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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (N) _________ If yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (N)________ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to __develop a microfluidic sensor technology . (Intro)

This is accomplished by first fabricating potential devices by coating capillaries with a silicon quantum dot layer (P1, 50256_graphic:  Top left then bottom left (or show top left being dipped into solution). After dipping, top left has a blue “QD film added to it (see top middle but without the red “WGMs” or H or E. )
The second step is to _____determine which of the samples meet the basic requirements for use as a sensor____. (P2, upper image from P1 turns into top middle image (with red WGMs,etc) and show the lower image.)
Next, _a sensor device is connected to a micropumping system to allow the introduction of analytes . (P3, upper image from P2 turns into top right image (that is, fluid is pumped through – if you can figure out how to indicate that the orange fluid is moving through the capillary, that would be great. Also show bottom right image.)
The final step is ___to collect fluorescence spectra and analyze the results. (P4, figure 5)
Ultimately, fluorescence microscopy_is used to show _refractometric sensing of fluids in a capillary channel________ _____. (P5, figure 6)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

(Author: These comments have been edited for length.  If you want to change them, please limit each speaker to one sentence.  Also, indicate who is to say which sentence.)
1.1. Author name Al: The main advantage of this technique over existing methods, like surface plasmon resonance spectroscopy, is the small size, microfluidic compatibility, and low cost of the sensor structure.    This awkward line took about 6 takes.
1.2. Author name Shalon: The implications of this technique extend toward any type of fluid analysis, because essentially anything can be pumped into the capillary. The harder part is to make the device specific for desired analytes.  

1.3. Author name Shalon: Though this method can provide insight into fluid sensing in a capillary, it could, in principle, also be applied to wide range of technologies, such as food safety, groundwater analysis, and health care.

1.4. Author name Shalon: Generally, individuals new to this method will struggle because the sample-making procedure is finicky.

1.5. Author name Al: Visual demonstration of this method is critical as the fabrications steps are difficult to learn, because even the smallest thing can lead to failure in the sample preparation.   

Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     
2. Preparation of Materials
2.1. Begin with the preparation of microcapillaries.  Obtain silica capillaries from a commercial supplier.  Choose an inner diameter of approximately 25 to 30 micrometers for more widely separated spectral resonances; or an inner diameter of about 100 micrometers for more closely spaced resonances with higher quality factors.  Large outer diameters will ensure more durable and easily manipulated microcavities.
2.1.1. MED: Talent at workbench with materials. (2 – have duplicates of this)
2.1.2. CU: Example of two silica capillaries – one of 25-30 micrometers, the other of 100 micrometers. (Video editor, add arrow pointing to each capillary as it is mentioned and put the appropriate label over each of the capillaries: TEXT: 25-30 µm, 100 µm) Or lab media, images of different capillaries. (1 take)
2.2. Next, use a diamond fiber cleaver to cut approximately 10 centimeter pieces of capillary from the roll.  Each piece constitutes a single sample.  Heat the samples in a tube furnace at 650 degrees Celsius for one hour in oxygen.  This process removes the colored polyimide jacket to expose the silica capillary inside.  Wait for the samples to return to room temperature before proceeding. 

2.2.1. MED over the shoulder: Talent pulling out lengths of capillary and cutting each with cleaver.  Same as (2.1.1). 
2.2.2. MED: Talent at oven with temperature of 650 Celsius displayed.  Talent places container into oven. [TEXT: 1 hr, 650 °C] (3 takes)
2.2.3. MED over the shoulder: Talent removes sample from oven. [TEXT: Wait for samples to return to room temperature] (1 take)
2.3. Obtain hydrogen silsesquioxane, (pronounced “sill sess kwee ox ain”) or HSQ, (TEXT: Hydrogen silsesquioxane (HSQ): H12Si8O12 molecules with a cage-like structure) in one of its flowable oxide solutions and adjust its concentration to an appropriate range for quantum dot formation.  This will require some trial and error.  For a capillary with a 25 to 30 micrometer inner radius, a solution of about 25 percent by weight is a good target. 


(1) + 2.3.1.a and 2.3.1b (1)
2.3.1. MED over the shoulder: Talent with container of HSQ adjusting concentration by dilution or evaporation of solvent.  (1)
3. Fabrication of Coated Capillaries 
3.1. With the preparatory steps completed, produce a coated capillary by dipping the prepared capillaries into the HSQ and flowable oxide solution. The meniscus should be visible as the solution is drawn up the channel.  When the meniscus reaches the top, remove the capillary and place it in a glass annealing crucible. 

3.1.1. MED over the shoulder: Talent dips capillary into HSQ solution. (1 take)
3.1.2. CU: Capillary being dipped into HSQ solution. (1)
3.1.3. ECU: Meniscus moving up capillary. ****Did 4 takes, not sure which one will work best. May need to digital zoom in. 
3.1.4. CU: Capillary being placed in crucible. (1)
3.2. Repeat this for 20-30 capillaries, using two different concentrations of HSQ solutions by weight. While the capillaries are filled in the air, the flowable oxide solution is kept chilled in a glovebox, if possible, to minimize exposure of the solution to oxygen and water vapor.

3.2.1. MED over the shoulder: Talent dipping capillaries and placing them into glass annealing crucible.   Talent switches to dipping capillaries into another solution and placing them in a different crucible.  (2) Same as 2.3.1, kind of backwards of how the script is written. 
3.2.2. MED: Flowable oxide solution chilling in a glovebox [TEXT: Try to minimize exposure of HSQ solution to oxygen and water vapor.] (1)
3.3. The quantum dots are formed in the silica matrix during the annealing process.  Place the capillaries in an oven that is set to increase the temperature from room temperature to 300 degrees Celsius over 30 minutes, dwell at that temperature for 3 hours, then increase to 1100 degrees Celsius in 45 minutes and stay at that temperature for one hour.  

3.3.1. MED: Talent taking crucible with capillaries to oven. (1)
3.3.2. MED: Talent placing capillaries inside oven: TEXT in five lines:  1) Oven temperature: 2) RT to 300 °C over 30 min  3) 300 °C for 3 hr 4) 300 °C to 1100 °C over 45 min 5) 1100 °C for 1 hr (1)
3.4. Let the capillaries slowly cool back to room temperature over about 12 hours. This process results in 20-30 capillaries whose walls are coated with a layer of fluorescent quantum dots embedded in a silica matrix.

3.4.1. MED: Talent retrieving samples from oven, leaving them in the oven to cool. (TEXT: Cool for 12 hr) (1)
3.4.2. CU: 20-30 capillaries after 12 hours of cooling. (2 takes)
4. Characterization
4.1. To characterize the samples, use a fluorescence microscope that can perform both imaging and spectroscopy in the 700 to 900 nanometer wavelength range.  Place a row of the candidate capillaries on the stage so that it is easy to move between them for quick visual analysis.  

4.1.1. MED: Talent at fluorescence microscope. (1)
4.1.2. MED over the shoulder: Talent placing row of capillaries on stage. (1)
4.2. Excite each capillary with blue or ultraviolet radiation either in free space on the microscope stage, or directly through the objective lens using a dichroic filter.  Observe the fluorescence of the capillaries using the eyepiece or a color camera.

4.2.1. MED over the shoulder: Talent operating the microscope. (1)
4.2.2. LAB MEDIA: Figure 5d, 4th image on left for the first sentence.

4.2.3. SCREEN: Fluorescence of the capillaries. 
4.3. If the fabrication was successful, the capillaries will exhibit a bright red fluorescence.  Capillaries exhibiting a yellow-orange fluorescence, or none at all, indicate a low HSQ concentration during fabrication.  These should be discarded along with those with a cracked or textured film. 

4.3.1. LAB MEDIA: Figure 5b, 2nd image on left for “yellow-orange fluorescence”. 

4.3.2. LAB MEDIA: Figure 5a, top image on left for “none at all”.

4.4. Now, align one of the remaining samples on the entrance slit of the spectrometer and collect a fluorescence spectrum.  Adjust the collection time to produce an acceptable signal-to-noise ratio, and perform wavelength and intensity calibration as required.

4.4.1. MED over the shoulder: Talent aligning the samples.

4.4.2. CU (OPTIONAL): Samples on microscope stage.

4.4.3. MED over the shoulder: Talent performing wavelength and intensity calibration. 
4.5. Quantum dot spectra should be intense in the 700 to 900 nanometer range.  Spectra taken from the inner capillary wall should show strong oscillations due to the presence of a whispering gallery mode. Discard any samples that do not show evidence of this mode. 

4.5.1. LAB MEDIA Figure 5:  For the first sentence, just show the x-axis (the horizontal axis) from part e without any of the traces yet.
4.5.2.  LAB MEDIA Figure 5:  [Video Editor: Can you just show c and d on the left and the two lower (red) traces on the right? That is, delete the a, b and the black and orange traces. For the second sentence, fade out c and the upper red trace. For the third sentence, add in c and the upper red trace.]  (Authors: Can you provided separate files for parts a-d of figure 5, and for each of the separate images mentioned in this shot?)
4.6. Next, prepare samples for refractometric analysis. Use an appropriate adhesive to attach each end of a candidate capillary to polyethylene or similar tubing to carry fluids into and away from the capillary. After glueing the first tube, wait for it to cure before attempting to glue the other side.  The inner diameter of the tubes should be just slightly larger than the outer diameter of the capillary.  Use care to prevent adhesive from seeping into the capillary channel and blocking it. 

4.6.1. Capillary being inserted into tubing and mounted on the sample holder (1,2)
4.6.2. CU/ECU: Place glue on interface between tube and capillary (1)
4.6.3. CU: Place and glue other side after first side has cured. (2)
4.7. Next, connect the tubing with a syringe to a micropumping system.  Be prepared to pump compounds with well-known refractive indices, such as methanol, ethanol, and water. Pump each fluid, one at a time, into the capillary to determine the refractometric sensitivity of the device.

4.7.1. MED: Mount capillary on microscope. (1)
4.7.2. Talent connecting tube to micropumping system. (1)
4.7.3. Fluid being pumped into a capillary – Finishing connecting laser beam block and turn on laser, hit start on the pump (1).

4.8. Collect spectra with each liquid inside the capillary.  Use an analyzer in the light path to measure shifts in the whispering gallery modes with each different solution in the capillary.  If there is no observable shift, the quantum dot film is too thick and the capillary should be discarded.  Successful samples typically have a sensitivity of 5 to 15 nanometers per solution refractive index unit.

4.8.1. MED: Talent at controls of microscope or computer collecting spectra. (1)
4.8.2. SCREEN: Sample data.  (Author: Is it possible to have a screen shot of sample data?) Yes, will send Media
5. Data Collection
5.1. Data is collected using the refractometric set-up.  Begin by taking a reference spectrum of a sensor capillary.  For bio-sensing applications this should be done after the channel surface is functionalized for specific analytes. 

5.1.1. MED over the shoulder: Talent at microscope collecting data. (Reuse 4.8.1) (1)
5.1.2. SCREEN/LAB MEDIA: Sample spectrum (Author: Is this possible?)
5.2. To achieve low detection limits, care must be taken to minimize sample drift.  Also, use a calibration standard to correct the spectrometer for wavelength and intensity.
5.2.1. MED over the shoulder: LAB MEDIA: Talent using calibration standard to correct projection angle.  (Author: Is this done after the reference spectrum is taken?  Can a brief shot communicate what is happening here? Should this be a screen capture?)  LAB MEDIA
5.3. Finally, collect spectral data with the analyte introduced into the sensor capillary.  Analyze the data with the methods described in the manuscript. 

5.3.1. MED: Talent turning on micropumping system and returning to collect data at microscope. (1,2)
5.3.2. SCREEN/LAB MEDIA: Sample spectra using data from step 5.1 and 5.3.  (Author: Is this possible?)
6. Results: Identifying a Fluorescent Core Microcavity; Spectra from Fluorescent Core Microcavity
6.1. The setup can be programmed to take spectra continuously as analytes are pumped into the capillary channel.  At top is a set of spectra taken as methanol, then water, then ethanol were pumped into a capillary.  The spectra were taken sequentially from red to blue.   

6.1.1. LAB MEDIA: Figure 6a

6.2. This figure shows the Fourier power spectrum of each fluorescence spectrum.  The fortieth component represents the main observable whispering gallery mode oscillation. 

6.2.1. LAB MEDIA: Figure 6b

6.3. The phase differences for the fortieth component were converted to wavelength shifts and plotted as a function of time as seen here.  The error bars represent one standard deviation of the peak shift for 60 measurements.  

6.3.1. LAB MEDIA: Figure 6c 

6.4. The inset shows the average sensitivity over the refractive index range from methanol to ethanol.  Note that analysis of the continuous time series data reveals a bump in the shift data between water and ethanol.  This is consistent with the presence of a small mixing region with a higher refractive index than either pure phase. 

6.4.1. LAB MEDIA: Figure 6c

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
7.1. Author name Shalon: Once mastered, this technique can be done in a few hours if it is performed properly. Future refinements will considerably speed the process. 
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, 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, as well as an introduction to your videographer, closer to your filming date.
 2012, Journal of Visualized Experiments


