Authors’ comments

Editor comments are shown in red.

Reviewer comments are shown in blue.

Author responses are shown in black.


Editorial comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Manuscript has been proofread and any spelling or grammar issues corrected.
2. Please provide an institutional email address for each author.
Institutional emails added for each author
3. Please provide the complete addresses of the affiliations.
Institutional address added
4. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
All personal pronouns removed and reworded
5. Please define the abbreviations before use (APD, ES)
All abbreviations defined on first use 
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.
For example: Omicron Control Center, IMMOIL, MilliQ, etc.
All commercial language changed to generic terms
7. Line 193-200/215-220: 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. Please include all safety procedures and use of hoods, etc.
Protocol text revised to imperative tense, with sparse notes for anything not imperative
8. Please include a one line space between each protocol step and highlight up to 3 pages of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
One line space between each protocol step included, and up to 3 pages of essential steps highlighted
9. Each Figure Legend should include a title and a short description of the data presented in the Figure and relevant symbols. The Discussion of the Figures should be placed in the Representative Results. Details of the methodology should not be in the Figure Legends, but rather the Protocol.
Figure legends adjusted to include title and description and any methodology moved to the protocol
10. For the discussion section, please use paragraph style and do not make bullet points.
Discussion section changed to paragraph style and bullet points moved to protocol
____________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The protocol deals with building a confocal microscope to be used for precise single-molecule FRET measurements. The protocol not only includes building instructions for the microscope, but detailed instructions for setting up high-quality smFRET measurements with all the subsequent steps of data analysis.
The manuscript is well written, but the figures deserve improvement.

Major Concerns:
An overview figure including the optical pathway (excitation / emission) and all major devices would be beneficial (maybe instead of Fig. 1)	
	From the editor: The setup can be shown in a figure or the video itself. 

We have added a schematic of the setup to Fig 1 as suggested.

Figures / schematics need improvement.
Fig. 1. Rather low level schematic of TIRF and confocal principle. Points to address: evanescent field is exponentially decaying - not illustrated. There is no spatial on/off of a laser beam. The confocal volume is basically the laser beam; there is no laser beam pointing into the confocal volume....
	The figure has been updated per Reviewer 1’s suggestions and significant details added.
Fig. 2. Poor illustration. The individual steps could be illustrated with figures similar to those in Fig. 4.
	Figure 2 has been removed and replaced with protocol-style text for greater clarity
Fig. 3. Screenshots? might be sufficient …
The screenshots serve as the best illustrator for what is actually seen in the software during an experiment; accompanied by the video, we hope this will be clear.
Fig. 4A. channel or time stamp? / is the unit missing?
	The missing units added
Minor Concerns:
Is there any space to explain the difference of pulsed and ns - alternating, thus, on/off (cw) laser excitation? (I am referring to Fig. 4 A)
We now mention these different approaches in the introduction:

“This can be done in one of two ways, the first by modulating continuous wave lasers on the KHz timescale, which is known as alternating laser excitation (ALEX).13, 14 The second method interleaves fast pulses on the MHz timescale, this is nanosecond-ALEX,15 or pulsed interleaved excitation (PIE).16”

line 33: photon absorption and emission
Corrected
line 50: total internal reflection fluorescence
	Corrected
line 52: misleading, confocal (if used for immobilized molecules) and TIRF for milliseconds up to hours.
Edited for clarity: 

“Between both approaches the molecular dynamics of biomolecules can typically be investigated on timescales from pico- to millisecond (confocal, freely diffusing molecules) up to millisecond to hours (TIRF, surface immobilised molecules).”

line 54: fixed -> immobilized ?
	Corrected
line 57: formed by focussing a laser beam
	Corrected
line 59: dichroic mirror/filter
	Corrected
line 63: within the vicinity of the confocal volume
	Corrected
line 78. Here I would highly recommend to refer to others, and most, similar projects (akin to https://hohlbeinlab.github.io/miCube/related_projects.html)
Edited to include reference to recent similar projects: 

“Despite the many advantages of smFRET, it is not widely used outside of specialist labs due to the high costs of commercial instruments and a lack of simple, self-build alternatives. A growing trend towards development of low-cost opensource microscopy is taking place and other platforms have recently emerged including Planktonscope,17 OpenFlexure Microscope,18 Flexiscope,19 miCube,20 liteTIRF21 and Squid.22”

line 286: dynamics might lead to FRET broadening. Consider to mention this explicitly in text to prevent for misunderstandings.
Edited for clarity: 

“The protocol described here is for measuring distances in “static” single FRET species. If the sample has more than one peak in the FRET efficiency histogram, or peaks appear broad which can happen with dynamic species), then more bursts may be needed to fit histograms to the same degree of precision.”

Fig. 2. Background correction necessary? Thresholding? Number of photons / events per burst. Burst selection. Bin time selection.
Figure 2 has been removed. As the purpose of this manuscript and accompanying video is to provide a protocol to operate the smfBox, in discussion with the editor, we agreed that the intricacies of data analysis are beyond the scope of this work. We have, however, included references to direct readers to these. We have added the following note:

“NOTE: Each notebook contains detailed instructions to guide the user through the analysis procedures. For a more detailed discussion of analysis procedures including burst search algorithms, background correction, and all correction parameters see 23, 25.”

Reviewer #2:
Manuscript Summary:
In this manuscript, Abdelhamid and colleagues present a clear step-by-step procedure to perform diffusing based single-molecule FRET measurements. Overall, it is well-written and easy to follow. I am sure this protocol will be benefit the broad scientific community.

Major Concerns:
In Figure 2, the protocol describes alpha, delta, gamma and beta corrections without detail explanation. The authors should give a brief summary regarding why and how to perform these corrections.
As in the response to Reviewer 1 above, the intricacies of data analysis are beyond the scope of this video article. However, we have added more detail to section 5 in the protocol as requested, and refer interested readers to relevant articles for more information.

Minor Concerns:
1. line 39, the author should provide references regarding the ability of FRET to capture change of single Angstrom. To my knowledge, the detection limit of smFRET is about 2-3 Angstrom.
	We agree with the reviewer and have edited the text accordingly:
“...This scale, and the fact that changes in FRET efficiency are sensitive to Ångstrom [1] molecular movements[2] , makes the technique well suited to investigating structural information about biomolecules…”
2. Line 50, TIRF stands for total internal reflection fluorescence, whereas TIR stands for total internal reflection.
Corrected
3. Please use the same name for SPAD in line 61 and APD in line 104/105.
	Corrected
4. Please provide DNA sequences for duplex DNAs mentioned in line 95.
We have provided the sequence in the new Table 1.
5. Please indicate wavelength of lasers (line 106 and 107).
	Added
6. It would be nice to provide a photo of smfBox for readers to understand lines 127-161.
We have added a full schematic (Fig 1C) and note that the video will show the smfBox in action.
7. What is the meaning of '-1' in line 142?
Removed
8. In the results section, please indicate a suitable data collecting length and state how many bursts events
(rough number or range) are needed in total to perform further data analysis.
Edited to include the requested information: 

“A static single-species system would typically require 30 to 60 minutes of measurement to obtain the necessary ~1,000 bursts needed for robust data analysis. The length of time and number of bursts required will increase with multiple species or dynamic systems.”

9. In line 298, please define normal. How many counts per burst are considered as normal condition?
Edited for clarity: 

“If all signals are low, or counts per burst are lower than expected (this is dye dependant - but for ATTO-550 and ATTO-647N on the smfBox typical values are between 50 and 100 counts per ms during a single-molecule burst), the smfBox will need to be realigned.”


Reviewer #3:
Manuscript Summary:
The authors develop a cost-effective, open-source instrument for single-molecule Förster Resonance Energy Transfer (smFRET) on freely diffusing molecules and provide a protocol for DNA samples. They explain how to determine correction factors and establish standard protocols and analysis in an effort to democratize smFRET to the general community. More specifically, smFRET is generally limited to the relatively few existing smFRET specialist labs. The authors present an off-the-shelf style setup for performing simple measurements, expanding the availability to a wider userbase. Analogous to raspberry pi for computers, their protocol will make the methods accessible to those with fewer resources.

Major Concerns:
The protocol is clear and well organized. 

The description of smFRET in the introduction is lacking. They need to present a more comprehensive overview of smFRET and the contributions made of the over the years by the community. 

From the editor: No comprehensive review is required but some citations to guide those who want one would be nice. 

We have expanded the introduction to discuss (a) similar open-source microscopy projects, and (b) added citations to some recent reviews as suggested by the editor: 

(a) “Despite the many advantages of smFRET, it is not widely used outside of specialist labs due to the high costs of commercial instruments and a lack of simple, self-build alternatives. A growing trend towards development of low-cost opensource microscopy is taking place and other platforms have recently emerged including Planktonscope,17 OpenFlexure Microscope,18 Flexiscope,19 miCube,20 liteTIRF21 and Squid.22”

(b) “This scale, and the fact that changes in FRET efficiency are sensitive to Ångstrom molecular movements,3 makes the technique well suited to investigating structural information about biomolecules - such as nucleic acids and proteins - without the complications of ensemble averaging (for recent reviews see 4–6).”

The analysis software and Jupyter notebook needs to be described in more detail. 

From the editor: A citation for the analysis in the protocols would be okay. 

We have slightly expanded the protocol to include some comments on the analysis software (in place of Figure 2). See expanded section 5. Also, we note that the Jupyter notebooks themselves contain a lot of detailed explanation.

They should present more output in their figures. 

The figures are there as an addition to the video material; hopefully when viewed together, these will provide additional information to make the protocol clear. 

It would be useful to have a side-by-side comparison with traditional smFRET. 

If by ‘traditional smFRET’ the reviewer means data taken on a commercial instrument, we have done this as part of a multi-lab blind study. This included both confocal and TIRF smFRET. We have stated the following in the text:

“The smfBox and the acquisition and data analysis protocols were recently tested against >20 other instruments (both confocal and TIRF) in a multi-lab blind study.25 The FRET efficiencies obtained were in excellent agreement with all the other instruments, despite the smfBox costing only a fraction of the price of commercially available setups.”

Also the discussion should have more detail.

From the editor: The discussion should focus on the protocol as well which should include critical steps within the protocol, any modifications and troubleshooting of the technique, any limitations of the technique, the significance with respect to existing methods, and any future applications of the technique in paragraph style with citations.

We feel we have fulfilled the brief for this, given that this a short protocol paper, and feel that additional detail would not add to the discussion.








