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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____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.
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.)  2.14-3.3.
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.  The most difficult aspect of this procedure is working with the optical fiber as it is quite thin and so can therefore break easily.  To ensure success, I try to minimize contact with the fiber.
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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to detect single molecules and ultra-small nanoparticles without the use of labels using a technique based on optical resonator technology and frequency locking. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Judith Su: This method can help answer key questions in biochemical fields, such as protein binding and folding kinetics. 
1.2. Judith Su: The main advantage of this technique is that the target molecule does not have to be labeled in order to detect it.
Protocol (read by voice talent at JoVE):

2. Setup and Sample Preparation 
2.1. Setup for this technique involves coupling a microtoroid chip to an optical fiber. [2.1.1-WIDE] First, obtain a microtoroid chip. [2.1.2-MED] This is an approximately 6.5 millimeter by 5.5 millimeter silicon chip with a microtoroid fabricated on it. [2.1.3-CU/ECU] As in this image, the microtoroid has a major diameter of 80–100 micrometers, and a minor diameter of 2 micrometers. [2.1.4-LM-TXT]

2.1.1. Talent at bench. Bench should have materials needed for the next steps in place (chip, fiber, stepper motors, etc)

2.1.2. Talent picking up/examining microtoroid chip.

2.1.3. Detail of chip that is consistent with 2.1.2

2.1.4. LAB MEDIA: Image of a microtoroid on a chip [TEXT: See manuscript for chip fabrication references.]

2.2. For now, put the chip aside and prepare the fiber. [2.2.1-MED] In order to couple to the chip, work with single-mode fiber on a spool and unwind roughly a meter of the fiber. [2.2.2-MED-TXT] Get wire strippers and, roughly in the middle of the unwound fiber, use them to strip a 2.5 centimeter segment of the polymer coating from the fiber. [2.2.3-MED] This stripped region is the coupling region of the fiber. [2.2.4-CU]

2.2.1. Talent putting chip away and turning to work with the fiber spool

2.2.2. Talent unwinding a meter of fiber [TEXT: Fiber has 125 µm cladding, 4.3 µm mode field diameter]

2.2.3. Talent getting wire strippers, placing them in center of fiber, stripping cladding

2.2.4. Detail of the region of fiber that has been stripped

2.3. After stripping the fiber, use a lint free wipe and isopropanol alcohol to clean the stripped region. [2.3.1-MED] Next, use a fiber holder with magnetic clamps to hold the cleaned portion in place. [2.3.2-MED/CU] For the next step, have stepper motors arranged to pull the fiber in opposite directions. [2.3.3-MED] Position the fiber holder to allow attaching the stepper motors to the fiber on either side of the stripped region. [2.3.4-CU/MED] In addition, attach a laser to one end of the fiber to serve as a light source. [2.3.5-MED]

2.3.1. Talent cleaning stripped region of fiber

2.3.2. Talent placing fiber in holder. Ideally the stripped region would be clearly visible at the center of the holder

2.3.3. Talent moving fiber in holder to stepper motor setup

2.3.4. Fiber in position as talent completes attaching ends to motors

2.3.5. Talent attaching laser to end of fiber

2.4. Start the stepper motors moving in opposite directions to stretch the fiber and use a hydrogen torch to melt the stripped portion of the fiber. [2.4.1-MED-TXT] Constantly monitor the light scattered laterally from the fiber. [2.4.2-MED] Blinking indicates the light transmission through the fiber fluctuates and more thinning is needed [2.4.3-CU/ECU] When blinking ceases, stop heating and pulling the fiber, which will have been thinned to about 500 nanometers. [2.4.4-CU/ECU-TXT] After the fiber has been thinned, detach the light source and remove the fiber and its magnetic clamp holder from the stepper motors. [2.4.5-MED]

2.4.1. Talent starting motors and using torch on the fiber [TEXT: Each motor pulls at 60 µm/minute.] Since motors move very slow, we took an extra long shot to give editor the option to speed up to better illustrate motion.
2.4.2. Talent observing fiber to determine if transmission has stopped fluctuating In take 2, the action begins 1 min in.
2.4.3. Detail of side of fiber showing blinking of light (Video editor: Please add the next shot so the two are shown simultaneously to allow comparison.)

2.4.4. Detail of side of fiber showing no blinking [TEXT: Thinning takes about 2.5 minutes.]

2.4.5. Talent removing holder with fiber from stepper motor apparatus

2.5. Next, move the fiber to a pneumatically isolated bench equipped with a positioning stage. [2.5.1-WIDE] Place the fiber in its magnetic clamp holder on a support block in front of the sample chip. The positioning stage is a three-axis nanopositioning stage on top of a three axis micrometer. [2.5.2-CU] In addition to the nanopositioning stage, there are top and side-view imaging columns to help with alignment. [2.5.3-MED/CU]

2.5.1. Talent arriving at bench with fiber

2.5.2. Detail of the nanopositioning stage

2.5.3. Detail of nanopositioning stage and viewing columns Captured a basic wide shot at end of tk2.
2.6. Continue working with the fiber by ensuring its stripped portion is near the positioning stage. [2.6.1-MED] Prepare to introduce the fiber's free end into the measurement system. [2.6.2-MED] After cleaving the free end, insert it into a bare fiber adapter. [2.6.3-CU] Use the adapter to connect the fiber to the input of an auto-balanced photoreceiver connected to an oscilloscope. [2.6.4-MED] Now, focus on the other end of the fiber. [2.6.5-MED]

2.6.1. Talent placing the fiber and holder so they will be ready for later steps

2.6.2. Talent moving from placing fiber on bench to working with free end of fiber

2.6.3. Detail of fiber in fiber adapter (possibly in hands of talent for continuity with next shot)

2.6.4. Talent connecting fiber to photo-receiver

2.6.5. Talent moving to work on other end of fiber

2.7. First, attach this end to an optical coupler. [2.7.1-CU] Then couple the fiber to the output of an inline polarizer which has input from a 50/50 beam-splitter and a tunable diode laser. [2.7.2-MED-TXT]  Here is a schematic of the connections made to this point. [2.7.3-LM] Note that the second output of the beam-splitter passes through an inline polarizer and is used as the reference for the auto-balanced photoreceiver. [2.7.4-LM]

2.7.1. Detail of fiber in optical coupler (possibly in hands of talent for continuity with next shot)

2.7.2. Talent coupling the fiber to the rest of the system [TEXT: Perform experiments using visible light: wavelength ~635 nm.]

2.7.3. LAB MEDIA: “JoVE_FIgure1_ExperimentalSchematic2.tif” (Video editor: If possible, please show only the upper right portion of the figure, without the microtoroid (that is, the red circle or anything within it.). Include only the symbols and labels for the Laser, 50:50 Beam splitter, Polarization controllers, Auto-balanced photoreceiver, and the red lines going between them.)

2.7.4. LAB MEDIA: continue from 2.7.3 (Video editor: Please highlight the lower line during the sentence.)

2.8. The next step is to prepare to mount the microtoroid chip using a stainless steel sample holder. [2.8.1-MED/WIDE] Employ double sided tape to secure the chip to the sample holder, then place the microtoroid chip on top of the sample holder. [2.8.2-CU] Now, mount the sample holder with the chip on top of the nanopositioning stage. [2.8.3-MED] Here the holder and chip are in place on the positioning stage. [2.8.4-CU]

2.8.1. Talent positioning sample holder for the next steps

2.8.2. Sample holder and chip in frame to show how tape (possibly epoxy) has been applied, then sample being affixed to holder

2.8.3. Talent working to secure sample holder on nano-positioner

2.8.4. Detail of the sample holder and chip on the nano-positioning stage

2.9. [2.9.1-MED] With the three-axis micrometer, coarsely position the sample chip with respect to the fiber. [2.9.2-MED] Here are the chip and fiber after the coarse positioning has been completed. [2.9.3-CU] 

2.9.1. Talent moving the fiber holder and fiber into position

2.9.2. Talent coarsely adjusting chip position with nanopositioner

2.9.3. Detail showing relative positions of chip and fiber after coarse positioning

2.10. Next, further adjust the positioner and use the imaging columns to align the chip parallel to the optical fiber, with the microtoroid within a laser wavelength of the fiber. [2.10.1-MED] This image is of a fiber and microtoroid after the fine positioning step. [2.10.2-LM] Now, move on to search for the resonance wavelength of the microtoroid. [2.10.3-MED/WIDE]

2.10.1. Talent using imaging columns and nanopositioner

2.10.2. LAB MEDIA: Image of the fiber and microtoroid in position for continuing with the experiment (Authors: Please provide an image for this. Use the filename 53180_Su_toroid_fiber.) If lab media does not work, 2.10.1 footage may work.
2.10.3. Talent getting into position to search for the resonance wavelength


2.11. Generate a triangular waveform voltage signal to regulate the laser wavelength at about 635 nanometers, plus or minus 2.5 nanometers. [2.11.1-LM/SCREEN] Now, scan the wavelengths to search for resonance. [2.11.2-MED] Observe the transmission through the fiber on the oscilloscope; note that at the resonance wavelength, the transmission drops. [2.11.3-SCREEN] At this point, work to adjust the polarization of the laser light. [2.11.4-MED]
2.11.1.  LAB MEDIA/SCREEN CAPTURE: Image of the triangular waveform used to search for resonance 

2.11.2. Talent starting scan and/or changing settings to observe transmission
2.11.3.  *To be provided by authors SCREEN: The transmission signal recorded from the oscilloscope

2.11.4. Talent turning to work with the polarization controllers

2.12. Adjust the in-line polarization controllers to optimize the polarization of the laser light in the optical fiber. [2.12.1-CU] View the output of the photoreceiver with the oscilloscope and adjust polarization until the measured transmission dip appears narrowest. [2.12.2-SCREEN] After optimizing the polarization, construct a sample chamber on the sample stage. [2.12.3-MED]

2.12.1. Detail of talent adjusting a polarization controller

2.12.2. *To be provided by authors SCREEN: The transmission signal on the oscilloscope as the polarization dip goes from near its narrowest width, through its narrowest width, then back to its narrowest width

2.12.3. Talent beginning to construct a sample chamber on sample stage

2.13. The chamber consists of a glass coverslip epoxied to a piece of microscope slide; the slide acts as a spacer, allowing the coverslip to overhang the chip and fiber. [2.13.1-CU] [2.13.2-MED] [2.13.3-CU/MED]
2.13.1. Detail of the sample stage with the sample chamber in place

2.13.2. Talent putting a Plexiglas enclose in place

2.13.3. Detail of opening on enclosure, ideally providing idea of its position relative to sample chamber No epoxy was used in take 1.
2.14. Arrange a 1 milliliter syringe pump and tubing to introduce experiment samples into the chamber at 1 milliliter per minute. [2.14.1-MED] Next, obtain a one milliliter room temperature equilibrated sample to load into the pump; in this case it is a solution with 5 nm silica beads. [2.14.2-MED-TXT] Once loaded, observe the sample chamber and inject the sample, stopping when the chamber is filled. [2.14.3-MED] Sample injection has stopped in this chamber, which is filled with the solution containing 5 nanometer silica beads. [2.14.4-CU]

2.14.1. Talent putting syringe pump and tubing in position

2.14.2. Talent getting and loading a sample into the syringe pump [TEXT: Equilibrate sample for one hour in a 500 mL water bath; briefly vortex solutions with particles.] 

2.14.3. Talent starting syringe pump and observing sample chamber

2.14.4. If this is viable, detail of chamber that is filled with the sample fluid
3. Frequency Locking
3.1. After waiting for 30 seconds to minimize the effects of vibration, search for the resonance wavelength of the microtoroid again. [3.1.1-WIDE] Observe the dip in transmission through the fiber at resonance using the oscilloscope. [3.1.2-SCREEN]

3.1.1. Talent ready to begin, then starting scan of wavelengths

3.1.2. *To be provided by authors  SCREEN: The transmission signal recorded from the oscilloscope

3.2. [3.2.1-WIDE] This is a schematic of the experimental setup at this point, including the proportional-integral-derivative, or P-I-D, controller, the integrator, and dither. [3.2.2-LM] Run the controller in autolock mode with top-of-peak locking. [3.2.3-SCREEN] Set the dither frequency to 2 kHz. [3.2.4-SCREEN] And set the wavelength oscillation amplitude to 19 femtometers. [3.2.5-SCREEN] [3.2.6-MED]

3.2.1. Talent working to change/make connections

3.2.2. LAB MEDIA: “JoVE_FIgure1_ExperimentalSchematic2.tif” (Video editor: Please show the complete image. Highlight the components when they are mentioned in the voiceover

3.2.3. *To be provided by authors SCREEN: Setting the controller to auto-lock mode with top-of-peak locking

3.2.4. *To be provided by authors SCREEN: Setting the dither frequency to 2 kHz

3.2.5. *To be provided by authors SCREEN: Setting the wavelength oscillation amplitude to 19 femtometers

3.2.6. Videographer: Please record 30 seconds or so of talent adjusting settings described in the previous three shots at the experiment controls (Video editor: Please use this if the screen shots are not viable.)

3.3. After empirically finding the P-I-D settings, auto-lock the wavelength of the laser to the resonance wavelength of the microtoroid. [3.3.1-SCREEN-TXT]  Collect data by recording the output of the feedback controller. [3.3.2-MED-TXT]

3.3.1. *To be provided by authors SCREEN: Setting auto-lock [TEXT: Find PID settings using the Ziegler-Nichols tuning rules.]

3.3.2. Talent starting data collection [TEXT: Collect data at 20 kHz using a 24-bit data acquisition card.]

4. Results: Changes in the Resonance Wavelength during Binding of Nanovesicles, Silica Beads, and Human Interleukin-2 Molecules
4.1. Here are representative traces of resonance shift, in femtometers, versus time, in seconds, produced with the protocol using three different binding particles. [4.1.1-LM] In order of size, the particles are exosomes or nanovesicles; 5 nanometer silica beads; and human interleukin-2 molecules. (Voice talent: Please pause after each type of particle.) [4.1.2-LM] Note the different scales of both the vertical and horizontal axes in each data set. Observing different scales in the data for different particle sizes is an indication the technique has been performed correctly. [4.1.3-LM] 

4.1.1. LAB MEDIA: “JoVE_Figure_3.tif”, “JoVE_Figure_4.tif”, “JoVE_Figure_5.tif” (Video editor: Please arrange these in order, left to right. If possible, please label the images “exosomes”, “5 nm silica beads”, and “human interleukin-2”, left to right. Keep the labels anytime the images are shown.)

4.1.2. LAB MEDIA: continue with previous (Video editor: Please highlight each figure in some way as it is mentioned.)

4.1.3. LAB MEDIA: continue with previous (Video editor: Please show the same images for the last two sentences.)

4.2. When a particle binds to the toroid, the resonance wavelength of the toroid increases, causing a step-up in the trace. [4.2.1-LM] When a particle unbinds, the resonance wavelength decreases, leading to a step-down. [4.2.2-LM] The height of each wavelength step is determined by the size of the particle and its position on the microtoroid. [4.2.3-LM] The time scales are determined by the particle-toroid dynamics. [4.2.4-LM]

4.2.1. LAB MEDIA: “JoVE_Figure_3.tif”, “JoVE_Figure_4.tif”, “JoVE_Figure_5.tif” (Video editor: Please bring “JoVE_Figure_4.tif” to the foreground to point out the features. During the first sentence, point out the upward step to the highest point at the center of the plot.)

4.2.2. LAB MEDIA: continue with previous (Video editor: During the second sentence, point out the downward step from the highest point at the center of the plot.)

4.2.3. LAB MEDIA: continue with previous (Video editor: Return the image to being between the other two during the third sentence. )

4.2.4. LAB MEDIA: continue with previous
5. Conclusion (said by authors on camera)
5.1. Judith Su: Once mastered, this technique can be done in about 3 hours if it is performed properly.
5.2. Judith Su: While attempting this procedure, it’s important to remember to keep everything as clean and dust-free as possible.
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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