
REVIEWER COMMENTS 

 

Reviewer #1 (Remarks to the Author): 

 

The manuscript by Delogu et al. describes the measurement of absolute Protein/RNA ratios in 

microbial communities to measure functional community dynamics. For this the authors employ a 

combination of a quantitative metatranscriptomics and metaproteomics approach. Additionally the 

authors also provide measurements of key metabolites to integrate with the multi-omics dataset. 

The work represents what I would consider a major milestone in microbial ecology research and will 

likely have ramifications for many systems currently under study. The analyses were done with great 

care and the results are impressive and represented in very intuitive figures. The manuscript is well 

written and easy to follow. I do have some comments and concerns that if addressed will hopefully 

provide additional clarity in some parts. 

Major comments: 

1. In the abstract and throughout the manuscript you describe your measurements as “absolute RNA 

and protein levels”. However, absolute levels imply that copy numbers per cell or mass are given. 

What you actually present are “absolute Protein/RNA ratios”. I think this should be clarified in the 

abstract and throughout so that readers will not be disappointed when looking for absolute RNA 

numbers per cell or alike. 

2. It is unclear in the methods how sample sizes for metatranscriptomics and metaproteomics were 

standardized. Since the Protein/RNA ratios are based on absolute molecule numbers per sample, it is 

critical to explain how you ensured that the samples were actually all the same “size” (cell mass, 

protein amount or alike). 

3. I was unable to access the deposited proteomics raw data i.e. reviewer credentials were not 

provided. The data should be accessible to reviewers to check quality metrics. 

Minor comments: 

4. I think it would be good to integrate the “RNA-protein dynamics” or “Protein/RNA ratios” in the 

title somehow. The current title does not really indicate that this is the main parameter measured in 

this study. 

5. Throughout the manuscript Bacteria, Archaea and Eukaryotes are classified as “kingdoms”, 

however, the more correct and current terminology is “domains”. 

6. Lines 31/32: I am not sure I agree with this introductory sentence thinking of Winogradsky and 

van Leeuwenhoek at the foundation of microbiology (definitely not pure culture studies). 

7. Line 48: I suggest replacing “prokaryotes” with “microorganisms” as MT and MP are also used to 

study eukaryotic microbes. 

8. Lines 72/73: Unclear what “reconstruct …. at the molecular level” means. 



9. Line 82: I could not find the details for the construction of ORF groups in the methods. The 

identity levels used should be mentioned here in the main text and the construction procedure 

elaborated on in the methods. 

10. Line 89: replace “problematic” with “difficult to assemble” 

11. Line 91: I do not understand the use of the word “speciation” here. Delete? 

12. Line 103: Please re-state this to “…well-known technical issues with the gel-based sample 

preparation method that we used…” The current statement gives the incorrect impression that 

proteins with transmembrance domains are always hard to extract, however, FASP based and in 

solution methods do not have this issue as much see e.g. 

https://pubs.acs.org/doi/10.1021/pr300709k 

13. Line 106: “slightly” and “moderately” are very unspecific. It would be helpful if you provided a 

sentence explaining how the test and the numbers are to be interpreted and how one can deduce 

the effect size can be see based on them. 

14. Line 116: This is the first instance where you mention your “per sample” measure of copy 

numbers. Here and in the methods you would need to explain what “sample” actually means and 

how this was standardized across the experiment. 

15. Line 123: How was growth phase determined? 

16. Lines 161-163: I find this statement to be one of the most important and central findings of your 

manuscript and am wondering if it would make sense to integrate it with your abstract. 

17. Lines 184-186: Another results statement that is critical and that may be worthwhile mentioning 

in the abstract. 

18. Line 241: Add to the end of the sentence “… with the gel-based method that we employed” 

19. Figure 2: Great figure. The font on the y-axis is kind of small and hard to read. Is it grey instead of 

black? 

20. Line 264: The abbreviation SAO was not introduced. I am wondering though if you really need to 

abbreviate this as it makes it hard for the reader to keep track of sooo many abbreviations. WLP 

could also be written out in the few instances it appears at. 

21. Figure 3: Great figure. 

22. Line 365: Replace “quantified the number of RNAs and proteins over time…” with “quantified 

absolute protein/RNA ratios…” 

23. Lines 387 – 389: This is an interesting statement, the corresponding results&discussion section 

was not entirely clear on that, particularly the “degradation” part. It would be good to clarify the 

outcomes regarding degradation in the results and discussion. 

24. Line 468: What type of beads were used for bead beating? 



25. Line 471: Since protein quantification is critical for this study it would be good to provide 

additional details on Bradford assay replication. 

26. Line 475: Describe the LC method used. 

27. Line 480: I noticed that you use a resolution of 35K for MS2. I would recommend to decrease this 

value to the minimum in the future. At 35K the transient time in the Orbitrap is quite long and you 

will limit the number of MS2 events that you will be able to acquire per run. Since in MS2 pre-

isolated ions are fragmented, high resolution is not needed as the spectra are low complexity and 

mass accuracy is barely affected by the resolution. 

28. Line 491: The use of the “match between runs” feature seems risky in Metaproteomics and in 

particular for gel-based approaches as it is likely that incorrect mass peak identifications are 

transferred between runs. Have you tested this feature for metaproteomics? 

29. Lines 527 and onward: Currently some of the parameters for the formula are not completely 

clear and more detail would be helpful for each parameter. What is for example “protein mass”? Is 

this the assay determined protein concentration? What are Totalproteinmass? Base peakintensity? 

Mass? Detectedproteinmass? 

30. The “total protein approach” was developed using a gel-free, multi-enzyme protocol, while you 

used a gel-based, single enzyme approach. While I do not think that this will impact your main 

results and conclusions, I do think that it is critical for you to discuss potential caveats of your 

approach. 

 

Signed: Manuel Kleiner 

 

 

 

Reviewer #2 (Remarks to the Author): 

 

In this paper, Delogu et al. quantified absolute RNA and protein levels per gene in a cellulose-

degrading microbial consortium. With this data, the authors quantified the ratio of protein to RNA in 

members of the consortium and arrived at 102-104 protein molecules per RNA molecule for bacteria 

and roughly ten times that for archaea, replicating the ratio observed by Taniguchi et al. for the 

former and studies in eukaryotes for the latter. The authors calculated linearity (formally, the 

polynomial degree which best fits the relationship between protein and RNA) and used it to identify 

ecological relationships in the above consortium. 

 



This manuscript seems rigorous, well-written and useful. Personally, I would have cited it in my 

latest paper had it been published. Below are a few comments, which, if addressed, I believe would 

increase the impact of this manuscript even further. 

 

Major comments: 

 

1. Grouping into ORFGs: 

Any grouping and averaging reduces variation as it collapses a distribution into its summary statistic 

(whether you take a mean or median, doesn’t matter). In this case, I wonder whether the grouping 

may have affected the variability in protein and RNA levels. I believe the authors only used 

singletons for downstream analysis (more on this to come), so protein/RNA ratio may not have been 

affected. 

 

2. Using only singletons for downstream analyses: 

Can the authors estimate the biases such a decision may cause? One thing I can think of is that some 

genes that are more common and conserved across organisms, and thus perhaps represent 

housekeeping functions, are more likely to be grouped, and therefore tossed before downstream 

analysis. This may skew the reported ratio of protein-to-RNA. 

 

3. Abundance ranking analysis: 

The authors report that membrane transport genes are poorly represented in MP (l. 102) and 

following that report some discrepancy between MT and MP and (a larger one) between MG and 

MP. I wonder if repeating this analysis with transport (and other membrane) genes removed would 

rescue the correlation and perhaps change the conclusion of this paragraph. 

 

4. Timepoints: 

In motivating the study, perhaps even in the introduction, it would help the general understanding 

of the manuscript if there was an illustration of the timeline and what each timepoint means. 

Especially if the authors can say which metabolites are present in the sample in each timepoint. 

 

5. Reported values: 

The medians reported in line 129-130 and those in Fig. 1a seem different. Also, Fig. 1a would better 

represent the data as a boxplot or violin plot. 



 

6. PCC analysis: 

Some of the conclusions that the authors get to from analyzing the correlation between protein and 

transcript may be premature. For example, intrinsic variability at the transcript level, say between 

replicates in each timepoint could explain the variability in protein/RNA ratio. Another question that 

arises is whether transcripts with higher expression are more or less variable in the protein/RNA 

ratio? The conclusion (not being able to predict) may not hold in some of these cases, and may not 

require a polynomial model to explain. 

 

7. Gene group analysis: 

I believe the manuscript would have a broader impact if the authors ask whether the protein/RNA 

ratio is higher/lower in specific gene groups? Is it more/less variable? Is there a difference between 

housekeeping and auxiliary genes? Not just in the context of cellulose metabolism, but in general. 

This could really shed light on stochasticity of gene expression and translation, and on places where 

there is a tradeoff between speed and stability (I think it was shown to an extent in Chapal et al. 

PLoS Biology 2019). I accept that this may be out of scope of this paper. 

 

8. The use of “linearity” is misleading. 

Linearity cannot be “good” (line 253); it just is. In the same way it cannot increase or decrease. 

Things are either linear, polynomial or sub-linear. 

 

9. Phase considerations: 

Does “translation control drive changes in cell status and resource utilization” as the section title 

suggests, or are these metrics driven by cell status? I would assume different values of “linearity” in 

different life stages of a microbial community, for example, if a community reaches stationary phase 

and some translation / transcription stops, the “linearity” would depend only on the half-life of 

protein or RNA molecules rather than affect the cell. 

 

Minor comments: 

 

Line 32 - “However, we are constantly told… “ - could use a reference. 

 

Line 97 - KEGG should be all-caps as it is an acronym. 



 

Line 116 - the s.d. seems excessive on an initial reading despite being not that bad. I'd elect to 

specify minimum and maximum levels instead (3.26*1011-6.06*1012 reads better and is more 

informative than specifying SD). 

 

Line 128 - “949 being the most likely” is a misinterpretation. The mode is the most likely value, not 

the median. 

 

Line 156 - “novel triphosphate structure” - novel how? 

 

Line 164 - typo: microbiome’s 

 

Good luck and well done. 

 

 

 

 

Reviewer #3 (Remarks to the Author): 

 

Delogu et al. dissect a simplistic microbial consortium (SEM1B) using three orthogonal omics 

techniques – metagenomics, -transcriptomics, and -proteomics. Specifically, by profiling absolute 

levels of the individual biomolecules, they can uncover functional adaptations in individual 

consortium members over time, till an equilibrium is reached. This results in several interesting 

findings – some of which could not have been inferred from relative datasets, such as the fact that 

within the consortium bacterial cells contain approximately 1,000-fold more protein than RNA. 

Other findings, in contrast, could have also been deduced from relative measurements, e.g. bulk 

analyses of the expressed modules (Fig. 2) and – to some extent – even the finding that there is 

barely any correlation between mRNA and protein expression (albeit not in absolute, but in that case 

only in relative terms). 

 

In general, this comprehensive study is relevant, timely, and technically well conducted. I have the 

following suggestions though, to further improve it. 

 



- The authors should better carve out what specific benefits their absolute quantification has and 

which of their conclusions could have similarly been drawn from a relative quantification. 

 

- According to their findings, there is little correlation between mRNA expression changes and the 

corresponding alterations on the protein level and it is thus “nearly impossible to predict the level of 

a given protein based on the level of the corresponding transcript” (see lines 184-186). Put 

provocatively, this raises the question as to why at all (meta-)transcriptomic experiments should be 

conducted. This is highly relevant for many researchers as RNA-seq is widely used and the authors 

should therefore provide here some guidelines as to when RNA-seq might still provide functional 

implications. (Or, in case they generally discourage from using RNA-seq for functional bacterial 

analyses, they should phrase it as such.) 

 

- Some parts would benefit from a more detailed experimental description. For example, the authors 

should provide more experimental details of their metatranscriptomics analysis. For example, line 

449 reads “After purification, residual DNA, free nucleotides and small RNAs were removed.” But it is 

not explained HOW this was achieved. Likewise, line 450: “Samples were treated to enrich for 

mRNAs (…)” Here again, how this was done is not mentioned. Further, I’d appreciate if the authors 

compiled a supplementary table with the mapping statistics of the metatranscriptomics data 

(number of reads/sample; percentage of mapped vs. unmapped reads/sample; distribution of the 

mapped reads to their respective source genomes; etc.). This would also help the reader to obtain 

an idea as to how the relative composition of the consortium changes over time (or if it remains 

unchanged). 

The overall experimental design is still unclear to me: In lines 430-432 it is stated that “The time 

series analyses consisted of metabolomics, metaproteomics and metatranscriptomics over nine time 

points (…) in triplicate”. However, reading on it sounds like not all time points of this timecourse 

were analyzed by all three omics approaches. Could the authors please clarify? In general, a 

supplementary figure showing a scheme of the samples taken and indicating with which omic 

method they were analyzed would help the reader to better appreciate their study. 

Also in the methods section, the term “as previously described” should be avoided; rather, the 

experiment should be fully described in the current manuscript (I believe this is anyways an author 

guideline given by the journal). 

 

Additional, minor comments include: 

- Line 89: Change “algorithms has” to “algorithms have”. 

- Line 158: “RNA is regulated by post-translational modifications of the RNA molecule” --> Do the 

authors mean post-TRANSCRIPTIONAL modifications? 

- Line 201: “start at values between 0.6 and 0.8 at 13 hours” --> Please rephrase as there are clearly 

values outside this range in Fig. 1d (also for non-TEPI2 MAGs). 



- Lines 239-240: “Notably from Fig. 2, it is clear that the proteins from the transporters are almost 

never found in the samples, even if the respective RNAs are abundant.” --> As far as I understand, 

the discrepancy between RNA and protein level detection cannot be deduced from Fig. 2. 

- Fig. 3 b-d: The units for the values plotted on the y-axes are missing (also not mentioned in the 

corresponding figure legend). 

- Line 336: “in bacteria is believed to occur predominantly via transcription control (…)” --> The 

authors may want to rephrase this. This concept has been overhauled in the past decade, realizing 

the widespread post-transcriptional control mechanisms – brought about by regulatory, noncoding 

RNAs – across the bacterial phylogenic tree. 

- Line 511 (and elsewhere): Please define what “Nt” refers to in this context. 

- Suppl. Fig. S1: The x-axis for the metabolomics bar chart lacks any values. 



COMMENTS FROM REVIEWER(S):  1 

Referee #1 (Comments to the Author): 2 

The manuscript by Delogu et al. describes the measurement of absolute Protein/RNA ratios in 3 

microbial communities to measure functional community dynamics. For this the authors employ 4 

a combination of a quantitative metatranscriptomics and metaproteomics approach. 5 

Additionally the authors also provide measurements of key metabolites to integrate with the 6 

multi-omics dataset. The work represents what I would consider a major milestone in microbial 7 

ecology research and will likely have ramifications for many systems currently under study. The 8 

analyses were done with great care and the results are impressive and represented in very 9 

intuitive figures. The manuscript is well written and easy to follow. I do have some comments 10 

and concerns that if addressed will hopefully provide additional clarity in some parts.  11 

RESPONSE: We thank the reviewer for their comments and suggestions, which we have responded 12 

to in full below. 13 

 14 

Major remark: 15 

1. In the abstract and throughout the manuscript you describe your measurements as “absolute 16 

RNA and protein levels”. However, absolute levels imply that copy numbers per cell or mass 17 

are given. What you actually present are “absolute Protein/RNA ratios”. I think this should 18 

be clarified in the abstract and throughout so that readers will not be disappointed when 19 

looking for absolute RNA numbers per cell or alike.  20 

RESPONSE: We agree with the reviewer that this study focusses on ‘absolute protein/RNA ratios’ 21 

and have therefore adapted the term throughout the manuscript, including the title as suggested below  22 

(Reviewer#1_Q4). We measured the “absolute RNA and protein levels” at the total sample level (i.e. 23 

total consortium), similarly to the normalized quantities that were normalized at the consortium level 24 

but not at the population level (e.g. TPMR, PTM, LFQ). We agree that computing the copy number of 25 

molecules per cell would have been interesting and indeed we thought to adapt the strategy proposed 26 

in the “total protein approach” paper to a microbial community setting. However, the presence of 27 

insoluble and dense particulate matter in our media (i.e. lignocellulose) proved unamendable to 28 

estimate cell numbers via direct counting, whereas our mixed inter-dependent consortia prohibited 29 

statistical counting methods (e.g. most probable number).	30 

	31 



2. It is unclear in the methods how sample sizes for metatranscriptomics and metaproteomics 32 

were standardized. Since the Protein/RNA ratios are based on absolute molecule numbers 33 

per sample, it is critical to explain how you ensured that the samples were actually all the 34 

same “size” (cell mass, protein amount or alike).  35 

RESPONSE: We thank the reviewer for pointing out this important issue. We changed the subheading 36 

in Line 461 from “Background” to “Background and multi-omics sampling”. In addition, in the same 37 

section we added the following text:  38 

 39 

Line 467: “For every time point (60 ml), a 6 ml and 30 ml aliquot were collected and used for MT and 40 

MP analysis, respectively. The RNA internal standard was added to the 6ml aliquot and the resulting 41 

transcript levels were therefore multiplied by 10 to reconstruct the original 60 ml sample size (3x 42 

replicates). In case of the MP analysis, the proteins were extracted from the 30 ml aliquot and the 43 

protein concentration calculated using the Bradford method from which we computed the original mass 44 

of protein in the 60 ml sample (3x replicates). Therefore, the number of transcripts and proteins used 45 

in the paper refer to the whole consortium contained within each culture flask.”	46 

	47 

3. I was unable to access the deposited proteomics raw data i.e. reviewer credentials were not 48 

provided. The data should be accessible to reviewers to check quality metrics.  49 

RESPONSE: 	50 

We apologize for not including the login information to the PRIDE repository. Please use the 51 

following: 52 

https://www.ebi.ac.uk/pride/archive/login 53 

Username: reviewer35204@ebi.ac.uk 54 

Password: WWZ9gRiC1 55 

 56 

Minor remarks: 57 

4. I think it would be good to integrate the “RNA-protein dynamics” or “Protein/RNA ratios” 58 

in the title somehow. The current title does not really indicate that this is the main parameter 59 

measured in this study. 60 

RESPONSE: We have changed the title to “Integration of absolute multi-omics reveals dynamic 61 

protein-to-RNA ratios and metabolic interplay within mixed-domain microbiomes”	62 



	63 

5. Throughout the manuscript Bacteria, Archaea and Eukaryotes are classified as “kingdoms”, 64 

however, the more correct and current terminology is “domains”. 65 

RESPONSE: The error has been corrected throughout the paper, including the title (see 66 

Reviewer#1_Q4 above). 67 

	68 

6. Lines 31/32: I am not sure I agree with this introductory sentence thinking of Winogradsky 69 

and van Leeuwenhoek at the foundation of microbiology (definitely not pure culture studies). 70 

RESPONSE: We agree with the reviewer’s statement that within the context of microbiology’s 71 

founders Winogradsky and van Leeuwenhoek our original sentence is not optimal, and have replaced 72 

the word “foundations” with “fundamentals”	73 

	74 

7. Line 48: I suggest replacing “prokaryotes” with “microorganisms” as MT and MP are also 75 

used to study eukaryotic microbes.  76 

RESPONSE: We corrected the wording as suggested.	77 

	78 

8. Lines 72/73: Unclear what “reconstruct …. at the molecular level” means.  79 

RESPONSE: We mean to characterize (and quantify) the molecular components of the community. 80 

The sentence has been modified to: 81 

 82 

Line 75: “In order to explore the RNA/protein dynamics in a microbiome setting, we first needed to 83 

characterize our test community over time at the molecular level.”.	84 

	85 

9. Line 82: I could not find the details for the construction of ORF groups in the methods. The 86 

identity levels used should be mentioned here in the main text and the construction procedure 87 

elaborated on in the methods.  88 

RESPONSE: We did not compute the ORF groups explicitly but used tools for quantification of MT 89 

(mmseq + mmcollapse) and MP (MaxQuant) that perform the grouping. To improve the clarity of our 90 

paper, we have added a sentence in the main text to redirect the reader to the methods and added the 91 

following sentences in the methods: 92 

	93 



Line 85: “Since ORFs with very high sequence similarity may produce RNAs and proteins that are 94 

indistinguishable in MT and MP data, all the ORFs were gathered into ORF-groups (ORFGs) during 95 

the MT and MP data processing (see methods), where a singleton ORFG is defined as a group with a 96 

single ORF, and thus a single gene.” 97 

	98 

Line 532: “The collapse first gathers ORFs into groups if they have 100% sequence identity, and in a 99 

second round the ORFs (already termed ORFGs) are collapsed if they acquire unique hits as a group.” 100 

 101 

Line 582: “When proteins cannot be unambiguously identified with unique peptides, MaxQuant will 102 

group them and quantify them together as one ORFG.”	103 

	104 

10. Line 89: replace “problematic” with “difficult to assemble”   105 

RESPONSE: We changed the wording as suggested.	106 

	107 

11. Line 91: I do not understand the use of the word “speciation” here. Delete?  108 

RESPONSE: We refer to the process of divergence of two species from an original one. We changed 109 

the wording to “species divergence”.	110 

	111 

12. Line 103: Please re-state this to “…well-known technical issues with the gel-based sample 112 

preparation method that we used…” The current statement gives the incorrect impression 113 

that proteins with transmembrance domains are always hard to extract, however, FASP 114 

based and in solution methods do not have this issue as much see e.g. 115 

https://pubs.acs.org/doi/10.1021/pr300709k  116 

RESPONSE: We agree with the reviewer and have changed this section as suggested:  117 

 118 

Line 118: “The Membrane transport category is poorly represented in the MP (2% of the terms), which 119 

is likely explained by well-known technical issues with the gel-based sample preparation method that 120 

we used, which limits the extraction of transmembrane proteins18.”	121 

	122 



13. Line 106: “slightly” and “moderately” are very unspecific. It would be helpful if you 123 

provided a sentence explaining how the test and the numbers are to be interpreted and how 124 

one can deduce the effect size can be see based on them. 125 

RESPONSE: In response to this comment, we have added two sentences on the Kendall τ and its 126 

interpretation, alongside a rephrase to present better the results:  127 

 128 

Line 121:	“The abundance ranking of the KO categories was assessed using the Kendall τ, which takes 129 

values from -1 (opposite direction of the ranking) to +1 (total agreement in ranking). Its score is 130 

interpreted as a correlation measure; however, it is more conservative. The ranking is largely 131 

preserved from MG to MT (Kendall τ: 0.77, p<10-8) and from MT to MP (τ 0.74, p<10-6) whilst less so 132 

from MG to MP (τ 0.68, p<10-5). The results show that the functional potential observed in the genomes 133 

is more preserved in the diversity of produced transcripts than in the produced proteins and thus hints 134 

to post-transcriptional regulation playing an important role in addition to transcriptional regulation 135 

in prokaryotes.”	136 

	137 

14. Line 116: This is the first instance where you mention your “per sample” measure of copy 138 

numbers. Here and in the methods you would need to explain what “sample” actually means 139 

and how this was standardized across the experiment. 140 

RESPONSE: As requested above in Reviewer#1_Q2, we added the explanation of the sample 141 

normalization. In addition, we have modified the following sentence:	142 

 143 

Line 133 “[…] metabolic states and/or taxonomic phylogeny, we quantified and resolved the numbers 144 

of transcript and protein molecules per sample (i.e. the total SEM1b consortia within each 60ml flask, 145 

see Material and Methods), which averaged 3.8×1012 (sd 3.0×1012) and 2.2×1015(sd 9.5×1014), 146 

respectively (Supplementary Datasets 3-4).”	147 

		148 

15. Line 123: How was growth phase determined?  149 

RESPONSE: Given the aforementioned difficulties associated with cell counting (e.g. high levels of 150 

insoluble material: see Reviewer#1_Q1), we used the amount of protein production as a proxy for the 151 

overall community growth curve as in our previous work (Kunath 2019, Fig. 5A). This data has now 152 

been integrated into a newly created Figure 1, which also addresses several other reviewer comments 153 



concerning the experimental design used in this study (Reviewer#2_Q4) and the sampling scheme 154 

(Reviewer#3_Q3).	155 

 156 

 157 

 158 

16. Lines 161-163: I find this statement to be one of the most important and central findings of 159 

your manuscript and am wondering if it would make sense to integrate it with your abstract. 	160 

RESPONSE: Sentence: “In a microbiome-setting, the greater turnover of RNA molecules and lower 161 

protein-RNA ratio in bacteria could potentially facilitate their faster adaption to changes in metabolic 162 

state and substrate availabilities in their environment, at higher rates than their archaeal 163 

counterparts.”	164 

We agree on the importance of the finding in light of microbial ecology; however, we feel that this 165 

statement is perhaps too speculative to include in the abstract given our experimental design did not 166 

include perturbations that could test for such a rapid adaptation. In addition, the abstract is subjected to 167 

strict space constraints (just 150 words), we decided to emphasize the numerical and modelling aspects 168 

of the work and postponing the implications to the main text.	169 

 170 



17. Lines 184-186: Another results statement that is critical and that may be worthwhile 171 

mentioning in the abstract.  172 

RESPONSE: Sentence: “This suggested that no direct correlations between RNA and proteins levels 173 

exist at any stage at a community level and that it is nearly impossible to predict the level of the given 174 

protein based on the level of the corresponding transcript.”	175 

These aforementioned observations have been previously reported in E.coli by Taniguchi 2010 et al, 176 

and our results confirm this at a larger community level. Therefore, we feel that this slightly diminishes 177 

the novelty of this statement, and hence we chose to use the very limited word count in the abstract to 178 

focus on the discrepancy between bacteria and archaea and the relationship between the protein/RNA 179 

ratio and population function. 	180 

 181 

18. Line 241: Add to the end of the sentence “… with the gel-based method that we employed”  182 

RESPONSE: We have added the suggested text.	183 

	184 

19. Figure 2: Great figure. The font on the y-axis is kind of small and hard to read. Is it grey 185 

instead of black? 186 

RESPONSE: Yes, it was grey. We changed the color of the font on the y-axis to black and increased 187 

the size to make it easier to read.	188 

	189 

20. Line 264: The abbreviation SAO was not introduced. I am wondering though if you really 190 

need to abbreviate this as it makes it hard for the reader to keep track of sooo many 191 

abbreviations. WLP could also be written out in the few instances it appears at.  192 

RESPONSE: We agree about improving readability and have therefore expanded all the instances of 193 

“SAO” to “syntrophic acetate oxidizing/ation” and “WLP” to “Wood-Ljungdahl Pathway”.	194 

	195 

21. Figure 3: Great figure.  196 

RESPONSE: Thanks!	197 

	198 

22. Line 365: Replace “quantified the number of RNAs and proteins over time…” with 199 

“quantified absolute protein/RNA ratios…”  200 



RESPONSE: In line with the answer to the above comment (Reviewer#1_Q1) we replaced 201 

“quantified the number of RNAs and proteins over time…” with “quantified the number of RNAs and 202 

proteins per sample over time in absolute terms and as ratios”.	203 

	204 

23. Lines 387 – 389: This is an interesting statement, the corresponding results&discussion 205 

section was not entirely clear on that, particularly the “degradation” part. It would be good 206 

to clarify the outcomes regarding degradation in the results and discussion.  207 

RESPONSE: We agree our use of PECA-R to estimate the predict the change of protein translation 208 

and/or degradation rate is not clear. In response to this comment we have included some additional text 209 

in the results and discussion section to help improve the clarity of our use of the term “degradation”:	210 

 211 

Line 363: “We used our absolute quantifications of SEM1b transcripts and proteins as well as PECA-212 

R44 to predict the “change-point”, which takes into account estimates of protein translation and 213 

degradation rates (Supplementary Dataset 5).”	214 

	215 

24. Line 468: What type of beads were used for bead beating?  216 

RESPONSE: We used glass beads (size, ≤106 μm). In Line 541 we have changed the sentence “Cells 217 

were disrupted in 3×60 seconds cycles using a FastPrep24 (MP Biomedicals, USA) [.]” adding: “[…] 218 

with glass beads (size, ≤106 μm).” at the end. 219 

	220 

25. Line 471: Since protein quantification is critical for this study it would be good to provide 221 

additional details on Bradford assay replication.   222 

RESPONSE: We have additional details for the Bradford assay as requested: 223 

 224 

Line 544: “Extracted proteins were quantified using the Bradford’s method (in triplicate), which 225 

quantified the samples by combining 2 to 10 µl of protein extract with 20mM Tris HCL (pH 7.5) to 226 

reach 800µl, with 200µl of BioRad Essay solution subsequently added. Samples were vortexed, 227 

centrifuged briefly and let to rest for 5 minutes before measuring with dedicated cuvettes. Blanks 228 

composed of 800µl of buffer and 200µl of BioRad Essay solution were used before each set of 229 

measurements.”	230 

	231 



26. Line 475: Describe the LC method used.  232 

RESPONSE: We have included the following more in-depth description as requested:	233 

 234 

Line 559: “Peptides were analyzed using a nanoLC-MS/MS system consisting of a Dionex Ultimate 235 

3000 UHPLC (Thermo Scientific, Germany) connected to a Q-Exactive hybrid quadrupole-orbitrap 236 

mass spectrometer (Thermo Scientific, Germany) equipped with a nanoelectrospray ion source. The 237 

samples were loaded onto a trap column (Acclaim PepMap100, C18, 5 μm, 100 Å, 300 μm i.d. x 5 mm, 238 

Thermo Scientific) and back flushed onto a 50-cm analytical column (Acclaim PepMap RSLC C18, 2 239 

μm, 100 Å, 75 μm ID, Thermo Scientific). At the start, the columns were in 96% solution A [0.1% (v/v) 240 

formic acid], 4% solution B [80% (v/v) acetonitril, 0.1% (v/v) formic acid]. The peptides were eluted 241 

using a 90 minutes gradient developing from 4% to 13% (v/v) solution B in 2 minutes, 13% to 45% 242 

(v/v) B in 70 minutes and finally to 55% B in 5 minutes before the wash phase at 90% B, all at a flow 243 

rate of 300 nL/min.” 244 

 245 

27. Line 480: I noticed that you use a resolution of 35K for MS2. I would recommend to decrease 246 

this value to the minimum in the future. At 35K the transient time in the Orbitrap is quite 247 

long and you will limit the number of MS2 events that you will be able to acquire per run. 248 

Since in MS2 pre-isolated ions are fragmented, high resolution is not needed as the spectra 249 

are low complexity and mass accuracy is barely affected by the resolution.  250 

RESPONSE: 	251 

We thank the Reviewer for this observant comment. We will indeed check our methods and reduce 252 

the MS/MS resolution to 17.500 for future samples. 253 

 254 

28. Line 491: The use of the “match between runs” feature seems risky in Metaproteomics and 255 

in particular for gel-based approaches as it is likely that incorrect mass peak identifications 256 

are transferred between runs. Have you tested this feature for metaproteomics?  257 

RESPONSE: “Match between runs” (MBR) is currently the modus operandi for label-free MS1 258 

quantification in proteomics and incorporated in many software such as MaxQuant, moFF and 259 

FlashLFQ. The feature enables identification of peptides without an MS/MS spectrum and instead 260 

using the accurate m/z and retention time of the peptide, if this aligns with another peptide with the 261 

same mass and retention time and with a confident MS/MS identification in another run. This has been 262 



thoroughly described and evaluated in several publications (e.g. Lim 2019 and Cox 2014) and the 263 

conclusion is that the number of false IDs due to MBR is low (~1-3%).	264 

However, the evaluation in previous publications have used single-species proteomes and we share 265 

the reviewer’s concern that if samples are very rich, which is typical for metaproteomics, this could 266 

yield a higher level of incorrect identifications. We have unfortunately not tested this specifically for 267 

metaproteomics, but we want to stress that we performed gel-separation of proteins into 16 fractions 268 

per sample prior to MS to simplify the peptide mixtures. Further, the MBR only applies to the gel-269 

fractions and their adjacent fractions, e.g. fraction five in lane A will only be compared to fraction 270 

four, five and six in lane B, etc., so not everything against everything. This means that as long as 271 

extensive gel-separation is performed (here 16 fractions per lane), and the chromatography is stable 272 

and the mass spectrometer is accurate, which all is the case for these samples, the potential of 273 

erroneous identification should remain low in our opinion. 274 

 275 

29. Lines 527 and onward: Currently some of the parameters for the formula are not completely 276 

clear and more detail would be helpful for each parameter. What is for example “protein 277 

mass”? Is this the assay determined protein concentration? What are Totalproteinmass? 278 

Base peakintensity? Mass? Detectedproteinmass?  279 

RESPONSE: We improved the name of the parameters by adding spaces where required as well as 280 

expanding the section and defining all the mentioned parameters:  281 

 282 

Line 632: “Knowing the Total protein mass [g] per sample, computed from the protein concentration 283 

estimated with the Bradford assay and the starting volume of the sample (60 ml), we estimated the 284 

detected protein mass [g] (i.e. how much of protein mass is explained by the peaks recognized during 285 

MP analysis) using the raw MP files with the following formula:	286 

𝐷𝑒𝑡𝑒𝑐𝑡𝑒𝑑𝑝𝑟𝑜𝑡𝑒𝑖𝑛𝑚𝑎𝑠𝑠 =
𝑇𝑜𝑡𝑎𝑙𝑝𝑟𝑜𝑡𝑒𝑖𝑛𝑚𝑎𝑠𝑠 × ∑ 𝐵𝑎𝑠𝑒!"#!".

$%& 𝑝𝑒𝑎𝑘𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦$ ×𝑀𝑎𝑠𝑠$
∑ 𝐵𝑎𝑠𝑒!"#$%$
'%& 𝑝𝑒𝑎𝑘𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦' ×𝑀𝑎𝑠𝑠'

 287 

Where the “Base peak intensityi” and “Massi” corresponds to the homologous values for to the ith 288 

identified peak (i.e. a peak with an amino acid sequence associated, thus it can be called a peptide) in 289 

the raw MP files.”	290 

 291 



30. The “total protein approach” was developed using a gel-free, multi-enzyme protocol, while 292 

you used a gel-based, single enzyme approach. While I do not think that this will impact your 293 

main results and conclusions, I do think that it is critical for you to discuss potential caveats 294 

of your approach.  295 

RESPONSE: The Reviewer is indeed correct that there are reports suggesting that there may be a 296 

protease bias in absolute protein quantification (e.g. Peng 2012) pointing to irregularity in peptide 297 

formation and that using >1 protease provides a more robust assessment of the protein abundance. This 298 

is not an issue with relative quantifications as the same protease is used for all conditions tested but 299 

may affect the protein abundance when absolute values are used. This issue was tested by Wiśniewski 300 

when developing the ‘total protein approach’ (Wiśniewski 2014) where they compared a pure tryptic 301 

digest with a combined LysC+Trypsin digestion. In contrast to the first report, Wiśniewski showed a 302 

high correlation in protein quantification between these two digestion strategies (R2=0.88-0.92), 303 

suggesting that a pure tryptic approach may be sufficient. To make the reader aware of the potential 304 

caveats of our approach, we have included the following lines:	305 

 306 

Line 552: “It is important to note that previous reports have shown that absolute protein quantification 307 

may be biased by the protease selected for digestion (Peng 2012). While ideally, more than one 308 

protease could have been used, we have used trypsin in our analysis (which is commonplace in most 309 

proteomics experiments) and obtained high correlation of absolute protein quantification between 310 

replicates (average R2=0.85, with the outlier t7C removed). Moreover, the protein-to-RNA ratios 311 

observed for the different bacteria and archaea correlate well with previous literature (E. coli, yeast, 312 

human), indicating that our absolute quantifications are on par.”	313 

	314 

_________________________________________________________________________________	315 

Referee #2 (Comments to the Author): 316 

In this paper, Delogu et al. quantified absolute RNA and protein levels per gene in a cellulose-317 

degrading microbial consortium. With this data, the authors quantified the ratio of protein to 318 

RNA in members of the consortium and arrived at 102-104 protein molecules per RNA molecule 319 

for bacteria and roughly ten times that for archaea, replicating the ratio observed by Taniguchi 320 

et al. for the former and studies in eukaryotes for the latter. The authors calculated linearity 321 



(formally, the polynomial degree which best fits the relationship between protein and RNA) and 322 

used it to identify ecological relationships in the above consortium. 323 

 324 

This manuscript seems rigorous, well-written and useful. Personally, I would have cited it in my 325 

latest paper had it been published. Below are a few comments, which, if addressed, I believe 326 

would increase the impact of this manuscript even further. 327 

RESPONSE: We thank the reviewer for their positive and encouraging comment! 328 

 329 

Major remarks: 330 

1. Grouping into ORFGs: 331 

Any grouping and averaging reduces variation as it collapses a distribution into its 332 

summary statistic (whether you take a mean or median, doesn’t matter). In this case, I 333 

wonder whether the grouping may have affected the variability in protein and RNA levels. 334 

I believe the authors only used singletons for downstream analysis (more on this to come), 335 

so protein/RNA ratio may not have been affected. 336 

RESPONSE:  337 

In general, when it is impossible to distinguish two or more genes’ products because they share 338 

common hits (MT reads or peptides) without a single unique hit, we are faced with three main 339 

choices: i) remove the shared genes’ products from the dataset; ii) distribute the hits; iii) group the 340 

genes’ products and assign the entire pool of hits to the group. The first option results in the loss of 341 

information, the second one lacks a fair criterion to distribute the reads (because no unique hits are 342 

present) and the last one loses resolution. Of the three we preferred option iii), in order to use all the 343 

data available and not over/under-represent any gene product using an arbitrary rule to split the hits 344 

(e.g. using the average). 345 

 346 

However, we agree and share the same opinion as the reviewer.Indeed we used only the singleton set 347 

in all the analyses that required direct comparison of ORFs, such as transcript-protein correlation and 348 

protein-to-RNA ratios. We added this second example in the Methods section, which now reads as 349 

follows:  350 

 351 



Line 647: “When the analysis required the direct comparison of ORFs (e.g. transcript-protein 352 

correlation and protein-to-RNA ratios) only the singleton subset of the ORFGs was considered.” 353 

 354 

 355 

2. Using only singletons for downstream analyses: 356 

Can the authors estimate the biases such a decision may cause? One thing I can think of is 357 

that some genes that are more common and conserved across organisms, and thus perhaps 358 

represent housekeeping functions, are more likely to be grouped, and therefore tossed 359 

before downstream analysis. This may skew the reported ratio of protein-to-RNA.  360 

RESPONSE: The reviewer raises an interesting comment regarding the conservation of gene 361 

sequences and functions across different microbial populations. If we consider the relatedness of the 362 

populations analyzed in this study, we see a broad representation of phylogenetic diversity, with a 363 

total of 2 domains, 3 phyla and 5 different orders represented in our SEM1b consortium (TEPI1 and 364 

TEPI2: Thermoanaerobacterales, RCLO1, CLOS1 and TISS1: Clostridiales, COPR1: 365 

Coprothermobacterota, METH1: Euryachaeota) (see Fig. below from https://pubmed.ncbi.nlm.nih.gov/30315317/). 366 

 367 

 368 



If ORFs that are conserved across all SEM1b populations are being removed from our analysis at a 369 

level that would inflict bias in our protein/RNA ratio estimates, we would have expected to observe 370 

variations between taxa that consisted of multiple closely related populations (i.e. COPR1) and those 371 

that are distinct (i.e. TISS1). Indeed, we observed no substantial variations across the protein/RNA 372 

ratio in SEM1b populations, and those from a pure culture study of E. coli that is subjected to no such 373 

issue of bias (see Fig. 2a), which leads us to believe the effect of conserved ORFs is not overly 374 

influencing our results. We strongly agree that the variation in protein/RNA ratio within given 375 

function categories (i.e. housekeeping, auxiliary, etc…) warrants further investigations, however, feel 376 

it is outside the scope given the size of this task in context to what our manuscript has already 377 

contributed. 378 

 379 

3. Abundance ranking analysis: 380 

The authors report that membrane transport genes are poorly represented in MP (l. 102) 381 

and following that report some discrepancy between MT and MP and (a larger one) 382 

between MG and MP. I wonder if repeating this analysis with transport (and other 383 

membrane) genes removed would rescue the correlation and perhaps change the 384 

conclusion of this paragraph. 385 

RESPONSE: We thank the reviewer for the interesting question. In response to this comment we 386 

repeated the analysis removing the “Membrane transport” category, however the resulting values for 387 

Kendall τ are similar to the original ones, meaning we can infer that the divergence between the 388 

omics layers generalizes beyond the (large) discrepancy observed in this single functional category. 389 

 390 

 MG-MT MT-MP MG-MP 

“Membrane transport” included 0.77 0.74 0.68 

“Membrane transport” excluded 0.76 0.74 0.68 

	391 

	392 

4. Timepoints: 393 

In motivating the study, perhaps even in the introduction, it would help the general 394 

understanding of the manuscript if there was an illustration of the timeline and what each 395 



timepoint means. Especially if the authors can say which metabolites are present in the 396 

sample in each timepoint.  397 

RESPONSE: We agree, and in response we created a new Figure 1 (illustrated above in response to 398 

Reviewer#1_Q15) to illustrate the life arch of the microbial community and the main events related 399 

to metabolites over time, whilst referring to the individual metabolite plots in Figure 4 (old Figure 400 

3). The new Figure 1 also integrates the request to depict the growth curve (Reviewer#1_Q15) and 401 

illustrate the sampling scheme (Reviewer#3_Q3). 402 

	403 

5. Reported values: 404 

The medians reported in line 129-130 and those in Fig. 1a seem different. Also, Fig. 1a 405 

would better represent the data as a boxplot or violin plot.  406 

RESPONSE: Thank you for this comment! By mistake we plotted the values relative to t2 instead of 407 

t3 (which the numbers in the text referred to). We redid the plot as a boxplot (see below this 408 

comment). This version is now panel a of Fig. 2 (old Fig. 1). 409 

 410 

 411 

	412 



6. PCC analysis: 413 

Some of the conclusions that the authors get to from analyzing the correlation between 414 

protein and transcript may be premature. For example, intrinsic variability at the 415 

transcript level, say between replicates in each timepoint could explain the variability in 416 

protein/RNA ratio. Another question that arises is whether transcripts with higher 417 

expression are more or less variable in the protein/RNA ratio? The conclusion (not being 418 

able to predict) may not hold in some of these cases, and may not require a polynomial 419 

model to explain.  420 

RESPONSE: We share the interests of the reviewer on the topic of noise (i.e. intrinsic variability) and 421 

the dependence of the RNA/protein dynamics from transcript levels. In Taniguchi 2010 these aspects 422 

were addressed at the single-cell level and shown to be important factors in determining the lack of 423 

correlation between protein and RNA level in the cell. When Taniguchi 2010 compared directly 424 

transcript and protein levels, it was done with the averaged values from all the sampled cells in order 425 

to remove those effects. Therefore, we believe that our data, which concern the number of molecules 426 

per sample, should not be subject to this phenomenon. Moreover, the average R2 of the MT replicates, 427 

excluding the outlier t7C, is 0.85; which indicates that the absolute MT values are highly correlated 428 

within each time point. In order to increase the clarity of the results we included the following sentence 429 

in the text: 430 

 431 

Line 201: “A high average R2 value (0.85 for both MT and MP) was also determined between replicates 432 

indicating the stability of our results and the lack of influence from random noise.” 433 

	434 

	435 

7. Gene group analysis: 436 

I believe the manuscript would have a broader impact if the authors ask whether the 437 

protein/RNA ratio is higher/lower in specific gene groups? Is it more/less variable? Is there 438 

a difference between housekeeping and auxiliary genes? Not just in the context of cellulose 439 

metabolism, but in general. This could really shed light on stochasticity of gene expression 440 

and translation, and on places where there is a tradeoff between speed and stability (I think 441 

it was shown to an extent in Chapal et al. PLoS Biology 2019). I accept that this may be out 442 

of scope of this paper.  443 



RESPONSE: This is an interesting question in which we are already moving, yet we feel that the size 444 

of the task that the reviewer proposes in context to the novelty this current paper has already contributed 445 

as well as new hypotheses proposed, makes this out of the scope of this paper (as the reviewer nicely 446 

points out!). 447 

	448 

8. The use of “linearity” is misleading. 449 

Linearity cannot be “good” (line 253); it just is. In the same way it cannot increase or 450 

decrease. Things are either linear, polynomial or sub-linear.  451 

RESPONSE: We agree and changed the text in order to refer to the k value and its changes: 452 

 453 

Line 664: “The slopes of the models were then used to fit a third-grade polynomial function to obtain 454 

the k value change profile in Fig. 2d.” 455 

 456 

Line 220: “The evolution of the MAGs’ k values over time is then divided in three groups: one where 457 

the k values decrease rapidly (TISS1 and COPR1); one where they slowly decline (RCLO1, CLOS1 458 

and METH1) and one where they stay constant if not increase (TEPI1 and TEPI2) (Fig. 2d). Notably 459 

CLOS1, METH1 and TEPI1 are converging towards the same k values […]” 460 

 461 

Line 292: “While TISS1 seems mostly to phase out of the community and its k value associated to its 462 

protein to transcript relationship (Fig. 2d), […]” 463 

 464 

Line 273: “[…] as it demonstrated high k values that increased over time […]”. 465 

 466 

Line 410: “In addition, we assessed the k values (proxy for linearity) associated to transcriptome and 467 

proteome for each population over time (Eq.1), finding that three major populations of the community, 468 

a fermenter (CLOS1), a syntrophic acetate oxidizing bacterium (TEPI1) and a methanogen (METH1), 469 

were converging on the same values in parallel with the primary cellulose degrader (RCLO1) (Fig. 470 

2d).” 471 

	472 

9. Phase considerations: 473 

Does “translation control drive changes in cell status and resource utilization” as the 474 



section title suggests, or are these metrics driven by cell status? I would assume different 475 

values of “linearity” in different life stages of a microbial community, for example, if a 476 

community reaches stationary phase and some translation / transcription stops, the 477 

“linearity” would depend only on the half-life of protein or RNA molecules rather than 478 

affect the cell. 479 

RESPONSE: We decided to use the k values as a proxy for how close a population was to its steady 480 

state, exploiting the fact steady state is reached when a change in protein level is mainly explained by 481 

a change in transcript level (Liu 2016). When considering the change in translational control instead, 482 

we were targeting the individual genes and their functions. Indeed, when we refer to “drive changes 483 

in cell status and resource utilization” our intention is to discuss changes at a more metabolic and 484 

lifestyle level. A change as such would be the switch between two substrates or the trigger to produce 485 

spores. Probably both cases will be reflected in the k value associated to that population and we can 486 

infer from it if it is approaching or steering away from the steady state. In the example from the 487 

reviewer we would probably see certain cell functions being activated and other being shut down 488 

which will be testified by a lower k value. To improve clarity and integrate the discussion risen by 489 

the reviewer’s comment we have integrated the following sentences in the text: 490 

 491 

Line 354: “A change in protein regulation can be causally liked to a change in the population status 492 

(steady state or transition). Within the cell, proteins are predominately the performers of cellular 493 

functions thus the change in cell status can be achieved by actively altering the protein level.” 494 

	495 

Minor remarks: 496 

10. Line 32 - “However, we are constantly told… “ - could use a reference.  497 

RESPONSE: We have included the reference Palkova 2004  498 

	499 

11. Line 97 - KEGG should be all-caps as it is an acronym.  500 

RESPONSE: Corrected as requested. 501 

	502 

12. Line 116 - the s.d. seems excessive on an initial reading despite being not that bad. I'd elect 503 

to specify minimum and maximum levels instead (3.26*1011-6.06*1012 reads better and is 504 

more informative than specifying SD).  505 



RESPONSE: We agree, and we changed the sentence to: 506 

 507 

Line 135: “[…] which averaged 3.8×1012 (range 3.45×1011-1.10×1013) and 2.2×1015 (range 508 

2.88×1014-3.46×1015), respectively (Supplementary Datasets 3-4).” 509 

	510 

13. Line 128 - “949 being the most likely” is a misinterpretation. The mode is the most likely 511 

value, not the median.  512 

RESPONSE: We agree and removed “being the most likely”. 513 

	514 

14. Line 156 - “novel triphosphate structure” - novel how? 515 

RESPONSE: We feel that this statement of ‘novelty’ is incorrect and has been amended to suggest 516 

that 5’-triphosphate ends of the mRNA has a cap structure similar to eukaryotes which provides greater 517 

resistance to mRNA degradation which is more aligned with what reference 26 refers to. Therefore, 518 

the following sentence has been amended: 519 

 520 

Line 172: “Correspondingly, the RNA of Eukarya and Archaea have been shown to exhibit longer half-521 

lives than Bacteria24,25, with some Archaea found to possess a cap complex similar to those in 522 

eukaryotes at the 5’-triphosphate end of the RNA molecule that correlates with increased mRNA 523 

stability26”. 524 

	525 

15. Line 164 - typo: microbiome’s 526 

RESPONSE: Corrected. 527 

 528 

_________________________________________________________________________________ 529 

Referee #3 (Comments to the Author): 530 

Delogu et al. dissect a simplistic microbial consortium (SEM1B) using three orthogonal omics 531 

techniques – metagenomics, -transcriptomics, and -proteomics. Specifically, by profiling absolute 532 

levels of the individual biomolecules, they can uncover functional adaptations in individual 533 

consortium members over time, till an equilibrium is reached. This results in several interesting 534 

findings – some of which could not have been inferred from relative datasets, such as the fact that 535 



within the consortium bacterial cells contain approximately 1,000-fold more protein than RNA. 536 

Other findings, in contrast, could have also been deduced from relative measurements, e.g. bulk 537 

analyses of the expressed modules (Fig. 2) and – to some extent – even the finding that there is 538 

barely any correlation between mRNA and protein expression (albeit not in absolute, but in that 539 

case only in relative terms). 540 

 541 

In general, this comprehensive study is relevant, timely, and technically well conducted. I have 542 

the following suggestions though, to further improve it.  543 

 544 

Major remark: 545 

1. The authors should better carve out what specific benefits their absolute quantification has 546 

and which of their conclusions could have similarly been drawn from a relative 547 

quantification. 548 

RESPONSE: We agree that relative quantification of omic data is much more commonly used and 549 

reported in microbiology studies and would have largely revealed the same changes in expression 550 

patterns that were highlighted in Figure 4. However, the use of absolute quantification allows to have 551 

a measurement that is sample- and experiment-independent and can be directly compared with other 552 

samples and studies. In addition, it bypasses the compositionality problem (the sum of a percentage is 553 

a fixed quantity) and in case of our specific method, it can unlock detailed quantitative knowledge of 554 

biological systems, which was before out of range (cost- and labor-wise) for most of the laboratories. 555 

In response to this comment, we have included some additional discussion to convey this benefit: 556 

 557 

Line 395: “In addition, relative quantification of omic data is much more commonly used and reported 558 

in microbiology studies and would have largely revealed the same changes in expression patterns that 559 

were highlighted in Figure 4. However, our absolute approach enabled us to assess and report, for 560 

the first time, the protein-to-RNA ratio of multiple microbial populations simultaneously, […]”. 561 

 562 

2. According to their findings, there is little correlation between mRNA expression changes and 563 

the corresponding alterations on the protein level and it is thus “nearly impossible to predict 564 

the level of a given protein based on the level of the corresponding transcript” (see lines 184-565 

186). Put provocatively, this raises the question as to why at all (meta-)transcriptomic 566 



experiments should be conducted. This is highly relevant for many researchers as RNA-seq 567 

is widely used and the authors should therefore provide here some guidelines as to when 568 

RNA-seq might still provide functional implications. (Or, in case they generally discourage 569 

from using RNA-seq for functional bacterial analyses, they should phrase it as such.) 570 

RESPONSE: We believe that the use of RNA-seq is extremely relevant in biology, according to a 571 

meaningful time spacing of the sampling and careful analysis. Indeed, transcript levels store the “recent 572 

history” (up to minutes) of the cell and the community at large, whilst the proteins usually remain viable 573 

longer (up to hours). Moreover, the correlation results at Line 205 concern individual transcripts and 574 

proteins correlated over time; while in the rest of the paper we show how it is more meaningful it is to 575 

analyze the relationship between proteome and transcriptome at each time point. Regardless, we agree 576 

with the reviewer that our results could raise questions as to which omic technology (transcriptomics 577 

or proteomics) should be applied to assess community function, and have added additional text to 578 

highlight that both have merit and should be considered (if possible): 579 

 580 

Line 389: “The observed discrepancy between RNA and protein levels of a given gene within the SEM1b 581 

consortium (i.e. Fig. 2b) could raise questions as to which omic technology (transcriptomics or 582 

proteomics) should be applied to assess community function. We would argue that both technologies 583 

have merit and if possible, should be applied to the same sample(s), given that transcript levels store 584 

the “recent history” (up to minutes) of a cell and/or the community at large, whilst proteins usually 585 

remain viable much longer (up to hours) and can result in a different interpretation of function.” 586 

 587 

3. Some parts would benefit from a more detailed experimental description. For example, the 588 

authors should provide more experimental details of their metatranscriptomics analysis. 589 

For example, line 449 reads “After purification, residual DNA, free nucleotides and small 590 

RNAs were removed.” But it is not explained HOW this was achieved. Likewise, line 450: 591 

“Samples were treated to enrich for mRNAs (…)” Here again, how this was done is not 592 

mentioned. Further, I’d appreciate if the authors compiled a supplementary table with the 593 

mapping statistics of the metatranscriptomics data (number of reads/sample; percentage of 594 

mapped vs. unmapped reads/sample; distribution of the mapped reads to their respective 595 

source genomes; etc.). This would also help the reader to obtain an idea as to how the 596 

relative composition of the consortium changes over time (or if it remains unchanged). 597 



The overall experimental design is still unclear to me: In lines 430-432 it is stated that “The 598 

time series analyses consisted of metabolomics, metaproteomics and metatranscriptomics 599 

over nine time points (…) in triplicate”. However, reading on it sounds like not all time 600 

points of this timecourse were analyzed by all three omics approaches. Could the authors 601 

please clarify? In general, a supplementary figure showing a scheme of the samples taken 602 

and indicating with which omic method they were analyzed would help the reader to better 603 

appreciate their study. 604 

Also in the methods section, the term “as previously described” should be avoided; rather, 605 

the experiment should be fully described in the current manuscript (I believe this is 606 

anyways an author guideline given by the journal). 607 

RESPONSE: In response to this comment, we had made several adjustments and included much more 608 

additional detail to how our experiments were performed. For example: 609 

sRNA removal, Line 506: “After purification, residual DNA was removed using the Turbo DNA Free 610 

kit following manufacturer’s instructions. Free nucleotides and small RNAs such as tRNAs were 611 

cleaned off with a lithium chloride precipitation solution according to Thermo Fisher Scientific’s 612 

recommendations (https://www.thermofisher.com/be/en/home/references/ambion-tech-support/rna-613 

isolation/general-articles/the-use-of-licl-precipitation-for-rna-purification.html) Briefly, one volume 614 

of cold 5M LiCl solution was added to the samples, mixed well and incubated at –20°C for 30 minutes. 615 

Samples were centrifuged at maximum speed for 30 minutes at 4°C. The supernatants were discarded 616 

and the pellets were washed with 70% ethanol prior to be resuspended in 16µl of RNase-free water.” 617 

 618 

mRNA enrichment, Line 514: “To reduce the amount of rRNAs, the samples were treated to enrich 619 

for mRNAs using the MICROBExpress kit (Applied Biosystems, USA). The successful rRNA depletion 620 

was confirmed by analyzing both pre- and post-treated samples on a 2100 bioanalyzer instrument. The 621 

enriched mRNA was amplified with the MessageAmp II-Bacteria Kit (Applied Biosystems, USA) 622 

following manufacturer’s instruction and sent for sequencing at the NSC (Oslo, Norway).” 623 

 624 

MT reads table: We assembled the new Supplementary Dataset 6 to show the MT reads throughout 625 

the analysis. The table lists, per sample: 626 

1. The number of starting reads; 627 

2. The number of filtered reads (after quality, length, tRNA and rRNA filtering); 628 



3. The fraction of filtered reads respect to the starting reads; 629 

4. The number of filtered biological reads (i.e. without the internal standard); 630 

5. The fraction of filtered biological reads respect to the total of filtered reads per sample; 631 

6. The number of filtered internal standard reads; 632 

7. The number of filtered biological reads mapped on the transcript dataset; 633 

8. The fraction of filtered biological reads mapped respect to the filtered biological reads. 634 

 635 

In addition, our MT quantification pipeline contains mainly three steps: i) pseudoalignment with 636 

kallisto in which multiple alignments per read are allowed, ii) estimation using mmseq of per-ORF MT 637 

quantification as Reads Per Kilobase Million (RPKM), iii) estimation via mmcollapse of per-ORFG 638 

(ORF Group) MT quantification again as Reads Per Kilobase Million (RPKM). Therefore, as a proxy 639 

of the number of reads mapped per genome, we hope that the genome-wise sum of the RPKM values 640 

from the output of step ii is sufficient. We provide these values in the new Supplementary Dataset 7. 641 

The values are presented in pairs of columns listing the sum of per-sample and per-genome RPKM 642 

values, alongside to the fraction respect to the total per-sample RPKM values. 643 

 644 

Experimental design figure: To improve clarity of our experimental design, we have generated a new 645 

Figure 1 (illustrated above for Reviewer#1_Q15) to illustrate the sampling scheme. Moreover, the 646 

figure integrates the representation of the growth curve of the community (Reviewer#1_Q15) and the 647 

explanation of the timeline and metabolism (Reviewer#2_Q4). 648 

 649 

“As previously described”: As the reviewer suggests, we have removed the expression “as previously 650 

described” (and its variations) and substituted it with the exhaustive description of the methods we 651 

used: 652 

 653 

Line 76: “We previously genomically reconstructed and resolved the SEM1b community, retrieving 11 654 

metagenome assembled genomes (MAGs) as well as two isolate genomes (see Material and Methods)10 655 

[…]” 656 

 657 

Line 477: “Non-invasive DNA extraction method was used to extract high molecular weight DNA as 658 

previously described in Kunath et al.47. A cell pellet was produced by centrifugation of 2ml of samples 659 



at 14, 000 x g for 5 minutes. Pellet was resuspended in 1ml of RBB+C buffer (500mM NaCl, 50mM 660 

Tris–HCl; 50mM EDTA, 4% SDS) and incubated for 20 minutes at 70°C. NaCl solution was used to 661 

reach 0.7M and 1:10 volume of CTAB buffer was added before an additional incubation at 70°C for 662 

10 minutes. An equal volume of Chloroform is then added and centrifuged at 14,000 rcf for 15 minutes. 663 

The aqueous phase was retrieved and an equal volume of Phenol:Chloroform:Isoamylalcohol 664 

(25:24:1) is added and centrifuged at 14,000 rcf for 15 minutes. The aqueous phase was retrieved one 665 

more time and 2 volumes of 95% ethanol were added and gently mixed until the DNA spooled and 666 

could be transferred with a sterile loop to a tube containing 200µl of 70% ethanol. After centrifugation 667 

at 14,000 rcf for 2 minutes, the supernatant was discarded, and the pellet air-dried prior being 668 

resuspended into 30µl of TE buffer (pH 8.0).” 669 

 670 

Line 491:  “The reads were 3’-trimmed (Phred<20, length>100) with cutadapt49 and filtered using 671 

FASTX-Toolkit (http://hannonlab.cshl.edu/fastx_toolkit/) to retain the reads with Phred>30 on at least 672 

90% of their length. The reads were mapped (ID=100%) on two Coprothermobacter proteolyticus 673 

isolates from SEM1b using the Burrows-Wheeler Aligner with maximal exact matches (BWA-MEM)50. 674 

The remaining reads were assembled with MetaSpades v 3.10.0 (k-mers: 21, 33, 55, 77)51 and the 675 

contigs binned with Metabat v0.26.3 (in “very sensitive mode”). The contigs were also uploaded to the 676 

Microbial Genomes and Microbiomes52 system for gene prediction and annotation.” 677 

 678 

Line 537: “Proteins were extracted from t1 to t8 in triplicate. From each sample, 30ml of culture 679 

containing cells and substrate was centrifuged at 500x g for 5 minutes to pellet the substrate.” 680 

 681 

Line 523: “The resulting sequences were checked for overrepresented features with FastQC 682 

(www.bioinformatics.babraham.ac.uk/projects/fastqc/); features and low qualities (Phred<20) ends 683 

were trimmed using Trimmomatic53  v.0.36. The reads were then filtered using an average Phred>20 684 

in a 10nt window and a minimum length of 100 nt. The rRNA and tRNA reads were removed as using 685 

SortMeRNA54  v2.1b.” 686 

 687 

Line 597: “SCFAs were then measured at 210 nm using a Dionex 3000 HPLC with a Zorbax Eclipse 688 

Plus C18 column from Agilent Technologies (150 x 2.1mm (3.5mm particles)) and operated at 40°C. 689 



The VFAs were eluted isocratically with 100% methanol and 2.5 mM H2SO4 at 0.3 ml per minute flow 690 

rate.” 691 

 692 

Minor remarks: 693 

4. Line 89: Change “algorithms has” to “algorithms have”.  694 

RESPONSE: Corrected as suggested. 695 

 696 

5. Line 158: “RNA is regulated by post-translational modifications of the RNA molecule” --> 697 

Do the authors mean post-TRANSCRIPTIONAL modifications?  698 

RESPONSE: Corrected as suggested. 699 

 700 

6. Line 201: “start at values between 0.6 and 0.8 at 13 hours” --> Please rephrase as there are 701 

clearly values outside this range in Fig. 1d (also for non-TEPI2 MAGs).  702 

RESPONSE: Rephrased as “start at values above 0.5 at 13 hours (t2)”. 703 

 704 

7. Lines 239-240: “Notably from Fig. 2, it is clear that the proteins from the transporters are 705 

almost never found in the samples, even if the respective RNAs are abundant.” --> As far as 706 

I understand, the discrepancy between RNA and protein level detection cannot be deduced 707 

from Fig. 2.  708 

RESPONSE: The wording was misleading and we changed it to “even if the respective RNAs are 709 

present in the dataset”. Indeed, Fig 2 takes into account only RNAs and proteins that are present in 710 

the dataset (i.e. that passed the preprocessing threshold regarding expression), regardless of their 711 

numerical expression. 712 

 713 

8. Fig. 3 b-d: The units for the values plotted on the y-axes are missing (also not mentioned in 714 

the corresponding figure legend).  715 

RESPONSE: The y-axis for gene expression plots Fig. 3 depicts scale of log10-transformed 716 

transcript molecules per sample. We used the same scale as in panel a, and to improve clarity have 717 

added “For panels b-d, RNA expression uses same scale as panel a” to the legend of panels b-d. 718 

 719 



9. Line 336: “in bacteria is believed to occur predominantly via transcription control (…)” --> 720 

The authors may want to rephrase this. This concept has been overhauled in the past 721 

decade, realizing the widespread post-transcriptional control mechanisms – brought about 722 

by regulatory, noncoding RNAs – across the bacterial phylogenic tree. 723 

RESPONSE: In response to this comment, we have changed the sentence to be more exhaustive and 724 

neutral: 725 

 726 

Line 358: “The control of protein levels in bacteria is believed to occur via transcription control, 727 

“control by dilution”42 (dispersal of proteins via subsequent cell divisions), sRNA activity43, and rarely 728 

by protein degradation44.” 729 

 730 

10. Line 511 (and elsewhere): Please define what “Nt” refers to in this context.  731 

RESPONSE: We added “expressed in nucleotide length”. 732 

 733 

11. Suppl. Fig. S1: The x-axis for the metabolomics bar chart lacks any values.  734 

RESPONSE: In Suppl. Fig. S1 the scale along the x axis is the same in the three panel. The last one 735 

does not reach the 1000-counts tick. We have included the “500” ticks on the axis to depict this.   736 
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REVIEWERS' COMMENTS: 

 

Reviewer #1 (Remarks to the Author): 

 

The authors have addressed all my comments to my satisfaction. 

Excellent work! 

 

Manuel Kleiner 

 

 

Reviewer #2 (Remarks to the Author): 

 

In this revision the authors addressed most of my major concerns and the clarity of the manuscript 

improved as well. I believe that the manuscript is fit for publication (perhaps after shortening a bit). 

 

One point that remains is the potential biases that result from using only singletons for downstream 

analysis. I believe that readers would benefit from a very brief discussion of possible limitations that 

result from this analysis. 

 

Minor: 

 

Figure 2 axis labels and tick labels: should be consistent in font and size. Also, I believe it is easier to 

read a number or exponent (i.e., 10) rather than its mathematical representation (i.e., 1+e02). Also 

please state in the legend the properties of the polynomial fit in 2d. 

 

 

 

 

Reviewer #3 (Remarks to the Author): 



 

My previous comments were all addressed satisfactorily. Apart from the below, I have nothing else 

to object. 

 

• Line 354: “liked” should be changed to “linked”. 

• Ref 43 might be replaced by a more recent review (e.g. PMID 26296935). 
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REVIEWERS' COMMENTS: 6 

 7 

Reviewer #1 (Remarks to the Author): 8 

 9 

The authors have addressed all my comments to my satisfaction. 10 

Excellent work! 11 

RESPONSE: We thank the referee for the insightful revision. 12 

 13 

Manuel Kleiner 14 

 15 

 16 

Reviewer #2 (Remarks to the Author): 17 

 18 

In this revision the authors addressed most of my major concerns and the clarity of the manuscript 19 

improved as well. I believe that the manuscript is fit for publication (perhaps after shortening a bit). 20 

RESPONSE: We thank the reviewer for their work in improving the manuscript, we hope that the following 21 

answers will improve it further. 22 

 23 

One point that remains is the potential biases that result from using only singletons for downstream 24 

analysis. I believe that readers would benefit from a very brief discussion of possible limitations that 25 

result from this analysis. 26 

RESPONSE: We clarified the limitations and the exclusion of some populations form the analysis stemming 27 

from those limitations in Line 634 by adding the sentences: “The subset may suffer marginally from a loss in 28 

data points (ORFs), however the genomes in which this phenomenon had a larger impact (COPR2-3, BWF2A 29 

and SW3C) were not used to estimate numerical properties such as protein-to-RNA ratios and k values. In 30 

addition, the impact of data loss for the aforementioned MAGs/strains was illustrated in Supplementary Figure 31 

2 and did not outline any clear distribution that was opposing the observations made for the MAGs used in this 32 

study.” 33 

 34 



Minor: 35 

Figure 2 axis labels and tick labels: should be consistent in font and size. Also, I believe it is easier to 36 

read a number or exponent (i.e., 10) rather than its mathematical representation (i.e., 1+e02). Also 37 

please state in the legend the properties of the polynomial fit in 2d. 38 

RESPONSE: We made the size and the font uniform in the whole figure, as requested by the referee #2. The 39 

third-grade polynomial fit allows up to two bends to the curve. This information has been added to the Fig. 2d 40 

legend as requested. 41 

 42 

Reviewer #3 (Remarks to the Author): 43 

 44 

My previous comments were all addressed satisfactorily. Apart from the below, I have nothing else to 45 

object. 46 

RESPONSE: We thank the referee for the work on the manuscript and the suggestions presented. 47 

 48 

• Line 354: “liked” should be changed to “linked”. 49 

RESPONSE: Changed as requested. 50 

 51 

• Ref 43 might be replaced by a more recent review (e.g. PMID 26296935). 52 

RESPONSE: Changed as requested. 53 

 54 


