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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   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____ 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. _2.2, 3.3, 4.4, 4.6-4.8 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Steps 4.4-4.8. Negative-staining of the samples is the most delicate step since slight variations in timing can cause unstained or over-stained grids. Moreover, If uranyl-formate precipitates, which happens during long freezing durations, it is unusable. Better to use freshly frozen aliquots. Fresh preparation of uranyl-formate solutions is the best method to ensure proper staining of the DNA nanorobots, however this is cumbersome and isn’t advised for routine imaging. 

E.  Will the filming need to take place in multiple locations? (Y/N) _______ If yes, how far apart are the locations? _______Different floors of the same building____

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 __fabricate a DNA Origami nanorobot. (Intro)
This is accomplished by first preparing the staples pool and reaction mixture. (P1, Editor, use P1 here.  Begin with the staples plate then bring in the gray pipettor to the left of it and take up pink liquid from the first row of circles as shown.  Then bring in the staples pool tube and add the liquid to the tube, then bring in the tube to the right with the text and transfer some liquid to it from the left tube.)
Next, a  thermocycler is used to gradually lower the mixture temperature to facilitate annealing of the short staple strands to the long circular scaffold . (P2, Editor, bring in the picture of the thermocycler in P2, then place the right tube ‘into’ the machine.)
Then, the nanorobots are purified from excess staples using centrifugal filters. (P3, Editor, use P3 here.  Begin with the left tube, then transition to the second tube showing the gray liquid moving from the top middle to the bottom.  Then transition to the third tube, then to the last tube where the middle insert is removed.)
Finally, proper folding and purification are verified first by agarose-gel electrophoresis (P4, Editor, bring in the blue apparatus on the left in P4, then transition to the right panel showing black bands.)
Ultimately, transmission electron microscopy_is used to show the correct architecture of the DNA nanorobot shape. (P5, Editor, begin with the microscope and computer set up I P5, then transition to the right hand panel of the staples.)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. **Author name _Dr Ido Bachelet_: Demonstrating the procedure will be Yaniv Amir a grad student from my laboratory. 
1.1.1. Interview style: Author saying the above 

1.1.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):

2. Preparation of Staples Pool and Fabrication Reaction Mixtures
2.1. Begin with DNA nanorobot staples in 96-well plates [2.1.1-WIDE-TXT], lyophilized and normalized to 10 nmol [2.1.2-CU/ECU] For a detailed description of the design and architecture of the DNA nanorobot, refer to the following references in the text protocol [2.1.3-WIDE/MED]

2.1.1. Talent at bench places a 96-well plate of nanorobot staples down (TEXT: refer to Table 1 of the text protocol).  

2.1.2. Shot of nanorobot staples in wells of plate

2.1.3. Shot of DNA nanorobot (TEXT: Ben-Ishay14 et al. and Douglas et al.15.)

2.2. Using a multichannel pipettor, reconstitute the 254 staples by adding 100 uL of RNase/RNAse –free ultrapure water to each well to a final concentration of 100 uM [2.2.1-CU]. Then using a multichannel pipettor and a sterile 55 ml solution basin, pool together 20 ul of each staple [2.2.2-CU]. 
2.2.1. Talent picks up multichannel pipettor and adds water to reconstitute staples

2.2.2. Film as written (TEXT: avoid pooling  “Guide Removal” oligos w/staples). 

2.3. For a standard reaction mixture, start with 40 ul of M13mp18 viral genome circular single strand DNA, corresponding to 4 pmol of scaffold DNA [2.3.1-LM], for a final concentration of scaffold in the fabrication mixture of 20 nM [2.3.2-MED/CU-TXT]. 

2.3.1. LAB MEDIA of map of viral genome, Editor, zoom out on this when bringing in 2.3.2

2.3.2. Talent setting up reaction mixture (TEXT: 200 µL final volume). (Filmed as 2.2.3)
2.4. Next, add 102 ul of staples to reach a ‘scaffold to staples’ ratio of 1 to 10, respectively [2.4.1-CU-TXT]. 

2.4.1. Film as written (TEXT: final [staples] = 200 nM)

2.5. Add 0.4 uL of each of 4 HPLC-purified Gate oligos at 100 uM stock to the folding reaction mixture [2.5.1-CU].
2.5.1. Film as written   
2.6. Finally, add 20 ul of 10xTAE stock buffer, 2 ul of 1M MgCl2, and 36 ul of DNAse/RNAse free ultrapure water to reach a final volume of 200 ul [2.6.1-MED/CU].
2.6.1. Buffers are labeled and aligned on the bench and visible with the VO and talent begins to add solutions

2.7. Vortex the mixture [2.7.1-MED/CU] and aliquot 100 ul into PCR vials [2.7.2-CU].
2.7.1. Film as written

2.7.2. Film as written
3. Temperature Annealing Ramp for Fabrication Reaction and Removal of Excess Staples
3.1. For the fabrication reaction, program the thermocycler as follows [3.1.1-MED/CU]:  ramp 85°C to 60°C at a rate of 5 min/°C; ramp 60°C to 4°C at a rate of 75 min/°C; then hold at 4°C indefinitely [3.1.2-CU].  After the fabrication has ended, store the samples at -20°C [3.1.3-WIDE].
3.1.1. Talent places plate test tubes into thermocycler and begins to program

3.1.2. Talent programs the cycles with the VO here

3.1.3. Talent places samples in freezer

3.2. Save a 10 ul sample of the nanorobots prepurification reaction for later analysis. [3.2.2-CU] To remove excess staples, add 100 ul of the folding reaction mixture to a 0.5 ml centrifugal filter with a molecular weight cut off of 100 kDa [3.2.1-CU].   
(reversed order of 3.2.1 and 3.2.2)
3.2.1. Film as written

3.2.2. Talent saves an aliquot in a tube for later 

3.3. Add the sample to the filter and add 400 uL of the folding buffer to the sample [3.3.2-CU]. Then centrifuge the sample in the filter at 9600 x g for 10 minutes [3.3.1-MED].  Centrifuge 2 more times as before [3.3.3-FF], adding 400 ul of folding buffer to each concentrate [3.3.4-FF].
(reversed orders of 3.3.1 and 3.3.2)
3.3.1. Talent places sample into centrifuge and starts spin; B need another version of talent taking sample out of centrifuge for 3.4.1 
3.3.2. Film as written

3.3.3. FREEZE FRAME from 3.3.1

3.3.4. FREEZE FRAME from 3.3.2, Editor, place side by side with 3.3.3 when mentioned
3.4. After a final 5 minute spin [3.4.1-MED], recover the concentrate by placing the filter upside down in a clean microcentrifuge tube [3.4.2-CU] and spin at 9600 x g for 1 min [3.4.3-MED/CU].  A 25-60 ul final volume should be recovered [3.4.4-CU/ECU].

3.4.1. Use 3.3.1B here

3.4.2. Film as written

3.4.3. FREEZE FRAME from 3.3.1B

3.4.4. Talent holds tube for camera to show volume

3.5. Measure the DNA concentration of the nanorobot samples at 260 nm [3.5.1-MED/CU].  Then use a molecular weight of 5.3 ug/pmol to calculate molar concentrations [3.5.2-LM].
3.5.1. Talent places sample into spectrophotometer

3.5.2. LAB MEDIA molar concentration example.xlsx 

4. Agarose Gel Electrophoresis Analysis and Negative Stain with Uranyl-formate

4.1. After preparing an agarose gel and placing the electrophoresis device in a water and ice bath according to the text protocol [4.1.1-MED/CU], add 6X DNA loading buffer to 1 ug of total DNA from the prepurification and post purification steps [4.1.2-CU], a scaffold DNA sample, and a 1 kb DNA marker [4.1.3-CU]. Then load onto the agarose gel [4.1.4-MED/CU]. 

4.1.1. Talent places gel in a box and then device into into buffer in electrophoresis device, inside a water and ice bath 
4.1.2. Talent adds loading buffer to samples on Parafilm
4.1.3. Talent adds loading buffer to scaffold DNA and marker

4.1.4. Film as written

4.2. Set the power source to 80V [4.2.1-MED/CU] and run the gel for 3 hours in the water and ice bath  [4.2.2-MED/CU] to prevent the nanorobots from unfolding and appearing as a smear on a gel that heats up [4.2.3-LM].  

4.2.1. Talent sets power source

4.2.2. Talent closes electrophoresis device and then a shot of device in water and ice bath (TEXT: add additional ice during electrophoresis)

4.2.3. LAB MEDIA Example of a smeared gel, Authors will provide, Editor, place side by side with 4.2.2 when mentioned

4.3. When electrophoresis is complete, view the gel on a UV table [4.3.1-MED].
4.3.1. Talent viewing gel on UV table

4.4. To negatively stain the nanorobot sample, after preparing 2% uranyl-formate stock solution according to the text protocol [4.4.1-CU], add 5 ul of 0.5M NaOH solution to a defrosted 100 ul 2% uranyl-formate aliquot [4.4.2-CU-TXT] and vortex rigorously for 3 minutes [4.4.3-MED/CU].  
4.4.1. Talent places stock solution on bench for camera

4.4.2. Film as written (TEXT: refer to text protocol for details)

4.4.3. Film as written
4.5. In a table top centrifuge, spin at maximum speed for 5 minutes [4.5.1-MED/CU].  In the meantime, glow-discharge a grid using room air at 0.2 mbar and 25 mA for 30 seconds [4.5.2-CU+M].
4.5.1. Talent places sample into centrifuge 

4.5.2. Talent places grid in discharger and defines settings and starts

4.5.3. Added shot: wait for purple light (~1min into shot)

4.6. Add 15 ul of purified 2 nM nanorobot sample onto the top side of a grid and allow it to absorb for 1 minute [4.6.1-ECU].  While not touching the grid surface, place the grid on top of filter paper to drain the excess liquid [4.6.2-ECU].
4.6.1. Film as written

4.6.2. Film as written

4.7. While using forceps to hold the grid [4.7.1-CU], add 10 ul of 2% uranyl-formate onto the topside of the grid [4.7.2-ECU].  Quickly use filter paper to drain the excess liquid as before, [4.7.3-CU/ECU] then add a second aliquot of uranyl-formate [4.7.4-ECU] before draining excess liquid again [4.7.5-ECU].
4.7.1. Talent picks up grid with forceps

4.7.2. Film as written

4.7.3. Film as written

(repeated filming of 4.7.2+4.7.3 since initial shot wasn’t successful)
4.7.4. Film as written

4.7.5. Film as written

4.8. Add a third aliquot of uranyl-formate to the top of the grid and allow it to absorb for 30 seconds [4.8.1-CU].  After draining the grid on filter paper as before [4.8.2-FF], allow it to dry face up on filter paper for at least 30 minutes [4.8.3-CU].
4.8.1. Film as written

4.8.2. FREEZE FRAME from 4.7.5

4.8.3. Grid drying on filter paper

4.9. Finally, place the grid onto a cantilever [4.9.1-CU] and inject the grid into a transmission electron microscope and image [4.9.2-WIDE/MED].
4.9.1. Added shot: talent places grid onto cantilever

4.9.2. Talent places grid into EM and begins to image
4.9.3. Added shot: wide shot of TEM.

5. Results: Bio-responsive Robot Purity and Yield Analysis
5.1. All samples in the DNA gel shown here contain 1 ug of total DNA.  Compared with the circular single-strand DNA scaffold (lane 2), nanorobots are hindered in the gel due to their higher molecular weight, which is the result of staple hybridization to the scaffold DNA.  The low molecular weight band in lane 3 represents excess staples that did not bind to the scaffold DNA [5.1.1-LM].  

5.1.1. LAB MEDIA Figure 2A, Editor, point out the dark band in lane 2 for the ‘circular single-strand DNA scaffold’.  For ‘nanorobots are hindered,’ add in the red arrow as shown.  For the last sentence, add in the green arrow as shown.

5.2. Lanes 4-6 contain high molecular weight bands representing nanorobot dimers.  Reducing the concentration of scaffold in the fabrication procedure can reduce these structures [5.2.1-LM].
5.2.1. LAB MEDIA Figure 2A, Editor, for the first sentence, add in the blue arrow.

5.3. Comparison of the yield and purification results show that reducing the initial volume of fabricated robots loaded onto the centrifugal filter has little effect on the yield and purification rates.  Moreover, increasing the number of buffer exchanges and spins has little influence on purity; however it considerably reduces yield [5.3.1-LM].
5.3.1. LAB MEDIA Figure 2C, Editor, for the second sentence, point out the high levels of purity in lanes 4, 5, 6, when mentioned and then point out the corresponding yields when mentioned at end. 

5.4. Purification estimations are calculated from the relative intensity of the nanorobots to that of the excess staples [5.4.1-LM].  

5.4.1. LAB MEDIA Figures 2A and B, Editor, add in B here and point out the tall colored regions for the ‘relative intensity of the nanorobots’ and for the excess staples, point out the area where the green fluorescent blob is (near bottom left of square).
5.5. Finally, validation of the structural integrity of DNA nanorobots is achieved via TEM.  Shown here are samples taken from multiple fabrications and staining procedures [5.5.1-LM].
5.5.1. LAB MEDIA Figure 3, Editor, bring in the panels one at a time here.
6. Conclusion (said by authors on camera)
6.1. Author name _Yaniv Amir: After watching this video, you should have a good understanding of how to prepare a DNA nanorobot. The fabrication, purification and imaging procedures are very straightforward and are easily mastered. Remember that for robots to open the Guide staples need to be removed. This is done after purifying the nanorobots from excess staples.   
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.

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.
( 2013, Journal of Visualized Experiments


