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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.
We only focus on the initializing step in the software (SPRi view) to select the arrayed spots on the surface and choose the working resonance angle for the measurements. 

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.) 

Steps: 2.4-to show the microwave functionalization process


2.11- to highlight the microarray spotting process 

3.3- to show how the SPRi view software monitors the kinetics of the interaction 

4.2- to demonstrate how samples are loaded to the antibody-coated ELISA wells

4.6- to highlight the importance of proper/thorough washing of the ELISA wells between steps

4.8- to show the final step in detection using ELISA assays which relies on changes in color of chromogen 

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.) _

The most important aspect in the SPRi process is to ensure proper surface functionalization from the beginning. So I suggest we highlight the washing of the surface thoroughly between steps to be very critical (Step 2.5). 

An important aspect in the ELISA assay procedure is to prevent cross-contamination and this is done by proper loading of samples into the wells and thorough washing between steps (step 4.6) 
E.  Will the filming need to take place in multiple locations? (Y/N) ___NO____ 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 study   is to assess the diagnostic potential of direct and amplified surface plasmon resonance imaging, or SPRi assays in the detection of biomarkers in serum and compare it directly with a commercially available enzyme-linked immunosorbent assay kit. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Marinella Sandros: This method can help answer key questions in the biomedical field, such as highlighting the early stage of a disease and providing means to monitor therapeutic efficacy. 

1.2. Marinella Sandros: The main advantage of SPRi is that it allows label-free real time monitoring and visualization of biomolecular interactions by recording changes of the refractive index adjacent to the sensor surface. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Effat Zeidan: The implications of this technique extend toward the diagnosis of hGH levels in serum, because endogenous hGH has been linked to numerous medical disorders that affect human growth and development.  

1.4. Stephen Vance: Visual demonstration of this method is critical as the biochip surface chemistry preparation steps are difficult to learn and any mistake can affect results immensely.   

Protocol (read by voice talent at JoVE):

2. Prepare SPRi Chip for Antibody Array
2.1. After preparing solutions and protein samples according to the text protocol [2.1.1-WIDE], use 120 ml of stabilized piranha solution [2.1.2-MED/CU] to clean the gold chip by sonication at 50°C for 90 minutes [2.1.3-CU]. 

2.1.1. Talent places a solution on bench with remaining solutions and protein samples

2.1.2. Talent places chip in piranha solution

2.1.3. Talent sets conditions of sonicator and sonicates sample
2.2. Use water to rinse the chip [2.2.1-CU] and sonicate in water for 5 minutes [2.2.2-CU].  Then rinse the chip with ethanol [2.2.3-CU] and use a nitrogen stream to dry it [2.2.4-CU].
2.2.1. Film as written

2.2.2. Film as written

2.2.3. Film as written

2.2.4. Film as written
2.3. Place the gold chip in a UV/ozone chamber for 30 minutes to remove any contaminants [2.3.1-CU].  

2.3.1. Film as written

2.4. Next, add 150 mg of 11-mercaptoundecanoic acid to 20 ml of ethanol in a test tube [2.4.1-CU] containing a plastic cap to provide support for the chip and a stir bar to homogenously mix the solution [2.4.2-CU].  Place the chip in the test tube and cap it [2.4.3-CU], then microwave the tube at 50 watts and 50°C for 5 minutes [2.4.4-MED/CU].  

2.4.1. Film as written

2.4.2. Film as written

2.4.3. Talent adds chip and places cap on tube

2.4.4. Talent places tube into microwave and sets power, temp and time and turns on; B need another version of sealing cap and placing in microwave for 2.8.2 below

2.5. With ethanol, rinse the chip and soak it in ethanol for 5 minutes [2.5.1-CU].  Use water to repeat the rinse and soak for 5 minutes [2.5.2-CU].   

2.5.1. Talent finishes rinsing chip in ethanol and then places in ethanol to soak

2.5.2. Talent repeats 2.5.1 with water

2.6. Add 150 mg of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide to 20 ml of water in a test tube containing a stir bar [2.6.1-CU].  Transfer the chip into the test tube [2.6.2-CU] and microwave as just demonstrated [2.6.3-FF-TXT].  

2.6.1. Film as written

2.6.2. Film as written

2.6.3. FREEZE FRAME from 2.4.4 of talent placing tube into microwave (TEXT: 50W, 50°C, 5 min)

2.7. Use water to rinse the chip and soak it for 5 minutes in water [2.7.1-CU].
2.7.1. Film as written; B need another version of talent placing chip into water for 2.9.4 below

2.8.  Then add 150 mg of N-hydroxysuccinimide to 20 ml of water in a test tube with a stir bar [2.8.1-CU].  Add the chip to the test tube, seal it with the cap and microwave [2.8.2-CU].  
2.8.1. Film as written

2.8.2. Use 2.4.4B here

2.9. After rinsing and soaking the chip in water as before [2.9.1-FF], add 250 uM polyethylene glycol in 20 ml of water to a test tube with a stir bar [2.9.2-CU].  Add the chip and microwave [2.9.3-FF] then rinse and soak with water as before [2.9.4-FF].

2.9.1. FREEZE FRAME from 2.7.1 of talent rinsing chip with water

2.9.2. Film as written

2.9.3. FREEZE FRAME from 2.4.4 of talent placing tube into microwave – use a slightly different FF than was used in 2.6.3

2.9.4. Use 2.7.1B here

2.10. Prepare 15 ug/ml of anti-rhGH antibody solution and anti-IgG as a negative control [2.10.1-CU] and add 10 ul of each to a separate well in a 384 well plate [2.10.2-CU].
2.10.1. Talent places labeled tube of anti-IgG next to labeled tube of anti rhGH antibody on ice or on bench for camera to see

2.10.2. Film as written

2.11. Design the spotting pattern in the microarrayer [2.11.1-MED/CU-TXT] and with a 500 um Teflon tipped pin, spot the chip with the antibodies [2.11.2-CU].  Incubate the spotted chip at room temperature and 75% humidity for two hours [2.11.3-MED/CU].  

2.11.1. Talent at microarrayer designs spotting pattern (TEXT: 4 x 7 quadrants/sample)

2.11.2. Film as written

2.11.3. Talent places spotted chip in humid chamber at RT

3.  SPRi Detection of Human Growth Hormone 
3.1. After setting up the SPRi experiment and blocking the chip according to the text protocol [3.1.1-MED/CU], prepare a solution of rhGH with the following set of concentrations in PBS containing 10% serum and 1 mg/mL BSA [3.1.2-MED/CU-TXT].
3.1.1. SPRi experiment set up on computer screen  with chip visible 

3.1.2. Talent preparing rhGH concentrations (TEXT: 30,000 pg/mL; 250 pg/mL; 25 pg/mL; 2.5 pg/mL and 0.25 pg/mL)
3.2. Stephen Vance: It is important to emphasize the type of blocking molecule chosen in this step as the goal is to minimize non-specific interactions [3.2.1-INTERVIEW].  

3.2.1. INTERVIEW of talent speaking the above statement looking off camera documentary style

3.3. Prepare a 2:1 solution by adding 1 ul of 6 uM biotin labeled anti-rhGH detection antibodies to 3 ul of 1 uM streptavidin-coated near infrared quantum dots in a 0.5 ml microcentrifuge tube [3.3.1-CU]. 

3.3.1. Film as written 
3.4. Inject 150 ul of hGH spiked human serum solution in the injection loop [3.4.1-MED/CU].  A strong increase in signal will be followed by a slow drop from the non-specifically bound serum rinsing off the surface [3.4.2-SCREEN/LM]. 

3.4.1. Film as written

3.4.2. LAB MEDIA Editor, use 3.3a.mp4 here.  The increase in signal occurs between 7 minutes and 15 minutes.  Take a small clip from approximately 7 minutes and then transition to a short clip just before 15 minutes for the increase.  The drop occurs between 30 and 50 minutes.  Take a small clip just after 30 minutes and transition to another small clip just before 50 minutes.  

3.5. Once the signal stabilizes, use a solution of 450 mM sodium chloride added to the running buffer to wash the surface [3.5.1-CU].  

3.5.1. Film as written

3.6. With running buffer, dilute the solution of anti-rhGH detection antibodies and quantum dots to a concentration of 10 nM [3.6.1-CU-TXT] and inject into the flow cell [3.6.2-MED/CU].

3.6.1. Film as written (TEXT: PBS; 50 µg/mL BSA)

3.6.2. Film as written

3.7. Import the data into a data analysis program [3.7.1-SCREEN/LM].  Then plot the SPRi signal versus time and determine the difference between the anti-rhGH and negative control antibody spots after the high salt wash [3.7.2-SCREEN/LM-TXT].
3.7.1. LAB MEDIA 3.6.mp4, Editor, use timestamp 0:32 and forward showing the data pasted into the spreadsheet
3.7.2. LAB MEDIA 3.6.mp4, Editor, use timestamps between 3:06 and 3:30 here showing the plotting of the graph
4. ELISA Protocol
4.1. To perform ELISA, after preparing the reagents, antibody coated wells, and standards according to the text protocol [4.1.1-MED/CU], prepare the samples of rhGH hormone in 10% human serum at the following concentrations [4.1.2-MED/CU][4.1.3-LM].  

4.1.1. Reagents antibody coated wells and standards arranged on bench in order of VO

4.1.2. Film as written, Videographer, frame this for an inset for Table 2

4.1.3. LAB MEDIA Table 2, Editor, place to one side of screen with 4.1.2
4.2. Add 50 ul of each standard, control, and sample to each well in triplicate [4.2.1-CU].  Then seal the wells [4.2.2-CU] and incubate at 4°C with gentle shaking overnight [4.2.3-WIDE/MED].

4.2.1. Film as written

4.2.2. Film as written

4.2.3. Talent places samples at 4 degrees c and begins shaking  
4.3. The following day, remove the plate from the shaker and allow it to come to room temperature [4.3.1-MED].  Warm the anti-rhGH-HRP, conjugate buffer, wash buffer, chromogen tetramethylbenzidine, or TMB, and stop reagent to room temperature [4.3.2-MED/CU].
4.3.1. Talent places plate on bench to come to RT

4.3.2. Shot of antibodies, buffers, substrates and reagents arranged on bench according to VO

4.4. To prepare the working reagents, use conjugate buffer to make a 40X dilution of anti-rhGH-HRP [4.4.1-CU].  Use distilled water to dilute the wash buffer 200X [4.4.2-CU].

4.4.1. Film as written

4.4.2. Film as written

4.5. Add 50 ul of anti-rhGH-HRP conjugate into each well [4.5.1-CU], seal the wells [4.5.2-CU] and incubate at room temperature for 30 minutes with gentle shaking [4.5.3-MED].
4.5.1. Film as written

4.5.2. Film as written

4.5.3. Talent places plate on shaker at RT

4.6. Decant the solution from the wells and invert the plate and tap dry on absorbent tissue [4.6.1-CU].  Add 200 ul of wash buffer into each well [4.6.2-CU] before decanting and tapping dry again [4.6.3-CU].  Repeat the wash three times [4.6.4-FF].
4.6.1. Film as written

4.6.2. Film as written

4.6.3. Film as written

4.6.4. FREEZE FRAME from 4.6.2 of talent adding wash buffer to wells

4.7. Effat Zeidan:  It is extremely important to tap the 96-well plate in order to remove excess reagents as relying on the removal using a pipette is not effective [4.7.1-INTERVIEW].
4.7.1. INTERVIEW of talent reciting the above statement looking away from the camera documentary style.

4.8. Next, add 100 ul of Chromogen into each well within 15 minutes following the wash step [4.8.1-CU].  Incubate at room temperature in the dark for 30 minutes with gentle shaking [4.8.2-MED].  The colorless solutions will turn blue [4.8.3-FF][4.8.4-CU].

4.8.1. Film as written

4.8.2. Film as written

4.8.3. FREEZE FRAME from 4.8.1 after talent of plate after talent adds chromogen

4.8.4. Shot of plate after solution turns blue; Editor, place next to 4.8.3 as a split screen

4.9. Add 100 ul of the stop reagent into each well [4.9.1-CU].  The solutions will turn from blue to yellow [4.9.2-FF][4.9.3-CU].  Use a plate reader at 450 nm to immediately read the absorbance of each well [4.9.4-MED/CU]. 

4.9.1. Film as written

4.9.2. FREEZE FRAME from 4.8.4 of plate with blue solutions

4.9.3. Shot of plate after solutions turn yellow; Editor, place next to 4.9.2 as a split screen

4.9.4. Talent places plate into plate reader and reads absorbance

4.10. Finally, plot the standard curve for the provided standards [4.10.1-MED OVER SHOULDER].  Then plot the optical density of the rhGH in 10% serum samples versus the concentration of each sample [4.10.1-LM].

4.10.1. Talent at computer plots standard curve

4.10.2. LAB MEDIA Figure 3

5. Results: SPRi, Nano-SPRi, and ELISA Analysis of Recombinant Human Growth Hormone 
5.1. In this video, the performance of SPRi and Nano-SPRi was compared with ELISA for the detection of rhGH.  This figure represents the titration curve of rhGH spiked in 10 % human serum and is plotted against the obtained OD at 450 nm. A good linear response was observed and the limit of detection was determined to be 1 ng/mL [5.1.1-LM].
5.1.1. LAB MEDIA Figure 3, Editor, for a good linear response was observed, point out the straight line on the graph.
5.2. Here, the detection of rhGH was assessed with SPRi. Each point on the concentration gradient curve represents the average value of the reflectivity difference calculated from three SPRi kinetic curves for each concentration.  The limit of detection, or LOD was determined to be 3.61 ng/ml [5.2.1-LM].  

5.2.1. LAB MEDIA Figure 4, Editor, for ‘Each point on the concentration gradient curve…’, point out several points on the various lines of the graph on the left.

5.3. To increase the sensitivity of the SPRi biosensor, NanoEnhancers were sequentially introduced to the sensor.  In this experiment, the nanoenhancers amplified the biosensor response up to 7.9%; however with minimal signal change to the control [5.3.1-LM].
5.3.1. LAB MEDIA Figure 5, Editor, for ‘the nanoenhancers amplified…’ add in the word NanoEnhancers and the arrow where shown.  For minimal change to the control, point out the red dashed line in the same area when mentioned.  

5.4. The practicability of the nano-SPRi biosensor was assessed by measuring the range of rhGH from 30,000 to 0.25 pg/ml.  The LOD was calculated as 9.2 pg/ml and the coefficient of variation was 20% [5.4.1-LM].
5.4.1. LAB MEDIA Figure 6, Editor, for the range of rhGH, point out the legend indicating the concentrations of each line on the graph on the left.
6. Conclusion (said by authors on camera)

6.1. Stephen Vance: Once mastered, this technique can be done in one hour for direct detection and 2 hours for Nano-SPRi if it is performed properly.

6.2. Effat Zeidan: While attempting this procedure, it’s important to remember to optimize conditions for each step and after doing so results can be easily reproduced in a shorter duration.

6.3. Marinella Sandros: Following this procedure, other methods like _MS-MALDI TOF analysis can be performed directly in order to answer additional questions like validate the identity of the captured molecule and any type of modifications such as point mutations.

6.4. Marinella Sandros: After its development, this technique should pave the way for researchers in the field of medical diagnostics to explore the detection of multiple biomarkers simultaneously linked to cancer, neurological and cardiovascular disorders.

6.5. Stephen Vance: After watching this video, you should have a good understanding of how to setup a SPRi, nanoSPRi and ELISA assay for the detection of hGH levels in human serum.

6.6. Effat Zeidan: Don't forget that working with reagents can be extremely hazardous and precautions such as wearing gloves and protective eyewear should always be taken while performing this procedure.   

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.

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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