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Step 4.2 Raman calibration
Step 4.6 Raman measurement
Step 5.5: Cell capture by the capillary
Step 5.7: Mass spectrometry calibration
Step 5.8: Capillary mounting onto the mass spectrometer 
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.)
4.2. Proper optical alignment is required to ensure good spectral measurements.
5.5. Proper training is required to ensure accurate and precise single cell sampling. It’s the most operator dependent step in the protocol.
5. Will the filming need to take place in multiple locations? YES, in two buildings next to each other (approx. 50 meters).
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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. Arno Germond: Our method gives a way to explore possible relations between the spectral image of living cells and their metabolic profile measured by single cell mass-spectrometry [1]. 

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

1.2. Arno Germond: by integrating these techniques we can screen cells in a low-cost manner and predict accurately the metabolic responses of cells against drugs. And this opens a lot of applications in both basic and applied research [1].

1.1.2. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

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


1.3. Ahmed Ali: Our methodology has the potential to strongly accelerate of the current evaluation methods for drug development and reduce their costs [1]. 

1.1.3. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.4. Ahmed Ali: Our technique can also shed some light into the role of cellular heterogeneity in cancer resistance [1].

1.1.4. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.5. Ahmed Ali: One crucial step is the single cell picking and then the injection into the Mass-spectroscopy. It could be automatized but it requires manual picking in most laboratories. The data analysis is also challenging [1].

1.1.5. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.6. Yasmine Abouleila: Practice the single cell sampling a lot prior to the experiment. Each micromanipulator is slightly different, and you should take the time to get familiar with the controls [1].

1.1.6. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


Section - Protocol
2. Cell Culture
2.1. After incubating cells to reach 70% confluency [1], culture cells of interest in an appropriate culture media [2]. Add penicillin-streptomycin to avoid contamination [3].
2.1.1. Talent shows the cells, and picks up a colony. ( we don’t choose a colony) 
2.1.2. Talent transfers the colony into a culture media.
2.1.3. Talent adds compound into the media. Videographer comment: 2.1.3 CUT by author
2.2. After measuring cell density on a hemocytometer [1], subculture cells into a 35-millimeter glass-bottom grid dish or quartz slides using the same medium at a seeding density of 0.7 x 106 [2], then incubate at 37 degrees Celsius for 24 hours [3].
2.2.1. SCOPE: Talent operates on a hemocytometer.
2.2.2. Talent transfers cell culture into a dish.
2.2.3. Talent places the dish in a incubator.
3. Drug Treatment
3.1. The next day, the cells reach a confluency of 50%–60% [1]. Wash the cells 2x with prewarmed PBS buffer at 37 degrees Celsius [2]. Divide cells into drug-treated and untreated subgroups in 35 millimeter culture dishes [3].
3.1.1. Talent takes out the dish from the incubator, and shows it.
3.1.1A Added shot, SCOPE shot of cells
3.1.2. Talent washes the cells with buffer.
3.1.3. Talent divides cells into several groups.
3.2. Mix tamoxifen dissolved in dimethyl sulfoxide with the culture media to obtain a final volume of 2 milliliters and tamoxifen concentration of 10 micromolar. This is the drug-treated group [1]. Mix a corresponding volume of DMSO into the medium as a control group to study the effects of DMSO [2].
3.2.1. Talent adds solution into a dish. Videographer comment: 3.2.1-3.2.2 Combined into one shot
3.2.2. Talent adds solution into medium in another dish.
3.3. Incubate both groups in 2 milliliters of the spiked media for 24 hours to reach a confluency of 70%–80% [1].
3.3.1. Talent adds media into both dishes. Videographer comment: 3.3.1 This content is found in shot 3.2.1-3.2.2
4. Raman Spectral Imaging and Spectral Processing
4.1. Prior to spectral measurements, verify the pinhole and laser position match using a target [1]. Enter the spectrophotometer slit when narrowed as much as possible [2].
4.1.1. Talent checks on the spectrophotometer.
4.1.2. SCREEN: Show the manipulator checking on the computer that the laser image goes into the slit. Videographer comment: 4.1.2 CUT by author
4.2. To calibrate the spectrophotometer prior to each experiment, place ethanol in a glass-bottom dish [1], measure the spectrum at a given laser intensity for 1 second, and associate the peak to known wavelengths [2]. 
4.2.1. Talent adds ethanol in a dish. Important Step Videographer comment: 4.2.1 Added shot, putting dish on microscope
4.2.2. SCREEN: Talent measures the spectrum, and points to wavelength.
4.3. Then, minimize the laser intensity at the sample to approximately 2.4 milliwatts per cubic micrometer, so that cells survive laser exposure [1]. Set up the microchamber at 5% carbon dioxide and 37 degrees Celsius [2].
4.3.1. Talent adjusts laser intensity. Videographer comment: 4.3.1 CUT by author
4.3.2. Talent adjusts the microchamber settings
4.4. Once the microscope system is ready, remove cells from the incubator [1] and immediately rinse cells twice with warmed PBS buffer at 37 degrees Celsius, then add 2 milliliters of warmed PBS or Flurobrite DMEM [2].
4.4.1. Talent takes out dishes from the incubator. Videographer comment: 4.4.1 Slated as 4.4.1 REAL
4.4.2. Talent washes the cells with buffer, and then adds buffer or media. Videographer comment: 4.4.2 Mis-slated as 4.4.1
4.5. Add 10 microliters of water onto the water-immersion objective lens [1] and delicately place the glass-bottom cell dish onto the microscope stage [2]. 
4.5.1. CU: Talent adds water onto the lens.
4.5.2. Talent places the dish onto the microscope stage.
4.6. Measure each cell by focusing the laser line [1]. A 15-second exposure time per cell is sufficient to obtain a cross-section of a cell with a clear Raman signal. A galvano mirror allows scanning of one cell or a group of cells within several dozen minutes [2]. 
4.6.1. Talent focuses the laser line. Important Step
4.6.2. SCREEN: Talent shows a cross-section of a cell, and the scanning. Important Step Videographer comment: 4.6.1-4.62 Combined into one shot, SCOPE
4.7.1 [Added shot] Shot fo talent looking at screen
4.7.2 [Added shot] Shot of screen
5. Single-cell Sampling Set-up and Procedures, and Mass Spectrometry Measurements
5.1. Fix the cell sampling system onto the Raman microscope. Connect the 3D micromanipulator to the glass capillary holder that is attached to an empty syringe for sample sucking [1].
5.1.1. Talent fixes the cell sampling system onto the microscope, and connects the 3D micromanipulator.
5.2. Set the microscope to a high magnification field of 40 times [1] to observe the tip of the glass capillary and make sure it is not broken. Control the position of the glass capillary using the micromanipulator [2].
5.2.1. CU: Talent adjusts the magnification of the microscope.
5.2.2. SCOPE: Shot of the tip of the glass capillary.
5.2.3. CU: Talent adjusts the micromanipulator.
5.3. Ensure that the capillary tip is centered in the field of view, then move the capillary up on the z-axis to give clearance for the culture dish later [1].
5.3.1. SCOPE: Shot of the tip of the glass capillary moving towards the center, and then moves up on the z-axis.
5.4. Place the sample dish on the stage of the microscope, adjust the magnification and focus [1], select the target cell on the grid dish, and move it into the center of view. Then, carefully lower down the glass capillary using micromanipulator until the tip comes into focus [2-TXT].
5.4.1. Talent places the dish on the stage of the microscope, and adjusts the magnification and focus. Videographer comment: CUT by author
5.4.2. SCOPE: Talent selects the target cell, and moves it to the center. Then, lowers down the capillary. TEXT: Do not move the capillary in the x- and y-axes until the capillary is in focus.
5.5. Under microscopic observation, touch the target single cell with the capillary tip, then start applying negative pressure using the syringe to trap the cell inside the capillary tip [1]. Record this procedure by taking a video to check the timing and sucked location of the cell precisely, if necessary [2].
5.5.1. SCOPE: The capillary tip touches the cell, and then traps the cell. Important Step Videographer comment: 5.5.1 Also contains 5.6.1 content
5.5.2. SCREEN: Talent takes a video, and points to time and location of the cell. Videographer comment: CUT by author
5.6. Move the capillary up on the z-axis [1]. Then, detach the capillary from the capillary holder using forceps in preparation for mass spectrometry analysis [2].
5.6.1. SCOPE: Talent moves the capillary up the z-axis.
5.6.2. Talent takes the capillary away from the holder.
5.7. Calibrate the mass accuracy of the mass spectrometry instrument according to the manufacturer’s recommendations [1]. After calibration, make sure that the mass error is no greater than 3 ppm [2].
5.7.1. Talent operates on the MS instrument. Videographer comment: CUT by author
5.7.2. SCREEN: Talent shows the mass error < 3 ppm. Important Step Videographer comment: CUT by author
5.8. After setting up the mass spectrometry instrument, and analyzing the media, add 2 microliters of the ionization solvent to the capillary containing the cell [1], fix the capillary to a nanoelectrospray adapter connected to a suitable mass spectrometer [2], and start the automatic acquisition method [3].
5.8.1. CU: Talent adds solvent to the capillary. Important Step
5.8.2. Talent fixes the capillary to a nanoelecrospray adapter. Important Step
5.8.3. Talent operates on the computer to start the method.



Section – Results
6. Results: Drug-treated and Untreated Cells
6.1. A comparative analysis of the average spectrum of each condition [1], with and without drug treatment, is shown here [2]. The averaged spectrum of the two conditions clearly differ at various peaks [3].
6.1.1. LAB MEDIA: Figure 2
6.1.2. LAB MEDIA: Figure 2 – Video editor: emphasize the blue trace, then the black trace.
6.2. In particular, the peaks at 1000 per centimeter, which is assigned to aromatic compounds such as phenylalanine and tyrosine, show strong differences [1].
6.2.1. LAB MEDIA: Figure 2 – Video editor: emphasize the peaks at 1000 cm-1.
6.3. Based on the projection on latent structure model, the VIP scores were calculated, which represent the importance of wavelengths in discriminating the experimental conditions [1].
6.3.1. LAB MEDIA: Figure 2&3 – Video editor: Emphasize Figure 3
6.4. Importantly, the highest peaks of the VIP profiles corresponded to Raman peaks for which strong differences were seen between the two treatments. This confirmed the specific molecular differences between treated and untreated cells [1].
6.4.1. LAB MEDIA: Figure 2&3 – Video editor: Emphasize the peak at 1000 cm-1and the peak at the right side of 1400 cm-1
6.5. After positive identification, the relative abundance of the drug and its metabolites were measured in each cell and compared to background peaks in untreated cells [1]. Strong variation was observed in tamoxifen abundance [2], and this phenomenon was even more pronounced in the case of its metabolite, 4-OHT (pronounce as 4- hydroxy tamoxifen) [3].
6.5.1. LAB MEDIA: Figure 4
6.5.2. LAB MEDIA: Figure 4 – Video editor: Emphasize the first blue square.
6.5.3. LAB MEDIA: Figure 4 – Video editor: Emphasize the second blue square.





Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Arno Germond: For the first time, our technique enables to explore the link between Raman spectroscopy spectral image and the specific metabolic content of cells [1].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.2. Ahmed Ali: Care must be taken when preparing the mass spectrometer ionization solvent, it should be prepared under a fume hood. Also, be careful not to touch the source of the mass spectrometer instrument to avoid being electrocuted. Finally, the sampling capillaries are very sharp, so handle them delicately to avoid injury [1].
7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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