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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/N) No If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) _______ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________

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 design a robotic device from DNA origami using the caDNAno (pronounced “cad-nano”) software. (Intro)

This is accomplished by first installing caDNAno and using it to outline the general shape of the robot. (P1)
Editors, please use a still (or a segment from the movie) from the end of 50268_Bachelet_SCREEN_2.5.1 as P1 is narrated.

The second step is to design the path of the scaffold strand. (P2)
Editors, please use a still (or a segment from the movie) from the end of 50268_Bachelet_SCREEN_2.9.1 as P2 is narrated.

Next, the staples are inserted and edited. (P3)
Editors, please use a still (or a segment from the movie) from the end of 50268_Bachelet_SCREEN_4.1.1 as P3 is narrated.

The final step is setting control features including payload attachment sites and gates. (P4)
Editors, please start with a still (or a segment from the movie) from the end of 50268_Bachelet_SCREEN_5.6.1, and then bring in a still (or a segment from the movie) from the end of 50268_Bachelet_SCREEN_6.4.1 as “gates” is narrated and hold it for a moment.

Ultimately, a list of DNA parts is generated for ordering prior to assembly. (P5)
Editors, please use a still (or a segment from the movie) from the end of 50268_Bachelet_SCREEN_6.7.1 as P5 is narrated.

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).   

Authors, I was unclear how you wanted to use the image you provided for the graphic overview section to walk the viewer through each of the 5 narrated points in the narrative.  Instead I inserted stills from screen captures from each narrated step as it is performed.  Please edit as necessary.  If you would like to use the provided image, please specify which parts the editor should highlight or zoom into as each point is narrated.  I thought we could use this image instead as an alternative to the initial figure 2 in points 2.2 and 2.3 (see below).

[image: Macintosh HD:Users:idobachelet:Desktop:Desktop:Papers:JoVE 2012:Submit 1:revised:graphicaloverview.tiff]

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Ido Bachelet:  The main advantage of this technique is that it simplifies and standardizes the design of DNA origami objects for diverse applications. 
1.1.1. MED:  Ido speaks toward the camera, interview style.  
1.2. **Ido Bachelet:  Demonstrating the procedure will be Eldad Ben-Ishay a post-doc working on the dynamics of DNA origami robots from my laboratory. 
1.2.1. MED:  Ido speaks toward the camera, interview style.  
1.2.2. MED:  Eldan Ben-Ishay looks up from computer and acknowledges the camera.


Protocol (read by voice talent at JoVE):

2. Outline the desired shape and scaffold strand path

2.1. To begin this procedure, download and install caDNAno 2.0 (pronounced “cad-nano two”) and Autodesk Maya 2012 according the instructions on http://cadnano.org.
2.1.1. MED-over the shoulder:  Talent pulls up the http://cadnano.org website.

2.2. The design interface of caDNAno within Maya includes 3 panels.  The top panel is the lattice view, where the shape is initially outlined. This panel enables double helix-level actions and provides a section view of the shape.
2.2.1. LAB MEDIA:  Figure2_ed – Authors, please provide a version of figure 2 with the images in the panel, something more like the image you provided for the graphic overview section.  Editors, please zoom into the top panel of this figure at the second sentence.

2.3. The bottom panel is the editing panel, enabling single base-level actions.  The right panel is a Maya-generated real time 3D model of the shape
2.3.1. LAB MEDIA:  Figure2_ed – Authors, please provide a version of figure 2 with the images in the panel, something more like the image you provided for the graphic overview section.  Editors, please zoom into the bottom panel of this figure as the first sentence is narrated and zoom into the right panel as the second sentence is narrated.

2.4. Click the “Honeycomb” icon.  Zooming in on and out of the lattice in the top panel can be done by mouse scroll up and down, respectively.
2.4.1. SCREEN:  Screen capture video as talent clicks on the honeycomb icon and then zooms in and out of the lattice in the top panel demonstrates the shape being initially outlined in the top panel of the caDNAno design interface.  Editors, please zoom into the top panel of this video.

2.5. To begin, draw the section of the desired shape on the left panel.  Each circle represents a double DNA helix. To choose the helices which build the shape, simply left-click on their center.  Continue helix by helix until the entire shape is outlined.  Tk1 recorded as written. Tk2 recorded as “DNA double helix” rather than “double DNA helix”
2.5.1. SCREEN:  Screen capture movie as talent draws the section of the desired shape on the left panel by left-clicking on the center of the circles helix by helix and continuing until the entire shape is outlined.  Editors, please zoom into the left panel as the actions are performed.  The speed of this video may need to be altered to fit the narration.  

2.6. Alternatively, the shape can be drawn by pressing the left mouse button and continuously drawing the shape’s outline. 
2.6.1. SCREEN:  Screen capture movie as talent shows how to alternatively draw the shape by pressing the left mouse button and continuously drawing the shape’s outline.  Editors, please zoom into the left panel as the actions are performed. 

2.7. Observe the bottom panel.  Each helix is represented by two rows of squares: the rows are the two strands of the double helix, with each square representing a base.  The orange vertical bar determines where editing actions take place along a helix.  The base position along the grid appears as a number above the orange bar.
2.7.1. SCREEN:  Screen capture video as talent uses cursor to point out that each helix is represented by two rows of squares.  Then talent points out the orange vertical bar and the base position.  Editors, please zoom into the bottom panel for the first sentence.  Then use a zoom circle to highlight the orange vertical bar and the base position above the orange bar.

2.8. The helix framework’s default length is 42 bases. The length can be extended by clicking one of the grey arrow icons at the top right corner of the editing panel and choosing the extension length. 
2.8.1. SCREEN:  Screen capture video as talent extends the length of the helix framework by clicking one of the grey arrow icons at the top right corner of the editing panel and choosing the extension length.  Editors, please use a zoom circle to highlight the actions as the performed (top right corner of the editing panel)

2.9. To plot the actual scaffold strand path throughout the shape, press the mouse button, start from the first helix, and go continuously over all the helices following the same order they were initially selected. 
2.9.1. SCREEN:  Screen capture video as talent presses the mouse button, starts from the first helix, and goes continuously over all the helices following the same order they were initially selected.  Editors, please use a zoom circle to highlight the actions as the performed.

2.10. Draw a rectangle around all the leftmost edges of the scaffold path.  Extend the scaffold path by dragging the selected edges as a group to the left side of the grid. 
2.10.1. SCREEN:  Screen capture video as talent draws a rectangle around the leftmost edges of the scaffold path and drags the selected edges as a group to the left side of the grid.  Editors, please use a zoom circle to highlight the actions as the performed.

2.11. After repeating this process until the path is properly extended and identifying ‘bridge’ icons as described in the written text, prepare to create crossovers. 
2.11.1. MED or WIDE:  Talent working at the computer.

2.12. To create crossovers, left click the bridge icon of choice.  A scaffold crossover will be generated, meaning the scaffold crosses at this point from helix to helix.  Repeat this process until the scaffold traverses all helices and creates a closed loop that spans the entire shape, leaving no regions that are isolated from the rest of the shape.
2.12.1. SCREEN:  Screen capture movie as talent left-clicks the bridge icon to create a scaffold crossover.  Talent continues to repeat this process until the scaffold traverses all helices and creates a closed loop that spans the entire shape.  Editors, this video may need to be fast-forwarded to fit the narrative.

3. Define opening mechanism axes and payload attachment sites

3.1. The described robot opens in response to a defined biological input to expose its payload.  Opening takes place in a shell-like manner, with two halves revolving around two axes.  The axes are formed by crossovers between helices 29 and 30, and 61 and 0, which are the only crossovers between those halves and are positioned only in or close to the left edge of the grid.  The right edge will contain the gate strands.
3.1.1. SCREEN:  Screen capture movie as talent shows the robot in the closed state.
3.1.2. SCREEN:  Screen capture movie at as talent switches to the open state.  Editors, please switch to this video at “expose its payload.”
3.1.3. SCREEN:  Screen capture movie as talent adds arrows with labels pointing at axes in the proper helices.  Editors, please switch to this video at “axes are formed.”
3.1.4. SCREEN:  Screen capture movie as talent adds arrows with labels pointing at the right edge.  Editors, please switch to this video at “the right edge.”

3.2. Erase the existing crossover between helices 29 and 30.  To erase the crossover, click the “knee” point in either strand.  This leaves a nick in both strands where the crossover used to be.  To seam the nicks, press SHIFT and click each nick. 
3.2.1. SCREEN:  Screen capture movie as talent erases the existing crossover between helices 29 and 30 by clicking the “knee” point in either strand.  Then talent seams the nicks by pressing Shift and clicking each nick.  Editors, please use a zoom circle to highlight the actions as the performed.

3.3. Create a new crossover between helices 29 and 30 as close as possible to the left edge of the grid.  Then, create a new crossover between helices 61 and 0 as close as possible to the left edge of the grid. 
3.3.1. SCREEN:  Screen capture movie as talent creates a new crossover between helices 29 and 30 as close as possible to the left edge of the grid.  Editors, please use a zoom circle to highlight the actions as the performed.
3.3.2. SCREEN:  Screen capture movie as talent creates a new crossover between helices 61 and 0 as close as possible to the left edge of the grid.  Editors, please use a zoom circle to highlight the actions as the performed.

3.4. Define 4 loading sites facing towards the internal side of the robot.  The loading sites will branch out of helices 3, 27, 34, and 58.  For each site, in the top panel click the helix immediately adjacent to these helices that faces the internal side.  This will add the helices to the grid in the bottom panel.  Do not second-click these helices yet.
3.4.1. SCREEN:  Screen capture movie as talent clicks the helix immediately adjacent to helices 3, 27, 3¸and 58 that faces the internal side in the top panel.  Editors, please use a zoom circle to highlight the actions as the performed.

4. Add and edit staples

4.1. To add and edit staples, first click “AutoStaple”.  The software will automatically add staple sequences in various colors.  Note that staples have been added to the 3D shape in the right panel.  Staple colors are consistent for the bottom and right panels.  In addition, there is an indicator on the bottom left corner of the interface, which indicates a staple.
4.1.1. SCREEN:  Screen capture movie as talent clicks “AutoStaple” and the software automatically adds staple sequences in various colors.  Editors, please use a zoom circle to highlight the “AutoStaple” button being clicked.  Then highlight the right panel as the second sentence is narrated.  As the last sentence is narrated, please use a zoom circle to zoom in on the indicator at the bottom left corner of the interface.

4.2. Staples cannot be too long, too short or circular.  To automatically edit staples to meet these criteria, click “AutoBreak.”  A dialogue box will open, asking for user-defined parameters for this action.  Use the default parameters and click OK.  The software will break the staples according to these parameters to the best of its ability.
4.2.1. SCREEN:  Screen capture video as talent clicks “Autobreak” and clicks OK in the dialogue box.  The software then proceeds to break the staples. Editors, please use a zoom circle to highlight the actions being performed.

4.3. Erase all the staple crossovers between helices 29 and 30, and 61 and 0, to enable these helices to separate and enable the robot to open.  Erasing staple crossovers will require some manual editing to correct staples that become too short or irrational as a result of this action.  To do this properly, follow the instructions in the text protocol. 
4.3.1. SCREEN:  Screen capture video as talent erases the staple crossovers between helices 29 and 30, and 61 and 0.  Editors, please use a zoom circle to highlight the actions being performed.

4.4. Seam the two staples on helix 29 by pressing SHIFT and clicking the nick between them. Similarly, seam the three staples on strand 30 to a single staple.  Staples can be manually extended or shortened by clicking an edge and dragging it as desired.  Take care not to circularize any staple.  Repeat this process for helices 0 and 61, and manually edit all the staples in each helix.
4.4.1. SCREEN:  Screen capture video as talent seams the two staples on helix 29 by pressing SHIFT and clicking the nick between them.  Then talent seams the three staples on stand 30 to a single staple.  Talent demonstrates dragging of the staple edge to manually extend and shorten them.  Editors, please use a zoom circle to highlight the actions being performed.
4.4.2. MED-over the shoulder:  Talent continues seaming staples for helices 0 and 61.

4.5. Locate staples that are drawn by a thick line, meaning they require further editing.  Examine each one and correct as necessary.  For example, staples that are too short can be erased or extended if possible. 
4.5.1. SCREEN:  Screen capture video as talent locates staples that are drawn by a thick line and corrects them.  Editors, please use a zoom circle to highlight the actions being performed.

5. Create loading sites and gates

5.1. Second-click the loading site helices in the top panel, and extend the resulting scaffold strand fragments in the bottom panel by clicking an edge and dragging it as desired.
5.1.1. SCREEN:  Screen capture video as talent second-clicks the loading site helices in the top panel and extends the resulting scaffold strand fragments in the bottom panel by clicking an edge and dragging it.  Editors, please use a zoom circle to highlight the actions being performed.

5.2. Manually add staples to these scaffold fragments by placing the orange vertical bar at the desired position along the scaffold, going over the guide helices on the left panel, holding SHIFT and clicking.  This will add a staple precursor at each helix.
5.2.1. SCREEN:  Screen capture video as talent manually adds staples to these scaffold fragments by placing the orange vertical bar along the scaffold, going over the guide helices on the left panel, holding SHIFT and clicking.  Editors, please use a zoom circle to highlight the actions being performed.

5.3. Extend the staple precursors to full length as well by clicking and dragging.  Locate the red bridge icons, denoting allowed crossover positions between the guide strand and the chassis.
5.3.1. SCREEN:  Screen capture video as talent extends the staple precursors to full length by clicking and dragging.  Talent locates the red bridge icons denoting an allowed crossover position between helix 62 and helix 3.  Editors, please use a zoom circle to highlight the actions being performed.

5.4. Choose the most convenient location to introduce a crossover and click the bridge icon.  A convenient location requires minimal editing of existing staples in the chassis.
5.4.1. MED:  Talent working at the computer.

5.5. In the guide helix, delete the staple part that is not a part of the loading site, and shorten the participating part to the desired length.  The desired length should provide both specificity for loading different types of cargo, and binding strength.  Typically, an 18-mer tail should be fine.  Make sure the staple remains drawn by a thin line otherwise edit it until it is.   This VO was recorded as “...otherwise, edit until it is”, because saying “…otherwise, edit it until it is” was impossible to record correctly.
5.5.1. SCREEN:  Screen capture video as talent deletes the staple part that is not part of the loading site of helix 62 and shortens it.  Talent ensures the staple is drawn by a thin line.  Editors, please use a zoom circle to highlight the actions being performed.

5.6. In the chassis, edit the changed staples as necessary.  Erase the guide leaving only the staple extension.  Repeat these steps for all loading sites.
5.6.1. SCREEN:  Screen capture movie as talent edits the changes staples in the chassis.  Talent erases helix 62, leaving only the staple extension.  Editors, please use a zoom circle to highlight the actions being performed.  

6. Designing gate strands and choosing scaffold sequence

6.1. To design gate strands, first locate the proper positions for gate strands.  These will be staples on helices 29, 30, 61, and 0. 
6.1.1. SCREEN:  Screen capture video as talent locates the proper positions for gate strands on helices 29, 30, 61, and 0.  Editors, please use a zoom circle to highlight the actions being performed.

6.2. For example, examine the 29 to 30 gate region. There are convenient staple strands flanking helices 29 and 30 on the right side of the grid, which can be used as gate strands. Note that they face opposite directions. 
6.2.1. SCREEN:  Screen capture video as talent uses cursor to point out the staple strands flanking helices 29 and 30 on the right side of the grid.  Editors, please use a zoom circle to highlight the actions being performed.

6.3. Click the edge of one of the potential gate strands to extend it outside of the shape.  If the edge lies over a scaffold crossover, its selection could be simplified by making sure only “Stap” are selectable, by clicking off “Scaf” in the “Selectable” toolbar on the top right side of the interface.
6.3.1. SCREEN:  Screen capture video as talent clicks the edge of one of the potential gate strands.  Talent then goes to the selectable toolbar to ensure that only “Stap” are selectable and clicks off “Scaf.”  Editors, please use a zoom circle to highlight the actions being performed.

6.4. Extend both staples to form the gate strands. Edit the staples if this extension requires it.  Repeat this for the gate strands of helices 0 and 61.
6.4.1. SCREEN:  Screen capture video as talent extends both staples to form the gate strands.  Talent edits the staples if necessary.  Then talent repeats for gate strands of helices 0 and 61.  Editors, please use a zoom circle to highlight the actions being performed.  The speed of this video may need to be altered to match the length of the narration.

6.5. To choose the scaffold sequence, click the “Seq” tool.  Place the cursor anywhere on the scaffold strand and click.  A dialog box will open asking to choose the scaffold DNA source.
6.5.1. SCREEN:  Screen capture video as talent chooses the scaffold sequence and clicks the “Seq” tool.  Talent places the cursor anywhere on the scaffold strand and clicks.  The dialog box opens.  Editors, please use a zoom circle to highlight the actions being performed.

6.6. In the dialog box, click “M13mp18” (pronounced “M-thirteen-m-p-eighteen”).  Note that the chosen DNA sequence has been added to the scaffold and staple strands in the bottom panel.
6.6.1. SCREEN:  Screen capture video as talent clicks “M13mp18.”  Editors, please use a zoom circle to highlight the actions being performed.  Then highlight or zoom into the bottom panel to show that the chosen DNA sequence has been added.

6.7. Finally, export the staple sequence as a spreadsheet by clicking “Export” on the top toolbar, and choosing a destination filename for the staple list.  Click “Save”.
6.7.1. SCREEN:  Screen capture video as talent clicks “Export” in the top toolbar and chooses a destination filename for the staple list, and then clicks “Save.”  Editors, please use a zoom circle to highlight the actions being performed.
7. Results:  DNA origami nanorobot design
7.1. This video has demonstrated a step-by-step process for the design a DNA origami nanorobot.  The cross-section of the shape was first outlined here.
7.1.1. LAB MEDIA:  Figure 3
7.2. The outline was followed by automatic addition of scaffold strand fragments and completion of the entire scaffold path.  Shown here is a general view of the bottom and right panels demonstrating how the 3D model changes in real time along with editing actions. 
7.2.1. LAB MEDIA:  Figure 7 
7.3. Staple strands were automatically added as can be seen in the blueprint after the “AutoStaple” action.  In this image, the staple colors in the bottom panel and the right panel are consistent.
7.3.1. LAB MEDIA:  Figure 12.  
7.4. The staple strands were then broken according to user-defined parameters as shown here in the blueprint after the “AutoBreak” action.
7.4.1. LAB MEDIA:  Figure 14.  
7.5. Next, the staple strands were manually edited to adapt the staples to the desired function of the device.  The entire gap between helices 29 and 30 show that no crossovers link the two in this blueprint after manual editing. 
7.5.1. LAB MEDIA:  Figures 18.  Authors, please provide a higher resolution image of figure 18 with the gap between helices 29 and 30 highlighted for the video.  
[image: Macintosh HD:Users:idobachelet:Desktop:Desktop:Papers:JoVE 2012:screenshots new:Figure 18 h.tiff]
7.6. Shown here is a view of the loading site staples as seen in the bottom panel after removing the guide helices, which are no longer necessary.
7.6.1. LAB MEDIA:  Figure 23
7.7. This image shows extending of two staples, which are going to be used as gate strands, from helices 29 and 30.  Note that the two strands face opposite directions, which is mandatory for the formation of the gate duplex.
7.7.1. LAB MEDIA:  Figure 24.  Authors, could you provide an image of figure 24 with the 2 strands facing opposite direction highlighted and call it “Figure 24_highlight.”
7.7.2. LAB MEDIA:  Figure 24_highlight.  Editors, please transition to this figure during the second sentence.  
7.8. This is the TEM image of the final model designed in this procedure.  The sample is stained with uranyl formate and imaged in a Jeol transmission electron microscope exactly as described in previous reports by the authors. 
7.8.1. LAB MEDIA:  Figure 27

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

8. Conclusion (said by authors on camera)
8.1. Ido Bachelet:  After watching this video, you should have a good understanding of how to design a robot from DNA origami for any application of your choice.
8.1.1. MED:  Ido speaks toward camera, interview style.

       

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.
Graphicaloverview.tiff.ai
Figure2_ed – Authors, please provide a version of figure 2 with the images in the panel, something more like the image you provided for the graphic overview section.  
Figure 3 - Authors, please provide a higher resolution image.
Figure 7 - Authors, please provide a higher resolution image.
Figure 12  - Authors, please provide a higher resolution image.
Figure 14  - Authors, please provide a higher resolution image.
Figures 18 - Authors, please provide a higher resolution image of figure 18 with the gap between helices 29 and 30 highlighted for the video.  
Figure 23 - Authors, please provide a higher resolution image.
Figure 24 - Authors, please provide a higher resolution image.
Figure 24 _highlight.  Authors, please provide a high resolution image of figure 24 with the 2 strands facing opposite direction highlighted.
Figure 27
SCREEN Capture Movies:

50268_Bachelet_SCREEN_2.4.1:  Screen capture video as talent clicks on the honeycomb icon and then zooms in and out of the lattice in the top panel demonstrates the shape being initially outlined in the top panel of the caDNAno design interface.  

50268_Bachelet_SCREEN_2.5.1:  Screen capture movie as talent draws the section of the desired shape on the left panel by left-clicking on the center of the circles helix by helix and continuing until the entire shape is outlined.  

50268_Bachelet_SCREEN_2.6.1:  Screen capture movie as talent shows how to alternatively draw the shape by pressing the left mouse button and continuously drawing the shape’s outline.  

50268_Bachelet_SCREEN_2.7.1:  Screen capture video as talent uses cursor to point out that each helix is represented by two rows of squares.  Then talent points out the orange vertical bar and the base position.  

50268_Bachelet_SCREEN_2.8.1:  Screen capture video as talent extends the length of the helix framework by clicking one of the grey arrow icons at the top right corner of the editing panel and choosing the extension length.  

50268_Bachelet_SCREEN_2.9.1:  Screen capture video as talent presses the mouse button, starts from the first helix, and goes continuously over all the helices following the same order they were initially selected.  

50268_Bachelet_SCREEN_2.10.1:  Screen capture video as talent draws a rectangle around the leftmost edges of the scaffold path and drags the selected edges as a group to the left side of the grid.  

50268_Bachelet_SCREEN_2.12.1:  Screen capture movie as talent left-clicks the bridge icon to create a scaffold crossover.  Talent continues to repeat this process until the scaffold traverses all helices and creates a closed loop that spans the entire shape.  

50268_Bachelet_SCREEN_3.1.1:  Screen capture movie as talent shows the robot in the closed state.

50268_Bachelet_SCREEN_3.1.2:  Screen capture movie at as talent switches to the open state.  

50268_Bachelet_SCREEN_3.1.3:  Screen capture movie as talent adds arrows with labels pointing at axes in the proper helices.  

50268_Bachelet_SCREEN_3.1.4:  Screen capture movie as talent adds arrows with labels pointing at the right edge.  

50268_Bachelet_SCREEN_3.2.1:  Screen capture movie as talent erases the existing crossover between helices 29 and 30 by clicking the “knee” point in either strand.  Then talent seams the nicks by pressing Shift and clicking each nick.  

50268_Bachelet_SCREEN_3.3.1:  Screen capture movie as talent creates a new crossover between helices 29 and 30 as close as possible to the left edge of the grid.  

50268_Bachelet_SCREEN_3.3.2:  Screen capture movie as talent creates a new crossover between helices 61 and 0 as close as possible to the left edge of the grid.  

50268_Bachelet_SCREEN_3.4.1:  Screen capture movie as talent clicks the helix immediately adjacent to helices 3, 27, 3¸and 58 that faces the internal side in the top panel.  

50268_Bachelet_SCREEN_4.1.1:  Screen capture movie as talent clicks “AutoStaple” and the software automatically adds staple sequences in various colors.  

50268_Bachelet_SCREEN_4.2.1:  Screen capture video as talent clicks “Autobreak” and clicks OK in the dialogue box.  The software then proceeds to break the staples. 

50268_Bachelet_SCREEN_4.3.1:  Screen capture video as talent erases the staple crossovers between helices 29 and 30, and 61 and 0.  

50268_Bachelet_SCREEN_4.4.1:  Screen capture video as talent seams the two staples on helix 29 by pressing SHIFT and clicking the nick between them.  Then talent seams the three staples on stand 30 to a single staple.  Talent demonstrates dragging of the staple edge to manually extend and shorten them.  

50268_Bachelet_SCREEN_4.5.1:  Screen capture video as talent locates staples that are drawn by a thick line and corrects them. 

50268_Bachelet_SCREEN_5.1.1:  Screen capture video as talent second-clicks the loading site helices in the top panel and extends the resulting scaffold strand fragments in the bottom panel by clicking an edge and dragging it.  

50268_Bachelet_SCREEN_5.2.1:  Screen capture video as talent manually adds staples to these scaffold fragments by placing the orange vertical bar along the scaffold, going over the guide helices on the left panel, holding SHIFT and clicking.  

50268_Bachelet_SCREEN_5.3.1:  Screen capture video as talent extends the staple precursors to full length by clicking and dragging.  Talent locates the red bridge icons denoting an allowed crossover position between helix 62 and helix 3.  

50268_Bachelet_SCREEN_5.5.1:  Screen capture video as talent deletes the staple part that is not part of the loading site of helix 62 and shortens it.  Talent ensures the staple is drawn by a thin line.  

50268_Bachelet_SCREEN_5.6.1:  Screen capture movie as talent edits the changes staples in the chassis.  Talent erases helix 62, leaving only the staple extension. 

50268_Bachelet_SCREEN_6.1.1:  Screen capture video as talent locates the proper positions for gate strands on helices 29, 30, 61, and 0.  

50268_Bachelet_SCREEN_6.2.1:  Screen capture video as talent uses cursor to point out the staple strands flanking helices 29 and 30 on the right side of the grid.  

50268_Bachelet_SCREEN_6.3.1:  Screen capture video as talent clicks the edge of one of the potential gate strands.  Talent then goes to the selectable toolbar to ensure that only “Stap” are selectable and clicks off “Scaf.”  

50268_Bachelet_SCREEN_6.4.1:  Screen capture video as talent extends both staples to form the gate strands.  Talent edits the staples if necessary.  Then talent repeats for gate strands of helices 0 and 61.  

50268_Bachelet_SCREEN_6.5.1:  Screen capture video as talent chooses the scaffold sequence and clicks the “Seq” tool.  Talent places the cursor anywhere on the scaffold strand and clicks.  The dialog box opens.  

50268_Bachelet_SCREEN_6.6.1:  Screen capture video as talent clicks “M13mp18.”  
50268_Bachelet_SCREEN_6.7.1:  Screen capture video as talent clicks “Export” in the top toolbar and chooses a destination filename for the staple list, and then clicks “Save.”  

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.
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