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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  Y
Can you record movies/images using your own microscope camera? (Y/N) Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Microscope focused on cells: Nikon TE-DH100W
Microscope for joining of probe tips: Digital Microscope USB

2. Does your protocol include 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.6, 2.9, 2.10, 3.1, 4.10
4. 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.)
4.7. We make sure the cell-selection probe is positioned as close to parallel as possible with the bottom of the Petri dish. 
5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? 
They are all located within the same building. The three locations will be the lab, mass spectrometry lab, and cell culture room.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Devon Colby: Since this method analyzes cells from solution, it can be used to study cells in a near-native environment. This includes the analysis of patient-derived cell samples [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Shawna Standke: This technique requires little-to-no sample preparation of cells. Therefore, we can analyze cellular content from individual cells on-line under ambient conditions, which allows us to explore cellular heterogeneity [1].  

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Ryan Bensen: This technique can be applied to study liquid biopsies from a variety of disease states since it can analyze different types of cells directly isolated from patient samples [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.







Section - Protocol
2. [bookmark: _Hlk1568774]Glass Cell-Selection Probe Fabrication and Integrated Cell Manipulation Platform Assembly
2.1. To convert single-bore glass tubing into a tapered probe with a sharp tip, first place a single-bore glass tube into the clamps of a vertical pipette holder, centering the glass with respect to the heating coil and tighten to secure the tube in place [1-TXT]. 
2.1.1. CU: Vertical pipette holder as talent places a single-bore glass tube into the clamps. TEXT: ID (Video editors, please show as “single-bore glass tube” is narrated): 0.3 mm, OD: 1.1. mm
2.2. The heating coil is comprised of an 18-gauge nickel-chromium resistance wire coiled around a metal rod 2.5 times [1].
2.2.1. CU: Heating coil around the metal rod as talent points it out to the camera. 
2.3. Set the glass tubing with temperature program 19.5. Set the solenoid plunger at 4 [1]. Trigger the solenoid to pull the glass tubing. This step creates two probes fused at the tip [2].
2.3.1. CU: Instrument as talent sets the glass tubing with temperature program 19.5. Talent sets the solenoid plunger at 4.
2.3.2. CU: Glass tubing as talent triggers the solenoid to pull the glass tubing and creates two probes, fused at the tip.
2.4. Use tweezers to cut approximately 1 millimeter away from the tip of each probe, creating an orifice of approximately 10 microns in diameter at the probe tip [1].
2.4.1. ECU: Probe as talent uses tweezers to cut ~1 mm away from the tip of each probe, creating an orifice of ~10 microns. 
2.5. To bend the glass probe for easy coupling to the ICMP, single-probe SCMS setup, first set a pulled glass probe into the microforge [1-TXT]. Position the tip approximately 3 millimeters above the platinum heating wire [2].
2.5.1. MED: Talent sets a pulled glass probe into the microforge. Continue action in next shot. TEXT: ICMP = integrated cell manipulation platform; SCMS = Single cell mass spectrometry
2.5.2. CU:  Tip as talent positions it approximately 3 mm above the platinum heating wire.
2.6. Then, turn the heat on the platinum wire to 30% of the maximum temperature [1]. Bend the probe approximately 45 degrees from the original position [2].
2.6.1. CU: Heating controls as talent turns the heat on the platinum wire to 30% of the maximum temperature.
2.6.2. ECU: Probe as talent bends it approximately 45 degrees from the original position.
2.7. Place the inverted microscope, microinjector, and two cell manipulation systems on a motorized table for easy coupling with the mass spectrometer [1].
2.7.1. [bookmark: _Hlk1568799]MED: Pan the motorized table holding the inverted microscope, microinjector, and two cell manipulation systems.
2.8. To set up the glass cell-selection device, insert the glass cell-selection probe inside the metal holder of the microinjector by placing the long side into the capillary holder and tightening the screw to secure the probe in place [1].
2.8.1. CU: Metal holder of the microinjector as talent places the long side into the capillary holder and tightens the screw to secure the probe in place.
2.9. Position the probe tip’s angle parallel to the heated plate [1]. Secure the metal holder of the microinjector into the cell manipulation system [2]. Then, position the probe tip near the middle of the inverted microscope light [3]. 
2.9.1. CU: Probe tip as talent positions its angle parallel to the heated plate.
2.9.2. MED: Talent secures the metal holder of the microinjector into the cell manipulation system.
2.9.3. CU: Probe tip as talent positions it near the middle of the inverted microscope.
3. [bookmark: _Hlk1568807]Couple the ICMP with a Single-Probe Setup and Suspended Cell Sample Preparation
3.1. Secure the glass slide containing the single-probe into the arm clamp of the cell manipulation system [1].
3.1.1. [bookmark: _Hlk1568814]CU: Glass slide containing the single-probe into the arm clamp of the cell manipulation system. 
3.2. Connect the solvent-providing capillary to a conductive union by placing the capillary into the sleeve of the plastic ferrule and finger-tightening the fitting [1].
3.2.1. CU: Capillary as talent places it into the sleeve of the plastic ferrule and finger-tightens the fitting.
3.3. [bookmark: _Hlk1568824]Connect the other side of the conductive union to a capillary, which is connected to a syringe containing the sampling solvent, by placing the capillary into the sleeve and tightening the fitting [1]. Use acetonitrile with 0.1% formic acid as the sampling solvent in these experiments [2-3].
3.3.1. [bookmark: _GoBack]CU: Capillary as talent places it into the sleeve and tightens the fitting.
3.3.2. MED: Talent secures the conductive union to the Single-probe (glass slide). NOTE: This shot replaces the 3.3.2 on original script.
3.3.3. Added Shot: MED: Talent places the ionization voltage cord onto a copper wire attached to the conductive union. NOTE: This shot was moved up from 3.4.2. 
3.4. Secure the syringe into the syringe pump on the mass spectrometer [1]. [2]. 
3.4.1. MED: Talent places the labeled syringe containing acetonitrile into the syringe pump on the mass spectrometer.
3.4.2. MED: Talent places the ionization voltage cord onto a copper wire attached to the conductive union.
3.5. Position the nano-electrospray ionization, or nano-ESI, emitter approximately 1 millimeter to the orifice of the extended ion transfer tube [1]. 
3.5.1. CU: Nano-ESI as talent positions it approximately 1 mm to the orifice of the extended ion transfer tube.
3.6. Use the cell manipulation system to control the spatial movements of the Single-probe and position the nano-ESI emitter centrally in front of the extended ion transfer tubing [1].
3.6.1. MED or MED-over the shoulder: Talent uses the cell manipulation system to control the spatial movements of the Single-probe and positions the nano-ESI emitter centrally in front of the extended ion transfer tubing.
3.7. [bookmark: _Hlk1568954]Pipette the cells from the cell culture flask into a 15-milliliter centrifuge tube [1-TXT]. Spin down the cells at 400 x g and 37 degrees Celsius for 5 minutes, and discard the supernatant [2].
3.7.1. CU: Flask/centrifuge tube as talent pipettes the cells from the cell culture flask into the tube. TEXT: See text for cell preparation
3.7.2. MED: Talent places the cells into the centrifuge, shuts lid, and starts run. 
3.8. Resuspend the cells in 4 milliliters of RPMI medium containing the drug compound at the desired treatment concentration [1-TXT].
3.8.1. [bookmark: _Hlk1568970]CU: Pelleted cells as talent resuspends them in RPMI medium. TEXT: RPMI = Roswell Park Memorial Institute
4. Perform SCMS measurements using the ICMP/single-probe setup
4.1. Customize the experimental parameters for the mass spectrometer [1]. 
4.1.1. MED: Talent works at the mass spectrometer.
4.2. Under the Scan Mode heading of the instrument software, select Define Scan. Use a resolution of sixty thousand at “m” over “z” four hundred, 1 microscan, 100-millisecond maximum injection time, and automatic gain control on [1].
4.2.1. SCREEN: To be provided by the authors – Screen capture movie of instrument software as talent navigates to the Scan Mode heading of the instrument software, and selects Define Scan. Talent sets a resolution of 60,000 m/∆m at m/z 400, 1 microscan, 100 millisecond maximum injection time, and automatic gain control on. Authors, please upload this screen capture to your project page.
4.3. Under Syringe Pump, select a flow rate of 150 nanoLiters per minute. Select NSI Source and apply a voltage of approximately 4.5 kiloVolts [1]. 
4.3.1. SCREEN: To be provided by the authors – Screen capture movie of instrument software as talent navigates to the Syringe Pump, and selects a flow rate of 150 nanoLiters per minute. Talent selects NSI Source and applies a voltage of approximately 4.5 kiloVolts. Authors, please upload this screen capture to your project page.
4.4. Turn on the inverted microscope with 40x magnification selected for both the top plate and bottom lens [1]. Connect it to the USB-port of a laptop to capture live-video feeds [2]. Turn on the heated plate and set it to 37 degrees Celsius [3].
4.4.1. MED: Talent turns on the inverted microscope with 40x magnification selected for both the top plate and bottom lens.
4.4.2. CU: Laptop as talent connects the USB there.
4.4.3. CU: Heated plate as talent turns it on and sets it to 37 degrees Celsius.
4.5. On the computer, go to the Acquire Data tab, and select Continuously under Acquire Time [1].
4.5.1. SCREEN: To be provided by the authors – Screen capture movie as talent navigates to the Acquire Data tab, and select Continuously under Acquire Time. Authors, please upload this screen capture to your project page.
4.6. To prepare the sample for analysis, pipette 2 to 3 milliliters of the sample into the lid of a small Petri dish [1]. Position the sample in the center of the light from the inverted microscope on top of the heated plate [2].
4.6.1. CU: Lid of small Petri dish as talent pipettes 2-3 mL of the sample into the lid.
4.6.2. CU: Sample as talent positions in the center of the light from the inverted microscope on top of the heated plate. 
4.7. Prepare the glass cell-selection probe for analysis. Use the cell manipulation system to move the probe so its tip is focused under the inverted microscope in the same plane as the cells [1]. 
4.7.1. SCREEN: To be provided by the authors – Screen capture movie of the inverted microscope viewing software as talent moves the probe so its tip is focused under the inverted microscope in the sample plane as the cells. Authors, please upload this screen capture to your project page.
4.8. Use the cell manipulation system to move the cell-selection probe tip to a targeted cell for analysis. This process is monitored using the inverted microscope [1]. 
4.8.1. SCREEN: To be provided by the authors – Screen capture movie of the inverted microscope viewing software as talent uses the cell manipulation system to move the cell-selection probe tip to a targeted cell for analysis. Authors, please upload this screen capture to your project page.
4.9. Gently turn the handle of the microinjector to adjust the position of the mineral oil inside the tubing [1]. A gentle suction is provided by the microinjector to secure the targeted cell to the cell-selection probe tip [2].
4.9.1. CU: Handle of the microinjector as talent gently turns it to adjust the position of the mineral oil inside the tubing.
4.9.2. SCREEN: To be provided by the authors – Screen capture movie of the inverted microscope viewing software as gentle suction secures the targeted cell to the cell-selection probe tip. Authors, please upload this screen capture to your project page.
4.10. Use the cell manipulation system to move the cell at the cell-selection probe tip to the single-probe tip, using a digital microscope focused on the single-probe tip to monitor this process [1]. 
4.10.1. SCREEN: To be provided by the authors – Screen capture movie of the digital microscope viewing software as the cell at the cell-selection probe tip is moved to the single-probe tip. Authors, please upload this screen capture to your project page.




Section – Results
5. Results: Integrated Cell Manipulation Platform Testing of Single Suspension Cells 
5.1. Untreated K562 (K-five-six-two) cells are used to establish the experimental method [1]. In a typical SCMS experiment, obvious changes of mass spectra can be observed from transferring a cell… [2], during the detection of cellular contents… [3], and after finishing the measurement [4]. 
5.1.1. LAB MEDIA: Figure S1 – Authors, please provide a version of S1 without the A, B, or C labels for the video. If you have flattened this figure, please submit it in its original file format as unflattened, layered images so that different components can be emphasized in the video.
5.1.2. LAB MEDIA: Figure S1 – Video editors, please emphasize the top panel.
5.1.3. LAB MEDIA: Figure S1 – Video editors, please emphasize the middle panel.
5.1.4. LAB MEDIA: Figure S1 – Video editors, please emphasize the bottom panel.
5.2. Three common cellular lipid peaks, including PC(34:4) (P-C thirty four, four), PC(36:4), and PC(38:5), are monitored to ensure the cell is successfully transferred and cellular contents are detected [1]. 
5.2.1. LAB MEDIA: Figure S2 – Authors, please provide a version of S2 showing only 3 the spectra for 754.536, 782.567, and 808.583. If you have flattened this figure, please submit it in its original file format as unflattened, layered images so that different components can be emphasized in the video. TEXT: PC = phosphatidylcholine
5.3. The identity of many PC’s in the mass range of 750-850 (seven hundred fifty to eight hundred fifty) are confirmed using MS/MS (M-S-M-S) on untreated cell lysate samples [1]. 
5.3.1. LAB MEDIA: Figure 3.eps
5.4. Using the ICMP/single-probe MS setup [1], gemcitabine… [2], taxol… [3], and OSW-1 were detected following incubation with K562 cells [4]. 
5.4.1. LAB MEDIA: Figure S4 – Authors, please provide a version of S4 without the a, b, or c labels for the video. If you have flattened this figure, please submit it in its original file format as unflattened, layered images so that different components can be emphasized in the video.
5.4.2. LAB MEDIA: Figure S4 – Video editors, please emphasize the top panel.
5.4.3. LAB MEDIA: Figure S4 – Video editors, please emphasize the middle panel.
5.4.4. LAB MEDIA: Figure S4 – Video editors, please emphasize the bottom panel.
5.5. These results suggest this method can be used to study intracellular lipids, drugs, and metabolites on the single-cell level from cells in solution in a near-native environment [1]. 
5.5.1. LAB MEDIA: Figure S4



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Devon Colby: Remember to securely place the glass cell-selection probe into the universal pipette holder so that suction can be adequately applied [1]/[2].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.1.2. Shot 2.8.1 can be shown here. 
6.2. Shawna Standke:  This method can be applied to patient-derived samples to distinguish the differences in cellular metabolites from a variety of cell types and gain a better understanding of these disease states [1].

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Shawna Standke: After developing this method, we can potentially implement a method for the quantification of drug compounds at the single-cell level [1].

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.4. Ryan Bensen: When working with cells, it’s important to have appropriate personal protective equipment, including a lab coat and gloves. Additional eye protection may be used for handling glass [1]. 

6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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