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Do you have any concerns about statistical analyses in this paper? If so, please specify them 
explicitly in your report. 
No 

It is a condition of publication that authors make their supporting data, code and materials 
available - either as supplementary material or hosted in an external repository. Please rate, if 
applicable, the supporting data on the following criteria. 

   Is it accessible? 
   Yes 

   Is it clear? 
   Yes 

   Is it adequate? 
   Yes 

Do you have any ethical concerns with this paper? 
No 

Comments to the Author 
Please see the attached file. (See Appendix A) 

Review form: Reviewer 2 

Recommendation 
Major revision is needed (please make suggestions in comments) 

Scientific importance: Is the manuscript an original and important contribution to its field? 
Acceptable 

General interest: Is the paper of sufficient general interest? 
Acceptable 

Quality of the paper: Is the overall quality of the paper suitable? 
Acceptable 

Is the length of the paper justified? 
Yes 

Should the paper be seen by a specialist statistical reviewer? 
No 

Do you have any concerns about statistical analyses in this paper? If so, please specify them 
explicitly in your report. 
No 

It is a condition of publication that authors make their supporting data, code and materials 
available - either as supplementary material or hosted in an external repository. Please rate, if 
applicable, the supporting data on the following criteria. 

   Is it accessible? 
   N/A 
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   Is it clear?  
   N/A 
 
   Is it adequate?  
   N/A 
 
Do you have any ethical concerns with this paper? 
No 
 
Comments to the Author 
Briefly speaking, the article in its short main text is novel and interesting, but the reviewer asks 
them to understand that the femoral cuticle in beetles is an other construction then in other 
insects, but they can not repeat in the manuscript any novel details described by the reviewer. 
 
 
 

Review form: Reviewer 3 (Bo Persson) 
 
Recommendation 
Accept with minor revision (please list in comments) 
 
Scientific importance: Is the manuscript an original and important contribution to its field? 
Good 
 
General interest: Is the paper of sufficient general interest? 
Good 
 
Quality of the paper: Is the overall quality of the paper suitable? 
Good 
 
Is the length of the paper justified?  
Yes 
 
Should the paper be seen by a specialist statistical reviewer?  
No 
 
Do you have any concerns about statistical analyses in this paper? If so, please specify them 
explicitly in your report. 
No 
 
It is a condition of publication that authors make their supporting data, code and materials 
available - either as supplementary material or hosted in an external repository. Please rate, if 
applicable, the supporting data on the following criteria. 
 
   Is it accessible? 
   Yes 
 
   Is it clear?  
   Yes 
 
   Is it adequate?  
   Yes 
 
Do you have any ethical concerns with this paper? 
No 
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Comments to the Author 
This is a very interesting study and I recommend publication. 
However, I want the authors to add some more information about the friction experiment: 
Add to the main paper the sliding speed and the nominal contact pressure (the information is 
now only in the supplementary materials). 
Also add information about what these quantities are for the insect. 
Some insects (and the tree frog) use fluids for adhesion and in those cases the fluid is likely 
pulled spontaneously into the contact area by capillary effects. But if the lubricant in the present 
case is in a solid state how is it injected into the leg joints in the narrow pore channels? 
It appears to me that this cannot occur spontaneously by capillary effects but may require a big 
force or pressure which is generated how? 
 
 
 

Decision letter (RSPB-2021-1065.R0) 
 
04-Jun-2021 
 
Dear Dr Nadein 
 
I am pleased to inform you that your manuscript RSPB-2021-1065 entitled "Insects use lubricants 
to minimize friction and wear in leg joints" has been accepted for publication in Proceedings B. 
 
The referee(s) have recommended publication, but also suggest some minor revisions to your 
manuscript. Therefore, I invite you to respond to the referee(s)' comments and revise your 
manuscript. Because the schedule for publication is very tight, it is a condition of publication that 
you submit the revised version of your manuscript within 7 days. If you do not think you will be 
able to meet this date please let us know. 
 
To revise your manuscript, log into https://mc.manuscriptcentral.com/prsb and enter your 
Author Centre, where you will find your manuscript title listed under "Manuscripts with 
Decisions." Under "Actions," click on "Create a Revision." Your manuscript number has been 
appended to denote a revision. You will be unable to make your revisions on the originally 
submitted version of the manuscript. Instead, revise your manuscript and upload a new version 
through your Author Centre. 
 
When submitting your revised manuscript, you will be able to respond to the comments made by 
the referee(s) and upload a file "Response to Referees". You can use this to document any changes 
you make to the original manuscript. We require a copy of the manuscript with revisions made 
since the previous version marked as ‘tracked changes’ to be included in the ‘response to referees’ 
document. 
 
Before uploading your revised files please make sure that you have: 
 
1) A text file of the manuscript (doc, txt, rtf or tex), including the references, tables (including 
captions) and figure captions. Please remove any tracked changes from the text before 
submission. PDF files are not an accepted format for the "Main Document". 
 
2) A separate electronic file of each figure (tiff, EPS or print-quality PDF preferred). The format 
should be produced directly from original creation package, or original software format. 
PowerPoint files are not accepted. 
 
3) Electronic supplementary material: this should be contained in a separate file and where 
possible, all ESM should be combined into a single file. All supplementary materials 
accompanying an accepted article will be treated as in their final form. They will be published 
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alongside the paper on the journal website and posted on the online figshare repository. Files on 
figshare will be made available approximately one week before the accompanying article so that 
the supplementary material can be attributed a unique DOI. 
 
Online supplementary material will also carry the title and description provided during 
submission, so please ensure these are accurate and informative. Note that the Royal Society will 
not edit or typeset supplementary material and it will be hosted as provided. Please ensure that 
the supplementary material includes the paper details (authors, title, journal name, article DOI). 
Your article DOI will be 10.1098/rspb.[paper ID in form xxxx.xxxx e.g. 10.1098/rspb.2016.0049]. 
 
4) A media summary: a short non-technical summary (up to 100 words) of the key 
findings/importance of your manuscript. 
 
5) Data accessibility section and data citation 
It is a condition of publication that data supporting your paper are made available either in the 
electronic supplementary material or through an appropriate repository. Please see our Data 
Sharing Policies https://royalsociety.org/journals/authors/author-guidelines/#data. 
 
In order to ensure effective and robust dissemination and appropriate credit to authors the 
dataset(s) used should be fully cited. To ensure archived data are available to readers, authors 
should include a ‘data accessibility’ section immediately after the acknowledgements section. 
This should list the database and accession number for all data from the article that has been 
made publicly available, for instance: 
• DNA sequences: Genbank accessions F234391-F234402 
• Phylogenetic data: TreeBASE accession number S9123 
• Final DNA sequence assembly uploaded as online supplemental material 
• Climate data and MaxEnt input files: Dryad doi:10.5521/dryad.12311 
NB. From April 1 2013, peer reviewed articles based on research funded wholly or partly by 
RCUK must include, if applicable, a statement on how the underlying research materials – such 
as data, samples or models – can be accessed. This statement should be included in the data 
accessibility section. 
 
If you wish to submit your data to Dryad (http://datadryad.org/) and have not already done so 
you can submit your data via this link 
http://datadryad.org/submit?journalID=RSPB&manu=(Document not available) which will 
take you to your unique entry in the Dryad repository. If you have already submitted your data 
to dryad you can make any necessary revisions to your dataset by following the above link. 
Please see https://royalsociety.org/journals/ethics-policies/data-sharing-mining/ for more 
details. 
 
6) For more information on our Licence to Publish, Open Access, Cover images and Media 
summaries, please visit https://royalsociety.org/journals/authors/author-guidelines/. 
 
Once again, thank you for submitting your manuscript to Proceedings B and I look forward to 
receiving your revision. If you have any questions at all, please do not hesitate to get in touch. 
 
Sincerely, 
Dr Locke Rowe   
mailto: proceedingsb@royalsociety.org 
 
Associate Editor 
Comments to Author: 
 
The discovery that some insects produce lubricants analogous to human synovial fluid is 
fascinating.  Reviewer 1 asks for clarification of the generality of the results to insects and a longer 
more contextual discussion on epicuticular grease and insect secretions.  Reviewer 2 also asks 
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about the generality of this work, considering the cuticle of beetles may be different from other 
insects.  Reviewer 3 asks for more details on the lubrication experiment and discussion of how 
semi-solid materials can be ejected through the holes.  Note that Reviewer 1 and 2 have word and 
pdf files with additional comments.   Overall, some toning down of the scope of the results may 
be needed and some greater context should be given with regards to other insect secretions.  All 
reviewer comments should be addressed. 

Reviewer(s)' Comments to Author: 
Referee: 1 
Comments to the Author(s) 
Please see the attached file. 

Referee: 2 
Comments to the Author(s) 
Briefly speaking, the article in its short main text is novel and interesting, but the reviewer asks 
them to understand that the femoral cuticle in beetles is an other construction then in other 
insects, but they can not repeat in the manuscript any novel details described by the reviewer. 

Referee: 3 
Comments to the Author(s) 
This is a very interesting study and I recommend publication. 
However, I want the authors to add some more information about the friction experiment: 
Add to the main paper the sliding speed and the nominal contact pressure (the information is 
now only in the supplementary materials). 
Also add information about what these quantities are for the insect. 
Some insects (and the tree frog) use fluids for adhesion and in those cases the fluid is likely 
pulled spontaneously into the contact area by capillary effects. But if the lubricant in the present 
case is in a solid state how is it injected into the leg joints in the narrow pore channels? 
It appears to me that this cannot occur spontaneously by capillary effects but may require a big 
force or pressure which is generated how? 

Author's Response to Decision Letter for (RSPB-2021-1065.R0) 

See Appendix B. 

Decision letter (RSPB-2021-1065.R1) 

09-Jun-2021 

Dear Dr Nadein 

I am pleased to inform you that your manuscript entitled "Insects use lubricants to minimize 
friction and wear in leg joints" has been accepted for publication in Proceedings B. 

You can expect to receive a proof of your article from our Production office in due course, please 
check your spam filter if you do not receive it. PLEASE NOTE: you will be given the exact page 
length of your paper which may be different from the estimation from Editorial and you may be 
asked to reduce your paper if it goes over the 10 page limit. 
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If you are likely to be away from e-mail contact please let us know.  Due to rapid publication and 
an extremely tight schedule, if comments are not received, we may publish the paper as it stands. 
 
If you have any queries regarding the production of your final article or the publication date 
please contact procb_proofs@royalsociety.org 
 
Your article has been estimated as being 7 pages long. Our Production Office will be able to 
confirm the exact length at proof stage. 
 
Data Accessibility section 
Please remember to make any data sets live prior to publication, and update any links as needed 
when you receive a proof to check. It is good practice to also add data sets to your reference list.  
 
Open Access 
You are invited to opt for Open Access, making your freely available to all as soon as it is ready 
for publication under a CCBY licence. Our article processing charge for Open Access is £1700. 
Corresponding authors from member institutions 
(http://royalsocietypublishing.org/site/librarians/allmembers.xhtml) receive a 25% discount to 
these charges. For more information please visit http://royalsocietypublishing.org/open-access. 
 
Paper charges 
An e-mail request for payment of any related charges will be sent out shortly. The preferred 
payment method is by credit card; however, other payment options are available. 
 
Electronic supplementary material: 
All supplementary materials accompanying an accepted article will be treated as in their final 
form. They will be published alongside the paper on the journal website and posted on the online 
figshare repository. Files on figshare will be made available approximately one week before the 
accompanying article so that the supplementary material can be attributed a unique DOI.   
 
You are allowed to post any version of your manuscript on a personal website, repository or 
preprint server. However, the work remains under media embargo and you should not discuss it 
with the press until the date of publication. Please visit https://royalsociety.org/journals/ethics-
policies/media-embargo for more information. 
 
Thank you for your fine contribution.  On behalf of the Editors of the Proceedings B, we look 
forward to your continued contributions to the Journal. 
 
Sincerely, 
Editor, Proceedings B 
mailto: proceedingsb@royalsociety.org 
 
 



Review on RSPB-2021-1065 

Insects use lubricants to minimize friction and wear in leg joints 
by Konstantin Nadein, Alexander Kovalev, Jan Thøgersen, Tobias Weidner & Stanislav Gorb 

A long-term mystery uncovered – the lubrication of beetle leg joints! Congratulations 
to the authors on a meaningful, well-illustrated manuscript! 

Several minor issues to be raised … 

The Title “Insects use lubricants to minimize friction and wear in leg joints” does not 
fit the provided study and obtained results. This was done, and which is shown: 
“Darkling beetles use lubricants to minimize friction and wear in leg joints”. – In this 
context, the 6 other beetle and a cockroach species mentioned in the Supplementary 
Material are rather confusing and not referred to in the main body of the manuscript. 

The Introduction is succinct, however, quite short-cut. In particular, related to 
arthropod joints and cuticle one to three further statements could be included, such 
as about epicuticular grease and insect secretion in general. This aspect in 
comparison with the present results would still emphasize the significance of the 
author’s findings. Also, the special structures covering the joint and/or joint edge 
surfaces could be considered, discussing the “multifunctionality” of the joints unifying 
lubrication on the one hand and friction enhancement on the other hand – this role of 
the structures on the joint cuticle counterparts is also worth to be considered in 
illustrations and discussion. 

The question arises about the state, condition, and age of the tested animals. Do 
aged ones secrete a similar lubricant and similar amounts? 

The structure of secretion, in particular in Fig. 1d, f, l looks unusual compared to 
other viscoelastic fluids found in insects and plants so far. They remember bacteria-
shaped particles; maybe characteristic for proteinaceous material as detected for the 
joint lubrication? – Here some comparison with the state of literature about shapes of 
proteinaceous structures would be value-adding and supporting the innovation of the 
present study. 

Detailed comments: 

page 1, Abstract 

A protein-based 

of the darkling beetle 

The extruded lubricating 

That the friction-reducing 

Appendix A



found in Z. morio femoro-tibial joints 
 
Redundant: surfaces in the form of numerous minor fragments of cylindrical shape 
rolling 
 
 
page 1, Keywords: epicuticle, lubrication, tribology, leg, head, articulation, pores 
 
 
 
page 2, Introduction 
 
 
that the (epi)cuticular surface 
 
 
 
page 2, Results 
 
(Fabricius, 1776) (Coleoptera, Tenebrionidae) 
 
The pore-bearing area 
 
The area covered by pores 
 
that a plenty of pores is hidden 
 
The average diameter of the pore opening is about 1 μm and surrounded by a narrow, 
very slightly concave area. 
 
The presence of a substance 
 
a length up to 
 
 
 
page 4, Results 
 
Please provide the distinct values for “At the room temperature” and “at the room 
temperature”. 
 
spectra of non-treated secretion in-situ on leg joints using 
 
is (substantially/remarkably) protein-based – Mostly doesn´t fit the rather qualitative 
results. 
 
collagen, to name a few, are 
 
The lubricating property of 
 
better comparative understanding 



page 5, Results 
 
that the substance extruding 
 
 
 
page 5, Discussion 
 

(a) The friction-reducing mechanism 
 
The friction-reducing mechanism in leg joints of the beetle Z. morio 
 
the distance gap between joint counterparts 
 
 
Please specify “it”: “It allows“ – What allows? 
 
 
 
page 5, Discussion, (b) 
 
Here, several examples are given for the presence of a lubricant in insect leg joints. – 
This fact should be mentioned in the Introduction to avoid the implication of a new 
finding which has been already previously supported. 
 
 
 
page 11, Author contributions 
 
tribological experiments 
 
analyzed the lubricant 
 
 
 
Table 1 
average = mean? 
 
 
 
Figure 3. The infrared spectrum of the secreted lubricant. The spectrum exhibits all 
resonances expected for a protein-based material. – And, what else? Here, all the 
compounds should be mentioned and indicated to underline the chemical complexity 
of the secretion mixture. 
 
 
 
Figure 4 would benefit from schematic insets illustrating the experimental setups 
because the MM part is not ad-hoc accessible in the present paper style. 
 
 



Figure 4  
The values of coefficient of friction 
 
 
 
Figure 4 … are statistically significantly different. – Please provide the related 
statistical data: one-way ANOVA? F = … , P = … 
 
 
 
Figure 5 
of the lubricant, in particular accumulated in the cuticular ridges. 
 
 
 
Figure 5 could benefit from some more distinct labels, e.g., relating the images in a, c, 
and e to the schemes in b, d, and f (arrows, colors, or similar …) 
 
 
 
page 18 
 
Which individual, which species – all species mentioned in (a)?: Legs from a freshly 
CO2-anesthetised individual 
 
 
How, for how long the beetles were kept under which distinct conditions? 
 
 
no sublimation?: … into the liquid nitrogen and sputter-coated 
 
 
dry foreleg of which species? 
 
 
Lubricant samples of which species? 
 
 
How in detail the samples of lubricant have been collected? – instruments, procedure, 
how long before the analyses, etc.? How much volume? 
 
 
 
p. 20 
 
direction-independent 
 
78 μm s-1 
 
 
 



p. 21 
 
Which forces in the femoro-tibial joint? Friction forces? 
 
Obtained force values 
 
 
 
p. 22 
 
F3,13 = 221.6, P < 0.001 
 
 
Figure S1-5 would benefit from insets indicating the body position where the images 
were obtained and which counterparts meet how each other. 
 
 
 
p. 28 
Supplementary Material 
Fig. S5 
 
 
 



Response to Referees 

Associate Editor 
Comments to Author: 

The discovery that some insects produce lubricants analogous to human synovial fluid is fascinating.  
Reviewer 1 asks for clarification of the generality of the results to insects and a longer more contextual 
discussion on epicuticular grease and insect secretions.  

Reviewer 2 also asks about the generality of this work, considering the cuticle of beetles may be different 
from other insects.   

Reviewer 3 asks for more details on the lubrication experiment and discussion of how semi-solid materials 
can be ejected through the holes.  

Note that Reviewer 1 and 2 have word and pdf files with additional comments. Overall, some toning down 
of the scope of the results may be needed and some greater context should be given with regards to other 
insect secretions.  All reviewer comments should be addressed. 

Reviewer(s)' Comments to Author: 

Referee: 1 
Comments to the Author(s) 
Please see the attached file. 
Authors: The corrections have been made. 

Referee: 2 
Comments to the Author(s) 
Briefly speaking, the article in its short main text is novel and interesting, but the reviewer asks them to 
understand that the femoral cuticle in beetles is an other construction then in other insects, but they can not 
repeat in the manuscript any novel details described by the reviewer. 
Authors: The femoral cuticle in beetles can be of different construction. However the study of the femoral 
cuticle in beetles and its comparison with that of other insects was out of the scope of the present paper. In 
this study we aimed to describe the newly discovered lubrication-based friction-reducing mechanism and 
check its effectiveness experimentally. We believe that the possible difference in the structure of the 
femoral cuticle cannot affect the generality of the work since the lubricant is found in the cockroach species 
as well. 

Referee: 3 
Comments to the Author(s) 
This is a very interesting study and I recommend publication. 
However, I want the authors to add some more information about the friction experiment: 
Add to the main paper the sliding speed and the nominal contact pressure 
(the information is now only in the supplementary materials). 
Authors: The information is added. 

Also add information about what these quantities are for the insect. 
Authors: The information is added. 

Some insects (and the tree frog) use fluids for adhesion and in those cases the fluid is likely pulled 
spontaneously into the contact area by capillary effects. But if the lubricant in the present case is in a solid 
state how is it injected into the leg joints in the narrow pore channels? It appears to me that this cannot 
occur spontaneously by capillary effects but may require a big force or pressure which is generated how? 
Authors: This is a very interesting question. At the moment the mechanism of delivery the viscous or semi-
solid lubricant to the cuticular surface in unclear. In this first paper about lubrication-based friction-reducing 
mechanism we tried to avoid any speculations on this but focused on the experimental checking of the 
lubricative properties of the extruded substance. Undoubtedly this question will be addressed in our further 
studies of the lubricant in the insects’ joints. 

Appendix B



Review on RSPB-2021-1065  
Insects use lubricants to minimize friction and wear in leg joints  
by Konstantin Nadein, Alexander Kovalev, Jan Thøgersen, Tobias Weidner & Stanislav Gorb  
A long-term mystery uncovered – the lubrication of beetle leg joints! Congratulations to the authors on a 
meaningful, well-illustrated manuscript!  
Several minor issues to be raised …  
The Title “Insects use lubricants to minimize friction and wear in leg joints” does not fit the provided study 
and obtained results. This was done, and which is shown: “Darkling beetles use lubricants to minimize 
friction and wear in leg joints”. – In this context, the 6 other beetle and a cockroach species mentioned in 
the Supplementary Material are rather confusing and not referred to in the main body of the manuscript.  
Authors: Thank you very much! Indeed, the experimental part of the manuscript deals with the darkling 
beetle Zophobas. However, the lubricant was found in cockroaches and other beetles as well, not in the 
darkling beetle only. The presence of the lubricant in the leg joints of other insect species studied is a fact 
that we found significant to publish. Beetles and cockroaches are insects (actually from two major groups – 
Hemimetabola and Holometabola) and therefore to the large extent can represent Insecta. In our opinion, 
restriction the title to the only darkling beetle may inevitably (and wrongly) suggest that only this insect 
species possesses lubricant. There are also other reasons in favour of the chosen title. First, the reason, 
why only the lubricant from legs of darkling beetle Zophobas was tested, is that it was the only one possible 

to collected in a sufficient amount. The lubricant of other insects is produced in smaller amounts that were 
impossible to collect and test. Perhaps in the future, with involvement of other equipment, it will be possible 
to collect and test the lubricants from the other insects. Second, the electron microscopy data on 6 other 
beetles and a cockroach support the hypothesis of the broad (or even universal) distribution of the 
lubricating-based friction-reducing mechanism in the insects’ leg joints. It means it is not an occasional, 
unique or deviant phenomenon found in the darkling beetle Zophobas only. Third, the title initiates and 

promotes the further interest in studying lubricant-based mechanism of friction-minimisation in joints of 
insects that for a long time has been overlooked. 
 
The Introduction is succinct, however, quite short-cut. In particular, related to arthropod joints and cuticle 
one to three further statements could be included, such as about epicuticular grease and insect secretion in 
general. This aspect in comparison with the present results would still emphasize the significance of the 
author’s findings.  
Authors: We provided short general statements about cuticle, epicuticular grease and insect secretion in 
general.  
 
Also, the special structures covering the joint and/or joint edge surfaces could be considered, discussing 
the “multifunctionality” of the joints unifying lubrication on the one hand and friction enhancement on the 
other hand – this role of the structures on the joint cuticle counterparts is also worth to be considered in 
illustrations and discussion.  
Authors: We did not mention ‘multifunctionality’ but ‘multi-adaptability’ which is discussed in the manuscript. 
Indeed, the contacting surfaces in joints are of different structure from the smooth to variously textured. In 
fact, the variety of textured surfaces is huge from species to species (or at least from genus to genus). 
Therefore, it seems not possible to characterise all this in detail in such a short paper. The ‘speciality’ and 
role of these structures in leg joints is out of the scope of the present paper. Nevertheless, the tribological 
properties of the joints’ surfaces are currently in the focus of our current project. 
 
The question arises about the state, condition, and age of the tested animals. Do aged ones secrete a 
similar lubricant and similar amounts?  
Authors: We did not test the lubricant production or properties regarding to the age, state and/or condition 
of animals since it was out of the scope of our study. The tested adults were mature enough (at least two or 
three weeks or elder). Lubricant production varies greatly from individual to individual and even from leg to 
leg of the same individual. It may supposedly be connected with the physiological state of an individual, its 
physical activity, and many other reasons which are awaiting for study. 
 
The structure of secretion, in particular in Fig. 1d, f, l looks unusual compared to other viscoelastic fluids 
found in insects and plants so far. They remember bacteria-shaped particles; maybe characteristic for 
proteinaceous material as detected for the joint lubrication? – Here some comparison with the state of 
literature about shapes of proteinaceous structures would be value-adding and supporting the innovation of 
the present study.  
Authors: Here in this paper we aimed to report on the lubricating-based mechanism in insect joints for the 
first time. The structures under consideration are definitely not bacteria: one of the co-authors has some 



experience in SEM studies on different kinds of bacteria. We are not sure, which literature about which 
proteinaceous structures is suggested.  
 
Detailed comments:  
 
Authors: All the corrections highlighted blue by the Reviewer are made. 
Here further are the comments requiring the responses. 
 
page 4, Results  
Please provide the distinct values for “At the room temperature” and “at the room temperature”. 
Authors: The value of the room temperature is added. 
 
is (substantially/remarkably) protein-based – Mostly doesn´t fit the rather qualitative results. 
Authors: The ATR-FTIR analysis is indeed qualitative and we believe is an appropriate way to understand 
the principal chemical composition of the lubricant at the present state of knowledge and study. 
Quantitative analysis at the moment is hard to accomplish since the amount of lubricant is quite small for 
the most of the available methods. Nevertheless, based on the intensity of the resonances it is possible to 
suggest on the relative abundance of this or that types of molecules. According to the obtained spectra one 
can conclude that the set of peaks is a clear ‘fingerprint’ of proteins and the other compounds (if any) are in 
the significantly smaller amount undetectable by this very sensitive method. 
 
Please specify “it”: “It allows“ – What allows? 
Authors: Changed to ‘This property’. 
 
page 5, Discussion, (b)  
Here, several examples are given for the presence of a lubricant in insect leg joints. – This fact should be 
mentioned in the Introduction to avoid the implication of a new finding which has been already previously 
supported. 
Authors: Yes, there are reports on the presence of some amorphous substances in the insect joints, but 
these have never been structurally and experimentally studied. There were only suppositions (as ideas or 
hypotheses) without factual observational evidences or experiments. The insertion ‘such as beetles and 
cockroaches’ is added to the Introduction. 
 
Table 1  
average = mean? 
Authors: yes, it is arithmetic mean. 
 
Figure 3. The infrared spectrum of the secreted lubricant. The spectrum exhibits all resonances expected 
for a protein-based material. – And, what else? Here, all the compounds should be mentioned and 
indicated to underline the chemical complexity of the secretion mixture. 
Authors: All the components that were possible to detect by the ATR-FTIR are mentioned in the text. They 
are presented by the peaks of different intensity and assigned to resonances that were identified as 
different components of proteins and, presumably, lipids. Such a set of peaks at the specific resonances 
bands is a ‘fingerprint’ of the specific type of substance as proteins in this case. 
 
Figure 4 would benefit from schematic insets illustrating the experimental setups because the MM part is 
not ad-hoc accessible in the present paper style. 
Authors: Unfortunately the very limited space of the PRSB paper style prevents us from increasing of the 
current number or size of figures as well as inclusion of the Materials and Methods.  
 
Figure 4  
The values of coefficient of friction 
Authors: Corrected. 
 
Figure 4 … are statistically significantly different. – Please provide the related statistical data: one-way 
ANOVA? F = … , P = … 
Authors: The statistical data are added. 
 
Figure 5 could benefit from some more distinct labels, e.g., relating the images in a, c, and e to the 
schemes in b, d, and f (arrows, colors, or similar …) 



Authors: Corrections were made. 
 
Which individual, which species – all species mentioned in (a)?: Legs from a freshly CO2-anesthetised 
individual  
Authors: the legs from a freshly CO2-anesthetised individuals of Zophobas morio, Pachnoda marginata and 
Blaptica dubia. Correction is made. 
 
How, for how long the beetles were kept under which distinct conditions?  
Authors: The beetles Zophobas morio and Pachnoda marginata and a cockroach Blaptica dubia were kept 
in a standard culture conditions for these insects. There are numerous descriptions in the Internet available. 
The time of longevity of every individual was not registered and varied from weeks to months. 
 
no sublimation?: … into the liquid nitrogen and sputter-coated  
Authors: No, it is not. 
 
dry foreleg of which species?  
Authors: The fore leg of Zophobas morio was taken. The corrections is made. 

 
Lubricant samples of which species?  
Authors: The lubricant of Zophobas morio was taken. The corrections is made. 

 
How in detail the samples of lubricant have been collected? – instruments, procedure, how long before the 
analyses, etc.? How much volume? 
Authors: The lubricant lumps was taken manually from the dissected femoral joint counterparts by the clean 
and thin needle and put into the minute clean plastic vials. The approximate total volume of lubricant was 
about 0.04 mm3. The analysis has been performed within a week after collecting. Since the lubricant does 
not undergo degradation or evaporation we suppose that its chemical composition did not change. The 
value of the volume of lubricant is added in the text. 
 
Which forces in the femoro-tibial joint? Friction forces? 
Authors: Traction forces. The corrections is made. 
 
Figure S1-5 would benefit from insets indicating the body position where the images were obtained and 
which counterparts meet how each other. 
Authors: The figure plates S1-5 depict the surfaces of the leg joints taken from the dissected legs. The 
samples are placed on the SEM stub to be visible under the different angles. It is hard to specify the body 
position for every single image. The principal structure of the leg joint of a beetle exemplified by Zophobas 
morio is shown in the Figure 1. The structure of the leg joints of other beetles is similar in such details as 

femoral condyle, tibial concavity, etc., but the specific shape varies from taxon to taxon. 
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Fig. S5 
Authors: Done. 
 




