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Questionnaire:

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  

Can you record movies/images using your own microscope camera? N  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: 
Olympus SZ61TR stereoscopic microscope; C-mount with removable phototube with integrated 0.5x lens; alternatively: eyepiece tube with internal diameter of 30 mm.
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
3.1, 3.2, 4.3, 6.5, 6.7
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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 using the step numbers listed in this document. (Please do not list entire sections.) 
6.5: Practice a few times with dummy substrates (see also supplementary section 6)
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? N (Different rooms, same floor.)
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Friedrich C. Simmel: DNA biochips are an attractive research platform for cell-free synthetic biology originally developed by the Bar-Ziv group, which allows the operation of in vitro gene circuits over extended periods of time. With this protocol we hope to make the technology available to a wider range of researchers.
1.2. Günther Pardatscher: Our method, termed “Bephore” lithography, represents a strategy for the immobilization of DNA based on a DNA strand displacement reaction.  The strengths of this technique lie in its multi-step lithographic capabilities, its simple reproducibility, and the commercial availability of all the components.
1.3. Matthaeus Schwarz-Schilling: Similar to other biochip solutions, Bephore can be combined with different technologies. For example, functional gene brushes can be assembled within micro-compartments for protein expression.  
Protocol: (read by voice talent at JoVE) 
2. Chip Fabrication

2.1. To begin, prepare an RCA mixture by mixing 5 parts water with 1 part of a 30% ammonia solution in a glass beaker. [1-MED-TXT] Heat the mixture to 70°C on a hot plate while stirring. [2-CU] Once it reaches 70°C, add 1 part 30% hydrogen peroxide.  [3-MED]
2.1.1. Talent mixes solutions as described. (TEXT: CAUTION: Wear skin and eye protection and work in a fume hood.)
2.1.2. Talent places mixture on hot plate, turns on the heat and stirring functions, and places in a stir bar

2.1.3.  Talent adds hydrogen peroxide
2.2. Then, place a 100 mm diameter silicon wafer into the solution to remove organic material and particles from it. [1-CU-TXT] After 30 minutes, take out the substrate, rinse it thoroughly with water from a wash bottle…[2-MED] and dry it with a nitrogen gun.  [3-CU]
2.2.1. *Film as written (TEXT: 0.525 mm thick, 50 nm layer of SiO2 )  
2.2.2. Talent removes the wafer and rinses it with water

2.2.3. *Film as written
2.3. Immediately proceed with the PEGylation (Pronounce “pegylation”) of the substrate.  To accomplish this, first dilute Biotin-PEG-Silane (Pronounce PEG as “peg”) in dry toluene to 5 mg/mL and vortex the solution until it is well mixed.[1-MED]
2.3.1. Talent adds pre-measured powder to solvent, caps, and vortexes

2.4. With the substrate placed in a glass petri dish, slowly pipette the solution onto the substrate, covering the whole surface, but avoid allowing the solution to flow over the edge.[1-CU]
2.4.1. Talent uncovers petri dish with the substrate and pipettes the solution on top

2.5. Once the surface is covered, close the petri dish and then add an additional cover. [1-CU]
2.5.1. Talent closes the lid and covers it with a plastic box
2.6. After 30 min, remove the cover and add approximately 40 ml of isopropyl alcohol to the petri dish. [1-MED] Then, take out the substrate, rinse it again thoroughly with isopropyl alcohol and dry it with a nitrogen gun.  [2-CU] When dry, store the substrate in the dark until it is needed.[3-CU]
2.6.1. *Film as written

2.6.2. *Film as written

2.6.3. Talent places sample in the dark
3. Substrate Preparation for Photolithography 

3.1. Prepare a substrate by using a glass cutter or a scalpel to form 1 cm by 1 cm pieces. Then, add a simple alignment mark by making a short scratch from the center towards an edge of the substrate. [1-CU] Blow any small particles off the chip using a nitrogen gun.[2-MED]
3.1.1. Talent cuts a small square and makes an alignment mark on it

3.1.2. *Film as written
3.2. Next, mix two droplets of a two-component silicone glue and apply the glue to the surface of the chip, leaving the area around the tip of the scratch blank. [1-CU]
3.2.1. Talent mixes two drops of glue and then adds to chip surface as described

3.3. Matthaeus Schwarz-Schilling: “The added glue provides a hydrophobic barrier, keeping aqueous solutions on the chip, which facilitates subsequent washing steps and reduces the amount of DNA required for incubations. In a later step, the glue can be easily peeled off.”[1-INT]
3.3.1. Talent says the above statement interview style

3.4. In the following steps, photocleavable DNA is handled only in a yellow light environment. [1-MED] Cover the chip with about 10 µL of a Bephore (Pronounce similar to “before” with slight emphasis on the “Be”) mixture at room temperature and place the chip in a box, partially filled with water, to reduce evaporation.  [2-CU-TXT] After 1 hour, wash the chip several times with PBS to remove any unbound Bephore-mix. [3-CU] 
3.4.1. Talent turns on yellow lamp

3.4.2. Talent covers the chip with the mixture and then places it in a box as described. (TEXT: Bephore Mix: 1 µM streptavidin, 1.5 µM PC DNA, 7.5 µM PH DNA in 1x PBS)
3.4.3. Talent washes the chip with PBS
3.5. Next, add 10 µL of the passivation-mix to the chip. [1-ECU-TXT] After 2 hours, wash the chip several times with PBS to remove the unbound passivation agents. [2-CU] 
3.5.1. Talent adds mix to chip (TEXT: Passivation Mix: 10 µM unlabeled DIS DNA, 1 mg/mL BSA in PBS)
3.5.2. Talent rinses the chip
4. Projection lithography

4.1. Cut a printed photomask to the appropriate size in order to fit a suitable mask holder, insert it at the position of the field stop, and use the alignment marks to align the mask in the holder. [1-SCOPE] 
4.1.1. Talent begins with an appropriately sized photomask, places it into position and fine tunes to align with the marks

4.2. With the substrate placed on the microscopy stage, insert a red filter into the illumination path…[1-MED], and focus onto the substrate surface.  Then, navigate to the region of the substrate, which will be exposed. [2-LM] 
4.2.1. *Film as written
4.2.2. video1_alignment.avi 
4.3. Next, insert the mask holder, block the illumination, and change to the UV filter. [1-MED] At a low light intensity, open the shutter, and use the camera to quickly focus the mask on the substrate. [2-CU]
4.3.1. *Film as written
4.3.2. Talent opens the shutter and focuses on the surface
4.4. With the substrate now aligned and the mask in focus, block the light path to the camera and illuminate the substrate at a high light intensity for the desired exposure time. [1-CU]
4.4.1. Talent blocks the light path, switches to high intensity, and exposes the sample
4.5. After exposure, remove the sample from the microscope and carefully remove as much buffer as possible from the substrate without drying it.[1-CU]
4.5.1. Talent removes the buffer from the surface of the substrate
4.6. Then, add 10-20 µL of DNA with the sequence for attachment to the surface. [1-CU] Place the substrate in a wet box to keep it from drying and incubate the DNA on the substrate for 2 hours at room temperature. [2-CU]
4.6.1. Talent pipettes the DNA onto the surface

4.6.2. Talent moves the chip to a wet box and closes the lid

5. Holder Assembly for Compartmentalized Gene Expression

5.1. In order to observe the compartmentalized gene expression on an inverted microscope, first separately prepare the two parts of the sample holder. [1-MED] Start by gluing a Bephore chip with an immobilized gene brush onto the chip holder using double-sided adhesive tape. [2-CU]  
5.1.1. Talent stands at bench with components laid out

5.1.2. *Film as written
5.2. Next, add some vacuum grease around the central hole of the bottom part of the holder and insert the chip holder. [1-CU]
5.2.1. *Film as written

5.3. Now, assemble the top part of the holder. Cut a thin PDMS chip with compartments as small as possible, leaving a channel open to one side to later allow for the exchange of waste and precursor molecules by diffusion. [1-SCOPE-TXT]
5.3.1. Talent cuts the PDMS chip in the stereoscope. (TEXT: *See accompanying text protocol for PDMS chip fabrication details)

5.4. Next, plasma treat a glass cover slip and the backside of the PDMS chip with oxygen plasma.  [1-MED-TXT]
5.4.1. Talent plasma treats sample (TEXT: 200 W, 0.8 mbar, 42 sec)

5.5. Immediately after treatment, place the PDMS chip at the center of the glass slide with the compartments pointing upwards. [1-CU] Then, bake the glass with the PDMS for 1 hour at 70°C.[2-MED]
5.5.1. Talent presses the PDMS onto the glass slide

5.5.2. Talent places glass/PDMS into an oven
5.6. Shortly before assembling the entire sample holder, plasma treat the glass slide with the PDMS chip as before. [1-CU] Then, add some vacuum grease around the large hole of the top holder and place the glass slide with the PDMS onto it. Gently press the glass onto the grease. [2-CU]
5.6.1. *Film as written

5.6.2. Talent places the plasma treated pieces together as described and then presses the glass into the grease
6. Setup for Gene Expression Analysis

6.1. Carefully remove the buffer from the chip and wash it once with 10 µL of cell-free expression system. [1-CU] Next, add 60 µL of cell-free expression system onto the chip…[2-CU] and remove the two-component silicone glue from the edges.[3-CU]
6.1.1. *Film as written [Shots 6.1.1 and 6.1.2 combined]
6.1.2. *Film as written

6.1.3. *Film as written

6.2. Now, add 20 µL of the expression system onto the PDMS. [1-CU] After placing the droplet onto the PDMS, quickly check in the stereoscopic microscope that the compartments are well wet and without air bubbles. [2-MED Over the Shoulder] If there are air bubbles, try to wash them away.[3-CU]
6.2.1. *Film as written

6.2.2. Talent places the sample onto the microscope stage and looks at the sample through the optics

6.2.3. Talent demonstrates how to wash away air bubbles.
6.3. To assemble the two pieces of the holder and to align chambers and DNA brushes, work under a stereoscopic microscope. [1-MED] Immobilize the bottom holder with a gripper arm, so the two screws and wingnuts will be easily accessible with both hands.[2-CU]
6.3.1. Talent places the parts under the stereoscope (Author Comment: This step was seen as unnecessary and hence was not filmed. The narrative does not have be to changed. All the actions are contained in shot 6.3.2.)
6.3.2. *Film as written (Editor: According to the authors comment above, attempt to use 6.3.2 for the entire VO intended for 6.3)
6.4. Insert the top holder into the bottom holder and lower it until the cell-free expression system droplets fuse. [1-SCOPE] Then, check to make sure the compartments and the alignment mark are in a similar region in the x-y-plane. [2-SCOPE]
6.4.1. *Film as written

6.4.2. *Film as written   
6.5. From the bottom, screw up the wingnuts until they touch the bottom side of the holder. [1-CU] While aligning the compartments and the chip in the x-y-plane, gently tighten the wingnuts. [2-SCOPE]
6.5.1. *Film as written

6.5.2. *Film as written

6.6. Günther Pardatscher: “This step requires some experience and depends on the construction of the sample holder. The PDMS should be pressed onto the chip only with gentle force.”[1-INT-TXT]
6.6.1. Talent says above statement interview style (TEXT: *See supplementary Figure S1 for details)
6.7. Next, spray a sponge in the anti-evaporation enclosure with water and insert the holder into the box. [1-MED] Then, fill a 5 mL syringe with two-component silicone glue and use it to seal the box. [2-CU]
6.7.1. Talent wets sponge and places it into the box

6.7.2. Talent seals the box with a syringe filled with silicone
6.8. Finally, transfer the box to a temperature-controlled microscope and image the DNA brush and the reaction using fluorescence microscopy.  [1-MED Over the Shoulder]
6.8.1. Talent places the box on the microscope stage and turns to a proper objective looks through the eyepieces of the microscope
7. Results: Bephore Lithography and Compartmentalized Gene Expression
7.1. A two-step lithographic process, here performed on a Bephore glass slide, yields overlapping patterns of fluorescently labeled DNA strands. [1-LM]
7.1.1. Figure 5 (Video Editor: Label Figures 5a-b as “Fluorescently labeled oligonucleotides” and Figure 5c as “Overlay”
7.2. In this demonstration of on-chip gene expression, DNA is immobilized in the chamber on the left. [1-LM] When exposed to the expression mix, the yellow fluorescent protein, YPet (Pronounce “Y-pet”), is synthesized from the immobilized DNA. [2-LM]  

7.2.1. Figure 6a-b (Video Editor: Label 6a as shown in the figure.  Highlight 6a)

7.2.2. Figure 6a-b (Video Editor: Label 6a as shown in the figure.  Highlight 6b)
7.3. To assess the activity of the gene expression system, the recovery of the fluorescence is observed after a bleaching step. At two hours, the fluorescence intensity recovered quickly. However, after four and six hours, it did not recover, indicating that without a fresh supply of the expression mix, the reaction terminated around hour 4. [1-LM]
7.3.1. Figure 6c (Video Editor: Highlight the arrows at the various timepoints when mentioned.)
7.4. Although gene expression is limited in a closed system, it can be sustained over longer periods of time by supplying the expression compartments with additional precursor molecules via microfluidics. [1-LM]
7.4.1. Figure 7 
8. Conclusion (said by authors on camera) 
8.1. Günther Pardatscher: The Bephore method is used to immobilize oligonucleotides or gene-length DNA, which can be applied to construct systems of interacting DNA brushes for cell-free gene expression.
8.2. Friedrich C. Simmel: The technique may also be used for other applications in biophysics such as single-molecule fluorescence studies.
8.3. Günther Pardatscher: After watching this video, you should be able to fabricate Bephore biochips from wafers or glass slides and integrate them into your research projects. 
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.
4.2 -  video1_alignment.avi
7.1 -  Figure5_v.ai
7.2 – 7-3 -  Figure6_v.ai
7.4 -  Figure7_v.ai
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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