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Authors, please check that the answers to the questionnaire are correct.

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 2.5., 2.6., 2.7., 2.10., 2.14., 2.15., 2.16.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.  same as C
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? __50 meters (on the same floor of the same building)_


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

Video editor: graphics are in ‘51774_overview_graphics.pptx’

The overall goal of this procedure is to demonstrate how to carry out Fluorescence Imaging with One-Nanometer Accuracy, or FIONA, experiments. (Intro) 

This is accomplished by first setting up the required equipment and aligning the optics for total internal reflection fluorescence microscopy, or TIRFM.  (Video editor: slide 1: animate the set up in this order: Laser, M1, M2, L1, L2, M3, M4, Objective, Sample, L3, dotted blue line starting from the laser) (P1)

The next step is to immobilize Cy3-DNA on the inner surface of a sample chamber and to localize Cy3-DNA single molecules with nanometer precision. [Video editor: slide 2: show coverslip only, then add BSA (grey) and Biotin-BSA (grey with blue dot), followed by the pink Neutravidin, and lastly the squiggly Cy3-DNA] (P2)

Subsequently FIONA is applied to study the movement of a single truncated myosin five-A motor labeled with a quantum dot. (Video editor: slide 3: animate the Myosin moving along the F-Actin rod) (P3)

Ultimately, the step size of myosin as it walks on actin was measured as 36 nm by FIONA analysis. (Video editor: show Figure 5.jpg) (P4)










B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Yong_Wang: Though this method can provide insight into molecular motors, it can also be applied to other systems such as the tracking of receptors on the membrane of cells.
1.2. Kai Wen Teng:  Visual demonstration of this method is critical as the experimental details are difficult to learn. 


Protocol (read by voice talent at JoVE):

2. TIRFM setup

2.1. It is important to wear laser-safety goggles at all times during the setup for total internal reflection fluorescence microscopy, or TIRFM.

Shots:
2.1.1. WIDE/MED: Talent at the microscope, putting on laser-safety goggles. [Take 2 best]

2.2. To begin, set the heights of all the optical components to the height of the center of the microscope back port.

Shots:
2.2.1. MED: Talent setting the heights of all the optical components to the height of the center of the microscope back port.

2.3. Mount the laser, laser shutter and ND filters. Use ND filters to attenuate the laser power down as low as possible while keeping the beam visible. Tighten screws with the appropriate hex keys.

Shots:
2.3.1. MED: Talent mounting the laser and laser shutter. [Take 2 best]
2.3.2. MED: Talent mounting ND filters and using them to adjust the power of the laser beam.
2.3.3. CU: A Screw being tightened with a hex key.

2.4. Plan a beam path as illustrated by the dotted blue lines in this schematic (show Figure 1). Mark the beam path with tape or marker on the optical table. 

Shots:
2.4.1. LAB MEDIA: Figure 1.jpg
2.4.2. MED: Talent marking the beam path with tape or marker on the optical table.

2.5. Place mirror M1 at the first right angle turn (Video editor: show Fig. 1 and highlight M1, then show footage).  Place the two irises along the second straight section of the planned beam path. Adjust both the position and the tilt of M1 such that the laser goes through the irises.

Shots:
2.5.1. LAB MEDIA: : Figure 1.jpg
2.5.2. CU: M1 being placed at the first right angle turn.
2.5.3. CU: Two irises being placed.
2.5.4. MED: Talent adjusting M1 so that the laser goes through the irises. [ended with CU of adjustment]

2.6. Place mirror M2 at the second right angle turn (Video editor: show Fig. 1 and highlight M2, then show footage).   Place the 10X beam expander along the third straight section of the path. Adjust its tilt such that the beam expander is parallel to both the optical table and the planned beam path.

Shots:
2.6.1. LAB MEDIA: Figure 1.jpg
2.6.2. CU: M2 being placed at the second right angle turn.
2.6.3. MED: Talent placing beam expander and then adjusting it so that it is parallel to both the optical table and the planned beam path.

2.7. The next step is to adjust M1 and M2 iteratively such that the laser goes straight through the centers of both lenses (L1 and L2) of the beam expander. (Video editor: show Figure 1 and highlight M1, M2, L1, L2 and the dotted blue line going through L1 and L2, then show footage of talent adjusting M1 and M2) Use a piece of white paper to block the beam after the beam expander to check the beam profile by eye. Adjust until the beam profile of the expanded beam is non-clipped Gaussian.

Shots:
2.7.1. LAB MEDIA: Figure 1.jpg
2.7.2. MED: Talent adjusting M1 and M2.
2.7.3. MED: Talent using white paper to block the beam and then checking beam profile by eye.
2.7.4. CU: A shot of the ideal beam profile. 

2.8. Adjust the distance between L1 and L2 such that the beam is collimated. 

Shots:
2.8.1. MED: Talent adjusting the distance between L1 and L2.
2.8.2. CU: A shot of the collimated beam. 

2.9. Shutter the laser, unscrew the microscope objective, and screw in a fluorescent alignment target. Place mirrors M3 and M4 to direct the expanded beam into the microscope port and onto the dichroic mirror inside the turret. (Video editor: show Figure 1 and highlight M3 and M4, then show footage of talent placing M3 and M4)

Shots:
2.9.1. MED: Talent shuttering the laser, unscrewing the microscope objective, and screwing in a fluorescent alignment target.
2.9.2. LAB MEDIA: Figure 1.jpg
2.9.3. MED: Talent placing M3 and M4 to direct the expanded beam into the microscope port and onto the dichroic mirror inside the turret.

2.10. Adjust M3 to center the brightest part of the beam on the fluorescent target, and M4 to make the beam tilt vertical.

Shots:
2.10.1. CU: M3 being adjusted to center the brightest part of the beam on the fluorescent target.
2.10.2. CU: M4 being adjusted to make the beam tilt vertical.

2.11. Shutter the laser and screw the objective back in. Fine-tune the tilts of M3 and M4 to optimize the laser power and beam profile out of the objective.

Shots:
2.11.1. MED: Talent shuttering the laser and screwing the objective back in.
2.11.2. MED: Talent fine-tuning the tilts of M3 and M4 to optimize the laser power and beam profile out of the objective.

2.12. Mount an EMCCD camera to the microscope and connect the camera to a computer. Start the software for the camera.

Shots:
2.12.1. WIDE/MED: Talent mounting the camera to the microscope, connecting it to a computer, and starting the software.

2.13. Mount a fluorescent sample on the microscope.  Look at the bright fluorescent spot on the camera. Check that the spot does not shift on the screen as the focus is changed.

Shots:
2.13.1. CU: a fluorescent sample being mounted on the microscope.
2.13.2. MED/over the shoulder: talent looking at the bright fluorescent spot on the camera and checking that the spot does not shift as the focus is changed.

2.14. Place the TIR lens on the XYZ translation stage at a distance from the back focal plane of the objective, which is equal to the focal length of L3, which is about 30 cm. Adjust the position of L3 such that the laser goes through the center of the lens.

Shots:
2.14.1. MED: Talent placing the TIR lens (L3) on the XYZ translation stage and adjusts it.
2.14.2. CU: A shot of the laser going through the center of L3.

2.15. Translate L3 along the beam path to adjust the beam collimation. Make sure that the beam is still centered on the monitor and symmetrical in shape.

Shots:
2.15.1. MED: Talent translating L3 along the beam path to adjust the beam collimation.
2.15.2. CU: A shot of the collimated beam centered on the monitor and symmetrical in shape.

2.16. Translate L3 perpendicular to the beam path to tilt the beam out of the objective. Keep translating the TIR lens such that TIR is achieved.

Shots:
2.16.1. MED: Talent translating L3 perpendicular to the beam path to tilt the beam out of the objective until TIR is achieved. [Take 2 best]

3. FIONA on Cy3-DNA

3.1. Prior to carrying out a FIONA experiment on localizing immobilized Cy3-DNA single molecules, construct sample chambers as detailed in the protocol text.

Shots:
3.1.1. MED: Talent setting out previously constructed sample chambers.

3.2. (show Figure 2a) Two strips of double-sided tape are applied onto the slide along the long edges, leaving a gap of 3-5 mm at the center, and then a cleaned coverslip is placed on top of the slide. 

Shots:
3.2.1. LAB MEDIA: panel a of Figure 2.jpg

3.3. Side views of the chamber from the right (Video editor: add panel b) and from the front (Video editor: add panel c) are shown. The open ends of the chamber are left open and serve as the inlet and outlet.

Shots:
3.3.1. LAB MEDIA: Figure 2.jpg

3.4. To immobilize Cy3-DNA on the inner surfaces of the sample chamber, pipet 10 µl of BSA-biotin into the chamber. Wait for 5 minutes. (TEXT: 10 µl of 1 mg/ml BSA-biotin; 5 min)

Shots:
3.4.1. MED: Talent pipetting 10 µl BSA-biotin into the chamber and then sets it aside for 5 minutes.

3.5. Wash the sample chamber by pipetting 40 µl of T50-BSA into the chamber. Then pipet 10 µl of neutravidin into the chamber and incubate for 5 minutes. (TEXT: 10 µl of 0.5 mg/mL neutravidin; 5 min)

Shots:
3.5.1. MED: Multiple takes from different angles of talent pipetting 40 µl of T50-BSA into the chamber. Shot will be repeated later.
3.5.2. CU: 10 µl of neutravidin being pipetted into chamber.

3.6. Wash the chamber with 40 µl of T50-BSA. Pipet 20 µl of Cy3-DNA into the sample chamber and incubate for 5 minutes. (TEXT: 20 µl of Cy3-DNA; 5 min)

Shots:
3.6.1. Use shot from 3.5.1. filmed
3.6.2. CU: 20 µl of Cy3-DNA being pipetted into the sample chamber.

3.7. Lastly, wash the chamber with 80 µl of T50-BSA.

Shots:
3.7.1. MED: Talent pipetting 80 µl of T50-BSA into the chamber.

3.8. To begin the procedure for imaging Cy3-DNA single molecules under TIRFM, pipet 30 µl of imaging buffer into the sample chamber and wait for 8-10 minutes.

Shots:
3.8.1. CU: 30 µl of imaging buffer being pipetted into the sample chamber.

3.9. Mount the sample for imaging on a TIRF microscope that is equipped with a green laser, a 100X oil immersion objective, and an EMCCD camera.

Shots:
3.9.1. MED: Talent mounting the sample on the TIRF microscope.

3.10. Set the exposure time and the EM gain. (TEXT: Typical exposure times = 100-500 ms; Typical EM gain = 25-100) Acquire a movie of the sample for 1000 frames.

Shots:
3.10.1. MED/over the shoulder: talent setting exposure time and EM gain.
3.10.2. MED: Talent starting image acquisition.

4. Data analysis for FIONA on Cy3-DNA

Videographer: no filming needed for this segment because author will provide screen capture files.

4.1. Compile and run FIONA.pro for FIONA analysis.  Use this IDL program to import the acquired image, to input the effective pixel size and the conversion factor from intensity to photon number, and to choose spots for FIONA analysis.

Shots:
4.1.1. SCREEN: Acquired image being imported, effective pixel size and conversion factor being input, and spots chosen for FIONA analysis.

4.2. At the end, the program will output the fitting results with 2D Gaussian functions, as well as total photon numbers and localization precision. 

Shots:
4.2.1. SCREEN: Output of fitting results with 2D Gaussian functions, total photon numbers and localization precision.

4.3. Compile and run phcount.pro to characterize photon count.  Use this IDL program to measure the average number of photons emitted by a fluorophore before photobleaching, to import the acquired image, and to input the conversion factor from intensity to photon number.

Shots:
4.3.1. SCREEN: Photon counts being characterized - average number of photons emitted by a fluorophore measured, the acquired image imported, and the conversion factor from intensity to photon number being entered.

4.4. The program will detect fluorescent spots automatically, calculate photon counts as a function of frame number, and output the traces of photon counts. 

Shots:
4.4.1. SCREEN: fluorescent spots being automatically detected and photon counts calculated as a function of frame number,
4.4.2. SCREEN: output of traces of photon counts.

5. Application of FIONA to quantify motor dynamics at nanometer scale 

5.1. Prepare the sample for this experiment by pipetting 20 µl of biotinylated BSA at 1 mg/mL in ddH2O into a sample chamber. Incubate for 10 minutes. (TEXT: 20 µl of 1 mg/mL BSA-biotin; 10 min) Rinse with 30 µl of ddH2O. 

Shots:
5.1.1. MED: Talent pipetting 20 µl of BSA-biotin into sample chamber and then setting it aside for 10 min.
5.1.2. MED: Talent pipetting 30 µl of ddH2O into chamber.

5.2. Pipet in 0.5 mg/mL of neutravidin and incubate for 2 minutes. (TEXT: 0.5 mg/mL neutravidin; 2 min) Wash the chamber with 30 l of M5-BSA.

Shots:
5.2.1. CU: Neutravidin being pipetted into chamber.
5.2.2. MED: Multiple takes from different angles of talent pipetting 30 l of M5-BSA buffer into chamber.  Shot will be repeated later.

5.3. The actin for this experiment must be prepared on the previous day, as described in the protocol text. Dilute the prepared F-actin 25 times in general actin buffer to a final concentration of ~0.004 mg/mL. Pipet the actin solution into the chamber and wait for 10 minutes. (TEXT: ~0.004 mg/mL F-actin; 10 min)  Rinse the chamber with 30 µl of buffer.

Shots:
5.3.1. MED: Talent setting out the tube of prepared F actin and then dilutes it 25X in general actin buffer.
5.3.2. CU: Actin being pipetted into chamber.
5.3.3. Use shot from 5.2.2.

5.4. Dilute myosin Va (pronounced: “five-A”) with FLAG tags by 30-fold in M5 buffer to a final concentration of 250 nM. 

Shots:
5.4.1. MED: Talent diluting myosin in M5 buffer.

5.5. Mix 1 µl of the diluted myosin with 1 µl of Anti-FLAG-Qdot705. Add in 8 μl of M5 to fill to 10 µl and pipet up and down to mix well. Incubate for 10 minutes on ice. 

Shots:
5.5.1. MED: Talent mixing 1 µl of myosin with 1 µl of Anti-FLAG-Qdot705, and then adding in 8 μl of M5, and pipetting the mixture up and down.
5.5.2. CU: Mixture being placed on ice.

5.6. Pipet 20 µl of imaging buffer containing myosin-Qdot into the sample chamber. Incubate for 8 – 10 minutes. (TEXT: 2.5 nM myosin-Qdot; 8-10 min)

Shots:
5.6.1. CU: 20 µl of imaging buffer containing myosin-qdot being pipetted into the sample chamber.

5.7. Image the sample on the TIRF microscope at an exposure of 30 milliseconds. Acquire at least 1000 frames. (TEXT: 30 ms exposure; 1000 frames)

Shots:
5.7.1. MED: Talent at the TIRF microscope acquiring images.

6. Data analysis and finding the step-size of myosin walking

Videographer: no filming needed for this segment because author will provide screen capture files.

6.1. To begin data analysis, open the video file in ImageJ and crop the video around a moving spot. 

Shots:
6.1.1. SCREEN: Video file being opened in Image J.
6.1.2. SCREEN: Video being cropped around a moving spot.

6.2. Track the spot through the video to generate x and y coordinates through time, in pixels, by applying FIONA analysis to each and every frame of the video.

Shots:
6.2.1. SCREEN: FIONA analysis being applied to each and every frame of the video.

6.3. Convert pixels to nanometers, as described in the protocol text.

Shots:
6.3.1. SCREEN: Pixels being converted to nanometers.

6.4. Calculate displacement from initial position as a function of time.

Shots:
6.4.1. SCREEN: calculation of displacement from initial position as a function of time.

6.5. Run a t-test on the displacement to obtain the steps of myosin walking.

Shots:
6.5.1. SCREEN: A t-test being run on the displacement.

6.6. Delete all zero-values from the step-size column. Plot the distribution of the step sizes using Origin or Matlab. Fit a Gaussian to the histogram. 

Shots:
6.6.1. SCREEN:  All zero values being deleted from the step-size column.
6.6.2. [bookmark: _GoBack]SCREEN: Distribution of the step sizes being plotted and a Gaussian fitted to the histogram.

7. Results: single fluorophores are localized with nanometer precision using FIONA 

7.1. In this typical image of surface-immobilized Cy3-DNA (Figure 4a), the yellow arrow points to a single Cy3-DNA molecule, whose point-spread-function, or PSF, is shown here. (add Figure 4b)

Shots:
7.1.1. LAB MEDIA: panels a and b from ‘Figure 4.jpg’

7.2. The PSF is fitted with a two-dimensional Gaussian function (Figure 4c) and fitting residuals are also shown. (add Figure 4d)

Shots:
7.2.1. LAB MEDIA: panels c and d from ‘Figure 4.jpg’

7.3. This plot is a typical trace of photon count vs. frame number. (Figure 4e)

Shots:
7.3.1. LAB MEDIA: panel e from ‘Figure 4.jpg’

7.4. An exponential fitting gives the average photon number of ~ 1.4 x 106. (Figure 4f)

Shots:
7.4.1. LAB MEDIA: panel f from ‘Figure 4.jpg’

7.5. To measure myosin step-size, a video file with good signal-to-noise of a single myosin as it walks along an actin filament is captured; three example frames are shown. (Figure 5a)

Shots:
7.5.1. LAB MEDIA: panel a from ‘Figure 5.jpg’

7.6. Application of FIONA to each frame yields a distance versus time trace, plotted in white. A step-finding algorithm based on the T-test is used to extract individual steps, and the output is overlaid in red. Step sizes in nanometers are labeled in white. (Figure 5b)

Shots:
7.6.1. LAB MEDIA: panel b from ‘Figure 5.jpg’

7.7. When steps from multiple traces are combined in a histogram, the measured step sizes are Gaussian-distributed about 35.8 ± 0.4 nm. (Figure 5c)

Shots:
7.7.1. LAB MEDIA: panel c from ‘Figure 5.jpg’

8. Conclusion (said by authors on camera)
8.1. Yong Wang: After watching this video, you should have a good understanding of how to carry out FIONA experiments, including setting up a TIRFM.
8.2. Janet_Sheung: To achieve the best results with test procedures, it is important to minimize photo-damage to the fluorophores used in the experiments.
8.3. Kai Wen Teng: Don't forget that working with TIRFM and FIONA can be extremely hazardous and precautions such as safety goggles should always be worn while performing this procedure.   

       

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  


1A. ‘51774_overview_graphics.pptx’ and ‘Figure 5.jpg’
2.4 – 2.7, 2.9. Figure 1.jpg
3.2.- 3.3. Figure 2.jpg
4.1. – 4.4. Screen capture files (to be provided by author)
6.1. – 6.6. Screen capture files (to be provided by author)
7.1. – 7.4. Figure 4.jpg
7.5. – 7.7. Figure 5.jpg
51774_Selvin_Screen_FIONA.mp4 (or .mov)
51774_Selvin_Screen_Myosin.mp4 (or .mov)


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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