Submission ID #: 54795
Editor Name: Michael Linnes
Videographer name: Karl Knudsen
Film Date:  July 6th, 2016

Authors and Affiliations: Cynthia Hanson*, Nathan D. Israelsen*, Michael Sieverts, and Elizabeth Vargis

Biological Engineering Department, Utah State University, Logan, UT 
*These authors contributed equally

Title: Fabricating a UV-Vis and Raman Spectroscopy Immunoassay Platform 


Corresponding Author: 
Elizabeth Vargis
vargis@usu.edu
435-797-0618

Co-authors:
chanson8491@gmail.com
nathan.israelsen@gmail.com
sievertsm@gmail.com

Questionnaire:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N 
B.   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.) 
xSteps 3.7-3.8 - Resuspension of functionalized AuNPs and taking UV-Vis measurements with nanodrop (included as a screen recording)
xSteps 5.3 – Washing the immunoassay plate and seeing what the control and test wells should look like

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.) 
xStep 3.8 – Resuspension of particles in PBS. This is the critical step that determines if the AuNPs were sufficiently blocked to avoid aggregation when added to a solution with high ionic strength. If the particle blocking was done incorrectly, the solution will have a gray hue and using the particles will result in poor limits of detection. If done correctly, the solution will remain a deep red color.

E.  Will the filming need to take place in multiple locations? (Y/N) __Y____ If yes, how far apart are the locations? _______Within 50 yards___________________________________________

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 protocol is to demonstrate the development of a customizable gold-nanoparticle based immunoassay capable of analysis using UV-Visible and Raman spectroscopy. The use of two optical methods provides internal assay validation and increases the assay’s flexibility.  (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Nathan Israelsen: This method can answer key questions concerning the development of a gold-nanoparticle immunoassay, and how functionalization of the nanoparticles used in the assay using optical absorption and light scattering. 
1.2. Cynthia Hanson: The main advantage of this technique is that it can be adapted to your needs using commercially available supplies.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Elizabeth Vargis: This protocol is unique because it incorporates materials already found in research labs to fabricate an immunoassay platform that can be customized to fit individual research needs. 
1.4. Elizabeth Vargis Cynthia Hanson: The immunoassay is based on UV-Vis and Raman spectroscopy for analysis. Using Raman spectroscopy is better than traditional florescence or colorimetric methods as it has narrower bandwidths allowing the detection of multiple biomarkers at the same time. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.5. Elizabeth Vargis: Demonstrating the procedure will be Michael Sieverts, a technician from my laboratory.
1.5.1. Interview style: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
 





Protocol (read by voice talent at JoVE):  
2. Preparation of PEGylated Antibody (PEG-Ab) Solution 
2.1. To begin, hydrate the bi-functional crosslinking agent, ortho-pyridyl disulfide-PEG-NHS, in 100 mM sodium bicarbonate.  The ortho pyridyl end will bind to the gold nanoparticle surface, and the NHS end will react with a primary amine on the protein surface, once activated. [1-MED-TXT]
2.1.1. Talent rehydrates the crosslinking agent. (TEXT: Bi-functional crosslinking solution: 1 mL OPSS-PEG-NHS at 1 mg/mL) 
2.2. Be sure to make the crosslinking solution within approximately 20 minutes of when it will be used. [1-CU-TXT]
2.2.1. Talent labels vial with name/time made. (TEXT: Half-life of ~20 min at pH 8.5)
2.3. Next, add the bi-functional crosslinker to the antibody solution at a 2:1 conjugation ratio. Be sure the antibody solution is free from carrier proteins that may interact with the reaction.  [1-CU-TXT]
2.3.1. Talent adds the crosslinker to the antibody solution and mixes it. (TEXT: Total volume: 250 µL)
2.4. In a separate microcentrifuge tube, add the bi-functional crosslinker to the antigen solution at the same ratio to be used for the control.  [1-CU-TXT]
2.4.1. *Film as written (TEXT: 250 µL, 2 parts PEG: 1 part antibody)
2.5. Nathan Israelsen: ”The 2:1 ratio is assuming a 50% conjugation efficiency. The objective is to label each antibody with one PEG chain. In this step, over-labeling is better than under-labeling.”[1-INT]
2.5.1. Interview style: Author saying the above 
2.6. Finally, incubate the PEGylated antibody solution at 4°C for 8 hours. [1-MED] Store 25 µL aliquots of the solution in low binding tubes at -20 °C to limit the freeze thaw cycles.  Use each aliquot as needed.[2-MED]
2.6.1. Talent place solutions to be used into the refrigerator.
2.6.2. Talent places aliquots into the freezer.
3. Prepare UV-Vis/Raman Probes
3.1. In order to prepare the Raman probes, first make two 1.5 mL batches of gold nanoparticles and the Raman reporter at concentrations determined as described in the accompanying text protocol.  [1-CU]
3.1.1. Talent prepares batch of the nanoparticles and probes.
3.2. Combine the Raman reporter and the gold nanoparticle solutions, and allow them to bind over 30 minutes at room temperature.[1-CU]
3.2.1. *Film as written
3.3. Then, add the PEGylated antibody solution to one of the reporter-bound gold nanoparticle solutions to create a 200:1 ratio of antibodies to particles. This solution will be for the test samples. [1-CU-TXT]
3.3.1. *Film as written (TEXT: Total Volume: 1.5 mL)
3.4. In a separate microcentrifuge tube, add a PEGylated antigen to the other reporter bound gold nanoparticle solution at a 200:1 ratio of antigen to particles, to be used as the control. Incubate both solutions for 30 minutes at room temperature. [1-CU-TXT]
3.4.1. Talent prepares the solution and then sets the solutions aside to incubate. (TEXT: Total Volume: 1.5 mL) 
3.5. Next, block the remaining sites on the nanoparticle surface. [1-MED] To accomplish this, first dissolve solid methoxy polyethylene glycol thiol to a 200 µM concentration using HPLC water. [2-CU] Vortex the solution until the thiol is completely dissolved.[3-MED]
3.5.1. Talent sets out the thiol, HPLC water, and AuNP-PEG-Ab antibody solution.
3.5.2. *Film as written
3.5.3. *Film as written
3.6. Then, add the thiol solution at a 40,000:1 ratio to the nanoparticle bound PEG antibody solutions, and incubate the solution at room temperature for 10 minutes to ensure the remaining sites on the gold nanoparticle are blocked.  [1-CU]
3.6.1. Talent adds the thiol solution to the nanoparticle solution and sets a timer for 10 min.
3.7. Next, recover the functionalized Raman probes by centrifuging the particles in low- bind centrifuge tubes so that the supernatant is clear. [1-MED-TXT] Remove the supernatant by pipetting, but be careful not to disturb the nanoparticles.[2-CU]
3.7.1. Talent removes centrifuge tube from the centrifuge and lifts it up to the camera.(TEXT: Centrifuge at: 5,000 x g, 20 min, RT)
3.7.2. *Film as written


3.8. [bookmark: _GoBack]Then, resuspend the nanoparticles with 1 mL of PBS. [1-CU] Estimate the gold nanoparticle concentration by taking a UV-visible measurement from about 3 µL of the solution [2-MED], and compare the results to those from a known gold nanoparticle concentration as this is a linear relationship. [3-MED Over the Shoulder] [3B]
3.8.1. *Film as written
3.8.2. Talent loads sample into measurement system.
3.8.3. Talent looks at the results on screen/paper to compare.
3.8.3B [Added Shot] Comparison of two different UV-Vis absorption spectra on the computer screen.
3.9. Nathan Israelsen: “If the nanoparticles are not sufficiently blocked, they will aggregate due to inter-particle adhesion forces, suggesting that the reagents were added at the incorrect concentrations. Normally, the solution color is a deep red, while aggregation creates a gray hue.”[1-INT]
3.9.1. Interview style: Author saying the above 
3.10. Adjust the volumes such that the final solutions are at least 1 x 1011 particles/mL [1-CU] and store the solutions at 4°C until they are used for functionalizing the immunoassay plate. Use these solutions within one week. [2-MED]
3.10.1. *Film as written
3.10.2. Talent places the labeled solution tubes into the refrigerator. 
4. Immunoassay Plate Preparation
4.1. First, prepare enough of the diluted antigen to fill the polystyrene wells. Then, vortex the solution, and immediately add the solution to the plate’s wells. [1-CU-TXT] Allow the antigen to bind to the plates for 1 hour at room temperature. [2-CU]
4.1.1. Talent holds tube containing the antigen, vortexes it, and then adds it to the wells. (TEXT: Antigen: 50 µg/mL)
4.1.2. Talent covers the finished plate and sets it aside.
4.2. Then, remove the excess antigen solution by dumping the solution into a disposal container and hitting the plate against a paper towel-covered tabletop. [1-CU]
4.2.1. *Film as written
4.3. Add TBST to the wells to wash the surface [1B], then remove the wash by again dumping the solution into a disposal container and hitting the plate against a paper towel covered tabletop. [1-CU-TXT]
4.3.1. B [Added Shot] Talent adds TBST rinse to the plate.
4.3.1 Talent dumps solution into sink. *Film as written (TEXT: Repeat 2x)
4.4. Next, block the remaining binding sites on the plate to prevent non-specific binding by adding 70 µL of HSA blocking solution to each well of the plate [1-CU-TXT], and incubating the plate at room temperature for 30 minutes. [2-MED]
4.4.1. *Film as written (TEXT: See the accompanying text protocol for the blocking solution recipe)
4.4.2. Talent covers the plate, sets it aside, and starts a timer for 30 min.
4.5. Then, rinse the plate 3 times with TBST as previously demonstrated. [1-CU] After removing the final rinse, cover the plate and store it dry at 4°C until further use. [2-MED]
4.5.1. Talent adds TBST to plate.
4.5.2. Talent covers the plate and moves to place it at 4°C
5. Functionalizing the Immunoassay Plate.
5.1. Add 140 µL of the probe nanoparticles previously prepared into the first column of a 96-well plate placing the test nanoparticles in the first five rows and the control nanoparticles in the last three rows [1-CU?]. Add 70 L of PBS to all other columns. Dilute each column using a 1:2 serial dilution [1B]. Start by taking 70 L from the first column and mixing it with the second. Then take 70 L from the second column and add it to the third and so on. [1C-CU]
5.1.1. *Film as written
5.1.1B. [Added Shot] Talent adds 70 L of PBS to all other columns.
5.1.1C. [Added Shot] Talent performs dilution (by taking 70 uL from first add to second, second to third, and so on)
5.2. Allow the plate to incubate for at least one hour. [1-MED]
5.2.1. Talent sets timer for 1 hr and sets next to the plate.
5.3. Then, wash the plate with TBST five times as previously demonstrated. [1-MED] After the final wash, add 70 µL of PBS to each well and cover the plate with a plate seal. [2-CU]
5.3.1. A. Talent performs 1 rinse with TBST
5.3.2. Talent covers the plate with a plate seal.
5.4. Check that the control samples are clear. If non-specific binding has occurred, the control samples will have a similar color as the test samples. [1-ECU]
5.4.1. Show close-up of the plate so that all the wells that are used are in the same shot.
6. Test Assay Sensitivity by UV-Vis and Raman Spectroscopy.
6.1. For each well, use a plate-reading UV-Visible spectrophotometer [1-MED] to measure the UV-Visible spectra ranging from 400-700 nm [1B].
6.1.1. Talent places plate into plate reader and begins reading.
6.1.1B. [Added Shot] View of computer screen while obtaining UV-Vis spectral readings.
6.2. Using an inverted Raman microscope, focus the objective onto the surface of the well that has the gold nanoparticle probes. [1-MED] Obtain a Raman spectra of the well. Collect a spectrum ranging from 1800 cm-1 to 400 cm-1 and repeat this for each well. [2-MED Over the Shoulder]
6.2.1. Talent places plate onto stage and focuses on the sample.
6.2.2. Talent at computer taking the spectra of a few wells.
6.3. Finally, follow the steps in the final section of the accompanying text protocol to determine the sensitivity of the setup. [1-MED Over the Shoulder]
6.3.1. Talent at computer performing one of the steps in the final section of the text protocol.
7. Results: Determining the Sensitivity of UV-Vis and Raman Spectroscopy
7.1. 60 nm gold particles were prepared as described in this video.  [1-LM]
7.1.1. Figure 2
7.2. They were then analyzed using UV-Visible spectroscopy and Raman spectroscopy. The peak areas for each gold nanoparticle concentration were determined using an open source spectral analysis software and were used to generate a logarithmic calibration curve like the one shown here. [1-LM]
7.2.1. Figure 4/5 (Video Editor: Place Figure 4 on the left and Figure 5 on the right.  Highlight Figure 4 with the words “UV-Visible spectroscopy” and Figure 5 with the words “Raman spectroscopy”.  
7.3. Based on this data, the lower limit of detection was found to be 3.5 pM for the UV-visible detection and 1.7 pM when using Raman spectroscopy. [1-LM]
7.3.1. Figure 4/5 (Video Editor: Place Figure 4 on the left and Figure 5 on the right.  Highlight Figure 4 with the words “UV-Visible detection” and Figure 5 with the words “Raman spectroscopy”.  

 
8. Conclusion (said by authors on camera) 
8.1. Nathan Israelsen: After watching this video, you should have a good understanding of how to customize nanoparticle-probe based immunoassays for UV-Vis and Raman spectroscopy analysis. 
   

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.

7.1.1 - Figure 2.tif – Illustration of nanoparticle probes
7.2.1 – Figure 4.tif – UV-Vis calibration curve
7.3.1 – Figure 5.tif – Raman spectroscopy calibration curve


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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