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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y 
Can you record movies/images using your own microscope camera? Y 

2. Does your protocol include software usage? Y
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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.3. 
3.4
4.2 
4.3
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. (Please do not list entire sections.)
4.2
5.2

5. Will the filming need to take place in multiple locations? Y (two rooms within same lab)


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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


1.1. Elias Puchner: Our protocol describes the use of conventional BODIPY dyes for Super-resolution Microscopy using their sparse red-shifted states. This enables us to study numerous  organelles and biomolecules in living cells with 30 nm resolution [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Elias Puchner: The advantage of this method is its simplicity and the versatility of different available BODIPY conjugates that provide a long lasting source of single-molecule signals [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot 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. Chiranjib Banerjee: Our demonstrated application could become important to gain insights in diseases such as fatty liver disease or type 2 diabetes by resolving lipid droplets and fatty acids below the diffraction limit [1].
1.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.4. Santosh Adhikari: We gained insights in fatty acid and lipid droplet biology in yeast and mammalian cells. However, this technique is likely applicable to all transparent cell types with low background fluorescence [1].
1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.5. Chiranjib Banerjee: When using this technique for the first time, make sure to optimize dye concentrations and laser powers to observe bright single molecule signals [1].
1.5.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.6. Santosh Adhikari: A visual demonstration of this method is important to see how the dye concentration and the optimization of laser powers results in bright single molecule signals [1].
1.6.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.



1.1. 

Section - Protocol
Videographer NOTE: All of the SCOPE shots are to be provided by the authors. They agreed to send a video file directly from the microscope and the screen capture of the microscope on the computer. I did still get a shot slated as SCOPE of the talents hands focusing and moving the plate.
2. Preparation of Mammalian Cells for SMLM (Single-Molecule Localization Microscopy) Imaging
2.1. [bookmark: _GoBack]Maintain the mammalian U2OS (pronounce as U-two-Oh-S) cells in non-fluorescent DMEM with 10 percent fetal bovine serum, 4 millimolar glutamine, 1 millimolar sodium pyruvate and 1 percent penicillin-streptomycin antibiotics in a T25 (pronounce as T-twenty-five) flask [1]. 
2.1.1. Talent adds cells into a flask with solution and places the flask in the incubator. Videographer NOTE: The cells are generally already in the flask. We shot two options, one with taking the flask into the hood and sucking some liquid out, one with just getting ready for the cell entry.
2.2. Split the cells at 7080 percent confluency to 1 to 5 and pour in a single well of an 8-well plate [1]. Culture the cells in the 8-well plate for 12 to 24 hours [2].
2.2.1. CU: Talent takes the flask out of incubator and adds cells into a well of a plate.
2.2.2. Talent places the plate on a surface inside the incubator. 
2.3. Ten minutes prior to imaging, add BODIPY-C12 (pronounce as BO-DI-PY C-twelve), LysoTracker Green or any other BODIPY conjugate at a final concentration of 100 nanomolar [1]. 
2.3.1. Talent adds solution into the well. Important Step (addition of dye in a chamber of the 8 well) Videographer NOTE: There are a couple options for the shot used in the edit.  
3. Equipment Preparation
3.1. Mount the appropriate filter sets in the emission path based on the emission color of BODIPY being used [1]. Turn on the microscope, microscope stage, lasers at 488 nanometers and 561 nanometers and the camera [2]. Add a drop of immersion oil on the microscope objective [3].
3.1.1. Talent fixes filter sets.
3.1.2. Talent turns on the microscope, lasers, and camera. 
3.1.3. CU: Talent adds a drop of oil on the microscope objective. NOTE: Please move the shot before 3.4.1.
3.2. Open the Hal4000 (pronounce as Hal-four-thousand) software that controls the LED light for bright field imaging, laser powers, laser shutters and camera settings for imaging. Set the EMCCD (pronounce as E-M-C-C-D) gain to 30 and the camera temperature to -68 degrees Celsius. Prepare the camera and corresponding software to record movies at 20 Hertz [1]. 
3.2.1. SCREEN: Talent opens software, and adjusts settings. Videographer NOTE: 3.2.1, 4.1.1, 4.2.1, 4.3.1, 4.4.1, 5.1.1, 5.2.1, 5.3.1, 5.4.1 are all slated as one take (SCREEN).
3.2.2. These are all performed on the computer, and so I just took a long take of different focal lengths
3.2.3. on the computer and performing the tasks that they will screen capture.
3.3. Turn on the microscope stage heater and set it to a temperature of 37 degrees Celsius and to a carbon dioxide level of 5 percent. Adjust the objective correction collar accordingly [1]. 
3.3.1. Talent turns on microscope stage heater, and adjusts settings.
3.4. Mount the sample on the microscope stage [1] and focus until the focusing system engages. Move the stage using the stage controller until healthy cells appear in the field of view [2].
3.4.1. Talent places the plate on the microscope stage.
3.4.2. SCOPE: Talent focuses on the sample, and moves the stage to show healthy cells. Author NOTE: Screen and raw movie also available as an option. Important Step
4. Data Acquisition
4.1. Load laser shutter sequences for the excitation of monomers as well as dimers [1]. 
4.1.1. Talent loads laser shutter sequences.
4.2. Tune the laser power of the 561-nanometer laser to between 0.81 kilowatts per square centimeter for single-molecule localization microscopy such that single molecule fluorescence bursts are detected in the red-shifted emission channel [1]. 
4.2.1. Talent adjusts laser powers, and shows the red fluorescence. Author NOTE: Screen and raw movie also available as an option.  Important Step
4.3. Adjust the laser power between 0.0350.07 watts per square centimeter for the 488-nanometer laser so that the conventional fluorescence appears in the green emission channel [1].
4.3.1. Talent adjusts laser powers, and shows the green fluorescence. Author NOTE: Screen and raw movie also available as an option. Important Step
4.4. Choose a destination folder for movies and record 5,00020,000 acquisition frames to collect enough localizations for reconstructing super-resolution images [1]. Move to different fields of view and repeat to collect data from more cells [2]. 
4.4.1. SCREEN: Talent chooses a folder, and records images.
4.4.2. SCOPE: Talent shows a different field Author NOTE: Screen movie also available as an option.
5. Data Analysis and Single-Molecule Tracking
5.1. Load the movie into a single-molecule localization microscopy analysis software. Visually screen the movie and adjust contrast settings such that single-molecule fluorescent blinking is visible [1].
5.1.1. SCREEN: Talent loads the movie, and adjusts contrast setting.
5.2. To set single molecule identification parameters for fitting with 2D Gaussian PSFs (pronounce as P-S-Fs), visually screen through some example frames to check the identification parameters and reliably detect the distinct single molecule fluorescent bursts [1]. 
5.2.1. SCREEN: Talent screens through frames to check parameters, and detect fluorescent bursts. Important Step
5.3. Press analysis to perform single-molecule localization microscopy image analysis with the optimized identification parameters [1] and then render each single molecule as a 2D Gaussian whose width is weighted by the inverse square root of the detected number of photons [2].
5.3.1. SCREEN: Talent performs SMLM image analysis.
5.3.2. SCREEN: Talent renderes the each molecule as a 2D Gaussian.
5.4. Assess the quality of the data. Use restricted frame ranges to observe single molecule distributions at more specific instances in time. This accounts for organelle movement during data acquisition [1].
5.4.1. SCREEN: Talent observes single molecule distributions.



Section – Results
6. Results: SMLM Imaging Using BODIPY Conjugates
6.1. In this study, we presented an optimized sample preparation, data acquisition and analysis procedure for single-molecule localization microscopy using BODIPY conjugates [1]. 
6.1.1. LAB MEDIA: Figure 1A
6.2. To demonstrate an example of the workflow for acquiring and analyzing single-molecule localization microscopy data, BODIPY in yeast was employed to resolve lipid droplets below the optical diffraction limit [1]. 
6.2.1. LAB MEDIA: Figure 1BF
6.3. Examples of the different multi-color imaging modes of BODIPY [1] in conjunction with other probes such as GFP (pronounce as G-F-P) [2], and mEos2 (pronounce as M-E-Ohs-two) are shown here [3]. 
6.3.1. LAB MEDIA: Figure 2 – Video editor: Emphasize Figure 2A.
6.3.2. LAB MEDIA: Figure 2 – Video editor: Emphasize Figure 2B.
6.3.3. LAB MEDIA: Figure 2 – Video editor: Emphasize Figure 2C.
6.4. BODIPY-C12 formed immobile non-lipid-droplet clusters in cell periphery upon fasting [1] in contrast to their incorporation into lipid droplets under fed conditions [2]. 
6.4.1. LAB MEDIA: Figure 3B
6.4.2. LAB MEDIA: Figure 3C
6.5. To further extend the single-molecule localization microscopy capability of BODIPY conjugates to mammalian cells, BODIPY-C12 and LysoTracker-green in live U2OS (pronounce as U-two-Oh-S) cells were imaged [1].
6.5.1. LAB MEDIA: Figure 4
6.6. 


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Santosh Adhikari: Optimizing the BODIPY concentration as well as the excitation power are critical steps in order to observe bright single molecule signals and to reconstruct super-resolution images [1].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. – Video editor: B-roll suggestion: Shot 2.3 & 4.2
7.2. Chiranjib Banerjee: This method can be used with any other BODIPY conjugate to gain high resolution insights in the spatio-temporal distribution of specific biomolecules inside living cells [1].
7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.3. Santosh Adhikari: Our technique paved the way to further interrogate lipid droplet and fatty acid biology on the nanoscopic length scale. However, its applications go far beyond this specific field of research due to the availability of various functional BODIPY conjugates [1].
7.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.4. Chiranjib Banerjee: Please be sure to follow standard operating procedures for handling the biological samples and dyes. Also, please be aware of laser hazards and follow laser safety procedures [1].
7.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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