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A. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __Yes_____
Can you record movies/images using your own microscope camera? (Y/N)___No______ 
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: __Nikon SMZ18___
B.  Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__ No____
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.) Steps 3.9, 3.10, 3.11, 3.12, 4.13, 4.14
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.) In steps, 3.9, 3.10, the cell needs to be correctly identified and targeted precisely by the microprobe before aspirating with minimal pressure to enable minimally invasive sampling.
E.  Will the filming need to take place in multiple locations? (Y/N) Yes. If yes, how far apart are the locations? ~5 min walking distance between two laboratories in two different buildings.
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 protocol is to characterize metabolites in live cells of developing embryos by in situ microsampling capillary electrophoresis mass spectrometry. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Rosemary Onjiko: This method can help answer key questions in the cell and developmental biology field because it enables the analysis of metabolism in single cells directly in live developing embryos [1-MED].
1.1.1.    Rosemary speaks towards the camera, interview style.
1.2. Rosemary Onjiko: The main advantage of this technique is that it is fast, scalable to different cell sizes, and enables minimally invasive sampling of individual cells in live embryos [1-MED].
1.2.1.    Rosemary speaks towards the camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Erika Portero: Visual demonstration of this method is critical as some steps are difficult to learn because the embryo develops relatively fast and a custom-built capillary electrophoresis electrospray ionization instrument is used [1-MED].
1.3.1.    Erika speaks towards the camera, interview style.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. All protocols related to the maintenance and handling of Xenopus laevis were approved by the Institutional Animal Care and Use Committee at the George Washington University [1-Title Card].
1.9.1. Title Card
Protocol: (read by voice talent at JoVE)
2. Preparation of Sampling Instruments and Sampling Dishes
Editor, note from the authors: All changes (just a few under section 4 " Capillary Electrophoresis Electrospray Ionization Mass Spectrometry (CE-ESI-MS) Measurement") were voice recorded by the videographer in real time as we were in the process of filming.
The shots that were combined were indicated and voice recorded while filming.

In some instances, we had to skip shots and return to them later but generally captured all shots but the videographer made note via voice recording.
2.1. Begin this procedure with preparation of 2% agarose in 1X Steinberg’s solution [1-MED-TXT].  
2.1.1. Talent pulls the reheated agarose solution out of the microwave oven.  TEXT Overlay: See text for 1X Steinberg’s solution
2.2. While still liquid, coat the bottom of 60 millimeter Petri dishes with the solution [1-MED-over the shoulder].  Once the agarose gel has cooled and solidified, flame the end of a six-inch Pasteur pipette until it forms a ball [2-CU].  Then, lightly touch the heated end to imprint 5 to 10 wells, approximately 1 millimeter deep, into the agarose [3-ECU]. 
2.2.1. Talent coats the bottom of 60 mm Petri dishes with the solution.
2.2.2. End of a 6-in Pasteur pipette until it forms a ball.
2.2.3. End of the Pasteur pipette as talent lightly touches the heated end to imprint 5 to 10 wells, approximately 1 mm deep, into the agarose.
2.3. To fabricate tapered-tip micropipettes, first, pull borosilicate capillaries in a Flaming-Brown-type capillary puller using the settings found in the text protocol [1-MED-TXT].
2.3.1. Talent pulls the borosilicate capillaries in a Flaming-Brown-type capillary puller.  TEXT Overlay: 1,000/500 µm outer/inner diameter   
2.4. Next, break-off the tip of the pulled micropipette using a pair of fine sharp forceps to obtain a capillary tip outer diameter of approximately 20 microns.  Perform this step under a stereomicroscope to aid precision and reproducibility [1-SCOPE].
2.4.1. Pulled micropipette as talent breaks off the tip using a pair of fine sharp forceps to obtain a capillary tip outer diameter of ~20 microns
3. Microsampling Single Cells and Metabolite Extraction
3.1. Obtain embryos through gonadotropin-induced natural mating of adult Xenopus laevis or via in vitro fertilization as referenced in the text protocol [1-MED-over the shoulder].
3.1.1. Talent retrieves the embryos from mating tank. 
3.2. Remove the jelly coats surrounding the embryos as they begin to cleave into the 2-cell stage by first letting the embryos rest in the dejellying solution for 2 minutes [1-CU-TXT].  Then, gently swirl them for an additional 2 minutes to prevent embryos from adhering to the surface of the collection dish [2-MED-over the shoulder]. 
3.2.1. Talent places the embryos in dejellying solution.  TEXT Overlay: See text for dejellying solution
3.2.2. Talent gently swirls the embryos.
3.3. Gently pour the dish contents into a clean beaker and quickly decant the dejellying solution from the beaker [1-CU].  Immediately cover the eggs with 0.1X Steinberg’s solution to rinse off the remaining dejellying solution [2-MED-over the shoulder].  
3.3.1. Beaker as talent gently pours the dish contents there and quickly decants the de-jellying solution from the beaker.
3.3.2. Talent immediately covers the eggs with 0.1X Steinberg’s solution.  Use a labeled container.
3.4. Gently swirl, and then decant the solution [1-CU].  Repeat this step four times to thoroughly wash the embryos [2-MED]. 
3.4.1. Beaker as talent gently swirls and then decants the solution.
3.4.2. Talent works to repeat the wash step.
3.5. Transfer the dejellied embryos into 1X Steinberg’s solution in a Petri dish [1-MED-over the shoulder].  To minimize crowding within the plates, place approximately 100 embryos per 100 millimeter dish [2-CU].
3.5.1. Talent transfers the dejellied embryos into 1X Steinberg’s solution in a Petri dish.  Continue action in next shot.
3.5.2. 100 mm dish as talent works toward placing 100 embryos there.
3.6. Sort the cleaving embryos at the 2-cell stage into a separate dish in which stereotypical pigmentation confidently marks the dorsal-ventral axis, with reference to established cell fate maps [1-SCOPE].
3.6.1. Embryos under the microscope as talent sorts the cleaving embryos at the 2-cell stage into a separate dish. 
3.7. Identify correctly cleaving embryos by ensuring that the first cleavage furrow, which demarks the midsagittal plane, bisects the darkly pigmented animal pole… and the lightly pigmented animal pole… such that the two halves are mirror images [1-LM].
3.7.1. 56956_Nemes_3.7_cleaving embryos - Editors, please highlight the corresponding arrows when “darkly pigmented animal pole” and “lightly pigmented animal pole” is narrated.
3.8. Next, mount a fabricated micropipette on a multi-axis micromanipulator [1-MED-over the shoulder].  Connect the micropipette to a microinjector [2-CU].
3.8.1. Talent mounts a fabricated micropipette on a multi-axis micromanipulator.
3.8.2. Micropipette as talent connects it to a microinjector. 
3.9. Use a plastic transfer pipette to aspirate approximately 5 of the 8-cell embryos and transfer them into the sampling dish containing 0.5X Steinberg’s solution [1-SCOPE].  
3.9.1. Talent uses a plastic transfer pipette to aspirate approximately 5 of the 8-cell embryos and transfer them into the sampling dish containing 0.5X Steinberg’s solution.
3.10. Using a hair loop, position the embryo to be sampled into an individual well, and ensure that the correctly identified cell of interest is facing the microprobe at an approximate angle of 90 degrees [1-SCOPE].
3.10.1. Talent uses a hair loop to position the embryo to be sampled into an individual well, ensuring that the correctly identified cell of interest is facing the microprobe at an angle of 90 degrees.
3.11. While working under the stereomicroscope, guide the tip of the micropipette into the identified single cell within the live embryo [1-SCOPE-TXT].  
3.11.1. Embryos at 20-30X magnification as talent guides the tip of the micropipette into the identified single cell within the live embryo.  TEXT Overlay:  20–30X magnification
3.12. Withdraw a desired portion of the cell’s contents by applying negative pressure pulses to the microcapillary using the microinjector [1-SCOPE]. 
3.12.1. Cell at 20-30X magnification as talent withdraws a desired portion of the cell’s contents by applying negative pressure pulses to the microcapillary using the microinjector.
3.13. Gently retract the microprobe from the cell and transfer its tip into 4 microliters of the metabolite extraction solvent chilled in a micro-sized vial [1-SCOPE-TXT].
3.13.1. Cell as talent gently retracts the microprobe from the cell and transfers its tip into 4 microliters of the metabolite extraction solvent chilled in a micro-sized vial.  TEXT Overlay: See text for metabolite extraction solvent  
3.14. Next, apply a pressure surge of positive 80 psi for 1 second to the capillary using the microinjector to expel the aspirate into the solvent [1-CU].
3.14.1. Micro-sized vial and microinjector as talent applies a pressure surge of positive 80 psi for 1 second to the capillary using the microinjector to expel the aspirate into the solvent.  
3.15. Tightly close the vial to prevent evaporation and place the vial back on ice until sampling is complete [1-MED-over the shoulder].
3.15.1. Talent tightly closes the vial and places it back on ice.  
3.16. Once sampling is completed, vortex-mix the sample-containing microcentrifuge vials for approximately 1 minute to expedite extraction of metabolites [1-CU].  Then, centrifuge the vials at 8,000 × g for 5 minutes at 4 degrees Celsius to pellet cellular debris and other particulates [2-MED].
3.16.1. Microcentrifuge vials as talent vortex-mixes the sample-containing vials.
3.16.2. Talent places the vials into the centrifuge, shuts lid, and starts run. 
3.17. Store the cell extracts together with the cell debris and precipitate at minus 20 degrees Celsius for a day or at minus 80 degrees Celsius for up to 1 month until measurement by CE-ESI-MS (pronounced as letters) [1-WIDE or MED].
3.17.1. Talent places the cell extracts and cell debris into the freezer.
4. Capillary Electrophoresis Electrospray Ionization Mass Spectrometry (CE-ESI-MS) Measurement 
4.1. Construct a CE injection platform capable of rapid vertical translation of a stage holding the background electrolyte vial and the sample loading microvial as referenced in the text protocol [1-BROLL-TXT].
4.1.1. Footage of a CE injection platform as it rapidly vertically translates a stage holding the BGE vial and the sample loading microvial.  TEXT Overlay (as narrated): Background electrolyte = BGE
4.2. Assemble the CE-ESI interface by first mounting the electrospray metal emitter into a 3-port T-union [1-CU-TXT]. 
4.2.1. CE-ESI interface as talent mounts the electrospray metal emitter into a 3-port T-union.  TEXT Overlay: 130/260 µm inner/outer diameter and ~35 mm length
4.3. Then, feed the separation CE capillary through the electrospray emitter allowing it to protrude approximately 40 to 100 microns beyond the tip of the emitter.  Work under a stereomicroscope to aid accuracy [1-SCOPE-TXT]. 
4.3.1. Microscope view of separation CE capillary as talent feeds it through the electrospray emitter allowing it to protrude 40-100 microns beyond the tip of the emitter.  TEXT Overlay: 40/105 µm inner/outer diameter and ~100 mm length
4.4. Connect the sheath solution capillary to the remaining port to supply the electrospray solution.  Use appropriate sleeves and finger-tighten connections for leak-free operation of the CE-ESI interface [1-SCOPE-TXT].  
4.4.1. Microscope view as talent connects the sheath solution capillary to the remaining port to supply the electrospray solution.  TEXT Overlay: 75/360 µm inner/outer diameter and ~100 mm length
4.5. Using a plate-holder, mount the CE-ESI interface onto a three-axis translation stage and position the electrospray emitter tip approximately 2 centimeters from the mass spectrometer orifice [1-CU]. 
4.5.1. Talent uses a plate-holder to mount the CE-ESI interface onto a three-axis translation stage and positions the electrospray emitter tip 2 cm from the mass spectrometer orifice.
4.6. To clean the components of the interface, first supply the electrospray sheath solution through the electrospray emitter at 1 microliter per minute and the BGE through the CE separation capillary.  Use syringe pumps to feed the solvents at a steady rate [1-MED-over the shoulder].
4.6.1. Talent supplies the electrospray sheath solution through the electrospray emitter at 1 microliter per minute and the BGE through the CE separation capillary.  Talent uses syringe pumps to feed the solvents at a steady rate.
4.7. Then, flush the CE separation capillary before each measurement by connecting a syringe to the capillary inlet end [1-MED].  Use sufficiently large syringes to minimize refilling and priming of solvent supply lines [2-CU].
4.7.1. Talent motions to connect a large syringe to the capillary inlet end.  Continue action in next shot.
4.7.2. Syringe as talent connects it to the capillary inlet end. 
4.8. After rinsing the separation capillary for approximately 5 minutes, transfer its inlet into the BGE solution located in a stainless-steel vial [1-MED-over the shoulder].
4.8.1. Talent transfers the inlet into the BGE solution located in the stainless-steel vial.
4.9. Position the electrospray emitter tip approximately 2 millimeters from the mass spectrometer orifice [1-CU].  Fine-adjust this distance using a translation stage to generate electrospray in the stable cone-jet regime while monitoring the spray using a stereomicroscope [2-SCOPE].
4.9.1. Electrospray emitter tip as talent positions it 2 mm from the mass spectrometer orifice.  Continue action in next shot.
4.9.2. Spray under the stereomicroscope as talent fine-adjusts the distance using a translation stage to generate electrospray in the stable cone-jet regime while monitoring the spray.
4.10. Monitor the stability of the total ion current, or TIC, for approximately 30 to 45 minutes to ensure stable operation [1-MED-over the shoulder].
4.10.1. Talent monitors the stability of the TIC. 
4.11. Apply 21 plus or minus 2 kiloVolts to the BGE vial by gradually ramping up the potential over approximately 15 seconds, typically generating approximately 7.5 microAmps of current across the separation capillary using 1% formic acid as the BGE [1-CU].
4.11.1. Power source as talent applies 21 plus or minus 2 kiloVolts to the BGE vial by gradually ramping up the potential.
4.12. Before each measurement, ensure system stability by monitoring the TIC profile for approximately 5 to 10 minutes, and then step-wise lower the separation potential to 0 Volts [1-MED-over the shoulder].
4.12.1. After monitoring the TIC profile, talent step-wise lowers the separation potential to 0 Volts.  
4.13. Pipette 1 microliter of the acetylcholine standard solution into the injection vial and transfer the separation capillary from the BGE vial into the injection vial [1-ECU].  Lift the CE injection stage 15 centimeters in 1 second [2-CU].  After 60 seconds, hydrodynamically inject 6 nanoLiters of the sample into the separation capillary [3-ECU]
4.13.1. Injection vial as talent pipettes 1 microliter of the acetylcholine standard solution into the injection vial and transfers the separation capillary from the BGE vial into the injection vial.
4.13.2. Stage under microscope as talent lifts the CE injection stage 15 cm in 1 second.
4.13.3. Separation capillary under the microscope as talent hydrodynamically injects 6 nL of the sample.
4.14. Subsequently, translate the stage back to starting levels, and gently move the capillary inlet end into the BGE [1-CU].  Immediately after, ramp up the CE voltage to start electrophoretic separation and MS data acquisition [2-MED-over the shoulder].
4.14.1. Talent translates the stage back to starting levels and gently moves the capillary inlet end into the BGE.
4.14.2. Talent ramps up the CE voltage to start the electrophoretic separation and MS data acquisition. 
4.15. Once the standard has been detected, stop the data acquisition, and lower the separation voltage stepwise to 0 Volts [1-MED].  Then, retrieve the emitter to 2 centimeters from the orifice.  Flush the separation capillary for 5 minutes before analyzing the cell extract [2-CU].
4.15.1. Talent stops the data acquisition and lowers the separation voltage stepwise to 0 volts.
4.15.2. Microscope view as talent retrieves the emitter to 2 cm from the orifice and begins to flush the separation capillary.
4.16. Measure 10 nanoLiters of the single-cell extract by repeating these steps, using 90 seconds to hydrodynamically inject the sample [1-WIDE or MED].
4.16.1. Talent works to repeat the steps to measure a 10 nL single-cell extract.
5. Results: Metabolic Differences Between Single Cells in the Early Developing Xenopus laevis Embryo 
5.1. A representative electropherogram of a cell extract is shown here, in which the separation of a series of identified metabolites is displayed [1-LM].

5.1.1. 56956_Nemes_Figure2a 
5.2. 70 different signals were identified with high confidence as small polar metabolites, based on migration time and MS/MS fragmentation patterns of cell extract signals, compared to those from a standard or from tandem mass spectral libraries [1-LM]. 
5.2.1. 56956_Nemes_Figure2a – Editors, if possible, randomly highlight peaks throughout the spectrum as this point is narrated.
5.3. Metabolite identification is conducted by comparing the accurate mass, migration time, and fragmentation behavior of the unknown signal from the sample against a metabolite standard or data available in a metabolite database. This step is demonstrated for histidine [1-LM].
5.3.1.  56956_Nemes_Figure2b - Editors, as “unknown signal from the sample” is narrated, please highlight the top plot and top spectrum.  Then as “a metabolite standard” is narrated, please highlight the bottom plot and the bottom spectrum.
5.4. Here, the individual dorsal cells that were identified and sampled using microprobe CE-ESI-MS are shown [1-LM] at the 8-cell… [2-LM], 16-cell… [3-LM], and 32-cell embryonic stages [4-LM].

5.4.1. 56956_Nemes_Figure3a 
5.4.2. 56956_Nemes_Figure3a – Editors, please zoom into the left-most panel.
5.4.3. 56956_Nemes_Figure3a – Editors, staying zoomed in, please slide over to the middle panel.
5.4.4. 56956_Nemes_Figure3a – Editors, staying zoomed in, please slide over to the right-most panel.
5.5. Multivariate analysis of identified metabolites in the three different cell types uncovered different metabolic profiles and complex metabolic trends across cell stages [1-LM].
5.5.1. 56956_Nemes_Figure3b+c 
5.6. Principal component analysis of the quantitative metadata uncovered metabolic changes [1-LM] as an identified progenitor cell of the 8-cell embryo… [2-LM] divided to form a cell clone in the 16-cell [3-LM]… and 32-cell embryo [4-LM]. 
5.6.1. 56956_Nemes_Figure3b – Editors, please transition to this figure by zooming into the left panel in 5.5.1.
5.6.2. 56956_Nemes_Figure3b – Editors, please highlight the black-dashed oval labeled D1.
5.6.3. 56956_Nemes_Figure3b – Editors, please highlight the blue-dashed oval labeled D11.
5.6.4. 56956_Nemes_Figure3b – Editors, please highlight the red-dashed oval labeled D111.
5.7. Representative trends are shown for select metabolites [1-LM].  Metabolites such as acetylcholine decreased in abundance with cell division [2-LM], whereas trolamine and Serine-Arginine showed opposing trends in these cell types [3-LM]. 
5.7.1. 56956_Nemes_Figure3c 
5.7.2. 56956_Nemes_Figure3c – Editors, please highlight the top left panel labeled “Acetylcholine.”  
5.7.3. 56956_Nemes_Figure3c – Editors, please highlight the 2 panels labeled “Trolamine” and “Ser-Arg.”
6. Conclusion (said by authors on camera)
6.1. Erika Portero: Once mastered, this technique can be done fast, usually in under 10 seconds for each cell.  We first had the idea for this method, when we began the mapping of metabolic cell heterogeneity in the early X. laevis embryo [1-MED].
6.1.1.    Erika speaks towards the camera, interview style.
6.2. Rosemary Onjiko: After watching this video, you should have a good understanding of how to use microprobe capillary electrophoresis mass spectrometry to analyze metabolites in single embryonic cells [1-MED]. 
6.2.1.    Rosemary speaks towards the camera, interview style.
6.3. Erika Portero: While attempting this procedure, it’s important to remember to work fast as the metabolome is dynamic and cells divide quickly in the developing embryo.  Also, examine analytical details to ensure data of high quantitative fidelity are collected on cell metabolism [1-MED].
6.3.1.    Erika speaks towards the camera, interview style.
6.4. Rosemary Onjiko: The implications of this technique extend toward diagnosis of live specimens, because our microprobe mass spectrometry approach works fast, is minimally invasive, and compatible with small samples [1-MED].  
6.4.1.    Rosemary speaks towards the camera, interview style.
6.5. Erika Portero: Following this procedure, other methods like cell fate tracking can be performed in order to answer additional questions like the impact of metabolites on tissue specification [1-MED].
6.5.1.    Erika speaks towards the camera, interview style.
6.6. Rosemary Onjiko: Don't forget that working with high voltage power supplies can be extremely hazardous and precautions such as electrically isolating electrified interfaces should always be taken while performing this procedure [1-MED].
6.6.1.    Rosemary speaks towards 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.  

LAB MEDIA (LM):

56956_Nemes_3.7_cleaving embryos We need a picture of the 2-cell embryo for this as per the protocol and not what we currently have in the Dropbox folder. – OK, please upload once you have the correct figure.
56956_Nemes_Figure2a  
56956_Nemes_Figure2b     
56956_Nemes_Figure3a    
56956_Nemes_Figure3b+c    
56956_Nemes_Figure3b     
56956_Nemes_Figure3c  
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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