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

Can you record movies/images using your own microscope camera? (Y/N)__yes___  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

Note:

The protocol includes assembly and usage of a microscope with several imaging channels/cameras. They can record videos and their images are usually monitored recorded simultaneously throughout an experiment.

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___yes____ 

Note:

The protocol does include software and computer usage (for assembly and setup of the microscope, and throughout the experiment). Additional, analysis steps are discussed and carried out via scripts in Matlab.

However, no detailed, step-by-step descriptions for a specific software are given for these steps, as the used software is home written.

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 document. (Please do not list entire sections.) 
Steps 2.3, 2.7, 2.10, 2.11, 2.19, and 3.2
.
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. (Please do not list entire sections.) 
Step 2.19 At this point the point spread function (PSF) is verified. If the setup is not aligned correctly, the shape of the PSF will not be circular. In that case the setup needs to be realigned. In particular, the path of the laser beam through the objective is critical and should be straight.
Step 3.2 The injection of the correct amount of cells requires some training. Having too low a number of cells will complicate the positioning of a single cell next to the iSCAT observation region, whereas a too high number of cells will increase the measurements noise floor and the risk of harming cells with the iSCAT laser. Slight corrections in the cell density can be realized through the protocols provided in step 3.2, but the injected volume highly depends on the density of the cells in preparation and the injection procedure itself (i.e. position of the pipette while injecting). Perfecting this step requires some experience and practice.
E.  Location: Will the filming need to take place in multiple locations? (Y/N) ___no___ 
If yes, how far apart are the locations? ___________________________________________________ 
Note: Filming can be done in one building, in about 2 – 3 different labs on the same floor.

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. Vahid Sandoghdar:  We first presented iSCAT in 2004 for detection of very small gold nanoparticles. In the following ten years, we developed it further for detection and tracking of biological nanoparticles such as viruses and even single small proteins. The technique is based on the fact that any material object has a finite extinction cross section. [1-MED].
1.1.1. Vahid speaks towards the camera (looking just off-camera), interview style.
1.2. André Gemeinhardt: The main advantage of iSCAT is that it allows for label-free-detection. This means that we can detect just about anything in real time, for example, proteins or exosomes as they are secreted from a live cell. The issue that one has to be careful about is how to treat the scattering background. [1-MED].
1.2.1. André speaks towards the camera (looking just off-camera), interview style.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Katharina König: A great advantage of an iSCAT microscope is that it can be completely home built and it can be added to an existing commercial microscope. This means that it can be easily combined with other optical techniques such as fluorescence. This is one of the reasons that many groups are also now employing iSCAT and related techniques. [1-MED].
1.3.1. Katharina speaks towards the camera (looking just off-camera), interview style.
1.4. Michael Aigner:  Here, we utilize Laz-cells as a model system to show the detection of individual secretory proteins.  However, this method can also be applied to probe almost any biological process at the molecular level [1-MED].
1.4.1. Michael speaks towards the camera (looking just off-camera), interview style.
Protocol: (read by voice talent at JoVE)
Note to videographer/authors: Filming of this section should start with 2.19 and then the set-up will be unassembled step-by-step so that each assembly step can be filmed.  

2. Building the Interferometric Scattering (iSCAT) Microscope
2.1. To achieve a stable microscope, begin with a damped optical table and a rigid massive block for the sample stage [1-MED].  
2.1.1. Talent mounts the metal block on 4 posts on the damped optical table.
2.2. Build a microscope sample stage that incorporates a high numerical aperture objective [1-ECU] and a translation unit that allows for lateral sample translation as well as change of focus position for the objective [2-CU]. 
2.2.1. Talent mounts the objective on the stage.
2.2.2. Talent mounts the translation unit on the stage. 
2.3. Use a 45 degree vertical coupling mirror… [1-CU] and a 50 centimeter focal length singlet lens to focus the light of a diode laser at wavelength 445 nanometers onto the back focal plane of the objective [2-ECU].    
2.3.1. Talent places 45° mirror on the table to guide the laser upwards through the objective.
2.3.2. 45° mirror is already at on the table.  Talent places the lens in the laser beam.
2.4. This wide-field lens creates a collimated beam at the objective’s forward focus which will become the iSCAT (pronounced as “eye-scat”) illumination source [1-CU].
2.4.1. Spot on a paper screen above the objective as talent moves the lens to minimize the spot.
2.5. Apply a droplet of immersion oil to the objective and place a glass coverslip in the sample plane of the microscope stage [1-MED].  This will result in a beam that reflects back down through the imaging objective [2-CU].  
2.5.1. Talent applies a droplet of immersion oil to the objective.  Continue action in next shot.
2.5.2. Talent places the glass above the microscope objective.
2.6. To set up the imaging path, introduce an antireflection-coated beam splitter at a 45 degree angle relative to the incident beam, and approximately 10 centimeters after the wide-field lens [1-MED-TXT].  Make sure that the antireflection coating points towards the laser source [2-CU].
2.6.1. Talent motions to place the beam splitter.  Continue action in next shot.  TEXT Overlay: 70% reflection, 30% transmission 
2.6.2. AR-coated beam splitter as talent introduces it at a 45 degrees angle relative to the incident beam, and approximately 10 centimeters after the wide-field lens.  
2.7. Pay attention as a thick beam splitter will introduce significant beam displacement so that the laser might not enter the objective straight anymore [1-CU].  If necessary, realign the laser beam path before the beam splitter to ensure the correct propagation through the objective [2-MED].
Author Note: This step has been added to the video script in the process of revision before the day of filming. We edited the manuscript accordingly. We also added a statement that an iris diaphragm can be used if desired, as one might be visible in a video shot without further notice.

2.7.1. Displaced beam above the objective when laser is not coupled into the objective straight.
2.7.2. Setup as talent adjusts the illumination path to go straight through the objective again.
2.8. To ensure that the sample plane and camera are parfocal, start by placing a concave lens… [1-MED] with a negative focal length of 45 centimeters, at a position 5 centimeters after the wide-field lens in the incident beam path.  This will result in a collimated beam entering the back aperture of the objective [2-CU]. 
2.8.1. Talent motions to place the concave lens.
2.8.2. Microscope setup as talent places a concave f equals minus 45 centimeter lens at a position 5 centimeters after the wide-field lens in the incident beam path.
Author Note: 2.8.1. and 2.8.2. are combined in one video shot. Material can be cut respectively.
2.9. With a screen placed in the reflected arm of the interferometer, move the objective in the vertical direction to find the coarse focal position [1-MED].  The objective is in focus when the beam hitting the screen is collimated [2-CU].  
2.9.1. Talent moves the objective in the vertical direction to find the coarse focal position. 
2.9.2. The beam hitting the screen becomes collimated (spot on the screen in one position). 
2.10. Remove both the negative focal length lens and the screen when coarse focusing is completed [1-MED].
2.10.1. Talent removes the f equals minus 45 centimeter lens and the screen when coarse focusing is complete.
2.11. Add a second 50-centimeter focal length singlet lens to focus the scattered light and to collimate the reflected light [1-MED-over the shoulder]. Ensure that the lens is placed 50 centimeters from the back focal plane of the objective so that the transmitted laser beam is collimated again [2-CU].
2.11.1. Talent adds a second f = 50 centimeter singlet lens to focus the scattered light and to collimate the reflected light.
2.11.2. Talent checks collimation with a screen behind the lens.
Note: In this shot the iris diaphragm might be visible (compare to step 2.7)
2.12. To complete the iSCAT setup assembly, place the CMOS (pronounced as “C-moss”) camera [1-MED] 50 centimeters away from the 50-centimeter focal length lens and position the beam directly onto the middle of the chip [2-CU].  
2.12.1. Talent motions to place the CMOS camera.

2.12.2. Lens/CMOS camera as talent places the CMOS chip 50 centimeters away from the f = 50 cm lens and positions the beam directly onto the middle of the chip.
2.13. To set up additional imaging channels, couple the output of an LED light source into a long working distance objective [1-MED-TXT].  Install mechanical components above the sample chamber that allow for focusing and lateral positioning of the LED output onto the sample [2-CU].
2.13.1. LED Output as talent mounts the long working distance objective.  Continue action in next shot.  Note, authors: place the pedestal on which the LED and objective holder is mounted before the shot.  TEXT Overlay: LED ~ 500 nm < λ < 580 nm; 20X/0.4 NA objective
2.13.2. Talent moves the upper illumination path above the sample chamber.
2.14. Move the upper objective laterally so that the upper, wide-field objective and the lower, iSCAT objective are collinear [1-MED].  This is determined by placing a screen under the lower objective and maximizing the intensity of transmitted LED light on the screen [2-CU].
2.14.1. Talent moves the objective laterally. Continue action in next shot.
2.14.2. Screen under the lower objective as talent maximizes the intensity of the transmitted LED light. 
2.15. Now, place a 550 nanometer short-pass dichroic mirror to split the transmitted LED light from the iSCAT laser path [1-MED].
2.15.1. Talent places a λ = 550 nm short-pass dichroic mirror to split the transmitted LED light from the iSCAT laser path
2.16. Split this beam into two channels with an 8% reflective/92% transmissive beam splitter.  The 92% path is the fluorescence channel and the 8% path is used for bright-field imaging [1-CU].
2.16.1. Beam splitter as talent puts it into place. 
2.17. Image the bright-field channel onto a CMOS camera using a 5 centimeter focal length achromatic doublet lens [1-MED].
2.17.1. Talent places the f = 5 cm lens and the CMOS camera on the table.  
2.18. Image the fluorescence channel onto a separate CMOS camera using a 5 centimeter focal length achromatic doublet lens [1-CU]. Also, use a 600 nanometer long-pass filter to block the excitation light [2-CU].  
2.18.1. Talent places the f = 5 cm lens and the CMOS camera on the table.
2.18.2. CMOS camera as talent adds the λ = 600 nm long-pass filter.
2.19. To set up the computer and software, connect all cameras to a computer [1-MED or WIDE].
2.19.1. Talent connects all cameras to a computer. 
2.20. On the fully assembled setup, observe the iSCAT image on the CMOS camera and ensure that it is in focus by finding a residual dust or dirt particle on the glass coverslip. Verify that the particle’s image is a circularly symmetric point spread function [1-CU]/[2-SCREEN].
2.20.1. Talent turns the knobs on the piezo controller to move the sample and bring a particle into focus.  Video editors, please show this shot together with the following shot as an inset.
2.20.2. 58486_Sandoghdar_SCREEN_2.20.2: Screen capture movie of the microscope software screen as talent observes the iSCAT image on the CMOS camera and finds a residual dust or dirt particle on the glass coverslip.  Talent then verifies the particle’s image is a circularly point spread function.  Video editors, please show this shot as an inset with the previous shot.
Author Note: The action is repeated twice, motion starts at 0:20 and 0:48, respectively. You may show the entire screen or crop the Raw image (upper left) and/or background processed (upper middle) frames.
2.21. Katharina König: The point spread function will not have a circular shape if the laser beam enters the microscope objective at a slight angle [1-MED]. This can be corrected by slight adjustment of the 45 degree mirror to ensure a straight coupling into the objective [2-MED or CU].
2.21.1. Katharina speaks towards the camera (looking just off-camera), interview style.

2.21.2. Talent corrects the misaligned beam. Videographer and video editors, please have Katharina narrate 2.21 and use it for the audio in 2.21.1 and 2.21.2.
2.22. Compare the camera images of the bright-field and the fluorescence channels. Ensure that both are in focus and display the same area by imaging a fluorescent bead or cell sample [1-SCREEN]. 
2.22.1. 58486_Sandoghdar_SCREEN_2.22.1: Screen capture movie of the microscope software screen as talent compares the camera images of the bright-field and the fluorescence channels. Talent ensures that both are in focus and displays the same area.
Author Note: bright-field (PC2) and fluorescence (PC1) are captured on 2 computers. I uploaded videos for each of them. As a sync, the light source will be switched on at 0:05. This could be the start point. Then I move the sample up and down to show the motion and that both images display the same area.
It is not necessary to show the entire screen. Cropping a rectangular frame of the illuminated area on the camera is sufficient.
2.23. Verify that the position of the iSCAT laser is approximately in the center of the image and take note of its position for later reference [1-SCREEN].
2.23.1. 58486_Sandoghdar_SCREEN_2.23.1: Screen capture movie of the microscope software as talent unblocks the laser beam and verifies that the position of the iSCAT laser is approximately in the center of the image and marks the position of the laser spot on the camera image with a square or circular overlay.
Author Note: Again, bright-field (PC2) and fluorescence (PC1) are captured on 2 computers. I uploaded videos for each of them. As a sync, the iSCAT laser will be switched on at 0:07. Please mark the position of the iSCAT laser in both videos with an arrow, box, or circle.
Again, it is not necessary to show the entire screen. Cropping a rectangular frame of the illuminated area on the camera is sufficient.
2.24. André Gemeinhardt:  To change focus position and field of view for the bright field and fluorescence channels, move the cameras on the table with respect to their focusing lenses [1-MED].
2.24.1. André speaks towards the camera (looking just off-camera), interview style.

3. iSCAT Microscopy of Secreting Cells
3.1. Prepare for the experiment as detailed in the text protocol. This includes preparation of the cells in microscopy medium as well as the microscope sample cuvette [1-WIDE].  Ensure that the laser beam is blocked to prevent the cells from being directly exposed to the iSCAT laser light [2-MED].
3.1.1. Talent working in the bio-lab or hood in which cell preparation is done
3.1.2. Talent mounts the prepared microscope sample cuvette to the sample stage.
3.2. Inject approximately 3 microliters of the prepared cell sample slightly off-center into the sample cuvette.  Gently touch the pipette tip to the coverslip and slowly inject the cell solution.  Allow the cells to settle on the coverslip [1-CU]/[2-SCREEN].
3.2.1. Sample cuvette as talent brings the pipette to it, gently touches the pipette tip to the coverslip, and then injects the cells.  Video editors, please start with this shot and then shrink it down to an inset of the following shot as the second sentence starts. 
3.2.2. 58486_Sandoghdar_SCREEN_3.2.2: Screen capture movie of the microscope software screen as talent gently touches the pipette tip to the coverslip and slowly injects the cells. Inset shows camera image of cells sinking down on coverslip.
Author Note: Injection starts at 0:20. This is a slow process. You can speed up the video but if doing so, please indicate that this is sped up with a text overlay.
Again, cropping the video is fine.
3.3. Check the number of cells close to the iSCAT laser.  If the number of cells is too low, repeat this step until a sufficient number is available [1-SCREEN].  If the coverage of cells is too dense, use an injection of approximately 20 microliters of additional microscopy medium to disperse the cells across the coverslip [2-SCREEN].
3.3.1. 58486_Sandoghdar_SCREEN_3.3.1: Screen capture movie of the microscope software screen showing a low number if cells close to the iSCAT laser.
Author Note: Injection of more cells starts at 0:05 and goes until approx. 1:10. You can speed up again if desired. 
3.3.2. 58486_Sandoghdar_SCREEN_3.3.2: Screen capture movie of the microscope software screen as talent injects approximately 20 microliters of additional microscopy medium to disperse the cells across the coverslip.
Author Note: At 0:37 only one cell is visible. The video should start a few seconds earlier and show how we remove the other cells to get only this one in the area.
3.4. Using the piezo positioner, move the sample laterally to position a cell close to the iSCAT field of view.  Ensure that the cell does not enter the iSCAT field of view as direct exposure to the 445 nanometer laser light might be harmful for the cell. [1-SCREEN]. 
3.4.1. 58486_Sandoghdar_SCREEN_3.4.1: Screen capture movie of the microscope software screen as talent uses the piezo positioner to move the sample laterally to position a cell close to the iSCAT field of view without entering the iSCAT field of view. Talent uses bright-field to locate and verify the cell’s viability

3.5. Unblock the iSCAT laser beam and ensure that the coverslip surface is still in focus [1-MED-over the shoulder].  Enclose the isolation table to minimize drift and acoustical coupling from the ambient surroundings [2-MED].
3.5.1. Talent unblocks the iSCAT laser beam and ensures that the coverslip surface is still in focus.  Authors, I think it’s OK to omit the view of the focusing here since it is shown previously in the video.
3.5.2. Isolation table as talent encloses. 
3.6. Start the measurement by acquiring images from the iSCAT, bright-field, and fluorescence cameras.  Periodically check the viability of the cell and the focus of the system.  Here, self-written microscope software is used to display the camera images [1-SCREEN].  
3.6.1. 58486_Sandoghdar_SCREEN_3.6.1: Screen capture movie of the microscope software screen as talent starts the measurement by acquiring images from the iSCAT, bright-field, and fluorescence cameras.
Author Note: Here, iSCAT and fluorescence is captured on 2 screens of the same PC (PC1) and bright field is captured on the other PC (PC2). We did several takes here. Take1 both videos are along with the actual filmed video in the lab where the procedure is explained. I change the filename and click “save”. 
I later repeated this (Take3) with an actual living cell and a quieter iSCAT background. Please use Take3 for the video. This is 3 individual files for the respective screens (iSCAT, fluorescence and bright field).
If cropping, I suggest to leave the iSCAT screen as a hole and crop bright field (only the illuminated portion as in the other videos) and fluorescence (this can be even smaller as the living cell is not fluorescent and the frames are basically dark with only the laser-spot being faintly visible). Both of them can be shown smaller next to the iSCAT screen.
3.7. Here, differential imaging is performed in real-time by subtraction of consecutive frames to make protein bindings visible.  This results in a filtered image that is visible on the screen together with the raw camera image [1-SCREEN-TXT].
3.7.1. 58486_Sandoghdar_SCREEN_3.7.1: Screen capture movie of the microscope software screen as talent displays a few protein bindings.  TEXT Overlay: See text for Data Analysis
Author Note: The differential image is shown in the lower left corner. Here, bindings are visible at 0:06 [slightly above the center of the image], 0:07 [lower left corner], and 0:08 [top left corner]. Please highlight the bindings with an arrow or circle.
4. Results: Label-Free Detection of Proteins Secreted by a Single Cell
4.1. Representative results of a cellular secretion experiment carried out with iSCAT are shown here [1-LM].  
4.1.1. results_video.mp4.  Video editors, start with the first frame of the movie for this sentence and then transition to playing the movie with the narration of 4.2.
4.2. The video shows secretions of a Laz cell over the course of 2 minutes. Differential iSCAT images on the left visualize the adsorption of single proteins to the cover glass.  The bright field images and fluorescence channel on the right are used to monitor cell viability [1-LM].
4.2.1. results_video.mp4.  
4.3. This histogram shows the detected proteins and their contrast range within that 2 minute time period.  The data was collected by analyzing individual binding events in each frame of the iSCAT video data using a custom peek-seeking algorithm [1-LM].
4.3.1. figure6_histogram.pdf
5. Conclusion (said by authors on camera)
5.1. Vahid Sandoghdar: iSCAT microscopy is a powerful tool not only in the field of bio-sensing, but also microscopy as it allows for the label-free visualization of nano-objects in real time. It can be applied to a variety of biological processes such as diffusion and transport of proteins as in secretion. [1-MED].
5.1.1. Vahid speaks towards the camera (looking just off-camera), interview style.
5.2. Katharina König: Due to its exquisite sensitivity to light scattering, iSCAT can detect any protein or entity in the field of view. Of course, this also means that the technique lacks the specificity that fluorescence brings along. To get around this issue, one can employ additional methods like surface functionalization (via enzyme-linked immunosorbent assays) to detect specific proteins of interest [1-MED].
5.2.1. Katharina speaks towards the camera (looking just off-camera), interview style.
5.3. André Gemeinhardt: Don't forget that working with lasers can be dangerous and that appropriate eye protection should always be worn while assembling and adjusting the microscope [1-MED].
5.3.1. André speaks towards the camera (looking just off-camera), interview style. 
5.4. Michael Aigner: Real-time detection of secretomes is very exciting and is a major leap in medical diagnostics, which currently requires much longer time and is very far from single-protein sensitivity.

5.4.1. Michael speaks towards the camera (looking just off-camera), interview style. 
5.5. Vahid Sandoghdar: In this work, we presented the first application of iSCAT to single-cell secretion with single-protein sensitivity. There is plenty of room for both improving the performance of the method and for extending its applications. We hope that this video helps other groups join this exciting effort. [1-MED].
5.5.1. Vahid speaks towards the camera (looking just off-camera), interview style.
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.  

LAB MEDIA (LM):

results_video.mp4.  

figure6_histogram.pdf
SCREEN capture movies:
58486_Sandoghdar_SCREEN_2.20.2: Screen capture movie of the microscope software screen as talent observes the iSCAT image on the CMOS camera and finds a residual dust or dirt particle on the glass coverslip.  Talent then verifies the particle’s image is a circularly point spread function.   
58486_Sandoghdar_SCREEN_2.22.1: Screen capture movie of the microscope software screen as talent compares the camera images of the bright-field and the fluorescence channels. Talent ensures that both are in focus and displays the same area.
58486_Sandoghdar_SCREEN_2.23.1: Screen capture movie of the microscope software as talent unblocks the laser beam and verifies that the position of the iSCAT laser is approximately in the center of the image and marks the position of the laser spot on the camera image with a square or circular overlay.
58486_Sandoghdar_SCREEN_3.2.2: Screen capture movie of the microscope software screen as talent gently touches the pipette tip to the coverslip and slowly injects the cells. Inset shows camera image of cells sinking down on coverslip.
58486_Sandoghdar_SCREEN_3.3.1: Screen capture movie of the microscope software screen showing a low number if cells close to the iSCAT laser.
58486_Sandoghdar_SCREEN_3.3.2: Screen capture movie of the microscope software screen as talent injects approximately 20 microliters of additional microscopy medium to disperse the cells across the coverslip.
58486_Sandoghdar_SCREEN_3.4.1: Screen capture movie of the microscope software screen as talent uses the piezo positioner to move the sample laterally to position a cell close to the iSCAT field of view without entering the iSCAT field of view. Talent uses bright-field and fluorescence images to locate and verify the cell’s viability
58486_Sandoghdar_SCREEN_3.6.1: Screen capture movie of the microscope software screen as talent starts the measurement by acquiring images from the iSCAT, bright-field, and fluorescence cameras.  
58486_Sandoghdar_SCREEN_3.7.1: Screen capture movie of the microscope software screen as talent displays a few protein bindings.  
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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