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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)__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.  *Authors state they cannot install software on required computer.
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.) _3.1, 4.1, 5.4, 5.10  
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.)_5.4_
E.  Will the filming need to take place in multiple locations? (Y/N) __Y ____ If yes, how far apart are the locations? _Conference room reserved for introduction and laboratory reserved for procedure taping. 
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 procedure is to characterize adsorbed protein films in aqueous solutions using the system for analysis at the liquid vacuum interface and time-of-flight secondary ion mass spectrometry. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Xiao-Ying Yu: This method can help answer key questions about biomolecules at the biointerface, such as helping to characterize the adsorption of proteins to a solid surface. 

1.2. Zihua Zhu: The main advantage of this technique is that the biomolecules can be studied in situ in the liquid environment and in combination with molecular mapping.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Jiachao Yu: Though this method can provide insight into biomolecules at the solid-liquid interface, it can also be applied to other systems, including investigations into single cancer cell - drug interactions and the attachment of biofilms. 
Protocol (read by voice talent at JoVE):  
2. Cleaning and Sterilization of the SALVI Microchannel

2.1. Into a 5 mL syringe, draw up 2 mL of a 70% ethanol solution. [2.1.1 - MED]  Connect the syringe to the inlet end of the SALVI (pronounced: “salvi” as one word) device and slowly inject 1 mL of the liquid over the course of 10 minutes. [2.1.2 - MED - TXT] 

2.1.1. Talent draws up ethanol into syringe

2.1.2. Talent connects syringe to inlet of SALVI device and injects liquid as described. (TEXT: SALVI: System for Analysis at the Liquid Vacuum Interface)

2.2. At the end of the injection, remove the syringe and connect the inlet and outlet of the SALVI using a poly-ether-ether-ketone union. [2.2.1 - CU]   Keep the SALVI microchannel filled with the 70% ethanol solution at room temperature for 4 hours. [2.2.2 - MED]
2.2.1. *Film as written  
2.2.2. Talent sets timer and places it next to the SALVI device.
2.3. Then, fill a 2nd syringe with sterile deionized water, [2.3.1 - CU] connect it to the inlet of the SALVI and slowly inject the deionized water into the device over the course of 10 minutes. [2.3.2 - CU]
2.3.1. *Film as written

2.3.2. *Film as written at the end of the shot I filmed the screen of the syringe controller device, but the figures on screen are incorrect because the device is calibrated for a different diameter syringe. This screen is irrelevant to the process, just be sure to not include that section of footage.
2.4. Remove the syringe, and re-connect the inlet and outlet of the device together. [2.4.1 - CU]
2.4.1. *Film as written

3. Immobilization of the Protein Film in SALVI

3.1. In order to immobilize a protein film, start by drawing up 2 mL of fibronectin solution into a syringe. [3.1.1 - CU -TXT]  Connect the syringe to the inlet of the SALVI device and slowly inject 1 mL of the liquid over the course of 10 minutes. [3.1.2 - CU]
3.1.1. *Film as written (TEXT: Fibronectin: 10 µg/mL in PBS)

3.1.2. *Film as written

3.2. Then, remove the syringe and again re-connect the inlet and outlet. [3.2.1 - CU]   Incubate the setup in a clean culture dish at room temperature for 12 hours. [3.2.2 - MED]
3.2.1. *Film as written

3.2.2. *Film as written

3.3. Following incubation, slowly inject 1 mL of sterile, deionized water over the course of 10 minutes [3.3.1 - CU -TXT] and then re-connect the inlet to the outlet. [3.3.2 - CU]
3.3.1. *Film as written (TEXT: 1 mL DI H2O, 10 min)

3.3.2. *Film as written

4. Install SALVI into the ToF-SIMS Loadlock Chamber

4.1. To begin, lay the ToF-SIMS (pronounced: toff sims) stage on a flat and clean surface.[4.1.1 - MED] Put the SALVI device onto the stage with the silicon wafer and SiN (silicon nitride) membrane facing upward.[4.1.2 - CU]
4.1.1. *Film as written

4.1.2. *Film as written

4.2. Fix the SALVI device to the stage using four metal clamping pieces and screw the metal pieces holding the corner of the device into the metal plate by four screws. [4.2.1 - CU]
4.2.1. *Film as written

4.3. Next, gently roll up the PFTE tubing connected to the microfluidic channel. Use four metal pieces and four screws to hold the stiff part down. [4.3.1 - CU]
4.3.1. *Film as written

4.4. Make sure that the device is positioned in the open space on the stage so that it does not interfere with the primary ion beam during analysis. [4.4.1 - CU]
4.4.1. Talent finely adjusts the position of the device on the stage.

4.5. Next, mount the Faraday cup onto the stage using a screw. [4.5.1 - CU] Then, open the ToF-SIMS loadlock door and set the stage horizontally onto the loading platform before closing the door. [4.5.2 - CU]
4.5.1. *Film as written

4.5.2. *Film as written

5. ToF-SIMS Data Acquisition
Videographer: For this section, I’ll be requesting both SCREEN and CU shots to cover the same material.  Please place the entire screen in the frame and keep the camera perfectly still. This will be needed since the authors are unable to install screen capture software for these shots.
Authors: For each of the [SCREEN] steps, please write a brief description of what parts of the static screen shot should be emphasized and in what order they should be performed.  The video editor will do their best to bring the static screen capture to life by adding boxes, highlighting items, and pointing to buttons that should be clicked.  All you need to do is let them know what you’d like to emphasize for each step and ideally mention for which word the emphasis should take place. It would also help to submit a marked up version of the image showing where to emphasize the image. *Please let the scriptwriter know if you have any questions.
5.1. Turn on the vacuum pump and let the loadlock chamber pump down to around 10-6 mbar. [5.1.1 - MED - TXT]
5.1.1. Talent turns on the pump and sits down at the setup. (TEXT: Pressure: 10-6 mbar)
5.2. Then, move the SALVI device into the main chamber after about 30 minutes, once the vacuum is stabilized. [5.2.1 - CU]
5.2.1. *Film as written

5.3. Adjust the primary ion beam and analyzer of the ToF-SIMS [5.3.1 - MED Over the Shoulder] to acquire a spatial resolution of approximately 400 nm by following the manufacturer’s recommended protocol. [5.3.2 - SCREEN - TXT][5.3.3 - CU]
5.3.1. Talent sitting at control computer as they start to adjust the primary ion beam analyzer.

5.3.2. Static screen capture showing the important information described in this step.  *Instructions: “spatial resolution of approximately 400 nm” and “cycle time: 30 µs” are marked with blue boxes in “0003_Yu_Screen Shot 5.3_marked.tif”. (TEXT: Beam current: ~1200 pA, Cycle time: 30 µs in DC mode)
5.3.3. Close-up of screen as talent performs the entire step listed in 5.3.
5.4. Next, find the microfluidic channel using the optical microscope. Use the optical image center as a reference and align it to be consistent with the secondary ion image center. [5.4.1 - SCREEN][5.4.2 - CU]
5.4.1. Static screen capture showing the important information described in this step.  *Instructions: “optical image” and “secondary ion image” are marked with blue boxes in “0004_Yu_Screen Shot 5.4_marked.tif”.
5.4.2. Closeup of screen as talent performs the entire step
5.5. Yufan Zhou: Visual demonstration of this step is critical as it is difficult to learn, because the sample is thicker than normal solid samples and it is difficult to adjust the SIMS to find best focus of the channel. [5.5.1 – INT]
5.5.1. Author speaks on camera interview style.

5.6. Then, tune the height of the stage until a good position is obtained where the focus of the primary beam is about 400 nm in diameter. [5.6.1 - SCREEN][5.6.2 - CU]
5.6.1. Static screen capture showing the important information described in this step.

5.6.2. Closeup of screen as talent performs the entire step

5.7. Before each measurement, use a 1 KeV oxygen beam to scan on the silicon nitride window for about 15 seconds to remove surface contamination. [ 5.7.1 - MED Over the Shoulder - TXT]
5.7.1. Talent enters the parameters to remove surface contamination and runs the cycle. (TEXT: Window area: 500 by 500 µm2)
5.8. Also, use an electron flood gun to compensate surface charging during all measurements. [5.8.1 - MED SCREEN - TXT]
5.8.1. Talent using flood gun on sample. (TEXT: *Use the default mode of the flood gun)

5.9. Next, select the positive or negative mode before starting data acquisition. Use the 25 keV bismuth three plus as the primary ion beam in all measurements. [5.9.1 - SCREEN][5.9.2 - CU]
5.9.1. [includes 5.10.1] Static screen capture showing the important information described in this step.  *Instructions: “positive mode”, “25 keV” and “bismuth three plus” are marked with blue boxes in “0005_Yu_Screen Shot 5.9&5.10_marked.tif”.
5.9.2. [includes 5.10.2] Close-up of screen as talent performs the entire step
5.10. For depth profiling, scan the primary ion beam on a round area with a diameter of about 2 µm with a resolution of 32 pixels by 32 pixels. [5.10.1 - SCREEN][5.10.2 - CU]
5.10.1. Static screen capture showing the important information described in this step.  *Instructions: “round area”, “diameter of about 2 µm” and “resolution of 32 pixels by 32 pixels” are marked with blue boxes in “0005_Yu_Screen Shot 5.9&5.10_marked.tif”.
5.10.2. Close-up of screen as talent performs the entire step
5.11. To minimize the time required to punch-through the silicon nitride membrane, use a long pulse width primary ion beam. [5.11.1 - SCREEN - TXT] [5.11.2 - CU]
5.11.1. Static screen capture showing the important information described in this step.  *Instructions: “pulse width 180 ns” and “cycle time: 100 µs” are marked with blue boxes in “0006_Yu_Screen Shot 5.11&5.12_marked.tif”. (TEXT: Pulse width 180 ns, Beam current: ~1.0 pA, Cycle time: 100 µs) [5.11. through 5.13 combined, Once the ion beam is activated we must wait for the punch-through, so these three stages are recorded as continuous takes of approx. 15 minutes each. We call out audio slates as the observed punch-through occurs, and again as the pulse width is reduced.]
5.11.2. Close-up of screen as talent performs the entire step
5.12. After the silicon nitride membrane punch-through, keep the same current for about 200 seconds to obtain sufficient data for 2-dimensional image reconstructions. [5.12.1 - SCREEN] [5.12.2 - CU]
5.12.1. Static screen capture showing the important information described in this step.  *Instructions: “200 seconds” is marked with blue boxes in “0006_Yu_Screen Shot 5.11&5.12_marked.tif. 
5.12.2. Close-up of screen as talent performs the entire step
5.13. For data collection, reduce the pulse width to 80 ns in order to acquire spectra with better mass resolution. Continue this acquisition for about another 200 seconds.   [5.13.1 - SCREEN] [5.13.2 - CU]
5.13.1. Static screen capture showing the important information described in this step.  *Instructions: “pulse width 80 ns” and “200 seconds” are marked with blue boxes in “0007_Yu_Screen Shot 5.13_marked.tif”. 
5.13.2. Closeup of screen as talent performs the entire step
6. Results: Dynamic Liquid Surface and Liquid-solid Interface Analysis
6.1. Using the SALVI microfluidic interface, the primary ion beam can directly bombard on the hydrated fibronectin film. A number of water clusters and amino acid fragments are indicated by the ToF-SIMS mass spec data. This provides direct evidence of the property of water molecules surrounding and inside the hydrated protein molecules. [6.1.1 - LM]
6.1.1. Figure 1 (Video Editor: Show the number and arrow for 37, 55, 73, 91 and 109 with the words “a number of water clusters” and then show the arrow and number for 30, 44, 61, 74, 81, 83, and 98 with the words “amino acid fragments are indicated”)

6.2. Here one can see the depth profile time series of the hydrated fibronectin film and of deionized water. The intensities of selected second ions are negligible before the silicon nitride membrane is punched through. [6.2.1 - LM]
6.2.1. Figure 2a (Video Editor: Add an arrow pointing to the punch through point with the last sentence (280 s for fibronectin and 340 s for DI water).)

6.3. Once the silicon nitride membrane is punched through, the intensities of these secondary ions increase significantly. The short pulse width process is used to obtain data with better mass resolution for image and spectrum reconstructions. [6.3.1 - LM]
6.3.1. Figure 2a (Video Editor: Add a box around the highlighted region of both graphs.)

6.4. The 2D images from the hydrated fibronectin film and deionized water represent the counts of selected secondary ions from the sample. The brighter the image, the higher the secondary ion counts. These intuitive images give a clear comparison of selected secondary ions between different samples, which is helpful in data analysis.[6.4.1 - LM]
6.4.1. Figure 2b

7. Conclusion (said by authors on camera)  
7.1. Xiao-Ying Yu: While attempting this procedure, it’s important to remember to that the microreactor needs to be leak free before installing in the vacuum chamber. 

7.2. Xiao-Ying Yu: After its development, this technique paved the way for researchers in the field of biology and biointerfaces to explore protein adsorption, biofilm attachment, surface assembled monolayer, and many other phenomena.

7.3. Zihua Zhu Xiao-Ying Yu: After watching this video, you should have a good understanding of how to study various liquid samples using SALVI and liquid ToF-SIMS. 

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.  

LAB MEDIA: 0001_Yu_Figure1.tif 
LAB MEDIA: 0002_Yu_Figure2.tif
LAB MEDIA: 0003_Yu_Screen Shot 5.3.tif 
LAB MEDIA: 0004_Yu_Screen Shot 5.4.tif 
LAB MEDIA: 0005_Yu_Screen Shot 5.9&5.10.tif 
LAB MEDIA: 0006_Yu_Screen Shot 5.11&5.12.tif
LAB MEDIA: 0007_Yu_Screen Shot 5.13.tif
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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