
REBUTTAL 

Dear editors and reviewers, 

Thank you for your valuable feedback on our manuscript. We found the detailed feedback to be very 
useful in revising our manuscript. We have addressed all the concerns/comments and made all the 
requested changes in the text of the manuscript as well as the video as detailed below in blue font.  

Editorial Comments: 
 
• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 
spelling or grammatical errors. 

We have done this to the best of our ability. 
 
• Protocol Language: Please ensure that ALL text in the protocol section is written in the imperative 
voice/tense as if you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.) 
Any text that cannot be written in the imperative tense may be added as a “Note”, however, notes 
should be used sparingly and actions should be described in the imperative tense wherever possible. 
1) All your steps need rewriting. For example, “Yeast cells are grown in 0.5 liters of YPD media…” should 
be “ Grow yeast cells in 0.5 liters of YPD media…” 

We have made changes throughout the manuscript to fix this issue. 
 
• Protocol Detail: Please ensure that all specific details from the video are mentioned in the manuscript 
(the manuscript should be able to serve as a standalone article). Please ensure homogeneity between 
the video and the manuscript. 
1) 1.1: mention centrifuge speeds in g. 

This has been fixed now. 
 
• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be 
similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form 
(3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance 
with respect to existing methods, 4) future applications and 5) critical steps within the protocol. 

We have revised the discussion section to adhere to the format suggested above. 
 
• References: 
1) Please move weblinks (line 73, 118, 175) to the reference list and use superscripted citations. 
2) Please spell out journal names. 

We have fixed both these issues. 
 
• Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding 
language, including trademark or registered trademark symbols (TM/R) and the mention of company 
brand names before an instrument or reagent. Examples of commercial sounding language in your 



manuscript are Beckman Avanti, JLA 9.1000, Spex Certiprep 6850, Beckman polycarbonate tubes 
(Ref#357002), JLA 25.500, SPEX CertiPrep 6850 freezer mill etc. 
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language 
in your manuscript with generic names that are not company-specific. All commercial products should 
be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by 
“(see table of materials)” to draw the readers’ attention to specific commercial names. 
2) Please remove the registered trademark symbols TM/R from the table of reagents/materials. 
 
We have removed all brand names and trademarks from the manuscript. 
 
• If your figures and tables are original and not published previously or you have already obtained figure 
permissions, please ignore this comment. If you are re-using figures from a previous publication, you 
must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form 
of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). 
Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a 
Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. 
Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from 
[citation]." 

All figures are original. 
 
Video Comments: 
 
Audio / Visual Quality: 
• Please reduce the overall volume by 3 dB 
• 03:40 There is a single frame at the beginning of the dissolve from the incoming clip that is flashing as 
the CU of the "popcorn" fades out. 

We have corrected this. 
 
Video Format: 
• 12:22 Conclusion - this section contains the Representative Results, which should be its own separate 
section apart from the Conclusion. Please give it its own standalone chapter title card and move the 
Conclusion title card to a point where you think you've moved past talking about the Results and more 
generally about the procedure to conclude the video. 

We have fixed this issue. 
 
VO Coverage & Performance: 
• 00:00 Consider giving the speaker a lower third (a name caption that appears near the bottom of the 
frame) and also, if you can, you may want to do another take of this. While this performance is very 
good, there are a couple of spots that have a jumbled performance. Ensure that this is the best take and 
consider some editing if you have a better performance. Use a light touch, as this is pretty good as-is. 
 
This has been fixed now.  
 
"• 02:35 Misspoke: "heat generization" should be "heat generation" and "regarding" should probably be 
"regardless" (if you mean that the method is scalable without regard to the number of cells lysed) 



This is the line in question: 
"It is essential to use as easily scalable lysis method that will minimize heat generation while allowing for 
efficient lysis regardless of the quantity of cells." 
 
We have fixed this issue.  
 
• 03:10 a bit of a jumbled performance here. "Premafrost" should be "permafrost". Please re-record this 
line: 
"This method can be reliably adapted for the use of any imaginable type of species or biological sample, 
including: bacteria, yeast, worms, fruit flies, and mammalian tissues; as well as forensics or even ancient 
samples recovered from archeological sites or found frozen in *perma*frost." 
 
This has been fixed now. 
 
• You may want to consider re-working the narration content from 02:43 to 03:55 as you are a bit 
redundant when you say @03:51 "and produces functional macromolecules that can be used for a 
variety of downstream purposes". Being more concise is a good thing for these videos, so if you catch 
the narration repeating itself, go ahead and chop it out and compress this section a little bit so we can 
get to the meat of the video- the protocol. 
 
We have rephrased the narration for this part.  
 
• 09:53 a bit of a jumbled performance here. Consider re-recording this line. "Recover as much of the 
frozen extract as possible by banging the vial on the wooden breadboard" 
 
The line has been re-recorded. 
 
• 12:41 "For this study" There are people heard speaking in the background. This line should be re-
recorded in a quiet place. 
 
This has been fixed now.  
 
• Please upload the revised video here: 
https://www.dropbox.com/request/3bAewut05HoUphqJN3PN?oref=e 
 
New video has been uploaded now.  
 

 

Comments from Peer-Reviewers:  
 
 
Reviewer #1: 
Manuscript Summary: 
Review of Giovinazzi et al.: "Preparation of cell extracts by cryogenic grinding in a freezer mill" 
(JoVE61164) 
 
This paper describes a good protocol for the preparation of whole cell extracts from budding yeast that 

https://www.dropbox.com/request/3bAewut05HoUphqJN3PN?oref=e


is particularly reliable for obtaining intact proteins, a main goal for those working with these molecules. 
The method is based on the cryogenic grinding of yeast cells, which helps to prevent the degradation of 
proteins, and uses an automated freezer mill to provide high reproducibility. This method can be applied 
to different studies such as protein complex purification, proteomic analyses or co-
immunoprecipitation, among others, and is therefore very useful and of interest to many labs. 
The protocol is nicely described in the manuscript and also in the video, which is accurate, clear and easy 
to follow. Both the manuscript and the video give enough detail for the experiments, and in my opinion 
the method can be reproduced without difficulty by following the instructions of the authors. Taking all 
into consideration, I clearly recommend the publication of this paper in JoVE. I would only suggest a few 
minor corrections to the manuscript as indicated below: 
 
Minor Concerns: 
- I would write "min" instead of "minutes" and "L" instead of "liters". These appear in different places of 
the text. I think it is better to use international units in a scientific text. 
 
These have been corrected. 
 
- 1.2. Is the water used ddH2O or Milli-Q? If so, it should be indicated. 
 
The water used was deionized 18 mega Ohm Milli-Q and this has been corrected. 
 
- 1.3. The authors write "1X Lysis Buffer" when describe it. It is unnecessary to mention "1X" , as a buffer 
is "1X" unless otherwise indicated. 
 
The redundant 1X have been deleted. 
 
- 1.3 and 2.8. They use "1X protease inhibitor cocktail". When they write "1X", do they mean one tablet? 
What type of inhibitor cocktail do they use? 
 
The Pierce protease inhibitor cocktail was used at a final concentration of 1X, after diluting form a 
freshly made 10X stock solution. 
 
- 1.4. The authors write: "The popcorn samples are stable for several years when stored properly at -80 
ºC". What do they mean by "properly"? The reader could understand a needed action or a particular 
way of preserving the samples in addition to keep them at -80 ºC. 
 
We have clarified this by replacing “properly” with “maintained” at 80 ºC. As long as the samples are 
maintained frozen at 80 ºC and not allowed to thaw out as a result of the freezer door being left open 
for too long or during the process of defrosting the freezer, the samples are fine for years. 
 
- I would leave an space between numbers and units when appropriate. For instance, I would write "0.5 
cm" instead of "0.5cm", or "50 mL" instead of "50mL". 
 
We have corrected this now. 
 
Reviewer #2:  
Manuscript Summary: 
As stated by the authors, the manuscript and its associated video describe a reliable method for the 



preparation of whole cell extracts from yeast using a cryogenic freezer mill. The method minimizes 
degradation and denaturation of proteins. The cell extracts are particularly suitable for purification of 
biologically active macromolecules that can be affected by other mechanical extraction methods which 
do not use liquid nitrogen. Extracts generated should be enriched in large proteins, intact proteins, 
proteins of less abundance or carrying labile post-translational modifications as well as functional 
protein complexes. This makes extract used this way suitable for enzymatic assays, proteomic analyses, 
co-immunoprecipitation studies and detection of labile protein modifications. Additional advantages of 
using a freezer mill to manual grinding in liquid nitrogen is the rapidity and reproducibility of extracts 
preparation. 
 
Major Concerns: 
I have no concerns that could prevent the publication of the work presented here. This work is an 
helpful guide on to preparing freezer mill yeast extracts of quality. It is clearly presented, of scientific 
accuracy, useful, compliant with research standards, of technical quality and efficiency, and will be 
helpful to researchers who work with yeasts as a model system. I only have minor concerns to be 
addressed and added to the current manuscript/videos to clarify some specific points. 
 
Minor Concerns: 
- Comment on the importance of the lysis buffer used and its composition - it is also an important factor 
allowing the detection of intact proteins carrying post-translational modifications. 
 
We have now included text to emphasize specific buffer components that are especially crucial. 
 
- The most serious health risk of handling LN2 is asphyxiation due to displacement of Oxygen by 
Nitrogen gas expansion. This should be stated in the manuscript and the protocol should instruct to 
manipulating the large amount of LN2 needed to operate the freezer mill in a well ventilated room, 
possibly equipped of an O2 level monitor. 
 
We have included wording to stress the importance of performing all procedures involving liquid 
nitrogen in a well-ventilated area. 
 
- Adding a table covering characteristics, advantages and disadvantages of the different extracts 
preparation techniques that can be use to prepare yeast extracts would be beneficial to the 
article/video. Both cost involved and the type of investigations that technics allow (because they are 
leading to different extracts quality) could be included in this table. 
 
A table with the requested information has been included in the revised manuscript.  
 
- Regarding the setting used for freezer mill in step 2.5, it is unclear if the protocol needs to be optimised 
by researchers for their own purpose/proteins. Is there any value of playing with parameters (time, cycle 
nb…) to optimise the quality of the extra? Is there a risk of overgrinding? It is also unclear if the setting 
would have to be changed if vials of different size were used. It would be helpful if this information is 
known and added to the manuscript. In addition pointers at how to check the quality of the extracts 
would be of help. 
 
We have added text to clarify the issue of optimizing parameters for different types of samples. 
Changing vial size for the same sample does not require a change in grinding parameters. Pointers to 
follow the degree of cell lysis have also been included. An excellent analysis of the impact of 



cryogrinding parameters on the release of proteins and DNA from budding yeast has been published 
previously in Singh, Roy & Bellare et al., 2009. 
 
- The description of the data presented in Figure 2, that compares the quality of the extracts generated 
with the Freezer mill or the glass bead milling is a very important part of the validation of the 
techniques. This descritpion should be more specific and its discussion should be expanded. Some points 
to address are: 
 
We have expanded the description and discussion on this topic in the revised manuscript. 
  
o If Figure 2A demonstrates that the freezer mill produces a higher total protein yield, the authors 
should clarify that the same volume of WCE (as oppose to same amount of total proteins) has been 
loaded in this gel. The reader should be looking at the increased signal intensity of the ponceau stain 
freezer mill extract versus glass bead milling. Could the author provide an estimation of the increase 
yield? This could be estimated by loading of several volumes of same extract in 3 or 4 lanes. 
 
Indeed, equivalent amounts WCE prepared from the same number of cells (determined by counting on 
a Coulter Counter) using the two different methods were loaded on the gel. Although the yields vary 
somewhat from experiment to experiment, we typically always see a 1.25 to 2-fold improvement in total 
protein yields using the freezer mill over other methods. However, the use of Ponceau staining to 
measure total proteins is not the best way to infer the real quality of the WCE, as the Ponceau signal 
does not allow us to distinguish intact proteins from partially degraded proteins, or modified proteins 
from proteins that have lost their posttranslational modifications. Western blotting is needed to get a 
better idea of the quality of the extracts.  
 
We are unable to perform additional experiments to better quantitate the quality of the extracts since 
our lab has been mostly closed due to the Covid-19 pandemic since early March. We re-opened with 
25% personnel in June, but soon an outbreak in our lab (as well as the periodic worsening of the 
pandemic in the state of Florida) resulted in a shutdown of lab work again and we do not have a clear 
idea regarding when we will be allowed back in the lab at full strength.  
 
o Similarly detailed provided to explain Figure 2B, and its discussion are not sufficient for the reader to 
understand how the authors reached their conclusion. For the HIS IP to assess the lesser level of protein 
degradation with the freezer mill technique- the same amount of proteins, assessed in the WCEs lanes, 
should be used in both IPs (as opposed to the same volume of WCEs). Therefore the volumes of WCE 
lanes should be different Figure 2A versus 2B - and different in the 2 WCE lanes in figure 2B. This does 
not seem to be the case considering the presentation of the 2 panels and the figure description. This 
needs to be clarified and better explained. 
 
Figure 2A and 2B correspond to Figure 3A and 3B and the revised manuscript. The two images 
correspond to the same gel which was transferred to a nitrocellulose membrane for Ponceau staining 
(Figure 3A) prior to Western blotting with a HIS antibody (Figure 3B). As explained above, equivalent 
amounts of WCE prepared from the same number of cells using the two different methods were loaded 
on the gel and used for affinity purification. Doing so may be the only way to compare not only the 
efficiency of lysis based on the total amounts of proteins extracted from the same number of cells by 
each method, but also the integrity of proteins in the WCE based on Western blotting for labile proteins 
and their posttranslational modifications. On the other hand, loading equal amounts of protein obtained 
by the two methods in this experiment will not be as informative, since it will simply show equal loading 



of protein by Ponceau staining, while the Western blotting results would still report any difference in the 
abundance of specific labile proteins or their posttranslational modifications between the two samples. 
Consistent with this notion, in the representative experiment shown here, we observe only a slight 
difference in the total abundance of proteins by Ponceau staining in Figure 3A, while the Western blot 
shows a bigger difference in the abundance of specific HIS-ubiquitin tagged proteins in Figure 2B, 
especially following the IP. We have clarified this issue greater detail in the text of the revised 
manuscript. 
 
o Please add the size of the MW markers use in Figure 2A and 2B. Note that there is a cloudy spot in the 
WCE/IP lane of Bead mill lanes in panel B that might make the comparison with cryogrinding difficult to 
make for the reader. 
 
The MW marker sizes have been added. The cloudy spot on the Western is indeed unfortunate, but it 
only occludes a small part of the lane. The data in the rest of the lane is clearly visible and adequate to 
highlight the differences that we typically observed between the two methods. We have also converted 
the Western blot from a colored to a grayscale image in Figure 3B which allows for better visualization 
of the bands. 
 
- Could authors refer the reader to specific examples (highly labile macromolecules, post-translational 
modifications or purification of functional protein complexes…), citing references if possible, where the 
techniques could be used? 
 
Certainly. These references (Singh et al 2009, Singh et al, 2012, Liang et al, 2012) have now been cited in 
the text. Our reference list has nearly tripled since the initial submission. 
 
- Comments on the video: 
 
o Understanding of the commentary would be easier if the video was subtitled 
 
Adding subtitles would be a considerable undertaking for the audiovisual resources at our institution 
that are already stretched due to the Covid-19 pandemic. However, we have requested them to do this 
and are currently in queue for the subtitles to be added. We will upload the sub-titled version of the 
video when it is ready. In the meantime, we feel that the text of the manuscript accompanying the video 
provides sufficient details of every step and should easily clarify any issues with the voiceover. We also 
slightly concerned that the subtitles may detract from the visual details of the process being described 
via voiceover. 
 
o A couple of formulations are in the commentary are incorrect: "Denaturisation" used in places instead 
of denaturation, "Celsius degree" instead of degree Celsius. 
 
These have been fixed now. 
 
o There could be a better used of illustrations/ in particular when comparing the different extraction 
preparation techniques - the slides are a bit static. 
 
We have added a table in the manuscript to better illustrate the differences between the different 
methods. 



 
o The asphyxiation risk when using LN2 or dry ice should be mentioned 
 
We have added text to emphasize this. 
 
o The use of a specific sample buffer should be commented on 
 
Most lysis buffer will work just fine for lysis using the freezer mill. To facilitate WCE with intact and 
functional protein complexes, we generally use the mild lysis buffer listed here. It is important to include 
protease and proteasomal inhibitors to block protein degradation after thawing the lysate, as well as 
phosphatase inhibitors if studying phosphorylated proteins. Additional inhibitors should be added for 
the study of other posttranslational modifications. 
 
o Popcorn size maintenance by rotating movement to release drops and the use of small with forceps: 
Movement is not obvious. Would the use of a container with a wider opening than a 50mL tube make 
this step easier? 
 
Yes, the use of a wide mouth container would indeed make this step easier and we do use such 
containers for the pop-corn preparation, especially when larger number of cells are involved. We have 
added this to the revised manuscript.  
 
Reviewer #3: 
The authors provide a valuable step-by-step protocol to generate protein lysates from the budding yeast 
Saccharomyces cerevisiae. In addition to this widely used model organism, the technique described by 
the authors will prove valuable to prepare native protein extracts from other model organisms (e.g. the 
fission yeast Schizosaccharomyces pombe) and fungal pathogens such as Candida and Aspergillus 
species, among many others. I have a few concerns that need taking care before this manuscript is 
suitable for publication. 
 
1) My main concern is Figure 2. Based on a blot probed with an antibody against the His tag, the authors 
claim that there are more His-MYC-ubiquitylated proteins (HMU proteins) when the IP is performed 
from a whole-cell extract (WCE) prepared by cryogrinding, rather than a WCE generated with a bead mill 
(commonly known as a bead beater). If I squint the right way, I can see a few bands that are detectable 
in the IP from cyogrinding cells, but "seemingly absent" in the IP from cells broken with a bead beater 
(the bands are already very weak in the IP from cryoground cells; they may well be just below the 
detection threshold). Conversely, I see at least two bands that are present in the IP derived from a WCE 
prepared from a bead beater, but those bands are below the threshold for detection in the IP from the 
WCE obtained cryoground cells. Perhaps the exposure of the blot that I have is not optimal, but Figure 
2B is far from convincing that cryogrinding is better than bead beating in that specific application. I 
would imagine that the authors use the freezer mill routinely and, therefore, should be able to provide 
more convincing evidence that cryogrinding is more effective than bead beating. 
 
The reviewer does have a valid point. However, there is likely a very trivial explanation for the presence 
of a couple of bands in the IP of WCE prepared by bead beating, but not in the IP of the WCE prepared 
using the freezer mill. These bands are likely the partial breakdown products of full length ubiquitylated 
proteins in the WCE prepared by bead beating, whereas these bands are “missing” from the WCE 
prepared using the freezer mill as they are still intact as full length (or at least near full length) proteins 
in the latter. More importantly, as clearly pointed out by the reviewer, there are many more bands in 



the IP from WCE prepared using the freezer mill that are absent from the IP of the WCE prepared using 
the bead beater, which is fully consistent with our view that the freezer mill is superior to bead beating 
for preparing extracts. We have converted the Western blot from a colored to a grayscale image in 
Figure 3B which allows for better visualization of the bands. Because the freezer mill produces better 
quality extracts, we routinely use only the freezer mill and have rarely used the bead beater over the 
past 2 decades. We have a volume of published work spanning a decade using the freezer mill which are 
cited here (Gunjan & Verreault, 2003; Singh et al 2009, Singh et al, 2012, Liang et al, 2012) and that offer 
many additional examples of the detection of labile proteins as well as their fleeting posttranslational 
modifications using extracts prepared with the freezer mill, which are impossible to detect using 
extracts prepared by other means including the bead beater. Please also see our response to Reviewer 2 
above regarding the original figure 2. 
 
I am not an expert in this at all, but I would like to make a few suggestions that "might" help illustrate 
more clearly the difference between IPs prepared from WCE obtained by cryogrinding versus IPs 
prepared from WCE obtained from a bead beater. The first is that there may be many deubiquitylating 
enzymes (DUBs) present in yeast WCEs. Lines 97-100: There is no N-ethylmaleimide (NEM), a generic 
inhibitor of DUBs. Lines 97-100: MG-132 is a potent inhibitor of ubiquitylated protein degradation by the 
proteasomes. However, it does not inhibit lysosomal proteases that are independent of target 
ubiquitylation of proteasoms. At least some of the lysosomal proteases can be inhibited by cathepsins. 
 
We have indeed used NEM and other inhibitors of DUBs in our extracts in the past depending on the 
questions that we were interested in. Further, our protease inhibitor cocktail includes two inhibitors 
that block lysosomal proteases such as cathepsin B and L. In general, unlike MG132, we did not find a 
detectable difference between the absence or the presence of the DUB inhibitors in the extracts in 
blocking the degradation of proteins in bulk (the Ponceau staining pattern was essentially the same), 
although they are clearly important in the context of specific proteins.  
 
Antibodies against the His tag are not very sensitive. Unless there is a technical against this, would it be 
whort proping the IP lanes with anti-MYC antibody (e.g. 9E10), rather than anti-His. 
 
Even in our experience, most HIS antibodies are not very good. However, we have found an excellent 
monoclonal antibody for the HIS6 tag that was developed by Novagen and we have been using this for 
well over a decade, including the experiment shown in Figure 3. In our experience, the 9E10 monoclonal 
MYC antibody gives rise to much higher background signal compared to the HIS antibody (presumably 
due to the presence of a single MYC epitope) and hence we probed the blot first with the HIS antibody. 
The plan was to re-probe the blot with a MYC antibody, but unfortunately the blot was destroyed 
accidentally during the re-probing. As detailed above in our response to reviewer 2, we are currently 
unable to perform additional experiments in the lab due to the Covid-19 pandemic. 
 
2) Legend to Figure 2: "Cryogenic grinding leads to higher total protein yields in cell extracts". To back 
this up, the authors indicate that equal numbers of cells were lysed with either a bead beater or a 
freezer and, because ther Ponceau S of the WCE prepared by cryogrinding is more intense (perhaps 
slightly more than 2-fold) than the WCE obtained from bead beating, the freezer mill is far better than 
the bead beater at generating protein extracts. First of all, on order to properly assess this claim, I would 
need to know that the volumes of extracts prepared by both instruments are the same or nearly the 
same. Rather than having to eyeball how much more protein is present in the extract derived by 
cryogrinding, why not perform a Bradford or BCA on the two extracts. This would provide an actual 
number. It would be be necesary to remove Tween and any other substances that interfere with 



Bradford or BCA from the lysis buffer but, in my opinion, it would give rise to a more accurate estimate 
of protein concentrations than Ponceau S. 
 
As detailed above in our response to Reviewer 2, equivalent amounts of WCE prepared from the same 
number of cells using the two different methods were loaded on the gel. Due to the reasons cited by the 
reviewer, we do not perform the Bradford assay on these extracts (nevertheless, results from such a 
Bradford assay performed on budding yeast freezer mill extracts are available in Singh, Roy & Bellare et 
al., 2009). However, in other qualitative experiments in the past, we have precipitated the proteins 
using TCA prior to measuring total protein levels and the freezer mill consistently gives us higher protein 
yields. The higher protein yield from the freezer mill is also seen on the ponceau stain in Figure 3A.  
 
3) There has to be a less confusing manner to write the legend to Figure 2. I am specifically referring to 
this sentence: "Small but equal aliquots of each WCE" (these refer to panel A if I'm not mistaken, and 
panel A was not probed to generate panel, as one might intuitively led to believe, because panel B from 
pull dows of HMU proteins derived from the same WCEs). Ant this deeply misleading sentence goes on: 
"... as well as HIS tagged proteins pulled down using Talon beads (IP) from each extract were compared 
by resolving on a denaturing gel and transferring to a nitrocellulose membrane followed by staining with 
Ponceau S" 
Why not just say at the top that two types of experiments were conducted from the same WCEs, and 
then describe (A) and (B). 
 
We have reworded much of the legend for the original figure 2, which is figure 3 in the revised version. 
Hopefully, this will clarify things. 
 
4) The article often claims that cryogrinding under liquid nitrogen is an effective way to retrieve nucleic 
acids. Their statement seems largely based on references 7 and 8 (two papers in the Journal of Forensic 
Science), where tooth DNA is retrieved by cryogrinding. I was curious about the sizes of DNA that were 
retrieved from ground teeth, and necessary for forensic studies but, unfortunately, I was not able to 
gain access to references 7 and 8. 
 
Indeed, the DNA present in the extracts prepared using the freezer mill is sheared, but more than 
adequate for the identification of forensic samples using DNA fingerprinting, as demonstrated by its use 
in the identification of the remains of the Romanov family members related to the former Russian Tsar 
(Gill et al, 1994; Nature Genetics 6: 130–5). More recently, one of our colleagues was able to extract 
DNA using our freezer mill from a piece of a dinosaur femur found frozen in permafrost and is on the 
verge of obtaining libraries for whole genome sequencing! In our budding yeast extracts, the DNA 
ranges from ~150bp to nearly 50Kb (it extends all the way into the wells of the agarose gels; also see 
Singh, Roy & Bellare et al., 2009). This is better than what has been reported by Smith et al, 1993, 
although we should expect much more degradation in the forensic samples.  
 
In our experience, under conditions where lysis of S. cerevisiae and S. pombe is efficient, chromosomal 
DNA is sheared into a size range that spans from approximately 100 bp up to >3Kb. This deserves to be 
mentioned. Otherwise it is misleading the reader to state that "cryogrinding preserves the integrity of 
nucleic acids". 
 
We have included the word “sheared” to clarify that intact, full length chromosomal DNA is neither 
expected nor obtained. 
 



Reviewer #4:  
Manuscript Summary: 
In this manuscript, Giovinazzi and colleagues describes an important method used in molecular biology 
experiments using the budding yeast Saccharomyces cerevisiae. As the authors mentioned, this method 
has been extremely useful to prepare whole cell extracts and subsequently purify protein complexes, 
proteomic analyses and co-immunoprecipitation studies and detection of labile protein modifications. 
There are a large number of molecular details found using this way to prepare cell extracts. The method 
is very well written and details are easy to be followed by readers and viewers. 
 
Major Concerns: 
1) How do authors make sure that the amount of powdered extracts between different samples is the 
same in order to be able to compare them experimentally? Do authors weigh the popcorn at any step of 
the experiment? I guess depending on the cell line used there will be differences in the weight of cells 
assuming that authors always collect precise number of cells in each experiment. All these points should 
be addressed. I recommend that author explain the use of smaller vial that are very useful to prepare 
different samples at the same time from a time course for instance. Reader should understand other 
applications that can be achieved using other vials. 
 
We have found that the best way to ensure that the same amount of extracts is obtained from each 
sample by counting the cells using a Coulter Counter and using the same number of cells resuspended in 
the same volume of the lysis buffer for preparing extracts under identical conditions and settings on the 
freezer mill. We do not weigh the popcorn at any point as there is no need to do so, since the majority 
of their weight will be contributed by the volume of the lysis buffer used. The smaller vials can 
accommodate 4 smaller samples at a time and can be used without changing the freezer mill settings as 
long as the sample type is the same. We do not see any detectable difference between processing four 
samples simultaneously or sequentially using the 4 smaller vials, as long as the samples and settings 
remain the same. We have included additional details on the use of the smaller vials in the revised 
manuscript. 
 
2) In point 2.7 authors state that powdered extracts can be stored overnight. Is this step recommended? 
In the video is mentioned that just overnight, but not in the text. 
 
As long as the frozen extracts are not thawed out following their recovery from the freezer mill and 
stored immediately in the -80C freezer, we have not seen any appreciable increase in protein 
degradation. However, we would not recommend this step, since ideally the extracts should be used 
right away to minimize protein degradation, especially for labile proteins and their modifications. We 
have clarified this in the text.  
 
3) I am confused about point 2.8 on how authors thaw the samples being kept on ice with constant 
stirring. It is shown in video but without watching the video it is difficult to imagine. More detailed 
description is needed in the main text. 
 
We have provided additional details in the text for the extract thawing procedure. 
 
4) In Figure 2A I see clear difference between the two methods in amount of protein in WCE but we are 
missing loading control. Something that would clearly show the same amount of starting material 
between the two to be able to judge the difference (like TCA extract from the sample before the 



cryogrinding). 
 
As pointed out above in response to Reviewers 2 and 3, equivalent amounts WCE prepared from the 
same number of cells using the two different methods were loaded on the gel. Because we use the same 
number of cells and the same volume of lysis buffer, loading the same amount of extract allows us to 
directly compare the amounts of protein present in each extract using Ponceau staining as shown in 
Figure 2A. We have compared this type of analysis to TCA precipitated proteins in the past and the 
results were very similar between the extracts run directly on the gel, or following TCA precipitation. In 
our experience, we have not found any method superior to starting out with accurate cell counts and 
using equal number of cells for extract preparation to ensure equal protein content.  
 
5) I am convinced that cryogrinding is an outstanding method, but I reckon that the example shown if 
Figure 2 does not completely show the benefit of this method. I was wondering if authors could show a 
more striking example. Maybe the use of His antibodies would help. 
 
The Western shown in Figure 3B is using HIS antibodies. As pointed out above in response to Reviewer 
3, we have a volume of published work spanning a decade using the freezer mill which are cited here 
(Gunjan & Verreault, 2003; Singh et al 2009, Singh et al, 2012, Liang et al, 2012) and that offer many 
additional examples of the detection of labile proteins as well as their fleeting posttranslational 
modifications using extracts prepared with the freezer mill. 
 
6) There are already some published cryogrinding methods for budding yeast. This manuscript perfectly 
complements those. I would recommend to include those references for readers to get as much 
information to adapt to their own work. 
 
Of course! As pointed out above, we have published a significant amount of budding yeast work 
performed using the freezer mill and these references have been included already. Additional 
references (15) from other labs using the freezer mill for preparing budding yeast extracts are also listed 
in the revised manuscript. 
 
Minor Concerns: 
1) I would consider adding budding yeast Saccharomyces cerevisiae to the title as the paper describes 
precisely cryogenic grinding using budding yeast extracts. 
 
We have refrained from being too specific in the title as the method described here can be used pretty 
much as is for a variety of samples from other species, ranging from fossils to forensic samples. We felt 
that by not making the title too specific, it will reach the widest possible audience. 
 
2) The summary authors includes "describe a reliable method for the preparation of whole cell extracts 
from yeast and other samples". I would recommend describing here what they mean by other 
"samples". 
 
We have replaced the word “samples” with “cells”. As described in the manuscript, cryogrinding using a 
freezer mill is very versatile and it is possible to process just about any imaginable type of cells, tissues, 
forensic or permafrost specimens to obtain biological macromolecules from them. We have elaborated 
some more on this. 



 
3) Line 46 should state "budding" yeast. 
 
This has been fixed now. 
 
4) Line 50 missing coma after applications. 
 
The comma has been inserted now. 
 
5) Line 86 model of the freezer mill could be mentioned as there are models that would fit 4 samples 
and there are models that would fit only one sample. 
 
We have to follow the publishing guidelines which do not allow us to include brand names and model 
number in the main body of the manuscript, but we can and have included this information in the table 
with all the materials listed.  
 
6) Figure 1A and Figure 1B should be mentioned next to where authors refer to their content 
 
We have fixed this oversight. 
 
7) Line 122 "Close the freezer mill slowly, avoiding the splash of LN2" could be added to warn readers it 
is a hazardous action. 
 
We have included this now. 
 
8) Line 132 should give the full protocol followed (time for grinding, time for breaks and rate). I would 
suggest to include a Figure showing the freezer mill display. 
 
We have included all the details now. 
 
9) Line 133 I would recommend to include "carefully open the lid" after "cycles". 
 
This has been included now. 
 
10) Line 135 I would recommend to include "work with vials quickly removing one vial at the time". 
 
We have included this now. 
 
11) Line 137 I suggest that authors could include how they keep chilled forceps 
 
The forceps are kept chilled by simply sticking them in the dry ice bucket and we have included this 
information in the revised manuscript. 
 
12) Authors need to unify the centrifuge speed writing either 3220g or 3220xg. 
 
We have fixed this and removed the unnecessary x. 
 
13) Point 2.11 lipid layer is mentioned and it would need a bit more explanation. Maybe even a 



schematic representation or even a picture with what reader will find when following the protocol. 
 
We have added Figure 2 with a schematic representation and have provided additional details regarding 
this step which should clarify things. 
 
14) Line 156 the description "top half of the sample" is quite confusing. It should be explained better for 
reader to understand it. 
 
We have reworded this and added additional explanation for this step. 
 
15) Point 2.12 is confusing and needs to be reorganized. There was no mention of any division of the 
extracts earlier so "remaining extract" use is confusing. Also what do authors mean by "centrifuging for 
5 minutes between collections". This fragment has to be rewritten in more precise way. 
 
This passage has been reworded to clarify the procedure. 
 
16) Authors use cryogenic grinding, cryogrinding or cryogenic milling terms. I recommend to be unified. 
 
We have replaced all these terms with cryogrinding. 
 
17) Line 168-169 Authors need to include budding yeast cell line and strain name. 
 
We have now included the budding yeast strain details and a reference for the same. 
 
18) Line 197 Authors could mention that LN2 needs to be topped up as it gets evaporated. 
 
We have included this information now. 
 
19) In the figure they show three 50ml tubes held with a rubber band, while in the video there is only 
one. Author should clarify why the use 3 50ml tubes or update the figure with just one 50ml tube as in 
the video. 
 
This step can be performed with different variations depending on the size and number of samples. We 
have included additional text to clarify this. Please also see our response to Reviewer 2 regarding this 
step. 
 
20) Lines 241-242 References for the use of the freezer mill with other organisms should be included. 
 
We have added additional references (in fact, our references have nearly tripled in number compared to 
the initial submission!). 
 
21) Figure 2 is missing the molecular weight markers. 
 
We have added them now. 
 
22) Do authors ensure careful removal of the ground frozen sample from the vial e.g. by scrapping the 
leftovers of the frozen powder from the walls of the vial or they simply invert the vial in order to remove 



the powder. 
 
To maintain the powdered extract in frozen form and prevent their rapid thawing out, we work quickly 
and hence do not scrape the frozen extract from inside the vials. We have found that by inverting and 
tapping the vial we recover ~95% of the frozen extract in the vial.  
 
23) Authors mention the use of this method in forensic studies. It is a bit surprising the use for those 
studies as one could imagine that the size sample is not abundant. I was wondering if authors could 
mention something about that or even include a reference. 
 
References 12 and 13 in the revised manuscript refer to the use of such grinding for obtaining DNA from 
forensic samples. In fact, one of the primary uses of freezer mills is to obtain DNA from forensic samples 
to aid their identification by DNA fingerprinting. Additional references (20) have been included now and 
many more are easily found in databases. Please see our response above to Reviewer 3 as well. 
 
24) Authors could consider to include that, as large amount of LN2 are used, a LN2 could be installed in 
the room where freezer mill will be used. 
 
This is indeed possible and the latest models of freezer mills are designed to work with such automated 
liquid nitrogen supply systems. However, due to the high evaporation rate of liquid nitrogen and the 
asphyxiation risk associated with its vapors in enclosed places, doing this would be advantageous only if 
the freezer mill was used nearly every day. We have included this possibility in the manuscript. 
 
Video comments 
1) Cells were spun at 2392g as it says in the method or 2400g (or 4000rpm) as it says in the video? 
 
Cells were centrifuged at 4000rpm which corresponds to 2392g (or approximately 2400g) for the rotor. 
We have clarified this now. 
 
2) I guess some of the popcorn beads are bigger that 0,5 cm in the video attached. 
 
Yes, the 0.5cm refers to the largest size of the popcorn desired for the experiment (range 0.3-0.5cm), 
but individual droplets vary in size depending on the person performing the procedure. We use a pair of 
chilled forceps the breakup popcorn kernels that are much larger than 0.5cm before freezing them.  


