B. subtilis and the pathogen S. 

aureus, the existence of an RNA degradosome is less well-established [13]. 

Like in many bacteria, these organisms lack an RNase E ortholog but contain 

other RNases that act as functional analogues: the membrane-anchored 

endoribonuclease RNase Y, and RNases J which possess both 

endoribonuclease and 5’-3’ exoribonuclease activities [12]. An analysis of the 

phylogenetic distribution of RNase E, RNase J1/J2 and RNase Y homologs was 

carried out for this review in a representative set of 1535 bacterial genomes 

(Fig. 2 and Supp. Table S1). Around 26% of the genomes analyzed encode 

only RNase E (like E. coli), 11% contain only RNase J and 10% encode only 

RNase Y, with 19% containing both RNase E and RNase J (like M. 

tuberculosis) and 27% both RNase J and RNase Y (like B. subtilis or H. pylori). 

Less than 1% contain both RNase E and RNase Y. Finally, 4% of the analyzed 

genomes carry all three RNases and 4% none of them. The large majority of the 

latter mostly belong to the Chlamydiae and Bacteriodetes phylum, 40 out of 54 

of these organisms carried RNase G, an enzyme with homology to the catalytic 

domain of RNase E that might partially compensate for its absence [22]. The 

few organisms lacking all three RNases and RNase G mainly belong to the 

Spirochaetes phylum.  

In B. subtilis, interactions between RNase J1/J2, RNase Y, the DEAD-box 

RNA helicase CshA, the 3’-5’ exoribonuclease PNPase and the glycolytic 

enzymes phosphofructokinase and enolase have been reported [23] (Fig. 1, 

Table 1, for a review see [12],). However, the colocalization of the different 

components and their membrane targeting is not clear (except for RNase Y) 

[24]. In addition, the whole complex has never been successfully purified from 

its native organism. Moreover, the interaction data obtained by Bacterial Two 
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Hybrid (BACTH) between RNase Y and RNase J1 are not strong [23] and other 

authors failed to reproduce it [12]. This has led some authors to consider that 

these organisms possess a degradosome-like protein network, but that the 

interactions between its components are transient [12]. 

Interestingly, three other proteins (YlbF, YmcA and YaaT, collectively called 

the Y-complex) have been identified as interactors of RNase Y in B. subtilis and 

have been proposed to act as specificity factors for the cleavage by RNase Y of 

certain operon mRNAs and riboswitches both in B. subtilis and S. aureus [25]. 

A final example of the difference in composition of RNA degradosomes is 

seen in the Gram-negative pathogen H. pylori. Our team demonstrated the 

existence of a minimal RNA degradosome composed of two partners: RNase J 

and its sole DEAD-box RNA helicase, RhpA [9]. The simplicity of this 

degradosome might be related to the reduced genome of H. pylori (1.6 Mb), its 

restricted colonization niche and the capacity of RNase J to act both as an endo 

and exoribonuclease.  

Thus, the composition of these complexes varies between different bacterial 

species. Even so, many of their functions and regulation mechanisms are 

broadly conserved between them, as will be discussed below.  

 

Targets of the RNA degradosomes 

RNA degradosomes play a prominent role in the maturation and degradation 

of many RNA species. In many examples, it has been shown that the 

endoribonuclease of the complex (be it RNase E, Y or J) can cleave at an 

internal site of the target RNA molecule, and then, in some cases, the 

exoribonuclease(s) of the complex, such as PNPase or RNase J, can continue 

the degradation of one of the resulting RNA molecules [4,12]. Several targets of 

the dRNases have been identified and validated in vitro [12,26]. Defining, at the 

global level, the specific RNA targets of dRNases is however more difficult since 

these enzymes are often essential for normal growth and their global impact 

results from both direct and indirect effects as they may influence the 

expression of other pleiotropic regulators.  

In E. coli, EcoRNase E is required for the decay of numerous mRNAs [27] 

and the processing of many sRNAs, although to a lesser extent [26], sometimes 

in concert with Hfq [28]. It is also required for the maturation of stable RNAs 
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(16S and 5S rRNAs, tRNAs [29] and trans-translation tmRNAs [30]) and thus 

important for their respective functions. Though the mechanism by which 

RNase E targets its substrates is still unclear, an in vivo cleavage map 

generated using transient inactivation of endonuclease followed by RNA-seq 

(TIER-seq) in Salmonella enterica, a closely related organism to E. coli, shows 

that there is a predominant uridine two nucleotides downstream of the RNase E 

cleavage sites [31]. This suggests an original ruler-and-cut recognition 

mechanism [31]. Additionally, in E. coli, the membrane anchor of EcoRNase E 

was recently found to be important for its cleavage specificity by reducing the 

decay rate of cytosolic ribosome-free transcripts, but had no effect on 

transcripts encoding inner membrane proteins [20]. In contrast, in another report 

they found that the membrane anchor reduced the average half-life of 

transcripts encoding inner membrane proteins [21]. 

The targets of RNase Y have been studied in S. aureus [32], B. subtilis 

[33,34], Streptococcus pyogenes [35] and Clostridium perfringens [36]. These 

targets are mostly mRNAs, non-coding RNAs (ncRNAs) and antisense RNAs 

(asRNAs). Like with RNase E, the targeting mechanism of RNase Y is unclear, 

but of only 99 total cleavage sites that were identified in S. aureus, a preference 

for sites after a guanosine residue was observed [32]. Interestingly, the same 

cleavage sites were found in the absence of the membrane anchor of RNase Y, 

but the degradation rate of these targets was not assessed [32].  

B. subtilis expresses two paralogous RNase J proteins: RNase J1 and 

RNase J2. In this organism, RNase J1 has an important effect on the 

abundance of several mRNAs, ncRNAs and asRNAs [33,37]. RNase J2 forms a 

complex with RNase J1 and its exoribonuclease activity is less important, 

having a more structural and/or regulatory role over RNase J1 [38,39]. In H. 

pylori, depletion of the essential and sole RNase J results in the accumulation 

of 85% of the mRNAs and 78% of the asRNAs. In this mutant, few sRNAs are 

affected and no role in the maturation of stable RNAs was observed [40], in 

agreement with recent findings showing an unusual role of another RNase, 

namely RNase III, in H. pylori rRNA maturation [41]. 

Novel roles of RNA degradosomes have recently been reported. The RNase 

J2 of Staphylococcus epidermidis was shown to participate in CRISPR-Cas10-

mediated antiviral and anti-plasmid protection, and its PNPase in CRISPR RNA 
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(crRNA) maturation [42], suggesting a role for these RNases in concert with 

other cellular nuclease complexes. RNase E was also found to participate in 

crRNA maturation in Synechocystis [43]. In addition, the RNA degradosome has 

been shown to be involved in quality control of tRNAs by clearance of 

hypomodified tRNA species in Vibrio cholerae [44].  

Finally, in some cases the RNA degradosome assembly influences cellular 

processes other than direct RNA degradation. For instance, it was recently 

shown that the PNPase-binding site of RNase E is required to maintain a 

normal polyadenylation state of cellular mRNAs, as PNPase interacts with 

poly(A) polymerase I (PAP I) and may compete with it for the 3’ end of the RNA 

molecules [45], showing that RNA degradosomes may have pleiotropic effects 

at multiple levels. 

The vast changes caused by dRNase depletion, their essentiality for normal 

bacterial growth and for the adaptive response under different conditions, as 

well as potential deleterious activities, account for a central role of dRNases and 

the associated RNA degradosomes in bacterial physiology and point to the 

need for a tight regulation of their activities. 

 

Regulation of the RNA degradosome  

Several mechanisms regulating RNA degradosomes have been reported to 

date and will be presented below. These processes include autoregulation of 

their components, post-translational modifications, variations in their 

components and regulation by spatial localization (Fig. 3, Key Figure). In 

addition, we will discuss examples in which phages hijack degradosomes for 

their own benefit. 

 

Autoregulation of the RNA degradosome 

Negative feedback regulation of the expression of RNases through the 

control of the stability of their own mRNAs is frequently observed. When 

EcoRNase E activity exceeds cellular needs, it binds the 5’-UTR of its own 

mRNA and cleaves it, a process that results in the destabilization of its levels 

[46].  

RNase Y has also been reported to cleave within its own mRNA in S. aureus 

[32]. Interestingly, it also has cleavage sites in the transcripts of other 
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degradosome-related enzymes, such as RNases J1 and J2 and 

phosphofructokinase [32]. 

RNases J1 and J2 also regulate each other's expression in a reciprocal 

manner in B. subtilis [33] and RNase J1 shows limited autoregulation [47]. In H. 

pylori, RNase J is strongly up-regulated in the absence of its partner RNA 

helicase RhpA and has been proposed to be autoregulated through the activity 

of the degradosome [48].  

In a recent report, a marine cyanophage was shown to exploit the 

Prochlorococcus host RNase E activity for its advantage by preventing its 

autoregulation [49], constitutively increasing the levels of RNase E that degrade 

the host’s mRNAs, while phage mRNAs remain protected by asRNAs.  

Therefore, autoregulation of the dRNases seems to be a common regulatory 

mechanism to control and adjust their cellular amounts. 

 

Post-translational modifications 

Post-translational modification of proteins can alter either their activity, their 

capacity to interact with other partners or their stability. In this context, it was 

shown that, in E. coli, RNase E and RhlB can be phosphorylated by a viral 

protein kinase upon infection by bacteriophage T7, which helps the phage to 

successfully infect the cell by stabilizing the mRNAs synthesized by T7 RNA 

polymerase [50]. Given the high regulatory potential of post-translational 

modifications, other mechanisms may be uncovered in the future.  

 

Interaction with other protein partners 

Several proteins can interact with RNA degradosomes and modify their 

activities. RraA and RraB are two inhibitors of E. coli RNase E [51]. RraA binds 

to the RNA-binding regions of its C-terminal domain and hence prevents RNA 

binding to this domain. It also targets the C-terminus of RhlB, repressing its 

activity and that of PNPase [52]. In addition, both RraA and RraB can reduce 

the binding of other degradosome components to RNase E, and RraB causes 

an increase in the binding of the minor components DnaK and CsdA [51]. The 

overexpression of these inhibitors impacts several transcripts such as mRNAs 

(including the one coding for RNase E) and tRNAs [51]. Interestingly, the 

expression of at least RraA seems to be regulated by the environmental 
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conditions, being overexpressed in stationary phase in E. coli and consequently 

regulating the activity of the RNA degradosome as a function of the growth 

conditions [53]. RraA and RraB homologs were found in other organisms, such 

as Vibrio vulnificus [54], P. aeruginosa [55] and Streptomyces coelicolor [56]. 

Interestingly, RraAS1, the ortholog for RraA in S. coelicolor, acts by binding the 

catalytic domain of RNase E [57]. Similarly, the L4 ribosomal protein also 

modulates the activity of RNase E in E. coli by binding its C-terminal region, 

stabilizing mRNAs encoding stress-induced proteins [58]. 

Again, viruses have evolved mechanisms to regulate RNase E activity. The 

Srd protein encoded in the genome of bacteriophage T4 binds the catalytic 

domain of EcoRNase E, increasing its activity against certain targets and 

favoring phage growth [59]. Another example is the protein called Dip, encoded 

by phage ϕKZ, that blocks the RNA-binding sites in the C-terminus of RNase E 

in P. aeruginosa, inhibiting RNA degradation and processing [7]. 

In response to changes in the environmental conditions, different proteins 

can become part of the RNA degradosome. Under cold-shock conditions, the 

DEAD-box RNA helicase CsdA replaces RhlB on EcoRNase E, probably 

allowing a more efficient unwinding of RNA structures that are known to be 

stabilized at lower temperature [60]. In addition, the other E. coli DEAD-box 

RNA helicases, RhlE and SrmB, also interact with EcoRNase E in vitro, and 

RhlE can functionally replace RhlB in vitro [61]. Interestingly, in C. crescentus, 

RhlE is part of the degradosome under cold-shock conditions [62]. The 

influence of these cold-shock helicases on the targets of the RNA degradosome 

has not been assessed.  

In S. aureus, it was shown by BACTH that RNase Y interacts with flotillin 

(FloA). FloA is a membrane protein that acts as a scaffold, being more 

abundant in the so-called detergent-resistant membrane fractions, similar to 

eukaryotic lipid rafts [63]. The absence of FloA affects the oligomerization state 

and the activity of RNase Y, upregulating some target sRNAs of RNase Y. This 

could underlie a potential regulatory mechanism linking membrane properties to 

RNA degradosome activity. 

To sum up, several proteins interact with dRNases and have the potential of 

modulating their activities. It is also likely that some of these proteins will affect 
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other properties of the degradosome besides their activity, such as their 

localization, which is emerging as a potential regulatory level. 

 

Multiple and variable subcellular localizations of RNA degradosomes 

As stated above, several dRNases have been found to localize at the 

bacterial membrane. This is the case for EcoRNase E in E. coli (and predicted 

for almost all its γ-proteobacteria orthologs as they possess a predicted 

amphipathic helix [15]) and for RNase Y in B. subtilis and S. aureus. EcoRNase 

E is attached to the membrane through an amphipathic helix [64], whereas 

RNase Y contains a single pass transmembrane region [65]. In contrast, in 

Caulobacter crescentus, RNase E (CcRNase E) was recently reported to lack a 

membrane anchor and hence to be cytoplasmic [17]. In H. pylori, although no 

transmembrane region is predicted from the sequence of either RNase J or 

RhpA, and no interaction with other membrane proteins has been found to date, 

Tejada-Arranz et al. (in prep.) recently showed that both HpRNase J and RhpA 

are associated with the inner membrane of this organism.  

In two recent studies, the consequences of deleting the membrane-targeting 

sequence of EcoRNase E were analyzed [20,21]. In one of them, the deletion 

did not result in massive transcriptomic changes but rather in a global slowdown 

of RNA degradation [20]. Interestingly, some transcripts appeared to be 

degraded faster, such as those synthesized by T7 RNA polymerase, which is 

faster than the bacterial RNA polymerase. It was concluded that RNA molecules 

that are not readily bound and protected by ribosomes become more accessible 

for a cytoplasmic form of RNase E. In contrast, in the other study it was found 

that this deletion results in an increase in the average half-life of transcripts 

encoding inner membrane proteins [21]. In the case of RNase Y of S. aureus, 

deletion of its transmembrane region does not change its target molecules [32]. 

However, the deletion strain grows slower as compared to the wild-type strain, 

which could correspond to a differential degradation rate of some of its targets.  

The RNA degradosomes of E. coli, H. pylori and B. subtilis have, in addition, 

been shown to be associated with ribosomes [9,66]. Whether this is due to a 

coupling between translation and RNA decay of a subset of transcripts or to a 

role of some of their components in rRNA maturation remains to be elucidated. 
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To study the localization and dynamics of the degradosomes, several groups 

have analyzed the behavior of dRNases fused to fluorescent proteins in live 

bacteria. EcoRNase E-YFP rapidly diffuses at the inner membrane of E. coli 

and forms small short-lived foci [19]. The formation of these foci is regulated, 

since under anaerobic conditions, EcoRNase E adopts a diffuse distribution in 

the cell in an enolase binding-dependent fashion [67]. In contrast, the CcRNase 

E-YFP is located in the cytoplasm, where it forms clusters along the central axis 

of the cell that change with the cell cycle. These clusters colocalize with 

ribosomal RNA transcription sites [17]. The CcRNase E foci are dynamically 

assembled and seem to become more abundant in the presence of stresses 

such as heat shock or ethanol, among others, and improve the bacterial 

response to stress [18]. They present characteristics of liquid-liquid phase 

separation (LLPS, Box 1), analogous to certain eukaryotic structures. 

 

RNA degradosome compartmentalization and analogies with eukaryotic 

structures  

Compartmentalization of metabolic processes is crucial for any cell in order 

to optimize enzymatic activities and avoid unwanted reactions. While evident in 

eukaryotes (mitochondria, nucleus, Golgi apparatus, etc.), just a few physically 

separated compartments are found in bacteria (spores, magnetosomes, etc.) 

[68]. However, independently of these structures, the importance of intracellular 

compartmentalization is increasingly being recognized in prokaryotes. Emerging 

structures that are compartmentalized can be associated with membranes or be 

the so-called membraneless organelles formed by LLPS [10].  

Together with their crucial and potentially deleterious function, the RNA 

degradosomes localization patterns suggest that the activities of these 

machineries are controlled by compartmentalization. Although many questions 

remain open about where the active form of the degradosome is localized or 

how the RNA substrates are discriminated, recent data reveal striking 

similarities and functional analogies between the bacterial RNA degradosomes 

and eukaryotic structures.  

 

Compartmentalization of RNA processing structures in eukaryotes 
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Eukaryotic exosomes are found in both the nucleus and the cytoplasm and 

contribute to the processing and degradation of almost every class of RNA [69]. 

In addition to these structures, there have been extensive reports on large 

microscopic assemblies of RNA and protein, referred to as messenger 

ribonucleoprotein (mRNP) granules, such as p-bodies and stress granules [70]. 

These are membraneless structures that appear in the cytoplasm of eukaryotic 

cells in response to stress [70]. Under these conditions, many post-

transcriptional actors (including RNases and helicases), RNA-binding proteins 

(RBPs) and RNAs initiate a process of LLPS leading to the formation of 

concentrated cytoplasmic granules [70]. It has been proposed that these mRNP 

granules segregate mRNAs from the cytoplasm and regulate their fate, either by 

storage, decay or eventual reincorporation to the translatable pool [70].  

 

Similarities between RNA degradosome foci and mRNP granules 

First, both prokaryotic degradosomes and eukaryotic granules are 

assembled on components that act as hubs for their assembly and 

maintenance and are designated scaffolds [4,70]. Like many of the scaffolding 

proteins found in eukaryotic mRNPs, several bacterial dRNases have 

intrinsically disordered regions (IDRs) [15,71]. For example, as discussed 

above for RNase E, its unstructured C-terminus serves as a binding platform for 

RNA and the degradosome partners. In eukaryotic granules, these IDRs help in 

the granule assembly process, and thus this may also be the case for bacterial 

RNA degradosome foci [72].  

Another similarity between RNA degradosome foci and eukaryotic granules 

is that the formation of both is promoted by RNA substrates [18,19,73]. In C. 

crescentus, CcRNase E requires RNA for foci assembly and RNA cleavage is 

required for their dissociation [18]. Furthermore, treatment with compounds that 

lock ribosomes on mRNAs, or dissociate ribosomes and free their mRNAs, 

respectively decrease or increase foci assembly [18], hinting at a correlation 

between free RNA and formation of these structures. Similar observations were 

reported for granules in eukaryotic cells [73,74]. In addition, the membrane-

associated EcoRNase E foci depend on transcription and have been proposed 

to form on transcripts in E. coli cells [19]. The nature of the RNA molecules that 

are targeted to mRNP granules and RNA degradosomes is still not clear, raising 
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questions about the factors responsible for their specificity. In the case of p-

bodies and stress granules, it has been proposed that other co-localizing 

proteins may be responsible for it, such as proteins that recognize RNA G-

quadruplexes or RNA methyltransferases, among others [70]. Such recognition 

mechanisms could also be an unexplored possibility for RNA degradosomes. 

Finally, both bacterial foci and eukaryotic mRNP granules were found to be 

dynamic. In C. crescentus, CcRNase E foci rapidly form and dissolve over time, 

and their numbers are increased under some stresses [18]. In E. coli, the 

membrane-associated degradosome foci are also dynamic and form by 

transient clustering of EcoRNase E [19], although no impact of stress exposure 

on the formation of these structures has been reported yet. Despite the fact that 

eukaryotic granules are larger than bacterial structures, they rapidly form upon 

stress and clear after recovery, partly due to their LLPS properties, although not 

all of them are liquid in nature [18,19,75].  

 

What is the "raison d'être" of RNP granules/foci? 

Overall, the function of RNP granules or foci is still poorly understood. As 

stated above, it was shown that eukaryotic cells that lack the ability to properly 

form stress granules are more sensitive to stress [76], and the same was seen 

in C. crescentus [18]. However, it is not clear whether this is due to the fact that 

stress granules are important to sequester a specific subset of mRNAs or 

proteins during stress; or if they are required for cell recovery upon stress 

withdrawal by release of their components, bypassing the need for de novo 

transcription and nuclear export [77]. P-bodies were originally proposed to be 

hubs of RNA degradation with accumulation of RNA degradation intermediates 

in these structures [70]. However, it is not clear whether RNA degradation 

actually occurs in the p-bodies or elsewhere, and it has been proposed that 

these have more of a storage role, as their disruption does not affect global 

RNA decay [78]. Another possible function could be to sequester translation 

initiation factors and the RNA degradation machinery to reduce their effective 

concentration in the cytoplasm during stress. All of these possible roles of 

eukaryotic mRNP granules could potentially also apply to RNA degradosomes, 

although this has not been explored yet.  
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The striking analogy between eukaryotic mRNPs and bacterial foci opens 

many pathways for future research. Important questions on the mechanisms 

leading to the formation of RNA degradosome foci, their composition, their 

regulation and specific roles are still to be answered. As illustrated in Fig. 4, we 

need to determine whether the foci correspond to RNA degradation hubs or 

rather inactive clusters and define whether the foci and/or membrane 

localization leads to sequestration of the degradosome away from some of its 

targets and thereby limits its activity and whether these structures are important 

for its target discrimination and subsequent degradation.  

 

Concluding remarks 

RNA degradosomes are diverse protein machineries that play an essential 

role in the maintenance of cell homeostasis. Although a better view of the 

dRNase activities and their important number of cellular RNA targets is 

emerging, the influence of the composition of the degradosome on the 

selectivity of the targets is not yet established. The vast changes caused by 

dRNase depletion, their essentiality for normal bacterial growth and for the 

adaptive response under different conditions, as well as potential deleterious 

activities, account for a central role in bacterial physiology and tight regulation 

of the activities of dRNases and their associated RNA degradosomes. Further 

research is required to understand more precisely the mechanisms that govern 

the activity of these machines (see Outstanding Questions) and how they can 

fine-tune cell physiology depending on factors such as their subcellular 

localization and stress response. Furthermore, similarities between RNA 

degradosome foci and eukaryotic mRNP granules suggest a conserved 

requirement for compartmentalization of these structures, a feature that is most 

likely central in global post-transcriptional regulation and response to stresses 

both in prokaryotic and eukaryotic organisms. 
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Glossary 

5’-UTR: 5’ untranslated region, part of the mRNA molecule that does not code 

for a protein. 

asRNA: antisense RNA, RNA molecule transcribed from the opposite strand to 

that of the mRNA and is therefore perfectly complementary to its corresponding 

mRNA molecule. 

BACTH: bacterial two hybrid, technique that allows the study of the interaction 

between two proteins in E. coli. 

CRISPR-Cas: Clustered Regularly Interspaced Short Palindromic Repeats-

CRISPR-associated protein, bacterial system that allows the cleavage of foreign 

DNA by the Cas enzymes in a CRISPR-directed manner.  

IDRs: intrinsically disordered regions, parts of proteins with no stable tertiary 

structure under physiological conditions in vitro. Some of these regions can bind 

other proteins, interact with nucleic acids, or serve as scaffold proteins. They 

are also involved in signaling pathways and have important roles in protein 

regulation.  

Membraneless organelles: cellular structures that allow proteins to become 

concentrated in sub-compartments without being surrounded by a barrier to 

diffusion such as a membrane and that are responsible for performing specific 

cellular functions. In contrast to organelles with a lipid bilayer membrane, 

membraneless structures are formed through a process known as liquid-liquid 

phase separation. 

ncRNA: non-coding RNAs, RNA molecules that do not encode a protein and 

that have a regulatory function. 

Processing bodies (p-bodies): membraneless organelles characteristic of 

eukaryotic cells that are composed of proteins and RNA and whose function is 

not clear, but may serve as storage of different components. 

RNA G-quadruplex: extremely stable RNA secondary structure that is formed 

by guanine-rich sequences. 

RNA helicase of the DEAD-box family: proteins that unwind secondary 

structures of RNA molecules and allow for them to be cleaved by an RNase or 

be acted upon by other RNA-modifying enzymes. This family of helicases 

contains a DEAD sequence motif that gives it the name. 
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Stress granules: stress granules are dense membraneless aggregates 

characteristic of the cytosol of eukaryotic cells. They are composed of proteins 

and RNA molecules and usually form in a reversible manner upon cellular 

stress.  

TIER-seq: transient inactivation of endonuclease followed by RNA-seq, 

technique allowing the mapping of the 5’-ends of transcripts under normal 

conditions and after the temporary inactivation of an essential endonuclease. 

tmRNA: transfer-messenger RNA, RNA molecule responsible for the rescue of 

stalled ribosomes by trans-translation.  
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Main RNase Organism Interacting components Information source Reference(s) 

RNase E 

Escherichia coli 

RhlB 

PNPase 

Enolase 

In vivo affinity purification, co-

purification 
[79–81] 

RNase II 

Ppk 

DnaK 

RNase R 

In vivo affinity purification [82–85] 

RhlE, CsdA, SrmB, PAPI In vitro interaction [61,86] 

Hfq Structural data [16] 

Caulobacter crescentus 

RhlB 

PNPase 

Aconitase 

RNase D 

RhlE 

Rho 

S1 ribosomal protein 

2-oxoglutarate dehydrogenase E1 component 

DEAD-box helicase CCNA_01546 

Methionine adenosyl transferase 

Nudix family pyrophosphatase 

Acetoacetyl-CoA reductase 

In vivo affinity purification [62,87,88] 

Mycobacterium 

tuberculosis 

PNPase 

RhlE 

RNase J 

DnaK, GroEL, Ppk, acetyltransferase, CspA, 

CspB, Rv2908c, Rv3920c 

In vivo affinity purification [8,89] 

Pseudoalteromonas 

haloplanktis 

RhlB 

PNPase 
In vivo affinity purification [90] 

Pseudomonas PNPase In vivo affinity purification [7] 

Table 1. Interaction partners of different bacterial RNA degradosomes. 
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aeruginosa DeaD 

ClpA, DnaK, NADH-quinone oxidoreductase 

subunit C/D (PA2639), DnaA, ATP synthase F0F1 

subunit alpha/beta, FliC, ribosomal proteins, 

PA3309 

Vibrio cholerae 

RhlB 

PNPase 

Enolase 

In vivo affinity purification [44] 

Anabaena PNPase 
In vivo affinity purification, in vitro 

co-purification 
[91]  

Synechocystis 

PNPase 

 

In vivo affinity purification, in vitro 

co-purification 
[91] 

CrhR Cosedimentation [92] 

Streptomyces 

coelicolor* 
PNPase 

In vivo affinity purification after 

overexpression 
[93] 

Pseudomonas syringae 
RNase R 

RhlE 
In vivo affinity purification [94] 

Rhodobacter capsulatus 
DEAD-box RNA helicases  

Rho 
In vivo affinity purification [95] 

Chloroplasts in 

Arabidopsis thaliana 
RHON1 In vivo affinity purification [96] 

RNase Y Bacillus subtilis 

PNPase 

Enolase 

 

Bacterial two-hybrid assay, in vivo 

affinity purification after cross-

linking and surface plasmon 

resonance 

[23,71,97] 

CshA 

Phosphofructokinase 

RNase J1 

RNase J2 

Bacterial two-hybrid assay and in 

vivo affinity purification after cross-

linking 

[23,71] 
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GapA 

YlbF, YmcA and YaaT 
In vivo affinity purification [98,99] 

Streptococcus pyogenes Enolase 
In vivo affinity purification after 

cross-linking 
[35] 

Staphylococcus aureus 

CshA 

RNase J1 

RNase J2 

PNPase 

Enolase 

Flotillin 

In vivo affinity purification and 

bacterial two-hybrid assay 
[6,63,100] 

Phosphofructokinase 

RnpA (RNase P) 
Bacterial two-hybrid assay [6] 

RNase J Helicobacter pylori 
RhpA 

Ribosomal proteins 

In vivo affinity purification, in vitro 

co-purification 
[9] 

*The homolog for RNase E of S. coelicolor is called RNase ES. 

DEAD-box RNA helicases are highlighted in bold. 
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Box 1. Liquid-liquid phase separation (LLPS) 

Liquid-liquid phase separation is a biophysical process in which different 

molecules, such as proteins and/or nucleic acids, form a condensate of a liquid-

like nature that allows them to be physically apart from the solution in which 

they are found, such as the cytoplasm [10]. It often results from the presence of 

a certain concentration of multivalent molecules, mainly proteins or nucleic 

acids, that contain binding sites for several other molecules, or proteins 

containing intrinsically disordered regions (IDRs) that can act as a scaffold for 

the formation of the condensate. This phenomenon is largely responsible for the 

formation of membraneless subcellular compartments, allowing the organization 

of certain enzymatic reactions and/or the sequestration of molecules that may 

be necessary in a freely diffusing state in a different situation. Some examples 

of structures formed by LLPS in eukaryotic cells are p-bodies, stress granules 

or germ granules, and they were recently reported for RNA degradosome foci in 

prokaryotic organisms. 
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Figure 1. Schematic representation of the core components of the different 

types of bacterial RNA degradosomes described to date. Solid arrows indicate 

interactions, dashed arrows possible additional partners. (a) E. coli RNA 

degradosome, based on RNase E. RNase E (green) possesses a C-terminal 

domain containing a membrane-targeting helix, as well as interaction sites for 

the RNA helicase RhlB, enolase (Eno) and polynucleotide phosphorylase 

(PNPase). Not shown are binding sites for RNA. (b) B. subtilis RNA 

degradosome, containing RNase Y and also RNases J1 and J2, that potentially 

interact with other enzymes, namely the RNA helicase CshA, PNPase, enolase 

and phosphofructokinase (Pfk). (c) H. pylori RNA degradosome, based on 

RNase J, that interacts with the RNA helicase RhpA. (d) M. tuberculosis 

possible RNA degradosome(s), containing either RNase J, RNase E or both, 

that interact with the RNA helicase RhlE and PNPase. The question mark 

indicates that the membrane targeting has not been explored so far. 
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Figure 2. Distribution of the degradosome RNases (RNase E, RNase J and 

RNase Y) in a representative set of bacterial genomes. Most bacterial species 

(96.5%) contain at least one of these RNases. Out of the 54 genomes that do 

not contain any of these RNases (marked as "none" in the Venn diagram), 40 

contain RNase G. Analysis was performed on 1535 representative genomes 

chosen based on phylogenetic diversity as previously described [101], using the 

PubSEED database [102]. Details are provided in supplemental Table S1 and 

the results are also available in the ‘RNAse_2019_Minimal’ subsystem on the 

public PubSEED server (http://pubseed.theseed.org/SubsysEditor.cgi).  

  

http://pubseed.theseed.org/SubsysEditor.cgi
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Figure 3, Key Figure. Regulation mechanisms of the RNA degradosomes. 

These mechanisms are not mutually exclusive and may act in concert to adjust 

the activity of the RNA degradosome. There are five major classes of regulation 

(a) the components of the RNA degradosome are often autoregulated, and 

sometimes they also regulate the expression of each other, (b) the partners of 

the RNA degradosome are susceptible to post-translational modifications, often 

as a result of a phage infection causing phage RNA to be protected from 

degradation, (c) different proteins can bind the core RNA degradosome and 

regulate its activity, including some cellular proteins, ribosomal proteins, as well 

as dedicated bacterial or viral inhibitors, (d) the central RNases of some 
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degradosomes are compartmentalized within the cell in the form of foci, and (e) 

the components of the RNA degradosome are often targeted to the bacterial 

membrane, forming foci or not. 
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Figure 4. Models for the possible physiological roles of RNA degradosome foci. 

In (a) and (b), the foci represent a less active form of the RNA degradosome. In 

(a), the foci-forming degradosomes are catalytically inactive, whereas the 

complexes outside foci are able to degrade RNA. In (b), the foci-forming 

degradosomes retain their catalytic activity, but they are sequestered away from 

some cellular RNAs, limiting their degradation. In (c), the foci-forming 

degradosomes are the active form, making foci RNA degradation hubs, 

whereas the complexes outside foci retain comparatively little or no activity. The 

targeting mechanisms of the RNAs that are degraded by the degradosomes are 

still not clear.  



Outstanding questions  

 

- What determines the RNA target specificity of RNA degradosomes in 

bacteria? 

- What is the interplay between the different dRNases (RNase E, RNase Y, 

RNase J) when they are co-expressed in an organism? 

- Are there additional mechanisms that control the RNA degradosome activity? 

- Do degradosomes play a general role in stress response or survival in 

bacteria?  

- What is the physiological relevance of the membrane localization and foci 

formation of degradosomes? 

- Do degradosomes play different roles as a function of their subcellular 

localization? 

- What is the degradosome foci composition and what are the determinants of 

their formation? 

- Do foci represent an active RNA degradation hub or rather a sequestered form 

of the degradosome to prevent it from acting when or where it should not? 

- How analogous are bacterial RNA degradosomes and eukaryotic p-bodies 

and stress granules? 

 



 

Highlights  

- RNA degradosomes, molecular machines composed of at least one RNase 

and RNA helicase, are major players in post-transcriptional regulation of gene 

expression in bacteria. 

- RNA degradosomes are very diverse in composition and are tightly regulated 

by a wealth of mechanisms, including autoregulation, post-translational 

modifications, protein localization or interaction with different partners. 

- Some RNA degradosomes seem to be compartmentalized at the membrane, 

which could affect their activity. 

- Some bacterial RNA degradosomes show similarities with eukaryotic mRNP 

granules at the level of their properties and their physicochemical properties. 
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