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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N)  Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
2. Does your protocol include software usage? (Y/N)  N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
The most important steps are the sample labeling and purification (step 2-3, 2-4, 2-5 and 2-8) as well as the coverslip spincoat (4-3) and their washes (4-7).
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
The most critical point is to keep the coverslip that will be imaged at a single-molecule level as clean as possible. This point is realized by cleaning them using an air plasma cleaner.
5. Will the filming need to take place in multiple locations? (Y/N)  N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Yuichi Taniguchi: This method demonstrates the calibration of quantifying protein amounts in liquid samples with single-molecule fluorescence spot counting. Specifically, it can elucidate how protein populations can be fluorescently labeled at each molecule level [1].
1.1.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

1.2. Yuichi Taniguchi: Previous methods performed bulk measurements to analyze molar ratios of fluorescent and protein molecules, but they cannot reveal how heterogeneously protein populations are actually labeled. Our method can do it directly at single-molecule level [1].
1.2.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Yuichi Taniguchi: Our method can be extended toward ultra-sensitive and advanced molecular concentration assays, which will lead to future diagnostic methods allowing efficient findings of pathogenic molecules in specimen [1].
1.3.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

1.4. Yuichi Taniguchi: Our method can be applied to single protein species analysis using fluorescent antibodies, as well as multiple species analysis using non-specific labels for all the proteins separated by electrophoresis or chromatography [1].
1.4.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

1.5. Simon Leclerc: The most critical point of this technique is obtaining data reproducibility. I recommend keeping the same experimental conditions as much as possible when measuring multiple samples [1].
1.5.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

1.6. Simon Leclerc: Visual demonstration of this technique will provide how to make each experimental step stable and reproducible. It will also show some uncommon steps in biochemistry protocols, such as the spin coating and washing of microscope coverslips [1].
1.6.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.






Section - Protocol
2. Cell Lysis and Fluorescent Labeling
2.1. To begin this procedure, prepare the lysing buffer and 1 percent Tween 20 as outlined in the text protocol [1]. Use sodium hydroxide to adjust the pH to 12 [2-TXT].
2.1.1. MED/WIDE: Talent approaches the lab bench and begins preparing the buffer and Tween 20. Any action in these preparation processes can be filmed for this shot.
2.1.2. MED: Talent adds sodium hydroxide to the buffer to adjust the pH. TEXT: Warning: NaOH is corrosive.
2.2. Mix 100 microliters of lysing buffer with 1 microliter of 1 molar DDT and 4 microliters of 50 percent CHAPS [1-TXT]. Add 1 microliter of the prepared cell culture [2-TXT], and homogenize the solution by slow pipetting to avoid bubbles [3]. 
2.2.1. MED: Talent mixes the lysing buffer with DDT and CHAPS. TEXT: CHAPS: 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate.
2.2.2. MED: Talent adds some prepared cell culture to the lysing buffer mixture. TEXT: See text for details on preparing the cells. [Shots 2.2.2 and 2.2.3 combined]
2.2.3. CU: Talent pipettes the solution up and down to homogenize it.
2.3. Incubate in the dark at room temperature [1] for 5 minutes with gentle agitation [2]. Then, re-homogenize the solution by pipetting it up and down slowly [3]. 
2.3.1. MED: Talent wraps the sample with aluminum foil.
2.3.2. MED: Talent places the wrapped sample on an orbital mixer.
2.3.3. MED: Talent pipettes the solution up and down to homogenize it.
2.4. Add 1 microgram of Cy3 NHS-ester dye (“sigh-three N-H-S ester dye”) [1-TXT] and homogenize the solution by slowly pipetting to avoid bubbles [2]. Incubate in the dark at room temperature for 10 minutes with gentle agitation [3]. Repeat this process – adding the same amount of dye and incubating the sample – one time [4]. 
2.4.1. MED: Talent adds the dye to the solution. TEXT: Cy3 NHS-ester dye concentration: 2 μg/mL.
2.4.2. MED: Talent pipettes the solution up and down to homogenize it.
2.4.3. MED: Talent transfers the solution to a dark place to incubate with gentle agitation.
2.4.4. MED: Talent adds additional dye to the solution and pipettes it up and down. Alternatively, any part of this process can be filmed for this shot.
2.5. Add 100 microliters of 0.8 molar HEPES-sodium hydroxide to adjust the pH of the solution to 7.2 and to quench the reaction [1]. Slowly pipet up and down to homogenize the solution [2].
2.5.1. MED: Talent adds HEPES-sodium hydroxide to the solution to adjust the pH. [Shots 2.5.1 and 2.5.2 combined]
2.5.2. MED: Talent pipettes the solution up and down to homogenize it.
2.6. Next, add 20 microliters of biotin-(PEG)2-amine and 5 microliters of EDC [1-TXT]. Homogenize the solution by pipetting up and down slowly [2]. Incubate in the dark at room temperature for 1 hour with gentle agitation [3].
2.6.1. MED: Talent adds biotin-(PEG)2-amine (“bio-tin peg-two amine”) and EDC to the solution. TEXT: Biotin-(PEG)2-amine concentration: 19 mg/mL; EDC concentration: 20 mg.mL. [Shots 2.6.1 and 2.6.2 combined]
2.6.2. MED: Talent pipettes the solution up and down to homogenize it.
2.6.3. MED: Talent transfers the solution to a dark place to incubate with gentle agitation.
2.7. After this, use an ultrafiltration column with a 10 kilodalton cut-off to remove any unreacted labeling reagents and concentrate the sample [1].
2.7.1. MED: Talent approaches an ultrafiltration column and begins using it to remove any unreacted labeling reagents and concentrate the sample.

3. Proteome Separation and Recovery
3.1. After performing standard SDS-PAGE for the protein sample and a molecular ladder [1-TXT], image the gel to identify the location of the protein bands [2]. Use a sharp blade to cut out the gel portions that include protein fractions of interest based on the band locations [3].
3.1.1. MED: Talent, at a lab bench, performed SDS-PAGE. Any action in this process can be filmed for this shot. Alternatively, the talent can be filmed at the bench with an already completed gel.
3.1.2. MED: Talent images the gel.
3.1.2a. [Added Shot]: Additional shot of image on screen. (Editor: This can be used instead of 3.1.2 if it looks better)
3.1.3. CU: Close up as the talent uses a sharp blade to cut off the gel portions that include the protein fractions of interest.



4. Microscope Coverslip preparation
(Author Comment: We did not show simple dilution in 4.4.1, 4.5.1 and 4.6.1)
(Editor: 4.4.1 was intended to show droplets placed on the coverslip, 4.5.1 was intended to show spin coating, and 4.6.1 was intended to show rinsing. These were not dilution steps, so I’m not sure what the authors cut or what is shown instead. I’m also unsure if the VO needs changing. I have not made changes to these steps in the shotlist as I am unsure as to what the authors want)
4.1. First, set out coverslips that are 22 millimeters by 22 millimeters and are 0.15 millimeters thick [1]. Use a plasma cleaner to expose the coverslips to air plasma for 1 minute to clean and activate their surfaces [2].
4.1.1. MED: Talent sets out coverslips onto the lab bench.
4.1.2. MED: Talent loads the coverslips into a plasma cleaner and turns the plasma cleaner on.
4.1.2a. [Added Shot]: Additional shot of plasma cleaner CU
4.2. Next, use a spin-coater to spin-coat the coverslips with 200 microliters of avidin buffer for 5 seconds at 500 rpm, followed by 30 seconds at 1,000 rpm [1-TXT]. Incubate the coverslips at room temperature for 15 minutes to let them air dry [2].
4.2.1. MED: Talent loads the coverslips and buffer into the spin-coater, and then turns the spin-coater on. TEXT: See text for details on preparing the avidin buffer.
4.2.2. MED: Talent sets the coverslips aside to air dry at room temperature.
4.3. To prepare coverslips for the preteen sample, use a protein sample that has been diluted [1]. Place 100 microliters of the diluted sample onto the center of avidin-coated coverslips [2]. Incubate in the dark at room temperature for 15 minutes [3].
4.3.1. MED: Talent dilutes the protein sample in HEPES-sodium hydroxide. (Editor: This was apparently a dilution that was not shot. I’m not sure if anything else was filmed here. If not, I recommend cutting this VO and the information can be relayed in a short text overlay in the following shot)
4.3.2. CU: Talent transfers some of the diluted sample into the center of a coverslip.
4.3.3. MED: Talent wraps the samples in aluminfoil.
4.4. To prepare the positive control, place 100 microliters of purified fluorescent biotin in 5 micromolar HEPES-sodium hydroxide at pH 7.2 in the center of an avidin coated coverslip [1-TXT]. Incubate in the dark at room temperature for 15 minutes [2].
4.4.1. CU: Talent transfers purified fluorescent biotin in HEPES-sodium hydroxid to the center of a coverslip Use 4.3.2 take 2. TEXT: Purified fluorescent biotin concentration: 10 ng/mL. (Editor: The authors and videographer notes conflict. The videographer states that this was not shot because it was identical to 4.3.2 take 2 while the authors state that it was a dilution shot. I’ve marked it as using 4.3.2 take 2 instead.)
4.4.2. MED: Talent transfers the coverslips into a dark place to incubate Use 4.3.3
4.5. To prepare the negative control, spin coat plasma coverslips with 200 microliters of 5 HEPES-sodium hydroxide with 2 milligrams per milliliters of BSA without avidin [1].  Add 100 microliters of purified fluorescent biotin in 5 micromolar HEPES-sodium hydroxide at pH 7.2 [2]. Incubate in the dark for 15 minutes at room temperature [3].
4.5.1. MED: Talent loads the coverslips and HEPES-sodium hydroxide with BSA into a spin-coater and turns the spin-coater on. Use 4.2.1
4.5.2. MED: Talent adds purified fluorescent biotin to the coverslip. Use 4.3.2 take 2
4.5.3. MED: Talent transfers the coverslips into a dark place to incubate. Use 4.3.3
4.6. After this, rinse each coverslip with 200 microliters of distilled water by pipetting at the edges, making sure to not touch the middle of the coverslip with the pipette tip [1]. Repeat this wash three times [2].
4.6.1. CU: Talent rinses the coverslips with distilled water. Make sure the proper washing technique is shown up close.
4.6.2. MED: Talent repeats the wash.
4.7. Then, expose an equal number of new coverslips to air plasma for 1 minute [1]. Place a cleaned coverslip on top of each sample-bound coverslip to avoid drying [2].
4.7.1. MED: Talent loads new coverslips into the plasma cleaner and turns the plasma cleaner on.
4.7.2. CU: Close up as the talent places a clean coverslip on top of the sample-bound coverslip.
5. Observation with Single Molecule Fluorescence Microscopy
5.1. Start up a wide-filed or evanescent field fluorescence microscope [1]. Set a coverslip onto the microscope and find the focus [2]. Then, perform a tile scan to obtain at least 100 images [3].
5.1.1. [bookmark: _GoBack]MED: Talent starts up a wide-filed or evanescent field fluorescence microscope.
5.1.2. MED: Talent sets a coverslip into the microscope.
5.1.3. MED: Talent performs a scan.
Section – Results
6. Results: Labeling Homogeneity at the Single Molecule Level
6.1. In this study, the labeling homogeneity of each labeled protein species in cells is quantified after separation with SDS-PAGE [1]. The raw image data for different molecular weight fractions of proteins from HeLa cell lysate, as well as the positive and negative controls, are seen here [2].
6.1.1. LAB MEDIA: Figure 4. Video Editor: Show only the three images and three plots on the left (both the image and plot for Positive Control, Negative Control, and Whole).
6.1.2. LAB MEDIA: Figure 4. Video Editor: Continue showing the three images and three plots from 6.1.1.
6.2. While both the protein sample and the positive control exhibit between 100 and 500 spots per image [1], the negative control exhibits very few to none [2]. This shows that the process sufficiently inhibits non-specific binding of dyes to the coverslip surface [3].
6.2.1. LAB MEDIA: Figure 4. Video Editor: Continue showing the three images and three plots from 6.1.1. Emphasize the images and plots for the Positive Control and Whole.
6.2.2. LAB MEDIA: Figure 4. Video Editor: Continue showing the three images and three plots from 6.1.1. Emphasize the image and plot for the Negative Control.
6.2.3. LAB MEDIA: Figure 4. Video Editor: Continue showing the three images and three plots from 6.1.1. Hold the emphasis from 6.2.3 for the remaining voiceover narration.
6.3. Spot intensity histograms for the [1] protein samples and the positive control present multiple peaks, which represent the stochastic binding of dyes to primary amines in proteins and avidin tetramer structures, respectively [2].
6.3.1. LAB MEDIA: Figure 4. Video Editor: Zoom out to show the entire Figure 4.
6.3.2. LAB MEDIA: Figure 4. Video Editor: Emphasize the plots (the histograms) for the Positive Control, Whole, 16 kDa, 23 kDa, 55 kDa, and 120 kDa.
6.4. All spots showed blinking and stepwise photobleaching with continuous laser excitation, highlighting observation at the single molecule level [1].
6.4.1. LAB MEDIA: Figure 5.
6.5. The LO is then calculated from the ratio of the number of spots in every protein sample to that in the positive control [1]. The LO measured from the HeLa cell lysate sample ranges from 50 percent for the smaller molecular weight fraction [2] to 90 percent for the higher molecular weight fraction [3]. 
6.5.1. LAB MEDIA: Figure 6.
6.5.2. LAB MEDIA: Figure 6. Video Editor: Emphasize the column labled “16”.
6.5.3. LAB MEDIA: Figure 6. Video Editor: Emphasize the column labled “120”.
6.6. The LO for the whole proteome sample without separation is seen to be 72 percent [1].
6.6.1. LAB MEDIA: Figure 6. Video Editor: Emphasize the column “Whole”.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Simon Leclerc: It is critical to use freshly made reagents and to avoid any dust [1], especially during the preparation of the coverslips [2]. 
7.1.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
7.1.2. Show a shot from 4.3 – 4.9 (use any shot that shows the coverslips being prepared clearly).
7.2. Simon Leclerc: Following this procedure, single molecule counting analysis in a certain volume can be performed to quantify ultra-low protein concentrations. For example, analyses on ELISA products, or gel and capillary electrophoresis products can be performed. Simon, please modify [1].
7.2.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
7.3. Yuichi Taniguchi: This technique paves the way for utilizing single molecule fluorescence imaging to molecular medicine, analytic chemistry and omics analysis, by linking the concepts between concentrations and numbers [1].
7.3.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
7.4. Simon Leclerc: Concentrated NaOH is corrosive, and adequate protection should be worn when handling it. Also, high power laser radiation can cause eye damage, so protective googles must be worn [1].
7.4.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
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