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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  

Can you record movies/images using your own microscope camera? (Y/N)___Y______   
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this  1.1.4, 1.1.7.6, 2.2.2, 3.4, 5.4,    
D.  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. 2.5, 2.6: These steps require patience and skillful hands. A rough alignment by a multi-mode fiber and visual feedback can help in the beginning, but then single-mode fiber coupling requires the power meter and very fine adjustment of each mirror and the z-translational mount. We cannot demonstrate the whole procedure, but we will demonstrate the mirror adjustment and power output through the power meter. 
E.  Will the filming need to take place in multiple locations? (Y/N)   N 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Seongjin Park: This method can help answer key questions in the optical microscopy field, such as how to take super-resolution images as well as FRET images using the same microscope. 
1.2. Jiacheng Zhang: The main advantage of this technique is that we could combine three different imaging modules into one microscope, significantly reducing the overall cost.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Matt_Reyer: Visual demonstration of this method is critical as assembly of the excitation path steps are difficult to learn, because they require proper choice of parts and sensitive optical alignments.  
Protocol: (read by voice talent at JoVE)   
2. Microscope Design: Assembly of the Excitation Path

2.1. To begin, install a data acquisition card through a PCI interface and use it to connect lasers to the computer. [1-MED Over the Shoulder] Control the lasers’ on and off behaviors by transistor-transistor logic output, and their power adjustment by the analog output of this card. [2-MED Over the Shoulder] 

2.1.1. Talent plugs in a cable to the acquisition card

2.1.2. Talent at computer turning on the laser and adjusts the power (Video Editor: this scene was taken by the camera, as well as there is a Screen capture file, 2_1_2_Fei_58320.mp4,  uploaded. Please choose whichever looks better.)
2.2. Next, prepare a vibration-isolated optical table with mirrors and beam splitters, as shown here and described in the accompanying text protocol. [1-MED]
2.2.1. Overview video scanning the setup

2.3. Combine the laser beams into a single-mode optical fiber by first mounting a fiber adapter plate in a z-axis translation mount. [1-CU]
2.3.1. Talent mounts the adapter plate 

2.4. Next, mount an achromatic doublet lens in a cage plate. [1-CU-TXT] 
2.4.1. *Film as written (TEXT: Focal length = 7.5 mm)

2.5. Use an extension rod to connect the adapter and lens to form a cage. [1-CU] Then, use 1” thick optical posts to mount the cage on the optical table. [2-CU] Align the 647 nm laser by adjusting the components to gain maximum laser power output through the fiber. [3-MED Over the Shoulder]
2.5.1. Talent connects the adapter and lens  
2.5.2. *Film as written

2.5.3. Talent looks at output while adjusting the laser
2.6. Once the alignment of the first laser is done, temporarily install a pair of irises and align the rest of the lasers one by one. [1-CU] Check the alignment efficiency of each laser with a power meter. [2-CU][3-CU]
2.6.1. Talent installs the irises

2.6.2. Talent adjusts the mirror and shows irises

2.6.3. Power meter output while mirror is adjusted (Video Editor: Show step 2.6.2 and 2.6.3 as a split screen with the power meter output on the right hand side)
2.7. Be sure to leave one iris in the front of the adapter plate to reduce the reflections of the lasers. [1-CU]
2.7.1. Talent points out the described iris

2.8. Next, design and install the “magnification lens” as described in the accompanying text protocol. [1-CU-TXT]
2.8.1. Talent installs the mag lens (TEXT: See text protocol for details)

3. Microscope Design: Assembly of the Emission Path

3.1. In order to create the astigmatism effect necessary for extracting the z-coordinates of every single molecule, place a 3-D lens with a 10 m focal length into the cassette [1-MED] and insert it into the emission beam path. [2-CU]
3.1.1. Talent holds the cassette and points where the lens is. 
3.1.2. Talent inserts cassette into the emission beam path
3.2. To minimize the vibrations during sequential multi-color epi-fluorescence imaging, use emission filters placed in a barrier filter wheel connected next to the microscope. [1-CU][2-SCREEN]
3.2.1. Talent points the filter wheel, and points the wheels’ rotation
3.2.2. Screen capture video capturing what happens when filter wheel rotates. (Video Editor: Show step 3.2.1 and 3.2.2 as a split screen with the screen capture on the right side.) (Authors: Please submit the screen capture video as 3_2_2_Fei_58320.mp4/mov to your unique article upload site.)
3.3. For simultaneous multi-color detection during single molecule FRET experiments, place another filter set in an emission splitter. [1-CU]
3.3.1. Talent places another filter set in an emission splitter
4. Diffraction-limited Imaging with Epi-excitation

4.1. To set up for diffraction limited imaging using epi-excitation, first adjust the excitation lasers’ incidental angle to epi-mode in the illumination arm. [1-SCREEN][2-CU] 
4.1.1. Screen capture video of the above step in the order listed. (Authors: Please submit the screen capture video as 4_1_1_Fei_58320.mp4/mov to your unique article upload site.) 
4.1.2. Shot of the laser spot on the ceiling, moving from side to top   (Video Editor: Show step 4.1.1 and 4.1.2 as a split screen with the screen capture on the left side.)
4.2. Next, disengage the 3-D lens and insert the bypass cube into the emission splitter. [1-CU] Then, insert the mag lens for broadened illumination. [2-CU]
4.2.1. *Film as written

4.2.2. *Film as written
4.3. Once set up, take multi-channel, Z-stack, and/or time-lapse images of your sample based on your desired results.[1-MED Over the Shoulder]
4.3.1. Talent places sample on the stage and focuses the microscope

5. Multi-channel Single-molecule Imaging Including smFRET

5.1. To set up multi-color single-molecule detection of surface-immobilized molecules, first move the filter wheel to an empty position.  This will allow the lasers to pass through.  [1-SCREEN] 
5.1.1. Screen capture video as talent moves the filter wheel to an empty position (Authors: Please submit the screen capture video as 5_1_1_Fei_58320.mp4/mov to your unique article upload site.)

5.2. Then, adjust the excitation lasers’ incidental angle to the TIRF angle [1-CU] [2 SCREEN] and disengage both the mag and 3-D lenses. [3-CU]
5.2.1. Talent adjusts the incidental angle 
5.2.2. Screen capture video as laser beam goes to the side). (Video Editor: Show step 5.2.1 and 5.2.2 as a split screen with the screen capture on the right side.) (Authors: Please submit the screen capture video as 5_2_2_Fei_58320.mp4/mov to your unique article upload site.)
5.2.3. Talent disengages two optical components. 
5.3. Next, engage the three-channel mode in the emission splitter by first replacing the bypass cube with a “calibration cube” that allows all of the light to pass through all channels. [1-CU]
5.3.1. Talent replaces the cube as described
5.4. Then, turn on the camera under DIC and adjust the aperture of the emission splitter until three fully separated channels appear on the screen. Turn the vertical/horizontal adjustment control knobs on the emission splitter and roughly align the three channels. [1-MED Over the Shoulder] [2-SCREEN]
5.4.1. Talent at computer, starts the camera, and begin controlling the aperture and control knobs.
5.4.2. Screen capture video as the aperture is adjusted and the channels are aligned. (Video Editor: Show step 5.4.1 and 5.4.2 as a split screen with the screen capture on the right side. Author note: There is another screen capture uploaded, 5_4_2_Fei_58320_v2.mp4, which is taken at the same time with 5.4.1. To synchronize them, please synchronize the end part (where the talent left hands, and the screenshot shows no more motion). ) (Authors: Please submit the screen capture video as 5_4_2_Fei_58320.mp4/mov to your unique article upload site.)
5.5. Next, turn off the camera and replace the calibration cube with a triple cube. [1-CU] Place a sample of 100 nm multichannel beads. [2-MED Over the Shoulder] Upon excitation at 488 nm, the 100 nm multichannel beads emit different wavelengths of light enabling 3-channel alignment. [3-SCREEN]
5.5.1. :*Film as written

5.5.2. Talent places sample on stage and focuses on it

5.5.3. Screen capture video of the screen as the talent views various emissions. (Authors: Please submit the screen capture video as 5_5_3_Fei_58320.mp4/mov to your unique article upload site.)
5.6. Then, turn on the camera and the 488 nm laser, zoom in on one of the bright beads, and finely align the three channels by turning the adjustment control knobs again. [1-SCREEN] 
5.6.1. Screen capture video of the above steps in the order listed. (Authors: Please submit the screen capture video as 5_6_1_Fei_58320.mp4/mov to your unique article upload site.)
5.7. With the sample now in place, by using a weak laser, navigate to an area with a reasonable spot density, adjust the laser power and exposure time to achieve acceptable signal-to-noise and photobleaching levels. Then, use the imaging software to take time-lapse images. [1-SCREEN] 

5.7.1. Screen capture video of the above steps in the order listed. (Author note: Video Editor: please synchronize the voice saying “adjust the laser power and exposure time” with 9-13 seconds of the uploaded video)(Authors: Please submit the screen capture video as 5_7_1_Fei_58320.mp4/mov to your unique article upload site.)
6. SR Imaging

6.1. For super resolution imaging, begin by inserting the 3-D lens and remove the mag lens. [1-CU] Then determine the optimal excitation lasers’ incidental angle to be the TIRF angle. [2-SCREEN]
6.1.1. *Film as written

6.1.2. Screen capture video of the above steps in the order listed. (Authors: Please submit the screen capture video as 6_1_2_Fei_58320.mp4/mov to your unique article upload site.)
6.2. In order to find the proper objective height for SR imaging, use DIC imaging to find the middle plane of the cells. [1-MED Over the Shoulder] Identify the plane by the height at which the cells become transparent. [2-SCREEN] 
6.2.1. Talent rotates the focus adjustment knob.
6.2.2. Screen capture video while the proper plane is identified. (Author note: Video Editor: please put 6.2.1 on the left hand side of the screen, while 6.2.2. is on the right hand side. 6_2_2_Fei_58320_v2.mp4 is the file corresponding to 6.2.1. exactly. By matching their ends (talent doesn’t rotate any more, and the screenshot stops changes), everything can be synchronized.)(Authors: Please submit the screen capture video as 6_2_2_Fei_58320.mp4/mov to your unique article upload site.)  
6.3. Once the desired focal plane is determined, begin super-resolution imaging. While imaging, change the 405 nm laser’s power to maintain a reasonable density of ‘blinking-on’ spots. Begin imaging without violet laser power. [1-SCREEN-TXT] 

6.3.1. Screen capture video as the laser’s power is adjusted as described. (Authors: Please submit the screen capture video as 6_3_1_Fei_58320.mp4/mov to your unique article upload site.) (TEXT: See Figure 6 for an example of how to control “blinking” automatically) 

6.4. Count the number of blinking-on spots in a certain period [1-SCREEN]  and increase the violet laser power so that the number of blinking-on spots is kept above a user-defined “counting threshold” in the field of view. [2-SCREEN] 

6.4.1. Screen capture video of the blinking-on spots over a certain period of time. (Authors: Please submit the screen capture video as 6_4_1_Fei_58320.mp4/mov to your unique article upload site.)
6.4.2. Screen capture video as the laser power is increased and the change in blining-on spots is viewed. (Authors: Please submit the screen capture video as 6_4_2_Fei_58320.mp4/mov, 6_4_2_Fei_58320.mp4/mov to your unique article upload site.)
6.5. Analyze the data by detecting the centroids of each spot in the imaging frames and extract z-values for each spot from x- and y-widths. Build a reconstructed image and visualize objects in 3D. [1-SCREEN]
6.5.1. Screen capture video showing the detection of the centroids. (Authors: Please submit the screen capture video as 6_5_1_Fei_58320.mp4/mov to your unique article upload site.)

7. Results:  Multiple High Resolution Imaging Modes on a Single Fluorescence Microscope
7.1. Author Name Seongjin Park: “This microscope setup allows for flexible and reproducible switching between different imaging methods including conventional epi-fluorescent imaging, single-molecule detection-based super-resolution imaging, and multi-color single-molecule detection.”[1-INT]
7.1.1. Talent says the statement interview style, standing next to microscope setup.
7.2. In order to reveal finer details in the molecular assembly, super resolution microscopy combines thousands of images such as this one.[1-LM] These images are then reconstructed to generate a final super resolution image.[2-LM]
7.2.1. Figure 5D
7.2.2. Figure 5E

7.3. Super resolution techniques allow for high spatial resolution, providing details that can’t be seen with other techniques.  This is highlighted in the two images shown here. The super resolution image shows the same bacterial regulatory RNAs as the epi-fluorescence image, but allows for single molecule detection.  [1-LM]
7.3.1. Figure 5E and 7A (Video Editor: Place 5E on the left and 7A on the right.  Label 5E “Super Resolution” and 7A “Epifluorescence”.  Highlight the left image with the words “This super resolution image” and the right image with “shown in this epi-fluorescence image”.)

7.4. smFRET is another method capable of angstrom to nanometer resolution.  Here, folded RNA molecules were labeled with a green donor dye and a red acceptor dye. [1-LM] Fluorescence intensity trajectories can be extracted from individual single molecules, generating FRET efficiency as a function of time. [2-LM]
7.4.1. Figure 8B (Video Editor: Label image as “smFRET Imaging of Folded RNA Molecules”)

7.4.2. Figure 8C, D 
8. Conclusion (said by authors on camera)  
8.1. Jiacheng Zhang: Don't forget that working with lasers can be hazardous and precautions such as wearing eye protection or lowering laser powers should always be taken 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, .eps, 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.  

Insert your media filenames here.

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 are included in the email accompanying the finalized script.
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