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Authors, please fill out the brief questionnaire below. Make sure the step numbers reflect those in this document and not the submitted manuscript.
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ 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 steps using the step numbers listed in this document.  2.3,2.5,2.7,2.8,2.10,2.11,3.2,3.5,3.6,3.7,3.8,3.9,4.2,4.3,4.6,4.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. 2.10,2.11,3.5,3.6,3.8,4.6,4.7
E.  Will the filming need to take place in multiple locations? (Y/N) ___N___ If yes, how far apart are the locations? ___________________________________________________

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.   
Conceptual Narrative:
The overall goal of the following experiment is to perform thermal measurement for sensitive detection in microfluidic devices. (Intro)
This is achieved by measuring the thermal conductivity of fluid for thermal particle detection in microfluidic channel. (P1)
As a second step, thermal wave analysis and heat penetration time measurement is performed which leads to thermal characterization of liquid sample. (P2)  

Next, thermal detection in paper-based microfluidic is introduced in order to expand the detection capabilities of paper-based technology. (P3)
The results show the extended detection capabilities of thermal measurement in microfluidic devices   based on the presented experimental results. (P4)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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Figure 1. Microfluidic device for thermal particle detection. A) Device schematic. B) Cross-sectional view of the particle detection using the thermal measurement method.
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Figure 2. The experimental setup for the thermal particle detection (TPD). A computer-controlled source/meter is used to bias the RTD and measure the resistance. 
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Figure 3. Results of thermal particle detection. A) The detected resistance change when the 90 um PS bead is passing the RTD sensor with flow rate of 5µl/min. The explained change in the thermal conductivity will increase the temperature and appear in the form of resistance change in the RTD resistance measurement. B) The optical image of the same bead in Figure 3(A) passing the sensor. C) The detected resistance change when the 200 um PS bead is passing the RTD sensor with flow rate of 5µl/min. D) The optical image of the same bead in Figure 3(C) passing the sensor. This Figure has been modified with permission from [2].
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Figure 4. The on-chip fabricated micro-calorimeter and the device holder. A) A photograph of micromachined 3-dimensional on-chip suspended micro-calorimeter device. The chip has two identical chambers, each of which has two inlets and one outlet. B) The schematic of the micromachined micro-calorimeter chamber. The micromachined RTD is shown at the top surface of the fabricated device. C) The micro-calorimeter device is placed on the device holder. D) The final setup of the micro-calorimeter with electrical and microfluidic connections. The result of TWA is used for the heat capacity calculation. This Figure has been modified with permission from [3].
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Figure 5. The electrical connections of the thermal measurement setup with the micro-calorimeter device. A) The measurement setup for heat penetration time analysis. The measured heat penetration time is used for thermal conductivity calculation. B) The measurement setup for thermal wave analysis. The result of TWA is used for heat capacity calculation. This Figure has been modified with permission from [3].
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Figure 6. A) The schematic of the paper-based device. B) The measurement setup for paper-based calorimetric detection of glucose. In this setup, a LabVIEW-controlled source/meter (Keithley 2600) is used to bias the RTD and measure the temperature simultaneously. The measured temperature and the time stem will be stored while being measured.  In this experiment Keithley 2600 is used for faster measurement.
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Figure 7. The glucose detection results with paper-based calorimetric sensor. A) Output signal of the glucose and GOD enzyme reaction. B) Final detection results of glucose control samples with paper-based device compared with commercial glucose meter results. This Figure has been reused with permission from [4]. “Given Data” is calculated concentration of the glucose in the detection experiments.
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)

Only one statement should be chosen and completed per author
1.1. Benyamin Davaji: The main advantage of this technique over existing methods, like colorimetric and electrochemical detection techniques are reducing the complexity of the measurements to achieve the quantitative data while the range of detection is extended due to label free nature of the calorimetric technique.   

1.2. Author name ________: This method can help answer key questions in the _________ field, such as _________________.  

1.3. Author name ________: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  

1.4. Author name ________: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.

1.5. Author name _______: Generally, individuals new to this method will struggle because ______________.

1.6.  Author name ________: I/We first had the idea for this method, when I/we ___________.

1.7. Author name _________: Visual demonstration of this method is critical as the ______________ steps are difficult to learn, because _______________.   

1.8. **Author name ________: Demonstrating the procedure will be ________ a _______ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  

1.8.1. Interview style: Author saying the above 

1.8.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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. 1.
Thermal Particle Detection  
2.1. Begin by micro-fabricating a thin-film silicon nitride membrane with an integrated temperature sensor using the technique described by Vutha et al. (TEXT: Vutha A.K et al.  Microfluid Nanofluid 17 (5), 871-878, 2014.)  Rinse the completed device with deionized water and set aside to dry.
2.2. Next, fabricate a SU8 mold with microchannels using a previously published technique.  (TEXT: Liu J. et al. Microsystem Technologies 10, 265–268, 2004.)Taylor the length and width of the microchannels to fit the range of particle sizes to be detected.

Authors: Do you have any additional information that would be useful here?  For example, what is the length of the channel? What width should be used with some sample bead size? 

2.3. Make the PDMS by mixing 30 ml of the base with 3 ml of the curing agent.(TEXT: PDMS: polydimethylsiloxane)  Once mixed, pour the PDMS on to the mold and remove any bubbles by exposing it to a vacuum for 5 to 10 minutes.
2.4. Then, place the mold onto a hotplate at 70 °C for 2 hours.  Once cured, peel off the PDMS very carefully so as not to damage the micro-channels.
2.5. Using a manual punch, punch a 1 mm hole at one end of the microchannel for the PTFE tubing. Use a 2 mm punch at the other end to make a reservoir. 
2.6. Next, place the punched micro-channel on top of the device and align the resistance based temperature detector at the center of the micro-channel with the aid of a microscope.

2.7. In the electrical interface, connect the electrical pins at the contact pad positions and tighten up the locking screws. Make sure the height-adjustable pins sit at the correct electrode pads on the device.

2.8. Next prepare the polystyrene beads by diluting them 1 to 10 into 100 µL of DI water in a 1.5 mL tube.  To ensure the PS beads remain neutrally buoyant, add 2.7 µL of glycerol to the mixture and mix by pipetting up and down.
2.9. Fill a 1 ml glass syringe with 0.5 mL of DI water. Connect the glass syringe to one end of the PTFE tube attach the other end of the tubing to the microfluidic channel.

2.10. Place the DI water filled syringe on a computer-controlled syringe pump and push the water into the channel at 5 to 20 microliters per minute.  Fill the whole channel with fluid all the way to the reservoir.

2.11. Next, load 10 µL of the balanced bead solution to the reservoir and introduce the bead solution to the micro-channel by changing the flow direction on syringe pump.

2.12. Turn on the resistance based temperature detector by biasing 1 milli-amp of DC current through the computer controlled meter while measuring the resistance and sorting the measured data. 
3. Thermal Characterization of Liquid Substances Using a Micro-Calorimeter

3.1. To begin, fabricate the on-chip calorimeter device and microfluidic layer as described elsewhere. Davaji B., et al Biomicrofluidics 8 (3), 034101-13, 2014. 
3.2. Assemble the device by placing the micro-calorimeter device in the device holder and aligning the device to the microfluidic inlets and outlets along with the holder fittings of the PDMS seal layer.

3.3. Next, install the electrical connection pins on the device holder and lock the holder screws in place. 

Authors: How are the glycerol and ionic samples prepared?

3.4. Attach the microfluidic interface layer to the device holder using the magnetic latches.  Then, connect the PTFE tubes to both inlets and the outlet. Connect one inlet to a sample-loaded syringe pump and close the other one, as the enthalpy is not measured in this case.

3.5. Then, load a 300 µL sample into the glass syringe and place it on the syringe pump. Use very slow (TEXT: 0.25 µL/min) constant flow rates for high viscosity samples such as glycerol and ionic liquids. 

3.6. For thermal diffusivity measurements, connect the measurements setup as shown here [3.6.1 - LM]. Load the glycerol sample to the micro-calorimeter chamber [3.6.1 - CU] and run a modified computer controlled program for heat penetration time measurement. [3.6.1 - SCREEN]
3.6.1. Figure 5a
3.7. Use the calibrated heat penetration equation shown here to calculate thermal diffusivity from the measured heat penetration time.
3.7.1. Equation: 
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 (TEXT: α=thermal diffusivity, L=chamber thickness, p = thickness calibration factor, t0 = heat penetration time)


3.8. For specific heat measurements, use the thermal wave analysis measurement setup as shown here.[3.8.1 - LM]  Use the same sample loading program, but this time load the ionic liquid in the chamber. 
3.8.1. Figure 5b 
3.9. Run the thermal wave analysis program to get the amplitude of the AC temperature fluctuations and calculate the specific heat for each ionic liquid sample. This process is described in more detail elsewhere. (TEXT: Garden J.-L et al. Appl. Phys. Lett 84, 3597-99, 2004.)
4. Calorimetric Bio-Chemical Detection in Paper-Based Microfluidic Device

4.1. For calorimetric detection, microfabricate a 40-50 nm thick nickel film resistance temperature detector as previously described. (TEXT: Davaji B. and Lee C.H. Biosens. Bioelectron. 59, 120-126, 2014.)
4.2. Next, use a knife plotter to cut L-shaped paper microfluidic channels. 
(Authors: What type of paper is used? What are the dimensions of the L-shaped channel?)

4.3. Next, add a 5 micron thick layer of acrylic adhesive to the sensor and place the paper channel on top. Use a clean blade to push the paper to the device and remove any air bubbles. 
Authors: How is a 5 micron thick layer deposited onto the device?

4.4. Add 1 mg of glucose oxidase enzyme to 1 mL of sodium acetate buffer to make a 1 mg/mL solution. Adjust the pH of the solution to 5.1 with _____.

4.5. Next, bias the resistance temperature detector with 1 milli-amp of DC current to activate the detector and start measuring the resistance continuously. 

4.6. Introduce the 2 µL of the prepared glucose oxidase solution to the center immobilization site of the paper micro-channel. The detected temperature will start to decrease. 

4.7. To measure the glucose concentration, introduce glucose standards to the channel’s inlet and measure the resistance change caused by the reaction. Repeat this experiment with all different glucose control solutions and save the resistance data.

4.8. Finally, convert the resistance change to glucose concentration using the equations listed in the accompanying text protocol and elsewhere. (TEXT: Scheper, T. and Lammers Advances in Biochemical Engineering/Biotechnology. Thermal Biosensors Bioactivity Bioaffinity. 64, 35-67, 1999.)
Authors: Information is missing from the reference listed in this last step. Please update your manuscript with this information (2nd author, Volume, page number) by uploading a corrected version to the FTP site listed in the email.

5.  Results: Resistance Temperature Detection can Accurately Measure Physical and Biological Characteristics in Microfluidic Devices
5.1. The polystyrene bead shown here is passing over the resistance temperature detector with a flow rate of 5 microliters per minute.[5.1.1 - LM]  As it passes the sensor, the resistance spikes slightly and the size of the particle can be calculated based on this change. [5.1.2 - LM]
5.1.1.  Figure 3b (Video Editor: Show this on the left half of the screen.)
5.1.2. Figure 3a-b (Video Editor: Add Figure 3a to the screen and add bars to measure the peak along with the text “90 µm” with the word “calculated”.)

5.2. The typical output from a paper based calorimetric sensor is shown here.  Once the glucose oxidase is added, the temperature begins to quickly decrease until the enzyme meets the glucose solution. [5.2.1 - LM]    Once it does, a reaction takes place and the temperature spikes and then begins to cool off again.  [5.2.2 - LM]  

5.2.1. Figure 7a (Video Editor: With the 2nd sentence, Add the “GOD Enzyme” label with arrow with the words “Once the glucose..” Then add the “Cooling” label with arrow along with the words “temperature begins to…”. With the words “enzyme meets”, add the “Glucose control solution” label and arrow.)

5.2.2. Figure 7a (Video Editor: With the word “reaction” add the reaction label and arrow.  With the word “temperature” add the “Peak of Detected Heat” label and arrow.

5.3. This temperature change can be converted into glucose concentration to accurately measure glucose levels in samples. [5.3.1 - LM]  
5.3.1. Figure 7b

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
6. 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.
6.1. Author name ________: Once mastered, this technique can be done in ____________ (hours/min) if it is performed properly.

6.2. Benyamin Davaji : While attempting this procedure, it’s important to remember to the device design and structure is playing a key role in thermal measurements. The thermal mass, thermal resistance and the sensor parameters are described in details in references[2,3 and 4].
6.3. Author name ________: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.

6.4. Author name ________: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).

6.5. Author name _________: After watching this video, you should have a good understanding of how to _____________ (restate overall goal of the procedure mention specific steps).

6.6. Author name _________: Don't forget that working with _____________(reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ should always be taken while performing this procedure.   

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.

Figure 1: Fig1.TIF
Figure 2: Fig2.TIF

Figure 3: Fig3.TIF

Figure 4: Fig4.TIF

Figure 5: Fig5.TIF

Figure 6: Fig6.TIF

Figure 7: Fig7.TIF
PPT file: Figures_V3.2.pptx (includes all the files listed above)
Video 1: Thermal Particle Detection_90 um Bead.avi
Video 2: Thermal Particle Detection_200 um Bead.avi
Video 3: The Heat Penetration Time Measurement.avi
Video 4: Thermal Wave Analysis.avi
Video 5: Paper Based.avi
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.
�This experiment is not dependent on the channel length. In this experiment the 300 um wide channel is used where the length of channel is about 1.5 cm. The relation of the channel size (width and height) and bead diameter is more complicated. It is related to the thermal conductivity of the bead, thermal conductivity of liquid and flow rate of liquid in channel. In reference 3, more details are presented. Do you want me to add this part to the script?


�They are purchased as listed in the material list. There is no preparation steps required.


�Chromatography filter paper from Whatman (3001-845) is used in this work.


The larger leg is the 10 mm and short tail is 3 mm and the width is 3 mm.





�It is a double sided film and it is placed by tweezers on the device.


�With adding the sodium acetate buffer if its necessary.


�The mentioned publication is a book from a series, it has one editor and multiple author’s, should I change it?
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