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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) _________ If yes, please list make and model of your microscope: Olympus BX51WI______________________________
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
1.1.1) Prepare the PDMS: Mix the PDMS and curing agent with (10:1) ratio. 

1.2.4)
Use the biopsy punch to form holes of the desired diameter in the microfluidic chip surface.
1.2.7)
Quickly remove the PDMS from the Petri dishes and place it onto the microfluidic chip.
1.2.11)
Using a micro-positioner, insert tubes (e.g. Teflon tubes) through the PDMS interconnector. The tubes should be 110% of microfluidic access hole diameter to prevent liquid leakage. The same tubes can be connected to the liquid injection system depending on the user’s application.
3.1.3)
Use a sharp blade to cut the conductive tape into small pieces with the same dimensions as the microfluidic chip’s electrical pads, as shown in Fig. 1 and 2.)
3.1.5)
Align and then place the microfluidic chip onto the PCB.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  All steps are under control and we have all necessary machines and tools to handle all the protocol 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:
The overall goal of this procedure is to present different options for microfluidic rapid prototyping platforms. (Intro)
This is accomplished by first fabricating a removable interconnector using PDMS. (P1: Begin by pouring PDMS into a petri dish to form a circular slab. Label it as “PDMS”. Next, cut out a rectangular slab from the disc shaped slab and then punch two holes in it so that the holes are centered on each half.)
The second step is to secure microtubes to the interconnector or to the microfluidic chip directly. (P2: Insert the red “tubes” into the holes of the PDMS slab.  With the 2nd half of the sentence, show tubes being placed into the location as shown in Figure 3b (example included) and then add the “Epoxy” to secure the tube to the chip. *Note, my drawings are not to scale.  The tubes in the left image are much larger than those when put in context of the microfluidic device (right).)
Next, the microfluidic chips are assembled and connected to an electrical interface. (P3: Show the chip with the connected interconnector and epoxied tubes being connected to the electrical interface as shown in P3)
Ultimately, fluid is flowed through the interconnector and into the microfluidic chip at different speeds to evaluate the strength of the PDMS interconnector. (P5: Show fluid flowing into one side of the microfluidic chip and out the other side through the tubes.  At some point, the PDMS layer can be lifted from the microfluidic device to show that the seal was broken with increased flow.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Amine Miled: I first had the idea for this method, when designing a high electrical I/O Microfluidic chip and needed an easily removable interconnector to test different patterns of in-channel electrical field propagation with a large number of in-channel electrodes.
Protocol (read by voice talent at JoVE): 
2. Interconnector Fabrication 
2.1. To begin, prepare the PDMS by mixing the PDMS and curing agent in a 10:1 ratio and then degas the mixture by placing it under a low vacuum for 60 minutes.
2.1.1. MED: Talent mixes the PDMS 

2.1.2. MED/CU: Talent places the mixture under vacuum.
2.2. Next, preheat an oven temperature to 80 °C and wait for the temperature to stabilize. 
2.2.1. MED: Talent sets the oven temp to 80 °C

2.3. While the oven heats up, clean the surface of the microfluidic chip where the PDMS interconnector will be placed using ethanol.  Allow it to dry in a dust free area.
2.3.1. CU: Talent wipes off the microfluidic chip.

2.3.2. MED: Talent sets it aside to dry and covers it.
2.4. Next, pour a 2 mm thick layer of PDMS, used to form the interconnector, into a clean Petri dish. 

2.4.1. CU: Talent pours the PDMS into a petri dish.

2.5. Transfer the dish of PDMS to the preheated oven and let the PDMS slightly polymerize at 80 °C for 12 to 15 minutes. Then, place the microfluidic chip, to which the connection will be made, in the oven with the PDMS layer, so that it will be at the same temperature.
2.5.1. MED: Talent places the dish into the oven.

2.5.2. MED: Talent opens the oven door, places the microfluidic chip next to the petri dish with PDMS, and closes the oven door.
2.6. After 15 minutes, remove the PDMS and the microfluidic chip from the curing oven. 
2.6.1. MED: Talent removes the two components from the oven, placing them on their bench.

2.7. Then, use a razor blade to cut out a 5 x 5 mm piece of PDMS.  

2.7.1. CU: Talent punches out the holes on the microfluidic chip surface.

2.7.2. CU: Talent cuts out the piece of PDMS.
2.8. Then punch two 2 mm holes through the PDMS layer and align the PDMS over the microfluidic chip.
2.8.2 (switched order) CU: Talent punches the corresponding holes through the PDMS.

2.8.1 
ECU: Talent aligns the PDMS over the microfluidic chip
2.9. Then, remove the PDMS from the petri dishes and place it over the microfluidic chip.  Take care to precisely align the holes and then gently press the PDMS into place. 
2.9.1. CU: Talent uses scotch tape to remove dust from devices.

2.9.2. CU: Talent removes the PDMS from the petri dish and places it over the microfluidic chip.

2.9.3. ECU: Talent aligns the holes and sets it onto the microfluidic chip surface.
2.10. With the interconnector in place, trim 2 mm diameter teflon tubes with a 100 micron inner diameter using a new blade so that the edge of the microtube ends up cut perpendicular to its length.  The tubing should be long enough to be connected to a syringe pump without applying any stress on the interconnector.

2.10.1. MED: Talent sets up the tubing to cut it.
2.10.2. CU: Talent cuts the tubing at a right angle.

2.10.3. MED: Talent shows the length of the tubing, holding it in between the device and syringe pump to show it is long enough to reach.

2.11. Using a micro-positioner, insert tubes through the PDMS interconnector layer. If necessary, add epoxy between the tube and the PDMS for better adherence.
2.11.1. CU: Talent places the tubing into the micro-positioner.

2.11.2. ECU: Talent inserts the tubing into the PDMS layer.

2.11.3. CU: Talent adds epoxy between the tube and PDMS.

2.12. Then, connect the other end of the tubes to the liquid injection system.
2.12.1. MED/CU: Talent connects the tubing to the syringe pump.
2.13. As an alternative to the PDMS–based interconnecter, epoxy may be used to permanently secure the microtubes into place.   To accomplish this, use the micro-positioner to carefully place the microtube in the access hole of the microfluidic chip.

2.13.1. CU: Talent mixes the epoxy.

2.13.2. CU: Talent positions the microtube into the holes of the microfluidic chip using the micro-positioner.

2.14. Then, apply a UV curable or standard epoxy around the access holes and cure it according to manufacture specifications.
2.14.1. CU: Talent applies the epoxy to the tubing/chip.
3. Assembly and Disassembly of Reusable Microfluidic Chips with an Electrical Interface
3.1. To begin, solder surface-mount multi-pin electrical connectors to a printed circuit board.
3.1.1. MED: Talent solders the connectors to a PCB.

3.1.2. ECU: Talent soldering an individual connector.
3.2. Then, inspect the electrical pads of the microfluidic chip and clean any surface contamination by exposing to plasma oxygen for about 10 minutes with more or less time depending on the required amount of cleaning. 
3.2.1. MED: Talent inspects the electrical pads.

3.2.2. MED: Talent places the chip into the plasma chamber.

3.2.3. CU: Sample being exposed to plasma.

3.3. If no surface contamination is found, simply clean the pads with ethanol. 
3.3.1. MED/CU: Talent cleans the pad with ethanol.
3.4. Next, use a sharp blade to cut conductive tape into small 2 mm x 1 mm pieces so that they are the same dimensions as the microfluidic chip’s electrical pads.  Then, use clean forceps to place the conductive tape onto the printed circuit board, over the electrical pads.
3.4.1. MED/CU: Talent cuts the tape into rectangular pieces.

3.4.2. CU: Talent places the tape onto the PCB.

3.5. Align the microfluidic chip, with the interconnector already in place, above the printed circuit board using an alignment machine.  

3.5.1. MED: Talent places the microfluidic chip with attached interconnector and places it onto the PCB using an alignment machine. [use take 2, end at 51:03]
3.5.2. CU: The chip is secured into place. (TEXT: CAUTION: Avoid excessive compression pressure, which can break the microfluidic chip.)
3.6. Place an insulation layer, such as paper, on the printed circuit board to avoid short circuits, and then attach the metal bracket using machine screws and nuts. 
3.6.1. MED/CU: Talent places an insulation layer on the PCB and then attaches the metal bracket. [cut middle where ??? came off]
3.7. With the assembly complete, begin to test the individual setups by flowing deionized water through the syringe pump.  

3.7.1. MED: Talent turns on the syringe pump.

3.7.2. ECU: [will supply video] Show flow entering the device. 
3.8. Increase the pump speed slowly until the system begins to leak, at which point the max pressure has been reached.

3.8.1. CU: Talent turns up the speed on the syringe pump.

3.8.2. ECU: [will supply picture] Show device as it begins to leak.

3.9. Following your experiment, remove the machine screws, nuts and the metal brackets.
3.9.1. MED/CU: Talent disassembles the setup.
3.10. Then, gently separate the microfluidic chip and the printed circuit board. 
3.10.1. CU: Talent separates the chip from the PCB.
3.11. Finally, use ethanol to remove the conductive tape adhesive from the electrical pads on the printed circuit board and microfluidic chip prior to reassembly. 
3.11.1. CU: Talent removes tape with ethanol.
4.   Results:  Comparison of Interconnectors for Rapid Prototyping
4.1. Three different interconnector tube attachment techniques are compared in the table shown here.  The PDMS interconnector is suggested for use with low-pressure applications when the microfluidic design must be uncovered and requires fast prototyping.  Standard and UV epoxy provide a strong interconnection and can be used for both low and high pressure applications, but creates a permanent seal with the device, which may be unwanted. 
4.1.1.  LABMEDIA: Table 2 (Highlight the PDMS column when it is being talked about and the other 2 columns when the epoxy is being talked about.)
4.2. The PDMS interconnectors are shown here compared with some of the more common interconnector setups.  The 1 mm thick PDMS interconnector can withstand 3 times the pressure of the 0.45 mm thick interconnector.  This relates to 5 times the flow rate for the 1 mm thick interconnector compared to the 0.45mm interconnector. 

4.2.1. LABMEDIA: Table 1 (Video Editor: Highlight the right 2 columns starting with the second sentence though the end of the statement.
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
5. Conclusion (said by authors on camera) 
5.1. Amine Miled: Once mastered, this technique can be completed in 10 to 20 minutes if it is done properly.

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


