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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. 

Step 1: 2.1; 

Step 2:  2.3 and 2.4;

Step 3: 3.1-3.3-3.4;

Step 4: 3.5-3.6; 

Step 5: 3.9-3.10. 

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 step 3.9 is the most critical procedure. We will prepare several CoCRR arrays and repeat the experiment for protein sensing the day before the filming day to ensure success. 

E.  Will the filming need to take place in multiple locations? (Y/N) ___Yes____ If yes, how far apart are the locations? ____They are on two different floors of the same building. _______________________________________________

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 construct an electronic tongue based on a combinatorial approach and perform surface plasmon resonance imaging for protein analysis. (Intro)
This is achieved by using lactose and sulfated lactose as building blocks and depositing their mixtures on the gold surface of a prism for self-assembly to create an array of combinatorial cross-reactive receptors. (C1)
Editors, please use C1 of 51909_Schematic overview.pptx as this point is narrated.  Please animate by having multiple blue and green “building blocks” shrink down and go onto each of the blue circles (which should probably be made gray to be consistent with the final image) on the gold surface at 10 molecules per circle.  Then, zoom into the gray circles on the gold surface to show the final image of the molecules in a “combinational cross-reactive receptor array.”
As a second step, surface plasmon resonance imaging is applied, which monitors binding events in real-time and produces SPR images and a series of kinetic binding curves, called sensorgrams. (C2)  

Editors, please use C2 of 51909_Schematic overview.pptx as this point is narrated.  Please animate the image by having the dark orange light beam generate from the LED source, go through the lens and the polarizer, into the prism, reflect off the gold surface, go back out the prism, through the lens and into the CCD camera.  Then transition to the SPR image and then the sensorgrams image as they are narrated.
Next, data processing is carried out based on the sensorgrams using a math computing software in order to create a 2D continuous evolution profile and 3D continuous evolution landscape for each sample. (C3)
Editors, please use C3 of 51909_Schematic overview.pptx as this point is narrated.  First bring in the 2D continuous evolution profile by starting with the x and y-axis.  Then sequentially bring in each point starting at the top-left point to the right most-point.  Then bring in the curve connecting the points and the gray fill.  As “3D continuous evolution landscape” is narrated bring in the 3D continuous evolution landscape without color.  Then add in colors from red to purple.
The results show the electronic tongue is able to generate distinct 3D continuous evolution landscapes for common purified proteins and is efficient for their discrimination based on pattern recognition. (C4)
Editors, please use C4 of 51909_Schematic overview.pptx as this point is narrated.  Sequentially bring in each landscape.  
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

[image: image1.emf](C1) (C2)

(C3) (C4)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Yanxia HOU:  This technique has several advantages over existing methods, like classical electronic noses and tongues.  First the preparation of the sensing receptors is largely simplified.  A great diversity of cross-reactive receptors can be obtained by mixing a small number of molecules.  

1.1.1. MED:  Yanxia speaks toward camera, interview style.

1.2. Yanxia HOU:  Second, thanks to the combinatorial approach, the recognition patterns generated by our electronic tongue can be considered as continuous so that abnormal signals can be more easily identified.  Therefore, more reliable analyses can be obtained.
1.2.1. CU:  Yanxia speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):

2. Preparation of the combinatorial cross-reactive receptor (CoCRR) array
2.1. To prepare the combinatorial cross-reactive receptor array, first clean the gold surface of the prism forty-eight hours prior to use with a plasma cleaner for 3 minutes under 75% Oxygen, 25% Argon, 0.6 mbar, and 40 Watts of power.
2.1.1. MED-over the shoulder:  Talent places the prism into the plasma cleaner.
2.1.2. CU:  Plasma cleaner as talent inputs the cleaning parameters on the plasma cleaner.
2.2. Then, prepare 100 ml of phosphate buffer solution, or PBS-G, containing 10% glycerol.  Adding glycerol to PBS is very important to reduce solvent evaporation and changes in the building block, or BB, concentration after deposition.
2.2.1. MED:  Talent prepares the phosphate buffer by adding water to the salt.  TEXT overlay:  see text for recipe
2.2.2. CU:  Stirring phosphate buffer as talent pipettes glycerol in.
2.3. Then, prepare stock solutions of lactose, or building block 1, and sulfated lactose, or building block 2.
2.3.1. MED-over the shoulder:  2 stock solutions lined up as talent sticks labels onto them.  TEXT overlay:  0.2 mM in PBS-G, see text for details  
2.4. From the stock solutions, prepare eleven pure and mixed solutions with ratios between 0 and 100%, in increments of 10% and a total building block concentration of 0.1 mM in PBS-G.
2.4.1. CU:  Bench with labeled volumetric flasks (or the solution containers normally used) lined up as talent prepares the pure and mixed solutions from the stock solutions.  TEXT overlay:  Ratio = [BB1]/([BB1]+[BB2]).
2.5. Deposit 8 nanoliter droplets of these pure and mixed solutions on the prism surface using a non-contact spotter in quadruplicate for each ratio with 44 spots in total.
2.5.1.  MED:  Spotter as talent places the gold surfaced prism there.
2.5.2. ECU:  Gold surface on the prism as the spotter applies the 8 nl drops to it.
2.6. Place the prism inside a Petri dish containing 1 ml of ultrapure water and leave it overnight at room temperature for self-assembly of BB1 and BB2 on the gold surface.  Herein, it is assumed that the average surface composition in the mixed self-assembled monolayers reflects the composition of the deposition mixed solution.
2.6.1. MED-over the shoulder:  Talent places the prism inside a Petri dish containing 1 ml of ultrapure water.
2.6.2. LAB MEDIA:  Figure 3
2.7. The next day, wash the prism thoroughly with ultrapure water before drying it under a flow of argon.
2.7.1. CU:  Wet prism as water drops blow off as talent dries with a flow of argon.
3. Protein sensing by surface plasmon resonance imaging (SPRi)
Editors, please use the zoom bubble to highlight the action being performed in the SCREEN captures whenever necessary.

3.1. Set the incubator in which the surface plasmon resonance imaging apparatus is placed at 25 °C to avoid refractive index changes induced by temperature variation during protein sensing.
3.1.1. MED-over the shoulder:  Temperature reader as talent adjusts the temperature on the incubator holding the SPRi apparatus.
3.2. Insert a non-functionalized rinsing prism in the 10 µl Polyether ether ketone flow cell connected to a computer controlled syringe pump, a degasser, and a 6-port medium pressure injection valve.  Fill the flow system with freshly filtered and degassed HEPES (pronounced as “heaps”) running buffer.
3.2.1. MED:  Talent places a non-functionalized rinsing prism in the 10 µl PEEK ketone flow cell connected to the system. 
3.2.2. MED-over the shoulder:  Talent pumps HEPES into the system.  TEXT overlay:  see text for recipe
3.3. Remove the rinsing prism and insert the prism containing the combinational cross-reactive receptor array in the flow cell.  Run HEPES at a flow rate of 100 microliters per minute.  With the help of the CCD camera remove any air bubbles present on the prism surface by passing running buffer quickly. 
3.3.1. CU:  Flow cell as talent removes the rinsing prism and inserts the prism containing the CoCRR into the flow cell.
3.3.2. SCREEN:  Screen capture movie as talent runs the buffer at a flow rate of 100 microliters per minute.  Then talent removes any air bubbles in the prism surface by running buffer quickly.
3.4. Define the study area for each spot by drawing a circle with the same diameter for the area of interest based on a well-contrasted image of the array and with the help of integrated software in the surface plasmon resonance imaging system. 
3.4.1. SCREEN:  Screen capture movie as talent defines the study area for each spot by drawing a circle with the same diameter for the area of interest based on a well-contrasted image of the array.
3.5. Trace plasmon curves, which represent reflectivity curves as a function of the incident angle, for all the spots. 
3.5.1. SCREEN:  Screen capture movie as talent traces plasmon curves for the spots.
3.6. Choose the working angle, which is the position at which kinetic curves will be recorded, at the highest slope of the reflectivity curves.  Rotate the scanning mirror to fix the selected working angle for kinetic measurements. 
3.6.1. SCREEN:  Screen capture movie as talent chooses a working angle at the highest slope of the reflectivity for kinetic measurements.
3.6.2. CU or ECU:  Scanning mirror as talent rotates to fix the selected working angle for kinetic measurements.
3.7. Continue to run HEPES through the flow system until the reflectivity signal for all the spots is stable and constant. 
3.7.1. SCREEN:  Screen capture movie as the reflectivity signal appears as a function of time as a stable and constant signal. 
3.8. Start kinetic measurements by monitoring reflectivity variations against time simultaneously on all the spots.  
3.8.1. SCREEN:  Screen capture movie as talent starts the kinetic measurements by monitoring reflectivity against time simultaneously for all spots.
3.9. Then, use a syringe to inject 1 ml of peanut lectin, or AHL, solution into the 500 µl sample loop with the injection valve at the “load” position.  
3.9.1. CU:  Syringe of sample as talent injects into the 500 µl sample loop with the injection valve on position “load”.  TEXT overlay:  see text for solution details
3.10. With the flow rate set to 100 microliters per minute, put the injection valve to the “injection” position.  Continue monitoring the reflectivity variations against time simultaneously on all the spots.  
3.10.1. MED-over the shoulder:  Talent sets flow to 100 microliters per minute and then puts the injection valve to position “injection.” 
3.10.2. SCREEN:  Screen capture movie as the kinetic measurements continue to be monitored from the time of injection until the end of the experiment.
3.11. At the end of protein injection, rinse the array with running buffer for 8 minutes.  Finally, inject 1 ml of 1% SDS to regenerate the array.
3.11.1. MED:  Talent finishes us with the running buffer rinse of the array and then injects 1% SDS into the system.
3.12. Repeat the same procedure for the other proteins.
3.12.1. WIDE:  Talent working at the SPRi instrument to perform measurements.
4. Data processing and analysis
4.1. Following entry of protein solution into the flow cell, molecular binding occurs and induces a shift of the plasmon curves and a variation of reflectivity.  
4.1.1. Title Card
4.2. The image acquisition software converts the measured light intensity values to gray scale levels, giving SPR images… and generates the variation of reflectivity versus time, giving sensorgrams.
4.2.1. LAB MEDIA:  Figure 5a. Editors, please show at the beginning of the sentence and then transition to figure 5b as “and generates the variation of reflectivity versus time, giving sensorgrams” is narrated.
4.2.2. LAB MEDIA:  Figure 5b.  Please transition to this figure as “and generates the variation of reflectivity versus time, giving sensorgrams” is narrated.
4.3. Next, use a math computing software to plot the reflectivity at the end of each protein injection versus the building block ratio to generate a 2D continuous evolution profile for each sample.
4.3.1. LAB MEDIA:  Figure 5c.  Editors, please highlight R% on the Y axis as “reflectivity” is narrated and highlight BB1% on the X axis as “building block ratio” is narrated.
4.4. Finally, add the building block ratio into the sensorgrams to generate a time dependent continuous recognition pattern, called a 3D continuous evolution landscape for each protein. 
4.4.1. LAB MEDIA:  Figure 5d
5. Results: Continuous evolution profiles and landscapes for protein analysis
5.1. To probe the ability of the electronic tongue for common protein analysis, three proteins were used: AHL… myoglobin… and lysozyme.  For each protein, a distinct 2D continuous evolution profile was generated by the electronic tongue, as shown. 
5.1.1. LAB MEDIA:  Figure 6.  Editors, please highlight each of the protein plots as the corresponding protein is narrated. 
5.2. 3D continuous evolution landscapes were also generated for AHL… myoglobin… and lysozyme.  
5.2.1. LAB MEDIA:  Figure 7.  Editors, please highlight each of the protein landscapes as the corresponding protein is narrated.
5.3. The electronic tongue is sensitive to the surface characteristics of the proteins, such as the distribution of hydrophobic, neutral and charged amino-acid residues.  The obtained continuous evolution profiles and landscapes can be used as “fingerprints” for efficient protein discrimination and prospective identification, based on pattern recognition.
5.3.1. LAB MEDIA:  Figure 7.  Editors, please zoom into one of the protein landscapes (perhaps Lysozyme because it is more visually complex) as the last sentence is narrated.  

6. Conclusion (said by authors on camera)
6.1. Yanxia HOU:  While attempting this procedure, it’s important to remember to follow optimized and standardized experimental procedures in order to ensure good reproducibility of the electronic tongue.  These procedures include: cleaning the gold surface of the prism, choosing the working angle for surface plasmon resonance imaging, and applying appropriate solution to regenerate the system completely system for reuse. 
6.1.1. MED:  Yanxia speaks toward the camera, interview style.
6.2. Laurie-Amandine GARCON: After watching this video, you should have a good understanding of how to construct the electronic tongue based on the combinatorial approach and surface plasmon resonance imaging for protein analysis.
6.2.1. MED:  Lauria-Amandine 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.

51901_Schematic overview.pptx

Figure 3

Figure 5a – Authors, please provide as a separate image and omit the (a) label.
Figure 5b – Authors, please provide as a separate image and omit the (b) label.
Figure 5c – Authors, please provide as a separate image and omit the (c) label.
Figure 5d – Authors, please provide as a separate image and omit the (d) label.
Figure 6

Figure 7  

SCREEN Capture Movies:

51901_Hou_SCREEN_3.3.2:  Screen capture movie as talent runs the buffer at a flow rate of 100 microliters per minute.  Then talent removes any air bubbles in the prism surface by running buffer quickly.
51901_Hou_SCREEN_3.4.1:  Screen capture movie as talent defines the study area for each spot by drawing a circle with the same diameter for the area of interest based on a well-contrasted image of the array.
51901_Hou_SCREEN_3.5.1:  Screen capture movie as talent traces plasmon curves for the spots.
51901_Hou_SCREEN_3.6.1:  Screen capture movie as talent chooses a working angle at the highest slope of the reflectivity for kinetic measurements.
51901_Hou_SCREEN_3.7.1:  Screen capture movie as the reflectivity signal appears as a function of time as a stable and constant signal. 
51901_Hou_SCREEN_3.8.1:  Screen capture movie as talent starts the kinetic measurements by monitoring reflectivity against time simultaneously for all spots.
51901_Hou_SCREEN_3.10.2:  Screen capture movie as the kinetic measurements continue to be monitored from the time of injection until the end of the experiment.
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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


