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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? Y 
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.
Authors: please upload all screen captured files through your submission link.
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
3.6., 3.7., 4.3.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
E. Will the filming need to take place in multiple locations? Y, different floors same building
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. 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. Shou-Jun Xiao: This method extends DNA nanotechnology from the source materials of linear oligonucleotide DNAs into small circular DNAs. 

1.2. Xin Guo: The main advantages of this technique are that it is simple, robust, and affordable for most labs.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Circular DNA Extraction
2.1. For circular DNA purification, add 20 microliters of formamide to a solution of freshly-prepared, intact circular DNA to a final volume of 140 microliters with mixing [1-WIDE-TXT] and load 16-20 microliters of circular DNA solution to each of 7-9 denaturing PAGE gel wells [2-CU-TXT].
2.1.1. Formamide being added/solution being mixed, with formamide container label visible in frame (TEXT: See text for circular DNA preparation details)
2.1.2. DNA being loaded into at least one well (TEXT: See text for PAGE gel preparation details)
2.2. Mix 2 microliters of loading dye with 8 microliters of the corresponding precursor linear DNA [1-MED-TXT] and inject the mixture into a separate reference well [2-CU].
2.2.1. Talent mixing dye, with dye and linear DNA containers visible in frame (TEXT: See text for all reagent preparation details)
2.2.2. Dye being injected into well 

2.3. Then run the gel for about 2 hours at 10 volts/cm [1-MED], stopping the run when the xylene cyanol FF can be observed about 2/3 down the gel [2-CU].
2.3.1. Talent starting gel

2.3.2. Shot of xylene cyanol FF 2/3 down gel
2.4. Wearing rubber gloves and goggles [1-MED], transfer the gel onto a fluorescent thin layer chromatography plate [2-MED-over the shoulder] and use a razor blade to cut off the target gel bands as shadowed by the UV irradiation [3-CU].
2.4.1. Talent, wearing gloves, putting on goggles

2.4.2. Talent placing gel onto plate
2.4.3. Target bands being cut off
2.5. Place the gel bands into a 2-mL microcentrifuge tube for drying [1-MED-TXT].

2.5.1. Talent placing band(s) into tube (TEXT: Air or blow dry)

2.6. Then mash the dried gels into a paste [1-CU] and add deionized water at twice the volume of gel [2-MED] for overnight shaking at room temperature [3-CU].
2.6.1. Gels being mashed

2.6.2. Talent adding water

2.6.3. Tube shaking on shaker
2.7. The next morning, filter the mixture into a 2-mL microcentrifuge tube [1-MED], rinsing the sides of the first tube with a small volume of deionized water to recover any residual DNA [2-CU] and filtering again to combine the supernatants [3-MED].
2.7.1. Talent filtering mixture into tube

2.7.2. Tube being rinsed

2.7.3. Talent filtering mixture into tube

2.8. Then purify the circular DNA via ethanol precipitation [1-CU] and store the DNA at -20 °C [2-MED].
2.8.1. Solution being added to column

2.8.2. Talent placing tube at -20 °C
3. Assembly Solution Annealing
3.1. For one-pot annealing, mix 2 microliters of 10x Tris-acetate-EDTA-magnesium buffer [1-WIDE], 1 microliter of each 10 micromolar DNA stock solution of a set of linear and circular strands in equal molar ratios [2-MED-TXT], and additional Tris-EDTA buffer in a 200-microliter PCR test tube to a final volume of 20 microliters [3-MED].
3.1.1. Talent adding TAE-Mg buffer to tube, with TAE-Mg buffer container visible in frame

3.1.2. Talent adding DNA to tube, with DNA stock solution container visible in frame (TEXT: See text for full tile assembly solution details)

3.1.3. Talent adding TE buffer to tube, with TE buffer container visible in frame

3.2. Then anneal the assembly solution in a thermo bottle from 95 to 25 °C over 48 hours [1-MED].
3.2.1. Talent placing tube into bottle
3.3. For two-step annealing of infinite lattices, mix 2 microliters of 10x Tris-acetate-EDTA-magnesium buffer [1-CU], 1 microliter of each 10 micromolar DNA stock solution of a set of linear and circular strands in equal molar ratios [2-CU-TXT], and additional Tris-EDTA buffer in a 200-microliter PCR test tube to a final volume of 20 microliters [3-CU].
3.3.1. TAE-Mg being added to tube, with TAE-Mg container label visible in frame

3.3.2. DNA being added to tube, with stock DNA container label visible in frame (TEXT: See text for full precursor sub-tile assembly solution details)

3.3.3. TE buffer being added to tube, with TE buffer container label visible in frame
3.4. In the first sub-tile annealing step, anneal each precursor sub-tile solution in a PCR thermocycler using a fast-linear cooling method from 95-25 °C over 2.5 hours [1-MED].
3.4.1. Talent placing tube into thermocycler
3.5. To prepare the assembly solution for each of the four infinite lattices [1-MED-over the shoulder], mix 10 microliters of each of the two corresponding sub-tile solutions together to a final concentration of 0.25 micromolar for each strand [2-MED].
3.5.1. Talent adding one sub-tile solution to tube

3.5.2. Talent adding second sub-tile solution to tube

3.6. In the second lattice annealing step, anneal the 20-microliter mixture in a PCR thermocycler using a slow cooling method [1-CU-TXT].

3.6.1. Tube being placed into thermocycler (TEXT: 50 °C for 2 h -> cooling rate 0.1 °C/5 min to 20 °C for 24 h total)

3.7. For two-step annealing of two finite rectangle lattices, mix 1 microliter of 10x Tris-EDTA-magnesium buffer [1-MED], 0.5 microliters of each 10 micromolar DNA stock solution of a set of linear and circular strands in equal molar ratios [2-CU-TXT], and additional Tris-EDTA buffer in a 200-microliter PCR test tube to a final volume of 10 microliters [3-MED].
3.7.1. Talent adding TAE-Mg buffer to tube, with TAE-Mg buffer container visible in frame

3.7.2. DNA being added to tube, with stock DNA container label visible in frame (TEXT: See text for full two finite rectangle assembly details)

3.7.3. Talent adding TE buffer to tube, with TE buffer container visible in frame

3.8. In the first annealing step, anneal each precursor sub-tile solution in the PCR thermocycler using the fast-linear cooling method as demonstrated from 95-25 °C over 2.5 hours [1-MED-over the shoulder] and mix the annealed thirty-two sub-tile solutions, each with 2 microliters, together in a 200-microliter PCR test tube to a final volume of 64 microliters [3-MED].
3.8.1. Talent placing tube into thermocycler

3.8.2. Talent adding solution to tube/mixing solution

3.9. Then, in the second annealing step, anneal the 64 microliters mixture in the thermocycler using the slow cooling method as demonstrated [1-CU].
3.9.1. Tube being placed into the thermocycler

4. Finite Lattice Purification
4.1. For electrophoresis purification of the finite lattices, prepare a native 2% agarose gel [1-WIDE] and load 20 microliters of the finite lattice solution into each well [2-CU] along with the addition of 5 microliters of 100-3000 base pair DNA ladder in a separate well [3-CU].
4.1.1. Talent pouring gel

4.1.2. Solution being added to well

4.1.3. Ladder being added to well

4.2. After running the gel for 2 hours at 5 volts/cm in an ice water bath [1-MED], cut the target gel bands at about the level of the 1000 base pair marker under UV light as demonstrated [2-CU] and slice the gel bands into fine pieces [3-MED-over the shoulder].

4.2.1. Talent turning on voltage

4.2.2. Bands being cut

4.2.3. Talent slicing band(s)

4.3. Place the crushed gels into a filter column [1-MED] and centrifuge the column to extract the lattices [2-MED-over the shoulder-TXT].
4.3.1. Talent placing gel(s) into column

4.3.2. Talent placing column into centrifuge (TEXT: 5 min, 2000 x g, 4 °C)

4.4. Then collect the solution for Atomic Force Microscopy imaging [1-MED].

4.4.1. Talent collecting solution
4.5. For finite lattice purification by polyethylene glycol, or PEG (peg), mix 50 microliters of the finite lattice solution with an equal volume of 15% PEG8000 (peg-eight-thousand) buffer [1-CU], centrifuge the solution [2-MED-TXT], and resuspend the pellet in 100 microliters of PEG buffer for an additional centrifugation [3-CU].

4.5.1. PEG8000 being added to tube, with PEG8000 container label visible in frame

4.5.2. Talent adding tube(s) to centrifuge (TEXT: 30 min, 18,000 x g, 4 °C, x2)

4.5.3. PEG buffer being added to empty tube/tube without supernatant, with PEG buffer container label visible in frame

4.6. After the second centrifugation, resuspend the pellet in Tris-acetate-EDTA-magnesium buffer for Atomic Force Microscopy imaging [1-MED].

4.6.1. Talent adding TAE-Mg buffer to tube, with TAE-Mg buffer container label visible in frame

4.6.2.  (Comments:4.6 is similar to 4.4, this step was removed because all the AFM microscope imaging steps are on Section 5)
5. Atomic Force Microscopy (AFM) Imaging
5.1. For infinite 2D lattice atomic force microscope imaging, cleave off a fresh layer of mica [1-WIDE] and deposit 2 microliters of the annealed sample onto the clean surface [2-CU].
5.1.1. Talent cleaving off mica

5.1.2. Sample being added to surface

5.2. Allow the DNA lattices 2 minutes to adsorb to the mica surface [1-MED] before washing the surface two times with 100 microliters of deionized water per wash [2-CU], drying the surface with compressed air after the second wash [3-MED].
5.2.1. Talent setting timer, with sample visible in frame

5.2.2. Surface being washed

5.2.3. Talent drying surface
5.3. To obtain atomic force microscope images of the infinite DNA lattices in air, open the PeakForce QNM (Coments: PeakForce QNM is a specific AFM measurement mode of Bruker, there are no other non-commercial names for it) mode in the imaging software [1-MED-over the shoulder] and set the scan size to 0.5-5 micrometers, the scan resolution to 512 lines, and the scan rate between 1-3.5 hertz [2-SCREEN].
5.3.1. Talent opening PeakForce QNM mode, with monitor visible in frame (Comments: This step was moved to the last step of shootings.)
5.3.2. *To be provided by Authors: Scan parameters being set

5.4. Then scan the mica surface with triangular atomic force microscope probes [2-SCREEN].

5.4.1. *To be provided by Authors: Surface being scanned 
5.5. For finite DNA lattices imaging, cleave off a fresh layer of mica as demonstrated [1-CU] and deposit 80 microliters of 1x Tris-Acetate-EDTA-magnesium buffer onto the clean mica surface [2-MED-over the shoulder].
5.5.1. Mica being cleaved

5.5.2. Talent adding buffer onto surface, with buffer container visible in frame

5.6. Next, add 5 microliters of finite samples into the buffer [1-CU] and allow the DNA lattices 2 minutes to adsorb to the mica surface [2-MED] before adding another 50 microliters of Tris-Acetate-EDTA-magnesium buffer to the probe [3-CU].

5.6.1. Sample being added to buffer, with sample container label visible in frame

5.6.2. Talent setting timer, with mica surface visible in frame

5.6.3. Buffer being added to probe, with buffer container label visible in frame

5.7. Then set the scan size to 0.5-1 micrometers, the scan resolution to 256 lines, and the scan rate to 1.5 hertz [1-MED-over the shoulder] before scanning the surface with the triangular probes as demonstrated [2-SCREEN].
5.7.1. Talent setting parameters, with monitor visible in frame

5.7.2. *To be provided by Authors: Surface being scanned 
6. Results: Representative 1D and 2D DNA Lattice Analyses 
6.1. The circular DNA moves slightly slower [1-LM] than its precursor linear DNA in the denaturing PAGE [2-LM], because the pore inside the circular DNA is penetrated and retarded by the gel fibers [3-LM].

6.1.1. For JoVE filming.pptx slide 1 file: Video Editor: please emphasize circular DNA bands (bands indicated in original Figure 2 for reference)

6.1.2. For JoVE filming.pptx slide 1: Video Editor: please emphasize linear DNA bands (band indicated in original Figure 2 for reference)

6.1.3. For JoVE filming.pptx slide 1: no animation

6.2. The circular 64 nucleotides assembly families have only one clear and clean band for each assembly, confirming the stability of their monomer motifs [1-LM]. 
6.2.1. For JoVE filming.pptx slide 2: Video Editor: please emphasize bands in c64bp, HJ-c64nt, aHJ-c64nt, cDAO-c64nt, and acDAO-c64nt lanes
6.3. The circular 84 nucleotides assembly families of tiles, however, have smears around their main bands, indicating the presence of minor by-products [1-LM]. Regardless of the minor byproducts of incorrect associates, excellent lattices with high yields can be assembled from the target monomer motifs [2-LM].
6.3.1. For JoVE filming.pptx slide 2: no animation

6.3.2. For JoVE filming.pptx slide 2: Video Editor: please emphasize bands and smears in HJ-c84nt, tHJ-c84nt and cDAO-c84nt lanes

6.4. Each assembly has its own morphological features [1-LM] in the micrometer scale, such as nanowires [2-LM], nanotubes, nanospirals [3-LM], nanoribbons [4-LM], and nano-rectangles [5-LM].

6.4.1. For JoVE filming.pptx slide 6: Video Editor: please emphasize structure(s) in c64nt nanowire image

6.4.2. For JoVE filming.pptx slide 6: Video Editor: please emphasize structure(s) in cDAO-c84nt-E image

6.4.3. For JoVE filming.pptx slide 6: Video Editor: please emphasize structure(s) in acDAO-c64nt-E image

6.4.4. For JoVE filming.pptx slide 6: Video Editor: please emphasize structure(s) in cDAO-c64nt-E, cDAO-c64nt-O, and cDAO-c84nt-O images

6.4.5. For JoVE filming.pptx slide 7: Video Editor: please emphasize structure(s) in one set of 5 × 6 cDAO-c64nt-O and 5 × 6 cDAO-c74&84nt-O images

7. Conclusion (said by authors on camera):
7.1. Xin Guo: While attempting this procedure, it’s important to remember to avoid particulate debris contamination during all of the steps.

7.2. Shou-Jun Xiao: After its development, this technique paved the way for researchers in the field of DNA nanotechnology to explore new family members of small, circular DNA nanotechnology.

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
For JoVE filming.pptx
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 in the email accompanying the finalized script.
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