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A commentary on 

What Is the Link between Stringent Response, Endoribonuclease Encoding 

Type II Toxin-Antitoxin Systems and Persistence? 

by Ramisetty, B. C., Ghosh, D., Roy Chowdhury, M., and Santhosh, R. S. 

(2016). Front. Microbiol. 7: 1882. doi: 10. 3389/fmicb. 2016. 01882 

In a recent paper published in Frontiers in Microbiology, Ramisetty et al. 

(2016) questioned the mainstream model regarding bacterial persistence 

proposed by the group of K. Gerdes ( Maisonneuve et al., 2011 , 2013 ). 

Persistence is an important phenomenon thought to contribute to infectious 

diseases chronicity and antibiotic resistance selection ( Michiels et al., 2016

). This reversible and low frequency phenotypic switch allows bacteria to 

enter a particular physiological state in which they can sustain the presence 

of a given antibiotic ( Kaldalu et al., 2016 ; Wood, 2016 ). It is commonly 

thought that persister cells are “ dormant” i. e., non-replicating and 

metabolically inactive. Therefore, the idea that toxin-antitoxin systems (TAs) 

could be involved in persistence was quite tempting since toxins from type II 

TAs are cell growth inhibitors ( Hayes and Van Melderen, 2011 ). To test this 

appealing hypothesis, Maisonneuve et al. deleted 10 systems comprising 

endoribonucleases as toxins in the E. coli lab strain (note this is only about 

25% of the known E. coli TAs) and presented results that indicate that the 

resulting Δ10 strain was strongly affected for persistence upon treatment 

with ciprofloxacin or ampicillin ( Maisonneuve et al., 2011 ). This was not 

attributable to deletion of any specific system. On the contrary, successive 

deletion of systems (any among the 10 systems studied) progressively 
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diminished persistence frequency, showing that TAs are redundant and have 

a cumulative effect. Moreover, testing the persistence frequency in Δ lon , Δ 

relA Δ spoT , and Δ ppk-ppx mutants, the authors claimed that persistence is 

also dependent on the Lon protease, on guanosine tetraphosphate (ppGpp) 

and polyphosphate (polyP) ( Maisonneuve et al., 2013 ). The proposed model

is that under stress conditions, ppGpp concentration increases thereby 

inhibiting polyphosphatase (Ppx). As a result, polyP accumulates, activates 

Lon, which in turn degrades efficiently the antitoxins from the 10 TAs. Toxins

are then liberated and able to degrade bulk mRNAs leading to translation 

inhibition and persistence. 

While Ramisetty et al. actually confirmed that the Δ10 strain is less 

persistent than the wild-type strain when treated with ciprofloxacin or 

ampicillin ( Ramisetty et al., 2016 ), they also showed that the Δ10 strain 

presents a reduced minimal inhibitory concentration (MIC) to ampicillin and 

ciprofloxacin, showing that this strain presents intrinsic susceptibility to 

these antibiotics. Note that on the contrary to resistance, MIC should not 

influence persistence ( Brauner et al., 2016 ). The Δ10 strain also appears to 

be affected for growth at least in the conditions tested (LB medium, 37°C). 

Maximum growth rate and CFU/ml after 12 h of growth are significantly lower

as well as the capacity to form biofilms. Altogether, these data show that the

Δ10 strain is less fit than the wild-type strain. The authors proposed that 

deletion of TAs might have a polar effect and thereby affect downstream 

gene expression and strain fitness. To confirm this, whole genome 

sequencing as well as gene expression analysis should be performed. One 
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should also be careful with approaches that involve multiple deletions. 

Genome manipulation using the λRed system and counter-selection methods

based on parE toxin expression might have generated multiple genomic 

rearrangements and therefore lead to a fitness decrease. 

Other groups investigated the implication of the 10 TAs as well as that of 

Lon, ppGpp, and polyP in persistence to various classes of antibiotics. While 

the Δ10 strain was less persistent upon gentamycin treatment (contrary to 

what is reported in Ramisetty et al., 2016 ), the Δ lon , Δ relA Δ spoT , and Δ 

ppk mutants were not affected ( Shan et al., 2015 ). Moreover, β-lactam 

treatment did not affect persistence of a Δ lon mutant ( Theodore et al., 2013

; Chowdhury et al., 2016 ), on the contrary to what was previously reported 

by the Gerdes lab ( Maisonneuve et al., 2011 ). Finally, for ciprofloxacin, 

persistence of the Δ lon strain was strongly affected but the decrease in 

persistence was solely dependent on SulA, a SOS cell division inhibitor and 

Lon substrate, since the double Δ lon Δ sulA mutant presents similar 

persister frequency to that of the wild-type strain ( Theodore et al., 2013 ). It 

is well described that Lon mutants are unable to recover from an SOS-

inducing treatment, such as ciprofloxacin, due to SulA accumulation and 

incapacity of cell division to resume ( Mizusawa and Gottesman, 1983 ; 

Schoemaker et al., 1984 ). 

This body of data from different groups casts serious doubts about the polyP-

dependent TAs regulation model. Strikingly, this model implies that the Lon 

protease degrades the antitoxins of interest in a polyP-dependent manner 

and at comparable rates. While most antitoxins appear to be indeed 
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susceptible to Lon ( Christensen et al., 2001 , 2003 , 2004 ; Jørgensen et al., 

2009 ; Prysak et al., 2009 ; Christensen-Dalsgaard et al., 2010 ), at least four

of them (MazE, DinJ, MqsR, and HigA) have been described to be also 

susceptible to Clp proteases ( Prysak et al., 2009 ; Christensen-Dalsgaard et 

al., 2010 ), indicating that Lon might not be solely responsible for these TAs 

activation. Moreover, for most antitoxins, polyP-dependency was not tested. 

Ramisetty et al. have probed YefM (antitoxin from one of the 10 systems of 

interest) degradation using primer extension as a proxy ( Ramisetty et al., 

2016 ). This method relies on the fact that TAs are autoregulated at the level

of transcription by a complex formed of antitoxin and toxin proteins ( Hayes 

and Van Melderen, 2011 ). It is commonly thought that upon antitoxin 

degradation, transcriptional activation of the cognate TA operon is observed 

and can be detected by northern blots and/or primer extension. The data 

obtained by this method indicate that YefM is indeed degraded by Lon but in 

a ppGpp and polyP-independent manner, in contrast to what was reported by

the Gerdes group ( Maisonneuve et al., 2011 , 2013 ). Moreover, using 

overexpression of Lon as way to probe TAs activation, Van Melderen's lab in 

collaboration with Gerdes lab showed that the yefM-yoeB TAs appears to be 

the only system producing mRNA cleavage ( Christensen et al., 2004 ). These

data were confirmed by Ramisetty et al. (2016) . Critically, Ramisetty et al. 

showed that mRNA cleavage by YoeB during Lon production is still observed 

in a Δ ppk-ppx strain, thereby confirming that polyP is not required to 

activate the yefM-yoeB system ( Ramisetty et al., 2016 ). Also, in vitro , polyP

deactivates Lon rather than activating it ( Osbourne et al., 2014 ). 
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Still regarding antitoxin degradation, surprising discrepancies between 

papers of Maisonneuve et al. (2011 , 2013) and previous works of the Gerdes

group were noted by Ramisetty et al. (2016) . In papers published in 2001 (

Christensen et al., 2001 ) and 2003 ( Christensen et al., 2003 ), the Gerdes 

group clearly demonstrated using northern blot, primer extension and/or 

Western blot analyses that degradation of RelB and MazE (antitoxins from 

the 10 systems of interest) is Lon-dependent but independent of ppGpp. 

However, according to the current model proposed by the same group, 

degradation of these antitoxins requires ppGpp and polyP. The reasons for 

these discrepancies were never discussed in the concerned papers. 

As a conclusion, the link between the stringent response, endoribonuclease 

encoding type II toxin-antitoxin systems and persistence appears to be weak.

Type II endoribonucleases toxins and ppGpp are clearly not the only players 

for generating persister cells. Multiple reports indicate that other molecular 

mechanisms are involved in persister cell formation such as type II toxins 

with cell wall synthesis inhibition activity or type I toxins as well as the SOS 

response ( Lioy et al., 2012 ; Kaldalu et al., 2016 ; Wood, 2016 ). In addition 

to antitoxin degradation, the polyP-dependent TA regulation model raises 

important unanswered questions, among them: (1) what is the expression 

level of the 10 different TAs in steady-state (repression) and activation 

(derepression) conditions, (2) how is Lon activated to degrade antitoxins in 

toxin-antitoxin complexes, (3) what are the kinetics of toxin release from 

antitoxin-toxin complexes, and (4) what is the affinity of toxins for their 

respective targets. In addition, the upstream part of the model is also 
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surprisingly little-documented, notably how polyP affects Lon substrate 

degradation (if at all), and how ppGpp is affecting persistence. For example, 

it was recently shown that persister cells can form in the absence of ppGpp, 

although to a lower level ( Chowdhury et al., 2016 ). Hence, how persister 

cells form in clinically-relevant settings and whether persister cells are 

chiefly responsible for antibiotic failure remains to be elucidated. 

Knowing that TAs are very diverse and abundant in prokaryotic genomes, 

that they are part of the accessory genome and they move by horizontal 

gene transfer ( Anantharaman and Aravind, 2003 ; Makarova et al., 2009 ; 

Guglielmini and Van Melderen, 2011 ; Leplae et al., 2011 ; Ramisetty and 

Santhosh, 2016 ), trying to squeeze them all in the same functional model is 

very reductive. We believe that these small, evolutionary-successful systems

deserve better consideration! 

Author Contributions 
All authors listed, have made substantial, direct and intellectual contribution 

to the work, and approved it for publication. 

Conflict of Interest Statement 
The authors declare that the research was conducted in the absence of any 

commercial or financial relationships that could be construed as a potential 

conflict of interest. 

Acknowledgments 
Work in LVM's lab is supported by the Fonds National de la Recherche 

Scientifique (FNRS, grant number: 3. 4621. 12 FRSM, T. 0147. 15F PDR and J.
https://assignbuster.com/commentary-what-is-the-link-between-stringent-
response-endoribonuclease-encoding-type-ii-toxin-antitoxin-systems-and-
persistence/



 Commentary: what is the link between str... – Paper Example  Page 8

0061. 16F CDR), the Interuniversity Attraction Poles Program initiated by the 

Belgian Science Policy Office (MICRODEV), the Fonds Jean Brachet and 

Fondation Van Buuren. Work in TW's lab is supported by the Army Research 

Office (W911NF-14-1-0279) and funds derived from the Biotechnology 

Endowed Professorship at the Pennsylvania State University. 

References 
Anantharaman, V., and Aravind, L. (2003). New connections in the 

prokaryotic toxin-antitoxin network: relationship with the eukaryotic 

nonsense-mediated RNA decay system. Genome Biol. 4: R81. doi: 10. 

1186/gb-2003-4-12-r81 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Brauner, A., Fridman, O., Gefen, O., and Balaban, N. Q. (2016). Distinguishing

between resistance, tolerance and persistence to antibiotic treatment. Nat. 

Rev. Microbiol. 14, 320–330. doi: 10. 1038/nrmicro. 2016. 34 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Chowdhury, N., Kwan, B. W., and Wood, T. K. (2016). Persistence increases in

the absence of the alarmone guanosine tetraphosphate by reducing cell 

growth. Sci. Rep. 6: 20519. doi: 10. 1038/srep20519 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Christensen-Dalsgaard, M., Jørgensen, M. G., and Gerdes, K. (2010). Three 

new RelE-homologous mRNA interferases of Escherichia coli differentially 

https://assignbuster.com/commentary-what-is-the-link-between-stringent-
response-endoribonuclease-encoding-type-ii-toxin-antitoxin-systems-and-
persistence/

http://scholar.google.com/scholar_lookup?author=N.+Chowdhury&author=B.+W.+Kwan&author=T.+K.+Wood+&publication_year=2016&title=Persistence+increases+in+the+absence+of+the+alarmone+guanosine+tetraphosphate+by+reducing+cell+growth&journal=Sci.+Rep.&volume=6&pages=20519
https://doi.org/10.1038/srep20519
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26837570
http://scholar.google.com/scholar_lookup?author=A.+Brauner&author=O.+Fridman&author=O.+Gefen&author=N.+Q.+Balaban+&publication_year=2016&title=Distinguishing+between+resistance,+tolerance+and+persistence+to+antibiotic+treatment&journal=Nat.+Rev.+Microbiol.&volume=14&pages=320-330
https://doi.org/10.1038/nrmicro.2016.34
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27080241
http://scholar.google.com/scholar_lookup?author=V.+Anantharaman&author=L.+Aravind+&publication_year=2003&title=New+connections+in+the+prokaryotic+toxin-antitoxin+network%3A+relationship+with+the+eukaryotic+nonsense-mediated+RNA+decay+system&journal=Genome+Biol.&volume=4&pages=R81
https://doi.org/10.1186/gb-2003-4-12-r81
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=14659018


 Commentary: what is the link between str... – Paper Example  Page 9

induced by environmental stresses. Mol. Microbiol. 75, 333–348. doi: 10. 

1111/j. 1365-2958. 2009. 06969. x 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Christensen, S. K., Maenhaut-Michel, G., Mine, N., Gottesman, S., Gerdes, K., 

and Van Melderen, L. (2004). Overproduction of the Lon protease triggers 

inhibition of translation in Escherichia coli: involvement of the yefM-yoeB 

toxin-antitoxin system. Mol. Microbiol. 51, 1705–1717. doi: 10. 1046/j. 1365-

2958. 2003. 03941. x 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Christensen, S. K., Mikkelsen, M., Pedersen, K., and Gerdes, K. (2001). RelE, a

global inhibitor of translation, is activated during nutritional stress. Proc. 

Natl. Acad. Sci. U. S. A. 98, 14328–14333. doi: 10. 1073/pnas. 251327898 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Christensen, S. K., Pedersen, K., Hansen, F. G., and Gerdes, K. (2003). Toxin-

antitoxin loci as stress-response-elements: ChpAK/MazF and ChpBK cleave 

translated RNAs and are counteracted by tmRNA. J. Mol. Biol. 332, 809–819. 

doi: 10. 1016/S0022-2836(03)00922-7 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Guglielmini, J., and Van Melderen, L. (2011). Bacterial toxin-antitoxin 

systems: translation inhibitors everywhere. Mob. Genet. Elements 1, 283–

290. doi: 10. 4161/mge. 18477 
https://assignbuster.com/commentary-what-is-the-link-between-stringent-
response-endoribonuclease-encoding-type-ii-toxin-antitoxin-systems-and-
persistence/

http://scholar.google.com/scholar_lookup?author=S.+K.+Christensen&author=K.+Pedersen&author=F.+G.+Hansen&author=K.+Gerdes+&publication_year=2003&title=Toxin-antitoxin+loci+as+stress-response-elements%3A+ChpAK%2FMazF+and+ChpBK+cleave+translated+RNAs+and+are+counteracted+by+tmRNA&journal=J.+Mol.+Biol.&volume=332&pages=809-819
https://doi.org/10.1016/S0022-2836(03)00922-7
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=12972253
http://scholar.google.com/scholar_lookup?author=S.+K.+Christensen&author=M.+Mikkelsen&author=K.+Pedersen&author=K.+Gerdes+&publication_year=2001&title=RelE,+a+global+inhibitor+of+translation,+is+activated+during+nutritional+stress&journal=Proc.+Natl.+Acad.+Sci.+U.S.A.&volume=98&pages=14328-14333
https://doi.org/10.1073/pnas.251327898
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=11717402
http://scholar.google.com/scholar_lookup?author=S.+K.+Christensen&author=G.+Maenhaut-Michel&author=N.+Mine&author=S.+Gottesman&author=K.+Gerdes&author=L.+Van+Melderen+&publication_year=2004&title=Overproduction+of+the+Lon+protease+triggers+inhibition+of+translation+in+Escherichia+coli%3A+involvement+of+the+yefM-yoeB+toxin-antitoxin+system&journal=Mol.+Microbiol.&volume=51&pages=1705-1717
https://doi.org/10.1046/j.1365-2958.2003.03941.x
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=15009896
http://scholar.google.com/scholar_lookup?author=M.+Christensen-Dalsgaard&author=M.+G.+J%C3%B8rgensen&author=K.+Gerdes+&publication_year=2010&title=Three+new+RelE-homologous+mRNA+interferases+of+Escherichia+coli+differentially+induced+by+environmental+stresses&journal=Mol.+Microbiol.&volume=75&pages=333-348
https://doi.org/10.1111/j.1365-2958.2009.06969.x
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19943910


 Commentary: what is the link between str... – Paper Example  Page 10

PubMed Abstract | CrossRef Full Text | Google Scholar 

Hayes, F., and Van Melderen, L. (2011). Toxins-antitoxins: diversity, evolution

and function. Crit. Rev. Biochem. Mol. Biol. 46, 386–408. doi: 10. 

3109/10409238. 2011. 600437 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Jørgensen, M. G., Pandey, D. P., Jaskolska, M., and Gerdes, K. (2009). HicA of 

Escherichia coli defines a novel family of translation-independent mRNA 

interferases in bacteria and archaea. J. Bacteriol. 191, 1191–1199. doi: 10. 

1128/JB. 01013-08 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Kaldalu, N., Hauryliuk, V., and Tenson, T. (2016). Persisters-as elusive as 

ever. Appl. Microbiol. Biotechnol. 100, 6545–6553. doi: 10. 1007/s00253-016-

7648-8 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Leplae, R., Geeraerts, D., Hallez, R., Guglielmini, J., Drèze, P., and Van 

Melderen, L. (2011). Diversity of bacterial type II toxin-antitoxin systems: a 

comprehensive search and functional analysis of novel families. Nucleic 

Acids Res. 39, 5513–5525. doi: 10. 1093/nar/gkr131 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/commentary-what-is-the-link-between-stringent-
response-endoribonuclease-encoding-type-ii-toxin-antitoxin-systems-and-
persistence/

http://scholar.google.com/scholar_lookup?author=R.+Leplae&author=D.+Geeraerts&author=R.+Hallez&author=J.+Guglielmini&author=P.+Dr%C3%A8ze&author=L.+Van+Melderen+&publication_year=2011&title=Diversity+of+bacterial+type+II+toxin-antitoxin+systems%3A+a+comprehensive+search+and+functional+analysis+of+novel+families&journal=Nucleic+Acids+Res.&volume=39&pages=5513-5525
https://doi.org/10.1093/nar/gkr131
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21422074
http://scholar.google.com/scholar_lookup?author=N.+Kaldalu&author=V.+Hauryliuk&author=T.+Tenson+&publication_year=2016&title=Persisters-as+elusive+as+ever&journal=Appl.+Microbiol.+Biotechnol.&volume=100&pages=6545-6553
https://doi.org/10.1007/s00253-016-7648-8
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27262568
http://scholar.google.com/scholar_lookup?author=M.+G.+J%C3%B8rgensen&author=D.+P.+Pandey&author=M.+Jaskolska&author=K.+Gerdes+&publication_year=2009&title=HicA+of+Escherichia+coli+defines+a+novel+family+of+translation-independent+mRNA+interferases+in+bacteria+and+archaea&journal=J.+Bacteriol.&volume=191&pages=1191-1199
https://doi.org/10.1128/JB.01013-08
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19060138
http://scholar.google.com/scholar_lookup?author=F.+Hayes&author=L.+Van+Melderen+&publication_year=2011&title=Toxins-antitoxins%3A+diversity,+evolution+and+function&journal=Crit.+Rev.+Biochem.+Mol.+Biol.&volume=46&pages=386-408
https://doi.org/10.3109/10409238.2011.600437
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21819231
http://scholar.google.com/scholar_lookup?author=J.+Guglielmini&author=L.+Van+Melderen+&publication_year=2011&title=Bacterial+toxin-antitoxin+systems%3A+translation+inhibitors+everywhere&journal=Mob.+Genet.+Elements&volume=1&pages=283-290
https://doi.org/10.4161/mge.18477
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22545240


 Commentary: what is the link between str... – Paper Example  Page 11

Lioy, V. S., Machon, C., Tabone, M., Gonzalez-Pastor, J. E., Daugelavicius, R., 

Ayora, S., et al. (2012). The zeta toxin induces a set of protective responses 

and dormancy. PLoS ONE 7: e30282. doi: 10. 1371/journal. pone. 0030282 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Maisonneuve, E., Castro-Camargo, M., and Gerdes, K. (2013). (p)ppGpp 

controls bacterial persistence by stochastic induction of toxin-antitoxin 

activity. Cell 154, 1140–1150. doi: 10. 1016/j. cell. 2013. 07. 048 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Maisonneuve, E., Shakespeare, L. J., Jørgensen, M. G., and Gerdes, K. (2011). 

Bacterial persistence by RNA endonucleases. Proc. Natl. Acad. Sci. U. S. A. 

108, 13206–13211. doi: 10. 1073/pnas. 1100186108 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Makarova, K. S., Wolf, Y. I., and Koonin, E. V. (2009). Comprehensive 

comparative-genomic analysis of type 2 toxin-antitoxin systems and related 

mobile stress response systems in prokaryotes. Biol. Direct 4: 19. doi: 10. 

1186/1745-6150-4-19 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Michiels, J. E., Van den Bergh, B., Verstraeten, N., and Michiels, J. (2016). 

Molecular mechanisms and clinical implications of bacterial persistence. 

Drug Resist. Updat. 29, 76–89. doi: 10. 1016/j. drup. 2016. 10. 002 

https://assignbuster.com/commentary-what-is-the-link-between-stringent-
response-endoribonuclease-encoding-type-ii-toxin-antitoxin-systems-and-
persistence/

http://scholar.google.com/scholar_lookup?author=K.+S.+Makarova&author=Y.+I.+Wolf&author=E.+V.+Koonin+&publication_year=2009&title=Comprehensive+comparative-genomic+analysis+of+type+2+toxin-antitoxin+systems+and+related+mobile+stress+response+systems+in+prokaryotes&journal=Biol.+Direct&volume=4&pages=19
https://doi.org/10.1186/1745-6150-4-19
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19493340
http://scholar.google.com/scholar_lookup?author=E.+Maisonneuve&author=L.+J.+Shakespeare&author=M.+G.+J%C3%B8rgensen&author=K.+Gerdes+&publication_year=2011&title=Bacterial+persistence+by+RNA+endonucleases&journal=Proc.+Natl.+Acad.+Sci.+U.S.A.&volume=108&pages=13206-13211
https://doi.org/10.1073/pnas.1100186108
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21788497
http://scholar.google.com/scholar_lookup?author=E.+Maisonneuve&author=M.+Castro-Camargo&author=K.+Gerdes+&publication_year=2013&title=(p)ppGpp+controls+bacterial+persistence+by+stochastic+induction+of+toxin-antitoxin+activity&journal=Cell&volume=154&pages=1140-1150
https://doi.org/10.1016/j.cell.2013.07.048
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23993101
http://scholar.google.com/scholar_lookup?author=V.+S.+Lioy&author=C.+Machon&author=M.+Tabone&author=J.+E.+Gonzalez-Pastor&author=R.+Daugelavicius&author=S.+Ayora+&publication_year=2012&title=The+zeta+toxin+induces+a+set+of+protective+responses+and+dormancy&journal=PLoS+ONE&volume=7&pages=e30282
https://doi.org/10.1371/journal.pone.0030282
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22295078


 Commentary: what is the link between str... – Paper Example  Page 12

PubMed Abstract | CrossRef Full Text | Google Scholar 

Mizusawa, S., and Gottesman, S. (1983). Protein degradation in Escherichia 

coli : the lon gene controls the stability of sulA protein. Proc. Natl. Acad. Sci. 

U. S. A. 80, 358–362. doi: 10. 1073/pnas. 80. 2. 358 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Osbourne, D. O., Soo, V. W., Konieczny, I., and Wood, T. K. (2014). 

Polyphosphate, cyclic AMP, guanosine tetraphosphate, and c-di-GMP reduce 

in vitro Lon activity. Bioengineered 5, 264–268. doi: 10. 4161/bioe. 29261 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Prysak, M. H., Mozdzierz, C. J., Cook, A. M., Zhu, L., Zhang, Y., Inouye, M., et 

al. (2009). Bacterial toxin YafQ is an endoribonuclease that associates with 

the ribosome and blocks translation elongation through sequence-specific 

and frame-dependent mRNA cleavage. Mol. Microbiol. 71, 1071–1087. doi: 

10. 1111/j. 1365-2958. 2008. 06572. x 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Ramisetty, B. C., Ghosh, D., Roy Chowdhury, M., and Santhosh, R. S. (2016). 

What is the link between stringent response, endoribonuclease encoding 

type II toxin-antitoxin systems and persistence? Front. Microbiol. 7: 1882. 

doi: 10. 3389/fmicb. 2016. 01882 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/commentary-what-is-the-link-between-stringent-
response-endoribonuclease-encoding-type-ii-toxin-antitoxin-systems-and-
persistence/

http://scholar.google.com/scholar_lookup?author=B.+C.+Ramisetty&author=D.+Ghosh&author=M.+Roy+Chowdhury&author=R.+S.+Santhosh+&publication_year=2016&title=What+is+the+link+between+stringent+response,+endoribonuclease+encoding+type+II+toxin-antitoxin+systems+and+persistence%3F&journal=Front.+Microbiol.&volume=7&pages=1882
https://doi.org/10.3389/fmicb.2016.01882
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27933045
http://scholar.google.com/scholar_lookup?author=M.+H.+Prysak&author=C.+J.+Mozdzierz&author=A.+M.+Cook&author=L.+Zhu&author=Y.+Zhang&author=M.+Inouye+&publication_year=2009&title=Bacterial+toxin+YafQ+is+an+endoribonuclease+that+associates+with+the+ribosome+and+blocks+translation+elongation+through+sequence-specific+and+frame-dependent+mRNA+cleavage&journal=Mol.+Microbiol.&volume=71&pages=1071-1087
https://doi.org/10.1111/j.1365-2958.2008.06572.x
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19210620
http://scholar.google.com/scholar_lookup?author=D.+O.+Osbourne&author=V.+W.+Soo&author=I.+Konieczny&author=T.+K.+Wood+&publication_year=2014&title=Polyphosphate,+cyclic+AMP,+guanosine+tetraphosphate,+and+c-di-GMP+reduce+in+vitro+Lon+activity&journal=Bioengineered&volume=5&pages=264-268
https://doi.org/10.4161/bioe.29261
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24874800
http://scholar.google.com/scholar_lookup?author=S.+Mizusawa&author=S.+Gottesman+&publication_year=1983&title=Protein+degradation+in+Escherichia+coli%3A+the+lon+gene+controls+the+stability+of+sulA+protein&journal=Proc.+Natl.+Acad.+Sci.+U.S.A.&volume=80&pages=358-362
https://doi.org/10.1073/pnas.80.2.358
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=6300834
http://scholar.google.com/scholar_lookup?author=J.+E.+Michiels&author=B.+Van+den+Bergh&author=N.+Verstraeten&author=J.+Michiels+&publication_year=2016&title=Molecular+mechanisms+and+clinical+implications+of+bacterial+persistence&journal=Drug+Resist.+Updat.&volume=29&pages=76-89
https://doi.org/10.1016/j.drup.2016.10.002
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27912845


 Commentary: what is the link between str... – Paper Example  Page 13

Ramisetty, B. C., and Santhosh, R. S. (2016). Horizontal gene transfer of 

chromosomal Type II toxin-antitoxin systems of Escherichia coli . FEMS 

Microbiol. Lett. 363: fnv238. doi: 10. 1093/femsle/fnv238 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Schoemaker, J. M., Gayda, R. C., and Markovitz, A. (1984). Regulation of cell 

division in Escherichia coli : SOS induction and cellular location of the sulA 

protein, a key to lon-associated filamentation and death. J. Bacteriol. 158, 

551–561. 

PubMed Abstract | Google Scholar 

Shan, Y., Lazinski, D., Rowe, S., Camilli, A., and Lewis, K. (2015). Genetic 

basis of persister tolerance to aminoglycosides in Escherichia coli . mBio 6, 

e00078–15. doi: 10. 1128/mBio. 00078-15 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Theodore, A., Lewis, K., and Vulic, M. (2013). Tolerance of Escherichia coli to 

fluoroquinolone antibiotics depends on specific components of the SOS 

response pathway. Genetics 195, 1265–1276. doi: 10. 1534/genetics. 113. 

152306 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Wood, T. K. (2016). Combatting bacterial persister cells. Biotechnol. Bioeng. 

113, 476–483. doi: 10. 1002/bit. 25721 

https://assignbuster.com/commentary-what-is-the-link-between-stringent-
response-endoribonuclease-encoding-type-ii-toxin-antitoxin-systems-and-
persistence/

http://scholar.google.com/scholar_lookup?author=A.+Theodore&author=K.+Lewis&author=M.+Vulic+&publication_year=2013&title=Tolerance+of+Escherichia+coli+to+fluoroquinolone+antibiotics+depends+on+specific+components+of+the+SOS+response+pathway&journal=Genetics&volume=195&pages=1265-1276
https://doi.org/10.1534/genetics.113.152306
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24077306
http://scholar.google.com/scholar_lookup?author=Y.+Shan&author=D.+Lazinski&author=S.+Rowe&author=A.+Camilli&author=K.+Lewis+&publication_year=2015&title=Genetic+basis+of+persister+tolerance+to+aminoglycosides+in+Escherichia+coli&journal=mBio&volume=6&pages=e00078-15
https://doi.org/10.1128/mBio.00078-15
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25852159
http://scholar.google.com/scholar_lookup?author=J.+M.+Schoemaker&author=R.+C.+Gayda&author=A.+Markovitz+&publication_year=1984&title=Regulation+of+cell+division+in+Escherichia+coli%3A+SOS+induction+and+cellular+location+of+the+sulA+protein,+a+key+to+lon-associated+filamentation+and+death&journal=J.+Bacteriol.&volume=158&pages=551-561
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=6327610
http://scholar.google.com/scholar_lookup?author=B.+C.+Ramisetty&author=R.+S.+Santhosh+&publication_year=2016&title=Horizontal+gene+transfer+of+chromosomal+Type+II+toxin-antitoxin+systems+of+Escherichia+coli&journal=FEMS+Microbiol.+Lett.&volume=363&pages=fnv238
https://doi.org/10.1093/femsle/fnv238
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26667220


 Commentary: what is the link between str... – Paper Example  Page 14

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/commentary-what-is-the-link-between-stringent-
response-endoribonuclease-encoding-type-ii-toxin-antitoxin-systems-and-
persistence/

http://scholar.google.com/scholar_lookup?author=T.+K.+Wood+&publication_year=2016&title=Combatting+bacterial+persister+cells&journal=Biotechnol.+Bioeng.&volume=113&pages=476-483
https://doi.org/10.1002/bit.25721
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26264116

	Commentary: what is the link between stringent response, endoribonuclease encodin...
	Author Contributions
	Conflict of Interest Statement
	Acknowledgments
	References


