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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)  
Technically, this protocol is focused on taking a series of single images, not on collecting video. However, based on the protocol, it is a good idea to collect some video of the microscopy in order to demonstrate what is happening.
Can you record movies/images using your own microscope camera? (Y/N)
Yes. 

2. Does your protocol include software usage? (Y/N)
Yes.
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.  
4.1 through 4.6 are the most critical steps.
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.  
I would say step 4.5.  If a mistake is made in this process, it can affect the integrity of the data, and a lot of time will be wasted.  It is critical to be patient with imaging and to carefully monitor the background intensity of a very localized region of the sample after switching between each and every filter.
5. Will the filming need to take place in multiple locations? (Y/N) 
No.  Everything we need can be placed into one room to make the process go more smoothly. 


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. Anthony Stender: DIC microscopy is superior to dark field at imaging plasmonic nanoparticles in complex environments; however, DIC also requires greater knowledge and skill to collect reproducible results.

What is the main advantage of this technique?

1.2. Anthony Stender: DIC microscopy provides high lateral resolution and shallow depth of field.  Both of these traits are highly important when monitoring nanoparticles located within cells or other complex environments.

 

Section - Protocol
2. Glass and Nanoparticle Sample Preparation
2.1. To begin, use a scribing pen [1] to place a shallow and short scratch mark onto the center of each glass cover slip and then clean the glass as described in the accompanying text protocol.[2-TXT]
2.1.1. MED: Talent picks up a scribing pen and places it on the glass coverslip 
2.1.2. CU: Talent scratches the cover slip, places it into a coverslip holder, and repeats with a 2nd cover slip TEXT: See text protocol for details on glass cleaning procedure 
2.2. Next, use a micropipette to remove 100 microliters of a 0.05 milligram per milliliter gold nanoparticle solution from its original storage container and eject the solution into a 1.5 milliliter centrifuge tube.[1]	
2.2.1. CU: Talent withdraws solution and ejects it into the micro centrifuge tube
2.3. Centrifuge the sample for 10 minutes at 6000 x gravity.[1-TXT]  When finished, remove the supernatant with a micropipette to get rid of the excess surfactant from the nanoparticle solution.[2]
2.3.1. CU: Talent places tube into centrifuge and closes the lid TEXT: Centrifuge: 6000g, 10 min
2.3.2. Talent removes the supernatant
2.4. Next, add 100 microliters of ultrapure water to the centrifuge tube.[1]  Briefly vortex the sample to break up the pellet and then sonicate it for 20 minutes, immediately afterwards, to fully resuspend the nanoparticle aggregates.[2]
2.4.1. CU: Talent adds water to the tube
2.4.2. CU: Talent vortexes the tube briefly and places it into sonic waterbath
2.5. Using a micropipette, drop-cast 6 microliters of nanoparticle solution onto the cleaned and scratched glass cover slip [1].  Then, carefully flip the cover slip and place it on top of a second, larger piece of microscope glass.  The drop should quickly spread out evenly between the two pieces of glass. Take care to avoid getting air bubbles trapped between the two pieces of glass.[2]
2.5.1. CU: Talent drops solution onto coverslip 
2.5.2. ECU: Talent flips over cover slip and drops it onto a microscope slide.
2.6. [bookmark: _GoBack]Use a narrow line of nail polish to seal off the edges of the cover slip to prevent evaporation of the liquid.[1]
2.6.1. CU: Talent uses nail polish to seal the edges of the cover slip.
3. DIC Imaging Preparation
3.1. Place the sample onto the microscope stage and align the objective and condenser of the microscope. [1] Adjust the focus to find the focal plane with the sample on it and locate the scratch mark created earlier. [2] Focus on it and fine tune the focus until the nanoparticles come into view.[3]
3.1.1. MED: Talent places sample onto the stage and begins to align the objective/condenser
3.1.2. MED: Talent adjusts the focus while looking through objectives
3.1.3. SCREEN: To be provided by the authors – Screen capture video as talent fine tunes the focus on the nanoparticles. Authors, please upload this screen capture to your project page. 
3.2. To determine the accurate placement of the condenser, utilize the Kohler Illumination method by starting with the 20x objective and then moving to high magnifications such as 80 or 100x. [1]
3.2.1. MED: Talent adjusts the condenser with the 20x objective in place and then switches to the 100x objective
3.3. Next, select a region of interest within the sample for imaging. Center the region in the camera’s field of view and adjust focus as necessary.[1]
3.3.1. 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. 
3.4. If the microscope has the de Senarmont design, start with the polarizer set near to maximum background extinction and gradually rotate the polarizer towards decreasing background extinction. [1] The background intensity will gradually increase.[2]
3.4.1. CU: Talent rotates the polarizer slowly   
3.4.2. SCREEN: To be provided by the authors – Screen capture video as talent adjusts the polarizer and the background intensity increases. Authors, please upload this screen capture to your project page. 
3.5. Anthony Stender: The ideal setting is achieved when the nanoparticles reach their greatest intensity difference compared to the averaged local background. For plasmonic nanoparticles, optimal contrast is normally achieved with a relatively dark background, at or near the maximum background extinction.[1]
3.5.1. INTERVIEW: Author says the above statement interview style
4. DIC Nanoparticle Sample Imaging
4.1. Turn off room lighting to prevent stray illumination from interacting with process.[1]
4.1.1. MED: Talent shuts off room light 
4.2. Put into place a 10 nanometer full width at half maximum bandpass filter with its central wavelength co-located with the main localized surface plasmon resonance wavelength in order to view the region of interest. [1]
4.2.1. CU: Author puts the filter in place   
4.3. Next, adjust the lamp intensity or exposure time until the background level is at 5 to 40 percent of the camera’s maximum capacity level.  No objects within the region of interest should exhibit signal intensities that exceed 90% of the camera’s maximum intensity level.[1]
4.3.1. SCREEN: To be provided by the authors – Screen capture video as talent properly adjusts the light and exposure to reach the optimal level. Authors, please upload this screen capture to your project page. 
4.4. Image the sample with a series of bandpass filters that each has a full width at half maximum of 10 nanometers and that as a whole enable imaging across the entire wavelength range of interest. [1]
4.4.1. SCREEN: To be provided by the authors – Screen capture video as talent clicks through or takes images labeled with the various bandpass filter values. Authors, please upload this screen capture to your project page. 
4.5. Ensure that the background intensity in the images remains within 5 percent of one another by adjusting the exposure time and not the lamp power. After switching filters, re-focus the sample before capturing images.[1]
4.5.1. SCREEN: To be provided by the authors – Screen capture video as talent starts with a poor intensity image and adjusts the exposure time to get a good image and then focuses on the image. Authors, please upload this screen capture to your project page. 
4.6. Save the images as uncompressed TIFF files and/or in the software’s native file format, in order to preserve all relevant information.[1]
4.6.1. 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. 
5. Data Analysis using ImageJ
5.1. To begin analysis, open the image with ImageJ.  Use the Rectangle tool to draw a rectangle around the main region of interest. Then, on the Tool bar, select Image go to Zoom and select To Selection. The imaging window will zoom in on the selected area. [1]
5.1.1. 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. 
5.2. Next, select Image go to Adjust and select Brightness/Contrast. To improve the view of the sample region, adjust the Minimum, Maximum, Brightness, and Contrast of the image. These adjustments do not alter the scientific data, they merely enable better visibility of the sample region. [1]
5.2.1. 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. 
5.3. Now, use the rectangle tool again and draw a box around the first nanoparticle to be measured. The box should be only slightly larger than the nanoparticle’s airy disc.  Once selected, go to Analyze and select Measure. A new window appears that reports the Minimum, Maximum, and Mean Intensities for the pixels located inside of the selected box. [1]
5.3.1. 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. 
5.4. Retaining the original size of the box, drag the box to an area immediately adjacent to the particle, where the background contrast is relatively even and no particles or contaminants are present. Use the Measure tool again to determine the Mean Intensity for the background area. [1]
5.4.1. 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. 
5.5. Repeat this process for each particle in all of the images in the series.  Then, export the data to a spreadsheet to calculate the contrast or intensity of each particle, across all wavelengths and angles. [1]
5.5.1. 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. 
5.6. Enter in the following equation to calculate each particle’s contrast. [1-TXT]
5.6.1. SCREEN: To be provided by the authors – Screen capture video as talent enters the equation into an excel sheet. Authors, please upload this screen capture to your project page. TEXT: 
5.7. Finally, graph the spectral profile at a given nanoparticle position by plotting data with the wavelength along the x-axis and the contrast or intensity along the y-axis. [1]
5.7.1. 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. 



Section – Results
6. Results: Spectroscopy of Plasmonic Nanoparticles 
6.1. To determine the optimal imaging setting, these gold nanospheres were imaged at several polarizer settings..  At 0°, the particles appear mostly white, with a dark stripe running across their mid-section. [1] This is indicative of cross-polarization for nanosphere samples. [2]
6.1.1. LABMEDIA: Figure 5 – Video Editor: Label Figure 5a “0°”, Figure 5b “5°”, Figure 5c “10°”, Figure 5d “20°”, and Figure 5e “45°”.
6.1.2. LABMEDIA: Figure 5 – Video Editor: Keep the labels from 6.1.1 and Highlight Figure 5a
6.2. When the polarizer is rotated to different angles, the particles cast dark shadows towards one corner. However, the particle contrast values change dramatically. For this sample, the optimal imaging setting is with a polarizer shift of 10°.[1]
6.2.1.   LABMEDIA: Figure 5 – Video Editor: Keep the labels from 6.1.1 and with the 3rd sentence, Highlight Figure 5c
6.3. Here, the wavelength is plotted against contrast of gold nanospheres. Each data point represents an average of 20 nanospheres for each particle diameter.  The peak contrast for each particle shifts slightly depending on its size. [1]
6.3.1. LABMEDIA: Figure 7a
6.4. The intensity and rotation is even more important with anisotropic shapes such as this gold nanorod.  Here, the wavelength is plotted against intensity at two different polarizer settings. In each case, the brightside’s intensity is much stronger than the darkside’s. [1]
6.4.1. LABMEDIA: Figure 7b – Video Editor: Highlight the red/blue (top lines) with the words “Here, the brightside’s intensity is much stronger than: and the light blue/black (bottom lines) with the words “the darkside’s.”
6.5. The intensity profile of a single gold nanorod at its localized surface plasmon resonance wavelength, during rotation of the stage, shows a large intensity difference between the dark and bright sides as the sample is rotated through 180 degrees.[1]
6.5.1. LABMEDIA: Figure 7c



Section - Conclusion
7. 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.
7.1. Anthony Stender: Sample imaging is extremely critical.  It requires patience and diligence on the part of the microscopist.  
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Anthony Stender:  If you are performing an experiment that requires re-imaging the sample over a series of days, landmarks such as the scratch marks are critical to re-locating your region of interest.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Anthony Stender: DIC microscopy is growing in interest by researchers who study nanoparticles, especially in dynamic and cellular environments, because DIC offers optimal spatial resolution, even in complex sampling environments. 
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