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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  (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) Y 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 using the step numbers listed in this document. Sections 3 and 4.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Section 3.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? 3 separate labs (2 clean rooms and 1 cell biology lab) are located in buildings about 800 feet apart.  NOTE: the clean room requires everyone to wear clean room “bunny” suits, which we provide.  Videographer should not wear a skirt or dress.

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 measure protein secretion from individual cells with high temporal and spatial resolution. (Intro)

This is achieved by lithographically fabricating gold plasmonic nanosensors on glass coverslips for the label-free imaging of single cell secretions. (P1, show image below P1.)

As a second step, the sensor chip is cleaned and coated with a self-assembled monolayer and then functionalized with ligands that have a high affinity for the secreted analyte proteins. (P2, make yellow circle appear on left side of P2 image. Then make zoom-in image appear followed by Analyte and Ligand labels.)  

Next, cells are integrated onto the functionalized sensor chips in order to measure their secretions in space and time. (P3, show P3 image with glass label. Then make white arrows appear pointing to plasmonic arrays followed by corresponding label. Then make blue cell appear followed by white arrow and corresponding label.)

The results show that protein secretions from individual cells can be mapped both spatially and temporally without the need for labeling. (P4, show left image under P4 and make right graph appear next to it.)

[image: ]

Video Editor: Use Overview.pptx

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
*Note to Authors: The purpose of this section is to introduce you to the viewers, but we want to move quickly to the protocol, so we limit each person to one statement each. A suggested statement has been selected for you below, but please feel free to switch your statement if you’d prefer to make a different one. 
1.1. Deepa Raghu: The main advantage of this technique over existing fluorescent based methods, is that it is label-free and does not disrupt the relevant signaling pathways. 
1.2. Deepa Raghu: This method can help answer key questions in the field of inter-cellular communication, such as how autocrine and paracrine signaling pathways govern cell motility.
1.3. Deepa Raghu: The implications of this technique extend towards the study of the various extracellular signaling pathways that govern cell motility in wound healing and cancer metastasis.  
1.4. Deepa Raghu: Though this method is currently applied to the measurement of anti-c-myc secreting hybridoma cells, it is also applicable to a wide range of cell types and proteins such as the secretion of carcinoembryonic antigen from cancer cells.
1.5. Deepa Raghu: Generally, individuals new to this method will struggle with developing biofunctionalized surfaces that have the necessary sensitivity to detect secretions from individual cells.  
1.6.  Author name Deepa Raghu: We first had the idea for this method, when trying to address the lack of techniques available for detecting extracellular signaling pathways in real time.
1.7. Author name Deepa Raghu: Visual demonstration of this method is critical as the plasmonic fabrication and live cell integration requires numerous interdisciplinary steps not typically employed in a biology laboratory.
1.8. **Author name Deepa Raghu: Demonstrating the procedure will be me, a post-doctoral fellow, and Joe , a research physicist, from our laboratory. 
1.8.1. Interview style: Author saying the above 


Protocol (read by voice talent at JoVE):
2. Nanostructure Fabrication
2.1. To begin this procedure, deposit a 10 nanometer chromium thin film on previously cleaned coverslips by electron beam evaporation to avoid charge effects during the patterning and imaging of nanostructures [2.1.1-MED].
2.1.1. Show talent placing coverslips in electron beam evaporator and programming appropriate settings on equipment (same as step 2.5.1)
2.2. Following this, spin the first layer of bilayer resist consisting of ethyl lactate methyl methacrylate copolymer at 2000 rpm for 45 seconds [2.2.1-MED-over the shoulder]. Then, bake the substrate at 150 degrees Celsius [2.2.2-MED]. After allowing the substrate to cool to room temperature, spin the second layer of poly-methyl methacrylate at 3000 rpm for 45 seconds and bake the substrate at 150 degrees Celsius [2.2.3-CU]. 
2.2.1. Show talent placing substrate on spin coater, adding copolymer solution to substrate, and turning spin coater on
2.2.2. Show talent placing substrate on hot plate and turning it on

2.5 [moved] Pattern the bilayer resist using electron beam lithography (EBL) [2.5.1-MED-over the shoulder]. Develop in isopropyl alcohol (IPA)/methyl isobutyl ketone (MIBK) at a 2 to 1 ratio and rinse in IPA. The resulting nanostructures are typically separated by a pitch of 300 nm. 20 x 20 arrays of nanostructures are spaced by 30 μm, center-to-center, leaving ample room for cell imaging. A typical chip will contain 300 arrays. Remove chromium from the developed area (nanostructures) via wet etch using CR-7 etchant for 10 seconds at room temperature [2.4.2-MED] and then rinse in deionized distilled water [2.4.3-CU].

2.5.1 [moved] *Show talent at computer performing the patterning. 

2.4.2 [repeated] Show talent placing substrate in a container of etchant.

2.4.3 [repeated] Show substrate as talent rinses it with water. 
2.3. Deposit a titanium gold film on the substrate using the electron beam evaporator [2.3.1-MED-over the shoulder]. Following the gold deposition, lift off the copolymer bilayer resist by soaking the substrate in acetone for four hours [2.3.2-CU]. 
2.3.1. Show talent placing substrate in electron beam evaporator and programming appropriate settings on equipment. 
2.3.2. Show substrate as talent places it in a container of acetone. 
2.4. Next, inspect the substrate using a scanning electron microscope to confirm the nanostructure shape and size [2.4.1-SCREEN]. Remove the remaining chromium from the substrate via wet etch using CR-7 etchant for 60 seconds at room temperature [2.4.2-MED]. Then, rinse the substrate in deionized distilled water [2.4.3-CU]. 
2.4.1. *To be submitted by Author
2.4.2. Show talent placing substrate in a container of etchant
2.4.3. Show substrate as talent rinses it with water
2.5. [moved] After designing a center-to-center array spacing of 33 micrometers, pattern the nanostructures in a 20 by 20 pattern for each array with a pitch of 300 nanometers using a Raith 150 electron beam writer [2.5.1-MED-over the shoulder].  
2.5.1. [moved] *Show talent at computer performing the patterning
2.6 Then, inspect a subset of arrays using the atomic force microscope for the verification of size and uniformity [2.6.1-SCREEN]. This patterned glass coverslip can be used multiple times as long as the proper cleaning procedures are followed.
2.6.1 *To be submitted by Author
3 Chip Cleaning and Application of Self-Assembled Monolayer
3.1 For cleaning and regenerating the surface plasmon resonance (SPR) and localized surface plasmon resonance (LSPR) chips, plasma ash at a power of 40 watts in a 300 millitorr mixture of 5% hydrogen and 95% argon for 45 seconds [3.1.1-MED]. 
3.1.1 Show talent placing substrate in reaction chamber, TEXT: First clean chamber for 5 min under same conditions
3.2 Functionalize the gold surface and the nanostructures immediately after plasma ashing by immersing the chip in a two-component ethanolic thiol solution consisting of a 3 to 1 ratio of SPO and SPC [3.2.1-MED-over the shoulder]. 
3.2.1 *Film as written, TEXT: SPO: 2-[2-(1-mercaptoocta-8-yloxy)-ethoxy]-ethoxy}-ethanol, SPC: 2-(2-[2-(11-mercapto-undecyloxy)-ethoxy]-ethoxy)-ethoxy-acetic acid
3.3 After leaving the chip in the thiol solution overnight to form a self-assembled monolayer, rinse it with ethanol and dry with nitrogen gas [3.3.1-CU].
3.3.1 Show chip as talent rinses it with ethanol and dries it with nitrogen gas
3.4 [added] Use the functionalized SPR chip in the commercial SPR instrument to characterize the kinetic rate constants between the ligand and the analyte, as well as to study the resistance of the surface to non-specific binding.
3.4.1 Use figure 3.4.1 (Commercial biorad instrument)
4. LSPR General Settings – Chip Preparation and Mounting
4.1	At this point, functionalize the localized surface plasmon resonance, or LSPR chip with the optimal two-component self-assembled monolayer ratios determined from the SPR experiments as previously described [4.1.1-MED].
4.1.1 Show talent placing chip in ethanolic thiol solution, TEXT: See text protocol for additional details

4.2 Load the LSPR chip within a custom made microfluidic holder by placing the chip on an aluminum bottom piece [4.2.1-MED-over the shoulder]. Then, sandwich the chip between this bottom piece and a silicone gasket and a clear plastic top piece using 4 screws to clamp the assembly [4.2.2-CU].
4.2.1 *Film as written
4.2.2 *Film as written
4.3 [bookmark: _GoBack]For a typical SPC-based thiol application, drop coat 300 microliters of a 1 to 1 mixture of 133 millimolar EDC and 33 millimolar NHS in deionized distilled water to activate the carboxyl groups of the SPC thiol component [4.3.1-CU].  After waiting 10 minutes, manually rinse the surface with 10 millimolar PBS [4.3.2-MED].
4.3.1 Show chip as talent adds water solution to it
4.3.2 *Film as written
4.4 Following this, conjugate the activated carboxyl group with the ligand of interest by drop coating 300 microliters of the ligand solution [4.4.1-MED-over the shoulder].
4.4.1 Show talent adding ligand solution to chip
4.5 Once the surface has been rinsed with 10 millimolar PBS, drop coat 300 microliters of 0.1 molar ethanolamine in PBS on the chip to minimize nonspecific binding [4.5.1-CU]. After waiting for 10 minutes, wash the ethanolamine with PBS containing 0.005% Tween 20, or PBS-T20 [4.5.2-MED-over the shoulder].
4.5.1 Show chip as talent adds ethanolamine solution to it
4.5.2 *Film as written
4.6 Next, place a quartz piece above the chip to reduce fluctuations in the data related to a changing meniscus [4.6.1-MED]. Keep the chip wet with PBS-T20 buffer while mounting on the microscope [4.6.2-CU].  
4.6.1 *Film as written 
4.6.2 Show chip as talent adds buffer to it
4.7 Attach the microfluidics tubing to the assembly and flow buffer until a steady state is reached [4.7.2-MED]. Then, place the LSPR chip assembly firmly into the heated stage sample holder [4.7.1-MED-over the shoulder].  
Order of 4.7.1 and 4.7.2 switched
4.7.1 *Film as written
4.7.2 *Film as written
4.8 After allowing the assembly and microscope to equilibrate for at least 2 hours, align the chip using the joystick so that the central array is aligned with the fiber optic for spectroscopy [4.8.1-MED-over the shoulder].
4.8.1 Show talent aligning chip with joystick, TEXT: Keep arrays in focus with software autofocus, Zeiss Definite Focus, or equivalent autofocus device 
5 LSPR Imaging of Anti-c-myc Secretions from 9E10 Hybridoma Cells
5.1 After culturing and pelleting hybridoma cells by centrifugation, harvest them [5.1.1-MED]. Then, test for viability before introducing them onto the LSPR chips [5.1.2-MED-over the shoulder]. 
5.1.1 Show talent adding media to cells 
5.1.2 Show talent inserting slide of cells into cell counter and pressing appropriate function to start count
5.2 Following this, introduce 50 microliters of the cell solution manually onto the LSPR chips with a micropipette [5.2.1-CU]. 
5.2.1 Show chip as talent adds cell solution to it
5.3 Finally, wash away the remaining cells in solution with fresh serum free media using a microfluidic perfusion system to prepare the LSPR chips for imaging [5.3.1-MED]. 
5.3.1 Show talent attaching chip to microfluidic perfusion system and turning it on switching the buffer to serum free media
6 Results: Spatio-temporal Imaging of Single Cell Secretions by LSPRi
6.1 An overlay of an LSPR imaging image, which highlights the square arrays [6.1.1-LM], and a transmitted light illuminated image, which highlights the cell at lower left is shown here [6.1.2-LM].  
6.1.1 Figure 3.tif
6.1.2 Figure 3.tif: Highlight cell in lower left part of image (as shown in slide 2 of author-provided Results_figures.pptx)
6.2 A cell stained with the fluorescent membrane dye rhodamine DHPE exhibits lamellipodia-like extensions [6.2.1-LM]. If such extensions were to overlap with the arrays they would give a false-positive for protein secretion [6.2.2-LM]. 
6.2.1 Figure 4.tif: Make white arrows appear on image (as shown in slide 3 of author-provided Results_figures.pptx)
6.2.2 Figure 4.tif
6.3 Spectrometry data before and after the introduction of a saturating solution of anti-c-myc (pronounced anti-see-mic) antibodies to the c-myc functionalized arrays is displayed here [6.3.1-LM]. No cells were present, and the spectrum displays both a red shift and an increase in intensity [6.3.2-LM].  
6.3.1 Figure 5.tif: Highlight or point to black curve when “before”  is mentioned in first sentence. and red curve when “after” is mentioned in same sentence (as shown in slides 5 and 6 of author-provided Results_figures.pptx)
6.3.2 Figure 5.tif
6.4 Normalized values from two arrays are shown here [6.4.1-LM]. One array was within 10 micrometers of the cell while the control was 130 micrometers from the cell [6.4.2-LM]. The sudden increase in the normalized response of the array closest to the cell relative to the flat response of the control array is indicative of a localized burst of secreted antibodies [6.4.3-LM].
6.4.1 Figure 6.tif
6.4.2 Figure 6.tif: Highlight or point to red curve when “one array is within 10 micrometers of the cell” is mentioned in second sentence and black curve for the remaining part of the sentence (as shown in slides 9 and 10 of author-provided Results_figures.pptx)
6.4.3 Figure 6.tif

7 Conclusion (said by authors on camera)
*Note to Authors: As in the interview section, we limit each person to one statement each. A suggested statement has been selected below, but please feel free to switch your statement if you’d prefer to make a different one. 
7.1 Deepa Raghu: Once mastered, this technique can be done in 2-3 hours if it is performed properly.
7.2 Deepa Raghu: While attempting this procedure, it’s important to remember to follow the surface functionalization protocol thoroughly.
7.3 Deepa Raghu: During this procedure, other methods like fluorescence imaging or bright field imaging of the cells can be performed in order to address additional questions like the relation between secretion rate and cell cycle.
7.4 Deepa Raghu: After its development, this technique paved the way for researchers in the field of label-free assays to explore real time secretion dynamics in individual cells.
7.5 Deepa Raghu: After watching this video, you should have a good understanding of how to measure protein secretions from individual cells with high temporal and spatial resolution.
7.6 Deepa Raghu: Don't forget that working with piranha acid can be extremely hazardous, hence make sure to have proper ventilation, lab coat, rubber gloves and eye protection while handling it.
      

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.  



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.
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