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29th Apr 20201st Editorial Decision

Thank you again for submit t ing your work to Molecular Systems Biology. We have now heard back 
from two of the three reviewers who agreed to evaluat e your manuscript . Unfort unately, after a 
series of reminders we did not manage to obtain a report from reviewer #1. In the interest of t ime, 
and since the recommendat ions from the other two reviewers are quite similar, I prefer to a make a 
decision now rather than further delaying the process. As you will see from the report s below, the 
reviewers acknowledge the potent ial interest of the study. They raise however a series of 
concerns, which we would ask you to address in a major revision. 

I think that the reviewers' recommendat ions are rather clear and there is therefore no need for me 
to reiterate the comment s listed below. In part icular, both reviewers raise concerns with regards to 
the "in vivo degradat ion assay", which needs to be convincingly addressed. Further, addit ional 
experiment s and analyses are required in order to enhance the concept ual novelt y and the level of 
biological insight provided by the study, as recommended by reviewers #3. 

All other issues raised by the reviewers need to be sat isfact orily addressed as well. As you may 
already know, our editorial policy allows in principle a single round of major revision and it is 
therefore essent ial to provide responses to the reviewers' comment s that are as complet e as 
possible. Please feel free to contact me in case you would like to discuss in further detail any of the 
issues raised by the reviewers. 

REFEREE REPORTS
-------------------------------------------------------- 

Reviewer #2: 

The very interest ing manuscript by Burgos et al invest igate protein degradat ion in a genome 
reduced model organism, Mycoplasma pneumoniae, which encodes only two ATP dependent AAA
+ proteases Lon and FtsH. Such AAA+ protease complexes are very import ant both for regulat ory 
and general proteolysis, which is reflect ed by the apparent essent iality of lon and ftsH genes in 
this organism. 
To study the effect of these genes on the transcript ome and proteome they const ructed strains 
with lon or ftsH or both under the cont rol of a Tetracycline cont rolled promot er, allowing the 
expression of these genes only in the presence of Tetracycline, and therefore also deplet e the 
proteins encoded by these essent ial genes in the absence of tet racycline (Fig 1). 

In the next  paragraph on p6 the authors also ment ion that  they measure proteome wide 
protein half-life t imes at  13 and 52h (Supposedly shown in the excel sheet  which is probably 
Table S1?; and maybe relat ed to Fig2D?). 



Furthermore, to ident ify the possible protein substrate of the respect ive protease, they perform
quant itat ive MS (Fig S4) and RNAseq experiments (Fig S11?) in Lon and FtsH deplet ion strains and
correlate the observed transcript ional and protein abundance changes comparing the deplet ion
condit ion with the complemented strains (Fig 2A). Here they observe upregulated proteins which
they classify as different ially detected (DD, proteins not detected in the induced condit ion and
detected in the depleted condit ion, and whose mRNA level did not increase more than 2-fold) or
different ially expressed (DE, significant increase in abundance upon protease deplet ion that could
not be at t ributed to an increase in mRNA levels). In addit ion, they also observe proteins which were
downregulated upon Lon or FtsH deplet ion. 

Interest ingly when analyzing their candidate DD and DE proteins (Table S3) they observe separate
and dist inct  putat ive substrate proteins, propert ies and characterist ics, also due to the inherent
different localizat ion of FtsH as a membrane protein and the more cytosolic Lon (Fig 2 p7) And the
cellular response to Lon vs FtsH deplet ion appears to be dist inct  (p9/10 Fig S11 or 12) 

Then they go on and Flag tag specific candidate protein substrates to confirm again their
degradat ion but the addit ion of the Flagtag itself is apparent ly interfering with the in vivo stability
(Fig 3), which is well known in the field and also the characterizat ion of possible mot ifs for the Lon
recognit ion with this approach is not very conclusive (Fig 4) 
The following analysis of Lon as a quality control protease is interest ing and more convincing (p 10
Fig 5) and the discussion is very interest ing and insightful. 

-Major comments (C) and quest ions (Q)

C The usage of gene and protein names is very often confusing in the whole manuscript  and also
figures. For example in Fig 4 only MPNxxx names are given but somewhere in the text  its ment ioned
that these are the FtsZ/A homologs? And this goes on and on throughout the text . This is very
confusing and I have to say that I know a lot  about FtsZ but nothing about mpnxxx. I would suggest
to use the homolog names when possible and maybe also name the mpn name in parentheses.
Fortunately Lon and FtsH are most ly ment ioned by these names 

C Regulatory proteolysis? p6/7 Fig 2A The proteins which were observed to be downregulated
upon Lon or FtsH deplet ion are not ment ioned anymore and later not really discussed! But these
ident ified proteins are interest ing, they could for example be under the indirect  control of regulatory
proteolysis of an act ivator whose stability might be controlled by Lon or FtsH. Maybe this possibility
could be examined or detected in the RNAseq data by observing different ial changes in regions? 

C In vivo degradat ion p7 To me there is no difference between measuring the relat ive abundance of
proteins under the different deplet ion condit ions by MS (Fig 2A, S4) or comparing the abundance of
the same Flagtagged candidate substrate proteins by westernblot  under the same condit ions (Fig
3). 
This is not a real "in vivo degradat ion assay", just  because the abundance of a protein is compared
at different condit ions by westernblot  or quant itat ive MS. 
In contrast , the SILAC experiment is a much better for this purpose and a generally accepted way
to measure real "in vivo" degradat ion, "protein half-lives" or stability, since it  is a pulse-chase
experiment, which can also specifically determine the subsequent change of protein levels by
quant itat ive MS. The results of this experiment depicted Fig 2D suggests that there is a general
correlat ion of the ident ified DD and DE candidates and their in vivo half-lives / degradat ion/ stability
measured by the SILAC experiment. 



However, I cannot see this protein by protein and compared in relat ion to the DD and DE candidate
substrate proteins. To resolve this one could for example also state the respect ive "protein half-
lives" measured by ´the SILAC experiment for the DD and DE candidate proteins listed in table S3.
(As ment ioned below, the suppl Informat ion of the supplied excel files to me are not clear at  all.) In
addit ion, the t it le of the paragraph should be changed accordingly and the term "in vivo
degradat ion" removed. 

-Further quest ions (Q) and comments (C)

C Tit le the term "minimal genome organism" can be a lit t le misleading or even confusing, since this
organism has a relat ively small genome that was not art ificially reduced. Maybe just  state the name
of the organism in addit ion or instead of this term 

Q p5 the last  paragraph "Out of all the....cold stress adaptat ion" : For me this paragraph is a lit t le
confusing. It  is not that  clear what I learn from this text  besides that some of these genes appear to
behave like housekeeping genes and might also be involved in cold shock response? Is HrcA not a
heat shock response regulator which indirect ly responds to protein unfolding and misfolding? What
is meant by exhibit ing less variance and where do I see that in Fig S1? 

Q Fig 1 Is the tet  induced expression of Lon or FtsH similar to wt levels (Westernblots?) and is the
growth of the respect ive strains comparable to wt cells? It  would be informat ive to see the
Westernblot  experiments controlling the deplet ion of FtsH and Lon vs the respect ive
complemented strains. 

Q Fig 2A what t ime points during deplet ion vs complementat ion were measured and compared 

Q p6 Is this protein-half-life measurement ment ioned on p 6 the same SILAC t ime course
experiment depicted in 2D? 

C p6 In the supplementary files the excel sheets are called 103947_0_table_1679050_q5y38x.xlsx
and 103947_0_table_1679052_q5y38x.xlsx and it  is not clear, neither from the t it le nor from the
text  in the excel sheets, whether one of those excel sheets is table S1 or maybe S2. In the one of
the excel sheets protein half-lives are listed, but also labeled true or false, which is quite confusing 

Q p8 what is a restrictase? 

Fig 3, 4 S6, S9 p7,8,9 Some of the presented westernblot  experiments are not very conclusive since
the addit ion of a flag tag appears to change the recognit ion mode of the possible C- or N-terminal
degron. It  is also possible that other putat ive cofactors, which could be necessary to ident ify
substrate proteins for degradat ion in vivo, are inhibited by addit ional tags. Also, the mutat ional
analysis of possible recognit ion loops is not too convincing. 

Q p11 ...and FtsH would have a similar role in the control of the assembly of the Sec protein
translocat ion complex. Where is that  connect ion shown in the data? 

Reviewer #3: 



Summary: 
This study by Burgos et  al. invest igates the cellular funct ions of the ATP-dependent proteases Lon
and FtsH in Mycoplasma pneumoniae, in which both of these proteases are essent ial. The authors
generated deplet ion strains and found that loss of Lon and FtsH results in severe growth defects.
They went on and mapped proteome and transcriptome changes following FtsH and Lon deplet ion.
Proteins whose levels were significant ly increased following deplet ion were considered to be
candidate substrates. Western Blot  analyses for some of these candidate substrates confirmed
increased protein levels in the absence of either of these proteases. For three of the validated Lon
substrates the authors showed that degradat ion requires patches of hydrophobic amino acids at
the termini. The authors also show that deplet ion of either protease results in global gene
expression changes, and based on the analysis of pseudogene encoded proteins the authors
suggest that  Lon plays a role in protein quality control. 

General comments: 
Studying protein homeostasis and protein degradat ion in non-model organisms is an important
research topic. In part icular, the genome reduced bacteria M. pneumoniae offers an interest ing
system for studying the cellular roles of highly conserved bacterial proteases. While this study is
generally well executed and provides new insights into the substrate pools of Lon and FtsH in M.
pneumoniae, I find that it  does not go part icularly into depth. Experiments establishing the precise
roles of FtsH and Lon in regulat ing the ident ified substrates are missing and the study provides only
limited conceptual advance regarding the general funct ions of Lon and FtsH. My specific comments
and suggest ions to improve the manuscript  follow below. 

Major comments: 
1. The authors measured protein abundance of putat ive substrates following protease deplet ion
and called these assays "in vivo degradat ion assays" (Fig. 2). However, in order to monitor
degradat ion in vivo, the authors need to conduct either pulse-chase assays or protein synthesis
shut-down assays, in which protein decay is monitored over t ime following an ant ibiot ic induced
block of global protein synthesis (in wt and protease mutant). Ideally, to provide evidence that
candidate substrates are direct  protease substrates the authors would need to purify proteases
and substrates and monitor degradat ion in vit ro.
2. It  would be interest ing to see if the stabilizat ion of some of the ident ified substrates contributes
to the lethal phenotype of Lon and FtsH deplet ion. What are the phenotypic consequences of
stabilizat ion of the ident ified substrates in the presence of Lon and FtsH? What are the precise
phenotypes of the FtsH and Lon deplet ion strains (with respect to cell division, DNA replicat ion and
cell envelope integrity), and does stabilizat ion of the ident ified substrates explain these
phenotypes?
3. The experiments shown in Fig. 4 make some attempts to address the mechanisms of substrate
recognit ion. The authors made some interest ing findings that specific mot ifs in the termini of three
validated substrates are required for degradat ion. Here, the authors could have included addit ional
mutat ions to pinpoint  more precisely the minimal sequence mot ifs required for recognit ion. Has a
similar analysis been done for FtsH? Are there key similarit ies or differences in how Lon and FtsH
recognize their substrates?
4. The rat ionale behind the analysis of pseudogene-encoded protein stability was difficult  for me to
follow. What is the evidence that the gene products of these transcribed truncated genes are non-
funct ional and misfolded? To support  that  Lon is involved in quality control, more direct  experiments
are required that assess Lon funct ion under proteotoxic stress condit ions. Does Lon deplet ion
result  in increased protein aggregat ion? Are elevated Lon levels required for heat tolerance? Does
Lon associate with protein aggregates?
5. The discussion is in its current form lengthy and should be shortened to focus on the main



important points. 

Minor comments: 
1. The t ime points used in the deplet ion experiments should be specified in the figure or in the
figure legend (all figures).
2. Proteins that have been experimentally validated to be Lon or FtsH substrates could be
highlighted in Fig. 2F.



Reviewer #2: 

The very interesting manuscript by Burgos et al investigate protein degradation in a genome 

reduced model organism, Mycoplasma pneumoniae, which encodes only two ATP dependent 

AAA+ proteases Lon and FtsH. Such AAA+ protease complexes are very important both for 

regulatory and general proteolysis, which is reflected by the apparent essentiality of lon and 

ftsH genes in this organism.  

To study the effect of these genes on the transcriptome and proteome they constructed strains 

with lon or ftsH or both under the control of a Tetracycline controlled promoter, allowing the 

expression of these genes only in the presence of Tetracycline, and therefore also deplete the 

proteins encoded by these essential genes in the absence of tetracycline (Fig 1).  

In the next paragraph on p6 the authors also mention that they measure proteome wide 

protein half-life times at 13 and 52h (Supposedly shown in the excel sheet which is probably 

Table S1?; and maybe related to Fig2D?).  

Furthermore, to identify the possible protein substrate of the respective protease, they 

perform quantitative MS (Fig S4) and RNAseq experiments (Fig S11?) in Lon and FtsH 

depletion strains and correlate the observed transcriptional and protein abundance changes 

comparing the depletion condition with the complemented strains (Fig 2A). Here they observe 

upregulated proteins which they classify as differentially detected (DD, proteins not detected 

in the induced condition and detected in the depleted condition, and whose mRNA level did 

not increase more than 2-fold) or differentially expressed (DE, significant increase in 

abundance upon protease depletion that could not be attributed to an increase in mRNA 

levels). In addition, they also observe proteins which were downregulated upon Lon or FtsH 

depletion.  

Interestingly when analyzing their candidate DD and DE proteins (Table S3) they observe 

separate and distinct putative substrate proteins, properties and characteristics, also due to 

the inherent different localization of FtsH as a membrane protein and the more cytosolic Lon 

(Fig 2 p7) And the cellular response to Lon vs FtsH depletion appears to be distinct (p9/10 

Fig S11 or 12)  

Then they go on and Flag tag specific candidate protein substrates to confirm again their 

degradation but the addition of the Flagtag itself is apparently interfering with the in vivo 

stability (Fig 3), which is well known in the field and also the characterization of possible 

motifs for the Lon recognition with this approach is not very conclusive (Fig 4)  

The following analysis of Lon as a quality control protease is interesting and more 

25th Sep 20201st Authors' Response to Reviewers



convincing (p 10 Fig 5) and the discussion is very interesting and insightful.  

 We thank reviewer 2 for the reviewing process and the valuable comments, which 

contributed to improve the quality of the manuscript. Below, we provide a detailed point-by-

point response to the specific comments and questions. 

-Major comments (C) and questions (Q)  

C The usage of gene and protein names is very often confusing in the whole manuscript and 

also figures. For example in Fig 4 only MPNxxx names are given but somewhere in the text 

its mentioned that these are the FtsZ/A homologs? And this goes on and on throughout the 

text. This is very confusing and I have to say that I know a lot about FtsZ but nothing about 

mpnxxx. I would suggest to use the homolog names when possible and maybe also name the 

mpn name in parentheses. Fortunately Lon and FtsH are mostly mentioned by these names  

We apologize for the inconveniences this may have caused. We have now corrected 

this throughout the text by using only the homolog gene name when possible. To provide a 

reference for the corresponding MPN gene number, we have also included this information in 

parentheses when first mentioned in the text as suggested. For genes/proteins for which there 

is no assignment to a known homolog gene, we used the MPN gene nomenclature followed in 

parenthesis by the putative gene annotation or function for reference. In the particular case of 

the hsdS subunits, in which there are several copies, we always mention both, common gene 

name (hsdS) and the specific MPN gene encoding the specific HsdS subunit. Additionally, we 

have amended the figures by adding the gene names when possible. 

 

C Regulatory proteolysis? p6/7 Fig 2A The proteins which were observed to be 

downregulated upon Lon or FtsH depletion are not mentioned anymore and later not really 

discussed! But these identified proteins are interesting, they could for example be under the 

indirect control of regulatory proteolysis of an activator whose stability might be controlled 

by Lon or FtsH. Maybe this possibility could be examined or detected in the RNAseq data by 

observing differential changes in regions?  

We thank reviewer 2 for this valuable suggestion and we agree that the analysis of 

down-regulated proteins could be also of interest. Following the same criteria we used to 

define candidate substrates, we found that out of the 40 and 20 proteins down-regulated after 

Lon and FtsH depletion, respectively, down-regulation of 19 and 11 proteins could not be 

explained by decreased mRNA expression, suggesting a translational or post-translational 

mechanism. These observations are now commented in the main text in P8, and the list of 

proteins can be found in Table EV2 (column of down-regulated candidates). 



In addition, we have included a more detailed analysis of changes in expression after 

Lon and FtsH depletion focusing on known transcriptional regulators of M. pneumoniae, 

taking advantage of a recently published study in which gene regulation was comprehensively 

examined in this bacterium (Yus et al., 2019). This analysis is now included in the section of 

“Cellular response to Lon and FtsH depletion” in P12. In summary, only two indirect 

regulators (RecA and the lipoprotein MPN506) were found to be substrates of Lon and FtsH, 

respectively. Since perturbations in these indirect regulators were shown to induce only minor 

transcriptional changes (Yus et al., 2019), the majority of transcriptional changes observed 

upon Lon or FtsH depletion seem to be mediated by non-canonical factors or regulation of the 

activity of these transcriptional regulators as we propose for the HcrA transcriptional 

repressor. However, we did observe that half of the proteins down-regulated after Lon 

depletion are ribosomal proteins, and that these changes correlated with a decrease of the 

transcriptional activity of the operons encoding them (Fig. EV2, panel G). This transcriptional 

response could be the result of the moderate up-regulation of the WhiA-like repressor under 

Lon depleting conditions (yet WhiA did not pass our established criteria for being considered 

a substrate). These findings are now highlighted in the text.  

 

C In vivo degradation p7 To me there is no difference between measuring the relative 

abundance of proteins under the different depletion conditions by MS (Fig 2A, S4) or 

comparing the abundance of the same Flagtagged candidate substrate proteins by 

westernblot under the same conditions (Fig 3).  

This is not a real "in vivo degradation assay", just because the abundance of a protein is 

compared at different conditions by westernblot or quantitative MS.  

In contrast, the SILAC experiment is a much better for this purpose and a generally accepted 

way to measure real "in vivo" degradation, "protein half-lives" or stability, since it is a pulse-

chase experiment, which can also specifically determine the subsequent change of protein 

levels by quantitative MS. The results of this experiment depicted Fig 2D suggests that there 

is a general correlation of the identified DD and DE candidates and their in vivo half-lives / 

degradation/ stability measured by the SILAC experiment.  

However, I cannot see this protein by protein and compared in relation to the DD and DE 

candidate substrate proteins. To resolve this one could for example also state the respective 

"protein half-lives" measured by ´the SILAC experiment for the DD and DE candidate 

proteins listed in table S3. (As mentioned below, the suppl Information of the supplied excel 

files to me are not clear at all.) In addition, the title of the paragraph should be changed 

accordingly and the term "in vivo degradation" removed.  

 We completely agree that protein abundances measured by MS and immunoblot 



assays are similar complementary analyses, and therefore we were not presenting real “in vivo 

degradation assays”. We apologise for the misuse of the term. As mentioned, we do measure 

protein half-lives of individual M. pneumoniae proteins by SILAC-based proteomics. These 

data are presented now in Table EV1 (previous excel Table S1). As suggested, we have now 

included the specific protein half-lives for the candidate substrates in a separate column in 

excel Table EV3 (previous Table S3) and removed the term “in vivo degradation assay” from 

the title of the substrate validation section in P9. Furthermore, we have performed additional 

experiments regarding the substrate validation to clarify this section. By one hand, the 

previous immunoblot experiments showing expression of N-and C-terminal FLAG tagged 

substrates under inducing and depleting conditions (shown in previous Fig. 3) have been 

moved to Appendix Fig. S6 to show the effect of the position of the FLAG tag (see also 

comment below regarding FLAG interference). On the other hand, the previous Figure 3 

(now Figure 4) has been improved by adding depletion time course experiments showing the 

stability of some substrates across different time points of depletion instead of a single time 

point. Additionally, we have monitored degradation of individual substrates by protein 

synthesis shut-down assays (see also response to comment 1 of referee 3). 

 

-Further questions (Q) and comments (C)  

 

C Title the term "minimal genome organism" can be a little misleading or even confusing, 

since this organism has a relatively small genome that was not artificially reduced. Maybe 

just state the name of the organism in addition or instead of this term  

As suggested, we have modified the title as follows: “Protein quality control and 

regulated proteolysis in the genome-reduced organism Mycoplasma pneumoniae” 

 

Q p5 the last paragraph "Out of all the....cold stress adaptation" : For me this paragraph is a 

little confusing. It is not that clear what I learn from this text besides that some of these genes 

appear to behave like housekeeping genes and might also be involved in cold shock response? 

Is HrcA not a heat shock response regulator which indirectly responds to protein unfolding 

and misfolding? What is meant by exhibiting less variance and where do I see that in Fig S1?  

We agree that the paragraph was misleading and incomplete. We have now re-written 

this paragraph (now in P6) and modified the previous supplementary figures S1 and S2 (now 

a single figure EV1) to clarify the main results. 

  Our analysis of transcriptional changes under different perturbations suggest that Lon 

is the protease that differentially respond more upon different perturbations, whereas PepP, 

Lsp and PepF are the ones that exhibit less variability in expression, thus suggesting a 



housekeeping like-behaviour. These findings are now shown in Fig. EV1 panel B. In 

particular, in the lower plot of panel B we show the standard deviation of the mRNA fold 

changes across the perturbations tested for each protease/chaperone gene, and we ranked 

them from the least to the most variable to facilitate visualization. 

Additionally, we have now included (panel A) a clustered heat map showing the 

mRNA fold changes of each protease/peptidase gene for each perturbation. In the previous 

version of the manuscript we used data from 190 perturbations to perform the analysis. For 

clarity purposes, we have now used data from Yus et al., 2019 in which all the different 

perturbations were grouped in 35 unique conditions. As shown in Fig. EV1 panel A, glucose 

starvation and cold shock are the perturbations that induce the major changes across all 

proteases, and these observations are now highlighted in the text. Finally, we also comment 

about the specific regulation of proteases under the control of HcrA, showing that 

transcriptional changes of proteases and chaperones under the control of HcrA highly 

correlate (shown in Fig EV1, panel C). 

In addition to the transcriptional analysis mentioned above, we now provide evidence 

that Lon depletion induces protein aggregation and significant transcriptional increases of 

genes regulated by the transcription factor HcrA. We propose that these changes may arise 

from the accumulation of misfolded proteins in the absence of Lon, resulting in the saturation 

of the GroEL/ES chaperonin system and subsequent inactivation of the HcrA repressor 

activity. These observations are discussed in P12 and P15. 

Q Fig 1 Is the tet induced expression of Lon or FtsH similar to wt levels (Westernblots?) and 

is the growth of the respective strains comparable to wt cells? It would be informative to see 

the Westernblot experiments controlling the depletion of FtsH and Lon vs the respective 

complemented strains.  

We have now included new Western blot experiments in Fig. 1 where protein levels 

of Lon and FtsH in wild-type cells are compared to conditional mutants grown under inducing 

or depleting conditions. As expected, the promoter replacement drives some variation in 

expression. In particular, Lon expression under inducing conditions is reduced compared to 

wild-type conditions, whereas FtsH induction promotes higher expression levels. Despite 

these differences, no significant impact on growth was observed. We believe that the 

assessment of the effect of Lon or FtsH depletion is better controlled by comparing the same 

mutant strain under inducing vs depleting conditions, rather than comparing with the wild-

type strain, as differences in the genetic background may introduce confounding factors. On 

the other hand, as mentioned above, we have also included in the new version of the 

manuscript time course experiments monitoring over time Lon or FtsH depletion and the 



respective changes in protein levels of candidate substrates. The text has been modified 

accordingly to these additions. 

Q Fig 2A what time points during depletion vs complementation were measured and 

compared  

The majority of experiments performed to assess the effect of Lon or FtsH (unless 

otherwise indicated) were done after 48h and 72h of depletion, respectively. This information 

is described in material and methods in the section “Culture conditions for Lon and FtsH 

depletion”. To further clarify the culture conditions for each experiment, we have specified 

this information in all figure legends. 

Q p6 Is this protein-half-life measurement mentioned on p 6 the same SILAC time course 

experiment depicted in 2D?  

Yes. We performed proteome wide measurements of protein half-lives in M. 

pneumoniae, which are reported individually for all proteins in Table EV1. In addition, as 

previously suggested, we have included the specific protein half-life for each candidate 

substrate in a separate column in Table EV3. In Figure 2D (now Fig. 3D) we show the 

statistical analysis of the distribution of protein half-lives among Lon and FtsH candidate 

substrates compared to other proteins. To clarify this, we have modified the text in P9 as 

follows: 

“We also determined M. pneumoniae protein turnover rates by SILAC-based proteomics 

(Table EV1). Lon candidate substrates exhibited significant lower protein half-lives as 

compared to the average (Mann-Whitney-Wilcoxon [MWW] two-sided test, p=6.53 x 10-4; 

Fig. 3D and Table EV3).” 

C p6 In the supplementary files the excel sheets are called 

103947_0_table_1679050_q5y38x.xlsx and 103947_0_table_1679052_q5y38x.xlsx and it is 

not clear, neither from the title nor from the text in the excel sheets, whether one of those 

excel sheets is table S1 or maybe S2. In the one of the excel sheets protein half-lives are 

listed, but also labeled true or false, which is quite confusing  

We apologize for this error. We assume that the file names have been unintentionally 

modified during the uploading process. According to the editorial format, we have now 

included in each excel table a separate tab called “README” in which we describe the 

different data presented in each column. In the particular case of Table EV1 (previous Table 

S1) in which we list the protein half-lives, the column stating true or false basically indicates 



if the protein half-life for the specific protein has been clipped (True) or not (False) to a 

maximum of 300 hours. Some proteins exhibited a fitted apparent degradation rate very close 

to the dilution rate, implying that those proteins have very long half-lives. In order to simplify 

downstream analyses, we fixed the half-lives of those proteins to a maximum value of 300h, 

which reflected the smallest degradation rate measurable given the experimental variability. 

These details have been also specified in material and methods. 

Q p8 what is a restrictase? 

We used restrictase as a synonym of restriction enzyme. To clarify this, we have 

changed throughout the text the term “restrictase” by “restriction enzyme”.  

Fig 3, 4 S6, S9 p7,8,9 Some of the presented westernblot experiments are not very conclusive 

since the addition of a flag tag appears to change the recognition mode of the possible C- or 

N-terminal degron. It is also possible that other putative cofactors, which could be necessary

to identify substrate proteins for degradation in vivo, are inhibited by additional tags. Also, 

the mutational analysis of possible recognition loops is not too convincing.  

We agree that tags can influence protein stability. Unfortunately, specific antibodies 

against the validated candidate substrates are not available. For this reason, we tested 

constructs carrying both N or C-terminal tags. As shown now in Appendix Fig. S6 (data 

shown before in previous Fig. 3), at least one of the positions of the tag does not interfere 

with protein stability, allowing us to use these constructs for further analysis, including the 

mutational experiments of possible degrons. Even in those cases in which we did detect 

interference of the tag, we believe the result is relevant, as they suggested the position of 

possible degrons in some substrates (FtsA, FtsZ and DnaB). However, as the referee points 

out, it is also possible that the tag could interfere not only with a degradation signal, but also 

with the binding of putative cofactors required for degradation in vivo. We have now 

mentioned this possibility in the discussion.  

Finally, we have also included in the revised manuscript a new mutational analysis 

assessing the contribution of single residues within the identified degrons (Fig. 5). 

Q p11 ...and FtsH would have a similar role in the control of the assembly of the Sec protein 

translocation complex. Where is that connection shown in the data?  

Our data indicate that SecE, SecD and SecY are FtsH substrates (Fig. 3F and Table 

EV3), suggesting that the degradation rate of these proteins could be influenced by the 

formation of stable complexes (discussed in P15). As we mention in the discussion, this 



statement is supported by the fact that the stability of some components of the Sec pathway in 

E. coli depends on their assembly. Thus, it is likely that the same happens in M. pneumoniae.

However, we agree that this fact is not directly demonstrated as we do for the assembly of the 

terminal organelle proteins. Of note, the components of the Sec translocation complex are 

essential, which make such experiments difficult to perform. In the revised manuscript we 

have tone down this statement as follows in P14:  

“Also, we demonstrate that Lon can degrade unassembled components of the attachment 

organelle. We propose that FtsH may have a similar role in the control of the assembly of the 

Sec protein translocation complex.”   



Reviewer #3: 

Summary:  

This study by Burgos et al. investigates the cellular functions of the ATP-dependent proteases 

Lon and FtsH in Mycoplasma pneumoniae, in which both of these proteases are essential. 

The authors generated depletion strains and found that loss of Lon and FtsH results in severe 

growth defects. They went on and mapped proteome and transcriptome changes following 

FtsH and Lon depletion. Proteins whose levels were significantly increased following 

depletion were considered to be candidate substrates. Western Blot analyses for some of these 

candidate substrates confirmed increased protein levels in the absence of either of these 

proteases. For three of the validated Lon substrates the authors showed that degradation 

requires patches of hydrophobic amino acids at the termini. The authors also show that 

depletion of either protease results in global gene expression changes, and based on the 

analysis of pseudogene encoded proteins the authors suggest that Lon plays a role in protein 

quality control.  

General comments:  

Studying protein homeostasis and protein degradation in non-model organisms is an 

important research topic. In particular, the genome reduced bacteria M. pneumoniae offers 

an interesting system for studying the cellular roles of highly conserved bacterial proteases. 

While this study is generally well executed and provides new insights into the substrate pools 

of Lon and FtsH in M. pneumoniae, I find that it does not go particularly into depth. 

Experiments establishing the precise roles of FtsH and Lon in regulating the identified 

substrates are missing and the study provides only limited conceptual advance regarding the 

general functions of Lon and FtsH. My specific comments and suggestions to improve the 

manuscript follow below.  

We thank reviewer 3 for the reviewing process and the constructive feedback. We 

think that the additional experiments and analyses proposed have improved the quality of the 

manuscript. Please, see below a detailed point-by-point response to the specific comments. 

Major comments: 

1. The authors measured protein abundance of putative substrates following protease

depletion and called these assays "in vivo degradation assays" (Fig. 2). However, in order to 

monitor degradation in vivo, the authors need to conduct either pulse-chase assays or protein 

synthesis shut-down assays, in which protein decay is monitored over time following an 

antibiotic induced block of global protein synthesis (in wt and protease mutant). Ideally, to 

provide evidence that candidate substrates are direct protease substrates the authors would 



need to purify proteases and substrates and monitor degradation in vitro. 

As we responded earlier to a similar comment raised by reviewer 2, we apologise for 

the misuse of the term “in vivo degradation assay”. We agree that MS and immunoblot 

analyses assessing protein abundances following protease depletion are similar 

complementary analyses, and therefore do not reflect real “in vivo degradation assays”. In the 

revised manuscript, we have included new experiments supporting the role of Lon and FtsH 

degrading some of the candidate substrates. These experiments are now shown in new Fig. 4 

(previous  Fig. 3). Accordingly, the results section: “Validation of Lon and FtsH substrates”; 

and the corresponding methods have been modified. By one hand, we performed depletion 

time course experiments instead of showing a single depletion time point, illustrating the 

association between protease expression and the stability of the candidate substrate. Since 

candidate substrates are expressed from an heterologous promoter, we believe it is very 

unlikely the existence of translational regulatory mechanisms promoting protein synthesis of 

these substrates in the absence of the protease. Therefore, protein degradation seems to be the 

most likely mechanism. To confirm this, we have also monitored degradation of the candidate 

substrates by protein synthesis shut-down assays as suggested. We would like to remark, 

however, the difficulties found in performing such experiments in M. pneumoniae as 

compared to other model organisms. By one hand, the majority of substrates tested are not 

detected in the presence of the protease, which jeoparadizes the monitorization of protein 

degradation over time. In other organisms, this problem can be solved by transient 

overexpression of the substrate, typically using strong inducible systems. Unfortunately, to 

date, only the Tet inducible system is available in M. pneumoniae, and this system is already 

used during the construction of the conditional mutants. Additionally, in contrast to E. coli, 

M. pneumoniae cannot overexpress a protein by more than 2-3 fold. To overcome these

problems, we first depleted Lon and FtsH, thus allowing sufficient detection of the substrates, 

and then we transiently induced the protease before blocking protein synthesis. Expression of 

the substrates at different time points after antibiotic treatment were then compared to non-

induced cells. In general, these experiments allowed us to confirm the role of Lon or FtsH in 

the degradation of the selected substrates. However, the unusual long half-lives of the M. 

pneumoniae proteins (on average 68h), and the fact that cells need some time to recover after 

depletion of the protease make these assays not suitable to accurately measure protein half-

lives. Additionally, the accumulation of other substrates or misfolded proteins (as we show 

for the Lon mutant) could saturate the protease capacity and therefore interfere with the 

degradation kinetics of the tested substrate. As an alternative and complementary approach, 

protein degradation was also assessed by pulse-chase SILAC based analysis in wild-type cells 

under normal growth conditions. Although this approach does not directly answer which 



protease is responsible for the protein turnover, it allows to determine quantitatively the 

protein half-lives of individual proteins (half-lives listed in Table EV1). Therefore, we 

provide two complementary approaches: one approach that measures accurately protein half-

lives (highlighting a correlation with the targets of Lon), and a second approach that monitors 

degradation of specific substrates to confirm the involvement of the protease.  

2. It would be interesting to see if the stabilization of some of the identified substrates

contributes to the lethal phenotype of Lon and FtsH depletion. What are the phenotypic 

consequences of stabilization of the identified substrates in the presence of Lon and FtsH? 

What are the precise phenotypes of the FtsH and Lon depletion strains (with respect to cell 

division, DNA replication and cell envelope integrity), and does stabilization of the identified 

substrates explain these phenotypes?  

We agree that the identification of the factor or factors behind the essentiality of Lon 

and FtsH is interesting. However, whether the stabilization of a candidate substrate 

contributes to a specific phenotype is difficult to assess, as it depends on the identification of 

mutations or mechanisms that could protect the substrate from degradation. Unfortunately, 

this is difficult to perform in a systematic manner, especially if there are multiple degrons. In 

this regard, we have been able to stabilize the cell division factors FtsA, FtsZ and DnaB in the 

presence of Lon by adding a FLAG tag to the C-terminal (Appendix Figure S6) or 

introducing point mutations (new Fig. 5). Cells expressing these stable variants are viable 

with no obvious phenotypes, suggesting that lethality is not the result of the stabilization of 

these proteins and could be related to a more general role of the proteases in maintaining 

proteome homeostasis. To examine these possibilities, we have performed a transposon 

mutagenesis analysis to identify knock outs that could rescue the lethal phenotype (see 

Appendix Figure S14). However, this screening failed to identify mutants capable of 

surviving in the absence of Lon or FtsH. In particular, all the mutants isolated expressed Lon 

or FtsH in the absence of inducer, suggesting the accumulation of mutations derepressing the 

inducible system. These results suggest that the stabilization of a single non-essential protein 

is unlikely to explain the lethal phenotype as it occurs in E. coli, in which the essentiality of 

FtsH seems to be associated with its role in regulating LpxC. One limitation of the screening, 

however, is that essential genes cannot be disrupted and therefore assessed for its role in the 

lethal phenotype. These observations are now discussed in P16. 

In addition, in the revised manuscript we added new experiments examining the 

phenotypes of Lon and FtsH depletion strains, highlighting the role of these proteases in 

maintaining proteome homeostasis. As a result, a new Figure (Fig. 2), a new result section 

named “Phenotypic characterization of Lon and FtsH mutants”, and the corresponding 



methods has been included in the revised manuscript. In particular, we performed new growth 

curve analysis measuring DNA and protein cell biomass, showing that depletion of Lon and 

FtsH results in DNA and protein synthesis inhibition (Fig. 2A). Defects on DNA replication 

were further confirmed by pulse chase experiments using the analog bromodeoxyuridine 

(Appendix Figure S3). In the case of depletion of Lon, we provide transcriptome and 

proteome data indicating a decrease in expression of ribosomal proteins, which is consistent 

with the observed protein synthesis inhibition (Fig. EV2 and Table EV2). As suggested by the 

reviewer, we also performed new experiments assessing cell envelope integrity in both 

mutants (Fig. 2C). We found that FtsH depleted strains exhibited cell membrane damage 

under normal and mildly membrane disruptive conditions, a phenotype not observed for Lon 

depleted strains. In fact, we were unable to regrow FtsH mutant cells following FtsH 

depletion, suggesting important cellular damage. These results are consistent with the 

membrane localization of FtsH, and that the majority of substrates identified are membrane 

associated. Thus, FtsH seems to play a critical role in maintaining general membrane protein 

homeostasis in this reduced genome organism. In contrast, Lon depletion was associated with 

increased protein aggregation (Fig 2B), suggesting a role in general protein quality control 

(see also comment 4 below). Although we cannot discard that the stabilization of a specific 

substrate could contribute to the lethal phenotype dysregulating essential processes, overall 

these results also agree with a general role of these proteases in proteome homeostasis, which 

can explain their essentiality. These observations are now discussed in the revised version of 

the manuscript. 

3. The experiments shown in Fig. 4 make some attempts to address the mechanisms of

substrate recognition. The authors made some interesting findings that specific motifs in the 

termini of three validated substrates are required for degradation. Here, the authors could 

have included additional mutations to pinpoint more precisely the minimal sequence motifs 

required for recognition. Has a similar analysis been done for FtsH? Are there key 

similarities or differences in how Lon and FtsH recognize their substrates?  

Following the recommendation of the reviewer, we have now included additional 

analysis examining the effect of single point mutations within the degrons identified in FtsA, 

FtsZ and DnaB. Although mutations of individual residues in FtsA do not seem to affect 

stability, we identified single point mutations in FtsZ and DnaB degrons that are sufficient to 

prevent degradation (in particular, aromatic amino acids). These results suggest that 

hydrophobic sequences as short as a single residue can likewise promote Lon-dependent 

degradation, although in other cases such as in FtsA several residues may be required. We 

believe that this is an important contribution as it highlights the broad capacity of the Lon 

protease to degrade a protein, and that other underlying mechanisms such as the regulation of 



the accessibility of these regions are key to regulate the stability of substrates. It is especially 

interesting to note how a genome-reduced organism, lacking protein adaptors and other ATP-

dependent proteases, has evolved to take advantage of Lon to regulate its proteome. As a 

result of the addition of these new analyses, Fig 5 (previous Fig. 4) and the corresponding text 

have been modified accordingly.  

As mentioned at the beginning of the results section: “Identification of protease 

recognition determinants”, we were unable to identify common features within Lon or FtsH 

substrates that could suggest degradation motifs. This is consistent with previous reports 

showing that recognition mechanisms of known Lon and FtsH substrates are highly diverse 

(Tsilibaris et al., 2006; Bittner et al, 2017), probably influenced by structural constraints 

affecting the accessibility of the degrons. Therefore, identification of specific degrons within 

substrates requires individual and extensive mutational analysis for each substrate. In our 

study, we could identify degrons for three Lon substrates due to the observation that tag 

fusions prevented degradation. These results allowed us to narrow down possible degrons in 

these proteins. Unfortunately, a similar analysis was not feasible for FtsH substrates due to 

lack of information. However, we agree that these analyses could be interesting in future 

studies by performing random mutagenesis. 

4. The rationale behind the analysis of pseudogene-encoded protein stability was difficult for

me to follow. What is the evidence that the gene products of these transcribed truncated genes 

are non-functional and misfolded? To support that Lon is involved in quality control, more 

direct experiments are required that assess Lon function under proteotoxic stress conditions. 

Does Lon depletion result in increased protein aggregation? Are elevated Lon levels required 

for heat tolerance? Does Lon associate with protein aggregates?  

We hypothesized that truncated variants present in the genome are probably not 

correctly folded, thus increasing the likelihood to be Lon substrates. However, we agree with 

the reviewer that we do not have direct evidence that all the truncated genes detected in M. 

pneumoniae are non-functional or misfolded. It is possible that in some cases, these truncated 

variants are still functional or even may have acquired new functions. Although we are aware 

of this limitation, our analysis suggests there is a significant proportion of these variants 

whose expression is Lon-dependent. As an example, we validated the truncated variant 

MPN304 (ArcANt), now through depletion time course experiments and in vivo degradation 

assays (new Fig 6B, previous Fig 5A). In this case, there is reported evidence that the 

metabolic pathway in which MPN304 is involved is inactive (Rechinitzer et al, 2013). To 

further support the role of Lon in degrading unfolded proteins, we have included in the 

revised manuscript an additional experiment in which we assessed the stability of an unstable 



luciferase reporter variant, and show that it depends on Lon expression. This new evidence is 

shown in panel A of Fig. 6 and described in the results section: “Role of Lon as a quality 

control protease in M. pneumoniae”. The corresponding methods have been updated 

accordingly. Additionally, during the revision of our manuscript we noticed that MPN109 and 

MP110 split genes were not included in our list of possible truncated variants. As a result, we 

have updated the table EV4 and the resulting analysis in P12-13. The addition of these two 

truncated variants does not modify the conclusions.  

As suggested, we have also performed additional experiments to support the role of 

Lon in quality control. By one hand, we provide evidence of the role of Lon to cope with 

proteotoxic stress conditions. In particular, we show that Lon depleted cells exhibit increased 

sensitivity to heat stress as compared to Lon expressing cells (shown in new Fig. 2D). 

Unfortunately, we could not assess the role of FtsH, as we were unable to regrow the mutant 

cells after FtsH depletion. These observations are now discussed in the new result section 

”Phenotypic characterization of Lon and FtsH mutants”.  

As mentioned before we also performed new experiments to assess whether Lon or 

FtsH depletion results in increased protein aggregation. Consistent with a role of Lon in 

degrading misfolded or damaged proteins, we detected an increase in protein aggregates in 

the absence of Lon under normal growth conditions. This phenotype was magnified when 

Lon mutants were exposed to heat stress. These results are shown in new Fig. 2B, and 

discussed in the new result section ”Phenotypic characterization of Lon and FtsH mutants”. 

Furthermore, we performed MS analysis of the insoluble fractions, revealing an enrichment of 

Lon substrates in Lon depleted cells. These results suggest that Lon substrates tend to 

aggregate when accumulated. To show these results, a new panel (panel C) has been included 

in Fig. 6 (previous Fig. 5), and the results section: “Role of Lon as a quality control protease 

in M. pneumoniae“ modified accordingly. Also, the corresponding methods have been 

included in the revised manuscript and the new protein dataset uploaded to the PRIDE 

repository under the identifier PXD021506. 

Following the reviewer suggestions, we further examined the expression of Lon 

under heat stress and its partitioning between soluble and insoluble fractions. After heat 

treatment, we observed a clear shift of Lon into the insoluble fraction, suggesting association 

of Lon with protein aggregates. These new results are shown in a new panel (panel D) in Fig. 

6 (previous Fig. 5), and described in the results section: “Role of Lon as a quality control 

protease in M. pneumoniae“. 

5. The discussion is in its current form lengthy and should be shortened to focus on the main

important points. 



The previous discussion section has been shortened in the revised version, and it has 

been modified focusing on the new findings.  

Minor comments: 

1. The time points used in the depletion experiments should be specified in the figure or in the

figure legend (all figures). 

We have now included the depletion time points used for each experiment in all 

figure legends.  

2. Proteins that have been experimentally validated to be Lon or FtsH substrates could be

highlighted in Fig. 2F. 

Following this recommendation, we have highlighted in bold the validated substrates 

in previous Fig. 2F (Fig. 3F in the revised version).  



29th Oct 20202nd Editorial Decision

Thank you for sending us your revised manuscript . We have now heard back from the two 
reviewers who were asked to re-assess your study. You will see from the comments below that 
both reviewers are overall posit ive and support publicat ion of the art icle in Molecular Systems 
Biology. However, the reviewers also raised a couple of minor issues that st ill need to be 
addressed. In part icular, Reviewer #3 is concerned about the observed long protein half-lives under 
Lon inducing condit ions, which needs to be carefully discussed and explained. 

On a more editorial level, we would ask you to address a few remaining editorial issues listed below. 

REFEREE REPORTS

 ---------------------------------------------------------------------------- 

Reviewer #2: 

The revised manuscript "Protein quality cont rol and regulated proteolysis in the genome-reduced 
organism Mycoplasma pneumoniae" by Burgos et al with its new experiments, revised text , figures 
and tables has improved a lot and gives new insight into the essent ial and most ly complement ary 
roles of Lon and FtsH, the sole AAA+ proteases in this organism, in protein and membrane 
homeostasis. 

I have just some quest ions and comments 

-I assume using the SILAC pulse-chase approach to study in vivo protein degradat ion was not
applied, because of the difficult  growth behavior of the Lon or FtsH deplet ion strains, as described in
the response let ter?

-Fig 6D It  would be great to know, which of the ident ified Lon substrates were found in the
aggregated proteins. Maybe it  could be possible to indicate them for example in Table EV3.

-HrcA/MPN124 In about half of the manuscript  and some of the figures, hrcA is misspelled as hcrA.
The same is actually t rue for the often referred to Yus et  al publicat ion.

- p12 "Thus, upregulat ion of WhiA could explain the decrease of ribosomal proteins under Lon



deplet ing condit ions." Is WhiA a repressor and are higher levels of WhiA detected in the proteome
data? 

-p14 "Pip and the ClpB chaperone, are essent ial, with Tig and Pip being fitness (Lluch-Senar et  al,
2015)." What does this sentence mean?

-p16 "...as we have shown with an engineered unstable reporter protein." is this the ment ioned
Firefly Luciferase, and if so why is it  engineered to be unstable??? Firefly Luciferase is a mult idomain
folded protein (similar to non-ribosomal pept ide synthetases), which is known to easily misfold...

-p16 "For example, proteins related to recombinat ion and DNA repair were upregulated in
the absence of Lon, including RecA (MPN490), RrlB sigma accessory protein (MPN534, (Torres-Puig
et al, 2018)), and DNA polymerase IV (MPN537)" Is this "upregulated" because of an indirect  effect
of Lon on the regulat ion or were "higher levels detected" because of a direct  effect  of Lon?

Reviewer #3: 

The authors have carefully revised their manuscript  and added a number of experiments to address
the reviewers' comments. 

The validat ion of candidate substrates is more convincing in the new version of the manuscript . I
like in part icular the t ime course experiments of Lon deplet ion in combinat ion with the RNA-seq
data (Figs. 4A-B). The degradat ion assays shown in Fig. 4C, 4F, 4I are less convincing in my eyes. It
is unexpected that the protein half-lives are so extremely long under Lon inducing condit ions, much
longer than the half-lives measured for the same substrates by SILAC, which makes me wonder if
the synthesis shut-down assays have worked as they should. 

As the authors have decided to show these assays, they should describe and discuss the results in
the main text , which is current ly only part ially the case. In part icular, the data shown in Fig. 4C are
not sufficient ly described. The sentence "In all three cases, the expression of the N-terminal FLAG
fusion was dependent on Lon-mediated degradat ion, suggest ing these cell division factors are Lon
regulated." is ambiguous and should be changed to more correct ly describe the results in Figures
4B and 4C. A short  discussion of the results should also be included to provide explanat ions for the
unexpected long protein half-lives under Lon inducing condit ions. 
Finally, informat ion about the reproducibility of these data is missing. The authors should indicate
the number of experimental replicates and either include quant ificat ions of band intensit ies with
standard error, or alternat ively, state whether the presented Western blots are representat ive for
all replicates. Technically this applies to all Western blots shown in this manuscript , but  is
part icularly important in cases where the Western blots show small changes in protein levels.



Responses to reviewers: 

We thank the reviewers for revising our manuscript again and for the additional and 

constructive comments. 

Reviewer #2: 

The revised manuscript "Protein quality control and regulated proteolysis in the genome-

reduced organism Mycoplasma pneumoniae" by Burgos et al with its new experiments, 

revised text, figures and tables has improved a lot and gives new insight into the essential and 

mostly complementary roles of Lon and FtsH, the sole AAA+ proteases in this organism, in 

protein and membrane homeostasis.  

I have just some questions and comments 

-I assume using the SILAC pulse-chase approach to study in vivo protein degradation was not

applied, because of the difficult growth behavior of the Lon or FtsH depletion strains, as 

described in the response letter?  

As the reviewer indicates, the special growth conditions and the growth impairment 

of the mutants after protease depletion unfortunately make these experiments difficult to 

perform. In addition, constant cell growth rate is a critical requirement for the precise 

estimation of the protein half-lives in the SILAC pulse-chase method, in order to take into 

account the dilution of proteins due to cell growth. Such a condition is not satisfied after 

protease depletion, where we observed a slowdown of cell growth.  

-Fig 6D It would be great to know, which of the identified Lon substrates were found in the

aggregated proteins. Maybe it could be possible to indicate them for example in Table EV3. 

We have added this information in a new column in Table EV3 as suggested. 

-HrcA/MPN124 In about half of the manuscript and some of the figures, hrcA is misspelled

as hcrA. The same is actually true for the often referred to Yus et al publication. 

We appreciate very much to bring to our attention this error. It is now corrected. 

- p12 "Thus, upregulation of WhiA could explain the decrease of ribosomal proteins under

Lon depleting conditions." Is WhiA a repressor and are higher levels of WhiA detected in the 

proteome data?  

Yes. The fact that WhiA is a repressor and higher protein levels are detected under 

Lon depleted conditions is stated in p12 as follows: 

4th Nov 20202nd Authors' Response to Reviewers



“However, the WhiA-like repressor (MPN241), which has been associated with repression of 

the main ribosomal protein operon in M. pneumoniae (Yus et al, 2019), and the membrane 

anchored PrkC kinase (MPN248) were moderately upregulated (0.78 and 0.98 log2, 

respectively) at the protein level after Lon or FtsH depletion, respectively.” 

-p14 "Pip and the ClpB chaperone, are essential, with Tig and Pip being fitness (Lluch-Senar

et al, 2015)." What does this sentence mean? 

We intended to point out that transposon essentiality studies indicate that all the components 

of the protease and chaperone systems are essential for cell survival, except Tig, Pip and 

ClpB. In addition, despite transposon insertions can be detected in Tig and Pip encoding 

genes, these genes are classified in an intermediate essentiality category defined as fitness. 

The fitness category includes those genes that under certain conditions have a detrimental 

impact on growth but are not essential (see Lluch-Senar et al., 2015 for reference). In order to 

clarify this sentence, we have modified the text in p14 (now p15) as follows: 

“Transposon essentiality studies indicate that all proteins involved are essential for cell 

survival under normal growth conditions, except for the trigger factor (Tig, MPN331), Pip 

and the ClpB chaperone. Despite tig and pip encoding genes are non-essential, they are 

classified as fitness genes, meaning that transposon insertions in these genes negatively 

impact but not prevent growth (Lluch-Senar et al, 2015)”. 

-p16 "...as we have shown with an engineered unstable reporter protein." is this the mentioned

Firefly Luciferase, and if so why is it engineered to be unstable??? Firefly Luciferase is a 

multidomain folded protein (similar to non-ribosomal peptide synthetases), which is known to 

easily misfold...  

Although we are aware of the low thermal stability of the luciferase protein, this 

reporter system has been broadly used in many organisms including M. pneumoniae (Weber 

et al., 2020), showing certain stability and activity in the culture conditions tested. Here, we 

attempted to engineer a fully unstable variant to better see the effect of lon depletion. For this, 

as it is described in Material and Methods we used the protein design software FoldX, which 

has been broadly used to predict stabilizing and destabilizing mutations. To clarify to which 

unstable protein we were referring in the sentence mentioned in p16, we have modified the 

sentence as follows: “...as we have shown with an engineered unstable variant of the 

luciferase reporter.”  

-p16 "For example, proteins related to recombination and DNA repair were upregulated in

the absence of Lon, including RecA (MPN490), RrlB sigma accessory protein (MPN534, 

(Torres-Puig et al, 2018)), and DNA polymerase IV (MPN537)" Is this "upregulated" because 

https://paperpile.com/c/s9F8Vj/Cw5v0
https://paperpile.com/c/s9F8Vj/Cw5v0
https://paperpile.com/c/s9F8Vj/Cw5v0
https://paperpile.com/c/s9F8Vj/23Eid
https://paperpile.com/c/s9F8Vj/23Eid
https://paperpile.com/c/s9F8Vj/23Eid


of an indirect effect of Lon on the regulation or were "higher levels detected" because of a 

direct effect of Lon?  

RecA, RrlB and DNA polymerase IV were indeed classified as candidate Lon 

substrates. RNA-seq data indicate that the observed protein upregulation of these proteins is 

not due to indirect transcriptional changes induced by other factors affected by Lon. 

Therefore, upregulation of these proteins is probably a direct effect of Lon depletion. To 

clarify this, we have reworded the mentioned sentence (now in p17) as follows:  

“For example, proteins related to recombination and DNA repair were identified as Lon 

candidate substrates, including RecA (MPN490), RrlB sigma accessory protein (MPN534, 

(Torres-Puig et al, 2018)), and DNA polymerase IV (MPN537) were identified as Lon 

candidate substrates.” 

Reviewer #3: 

The authors have carefully revised their manuscript and added a number of experiments to 

address the reviewers' comments.  

The validation of candidate substrates is more convincing in the new version of the 

manuscript. I like in particular the time course experiments of Lon depletion in combination 

with the RNA-seq data (Figs. 4A-B). The degradation assays shown in Fig. 4C, 4F, 4I are less 

convincing in my eyes. It is unexpected that the protein half-lives are so extremely long under 

Lon inducing conditions, much longer than the half-lives measured for the same substrates by 

SILAC, which makes me wonder if the synthesis shut-down assays have worked as they 

should.  

As the authors have decided to show these assays, they should describe and discuss the results 

in the main text, which is currently only partially the case. In particular, the data shown in 

Fig. 4C are not sufficiently described. The sentence "In all three cases, the expression of the 

N-terminal FLAG fusion was dependent on Lon-mediated degradation, suggesting these cell

division factors are Lon regulated." is ambiguous and should be changed to more correctly 

describe the results in Figures 4B and 4C. A short discussion of the results should also be 

included to provide explanations for the unexpected long protein half-lives under Lon 

inducing conditions.  

Finally, information about the reproducibility of these data is missing. The authors should 

indicate the number of experimental replicates and either include quantifications of band 

intensities with standard error, or alternatively, state whether the presented Western blots are 

https://paperpile.com/c/s9F8Vj/oCodS
https://paperpile.com/c/s9F8Vj/oCodS
https://paperpile.com/c/s9F8Vj/oCodS


representative for all replicates. Technically this applies to all Western blots shown in this 

manuscript, but is particularly important in cases where the Western blots show small changes 

in protein levels. 

As we described in our previous response letter we could not perform standard in vivo 

degradation assays, in part because the conditional mutant system used in the study made the 

substrate monitoring difficult. In addition, M. pneumoniae exhibits long protein half-lives as 

compared to other bacterial systems (68h on average). In fact, SILAC measurements indicate 

that even unstable substrates such as FtsA and FtsZ exhibit relatively long half-lives of 4h and 

6h, respectively. Fig 4C shows for example that depletion of FtsA and FtsZ starts around 9h 

(FtsA) to 6h (FtsZ), which is not so different from the SILAC estimates. However, we agree 

that our adapted “in vivo degradation assay” has several limitations and therefore it can only 

be considered as a qualitative method to assess the role of the protease. We believe that the 

SILAC pulse-chase method is much more appropriate to determine precisely the protein 

degradation kinetics. To clarify this, we have described in more detail the results of these 

experiments and discussed the limitations of the degradation assay in the main text in p9-10. 

Also, we have stated in the corresponding figure legends that the data presented are 

representative of two independent experiments.   



8th Nov 2020Accepted

Thank you again for sending us your revised manuscript . We are now sat isfied with the 
modificat ions made and I am pleased to inform you that your paper has been accepted for 
publicat ion. 
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http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tumour-marker-prognostic-studies-remark/REMARK Reporting Guidelines (marker prognostic studies)

è
http://datadryad.org Dryad

è

http://figshare.com Figshare
è

http://www.ncbi.nlm.nih.gov/gap dbGAP
è

http://www.ebi.ac.uk/ega EGA

http://biomodels.net/ Biomodels Database

http://biomodels.net/miriam/ MIRIAM Guidelines
è http://jjj.biochem.sun.ac.za JWS Online
è http://oba.od.nih.gov/biosecurity/biosecurity_documents.html Biosecurity Documents from NIH
è http://www.selectagents.gov/ List of Select Agents
è

è
è

è
è

� common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney tests, can be
� are tests one-sided or two-sided?
� are there adjustments for multiple comparisons?
� exact statistical test results, e.g., P values = x but not P values < x;
� definition of ‘center values’ as median or average;
� definition of error bars as s.d. or s.e.m. 

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-established?

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. randomization 
procedure)? If yes, please describe. 

For animal studies, include a statement about randomization even if no randomization was used.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results (e.g. blinding of the 
investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done

5. For every figure, are statistical tests justified as appropriate?

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Is there an estimate of variation within each group of data?

Is the variance similar between the groups that are being statistically compared?

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog number and/or clone 
number, supplementary information or reference to an antibody validation profile. e.g., Antibodypedia (see link list at top right), 1DegreeBio 
(see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for mycoplasma
contamination.

* for all hyperlinks, please see the table at the top right of the document

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing and husbandry 
conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the committee(s)
approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure that other relevant 

11. Identify the committee(s) approving the study protocol.

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments conformed to the principles 
set out in the WMA Declaration of Helsinki and the Department of Health and Human Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable.

16. For phase II and III randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) and submit the
CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting Guidelines’. Please confirm you 
have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at top right). See
author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data generated in this study and 
deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, Proteomics data: PRIDE PXD000208 etc.) Please refer 
to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for: 
a. Protein, DNA and RNA sequences 
b. Macromolecular structures 
c. Crystallographic data for small molecules 19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the journal’s data policy. If 
no structured public repository exists for a given data type, we encourage the provision of datasets in the manuscript as a Supplementary 20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting ethical obligations 
to the patients and relevant medical and legal issues. If practically possible and compatible with the individual consent agreement used in the21. Computational models that are central and integral to a study should be shared without restrictions and provided in a machine-readable 
form.  The relevant accession numbers or links should be provided. When possible, standardized format (SBML, CellML) should be used instead 

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top right) and list of select 
agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines, provide a statement only if it could.

D- Animal Models

NA

NA

NA

E- Human Subjects

NA

NA

Processed datasets are provided in the manuscript.

NA
NA

G- Dual use research of concern

NA

NA

NA

NA

NA

NA

F- Data Accessibility

We have provided a "Data Availability" section in the mansucript for all RNA-seq and proteomics data. The dataset 
generated in this study are publicly available in the following repositories: 

-RNA-seq data have been deposited to ArrayExpress repository with the dataset identifier E-MTAB-8537.
-Proteomic data have been deposited to the ProteomeXchange Consortium via the PRIDE partner repository with 
the dataset identifiers PXD016343, PXD016386 and PXD021506
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Corresponding Author Name: Luis Serrano
Journal Submitted to: Molecular Systems Biology
Manuscript Number: MSB-20-9530

Reporting Checklist For Life Sciences Articles (Rev. June 2017)
This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are consistent with the 
Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s authorship guidelines in preparing your 
manuscript.  

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an 
accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically meaningful way.

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for 
technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be justified

Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship guidelines on Data 
Presentation.

2. Captions

Each figure caption should contain the following information, for each panel where they are relevant:

a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements 
an explicit mention of the biological and chemical entity(ies) that are being measured.
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;
a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates 
(including how many animals, litters, cultures, etc.).
a statement of how many times the experiment shown was independently replicated in the laboratory.
definitions of statistical methods and measures:

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. Every question should 
be answered. If the question is not relevant to your research, please write NA (non applicable).  
We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human subjects.  

B- Statistics and general methods Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return)

For the mass spectrometry analysis, we determined that in general two replicates were enough to detect 
differences in protein abundances larger than 2 fold. Similarly for RNA-seq analysis. In particular, the peptide-based 
statistical method allowed us to control precisely the significance of fold changes on a per-protein basis, based on 
an experimentally-derived error model. For the phenotypic characterization assays, two to three biological 
replicates were used with the aim to detect significant differences between the induced and depleted conditions.

NA

NA

NA

C- Reagents

Yes, in cases where the t-test was used, the variance was roughly similar between the groups.

The following antibodies were used for immunoblot analysis: anti-BrdU (Sigma, B2531), anti-FLAG M2 (Sigma, 
F1804 and F3165), anti-Firefly luciferase (Invitrogen, PA5-32209), anti-CAT (Abcam, ab50151), HRP-conjugated anti-
mouse IgG (Sigma, A6782), and HRP-conjugated anti-rabbit IgG (Sigma, A0545). Antibodies raised against specifc 
proteins of mycoplasma (Lon, FtsH, HMW1, P65, P30, RL-7) were kindly provided by Richard Herrmann (Heidelberg 
University).   

NA

NA

NA

NA

Yes, when applicable, the statistical test and p values are mentioned in the figure.

Yes. Independent (non-paired) t-test were used to compare triplicate measurements for which normality resulted a 
reasonable assumption. In cases where the distribution looked non-normal, Mann-Withney-Wilcoxon test was used 
instead.

Yes, standard deviations are plotted whenever indicated.
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