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Author Questionnaire: 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N)  
Can you record movies/images using your own microscope camera? (Y) but there is one shot that will be imaged through the eye piece. So I suggest to bring yours scope kit. The microscope we use is the NIKON Ti-E.

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.  
2.1, 3.3, 3.4, 3.5,3.6,3.7
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.  
Setting the aperture size that maximize the contrast. It is not difficult but rather lengthy procedure. Steps 7.4-7.7 
5. Will the filming need to take place in multiple locations? (N)
If yes, how far apart are the locations? 

0
Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: 

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Joe Howard: The significance of this protocol is that it introduces a label-free imaging technique capable of acquiring high contrast images at high frame rates that is simpler and cheaper than other techniques like DIC and darkfield.


What is the main advantage of this technique?

1.2. Mohammed Mahamdeh: The main advantage of this protocol is that it is easy to implement, and easy to use.  It is inexpensive and can be easily introduced to fluorescence microscopes


OPTIONAL Interview Statements:  
 
1.3. Mohammed Mahamdeh: The method was developed for visualizing individual microtubules. It has the potential for being used for other applications involving the visualization of large protein complexes and nanoparticles 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.4. Joe Howard: The main difficulty is the activation energy required to tinker with a filter cube to add the half-silvered mirror. My advice to someone who is trying the technique for the first time is to Just do it! 



Section - Protocol
2. Microscope Modification and Chamber Preparation
2.1. [bookmark: _Hlk532304193]To begin, insert a 50/50 mirror into the filter wheel of a fluorescent microscope using an appropriate filter cube. [1-TXT] Handle the mirror with care as often they have an anti-reflection coating.[2]   
2.1.1. MED: Talent places mirror into filter cube. TEXT: Method for inserting the 50/50 mirror depends on filter cube used. (Author Comment: MM: We took two shots with two different cubes. Please split screen showing the installation of the mirror to each cube.)
2.1.2. CU: Talent places filter cube into the filter wheel.
2.2. Turn to a high magnification objective that also has a high numerical aperture.  The one shown here is a 100x oil objective with a numerical aperture of 1.3. [1]
2.2.1. CU: Talent turns to the 100x oil objective with a NA of 1.3
2.3. [bookmark: _Hlk532304009]Next, use a razor blade and a microscope slide as a straight edge to cut 3 mm wide strips of plastic paraffin film. [1] Place two of the plastic paraffin film strips 3 mm apart on a clean 22 by 22 millimeter cover slip. [2] 
2.3.1. CU: Talent places a slide on a strip of paraffin film and cuts it with a razor blade
2.3.2. CU: Talent places the film strips on a cover slip
2.4. Then, place an 18 by 18 millimeter coverslip on top of the strips to form a channel… [1] Transfer the coverslip to a heat block at 100 degrees Celsius for 10 to 30 seconds [2] for the paraffin film to form a sealed channel.[3]
2.4.1. CU: Talent places the glass on top of the channel
2.4.2. MED: Talent places the setup onto a pre-heated heat block
2.4.3. ECU: Close-up of slide as paraffin melts
2.5. Using a pipette, flow in 50 µg/mL of an anti-rhodamine antibody by perfusion and incubate the slide for 10 minutes. [1] Following incubation, wash the channel 5 times using filtered BRB80. [2]
2.5.1. CU: Talent adds solution to the slide 
2.5.2. CU: Talent washes the channel
2.6. Then, flow in 1% poloxamer 407 in the filtered BRB80 to block the surface against non-specific binding and incubate the slide for 10 minutes…[1] Again, wash the channel 5 times using filtered BRB80. [2]
2.6.1. CU: Talent adds solution to the slide 
2.6.2. MED: Talent washes the channel
2.7. To prevent the sample from drying out, add two droplets of the filtered BRB80 at the ends of the channel and add more buffer as needed. [1]
2.7.1. CU: Talent adds drops of buffer to the ports
3. Microscope Alignment 
3.1. Place the sample on the microscope stage and turn on the epi-illumination light source. [1]
3.1.1. MED: Talent sets sample on stage and turns on the light
3.2. Focus on the paraffin film edge to find the sample surface and then move the field to set the view to the center of the chamber. You will observe multiple surfaces as the objective is moved up and down due to back reflection of light from optics within the optical path. [1]
3.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.3. Next, center the field diaphragm in the field of view by closing it half way and using the adjustment screws. [1][2] Once the diaphragm is properly aligned, reopen it. [3]
3.3.1. SCREEN: To be provided by the authors – Screen capture video as the diaphragm is closed and centered (same timeframe as step 3.3.2). Authors, please upload this screen capture to your project page.
3.3.2. MED: Talent partially closes the field diaphragm and uses the adjustment screws. – Video Editor: Insert 3.3.1 as a small window in this shot.
3.3.3. MED: Talent opens the field diaphragm
3.4. Then, slide in the Bertrand lens to view the back focal plane, also known as the exit pupil of the objective. [1] Close the aperture diaphragm beyond the edges of the exit pupil and use the adjustment screws to center the aperture diaphragm with respect to the exit pupil. [2][3]
3.4.1. CU: Talent slides the Bertrand lens as described
3.4.2. SCOPE: To be provided by the authors – Screen capture video as talent closes the aperture and adjusts its position. Authors, please upload this screen capture to your project page.
3.4.3. CU: Talent closes the AD and adjusts the path with screws – Video Editor: Insert 3.4.2 as a small window in this shot.
3.5. Double check by opening the aperture diaphragm and matching its edges with those of the exit pupil. [1] Then, set the aperture diaphragm to about 2/3 of the numerical aperture of the objective.  [2]
3.5.1. MED: Talent opens and closes the aperture diaphragm  
3.5.2. MED: Talent adjusts the AD as described
4. Control: Imaging Stabilized Microtubules   
4.1. To begin, set the exposure time of the camera to 10 milliseconds and adjust the illumination to nearly saturate the camera dynamic range. [1]
4.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page.
4.2. Next, use a pipette to flow in 10 microliters of GMPCPP-stabilized microtubules in 0.22-μm-filtered BRB80 and monitor the microtubule binding on the imaging the surface. [1] Once 10-20 microtubules are bound within the field of view, wash the sample twice with the filtered BRB80.  [2]
4.2.1. CU: Talent pipettes solution into the setup
4.2.2. CU: Talent washes the sample
4.3. Acquire 10 images of the microtubules by setting up a time lapse with a 10 millisecond exposure and a 1 second delay period for a total of 10 seconds. [1]
4.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page.
4.4. Then, acquire background images by moving the stage using the stage controller along the channel’s long axis while acquiring 100 images with no delay. [1-TXT]
4.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. TEXT: Control background Image Acquisition: 100 fps @ 10 ms exposure
5. Imaging Microtubule Dynamics
5.1. To image microtubule dynamics using brain tubulin, start by setting the sample heater temperature to 37 degrees Celsius. [1]  
5.1.1. MED: Talent sets the temp to 37C
5.2. Using a pipette, flow in 10 microliters of GMPCCP-stabilized microtubule seeds [1] and monitor them binding to the surface by imaging the surface live. Once 10 to 20 seeds are bound with field of view, wash the sample using twice the channel volume of prewarmed and filtered BRB80 [2]
5.2.1. CU: Talent pipettes microtubule seeds into setup
5.2.2. SCREEN: To be provided by the authors – Screen capture video as the microtubule seeds bind. Wait for 10-20 seeds bind and then wash. Authors, please upload this screen capture to your project page.
5.3. [1]
5.3.1. SCREEN: To be provided by the authors – Screen capture video as talent rinses the sample. Authors, please upload this screen capture to your project page.
5.4. Next, flow in 10 microliters of the polymerization mix… [1-TXT]  To measure microtubule growth, set up a time-lapse using the acquisition software to acquire an image every 5 seconds for 15 minutes. Enhance the contrast, by acquiring an averaged image of 10 at each time point [3 2].
5.4.1. CU: Talent adds polymerization mix TEXT: Polymerization Mix: 7.5 µM unlabeled tubulin, 1 mM guanosine triphosphate, 1 mM Dithiothreitol, in BRB80 buffer
5.4.2. SCREEN: To be provided by the authors – Screen capture video (or time-lapse video) of microtubule growth. Authors, please upload this screen capture to your project page.
5.5. Acquire background images as shown in the previous section. Calculate the median by going to image, selecting stack, then Z project then median. [1]
5.5.1. SCREEN: To be provided by the authors – Screen capture video while images are acquired and averaged. Authors, please upload this screen capture to your project page. SCREEN: To be provided by the authors – Screen capture video of background image processing.
5.6. Subtract the corresponding background by going to process, going to image calculator and choosing “subtract” from the drop-down menu. Make sure the “32bit (float) result” option is checked. Then average the resulting images by going to image, selecting stack, Z project, and then average.[1]
5.6.1. SCREEN: To be provided by the authors – Screen of background subtraction and time lapse of microtubule dynamics.
5.7. For microtubule shrinkage, acquire images at 100 frames per second by setting the time delay to 0 and keeping the exposure time at 10 milliseconds. [1-TXT]
5.7.1. SCREEN: To be provided by the authors – Screen capture video as talent sets up and begins described image acquisition. Authors, please upload this screen capture to your project page. TEXT: Acquire a background images as previously shown
6. Properly Setting the Aperture Diaphragm Size 
6.1. Mohammed Mahamdeh: “An important factor for acquiring high contrast images of microtubules using interference reflection microscopy is to properly set the illumination numerical aperture. This can be accomplished by varying the incoming illumination beam’s size at the objective’s exit pupil which is controlled by the size of the Aperture diaphragm. [1-TXT]
6.1.1. INTERVIEW: Author says the above statement interview style TEXT:    , for – Video Editor: Show the equation during the last sentence of the statement.
6.2. Using a sample of fluorescently labelled stabilized microtubules, [1] bring the microtubules into focus using the microscope’s focusing knob while fluorescently imaging them. [2]
6.2.1. MED: Talent places sample on the microscope stage
6.2.2. SCREEN: To be provided by the authors – Screen capture video as talent brings the microtubules into focus. Authors, please upload this screen capture to your project page.
6.3. Set camera exposure to 10 milliseconds and close down the aperture diaphragm to its smallest opening. Also, adjust the illumination to nearly saturate the camera’s dynamic range or until the maximum is reached. [1]
6.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page.
6.4. Acquire 10 images by streaming a field of view containing 10 or more microtubules.  Then, acquire a background image. [1-TXT]
6.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above step in the order listed. Authors, please upload this screen capture to your project page. TEXT: Acquire background images as previously shown.
6.5. [bookmark: _GoBack]Change the size of the diaphragm and adjust the illumination intensity to match that which was previously determined.[1] Acquire 10 new images and a new background. Repeat this process until the entire range of the diaphragm is completed.[2]
6.5.1. MED: Talent adjusts the diaphragm and illumination intensity (Author Comment: MM: do you have this shot? Not sure if we forgot to take it. please check.)
6.5.2. LABMEDIA: Figure 2a
6.6. For every field of view acquired, subtract the corresponding background and average the resulting background-subtracted images as shown previously. Then, Calculate the average signal-to-background noise ratio of the microtubules for every opening size.[1]
6.6.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above step in the order listed. Authors, please upload this screen capture to your project page. LAB MEDIA: Figure 3.
6.7. [1]
6.7.1. LABMEDIA: Figure 3 
6.8. Set the diaphragm size to the one producing the highest signal-to-background noise ratio. It is possible that there is a range of sizes that produce comparable contrast as shown here. [1] 
6.8.1. LABMEDIA: Figure 2b – Video Editor: Highlight the curve between positions 5-7 with the words “set the diaphragm size to the one producing the highest signal-to-background noise ratio.”



Section – Results
7. Results: IRM Imaging of Microtubules Dynamics and Contrast Enhancement using Image Processing
7.1. With a well aligned microscope, microtubules should be visible without background subtraction...[1] Subtracting the background, however, [2] does enhance the contrast of microtubule.[3]
7.1.1. LABMEDIA: Figure 4A – Video Editor: Show this on the left half of the screen and label it “Raw Image”.
7.1.2. LABMEDIA: Figure 4A/B – Video Editor: Show Figure 4a on the left half of the screen and Figure 4b on the right half.  Label Figure 4a “Raw Image” and 4b “Background”
7.1.3. LABMEDIA: Figure 4c – Video Editor: Merge Figure 4a and 4b to the middle of the screen and fade away to show Figure 4c.  Label Figure 4c “Background Subtracted” 
7.2. To further enhance the contrast, averaging…[1] Fourier filtering…[2] or a combination of both can be used.[3]
7.2.1. LABMEDIA: Figure 4c/d – Video Editor: Slide Figure 4c to the left and add Figure 4d on the right.  Label Figure 4c “Background Subtracted” and Figure 4d “10 Averages”
7.2.2. LABMEDIA: Figure 4c/e – Video Editor: Keep Figure 4c on the left and add Figure 4e on the right.  Label Figure 4c “Background Subtracted” and Figure 4e “FFT Low Pass Filter”
7.2.3. LABMEDIA: Figure 4c/f – Video Editor: Keep Figure 4c on the left and add Figure 4f on the right.  Label Figure 4c “Background Subtracted” and Figure 4f “10 Averages & FFT” 
7.3. The line scans shown here describes the incremental improvement of image quality. These describe a noticeable reduction of background noise with each processing step. [1]
7.3.1. LABMEDIA: Figure 4g – Video Editor – Label the grey line “Background”, the black line “Raw”, the yellow line “Background Subtracted”, the blue line “10 Averages”, the pink line “FFT Low Pass Filter”, and the green line “10 Averages + FFT”
7.4. Microtubule dynamics can be reported in kymographs which are generated from time-lapse movies.  An example kymograph acquired at a frame rate of 0.2 frames per second.  The dashed lines mark the seeds.[1]

7.4.1. LABMEDIA: Figure 5a – Video Editor: Highlight the dashed lines when mentioned 

Section - Conclusion
8. Conclusion Interview Statements: 

What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
8.1. Mohammed Mahamdeh: (Step: 2.1, 3.5-3.6) When performing this procedure, it is important to work with high numerical aperture objectives. It is also important to properly align and set the aperture diaphragm
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Mohammed Mahamdeh Jonathon Howard: It is easy to combine IRM with fluorescence imaging to study, for example, microtubule binding protein’s functions and how they modify microtubule dynamics.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Mohammed Mahamdeh: The technique reduces photo damage considerably and allows for high frame rate acquisition, making it easier to study label-free biopolymers, such as microtubules, for extended periods of time with high temporal resolution and good tracking precision.
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