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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No
C.  Which steps of your protocol will viewers benefit most from having filmed? 3.7, 4.6 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  4.6 
E.  Will the filming need to take place in multiple locations?  No
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. Experimental Goal (read by voice talent at JoVE):
The overall goal of this experiment is to demonstrate how to trap micro particles with plasmonic optical lattices with a technique that suppresses photothermal convection. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ya-Tang Yang: The main feature of this technique is that we use array of plasmonic nanostructures to enhance the trapping efficiency.
1.2. Ya-Tang Yang: Also, we use a unique fluidic property of water, the zero thermal expansion coefficient at low temperature, to suppress the photothermal convection.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  N/A
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Ya-Tang Yang: Demonstrating the procedure will be Dinesh Bhalothia, a grad student from my laboratory.  
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total) N/A 
Protocol (read by voice talent at JoVE): 
2. The Optical Setup
2.1. The setup for the experiment builds on an optical tweezer kit. [1-WIDE] This modified optical tweezer kit with a fluorescence module is ready on a breadboard. [2-CU] An LED and a diode laser provide light for fluorescence and manipulation. [3-CU]
2.1.1. Talent at bench with optical tweezer setup
2.1.2. The optical tweezer setup on the breadboard
2.1.3. Videographer: I don’t know how the setup appears. If in shots 2.1.3–2.2.3 the camera has to move, please do what is necessary to keep the viewer oriented. It may be possible to show the action in shots 2.1.3–2.2.3 in fewer shots. Talent pointing out the LED lasers
2.2. Mirrors direct light through an objective lens. [1-CU] The objective focuses the light on a sample stage which also serves as a heat sink. [2-CU] A CCD camera captures images from the sample. [3-CU]
2.2.1. Talent pointing out the objective lens
2.2.2. Talent pointing out the heat sink
2.2.3. Talent pointing out the CCD camera
2.3. These elements are more evident in this schematic. [1-LM] A 470 nanometer blue LED is the light source for the fluorescence module. [2-LM] A 980 nanometer laser diode provides laser light in loose focus for manipulation. [3-LM-TXT]
2.3.1. LAB MEDIA: “Figure 1 .pptx” (Video editor: The green, blue, and red/pink lines in the image are supposed to travel through the lens labeled “Objective”. I think it would look better if the lines go behind the symbol [similar to the green line at the symbol labeled “Emission filter”]. If possible, please alter the image.)
2.3.2. LAB MEDIA: “Figure 1 .pptx” (Video editor: Please highlight/point to the symbol labeled “LED 470nm”)
2.3.3. LAB MEDIA: “Figure 1 .pptx” (Video editor: Please highlight/point to the symbol labeled “Laser 980nm”) [TEXT: See text protocol for achieving loose focus]
2.4. The lens is a long working distance microscope objective. [1-LM] Activity on the sample stage is recorded by a CCD camera. [2-LM] Turn on the power supply and current for the 980 nanometer laser diode. [3-MED]
2.4.1. LAB MEDIA: “Figure 1 .pptx” (Video editor: Please highlight/point to the symbol labeled “Objective”. Associate the text “focal length: 3.6 mm, working distance: 10.6 mm, numerical aperture: 0.5” with it)
2.4.2. LAB MEDIA: “Figure 1 .pptx” (Video editor: Please highlight/point to the symbol labeled “CCD camera”) 
Added a step: 2.4.3 A Talent shows the sample and put the sample on top of TEC element – Editor, I’m not sure how this fits with the protocol. Please use as appropriate, maybe as inset for 2.4.2? The science editor may decide this needs more VO.
2.4.3. Talent at experiment turning on power supply for the 980nm laser
2.5. Use the CCD camera to check the laser beam alignment. [1-MED] If the beam is well aligned, the camera image will be a Gaussian spot. Turn off the laser for the next steps.[2-SCREEN]
2.5.1. Talent turning attention to CCD camera and/or its monitor
2.5.2. *To be provided by the authors SCREEN: Authors: Please capture the image of the gaussian spot associated with a well aligned beam. After a pause, turn off the laser and record the response on the screen. The figure is named as “FIG 2.5.2”.) 
3. The Sample Cooling System and Temperature Calibration
3.1. An important aspect of the setup is the cooling system. [1-WIDE] The sample stage is a heat sink designed to accommodate a thermoelectric cooler. [2-CU] Work with the system electronics to prepare to add the thermoelectric cooler. [3-MED] 
3.1.1. Talent at the optical tweezer setup
3.1.2. The heat sink/sample stage with the opening for the thermoelectric cooler
3.1.3. Talent turning attention to the electronics
3.2. There is a custom driver circuit for this experiment. [1-CU-TXT] Make the connections between the driver circuit and the electronic control board. [2-CU] Next, get a thermoelectric cooling element that will fit in the sample stage and with a hole in it to allow the laser beam through. [3-CU] 
3.2.1. The driver circuit [TEXT: See text protocol for driver circuit details]
3.2.2. Boards as they are connected. Be certain to record to the end, including the boards alone, without talent’s hands
3.2.3. The thermoelectric cooling element, possibly held in talent’s hands
3.3. Connect the output of the driver circuit to the thermoelectric cooling element. [1-CU] Move the cooling element to the sample stage. [2-MED] [3-CU] Before continuing, connect the driver circuit to a 5 volt power supply. [4-MED]
3.3.1. Driver circuit and cooling element being connected. Be sure to record to the end, including the elements alone
3.3.2. Talent moving the thermoelectric cooler to the sample stage
3.3.3. Thermoelectric cooler being placed in its slot on the sample stage
3.3.4. Talent connecting driver circuit to power supply
3.4. To monitor the temperature, use a forward-looking infrared camera and check that the system is cooling properly before proceeding. [1-MED] [2-MED] For this, use a resistance thermometer unit and its sensor. [3.5.0-CU]
3.4.1. Talent using the camera to check the temperature. 
3.4.2. Talent putting camera down near materials for the next steps
3.4.3. The RTD unit and its attached sensor (renamed it as 3.5.0)
3.5. Begin with the sensor on a glass coverslip.  Apply a small amount of thermal paste to ensure thermal contact. [1-CU] Transfer the sensor and coverslip to the sample stage. [2-MED] 
3.5.1. Detail of RTD sensor placed on a coverslip. After a pause, show the thermal paste being applied
3.5.2. Talent transferring the sensor and coverslip to sample stage
3.6. There, put the assembly in contact with the stage. [1-CU] At the controls, adjust the power to the thermoelectric cooling element. [2-MED/LM] After three minutes, read the temperature using the resistance temperature detector thermometer. [3-CU]
3.6.1. Sensor and coverslip on sample stage
3.6.2. Talent adjusting power to thermoelectric cooling element. (Add Lab Media: FIG 3.6.2) Editor – use either, or both if that looks ok. They don’t indicate what the media is.
3.6.3. Face of thermometer with reading of temperature
3.7. In addition, record the temperature with the forward-looking infrared camera. [1-MED/LM] Repeat these two measurements at various output power settings to obtain a temperature calibration curve similar to this one. Calibration is essential. [2-LM] Before proceeding, shut off the power to the thermoelectric cooler. [3-MED]
3.7.1. Talent using camera to measure temperature. (Add Lab Media. FIG 3.7.1) Editor – use either, or both if that looks ok. They don’t indicate what the media is.
3.7.2. LAB MEDIA: “Supplementary Figure 4.pdf”
3.7.3. Talent shutting off power to the cooler
4. The Nanoplasmonic Array and Trapping Microparticles
4.1. The final element of the setup is the nanoplasmonic array. [1-WIDE] This slide cover has a custom fabricated array and is ready to mount in the experiment. [2-CU-TXT] This scanning electron microscope image of the array provides more detail.[3-LM]
4.1.1. Talent at the apparatus, holding the array
4.1.2. Detail of the array consistent with previous shot [TEXT: See text manuscript for fabrication details]
4.1.3. LAB MEDIA: “Figure 2b” (Authors: Please provide panel b of Figure 2 separately and without the panel label. Use the file name “Figure 2b”)
4.2. It is an array of about 16 micrometers square of 22 by 22 gold nanodiscs. [1-LM] Each nanodisc has a thickness of 40 nanometers and a diameter of 550 nanometers. [2-LM] The center to center distance between discs is 750 nanometers. [3-LM]
4.2.1. LAB MEDIA: “Figure 2b” 
4.2.2. LAB MEDIA: “Figure 2b” (Video editor: Please highlight/point to one of the circles in the image)
4.2.3. LAB MEDIA: “Figure 2b” 
4.3. Put the slide cover with the nanoplasmonic array on the sample stage.[1-MED] It should be in contact with the thermoelectric cooler. [2-CU] Next, set up the light source. [3-MED] Turn on the fluorescent light source and set the power to 5 milliWatts for bright field imaging. [4-CU] 
4.3.1. Talent mounting the slide cover on the sample stage
4.3.2. Detail of slide cover on the stage, in contact with the thermoelectric cooler
4.3.3. Talent at the controls for the light source
4.3.4. Detail of light source control panel as it is turned on and its power level set
4.4. Monitor the CCD image while manipulating the slide. [1-MED] Use the marker on the slide to locate and align the array. Make sure the array is in the center of the region of interest on the computer screen. [2-SCREEN]
4.4.1. Talent monitoring the CCD monitor and manipulating the slide
4.4.2. *To be provided by the authors SCREEN: (Authors: Please provide a screen capture of the slide as it is being moved into alignment. Once in alignment, keep recording for a few seconds. The figure is named “FIG 4.4.2”) (Video editor: This goes with two sentences of narration)
4.5. Now, turn to the sample for the experiment. [1-MED] It is a mixture of 2 micrometer diameter polystyrene particles in deionized water. [2-CU-TXT] Use a micropipette to dispense 10 microliters onto the nanoarray slide. [3-CU]
4.5.1. Talent at the sample stage, holding vessel containing sample
4.5.2. Detail of vessel with sample. Ideally it would be labeled. [TEXT: Concentration: 0.05% (w/v)–see text protocol]
4.5.3. Nanoarray slide on the sample stage as sample fluid is deposited onto it
4.6. Move to the current supply of the 980 nanometer laser diode. [1-MED] Turn it on to excite the plasmonic resonance of the array. [2-CU-TXT] Then work with the power supply for the cooling system to achieve a temperature of 4 degrees Celsius. [3-MED/LM]. Finally, start recording video of the microparticles with the CCD camera. [4-MED-TXT]
4.6.1. Talent at controls for the laser diode
4.6.2. Laser diode controls as the power is set [TEXT: Power range: 1–10 mW]
4.6.3. Talent turning to and adjusting controls for the cooling apparatus. (Lab Media. Use figure with “FIG 4.6.3”) for the screen shot) Editor – use either, or both if that looks ok. They don’t indicate what the media is.
4.6.4. Talent starting CCD recording [TEXT: Record at 10 frames per second]
5. Results: Observation of Clustering and Determination of Single Particle Trajectories for 2 µm Micro-spheres in Deionized Water Using a Nanoplasmonic Optical Lattice Trap
5.1. This is an example of the video recorded during an experiment with 2 micrometer polystyrene spheres. The optical power of the 980 nanometer wavelength laser used for plasmonic resonance excitation is 5 milliWatts. Note the particles cluster in a hexagonal close packed structure. [1-LM]
5.1.1. LAB MEDIA: “2uM 5 mW.avi” (Video editor: Please show this video to at least the one minute mark, ideally to the end. It may be necessary to speed it up.)
5.2. These still images are of the accumulated trapped microparticles over time. The white scale bar represents 4 micrometers. [1-LM] Again, the hexagonal close packed structure is clear. [2-LM] Images such as these can provide data to produce a plot of the number of trapped microparticles as a function of time. [3-LM] 
5.2.1. LAB MEDIA: Fig4a (Authors: Please provide panel a of Figure 4 without the panel label. Use the filename “Fig4a”)
5.2.2. LAB MEDIA: Fig4a
5.2.3. LAB MEDIA: Fig4b (Authors: Please provide panel b of Figure 4 without the panel label. Use the filename “Fig4b”)
5.3. These five colored curves are examples of microparticle trajectories that can be extracted from the recorded video using image processing techniques and the centroid algorithm. [1-LM] The scale bar represents 2 micrometers. [2-LM]
5.3.1. LAB MEDIA: 56151fig3large.pdf (Video editor: Please call attention to the colored curves in some way)
5.3.2. LAB MEDIA: 56151fig3large.pdf (Video editor: Please point to the white bar in the upper left of the image)
6. Conclusion (said by authors on camera)
6.1. YA-TANG YANG: The procedure reported here enables a researcher to reproduce trapping on a daily basis.
6.2. Dinesh Balothia: While attempting this procedure, it’s important to remember to use the infrared camera to monitor the sample temperature to avoid sample breakage.
6.3. YA-TANG YANG: After its development, this technique paved the way for researchers in the field of optical trapping to study a large class of transport phenomena in plasmonic optical lattices. 
6.4. YA-TANG YANG: After watching this video, you should have a good understanding of how to do the optical trapping with a plasmonic optical lattice. 
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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