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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N) 

The protocol involved preparation of samples for transmission electron microscopy. But at the moment the imaging itself (7.5) is not marked for the video production. 

Can you record movies/images using your own microscope camera? (Y) 

We can record images with microscope camera

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.

2. Does your protocol include software usage? (Y/N) Yes
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.
We installed the recommended soft 

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.3.1, 3.5.2, 4.3.2, 5.3.1, 6.6.3
4. 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.)
The protocol is rather straightforward and there are no steps we would call “difficult“. For the overall success, one of the critical steps is 6.2 
5. Will the filming need to take place in multiple locations? (Y/N) (N) 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Anton Kuzyk: This method allows fabrication of three-dimensional chiral plasmonic nanostructures with strong chiroptical responses [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

1.2. Anton Kuzyk: The main advantage is this approach is that it enables fabrication of complex metal nanostructures using freely available software tools and common biochemistry lab equipment [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  

Introduction of Demonstrator: (Said by you on camera)

1.3. Anton Kuzyk: [1] Demonstrating the procedure will be Yike Huang, a graduate student… [2], and Minh-Kha Nguyen, a postdoc, from my laboratory [3]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.3.2. Yike looks up from workbench or desk and acknowledges the camera.
1.3.3. Minh-Kha looks up from workbench or desk and acknowledges the camera.








Section - Protocol
2. Design of the DNA Origami and Assembly of the DNA Origami Templates
2.1. Use caDNAno (cad-nano) to design a DNA origami template [1-TXT]. Route the scaffold and staple strands according to the desired shape of the template. Then, generate the staple strands sequences by clicking Sequence Tool. Click Paint Tool and mark the staple strands that require further modification [2].
2.1.1. MED: Talent works at the computer.  TEXT: See text for caDNAno reference 
2.1.2. SCREEN: Screen capture movie showing final result of routing as talent generates the staple strands by clicking Seq Tool.  Talent clicks the Paint Tool and mark the staple strands that require further modification. (Author Comment: SCREEN_1.mov and SCREEN_2.mov. SCREEN_1.move should be sufficient.)
2.2. Click Export Tool to export the DNA staple sequences to a csv file. Then, import the csv file into a spreadsheet application. Add a poly-adenine sequence at the end of the staples, to be used as handles for gold nanorod assembly. Modify the staple strands on the designed lock sites with lock sequences [1].
2.2.1. SCREEN: Screen capture movie as talent clicks Export Tool to export the DNA staple sequences to a .csv file.  Import the staples’ .csv file into a spreadsheet application.  Talent adds a polyA10 sequence at the end of the staples.  Modify the staple strands on the designed lock sites with lock sequences. (Author Comment: “Screen capture movie as talent clicks Export Tool to export the DNA staple sequences to a .csv file” is covered in SCREEN_3.mov. “Import the staples’ .csv file into a spreadsheet application.  Talent adds a polyA10 sequence at the end of the staples” is covered in SCREEN_5.mov. “Modify the staple strands on the designed lock sites with lock sequences” is covered in SCREEN_4.mov)
2.3. Prepare a working stock of staple stands, including strands with handles and locks, by mixing equal amounts of concentration-normalized staple oligonucleotides [1].
2.3.1. MED: Talent works to prepare a working stock of staple strands.  Use labeled containers.
2.4. Then prepare the origami mixture as detailed in the text protocol [1]. Anneal the mixture in a thermocycler from 80 degrees to 20 degrees Celsius [2-TXT].
2.4.1. CU: Sample tube as talent works to prepare the origami mixture.  Use labeled containers.
2.4.2. MED: Talent places the mixture into the thermocycler.  TEXT: See Table 1 in text
3. DNA Origami Purification
3.1. For a 1% gel, dissolve 1 gram of agarose in 100 milliliters of TBE by heating the mixture in a microwave oven [1-TXT].
3.1.1. MED: Talent places the agarose/TBE mixture into the microwave.  TEXT: TBE = Tris-borate-EDTA 
3.2. Add 10 microliters of 10x DNA stain according to the stain specification. To minimize the exposure to UV light at the extraction step, use a DNA stain that can be visualized under blue excitation [1]. 
3.2.1. CU: Sample tube as talent adds 10x DNA stain.
3.3. Cast the gel and incubate for 30 minutes at room temperature [1]. Then, place the gel box in an ice water bath [2].
3.3.1. CU: Gel box as talent casts the gel.
3.3.2. CU or MED: Gel box as talent places it into an ice water bath.
3.4. Add loading buffer to the origami samples and load the samples into the wells with a proper volume according to the comb used [1-TXT]. Run the electrophoresis for 2 hours at 80 Volts [2].
3.4.1. CU: Gel wells as talent loads the samples there.  TEXT: See text for loading buffer
3.4.2. MED: Talent starts the voltage to the gel.
3.5. Image the gel with the gel imager [1]. Use a blue light transilluminator to visualize the bands and cut the origami band [2]. Then, smash the gel on parafilm and extract the liquid. The recovery yield is approximately 40% [3].
3.5.1. MED-over the shoulder: Talent images the gel with a gel imager.
3.5.2. CU: Gel on blue light transilluminator as talent cuts the origami band.
3.5.3. CU: Cut band as talent smashes it on a parafilm and extracts the liquid.
3.6. Pipette the liquid into a centrifugal filter unit and spin at 3,000 x g for 5 minutes [1]. Measure the absorption of the origami solution at 260 nanometers with a UV-visible spectrometer [2-TXT]. 
3.6.1. MED: Talent places the centrifugal filter unit into the centrifuge and starts spin.  
3.6.2. CU: UV-Vis spectrophotometer as talent measures the absorption. TEXT: Extinction coefficient = 1.3 x 108 M-1·cm-1
4. Synthesis of Gold Nanorods 
4.1. To prepare the gold nanorods, dissolve 0.55 grams of CTAB (C-tab) and 0.037 grams of 2,6-dihydroxybenzoic (2,6 dahy hahy-drok-si ben-zoh-ik) acid in 15 milliliters of warm water in a round-bottom flask [1-TXT].
4.1.1. CU: Round-bottom flask as talent dissolves 0.55 grams of CTAB and 0.037 grams of 2,6-dihydroxybenzoic acid there.  TEXT (video editors, please show as “warm water” is narrated): 60–65 °C
4.2. After cooling down the solution to 30 degrees Celsius, add 600 microliters of 4 milliMolar silver nitrate and stir at 450 rpm for 2 minutes [1]. Leave the solution undisturbed for 15 minutes at 30 degrees Celsius [2].
4.2.1. CU: Flask as talent adds 600 microliters of 4 milliMolar silver nitrate and stirs at 450 rpm for 2 minutes.
4.2.2. MED or MED-over the shoulder: Talent starts a timer to count down from 15 minutes and leaves the solution undisturbed.
4.3. Next, add 15 milliliters of 1 milliMolar hydrogen tetra-chloro-aurate to the solution, and stir at 450 rpm for 15 minutes [1]. Also add 120 microliters of 64 milliMolar L-ascorbic acid, and immediately stir at 1,200 rpm for 30 seconds [2]. Now, add 12 microliters of gold seeds, and keep stirring at 1,200 rpm for 30 seconds [3-TXT].
4.3.1. MED: Talent adds 15 mL of 1 mM HAuCl4 to the solution and stirs.  
4.3.2. CU: Flask as talent adds 120 microliters of 64 mM L(+)-ascorbic acid, and immediately stirs at 1,200 rpm.  Use labeled containers.
4.3.3. CU: Flask with stirring solution as talent adds the Au seeds from a labeled container.  TEXT: See text for preparation of Au seeds
4.4. Incubate the solution in a water bath at 30 degrees Celsius for 18 hours. Do not disturb the solution and use a cap to close the flask [1].
4.4.1. MED: Talent places the flask with cap at 30 degrees Celsius.
4.5. Transfer the resultant solution to centrifuge tubes, and centrifuge at 9,500 x g for 12 minutes at 20 degrees Celsius [1]. Discard the supernatant and disperse the pellet in 20 milliliters of ultrapure water [2]. Perform one more centrifugation step and then disperse the final pellet in 3 milliliters of distilled water [3].  
4.5.1. MED: Talent places the centrifuge tubes with solution into the centrifuge, shuts lid and starts run.
4.5.2. CU: Tube as talent discards the supernatant and disperses the pellet in 20 mL of ultrapure water.
4.5.3. MED: Talent pulls the centrifuge tube out of the centrifuge and discards supernatant to resuspend the final pellet.
4.6. Estimate the concentration of gold nanorods from a UV-visible absorption measurement, using the extinction coefficient for the longitudinal plasmon resonance [1-TXT]. [2].
4.6.1. MED: Talent works at the UV-VIS spectrometer to measure the absorbance.  TEXT: See text for estimating extinction coefficient
4.6.2. [bookmark: _GoBack]CU: Tube(s) of gold nanorods as talent leaves them at 4 degrees Celsius.
5. Functionalization of Gold Nanorods with Single-Stranded DNA 
5.1. Mix 150 microliters of 10 nanoMolar gold nanorods and 40 microliters of 0.5 milliMolar TCEP-treated thiol-DNA [1].  Add 1% SDS to the gold nanorod solution until a final SDS concentration of 0.05% is reached [2-TXT].  
5.1.1. MED: Talent mixes 150 microliters of 10 nM gold nanorods and 40 microliters of 0.5 mM TCEP-treated thiol-DNA.  Use labeled containers.
5.1.2. CU: Mixture as talent adds 1% SDS.  Use labeled containers.  TEXT: SDS = sodium dodecyl sulfate
5.2. Adjust the pH to between 2.5 and 3 with approximately 1 microliter of 1 Molar HCl [1]. Incubate for 2 hours while shaking at 70 rpm [2].
5.2.1. MED: Talent adjusts the pH of the mixture with 1 M HCl.  Use labeled containers.
5.2.2. CU: Solution as it shakes at 70 rpm. 
5.3. Add sodium chloride to reach a final sodium chloride concertation of 0.5 Molar and incubate for 4 hours at room temperature while shaking at 70 rpm [1].  Then, adjust the pH to approximately 8.5 with 10x TBE buffer and incubate overnight [2].
5.3.1. MED: Talent adds NaCl.  Use labeled containers.
5.3.2. CU: Mixture as talent adjusts the pH to 8.5.
5.4. Wash the DNA-gold nanorods 4 times by mixing the samples with 1,000 milliliters of washing buffer, and centrifuge at 7,000 x g for 30 minutes [1-TXT]. 
5.4.1. MED: Talent works to wash the DNA-gold nanorods.  TEXT: See text for washing buffer 
5.5. Remove the supernatant and resuspend the DNA-gold nanorods in the remaining liquid [1].  Estimate the concentration of DNA-gold nanorods from a UV-Visible absorption measurement, as before [2].
5.5.1. CU: Tube as talent removes the supernatant and resuspends the nanorods in the remaining liquid.
5.5.2. MED: Talent reads the absorption on a UV-VIS spectrophotometer.
6. Assembly of Gold Nanorods on DNA Origami Templates and Transmission Electron Microscopy (TEM) Imaging
6.1. Add magnesium chloride to the solution of purified DNA-gold nanorods to a final concentration of 10 milliMolar [1].  Mix the purified DNA- gold nanorods and origami to a 10 to 1 ratio [2].
6.1.1. MED: Talent adds magnesium chloride to the solution of purified DNA-gold nanorods.  Use labeled containers.
6.1.2. CU: Purified DNA- gold nanorods and origami as talent mixes to a 10:1 ratio.  Use labeled containers.
6.2. Anneal the mixture in a mixer with a temperature control from 40 degrees Celsius to 20 degrees Celsius, while shaking at 400 rpm [1-TXT].  Use 0.7% agarose gel electrophoresis to purify the final origami-gold nanorod structures [2].
6.2.1. CU: Thermocycler as talent programs it –or- places the samples in it.  TEXT: See Table 2 in text
6.2.2. MED: Talent loads the samples into the 0.7% gel.
6.3. For TEM imaging, mix 200 microliters of 0.75% uranyl formate solution and 1 microliter of 5 Molar sodium hydroxide [1].  Vortex immediately for 2 to 3 minutes [2].
6.3.1. CU: Sample tube as talent mixes 200 microliters of 0.75% uranyl formate solution and 1 microliter of 5 Molar sodium hydroxide.  Use labeled containers.
6.3.2. CU: Sample tube as talent vortexes it.
6.4. Centrifuge the stain solution for 3 to 4 minutes at 14,000 x g [1]. Then, protect the stain from light exposure by wrapping it in aluminum foil [2]. 
6.4.1. MED: Talent places the stain solution into the centrifuge, shuts lid and starts run.
6.4.2. CU: Centrifuged sample as talent wraps in aluminum foil.
6.5. After increasing the hydrophilicity of the TEM grids as described in the text protocol, pipette 5 microliter sample drops on the TEM grid [1].  Following an incubation of 5 to 8 minutes, remove the drop by gently touching a filter paper with the edge of the grid [2].
6.5.1. CU or ECU: TEM grid as talent pipettes 5 microliter sample drops there.
6.5.2. ECU: TEM grid as talent removes the drop by gently touching filter paper with the edge of the grid.
6.6. Now, pipette one big drop and one small drop of the stain solution on a piece of parafilm [1]. Put the grid on the small stain solution drop and dry immediately by touching the filter paper with the edge of the grid [2]. Then, put it on the big stain solution drop for 30 seconds [3].
6.6.1. CU: Parafilm as talent pipettes one big drop and one small drop there.
6.6.2. ECU: Grid as talent places on small stain drop and then immediately touches with filter paper.
6.6.3. CU: Grid as talent places it on the big stain solution drop.






Section – Results
7. Results: TEM images of DNA Origami Templates, Gold Nanorods, and Final Chiral Plasmonic Metamolecules 
7.1. Shown here is a TEM image of DNA origami templates.  The origami structure consists of two 14-helix bundles linked together by the scaffold strand [1].
7.1.1. LAB MEDIA: figure 4.pdf
7.2. Here a representative TEM image of gold nanorods is shown.  The average dimensions of synthesized gold nanorods are 70 by 30 nanometers [1].
7.2.1. LAB MEDIA: figure 5.pdf
7.3. This image shows gold nanorod dimers on origami after annealing.  Due to their binding preference to TEM grids, origami- gold nanorod assemblies are usually seen as parallel origami bundles and rods [1]. 
7.3.1. LAB MEDIA: figure 6 for video.pdf 
7.4. The protocol enables high yields of the assembly of gold nanorods into chiral metamolecules with strong plasmonic circular dichroism responses [1].  Shown here are the spectra of the closed structures…  [2] and the open structures [3]. 
7.4.1. LAB MEDIA: figure 7 for video.pdf 
7.4.2. LAB MEDIA: figure 7 for video.pdf – Video editors, please highlight the red spectrum.
7.4.3. LAB MEDIA: figure 7 for video.pdf – Video editors, please highlight the black spectrum.


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Yike Huang: After its development, this technique paved the way for researchers to explore plasmonic optical properties of complex self-assembled metal nanostructures [1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
8.2. Yike Huang: As described in the text protocol, several hazardous chemical are used in this method. Please remember to carefully check the Materials Safety Data Sheets and take the necessary precaution [1].  

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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