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Submission of a Revised Manuscript

Please find attached our revised manuscript entitled “Sample Preparation by 3D-Correlative
Focused lon Beam Milling for High-Resolution Cryo-Electron Tomography” and our point to
point response to the reviewers’ comments. We would like to thank both reviewers and the
editor for the constructive feedback and hope that our protocol is now suitable for filming
and publication in JOVE.

Sincerely yours,
Philipp S. Erdmann

Research Group Leader in Structural Biology
Fondazione Human Technopole

Fondazione Human Technopole

Palazzo lItalia - Via Cristina Belgioioso, 171 - 20157 Milano, Italy - humantechnopole.it



Manuscript Summary:

In the manuscript entitled ,Sample Preparation by 3D-Correlative Focused lon Beam
Milling for High-Resolution cryo-Electron Tomography', Bieber et al. provide a protocol
for correlative light and electron microscopy of focused ion beam milled cells after
plunge freezing. This protocol is based on the pioneering work by Arnold et al. (2016)
and was recently applied by Wilfling et al. (2020). Such a protocol is very welcomed and
it will facilitate the application of this complex but important cryo-CLEM workflow in other
labs of the cryo-EM community. However, as it is written now, the protocol lacks many
important details.

Concerns:

The authors present the workflow in a generalized way, although it is very likely that the
workflow was performed using Aquilos dual-beam microscope (Thermo Fisher
Scientific) and a cryo-confocal microscope (Leica). This generalization leads to a lack of
necessary details that are required to reproduce the presented workflow. It would be
more valuable for the reader if the protocol would include details concerning the
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In addition, the authors should add a section on the compatibility of this protocol with
different systems such as Zeiss cross-beams, Linkam cryo-LM, integrated cryo-LM-FIB-
SEM, etc.



In the following you can find a list of specific points which need to be addressed:
1) Line 42: "While it is possible to combine FLM and cryo-ET data only after TEM
acquisition" Please also provide the reference of the detailed description of the
mentioned method: doi.org/10.1016/bs.mcb.2020.12.009

2) Line 71: "Note: The structure of interest should be present in the majority of your

cells, which will significantly increase the throughput of the correlative approach." This
contradicts the statement in the abstract: Line 27-29: "Using this technique, rare cellular
events and structures can be targeted with high accuracy and visualized at molecular
resolution using cryo-transmission electron microscopy (cryo-TEM)".




should point out that with the current setup a rare event can be targeted but it has to be
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3) Line 76: "We significantly increased our success rate using more rigid SiO2 films."
Please provide data that would prove the significance. In our experience, we have not
found much of a difference between carbon and SiO2 but we do not have data to show
it. It would be very useftul to the community if this was systematically tested and shown.
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4) Line 85: Which type of grids do you recommend for yeast
‘We've added a list of recommended grids.

5) Line 94: Note. Please provide the exact protocol on poly-L-lysin/concanavalin
coating.




8) Line 109: Please provide more details on how to remove grids carefully from the dish.
This step is challenging and bent grids will negatively influence the outcome. 3D printed
holders or the addition of the PDMS layer can be used to facilitate grid recovery from
tissue culture plasticware.

9) Line 114: "Fiducials should be chosen both in size and brightness to be compatible".
Please specify which beads (company and material numbers) are recommended.

10) Line 117-119: Statement: "...do not use beads too bright..." Please be more
specific.

11) Line 137: Please specify how to judge optimal blotting time.

12) Line 145: Autogrids without cutouts are suboptimal and should not be
recommended here.

13) Lines 143-169: Section 2 "Cryo-Fluorescence Light Microscopy" is missing many
important details. Please provide settings for Z-stack sampling, NA, and magnification of
the objective, if confocal or wide-field imaging was used. Please provide the X-Y, Z-



theoretical Nyquist resolution. This is very important for others to know to judge whether
their system is suitable for the protocol.

14) Lines 174-222; Section 3 "Focused lon Beam Milling" is again missing many details.
This section is most crucial for the complete workflow and needs to be completely
revised. Please provide a separate section with a detailed description of how the
correlation and transfer of positions are done. Describe how to use 3DCT software
using detailed figures describing step by step how this is performed. While this may be
captured on the JOVE video later, there should be also a detailed written protocol
available. The 3DCT seems to be a major advancement since Arnold et al. publication,
yet it is not well explained here and many reader, buts may not be aware of it.

15) Line 203: Note. The fact that fine milling must be done immediately after rough
milling is limiting the number of lamellae that can be prepared due to ice deposition on
polished lamellae. How many lamellae are recommended per session?

16) Line 205: "...or by using scripting..." The transfer of the milling position is the most
crucial step for the precision of the targeted milling. A "manual” transfer of the position is
certainly not precise enough to target any individual cellular structures. Please provide
the code of the mentioned script and describe in detail the exact procedure.

17) Line 206: Please add the missing reference for stress relief cuts
(doi.org/10.1016/j.jsb.2019.09.006).




18) Line 213: "...generally thought to reduce data quality...". Please provide a reference
for this statement.

19) Line 219; Section 3.6. Please provide more details on the evaluation of the accuracy
of milling. What should one do in case the lamella is bent or has moved and how can
one recognize that this has not caused that the FM signal is not anymore preciously
corresponding to the initial coordinates?

20) Lines 226-241; Section 4 "Correlative TEM": Please provide more details on how
this step is performed. Especially Step 3.4 is essential for successful targeting and is
not described well with essential information missing. Please add detailed step-by-step
instructions on how this correlation is performed. Is the correlation done in SerialEM, in
MAPS, or another software? A figure describing this step is necessary, as it is together
with step 3.3 the most crucial step for the correlation.

21) Line 244: "While we have successfully applied this protocol to a variety of different
samples" Please provide all references for the different samples on which the workflow
was applied.



Please add the missing reference to the publication on which your representative results
are based: Wilfling et al., 2020, doi.org/10.1016/j.molcel.2020.10.030

23) Line 255: "FLM stack acquisition" Please provide details on the used microscopy
system.

24) Lines 269-270: "Since the correlation was found to be accurate.." Please describe
how accuracy was determined and which accuracy exactly was measured. This is
essential to evaluate the precision of the here described targeted milling.

25) Line 288: "Overall, a correlation success of ~75% was achieved" Please describe
how the correlation success was defined and quantified. Please provide all correlation
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26) Line 340, Figure 8: Please provide an actual correlated image of the FLM and TEM
image in addition to the red cross which only indicates where the fluorescent signal is
supposed to be.



27) Line 356: "In this regard, testing different denoising or deconvolution techniques on
the FLM data is also advised, as it may considerably improve the localization of fiducials
and cellular signals.". Please provide references for denoising and deconvolution
techniques suitable for cryo samples.

28) Lines 392-401, Section 3 "Limitations of the method": Please make clear that this
approach is sensitive to lamellae movement during milling in respect to the fiducial
markers. In addition, it should be mentioned that fine milling should be performed
immediately after the rough milling of each lamella. In such a case, the throughput is
limited to few lamellae or it leads to increased ice contamination which is detrimental for
subsequent cryo-ET.

Reviewer #2:

Manuscript Summary:

This manuscript provides a step-by-step protocol of a cryo-correlative microscopy
workflow for 3D localisation of fluorescent signals in cells that are thinned by cryo-FIB
milling and imaged by cryo-ET. Such a detailed description comes very timely as these
methods are gaining popularity while they still require significant expert know-how.
While for cryo-FIB milling and cryo-ET of cells, a number of good methodological papers
are available, the practical aspects of how to use 3D correlative microscopy to prepare
lamellae in a targeted fashion by precisely locating fluorescent signals during the milling
process have been missing. The authors use the example of aberrant yeast endocytic
sites which they and others have previously described to be autophagy-precursors and
liquid-liquid phase separation events (Wilfling et al Mol Cell 2020, Kozak & Kaksonen,
bioRxiv 2019).

While | support the publication of such a protocol article, | think the authors could
improve the manuscript in multiple ways to make it a more helpful resource. Here's my
suggestions for improvements, as well as some needed clarifications.



Major Concerns:

- As the correlative part is the central advance presented in this paper, the correlation
procedures used should be most extensively explained. The descriptions of the
correlation procedures (performed at multiple steps) do not contain sufficient details to
be useful. This relates to all steps at which correlations between image modalities are
done. It would also be good to explain whether and why certain software or algorithms
are better for 2D or 3D correlations. Further example, in point 3.3 of the protocol and
legend to Fig 4: what is 3DCT? If this is the preferred software, then it may be helpful to
use it as a paradigm to describe the procedures in more detail.

- line 61- 62: The statement 'Ensure that sites of interest can be localized successfully
with a good signal to noise ratio at room temperature in a fluorescence microscope' is
very vague. What is a good signal to noise ratio? Can the authors provide some
estimate? And what configuration of a fluorescence microscope is meant?

- line 67: In what respect did mVenus perform better than EGFP? This is again a vague
and therefore not helpful statement.i

- line 68-69: | do not think the sentence regarding trade-off between wavelength and
localisation accuracy with reference to Abbe's diffraction limit makes sense. For the
localisation precision of point sources (as are fiducials and the majority of signals dealt
with here), Abbe's law is not limiting. The emission wavelength of the fluorophore can
almost certainly be neglected for the localisation accuracy in CLEM. However, what
does matter is the numerical aperture of the objective, because the number of collected
photons (and hence the sensitivity) depends on it.



This conceptual issue seems to also be reflected in lines 117 -118: The localisation
limits of conventional FLMs are at least one magnitude smaller than the size of beads of
0.5-1 ym, so | don't understand this statement. Beads of diffraction-limited size (like 50
nm or 100 nm) can be localised equally well - it is a matter of detectability and number
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- line 88-89 and lien 355: What is an 'optimal' dilution of fiducial markers? Also, fiducial
markers are mentioned early on in the protocol, without really explaining their purpose,
which would make it easier to assess what is meant by optimal.

- line 107: Reference(s) for grid patterning protocols should be added.

- line 111: Why are metal oxide grids mentioned? What would be their purpose? This
mention comes out of the blue and it's not clear why.

- line 131: In fact to minimise contaminations it would be better to perform steps in the
gas phase a few centimetres above the liquid phase of IN2, not in the liquid phase.

- line 160-161, and Figure legend 3: Although convolution is mentioned in the text and
shown in Fig 3, an explanation of what is actually done and why it would be beneficial
for the CLEM procedure is missing. In particular the panels with graphs and analysis
shown in Fig 3 are not explained at all in the legend. Also, the legend



does not say whether the red signals in Fig 3 are fiducials or signals of interest.

- line 165-166: Why check for bleed through? In some cases (fiducial markers) bleed
through is desirable because it allows to align channels to each other and correct for
chromatic aberration.

- line 199-200, line 268 and line 364: accuracy of correlation is mentioned in several
instances. However, the authors give no estimate for the accuracy in their example /
proof of principle. Also, how dependent is the accuracy of locating the position of the
lamella in z on the z-distribution of the fiducials? It would be good to get some estimates
or ideas on that, or even better some actual measurements.

- line 217: Is bending / deformation really such a problem for correlation? If lamellae are
bent by dimensions that are similar to correlation accuracy (which | guess is in the
hundreds nm range), then they are too deteriorated for high-quality cryo-ET anyway.
Deformations that are harmless to cryo-ET are likely to be neglectable for correlation.
However, as the authors do not provide an estimate for the correlation accuracy in z, it
remains difficult to assess.

- It may make more sense to swap the order of Fig 4 and 5.



- legend Fig 5: At this stage of the pipeline, the grid is already in the FIB microscope. So
how can the title be 'finding suitable grid squares for FLM stack acquisition'? The figure
shows steps after FLM.

- legend Fig 8, line 340-341: 'can readily be correlated': How exactly? It may be obvious
to the authors but to the reader, this is not helpful.

- line 397: The use of stained lipid droplets as fiducials is mentioned. The relevant paper
should be cited (Scher N. et al, bioRxiv 2021)

Minor Concerns:

- The summary says 'Proteins of interest (POls) are fluorescently tagged, their 3D
position ..."' the manuscript however does not describe fluorescent tagging of proteins.
This should be modified.

- In the abstract, the phrasing doesn't make clear that FIB milling is the solution to
thinning samples and thus making them amenable to cryo-ET.

- line 74: 'stable are handled' should probably read 'stable and handled'

- line 77: By grid hole size, do the authors mean 'grid square size' or (carbon or SiO2)
'film hole size'?



- line 116: 'channel the biological' should probably read 'channel than the biological'

- line 179: What does 'as required by the system' mean?

- line 214: 'two-step fashion: first rough, then fine'": It is not clear that the authors mean
first ALL lamellae are milled roughly, then ALL are milled finely (in contrast to each
lamella is milled roughly as well as finely before proceeding to the next lamellae, as they
then go on to suggest). This needs to be more clearly phrased.

- line 229: be more precise what is meant by 'lamella orientation'. It is not clear from this
sentence HOW it should be orientated. Perhaps refer to figure, that could help.

- line 231: by 'lamella square', do the authors mean 'lamella-containing grid square'?

- The paragraph introducing Ede1 should cite the relevant literature.

- Line 288: What does 'correlation success of 75%' mean? Does it mean that 75% of
targeted spots could be correlated to similar structures found in cryo-ET? Or does it
mean that 75% of spots identified by cryo-FM could be located to lamella?

- Figure legend 2: Does the Figure show Hela cells? It should be specified in each
legend what is shown in the figure, especially if it is not yeast cells which are the proof-
of-principle in the manuscript.



Editorial comments:

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.

2. Please provide an email address for each author.

3. Please rephrase the Summary to clearly describe the protocol and its applications in
complete sentences between 10-50 words: “Here, we present a protocol to ...”

4. Please remove the citations from the Abstract and include them in the Introduction
section.

5. Please ensure that abbreviations are defined at first usage.

6. JoVE cannot publish manuscripts containing commercial language. This includes
trademark symbols (™), registered symbols (®), and company names before an
instrument or reagent. Please remove all commercial language from your manuscript
and use generic terms instead. All commercial products should be sufficiently
referenced in the Table of Materials. Please sort the Materials Table alphabetically by
the name of the material.



7. The Protocol should be made up almost entirely of discrete steps without large
paragraphs of text between sections. Please simplify the Protocol so that individual
steps contain only 2-3 actions per step and a maximum of 4 sentences per step.

8. Please ensure that all text in the protocol section is written in the imperative tense as
if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The
actions should be described in the imperative tense in complete sentences wherever
possible. Avoid usage of phrases such as “could be,” “should be,” and “would be”
throughout the Protocol.

Any text that cannot be written in the imperative tense may be added as a “Note.”
However, notes should be concise and used sparingly, and also one Protocol step
cannot have multiple notes. Please consider moving some of the notes about the
protocol to the discussion section.

9. Please note that your protocol will be used to generate the script for the video and
must contain everything that you would like shown in the video. Please ensure you
answer the “how” question, i.e., how is the step performed? Alternatively, add
references to published material specifying how to perform the protocol action. There
should be enough detail in each step to supplement the actions seen in the video so
that viewers can easily replicate the protocol.

10. Please add more details to your protocol steps.

Line 86: what is meant by “any treatment” here? Again, please avoid generic statements
in the Protocol step.




Line 94: Please mention the concentration of the cleaning compounds used and also
briefly the cleaning procedure.

Line 98: Please specify the centrifugation speed and temperature.

Step 1.3: Please provide the action steps as discrete steps. Rest can be moved to the
Discussion part.

Step 2.4/4.3: Please provide more details if this step needs to be filmed.

Line 176: Please mention how to take the note on orientation.

Line 179: What organometallic and conductive layers to be applied? Please specify the
amount and concentration.

Step 3.2: Please provide more details if this step is to be filmed. Also, please see if the
angle can be specified here.

Line 193: Please define the term IB.



11. In the software, please ensure that all button clicks and user inputs are provided
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12. Line 245: Please define Ede-1.

13. Line 388: Please define CLEM.

14. Please sub-number the Figures as (A), (B), (C), etc., where multiple panel figures
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15. Figure 3: Please ensure that the description of the xy-axis is clearly visible in the
graphical representations.

16. Please remove the DOI numbers from the References



