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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Yes, U-LH100L-3 is used for one shot
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_No, but for step 4.3.4, the output for the array can be seen using an imaging software.  I

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

Protocol numbers: 1.3.3, 1.3.3.1, 4.3.1, 4.3.3 – all included.
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 to be filmed by their protocol numbers. (Please do not list an entire section.) 

1.3.3.1 is the most difficult aspect. To ensure success, we will prepare extra/back-up PDMS chips to demonstrate the flow-patterning. 

E.  Will the filming need to take place in multiple locations? (Y/N) No
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this methodology is to fabricate an antibody array with applications in single cell analysis. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jun Wang: This method can help answer key questions in the field of single cell analysis, such as “how can we detect secreted proteins and intracellular proteins simultaneously from the same single cell?” and “how can we fabricate a microarray platform to accomplish that objective?”
1.2. Lisa Ramirez: The main advantage of this technique is that it is customizable.  By varying the flow-patterning strategies, arrays of various dimensions may be created. 

Protocol (read by voice talent at JoVE):

2. One-dimensional DNA Barcode Slides: Preparing the PDMS Barcode Mold
2.1. In advance, generate the SU-8 master for the barcode flow patterns.  Instructions are provided in the text protocol.  [WID]
2.1.1. General activities related to generating SU-8 master  The video clip shows SU-8 photoresist being poured onto a wafer placed on a spin-coater.
2.2. This involves designing [2.1.2-LM] and making a chrome photomask. [2.2.2-LM]
2.2.1. Fig 1A – AutoCAD drawing of photomask

2.2.2. Fig 1C – photomask itself
2.3. Placing the mask on a photoresist coat and applying UV provides the pattern. [LM]
2.3.1. Fig 1D
2.4. To start preparing the PDMS barcode mold, combine 40 grams of silicone elastomer base with 4 grams of curing agent [2.4.1-MED] and stir vigorously for ten minutes. [2.4.2-CU] Then, degas the pre-polymer solution for 20 minutes under vacuum. [2.4.3-MED]
2.4.1. Weighing out silicon base, then adding curing agent, container on scale
2.4.2. Applying vigorous stirring
2.4.3. Setting up solution to be de-gassed
2.5. Next, load the solution into a petri dish [2.5.1-MED] containing a silicon wafer with the SU-8 master of the barcode pattern.  Pour the solution to a depth of 7.45 mm. [2.5.2-CU]
2.5.1. Preparing Petri dish, preparing to pour out solution
2.5.2. Covering the SU-8 master in dish with solution, show depth
2.6. Then, degas the mixture in the dish to remove any remaining bubbles. [MED]
2.6.1. loading the dish into degassing chamber
2.7. Follow the degassing by baking the mixture for an hour at 75 ºC to cure the PDMS. [WIDFOL]
2.7.1. moving the dish from degassing chamber to a 75 ºC incubator/oven
2.8. Next, cutting with a scalpel, carefully remove the barcode mold. [ECU]
2.8.1. Film as written
2.9. Then, carefully peel the slab from the wafer. [ECU]
2.9.1. Film as written
2.10. Next, trim the edges of the slab to make the desired shape for the mold.  [ECU]
2.10.1. Film as written
2.11. Finish the mold by using a biopsy punch with plunger [2.11.1-CU] to punch out half-millimeter holes at the circular features on the pattern, which represent inlets and outlets.  [2.11.2-ECU]
2.11.1. Introduce the tool We used a 1-millimeter puncher tool instead of a 0.5-mm puncher. This is because the 0.5-mm puncher we had did not work so well. The protocol still works for 1-mm holes. Information for the puncher:  Ted Pella, Inc. Product No. 15110-10
2.11.2. Film as written, show how the holes fit into the pattern
3. One-dimensional DNA Barcode Slides: Patterning of Poly-L-lysine (PLL)
3.1. After blowing any dust off a poly-L-lysine coated glass slide with a nitrogen blow gun, [3.1.1-WID] attach the PDMS mold to the slide. [3.1.2-MED]  Carefully line up the edges of the mold to the slide. [3.1.3-ECU]
3.1.1. Blowing dust off, establishing shot

3.1.2. Placing mold on slide

3.1.3. Adjusting position on slide as written
3.2. Now, bake the assembly for 90 minutes at 75 ºC to strengthen the bond between the PDMS and the slide. [WID]
3.2.1. Loading the preparation into the 75 ºC oven/incubator
3.3. Meanwhile, prepare 20 pieces of flexible polyethylene tubing for the inlets and outlets. [CU/TEXT]
3.3.1. Cutting tube lengths to size, show how many are needed, TEXT: 3” - 4” long, 0.5 mm i.d., 1.5 mm o.d
3.4. On each piece of tubing, attach a stainless steel, hollow pin with a 1-mm diameter. [CU]
3.4.1. Film as written
3.5. Then, via the pins, fill the lengths with a centimeter or more of poly-L-lysine. [CU]
3.5.1. Filling tube with solution, as described show amount added
3.6. Once bonded to the glass, carefully fasten the pins to the inlets of the mold. [3.6.1-CU] This is the most difficult step of the preparation; do not rush the process. [3.6.2-ECU]
3.6.1. Attaching a few tubes to the mold
3.6.2. Detail of attaching tube to mold
3.7. Attach the other end of the tubes to a pressure-regulated nitrogen tank set-up, [3.7.1-CU] which consists of a network of 20 three-way valves and can handle two molds at once. [3.7.2-MED]
3.7.1. Attaching tubes to valves
3.7.2. Finishing the job, showing the whole set-up
3.8. Using the set up, flow solution through the mold at 0.5 to 1 PSI for at least 6 hours.  [MED>CU]
3.8.1. Starting the gas flow, zoom in on the gauge to show PSI, if possible
4. One-dimensional DNA Barcode Slides: Patterning of ssDNA
4.1. Begin by aspirating freshly prepared single stranded DNA solutions in BS3 [4.1.1-WID/TEXT] through the stainless steel pins and into the polyethylene tubing. [4.1.2-CU/TEXT]
4.1.1. Aspirating solution into mold, TEXT: See the text protocol for ssDNA solution formulation.
4.1.2. As above in detail, TEXT: See the text protocol for ssDNA solution formulation.
4.2. Then, couple the PDMS mold to the nitrogen source [4.4.1-MED] and flow the solution through the barcode mold for about 40 minutes or until all the channels are filled.  [4.4.2-SCOPE]
4.2.1. Film as written
4.2.2. A scope shot, showing detail of the channels, filled with flowing BS3/DNA solution
Comment: The video clip shows flowing through one channel. We flowed red dye so that it’s easier to visualize the flow. If needed, we can add a text caption to clarify this.  For example:  TEXT: For this video, red dye was added to the solution for easier visualization.  
4.3. Then, stop the flow and let the mold incubate at room temperature for 2 hours.  [MED]
4.3.1. Stopping the gas flow and starting a timer (2 hr)
4.4. After a couple of hours, bake the barcode mold at 75 ºC, for an hour.    [WID]
4.4.1. Setting up the mold at 75 ºC
4.5. Once baked, detach the mold from the slide [4.6.1-CU] and gently wash the slide with 0.01% SDS.[4.6.2-MED]
4.5.1. Film as written

4.5.2. Film as written
4.6. Then, wash the slide three times with ultrapure water.  [MED]
4.6.1. Film as written
4.7. Follow the washes by drying the barcode slide using a slide spinner.  [MED]
4.7.1. Loading the spinner and starting spin
4.8. Once dry, store the barcode slide in a clean 50-mL tube. [CU]
4.8.1. Loading slide into tube and capping tube
4.9. To proceed, follow the text protocol to validate the one-dimensional pattern. [WID]
4.9.1. Performing a quintessential step associated with above listed action
Comment: Video clip 4.9.1 shows the application of the Cyanine-3 complementary DNA to the slide. This is the quintessential step associated with the validation procedure. 
4.10. To perform the validation procedure, block the slide, [4.10.1-MED] hybridize Cyanine-3 complementary DNA to it and measure the results. [4.10.2-WID]
4.10.1. Applying block solution the to the slide We chose to film the application of Cy3 DNA instead of the blocking procedure because the hybridization of Cy3 DNA is the most important step of the validation procedure. 
4.10.2. Measuring the slide The video clip shows a slide being read under the microscope, and the barcode pattern can be seen. 
We also shot a screen capture video (4.10.2 SCREEN) of reading the intensity of a barcode pattern.  
5. Two-dimensional 3x3 DNA Arrays: Preparing the PDMS Barcode Mold and Flow Patterning of ssDNA
5.1. The SU-8 master made for a 3-by-3 array has a flow pattern perpendicular to that of the first design.  [5.1.1-LM] Use the previously described method [2.8.1] to make a new PDMS mold of this pattern. [2.9.1]
5.1.1. CAD design of 3x3 array  Instead of the CAD design, the 5.1.1 video clip shows the new PDMS mold (with the design perpendicular to the first already bonded to the glass slide
5.2. To start, make fresh working concentrations of the nine oligonucleotides. [LM]
5.2.1. Table 1  the video clip shows pipetting from tubes labeled with Solution 1, 2, 3
5.3. Now, flow a 3% BSA blocking solution into all 20 channels of the [5.3.1-MED] array slide for an hour at 0.5 to 1 PSI. [5.3.2-CU]
5.3.1. Loading channels with BSA solution
5.3.2. Starting flow of gas, showing regulator gauge
5.4. Next, load the DNA solutions into their respective channels. [CU]
5.4.1. Loading channels 1, 2 and 3 with solutions 1, 2, and 3 
5.5. After flowing them for about 40 minutes, [4.2.2] incubate the slide at room temperature for 2 hours to allow the DNA to hybridize. [4.3.1]
5.6. Next, flow 3% BSA blocking solution into all 20 channels [5.6.1-CU] for an hour. This will remove the non-hybridized DNA. [5.6.2-MED]
5.6.1. Loading channels with blocking solution
5.6.2. Starting gas flow
5.7. Now, peel the array slide from the PDMS and dip the slide into 3% BSA once. [MED]
5.7.1. Film as written, peeling and first dip
5.8. Then dip the slide into PBS twice, followed by one dip in 2% PBS. [MED/TEXT]
5.8.1. Film as written, baths all need to be clearly labeled, TEXT: Make 2% PBS with ultrapure water.
5.9. Then, as before, dry the slide using a microscope slide spinner. [4.7.1]
6. Two-dimensional 3x3 DNA Arrays: Validation and Immunoassay 
6.1. To proceed, perform a validation step similar to validating one-dimensional slides. Use oligonucleotides one-prime to nine-prime, all conjugated to Cyanine 3.  [LM] 
6.1.1. Figure 2C
6.2. Save the 3-by-3 array slide in a 50-mL centrifuge tube for subsequent use. [CU]
6.2.1. Loading slide into a 50-mL tube, capping and labeling
6.3. The text protocol further explains how to convert the DNA array into an antibody array.  [WID]
6.3.1. General activity at bench related to the step We did not film this step because the conversion of the DNA array into an antibody array requires the PDMS mold, which is what Step 6.4 already shows. 
6.4. After preparing and purifying the antibody-oligo conjugates, [6.4.1-MED] prepare another PDMS mold with microchambers [6.4.2].  See the text for details. [6.4.3-ECU] 
6.4.1. Final step in purifying the antibody-oligo conjugates
6.4.2. Peeling the mold away from the master, showing the pattern We changed the 6.4.2 shot to a scope shot showing microchambers on the PDMS mold used for single cell analysis. 
6.5. Mate this mold with the array slide. [ECU]
6.5.1. Attaching trimmed mold to array slide
6.6. Now, block the slide with 1% BSA and incubate it for an hour at room temperature. [MED]
6.6.1. Pouring bath, placing slide into it and starting timer This shot does not involve placing the slide into a BSA bath, because our protocol does not use that technique. Instead 6.6.1 shows flowing BSA into the PDMS chip attached to the barcode slide
6.7. During the incubation, prepare 200 µL of antibody-oligonucleotide conjugates. [MED/TEXT]
6.7.1. Making antibody-oligonucleotide conjugates, TEXT: 10 µg / mL, in 1% BSA 

This video clip was filmed under a different number, “6.8.1”
6.8. After the block, add the antibody-oligo cocktail to the set-up. [MED]
6.8.1. Adding antibody-oligonucleotide conjugates to the bath Instead of showing a bath, we show how to place the PDMS chip in a clamp, setting up the pipet tips for loading solutions into the chip, and pipetting the antibody oligonucleotide conjugates into the chip.
This clip was also filmed under a different number, “6.7.1”
6.9. Let the antibodies incubate on the array for an hour at 37 ºC [6.9.1-WID] and then clean and dry the slide [6.9.2-MED] before proceeding with slide dips, as described in the text protocol. [6.9.3-MED]
6.9.1. Loading the set up into the incubator
6.9.2. Drying the slide
6.9.3. Dipping step(s), any representative actions
7. Results: Multiplex-Protein Detection from Single-Cell Preparations 
7.1. After following the described protocol, using a 3-by-3 array, the resulting antibody panel was used in multiplexed detection, mainly through a sandwich ELISA platform.
7.1.1.  Figure 3C
7.2. The proteins showed less than 10% variation from one end to the other end of the glass slide.

7.2.1.  Figure 3D We can also provide a larger image for this step. The filename is 7.2.1.tiff
7.3. On the 3 x 3 array, up to 7 proteins can be detected, along with a reference, labeled by Cyanine-3, and a negative control.  In a single-cell experiment performed for a tumor study, the six proteins were all detected simultaneously.

7.3.1. Figure 3E
7.4. For calibration, recombinant proteins were applied to an array at various concentrations.  The sensitivity of detection was quite similar to a conventional sandwich ELISA. 
7.4.1. Figure 3F
8. Conclusion (said by authors on camera)

8.1. Lisa Ramirez: While attempting this procedure, it’s important to remember to keep the PDMS molds free of particulate matter.  Dust in the channels can result in arrays with poor uniformity and low sensitivity. 

8.2. Jun Wang: After its development, this technique paved the way for researchers in the field of cancer research to explore cell-cell signaling in models of tumor microenvironments.
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.
4.10.2 SCREEN.avi – showing fluorescence intensities of validated barcode slide 

7.2.1.tiff – showing the detection of proteins 

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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