Reviewers' comments:
Reviewer #1 (Remarks to the Author):

This manuscript describes a proteomic approach to quantifying relative contributions to total
biomass from component species in microbial communities. It is very comprehensive and overall a
very solid study. I have two relatively minor criticisms:

1. Figures 2 and 3 are ridiculously complicated. Fig. 2 might be aided by an additional panel that
explains, pictorially, how each of the different filtering systems works. For Fig. 3, in my own mind,
putting "Protein Input" at the top of each, rather than at the bottom, might help clarify that the
greyed portion of each graph is the 'real' amount.

2. I think that the protein inference problem is still not quite solved here. As far as I can tell, the
authors have used the standard inference algorithms in PD, MQ, etc but these don't consider that
two proteins IDed by a common peptide may have come from different species. It seems that
there is still more to gain in resolving these shared peptides without losing all the sensitivity that is
depicted in Fig. 2 as they go to more stringent filtering.

Reviewer: Leonard Foster

Reviewer #2 (Remarks to the Author):

Minor critizm:

1. In the introduction the authors state that the activity is often more important than cell number.
That is certainly right, but the authors should comment on the existing stable isotope probing
methods and single cell based methods that do exactly that.

2. The argument about the different size and protein content of S. cerevisae and a small bacterium
is only correct if protein content equals activity. Which is not necessarily the case.

3. With stating “there is no......” the authors again disregard completely the existence of stable
isotope probing methods, including the protein-SIP approach.

4. And although the von Bergen group has established a lot of specific applications of protein-SIP
they have missed to evaluate their data in respect to biomass production and turnover.

5. The inference problem is more or less solved by the prophane software and also by the
approach used in this study.

6. The authors should comment on the protein content in different growth phases.

7. The question about the validity of genus detection by metaproteomics especially in comparison
to community structure assessment by 16srRNA is completely unsolved. The authors
underestimate the relevance of this problem (at least for all people working in metaproteomics)
and also underestimate the impact their experiments have for answering this question.

8. How do the authors discriminate between peptides and proteins? Which humber of peptides
have to be detected in order to sum it up to a protein?

9. The workflow shows in the upper part too little detail.

10. The artificial communities are an excellent way of testing the method.

11. Were the communities cultivated or extracted after mixing?

12. Did the authors determine the lower limit of detection (% of proteins existent from one species
on the community) ?

13. Did the authors compare this lower limit of detection with the detection by 16srRNA?

14. Why did detection by amplicon sequencing failed so often?

15. The authors should define boundary of acceptabel deviation for their analyses in term of cell
number detected by different methods.

16. There are many papers out on the inherent problem of 16srRNA amplification, the authours



should mention some of them in the introduction and the discussion part.

17. There is a clear effect of abundancy on the accuracy of the detection by metaproteomics, how
would this develop with larger communities in which the overall percentage of more species fall
under a certain range?

18. The authors should give an example of the development of protein as part of the biomass
under different cultivation conditions.

Major critizm:

1. The authors focus on biomass and disregard the approaches that are existent for linking DNA,
RNA and proteins to activity.

2. The authors should consider about assessing the protein contribution to the total biomass of a
given.

Conclusion:

The study tackles the question of accurate determination of cell and biomass contribution of parts
of microbial communites and compare metagenomic approaches and metaproteomics. This in itself
is a real achievement. There are aspects missing in the text (link to activity and stable isotope
probing approaches) as well as the the question how the methods perform in consortia with higher
complexity.

I would recommend a major revision.

Reviewer #3 (Remarks to the Author):

This manuscript describes experimental and analytical methods for quantifying microbial biomass
abundance within a community based on proteomic mass spectrometry data. While metaproteomic
methods have been used on a variety of communities for assessing protein abundance, most
studies have not attempted to aggregate and accurately quantify protein contributions at the
species level in a manner analogous to the way 16S amplicon data or metagenome data are used
to quantify cellular / genome abundance. In their study the investigators apply their methods to
both mixes of known organisms (including eukaryotes, prokaryotes and DNA and RNA viruses) and
environmental samples to demonstrate effectiveness.

Overall the study is well done and a valuable contribution to the field, though no new biological
findings are presented. The analysis, presentation and statistics used are appropriate.

Specific comments:

Line 284: “All three methods performed badly, when it came to estimating the species cell
numbers in the samples...” I'm not sure if there’s a better way to phrase it but it seems odd to say
they performed “badly” when they’ve performed more or less as expected but the quantity
measured isn’t a good proxy for cell numbers.

Line 428: “Since, the cell lysis method used for both approaches was identical an extraction bias is
unlikely, suggesting that a primer bias may be responsible for the discrepancy.” It seems equally
likely that relic DNA from dead organisms could also explain a discrepancy between DNA
abundance and protein abundance. Also no comma is needed after “Since”.

Lines 472-479 compare metaproteomics and sequencing based methods as though it’s an either/or
choice, but in fact since metagenome sequencing is generally necessary for creating a reference
for proteomics it seems more accurate to think in terms of augmenting sequencing-based methods
with metaproteomics.

Minor comments:

Line 365: “...allow to correct the relative...” should be “...allow correction of the relative...” or
“...allow one to correct the relative...” Same correction at line 472, “...allows to accurately
quantify...”

Line 417: “...we generated both metaproteomic data, as well as 16 rRNA gene amplicon data...” is
redundant; can remove “both” or change “as well as” to “and”.



Line 491: “Second, a likely much more difficult question to answer is, if and under what
circumstances proteinaceous biomass of a community member can be used as an approximation of
the biological activity of that community member?” This phrasing is pretty awkward; I'd change to
“Second, a likely much more difficult question to answer is, can proteinaceous biomass of a
community member be used as an approximation of the biological activity of that community
member, and if so under what circumstances?”

Line 535: “steps” should be “step”

Line 566: Is there a reason for leaving out the genus name for Roseobacter sp. AK199?



Reviewer #1 Leonard Foster (Remarksto the Author):

This manuscript describes a proteomic approachiantifying relative contributions to total
biomass from component species in microbial comtramilt is very comprehensive and overall
a very solid study. | have two relatively minortimisms:

1. Figures 2 and 3 are ridiculously complicated. Bimight be aided by an additional panel that
explains, pictorially, how each of the differentdring systems works. For Fig. 3, in my own
mind, putting "Protein Input" at the top of eadcither than at the bottom, might help clarify that
the greyed portion of each graph is the 'real’ athou

We agree with the reviewer. For figure 2 we have simplified the figure by making the text
and abbreviations both in the figure and legend Immore concise and by highlighting the
specificity and sensitivity related graphs with eggriate axis labels.

To simplify figure 3 we decided to split it intootfigures (now figure 3 and 4). One for the
comparison of the protein quantification methodd ane for the comparison of metaproteomics
with DNA sequencing based methods. We also inclyo@dsuggestion to move “protein input”
to the top and relabeled it as “actual”.



2. | think that the protein inference problem i abt quite solved here. As far as | can telk th
authors have used the standard inference algorithi®®, MQ, etc but these don't consider that
two proteins IDed by a common peptide may have civome different species. It seems that
there is still more to gain in resolving these slgoeptides without losing all the sensitivity that
is depicted in Fig. 2 as they go to more strinditering.

We agree with the reviewer that the protein infeeeproblem per se is not solved in our study.
By definition the inference problem cannot be “saolventirely for bottom-up proteomics,
because when a peptide occurs in multiple protéircgnnot be assigned to either. However, in
Fig 2 we show that by applying strict criteria fidentification of proteins, mis-assignment of
proteins to other species can be mostly avoide. ddmes at the expense of some loss of
sensitivity. Therefore, we provide an assessmethieofonsequences of the inference at different
taxonomic levels and provide identification stragésgthat enable accurate determination of
species biomass contributions (see also Fig 3 agdt); which was the aim of our study. The
extensive dataset that we provide with our studlyewable future tweaking of inference
parameters when new approaches become available.

Reviewer #2 (Remarksto the Author):

Minor criticism:

1. In the introduction the authors state that @tesdy is often more important than cell number.
That is certainly right, but the authors should ocoent on the existing stable isotope probing
methods and single cell based methods that dolgthat.

Thank you for bringing up this point, it made ualize that our use of the word “activity” can
lead to some confusion about the scope of the pagech really is assessment of proteinaceous
biomass and not measurement of activity. To avendusion we have now removed the word
activity from the two sentences in the introductioat provided cause for confusion.

These sentences now read:
“Cell numbers, however, are often not the best meafor a species’ contribution to a
community, because microbial cells can differ byes&l orders of magnitude in biomass.”

“Currently, there are no high-throughput methodsigable to estimate the biomass contribution
of individual community members.”

We included one sentence in the discussion, whusbgthe question if proteinaceous biomass
could potentially be a measure for total biologieativity of a species, but we leave this question
deliberately open as the answer to that may regoiamy future studies. This sentence in the
discussion reads:

“Second, a likely much more difficult question tesaver is, can proteinaceous biomass of a
community member be used as an approximation dfithegical activity of that community
member, and if so under what circumstances?”



2. The argument about the different size and pnatentent of S. cerevisae and a small bacterium
is only correct if protein content equals activiyhich is not necessarily the case.

Please see our response to your comment 1.

3. With stating “there is no...... ” the authors agaisregard completely the existence of stable
isotope probing methods, including the protein-&bproach.

Please see our response to your comment 1.

4. And although the von Bergen group has estaldishiet of specific applications of protein-SIP
they have missed to evaluate their data in regdpdabmass production and turnover.

We agree that there is certainly a lot of roomdewreloping proteomics based methods, which
ideally will provide measures of total biomass protion and turnover.
Please also see our response to your comment 1.

5. The inference problem is more or less solvethbyprophane software and also by the
approach used in this study.

Thank you for pointing us to the Prophane softwaredid not know this tool beforehand.
We have now added a citation to Prophane and toMé&taProteomeAnalyzer pipeline in the
discussion section. The respective sentence reads:

“To make the approach as broadly applicable assilale, we have chosen to use a route that
should make it possible to transfer the approachémy other platforms including some recently
developed software pipelines addressing the protégrence problem in metaproteomics such
as The MetaProteomeAnalyZeand Prophané.”

We agree that for the purpose of protein taxonamgrénce down to the species level the
inference problem is close to being solved, howekiergeneral protein inference problem can
likely never be entirely solved for bottom-up pootecs.

Please also see our response to comment #2 owerigl.

6. The authors should comment on the protein comedifferent growth phases.

This is an interesting point but it is outside Hw®pe of our study, because we do not look at
activity and protein turnover. To avoid confusihg readers we would thus prefer not to discuss
this topic in the paper. Future studies could addréhis point using the methods presented here.

7. The question about the validity of genus detechly metaproteomics especially in comparison
to community structure assessment by 16srRNA ispbetely unsolved. The authors
underestimate the relevance of this problem (&t fiest all people working in metaproteomics)
and also underestimate the impact their experintents for answering this question.



Thank you. The fact that this problem has not lzivessed with controlled datasets in the past
is the reason why we did such an extensive studgidoess the question if and how community
structure can be assessed with metaproteomics héfeed the respective heading in the results
section to emphasize our findings more. It now sead

“Metaproteomics enables accurate species-level tfieation”

8. How do the authors discriminate between peptaelsproteins? Which number of peptides
have to be detected in order to sum it up to aepr@t

We are not sure what the reviewer means with “disicrating between peptides and proteins”.
The search engines (SEQUEST in Proteome DiscoaaeeAndromeda in MaxQuant) provide
lists of identified peptides based on the matcloihilS2 spectra to database derived peptide
sequences. The protein inference algorithms thewhea the peptides to protein sequences and
uses statistical models or specific filtering crigeto group proteins or to predict which protein
sequence is the actually expressed one. The nushpectra and peptides matching to a protein
are provided as an integer value. The protein iefee strategy that we used most in the
manuscript requires that the protein has to passugh the protein inference algorithm FidoCT
at a false discovery rate <5% and in addition tatthas at least two protein-unique peptides.
Protein-unique peptides refers to those peptideiseges that only match a single protein
sequence in the database. This strategy is exglamthe result section with the heading
“Achieving high specificity with minimal lossessansitivity”.

9. The workflow shows in the upper part too litietail.

We kept the upper part of the workflow figure pregeneric on purpose, because in our study we
did not test the influence of sample processingladxdMS/MS approaches on community
structure assessment. By keeping it generic witayoid the impression that we recommend a
very specific sample and LC-MS/MS protocol. Wellgbgted the important steps for the data
processing and analyses in great detail. The sjpexdgimple processing and LC-MS/MS
approaches are described in great detail in thehods.

10. The artificial communities are an excellent wyesting the method.
We thank the reviewer for this supportive statement
11. Were the communities cultivated or extractedrahixing?

After mixing and aliquoting the communities thejadits were frozen at -80°C until they were
extracted. We have now clarified this in the mesheettion, which now reads:

“... Four biological replicates of each mock comiytype were made and each replicate was
divided into 20 aliquots. The aliquots were froa¢nr80°C until extraction. TheNeEvVEN mock
community was designed...”



12. Did the authors determine the lower limit ofedtion (% of proteins existent from one
species on the community)?

Yes we did analyze the detection limit of the nekth@reat detail, this is described in the results
section, which is now titled “How much data is ne@d The detection limit depends on how
much data is available (i.e. number of MS2 spectia)well as on the organism type. We found,
for example, that with 260 minute LC-MS/MS runsdéiection limit for Bacteria is below

0.08% of the total protein, while for bacteriophaghle detection limit was much higher.

13. Did the authors compare this lower limit ofetton with the detection by 16SrRNA?

We could not conceive of a way to do a fair debeckimit comparison for metaproteomics and
16S rRNA amplicon sequencing, because the detdutidrof both methods very much depends
on the amount of data produced and the data typesiaet comparable. We did, however, do an
extensive comparison of detection by metaproteoamdsl6S rRNA gene amplicon sequencing,
which is described in the section that is now &ttitMetaproteomics is more accurate for
biomass estimates than sequencing methods”. Wel filnaih metaproteomics has, as expected, a
much broader range of detection as compared to @mplsequencing. See our response to your
comment 14.

14. Why did detection by amplicon sequencing fadedften?

Detection failed for numerous reasons. 1) the pbatgenot have a 16S rRNA gene, 2) the
primers were bacteria specific thus the Archaeod e Green algae were excluded, 3) as
always in 16S rRNA sequencing the primers exhitohg biases favoring some bacterial species
over others. We discuss the reasons for deteciituré by amplicon sequencing, for example, in
the following sentences in the results sectionasd provide the necessary citations:

“The remaining 17 OTUs were taxonomically classifisy MetaAmp at the genus level. A
species level classification was not possible beeani the limited information content of the
amplicon sequences. This meant, for example, tiea¢ twere three OTUs that were classified as
Pseudomonas.”

“As expected none of the bacteriophages were datdnt amplicon sequencing due to the
absence of a 16S rRNA gene in these phages (BigWaalso did not detect the Archaeon N.
viennensis, the eukaryotic green algae Chl. reidhiaand six of the bacterial species by
amplicon sequencing. The primer pair that we usegeinerate the amplicons is optimized for the
greatest possible coverage of the bacterial domgatherefore it was not surprising that N.
viennensis and Chl. reinhardtii were not detectthough we successfully amplified at least the
chloroplast sequence of green algae using this @ripair in the past (data not shown).”

“The failure to detect some of the bacteria inraiplicates is harder to explain. We have
successfully generated amplicons from pure cultofés. europaeae, N. ureae and N.
multiformis in the past with the primer pair useserd (data not shown), thus we have to assume
that these species were not detected due to theiabundance in theNevENcOmmunity

samples or due to a primer bias leading to prefaatmmplification of the other bacterial
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species. Such primer biases are a known problert@8rrRNA gene amplicon sequendirig
For the R. leg. bv. viciae and S. aureus straimsaimplicon sequences did not distinguish
between each of the two strains in the samplegtamgionly a minimum of one strain detection
per species could be corroborated.”

15. The authors should define boundary of acceptadViation for their analyses in term of cell
number detected by different methods.

As the boundary of acceptable deviation very mwegredds on the research question we do not
feel comfortable defining a boundary. However, ighhght the fact that deviation is an issue

and that deviation depends on the abundance ofepatthe sample we did an analysis of the
correlation of deviation from the actual and spscidundance. This is described in the following
section:

“Interestingly, all five approaches underestimatbée abundances of species/strains that are
present in the samples in low amounts (Fig. 5dpvfabundance species (<0.5% in all
approaches) are removed from the dataset resuitiri species remaining, then the deviation
of the measurement from the actual protein inpub@am becomes much smaller (Fig. 5b,
Supplementary Table 6). This suggests that, asmatst other analytical methods, the accuracy
of the measurement is lower for quantities closthéodetection limit and thus the proteinaceous
biomass estimates for low abundant species shautcehted as less precise”

16. There are many papers out on the inherentg@mobf 16srRNA amplification, the authors
should mention some of them in the introduction #reddiscussion part.

The following two sentences in the manuscript reféhe 16S rRNA amplification bias problem
and provide the necessary citations:

“Such primer biases are a known problem for 16SARjéne amplicon sequencifig’

“Analogous to the primer bias based exclusion amoimect estimation of species abundances in
16S/18S rRNA gene amplicon sequentifighe incompleteness of the protein sequence
database used for protein identification can leadhe exclusion or incorrect estimation of
species abundances”

17. There is a clear effect of abundancy on theracy of the detection by metaproteomics, how
would this develop with larger communities in whibtle overall percentage of more species fall
under a certain range?

Please also see our response to your comment 1agwée, if the abundance of a species falls
below 0.5% the accuracy of quantification decredsesnetaproteomics, however, the same is
true for the sequencing based methods. Metaprotesoisisurprisingly sensitive though (see also
our response to your comment 12.) as species do@1®8% abundance are still detected albeit
with less accuracy on the quantification side. Mgigtlies in microbial ecology and
environmental microbiology focus on the more domirspecies in a community and we feel that
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the methods that we present are clearly suiteduantjfy abundant and less abundant species in
communities. Quantification of rare species, howeweuld not be possible at the moment. This
is where also sequencing based methods fail toigeaccurate quantification. If quantification
of rare species is the aim of the study, methodis aa fluorescence in situ hybridization, real
time PCR and miro-arrays might be used, if sequamnfoemation is available.

18. The authors should give an example of the dgweént of protein as part of the biomass
under different cultivation conditions.

This is an interesting point. Thank you for brirggihup. We have now done an extensive
literature search regarding this topic. The consenbased on the literature is that the ratio of
protein to cell dry weight generally does not chamguch during different growth stages,
however, the protein to cell volume ratio may chaggite a bit. Proteinaceous biomass as
determined by our approach should thus be a gotchator for total cell biomass.

We have now included a sentence in the discusstariiwee references that points to the
relative stability of protein to dry cell mass ragiso that readers are aware of it. It reads:

“We would argue that in many cases, proteinaceaamhbss is a good estimate of total biomass,
because it has been shown for a variety of bactbaathe ratio of protein to total cell dry

weight is relatively constant even for differenbwth state<™. However, as always we expect
exceptions, where proteinaceous biomass is nobd geoedictor of total biomass, which would
for example be the case of microorganisms thaedmge amounts of carbon in form of
polyhydroxyalkanoates or glycogen.”

Major criticism:
1. The authors focus on biomass and disregardpj@aches that are existent for linking DNA,
RNA and proteins to activity.

Please see our responses to your comments 1. and 4.

2. The authors should consider about assessingdiein contribution to the total biomass of a
given.

Please see our response to your comment 18.

Conclusion:

The study tackles the question of accurate detextmoim of cell and biomass contribution of parts
of microbial communites and compare metagenomicagghes and metaproteomics. This in
itself is a real achievement. There are aspectsimgisn the text (link to activity and stable
isotope probing approaches) as well as the thetigndsow the methods perform in consortia
with higher complexity.

I would recommend a major revision.

Reviewer #3 (Remarksto the Author):
This manuscript describes experimental and analytiethods for quantifying microbial
biomass abundance within a community based ongrotemass spectrometry data. While
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metaproteomic methods have been used on a vafiegmamunities for assessing protein
abundance, most studies have not attempted togaggrand accurately quantify protein
contributions at the species level in a manneraguals to the way 16S amplicon data or
metagenome data are used to quantify cellularémerabundance. In their study the
investigators apply their methods to both mixekraiwn organisms (including eukaryotes,
prokaryotes and DNA and RNA viruses) and environaesamples to demonstrate
effectiveness.

Overall the study is well done and a valuable dgbation to the field, though no new biological
findings are presented. The analysis, presentatidrstatistics used are appropriate.
Specific comments:

Line 284: “All three methods performed badly, whiecame to estimating the species cell
numbers in the samples...” I'm not sure if therelsetter way to phrase it but it seems odd to say
they performed “badly” when they've performed mordess as expected but the quantity
measured isn’'t a good proxy for cell numbers.

We agree that this was phrased “badly” and havedfare rewritten the sentence. It now reads:

“The relative species abundances provided by atéhmethods did not correlate well with the
actual cell numbers in the samples (Fig. 4d).”

Line 428: “Since, the cell lysis method used fothbapproaches was identical an extraction bias
is unlikely, suggesting that a primer bias maydsponsible for the discrepancy.” It seems
equally likely that relic DNA from dead organisnmsutd also explain a discrepancy between
DNA abundance and protein abundance. Also no coremeeded after “Since”.

Good point, thank you. We rewrote the sentencesaldléd the necessary citations for relic DNA
(Carini et al. and Lennon et al). It now reads:

“Since the cell lysis method used for both appr@ascivas identical an extraction bias is unlikely,
suggesting that other causes such as a primerdiaslic DNA® **may be responsible for the
discrepancy.”

Lines 472-479 compare metaproteomics and sequebasgd methods as though it's an
either/or choice, but in fact since metagenome aecjag is generally necessary for creating a
reference for proteomics it seems more accurat@ri& in terms of augmenting sequencing-
based methods with metaproteomics.

We agree that this point was not completely cl@#e.have now rewritten this paragraph to
clarify. It now reads:

“As we demonstrate here, metaproteomics-based Esmssessment is a powerful approach
that allows accurate quantification of the proteteaus biomass of a large number of taxa in a
community all at once. This approach augmentsiegistigh throughput approaches for
determining community structure based on DNA segjongnin that it provides an additional,
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independent measure of community structure. Oug sagly on soda lake biomass nicely
illustrates that sequencing-based methods and magmics can provide very different
pictures of a community. An added benefit of usietpproteomes in addition to sequencing
based methods for community structure analysdwisthe proteomic information will also
provide insights into which metabolic and physiatadfunctions are expressed and play a
major role in the community.”

Minor comments:

Line 365: “...allow to correct the relative...” shoudé “...allow correction of the relative...” or
“...allow one to correct the relative...” Same correntat line 472, “...allows to accurately
guantify...”

Done, thank you.

Line 417: “...we generated both metaproteomic datayell as 16 rRNA gene amplicon data...”
is redundant; can remove “both” or change “as @a#llto “and”.

Done

Line 491: “Second, a likely much more difficult cgti®n to answer is, if and under what
circumstances proteinaceous biomass of a commuongtyber can be used as an approximation
of the biological activity of that community memB&iThis phrasing is pretty awkward; I'd

change to “Second, a likely much more difficult gtien to answer is, can proteinaceous biomass
of a community member be used as an approximafitimediological activity of that community
member, and if so under what circumstances?”

Done

Line 535: “steps” should be “step”

Done

Line 566: Is there a reason for leaving out theugemame for Roseobacter sp. AK199?
We now added the genus name.
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REVIEWERS' COMMENTS:

Reviewer #2 (Remarks to the Author):

Dear authors,

congratulation to this sound study.

I was satisfied with almost of your answers to my questions and remarks.

Wisely you exchanged the activity terms against biomass, which fits much better to the design of
the study. I am still convinced that for many of the colleagues working in the field of
metaproteomics it would be helpful to clearify this differnce expressively in the manuscript and

mention the ways how activity can be linked to protein synthesis.

My recommendation: Accept with (very) minor revision



Reviewer #2 (Remarks to the Author):

Dear authors,

Congratulation to this sound study.

| was satisfied with almost of your answers to my questions and remarks.

Wisely you exchanged the activity terms against biomass, which fits much better to the design of the
study. | am still convinced that for many of the colleagues working in the field of metaproteomics it would
be helpful to clarify this difference expressively in the manuscript and mention the ways how activity can
be linked to protein synthesis.

Dear Reviewer #2,

Thank you for your congratulations. We very much appreciate your constructive feedback on the
manuscript.

We have now included one sentence at the end of the discussion that highlights methods for measuring
species specific activities in microbial communities. The last paragraph of the discussion now reads:

“There are several questions that go beyond the scope of this study that should be addressed in the
future. First, is proteinaceous biomass an accurate representation of the total biomass of a species? We
would argue that in many cases, proteinaceous biomass is a good estimate of total biomass, because it
has been shown for a variety of bacteria that the ratio of protein to total cell dry weight is relatively
constant even for different growth states ***°. However, as always we expect exceptions, where
proteinaceous biomass is not a good predictor of total biomass, which would for example be the case of
microorganisms that store large amounts of carbon in form of polyhydroxyalkanoates or glycogen.
Second, a likely much more difficult question to answer is, can proteinaceous biomass of a community
member be used as an approximation of the biological activity of that community member, and if so
under what circumstances? This question can potentially be addressed in the future by combining the
metaproteomics-based biomass assessment approach with methods that allow determination of species-
specific activities based on incorporation of stable isotopes on the single-cell level such as NanoSIMS>’

and Raman microspectroscopy®’ or community-level by metaproteomics using Protein-SIP*>.”

31. Musat, N., Musat, F., Weber, P.K. & Pett-Ridge, J. Tracking microbial interactions with NanoSIMS.
Curr. Opin. Biotechnol. 41, 114-121 (2016).

32. Wagner, M. Single-cell ecophysiology of microbes as revealed by Raman microspectroscopy or
secondary ion mass spectrometry imaging. Annu. Rev. Microbiol. 63, 411-429 (2009).

33. Jehmlich, N., Vogt, C., Liinsmann, V., Richnow, H.H. & von Bergen, M. Protein-SIP in
environmental studies. Curr. Opin. Biotechnol. 41, 26-33 (2016).



