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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? (Y/N) _____N____ 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_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.7,3.2, 3.3, 3.6, 3.7________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Avoid contamination.  Spay all the items invoided in the experiment with 10%bleach and 70% enthonal. 

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 detect Influenza A virus using a microfluidic chip (Intro). T First, run the sample with lysis buffer through the SPE channel to lyse the virus and extract RNA. (P1, red circle with 1 (show preceeding image and following image), then add image following the red circle with 2) Load the RT-PCR reagent with extracted RNA, and run the Reverse Transcription channel to convert viral RNA into cDNA (P2, squiggles turn into the image following the red circle with 3).   Next, run the mixture into the PCR channel in order to amplify the DNA. (P3, replace image with the image following red circle with 4) Results are obtained that show the size and concentration of the amplicon based on the  fluorescence signal from capillary electrophoresis  (P4, final graph).


[image: ]


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)

1.1. Qingqing Cao: The main advantage of this technique, is that it accepts the raw patient sample, and then integrates cell lysis, nucleic acid extraction, purification and amplification into a single chip.   


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. Chip fabrication
2.1. To create two plaques, distribute ~9 grams of Zeonex pellets evenly in the center of a metal plate. Place on a 198°C heated press for 5 minutes. Then apply pressure slowly to 2500 psi for another 5 minutes. 
2.1.1. MED/CU: Talent distributes ~9 grams of Zeonex pellets evenly in the center of a metal plate. 
2.1.2. ECU: Talent places the plate on a 198°C heated press.
2.1.3. MED: Talent applies pressure slowly to 2500 psi (get good shot of the Carver hot press). 

2.2. Now position one plaque onto the epoxy mold.  Preheat at 157°C  for 10 minutes and apply pressure slowly to 1000 psi for another 10 minutes. Next, wearing thermal gloves, remove the plaque and mold from the hotpress, and then remove the plaque from the mold before it cools down.
2.2.1. ECU: Talent positions one plaque onto the epoxy mold.  
2.2.2. CU: Talent preheats at 157°C.
2.2.3. MED: Talent applies pressure slowly to 1000 psi for another 10 minutes. 
2.2.4. ECU: Talent remove the plaque and mold from the hotpress with thermal gloves. Talent remove the plaque from the mold.

2.3. Drill three holes in the embossed chip:  one each at the inlet, waste port, and the outlet of the microfluidic channel [Text over video:1.25 mm diameter drill bit] 
2.3.1. CU/ECU: Talent drills three holes in the embossed chip:  one each at the inlet, waste port, and the outlet of the microfluidic channel.

2.4. [bookmark: _GoBack]Then wash the chips with IPA, followed by RNAse Away and deionized water. Dry the chips with air. To bond the chips, first preheat at 131°C for 10 minutes and then press at 350 psi for another 10 minutes.  
2.4.1. MED/CU: Talent washes the chips with IPA, followed by RNAse Away and deionized water. 
2.4.2. ECU: Talent dries the chips with air. 
2.4.3. MED/CU: Talent preheats at 131°C for 10 minutes
2.4.4. ECU: Talent sets press at 350 psi for another 10 minutes.  

2.5. Using J-B Weld Epoxy, attach Nanoports at the inlet, waste, and the outlet ports separately.  Cure for 15 to 24 hours as per the manufacturer’s instructions.
2.5.1. EDU: Using J-B Weld Epoxy, Talent attaches Nanoports at the inlet, waste, and the outlet ports separately. 
2.5.2. MED: Talent  places sample to cure.

2.6. Rinse the SPE channel with 50 μL RNAse Away, followed with 100 μL nuclease free water. Now load the SPE channel with 4 μL of freshly-prepared grafting solution. 
2.6.1. ECU: Talent rinses the SPE channel with 50 μL RNAse Away, followed with 100 μL nuclease free water. 
2.6.2. ECU: Talent loads the SPE channel with 4 μL of freshly-prepared grafting solution. 

2.7. To crosslink the methacrylate, incubate for 10 minutes in a UV oven [Text over video:  365 nm, 2000 mJ/cm2]. Remove the residual grafting solution with vacuum.
2.7.1. MED/CU: Talent places the chip in a UV.
2.7.2. CU: Talent removes the residual grafting solution with vacuum. 

2.8. Break up the dried microsphere pellet by tapping on the tube with the lid closed. 
2.8.1. ECU: Talent taps on the tube with the lid closed. (if possible show pellets)

2.9. Then add 100µl fresh-prepared SPE column solution, and vortex to mix. 
2.9.1. ECU: Talent  adds 100µl fresh-prepared SPE column solution, and vortexes.

2.10. Load 4 L of the SPE solution into the same channel. Crosslink by UV irradiation for 2.5 minutes on each side, resulting in an opaque white polymerized SPE column. 
2.10.1. ECU: Talent loads 4 L of the SPE solution into the same channel. 
2.10.2. MED/CU: Talent places sample in UV crosslinker. 
2.10.3. ECU:Talent flips to other side. (if possible show  opaque white polymerized SPE column). 

2.11. Wash the channel with 500 μL of 100% methanol to rinse away excess reactants and intra-polymer porogenic solvents. 
2.11.1. ECU: Talent washes the channel with 500 μL of 100% methanol.

2.12. Attach two thin-flim heaters to the bottom of the chip with thermally conductive tape. Note that the sides of the heaters need to be aligned with the edge of the wide channels for denaturation and annealing separately.
2.12.1. CU/ECU: Talent attaches two thin-flim heaters to the bottom of the chip with thermally conductive tape. 
2.12.2. LAB MEDIA: Figure 1.

2.13. Place five thermocouples into the chip through the dead ended open side channels of each chip. Tape to fix the location of thermocouples. 
2.13.1. CU/ECU: Talent places five thermocouples into the chip through the dead ended open side channels of each chip. 
2.13.2. ECU: Talent tapes to fix the location of thermocouples. 

3. Solid Phase Extraction Method
3.1. Add 4 μL of 25X RNA Secure to 96 μL of 70% ethanol in one tube, and to 100% ethanol in a second tube. Also prepare 300 μL of channel buffer and 316 μL of lysis buffer. Heat the solutions at  60°C for 15 minutes to activate the RNA Secure. 
3.1.1. CU: Talent adds 4 μL of 25X RNA Secure to 96 μL of 70% ethanol in one tube, and to 100% ethanol in a second tube. 
3.1.2. ECU:Talent prepares labels tubes for  channel buffer and lysis buffer. 
3.1.3. MED: Talent places the solutions at  60°C for 15 minutes.

3.2. Then to equilibrate the microfluidic channel, run the channel buffer through the SPE channel at a flow rate of 0.8 mL/hr.
3.2.1. CU/ECU: Talent runs the channel buffer through the SPE channel at a flow rate of 0.8 mL/hr.

3.3. Now quick-thaw the test sample in VTM at 37°C. Remove the sample as soon as it is thawed.
3.3.1. MED/CU: Talent places frozen test sample in 37°C water bath. 
3.3.2. ECU: Talent remove the thawed sample.

3.4. Centrifuge the sample at 13,000 rpm for 10 minutes. Transfer 100 μL of the supernatant into 300 μL of the lysis buffer and add 6 μL of 1 μg/μL carrier RNA. Vortex to mix.  Then spin for 5 seconds, and load the entire lysate into a Luer-lok 1 cc syringe. 
3.4.1. MED: Talent removes samples from centrifuge.
3.4.2. ECU: Talent  transfers 100 μL of the supernatant into 300 μL of the lysis buffer 
3.4.3. CU: Talent adds 6 μL of 1 μg/μL carrier RNA.
3.4.4. ECU: Talent vortexes sample.
3.4.5. CU: Talent removes sample from quickspin.
3.4.6. CU: Talent loads the entire lysate into a Luer-lok 1 cc syringe. 

3.5. Run the lysate through the SPE channel at a flow rate of 0.8 mL/hr . Then wash the SPE channel with 100 μL of 70% ethanol , followed by 100 μL of 100% ethanol at 1 mL/hr. 
3.6. MED: Talent runs the lysate through the SPE channel (show flow rate of 0.8 mL/hr ). 
3.7. ECU: Talent washes the SPE channel with 100 μL of 70% ethanol , followed by 100 μL of 100% ethanol. 

3.8. Position an empty syringe at the 0.5 mL mark and push air through the channel to dry it at 1 mL/hr.
3.8.1. ECU: Talent positions an empty syringe at the 0.5 mL mark.
3.8.2. ECU: Talent pushes air through the channel..

3.9. Now run 67.5 μL of nuclease-free water through the channel to elute the bound nucleic acids at 0.5 mL/hr, and collect 13.5 μL from the nanoport at the waste port. 
3.9.1. ECU:Talent runs 67.5 μL of nuclease-free water through the channel 
3.9.2. CU/ECU: Talent collects 13.5 μL from the nanoport at the waste port. 


4. RT-PCR 
4.1. Load 36.5 μL of the RT-PCR master mix in the nanoport at the waste port, and mix with template RNA for a  50 μL RT-PCR reaction.
4.1.1. CU: Talent loads 36.5 μL of the RT-PCR master mix in the nanoport at the waste port, and mixes with template RNA.

4.2. Then load the RT-PCR mixture into the RT channel by gentle vacuum.  Seal the Nanoport with a closed fitting.
4.2.1. MED/CU: Talent loads the RT-PCR mixture into the RT channel by gentle vacuum.  
4.2.2. ECU: Talent seals the Nanoport with a closed fitting.

4.3. Apply 35 V to heater 1, keep the reagents in the RT channel for 30 minutes after the heater 1 equilibrates at 50°C. Keep the reagents in the RT channel for 15 minutes after the heater 1 equilibrates at 95°C.
4.3.1. MED: Talent applyies 35 V to heater 1.
4.3.2. CU: Talent sets timer 30 minutes. (show  heater 1 at 50°C in the background). 
4.3.3. ECU: Talent sets timer for 15 minutes (show  heater 1 at 95°C.in the background)

4.4. Next, apply 27 V to heater 1 and 50 V to heater 2, to  equilibrate heater 1 at 60°C and heater 2 at 95°C. 
4.4.1. MED/CU: Talent applies 27 V to heater 1 and 50 V to heater 2 (show heater 1 at 60°C and heater 2 at 95°C). 

4.5. Push the reagents into the PCR channel at 0.5 μL /min. About 20 minutes later, when the reagents approach the end of the serpentine channel, collect the PCR products at the outlet using an appropriately sized pipettor and tip. 
4.5.1. ECU: Talent pushes the reagents into the PCR channel at 0.5 μL /min. 
4.5.2. CU/ECU: Talent indicates the reagents approaching the end of the serpentine channel. 
4.5.3. ECU: Talent collects the PCR products at the outlet using an appropriately sized pipettor and tip. 

5. PCR Products detection
5.1. For the Agilent High Sensitivity DNA test, remove the Agilent High Sensitivity DNA Kit from refrigerator 30 minutes before testing.
5.1.1. WIDE/MED: Talent removes the Agilent High Sensitivity DNA Kit from refrigerator.

5.2. Turn on the Bioanalyzer and open the 2100 Expert software.
5.2.1. WIDE/MED: Talent turns on the Bioanalyzer (get good shot of instrument)
5.2.2. Med-over-the-shoulder: Talent opens the 2100 Expert software.

5.3. Load the 1 μL of the PCR products for test, and follow the Agilent protocol [Text over video: http://gcf.pbrc.edu/docs/Agilent/Agilent%20Manual.pdf].
5.3.1. ECU: Talent loads 1 μL of the PCR products for test.
5.3.2. MED: Talent starts agilent protocol.

5.4. Analyze and record the data.
5.4.1. MED: Talent analyzes a data set.

6. Results: The microfluidic assay flow
6.1. In this workflow, the pateint’s nasopharyngeal sample is mixed with lysis buffer and applied to the chip. The chip is run, and the PCR products of influenza virus are read using a commercial capillary electrophoresis chip.
6.1.1. LAB MEDIA: Figure 2C 

6.2. Due to the different amounts of influenza virus in each patient specimen, the final concentration of PCR product will vary. 
6.2.1. LAB MEDIA: Figure 3.

7. A good result should have low noise, two clear ladder peaks at 35 and 10380 bp, and a single product peak at the designed product size of 107 bp) for the positive sample. 
7.1.1. LAB MEDIA: Figure 3A.



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


8. 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.

8.1. Qingqing Cao: After watching this video, you should have a good understanding of how to fabricate and run the microfluidic device to detect Influenza A virus.

       

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.

-LAB MEDIA: 50325_Klapperich_Figure 2C 
This image could be inserted before the experiment in the video.
-LAB MEDIA: 50325_Klapperich_Figure 3 
This image showed the experimental result. It should be inserted after the experiment part of the video.
-LAB MEDIA: 50325_Klapperich_Figure 3A 
This image showed the experimental result. It should be inserted after the experiment part of the video.



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.
 2011, Journal of Visualized Experiments
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(1) The respiratory sample was lysed, and (2)RNA was extracted in chip. (3)
The extracted RNA was eluted, reverse transcribed to cDNA in the RT chamber
(4)cDNA is amplified by continuous flow PCR. Products were monitored using
capillary electrophoresis.




