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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 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)____No____ 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 by their protocol number. 

____________2.2, 2.4, 4.4, 4.5, 4.9, 4.13, 4.15, 5.2, 5.3_____________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. 

____The most difficult is combining in one protocol several processes and tools that traditionally belong to different disciplines, such as the content of steps 2.1-3.4 (nano-lithography) and 4.1-5.4 (organic chemistry). Simply speaking, most users would feel confident with one of these two parts rather than both. We attempted to design and describe the entire experiment in a way that would make both parts of it accessible to a possibly broader range of users with different backgrounds and expertises. I would say, this approach refers to each and every step in the protocol, rather than to one particular step._____

E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? 

_____We will use 3 or 4 rooms at different floors of two buildings. Both buildings are on the University of Alberta’s campus, and connected by a short pedway.______

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to fabricate and characterize conjugate nano-biological systems interfacing solid nanostructured substrates with immobilized biomolecules. (Intro)
This is achieved by utilizing ultrahigh resolution electron beam lithography, or EBL, to obtain arrays of tiny metallic nanostructures on fused silica supports. (P1)  
Editors, please use FigureP1.pptx for P1.  Start with the top left image.  Then animate electron beams irradiating the sample by showing the red arrows (or perhaps wiggly red lines) pulsing toward the sample.  Next, remove the dark gray top layer.  Then, transition to the figure on the bottom of this page by having the missing areas in the light gray layer fade away.  Next, have a layer of gold come from the top of the screen down onto the sample and have it lay on top of the light gray sections and on top of the light blue sections where the areas just faded away (so it looks like the top right figure on the page). Finally, animate the lifting off of the light gray sections covered in gold to result in the remaining gold areas on the light blue Fused silica areas.  TEXT Overlays can be brought in and then disappear for each step as shown, but omit them if the animation is moving too fast for this.  A 3-D version of this would look better if this is a possibility.  Use Figure P3 (page 2) to get an idea of how this might look.  The ending figure here would look like figure P3 (page 2) with just the fused silica and noble metal nanostructure.
As a second step, the substrates are placed in solution and biomolecules are immobilized on their surfaces, producing the nano-biological interfaces. (P2)
Editors, please use FigureP2.pptx for P2.  Start from where the previous figure left off.  Animate a pipette coming in and dropping a drop of liquid that looks like water over the sample and have the drop remain on top of the sample.  The liquid can be filled with pink oval like structures to represent the biomolecules.  Then animate the movement of the biomolecules to the gold sections on the sample.  The final image should look something like what is shown in Figure P2.  Again, try to make the sample 3-D is a possibility.  
Next, surface-enhanced Raman spectroscopy, or SERS (pronounced close to “surface” without “fa”. A reasonably sounding example could be heard, for example, here: 

https://www.howtopronounce.com), is employed in order to probe the biological molecules at the interfaces. (P3)
Editors, please use FigureP3.pptx for P3.  Start from where the previous figure left off 
and remove the liquid drop.  Then animate the irradiation of the sample with the incident laser beam by pulsing the green arrow (or perhaps wiggly green lines) at the samples while simultaneously rotating the sample a little.  Then show “glowing” of the noble metal nanostructure (gold) circles (as shown on page 3).  Finally, animate the scattered light being emitted back from the sample as the arrow shown in the picture or perhaps a glowing beam of light.   
Authors, please indicate how to pronounce “SERS,” i.e as the letters or as the word “sers.”

The resulting SERS spectra exhibit Raman modes characteristic of the particular molecules, with intensities strongly dependent on the substrate design. (P4)   
Editors, please use FigureP4.pptx for P4.  
B.  Interview: 
1.1. Steve Dew: The main advantage of this technique over existing methods, like infrared spectroscopy, is that sensitivity can be greatly enhanced due to the plasmon resonance within metal nanostructures.  Our approach creates very selective surfaces that can be readily controlled using the combination of molecular functionalization and electron beam lithography.   
1.1.1. MED:  Steve speaks toward camera, interview style.
1.2. Maria Stepanova: This method can help answer key questions across multiple fields, from exploration research in structural biology of surface-immobilized biopolymers to the development of various devices involving nano-biological interfaces.  
1.2.1. MED:  Maria speaks toward camera, interview style.
1.3. Luis Gutierrez:  This method can provide insights into structural properties of bio-molecules, with the implications extending toward diagnosis of various medical conditions and detection of environmental or other potential threats, as specific targeting allows for accurate recognition of the analytes.  
1.3.1. MED:  Luis speaks toward camera, interview style.
1.4. Rob Peters: Generally, individuals new to this method will struggle because it involves aspects of nanofabrication as well as biochemistry and surface functionalization which traditionally have been unrelated.
1.4.1. MED:  Rob speaks toward camera, interview style.
Protocol (read by voice talent at JoVE):

2. Fabrication of Nano-Patterned PMMA Masks Using Electron Beam Lithography (EBL) 
2.1. To begin, spin-coat the polymethyl methacrylate (pronounced as “pol-ee-meth-uh l me-thac-rylate”), or PMMA, resist and conductive layers on the substrates.  
2.1.1. Title Card
2.2. To achieve this, use a wafer spinner with a vacuum chuck and place the samples individually in the center on the chuck.  Place 1 drop of PMMA resist on the center of the samples using a glass pipette.  Then, spin at 3500 RPM for 60 seconds with a 2 second acceleration time.
2.2.1. MED-over the shoulder:  Talent places the samples individually into the center of the chuck.
2.2.2. CU:  Samples as talent pipettes 1 drop of PMMA resist on the center of the samples using a glass pipette.
2.2.3. MED-over the shoulder:  Talent sets the spin to 3500 RPM for 60 seconds with a 2 second acceleration time and starts the spin.
2.3. Next, bake the substrates at 180 degrees Celsius for 3 to 5 minutes.  After baking the substrates, cool the samples to room temperature.
2.3.1. CU:  Samples as talent places them into an oven to bake.
2.3.2. MED:  Talent leaves the samples to cool on a bench.
2.4. With the substrates cooled and returned to the spinner chuck, spread a drop of conductive polymer on the substrate.  Spin the substrate for 40 seconds at 3000 RPM with a 2 second ramp.  Following the spin, bake the samples at 80 degrees Celsius for 1 minute.
2.4.1. CU:  Substrate as talent spreads a drop of conductive polymer onto the substrate.
2.4.2. MED-over the shoulder:  Talent sets the substrate to spin for 40 seconds at 3000 RPM with a 2 second ramp.
2.4.3. MED:  Talent places the samples back into the oven.
2.5. After performing electron beam lithography, or EBL, exposure as described in the text protocol, prepare a beaker with deionized water for removing the conductive polymer.  Then, prepare a second beaker with a developer mixture and stir for 5 minutes at room temperature.  Finally, prepare isopropanol in a third beaker as a rinse agent.
2.4.4
[added] EBL exposure system
2.5.1. MED:  Talent prepares a beaker with deionized water for removing the conductive polymer.  Use a labeled container.
2.5.2. MED-over the shoulder:  Talent prepares a second beaker with a developer mixture and sets to stir.  Use labeled containers.  TEXT Overlay:  IPA:H2O, 7:3
2.5.3. MED:  Talent prepares isopropanol in a third beaker as a rinse agent.
2.6. Using tweezers, place the samples into the water for 3 seconds to remove the conductive polymer film.  Then place the sample into the developer and move the tweezers slowly up and down for 20 seconds.  Immediately transfer the substrates to the isopropanol and rinse for 10 more seconds before drying the sample with nitrogen. 
2.6.1. CU:  Sample held by tweezers as talent places it into the water for 3 seconds.
2.6.2. MED-over the shoulder:  Talent transfers the sample to the developer.
2.6.3. CU:  Sample held with tweezers in the developer as talent moves slowly up and down.
2.6.4. MED-over the shoulder:  Talent transfers the substrates to isopropanol.
3. Noble Metal Nanostructures Fabrication
3.1. Load the samples upside down into the electron beam evaporator system to allow for the evaporated metal to be deposited on the front face of the samples.  
3.1.1. CU:  Samples as talent loads them upside down into the electron beam evaporator system to allow for the evaporated metal to be deposited on the front face.
3.2. Deposit a 10 nanometer thick gold layer onto the samples for Designs 1 and 3, and a 10 nanometer thick silver layer for Design 2 at a rate of approximately 0.1 nanometers per second. 
3.2.1. MED-over the shoulder:  Talent programs the electron beam evaporator system to deposit a 10 nanometer thick gold layer onto the samples for Designs 1 and 3 at a rate of approximately 0.1 nm/sec
3.2.2. CU:  Electron beam evaporator system as talent programs the system to deposit a 10 nanometer thick silver layer for Design 2 at a rate of approximately 0.1 nm/sec. 
3.3. Then, fill a sonication system to the recommended height with water and fill a separate beaker with acetone.  Place a sample face up in the bottom of the beaker and allow the sample to soak for 10 minutes.  
3.3.1. MED:  Talent fills the sonication system to the recommended height with water and fills a separate beaker with acetone.
3.3.2. CU:  Sample as talent places it face up in the bottom of the beaker.
3.4. Holding the beaker, place it into the water bath and allow the height of the acetone to match the height of the water.  Then, turn on the sonication system.  Allow sonication to occur for up to 60 seconds.
3.4.1. MED-over the shoulder:  Talent places the water bath into the beaker and allows the height of the acetone to match the height of the water.
3.4.2. CU:  Sonication system as talent turns on and it starts to sonicate.
4. Bio-Functionalization of Substrates
4.1. To prepare Design 1 samples, first prepare a 1 milliMolar solution of MUA in ethanol at room temperature and sonicate for 10 minutes.
4.1.1. MED:  Talent places MUA solution into the sonicator and turns on. TEXT Overlay:  MUA: 11-mercaptodecanoic acid
4.2. Immerse the proper nanostructured substrate in the solution of MUA for 48 hours.  Then, rinse the sample with ethanol three times and dry for 5 minutes at room temperature.
4.2.1. CU:  Nanostructured substrate as talent immerses into the solution of MUA.
4.2.2. MED-over the shoulder:  Talent rinses the sample with ethanol.  Use labeled container.
4.3. Next, prepare a 75 milliMolar solution of EDC in distilled water.  Also, prepare a 15 milliMolar solution of NHS in distilled water. 
4.3.1. MED:  Talent prepares a 75 mM solution of EDC in distilled water.  Use labeled containers.  TEXT Overlay:  EDC: N-ethyl-N'-(3-(dimethylamino) propyl) carbodiimide Use Take 2
4.3.2. MED-over the shoulder:  Talent adds NHS to distilled water.  Use labeled containers.  TEXT Overlay:  NHS: N-hydroxysuccinimide
4.4. Using a micropipette, deposit 100 microliters of NHS onto the gold on the substrate, and immediately add 100 microliters of EDC on the same area.  Incubate for 1 minute to activate the self-assembled monolayer of MUA.
4.4.1. CU:  Substrate as talent deposits 100 microliters of the NHS solution onto the gold and then adds the EDC solution to the same area.
4.4.2. MED-over the shoulder:  Talent starts a timer to count down from 1 minute.
4.5. Then, place a 100 microliter drop of protein A solution on the same area of the substrate.  Place the sample into one compartment of a Petri dish with 1 milliliter of distilled water in another compartment.  Seal the Petri dish with a cover and store the sample for 24 hours at 5 degrees Celsius.
4.5.1. CU:  Substrate as talent pipettes a 100 microliter drop of protein A solution onto the same area of the substrate.  TEXT Overlay:  47 μM protein A
4.5.2. MED-over the shoulder:  Talent places the sample into one compartment of a two-compartment Petri dish with 1 mL of distilled water in the other compartment.
4.5.3. MED:  Talent places the sealed Petri dish with sample into 5 degrees Celsius.
4.6. Next, rinse the sample in distilled water 3 times by continuously stirring the samples in separate beakers for 20 seconds in each beaker.  Do not let the samples dry after rinsing or during the rinse.
4.6.1. MED-over the shoulder/CU:  Multiple takes of beakers with stirring water as talent transfers the samples to separate beakers to wash.  Use shots to cover this narration.
4.7. For the Design 2 samples, prepare a 0.9 milliMolar solution of glucose binding protein, or GBP, in potassium phosphate buffer.  Also, prepare a 100 milliMolar solution of D-glucose in the buffer. 
4.7.1. MED:  Talent adds shows a tube containing the solution of GBP to in potassium phosphate buffer.  Use labeled containers.  TEXT Overlay:  K2HPO4, 25 mM, pH 7.5 
4.7.2. MED-over the shoulder:  Talent places a labeled beaker of 100 mM solution of D-glucose onto a stir plate and stirs. Use Take 2
4.8. Next, mix 30 microliters of the D-glucose solution and 30 microliters of the GBP solution using a 1 milliliter plastic microtube container and a micropipette.  Incubate for 30 minutes.
4.8.1. CU: 1 mL plastic microtube as talent pipettes 30 microliters of 100 milliMolar D-glucose solution and 30 microliters of 0.9 milliMolar GBP solution there.  Use labeled containers.
4.8.2. MED-over the shoulder:  Talent starts a timer to countdown from 30 minutes.
4.9. Then, deposit 20 microliters of the ligand-free GBP solution and 20 microliters of the ligand-bound GBP solution onto the prepared substrates using a micropipette.  Store the samples at 5 degrees Celsius for 24 hours in a Petri dish with a sealed cover.  Rinse the samples 3 times in the potassium phosphate buffer solution at room temperature.
4.9.1. CU:  Substrate as talent deposits 20 microliters of the ligand-free GBP solution and 20 microliters of the ligand-bound GBP solution onto it.
4.9.2. MED-over the shoulder:  Talent leaves the samples at 5 degrees Celsius.
4.10.1 [moved] MED:  Talent rinses the samples in potassium phosphate buffer solution.
4.10. To prepare Design 3 samples, dilute the dopamine binding aptamer, or DBA, solution to a concentration of 1 micromolar using the Tris EDTA buffer with a final pH of 7.4. 
4.10.1. [moved] MED:  Talent rinses the samples in potassium phosphate buffer solution.
4.10.2. [new 4.10.1] MED-over the shoulder:  Talent dilutes the DBA solution to a concentration of 1 microliter using TRIS EDTA.  Use labeled containers.
4.11. Prepare a dopamine solution to a 5 microMolar concentration by measuring the dopamine powder on an analytical balance and mixing it in the phosphate buffered saline, or PBS, with a stir bead for 5 minutes.
4.11.1. CU:  Analytical balance as talent measures the dopamine powder there.
4.11.2. MED-over the shoulder: Talent pours the dopamine powder into a stirring PBS solution.
4.12. Then, deposit a 20 microliter drop of the DBA solution on the surface of each substrate and let the samples sit for 1 hour at room temperature with a cover over the Petri dish.
4.12.1. CU:  Samples as talent deposits a 20 microliter drop of the DBA solution on the surface of each substrate.  Use a labeled container.
4.13. After rinsing the samples 3 times in a potassium phosphate buffer, place the samples upright on top of a cleanroom grade wipe to dry the backside while maintaining a film on the front side of the substrate.  Set a sample aside as a control.
4.13.1. MED-over the shoulder:  Talent places the samples upright on top of a cleanroom grade wipe to dry the backside.
4.13.2. CU:  Control sample as talent sets aside from the others.
4.14. Next, place a 5 microliter drop of the dopamine solution onto the surface of the existing DBA PBS drop on the remaining samples.  
4.14.1. ECU:  Existing drop of dopamine solution as   Talent places a 5 microliter drop of the dopamine solution on the surface of the existing drop of PBS buffer solution on the samples.
4.15. Incubate the samples for 10 minutes before rinsing the samples in the potassium phosphate buffer solution 3 times.
4.15.1. MED:  Talent sets a timer to countdown from 10 minutes and leaves samples to incubate.
5. Raman Spectroscopy 
5.1. To perform Raman Spectroscopy, place each sample in a water-proof chamber to avoid evaporation by laser exposure.
5.1.1. MED-over the shoulder:  Talent places each sample into a water-proof chamber.
5.2. Fill a plastic syringe with chemically inert high vacuum grease.  Then, place the samples on glass slides and dispense a few millimeters of grease surrounding the samples without touching the samples. 
5.2.1. MED:  Talent fills a plastic syringe with chemically inert high vacuum grease.
5.2.2. [new 5.2.1] CU:  Samples as talent places the samples on glass slides and dispenses a few millimeters of grease surrounding the samples without touching the samples.
5.3. Place a microscope coverslip on top of the substrates.  Gently press down to form a seal, creating a thin liquid interface between the substrates and the coverslips without allowing the buffer to come in contact with the vacuum grease.
5.3.1. MED-over the shoulder:  Talent places a microscope coverslip on top of the substrate.
5.3.2. ECU:  Microscope coverslip as talent gently presses down to form a seal, creating a thin liquid interface between the substrates and the coverslips without allowing the buffer to come in contact with the vacuum grease.
5.4. Using an optical Raman microscope system, obtain a focus on the surface of the metal nano-patterned region to be sampled without turning on the laser.  Perform Raman sampling as described in the text protocol.
5.4.1. MED-over the shoulder or MED:  Talent at Raman microscope system obtaining a focus on the surface of the metal nano-patterned region.  If there is a coupled screen to view, use a MED-over the shoulder shot here.  Otherwise use a MED shot.
6. Results: Nanostructure-enabled SERS spectra of biopolymers
6.1. Shown here are nanopatterned dot arrays of gold… and silver-nickel on fused silica.  The usage of electron beam lithography, or EBL, allows for superb position and dimension control.  Dot size and gap width is controlled by EBL exposure dose.
6.1.1. LAB MEDIA: Figure1.pdf.  Editors, please highlight the figure to the left as “gold” is narrated and the figure to the right as “silver-nickel” is narrated. 
6.2. Hexagon arrays of gold… and of silver-nickel are displayed here.  Nucleation behavior of such very thin metal layers results in discontinuous structures.
6.2.1. LAB MEDIA: Figure2.pdf.  Editors, please highlight the figure to the left as “gold” is narrated and the figure to the right as “silver-nickel” is narrated.
6.3. Here is a SERS spectrum of substrate-immobilized protein A in Design one.  Signal intensity from Array one is much stronger than from Array two.  Signal from Array three was very weak.  Gap spacing is clearly a critical parameter to plasmon coupling and surface enhancement of Raman scattering.
6.3.1. LAB MEDIA: Figure3.pdf.  Editors, please highlight the uppermost black line as Array one is narrated and then the lowermost gray line as array two is narrated.
6.4. Displayed here are SERS spectra of glucose binding protein showing the effects of different substrate designs in the ligand free… and ligand bound state.
6.4.1. LAB MEDIA: Figure4.pdf.  Editors, please highlight the left plot as “ligand free” is narrated and the right plot as “ligand bound” is narrated 
6.5. Finally, SERS spectra of dopamine binding aptamer is shown for ligand free… and ligand bound molecules.  A spectrum of dopamine powder is shown for reference.
6.5.1. LAB MEDIA: Figure5.pdf.  Editors, please highlight the purple plot as “ligand free” is narrated, the blue plot as “ligand bound” is narrated, and the red plot as “dopamine powder” is narrated.
7. Conclusion (said by authors on camera)

7.1. Rob Peters: While attempting this procedure, it’s important to remember to prevent contamination of the substrates to avoid false readings due to the sensitivity of spectroscopy method.
7.1.1. MED:  Rob speaks toward the camera, interview style.
7.2. Luis Gutierrez: Employing this procedure, optimal SERS substrate designs may be identified for specific analytes.  Then, other nanolithography methods like nanoimprint lithography can be performed in order to improve scalability of the substrate fabrication. 
7.2.1. MED:  Luis speaks toward the camera, interview style.
7.3. Maria Stepanova: After its development, this technique paved the way for researchers in the field of biochemistry and biosensing to detect biological molecules when they are adsorbed at surfaces in very small quantities while remaining in solution. 
7.3.1. MED:  Maria speaks toward the camera, interview style.
7.4. Steve Dew: After watching this video, you should have a good understanding of how to control the metal nanostructure size and film properties through fabrication techniques, and how to exploit different biomolecule recognition strategies to target a particular analyte.
7.4.1. MED:  Steve speaks toward the camera, interview style.
Provided Media

Conceptual narrative P1 – FigureP1.pptx 
Conceptual narrative P2 – FigureP2.pptx 
Conceptual narrative P3 – FigureP3.pptx 
Conceptual narrative P4 – FigureP4.pptx 
6.1 –  Figure1.pdf 
6.2 –  Figure2.pdf 
6.3 –  Figure3.pdf 
6.4 –  Figure4.pdf 
6.5 –  Figure5.pdf 
�Comment #1: 


In animation P3 to Conceptual Narrative, would it be possible to please leave (not removing) the liquid drop? This is how the actual experiment was done. We did not include the liquid in the corresponding ppt slide just because we could not do it well enough. If the liquid could stay, this will be very much appreciated.
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