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

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

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_N_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 

4.1-4.4

D.  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.) ___________________________
E.  Will the filming need to take place in multiple locations? (Y/N) _N__ If yes, how far apart are the locations? 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this technique is to measure biomarkers present in a complex biological fluid background, at clinically relevant concentrations, in a point-of-care setting without the need for elaborate optical or electrical setups (Intro).
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Abhijeet Patra: This method can help in making biosensors based on extraordinary transmission a reality in point-of-care scenarios [1-MED].

1.1.1. Abhijeet speaks toward the camera, interview style.
1.2. Abhijeet Patra: The main advantage of this technique is that it doesn’t need any complicated optical or electrical setups.  In our experiments, it could reliably detect biomarkers in clinically relevant concentrations [1-MED].  
1.2.1. Abhijeet speaks toward the camera, interview style.

Protocol: (read by voice talent at JoVE)
2. Fabrication of the Sensor and Acquisition of the Data
Editors, please pause the lab-media video as needed so that the narration fits the indicated time codes.  The speed of the video can also be altered to achieve this.
2.1. Fabrication of the sensor chip is performed in the clean room and cannot be filmed.  For demonstration purposes, the procedure is represented here by an animation [1-Title Card].
2.1.1. Title Card. 
2.2. For preparation of the nickel mold, coat a 220 nanometer-thick layer of negative electron beam resist onto a 600 micron-thick 4-inch silicon wafer [1-LM].
2.2.1. Nanoprint Lithography animation draft 2 – Editors, please play 0:00-0:03 of this video.
2.3. Write the designed nanohole array on this wafer using an electron beam lithography system.  To accelerate the electron-beam writing, write the patterns with a low dotmap of 20 thousand for each 300-micron field size [1-LM-TXT].  
2.3.1. Nanoprint Lithography animation draft 2 – Editors, please play 0:04-0:09 of this video.  TEXT Overlay: 110 μC cm−2, 800 pA
2.4. Develop the resist by immersing the 4-inch silicon wafer in the developer solution for 10 seconds and letting the wafer dry in air.  Deposit a seed layer of a metal, such as nickel, copper, or aluminum, on the silicon wafer [1-LM]. 
2.4.1. Nanoprint Lithography animation draft 2 – Editors, please play 0:09-0:12 of this video.
2.5. Then, electroplate the wafer in a plating system within a nickel sulfamate bath in two steps [1-LM-TXT].  
2.5.1. Nanoprint Lithography animation draft 2 – Editors, please play 0:12-0:15 of this video.  TEXT Overlay: 0.7 A dm−2 for 95 min, 12 A dm−2 for 125 min 
2.6. Separate the nickel mold from the silicon substrate by applying gentle mechanical force [1-LM-TXT]. 
2.6.1. Nanoprint Lithography animation draft 2 – Editors, please play 0:16-0:17 of this video.  TEXT Overlay: See text for further preparation of nickel mold 
2.7. Next, imprint the nanopatterns on a 4-inch glass wafer that has been coated with a 300 nanometer-thick layer of photo-curable nanoimprinting lithography resist using a nano-imprinter [1-LM-TXT].
2.7.1. Nanoprint Lithography animation draft 2 – Editors, please play 0:18-0:22 of this video.  TEXT Overlay: 10 bar and 40 °C for 10 min
2.8. Transfer the mold, the photoresist, and the glass wafer to a UV light curing system and photocure.  If all steps have been followed correctly, the nickel mold should easily be demolded from the photoresist [1-LM].
2.8.1. Nanoprint Lithography animation draft 2 – Editors, please play 0:23-0:26 of this video.  TEXT Overlay: 75 mW cm-2 of UV exposure for 30 s
2.9. After performing a blank etch of the photoresist on the glass substrate, deposit a layer of chromium for metal adhesion, and a layer of gold for the plasmonic sensor, on the glass wafer in an electron-beam deposition machine [1-LM-TXT].  
2.9.1. Nanoprint Lithography animation draft 2 – Editors, please play 0:27-0:29 of this video.  TEXT Overlay: See text for more info
2.10. Perform lift-off of the photoresist by oxygen plasma etching for 3 minutes followed by a 15-second sonification step in acetone [1-LM].  
2.10.1. Nanoprint Lithography animation draft 2 – Editors, please play 0:30-0:31 of this video. 
2.11. Then, dice the sample into 5 millimeter by 5 millimeter chips.  The nanohole array will occupy the central 2 millimeter by 2 millimeter square of the chip [1-LM].
2.11.1. Nanoprint Lithography animation draft 2 – Editors, please play 0:31-0:34 of this video. 
2.12. To acquire the data, set up the apparatus to make the optical measurements such that a beam of white light exiting through the end of the transmitter optical fiber is collimated and is incident on the sensor surface at 90 degrees [1-MED].  Light is transmitted through the whole nanohole array [2-CU].
2.12.1. Talent sets up the apparatus to make the optical measurements such that a beam of white light exiting through the end of the transmitter optical fiber is collimated and is incident on the sensor surface at 90 degrees.  Continue action in next shot.
2.12.2. Optical measurement apparatus and array as talent set up so the beam of white light exiting through the end of the transmitter optical fiber is collimated and is incident on the sensor surface at 90 degrees, showing that light is transmitted through the whole nanohole array.
2.13. Collect the transmitted signal with the receiver optical fiber, and record it with a UV-visible spectrometer operating within the range of 300 to 1,000 nanometers [1-MED-over the shoulder-TXT]. 
2.13.1. Talent collects the transmitted signal with the receiver optical fiber and records it.  TEXT Overlay: See text for additional information 
3. Sensor Bulk Sensitivity Test and Sensor Surface Modification
3.1. For the sensor bulk sensitivity test, deposit the standard refractive index liquid into the liquid cell, with the refractive indexes varying from 1.31 to 1.39 [1-MED].  Immerse the sensor chip in the standard refractive index liquid and align it with the beam of white light [2-CU].  
3.1.1. Talent deposits the standard refractive index liquid into the liquid cell.  Use labeled containers.
3.1.2. Sensor chip as talent immerses it into the liquid and aligns it with the beam of white light.
3.2. Then, obtain the transmission spectrum [1-MED-over the shoulder].  Clean the sensor chip after each measurement with a surface-active cleaning reagent… [2-CU] and dry it with nitrogen gas [3-MED].
3.2.1. Talent obtains the transmission spectrum. Editor: reuse shot 2.12.1
3.2.2. Chip as talent cleans the sensor chip with a surface-active cleaning reagent.  Use labeled containers.
3.2.3. Talent dries the chip with nitrogen gas.
3.3. For the sensor surface modification, clean the sensor chips by sequential immersion in isopropanol, acetone, and deionized water prior to any chemical modifications [1-MED-over the shoulder]. Then, dry the sensor chips at room temperature in a stream of dry nitrogen gas [2-CU].
3.3.1. 3 labeled containers of isopropanol, acetone, and deionized water as talent cleans the sensor chips by sequential immersion in the containers.
3.3.2. Sensor chips as talent dries them in a stream of nitrogen gas.
3.4. Next, incubate the sensor chips in an ethanolic solution for 12 hours at room temperature [1-MED-over the shoulder-TXT].  This will form an amine-reactive self-assembly monolayer [2-CU].
3.4.1. Talent places the sensor chips in the labeled ethanolic solution.  Continue action in next shot.  TEXT Overlay: 0.4 mM 10-carboxy-1-decanethiol, 1.6 mM 1-octanethiol
3.4.2. Labeled container of the ethanolic solution as talent places the sensor chips there.
3.5. Following incubation, use ethanol to thoroughly rinse and dry the chips at room temperature [1-MED].  Next, immerse the chips into a mixture of 75 milliMolar sulfo-N-hydroxysuccinimide (pronounced as “suhl-foh N hahy-drok-see suhk-sin-nih-mahyd”) and 15 milliMolar EDC for 15 minutes.  This will activate the carboxylic group of the self-assembly monolayer [2-MED-over the shoulder-TXT].
3.5.1. Talent uses ethanol to thoroughly rinse and dry the chips. 
3.5.2. Talent immerses the chips into a labeled container of 75 mM sulfo-NHS and 15 mM EDC and then starts a timer to count down from 15 minutes.  TEXT Overlay: EDC = 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
3.6. Then, spot 50 microliters of a 200 microgram per milliliter anti-troponin antibody solution, made in a pH 4.5 acetate buffer, onto the sensor surface [1-CU or ECU].  After incubating for 30 minutes, deactivate the unreacted esters by immersing the sensor chip in 1 Molar ethanolamine HCl (pronounced as “eth-uh-nol-uh-meen –H-C-L”) solution for 15 minutes [2-MED-over the shoulder].
3.6.1. Sensor surface as talent spots 50 microliters of antibody solution there.
3.6.2. Talent immerses the sensor chip into the 1 M ethanolamine-HCl solution and starts a timer to count down from 15 minutes.
3.7. Finally, rinse the chip with deionized water and dry it in a stream of dry nitrogen gas at room temperature [1-MED].
3.7.1. Talent rinses the chip in deionized water.
4. Cardiac Troponin I (cTnI) Assay
4.1. Block any non-specific binding by spotting 100 microliters of 1% bovine serum albumin solution onto the sensor chip surface [1-CU or ECU].  Incubate for 15 minutes [2-MED-over the shoulder].
4.1.1. Sensor chip surface as talent spots 100 microliters of 1% BSA solution there.
4.1.2. Talent starts a timer, next to the chips, to count down from 15 minutes.
4.2. Rinse the sensor chips three times in phosphate-buffered saline solution [1-MED].  Insert the chip into the measurement cell to record the transmission spectrum [2-CU].  This is the reference spectrum [3-MED].
4.2.1. Talent rinses the sensor chips in PBS solution.
4.2.2. Sensor chip as talent inserts it into the measurement cell.
4.2.3. Talent proceeds to take the reference spectrum. Editor: reuse shot 2.12.1
4.3. Then, spot 50 microliters of the cardiac troponin-one standard onto the chip surface [1-ECU].  Incubate the chip in a moist environment for 30 minutes [2-MED-over the shoulder].
4.3.1. Chip surface as talent spots 50 microliters of the cardiac troponin-one standard onto the chip surface.
4.3.2. Talent leaves the chip to incubate and starts a timer to count-down from 30 minutes.  
4.4. After rinsing the sensor chips three times in PBS solution, insert it into the measurement cell to record the transmission spectrum [1-CU].  This is the after- binding spectrum [2-MED].
4.4.1. Chip as talent inserts it into the measurement cell.
4.4.2. Talent proceeds to measure the after-binding spectrum. Editor: reuse shot 2.12.1
4.5. Next, submerge the chips in 50 milliMolar glycine-HCl for 1 minute and then rinse in PBS solution three times to regenerate the chip surface [1-CU].  Measure the transmission spectrum in PBS to verify the success of the regeneration step [2-MED-over the shoulder-TXT]. 
4.5.1. Chips as talent submerge them in 50 mM glycine-HCl.
4.5.2. Talent measures the transmission spectrum in PBS.  TEXT Overlay: See Text for SPR Measurement Editor: reuse shot 2.12.1
5. Results: cTnI Assay
5.1. The change in transmission spectrum of the biosensor upon interacting with 30 nanograms per milliliter of human cardiac troponin in serum is shown [1-LM].  The blue plot represents before the interaction… [2-LM], while the red plot represents after the interaction [3-LM].  The dotted circle indicates the band being tracked [4-LM].
5.1.1. 55597_Drum_Fig2B
5.1.2. 55597_Drum_Fig2B – Editors, please highlight the blue plot.
5.1.3. 55597_Drum_Fig2B – Editors, please highlight the red plot.
5.1.4. 55597_Drum_Fig2B– Editors, please highlight the black dotted circle.
5.2. Shown here is the shift in wavelength for band-2 at troponin concentrations [1-LM] of 2.5 nanograms per milliliter… [2-LM], 7.5 nanograms per milliliter… [3-LM], 30 nanograms per milliliter… [4-LM] and 75 nanograms per milliliter [5-LM]. The error bars represent the standard deviation [6-LM].
5.2.1. 55597_Drum_Fig2C
5.2.2. 55597_Drum_Fig2C – Editors, please highlight the left-most first red circle.
5.2.3. 55597_Drum_Fig2C – Editors, please highlight the second red circle from the left.
5.2.4. 55597_Drum_Fig2C – Editors, please highlight the third red circle from the left.
5.2.5. 55597_Drum_Fig2C – Editors, please highlight the fourth red circle from the left (the right-most circle).
5.2.6. 55597_Drum_Fig2C– Editors, please highlight the black error bars on all of the red circles.
5.3. This plot shows the shift in wavelengths of bands observed after regeneration for a nanohole biosensor chip [1-LM].  Shifting of the position of band-2 back to its original position indicates that the regeneration step was successful [2-LM].
5.3.1. 55597_Drum_Fig3B
5.3.2. 55597_Drum_Fig3B– Editors, please highlight the row of 4 circles above the text that says “Surface regenerated.”
6. Conclusion (said by authors on camera)

6.1. Abhijeet Patra: Once mastered, the measurement can be made in 1 hour if it is performed properly.  While measuring bioanalytes in this method, it is important to use freshly prepared reagents. Please make sure you aliquot out your consumables [1-MED].
6.1.1. Abhijeet speaks toward the camera, interview style.
6.2. Abhijeet Patra: After watching this video, you should have a good understanding of how to fabricate biosensors that operate on the extraordinary optical transmission principle and can monitor bioanaytes in a complex background [1-MED].

6.2.1. Abhijeet speaks toward the camera, interview style.
6.3. Abhijeet Patra: Generally, individuals new to this method will struggle because it is difficult to generate high-fidelity nanohole arrays that make it possible to interface the chip with an optic fiber without needing any microscope and obtain reproducible results [1-MED].

6.3.1. Abhijeet speaks toward the camera, interview style.
6.4. Abhijeet Patra: This technique enables you to make serial measurements, which are crucial in medical settings. The fabrication of the chip goes a long way in ensuring reproducibility of measurements [1-MED].

6.4.1. Abhijeet speaks toward the camera, interview style.
6.5. Abhijeet Patra: With the basic platform remaining the same, further improvements to this technique will come from using detectors with better resolution, which will improve sensitivity, and from using signal processing methods to attain better signal to noise ratios [1-MED].

6.5.1. Abhijeet speaks toward the camera, interview style.
6.6. Abhijeet Patra: The implications of this technique extend towards monitoring multiple bio-analytes against the complex background of serum in a point-of-care setting, in real time [1-MED]. 

6.6.1. Abhijeet speaks toward the 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, .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.

55597_Drum_Fig2B
55597_Drum_Fig2C
55597_Drum_Fig3B
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 are included in the email accompanying the finalized script.
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