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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  

Can you record movies/images using your own microscope camera? (Y/N) N 

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y 

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 2.3, 2.4, 2.7, 3.4, 4.1, 4.7, 4.9, 4.10
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.) 
Step 4.2: Biomass hydrolysis. Dry the fractions until to reach the consistency of syrup. To ensure success, frequently control the acid evaporation. 
Step 4.4 : ECF derivatization. To ensure success, we often change the set of derivatization reagents. 
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? In the same building, but in different labs on two floors. 
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 quantitatively investigate the metabolism of multiple nutrient sources using labeled substrates. This workflow allows the fate of consumed nutrients and the metabolic origin of compounds synthesized by yeasts to be determined. (Intro) 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Stephanie Rollero: This method can help answer key questions in the microbial metabolism field, such as how the metabolism operates depending on the environmental resources. 
1.2. Stephanie Rollero: The main advantage of this technique is that it allows quantification and elucidation of the pattern of nutrient distribution from multiple sources. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Marc Perez: This method was used to investigate the nitrogen metabolism of yeast but can also be applied to other metabolisms and microorganisms. 
1.4. Marc Perez: The key to success with this experiment lies in the reproducibility of the fermentation. The users must pay particular attention to collecting cells in the same physiological stage. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. ** Marc Perez: Demonstrating the procedure will be Christian Picou, a technician, and Pauline Seguinot, a PhD student from the laboratory. 

1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. Fermentation and Sampling
2.1. In an autoclave, pasteurize each synthetic medium prepared for each nitrogen source in a 1-liter flask containing a magnetic stir bar [1-WIDE/MED-TXT]. Dissolve the appropriate amount of labeled molecule to reach the desired final concentration in the medium [2-MED-over the shoulder-TXT].  
2.1.1. Talent places flasks in autoclave for pasteurization. TEXT: 10 min, 100 °C.

2.1.2. Talent adds labeled molecule to each medium. TEXT: See Table 1. (Video Editor: overlay should appear at mention of “the desired final concentration”).
2.2. Sterilize the medium using a disposable vacuum filtration system [1-MED-TXT]. Using a sterile measuring cylinder, divide the medium between two pre-sterilized fermenters that contain a magnetic stir bar and are equipped with fermentation locks to avoid the entry of oxygen but allow the release of carbon dioxide [2-MED-over the shoulder].  
2.2.1. Talent pours the medium into the system, connects the system to a pump, and turns on the pump. TEXT: Cellulose acetate membrane, 0.22 μm.
2.2.2. *Film as written.
2.3. After growing S. cerevisiae strain in YPD medium, collect a preculture aliquot under laminar flow and quantify the cell population using an electronic particle counter that is fitted with a 100-micrometer aperture [1-MED]. After centrifuging the preculture, suspend the pellet in an appropriate volume of sterile water to obtain a final concentration of 2.5 times 10 to the eight cells per milliliter [2-MED-over the shoulder-TXT]. Then, inoculate each fermenter with 1 milliliter of the cell suspension [3-MED].  
2.3.1. *Film as written.
2.3.2. *Film as written. TEXT 2.5 x 108 cells/mL.

2.3.3. *Film as written.
2.4. Following this, prepare a fermentation platform by installing the fermenters in the support guides that are properly placed on the 21-position stirring plates and set the stirring rate at 270 rpm [1-MED-over the shoulder]. To start the on-line monitoring of each fermentation, launch the robot-control application, click the “start assay” button, and select the fermentation volume to be carried out [2-SCREEN].  
2.4.1. *Film as written.

2.4.2. 56393_Camarasa_SCREEN_2.4 2.5 2.6.avi: Show to 0:09.
2.5. To ensure that the displayed interface permits the indication of the number and the position of fermenters on the platform, right click on the slot location and choose “disable” to inactivate the monitoring of the empty positions [1-SCREEN]. 
2.5.1. 56393_Camarasa_SCREEN_2.4 2.5 2.6.avi: Show from 0:11 to 0:34. 
2.6. To initialize the calculation software, click on the “Initialiser” button and validate with “ok”. Then, click on the “Start button” of the robot-control application to start the weight acquisitions [1-SCREEN].
2.6.1. 56393_Camarasa_SCREEN_2.4 2.5 2.6.avi: Show from 0:37 to 0:52.
2.7. Next, centrifuge two 6-milliliter samples taken from the fermenters at 2,000 x g for 5 minutes at 4 degrees Celsius [1-MED-over the shoulder]. When finished, transfer each frozen supernatant into two tubes and store at minus 80 degrees Celsius [2-MED]. Wash each pellet twice with 5 milliliters of distilled water and store at minus 80 degrees Celsius for the measurement of isotopic enrichment [3-MED-over the shoulder].  

2.7.1. Talent places samples in centrifuge, inputs the settings, and turns centrifuge on.

2.7.2. *Film as written.
2.7.3. *Film as written.
3. Quantification of Consumed Nitrogen Sources and Proteinogenic Amino Acids
3.1. Add 200 microliters of a 25 percent sulfosalicylic acid solution that contains 2.5 millimolar norleucine as internal standard to 800 microliters of sample to remove molecules with high molecular weights [1-MED-over the shoulder-TXT]. After incubation and centrifugation, filter the mixture through a 0.22-micrometer pore-size nitrocellulose membrane and place the sample in an amino acid analysis system [2-MED-TXT].  
3.1.1. *Film as written, with labeled sulfosalicylic acid solution container visible in frame if possible. TEXT: See text for sample prep.

3.1.2. *Film as written. TEXT: 1 h, 4 °C; 3,000 x g, 10 min, 4 °C. (Video Editor: overlay should appear at mention of “incubation and centrifugation).
3.2. In the programmer software of the analysis system, click on the button “Run” to begin the liquid chromatography analyses with the analyzer equipped with a cation-exchange column [1-MED-over the shoulder]. 
3.2.1. Talent at computer clicks on the run button in the software.
3.3. Next, prepare an oxidized extract by suspending a previously prepared labeled cell pellet in 200 microliters of performic acid [1-MED]. After incubating for 4 hours at 4 degrees Celsius, stop the reaction by adding 33.6 milligrams of sodium sulfate [2-MED-over the shoulder].  
3.3.1. *Film as written.

3.3.2. *Film as written.
3.4. Add 800 microliters of 6 normal hydrochloric acid to the oxidized extract and incubate the sample in a hermetically sealed glass tube for 16 hours at 110 degrees Celsius in a dry heat oven [1-MED]. 
3.4.1. Talent adds hydrochloric acid to the oxidized extract and places sample in oven.

3.5. After allowing the sample to cool to room temperature, add 200 microliters of 2.5 millimolar norleucine and remove the hydrogen chloride gas with a stream of nitrogen [1-MED-over the shoulder]. Wash the dried extract twice with 800 microliters of distilled water and then 800 microliters of ethanol [2-MED]. Then, add 800 microliters of 200 millimolar lithium acetate buffer to the extract [3-MED-over the shoulder].  
3.5.1. *Film as written.

3.5.2. *Film as written and show as many washes as possible.

3.5.3. *Film as written.
3.6. Determine the relative concentrations of amino acids within proteins in the sample using the chromatographic method previously described [1-MED].
3.6.1. Talent places sample in instrument and sits down at computer to start the run in the software. 
4. Measurement of Isotopic Enrichment of Proteinogenic Amino Acids 
4.1. Hydrolyze a labeled cell pellet by adding 1.2 milliliters of 6 molar hydrochloric acid and incubating the sample for 16 hours at 105 degrees Celsius in a tightly closed glass tube in a dry heat oven [1-MED]. 
4.1.1. Talent adds hydrochloric acid to the cell pellet and places sample in oven.  

4.2. After allowing the sample to cool to room temperature, add 1.2 milliliters of distilled water [1-MED-over the shoulder]. Following centrifugation to remove the cellular debris, distribute the supernatant into six 400-microliter fractions in open glass tubes [2-MED]. Dry the fractions in the dry heat oven at 105 degrees Celsius for 4 to 5 hours until they reach the consistency of syrup [3-MED-over the shoulder].  

4.2.1. *Film as written.

4.2.2. Talent removes the sample from the centrifuge and adds the supernatant to the glass tubes.

4.2.3. Talent places fractions in oven.

4.3. Stephanie Rollero: During biomass hydrolysis, dry the fractions to the consistency of syrup by continuously controlling the acid evaporation. 
4.3.1. Talent speaks toward the camera, interview style.
4.4. For ECF derivatization, dissolve the cooled, dried hydrolysate in 200 microliters of 20 millilmolar hydrochloric acid and 133 microliters of a 1 to 4 mixture of pyridine and ethanol [1-MED]. Add 50 microliters of ethyl chloroformate to derivatize the amino acids [2-MED-over the shoulder]. After the carbon dioxide has been released, transfer the mixture to centrifuge tubes that contain 500 microliters of dichloromethane to extract the derivatized compounds [3-MED].  
4.4.1. *Film as written.

4.4.2. *Film as written.

4.4.3. *Film as written.
4.5. Vortex the samples for 10 seconds [1-MED-over the shoulder]. After centrifuging for 4 minutes at 10,000 x g, collect the lower organic phase of each sample with a Pasteur pipet…[2-CU] and transfer to a GC autosampler vial that contains a conical glass insert so that each sample may be directly injected into the GC-MS instrument [3-MED]. 
4.5.1. *Film as written. Show vortexing of as many samples as possible.

4.5.2. One of the samples as talent removes the lower phase from it.

4.5.3. *Film as written.

4.6. Stephanie Rollero: To ensure that unaltered derivatization reagents are used for the ECF derivation procedure, frequently change the reagents. 
4.6.1. Talent speaks toward the camera, interview style.
4.7. For DMFDMA derivatization, dissolve the dried hydrolysate in 50 microliters of methanol and 200 microliters of acetonitrile [1-MED-over the shoulder]. Add 300 microliters of DMFDMA and vortex the sample [2-MED]. Then, transfer the sample to a GC autosampler vial that contains a conical glass insert [3-MED-over the shoulder].  
4.7.1. *Film as written.

4.7.2. *Film as written.

4.7.3. *Film as written.
4.8. For BSTFA derivatization, suspend the hydrolysate in 200 microliters of acetonitrile [1-MED]. Add 200 microliters of BSTFA to the sample and hermetically close the glass tube [2-MED-over the shoulder]. After incubation for 4 hours at 135 degrees Celsius, transfer the cooled extract directly to GC autosampler vial that contains a conical glass insert [3-MED].  
4.8.1. *Film as written.

4.8.2. *Film as written.

4.8.3. *Film as written.
4.9. Now, analyze the samples with a gas chromatograph equipped with an autosampler injector and coupled to a mass spectrometer [1-MED]. 
4.9.1. Talent places samples in GC instrument and sits at computer to start the analysis.
4.10. Click on “Instrument” in the menu of the computer software. Under the “Sequence” tab, click the “Edit Sample Log Table” to create a sample list, and click “Run” and “Run Sequence” to start the injections [1-SCREEN]. After the analyses are complete, record a cluster of intensities for each amino acid that corresponds to its different mass isotopomers [2-MED-over the shoulder]. 
4.10.1. 56393_Camarasa_SCREEN_4.10.1.avi: Show up to 0:54.
4.10.2. Talent at computer records the cluster of intensities in the software.
5. Quantification and Isotopic Enrichment of Volatile Compounds and Calculations 
5.1. Add 10 microliters of the appropriate deuterated internal standards to 5 milliliters of supernatant in a 15-milliliter glass tube [1-MED-over the shoulder]. Add 1 milliliter of dichloromethane, tightly close the tube, and shake the sample on a rocking platform for 20 minutes [2-MED]. After centrifugation, collect the lower organic phase in a 15-milliliter glass tube [3-MED-over the shoulder].  
5.1.1. *Film as written, with labeled internal standard containers visible in frame if possible.

5.1.2. *Film as written.

5.1.3. Talent removes tube from centrifuge and transfers the organic phase to another tube.
5.2. After repeating the dichoromethane extraction, dry the organic extract over 500 milligrams of anhydrous sodium sulfate and collect the liquid phase with a Pasteur pipet [1-MED]. Concentrate the extract by a factor of four under nitrogen flux [2-MED-over the shoulder]. Then, transfer the concentrated sample to a GC autosampler vial [3-MED].
5.2.1. *Film as written.

5.2.2. *Film as written.

5.2.3. *Film as written.
5.3. For GC-MS quantification, inject 2 microliters of sample with a split ratio of 10 to 1 and separate the extracted volatile molecules using the appropriate oven temperature profile [1-SCREEN]. 
5.3.1. 56393_Camarasa_SCREEN_5.3.1.avi
5.4. Using the spreadsheets in the text protocol, enter the raw data values that correspond to the concentration of extracellular amino acids, cell dry weight, protein content of cells, concentration of volatile molecules, and isotopic enrichment of proteinogenic amino acids and volatile molecules [1-MED-over the shoulder-TXT].
5.4.1. Talent at computer enters raw data into an excel spreadsheet. TEXT: See Tables 5-8. (Video Editor: overlay should appear at mention of “spreadsheets in the text protocol”).  
6. Results: Investigation of Microbial Metabolism of Multiple Nutrient Sources
6.1. A schematic diagram of the workflow to investigate the management by yeast of the multiple nitrogen sources that are found during wine fermentation is shown here [1-LM]. 

6.1.1. 56393fig3.jpg, 56393fig3large.jpg, JoVE_Figure_3.ai 
6.2. For different points of sampling, the biological parameters show a high reproducibility among fermentations [1-LM]. 
6.2.1. 56393fig4.jpg, 56393fig4large.jpg, JoVE_Figure_4.ai: If not possible to show all four figures, show figures C and D.  
6.3. An overview of the redistribution of nitrogen from the sources in grape juice to all the proteinogenic amino acids is shown here [1-LM]. Combined with the determination of the mass balances, the measurement of the isotopic enrichment of proteinogenic amino acids provided the first quantification of the contribution of nitrogen-originated arginine, glutamine, ammonium, and other sources to the amine groups of each of these compounds [2-LM]. 
6.3.1. 56393fig5.jpg, 56393fig5large.jpg, JoVE_Figure_5.ai: Zoom into or emphasize figure A. 
6.3.2. 56393fig5.jpg, 56393fig5large.jpg, JoVE_Figure_5.ai: Zoom into or emphasize figure A. Highlight Arg bar and Glu bar at mention of arginine and glutamine, respectively.
6.4. A comparison between the amount of consumed amino acid that is directly recovered into the biomass is depicted here [1-LM]. 
6.4.1. 56393fig5.jpg, 56393fig5large.jpg, JoVE_Figure_5.ai: Zoom into or emphasize figure B.
6.5. Partitioning of the consumed aliphatic amino acids leucine and valine in the metabolic network in yeast is shown here [1-LM]. More than 96 percent of the consumed valine and leucine are recovered in their conversion products [2-LM]. Surprisingly, a substantial fraction of valine and leucine are catabolized despite a considerable imbalance between the availability of these compounds in the medium and their content in biomass [3-LM]. 
6.5.1. 56393fig6.jpg, 56393fig6large.jpg, JoVE_Figure_6.ai: Highlight green leucine and blue valine above gray curve when mentioned.
6.5.2. 56393fig6.jpg, 56393fig6large.jpg, JoVE_Figure_6.ai
6.5.3. 56393fig6.jpg, 56393fig6large.jpg, JoVE_Figure_6.ai: Highlight italicized percentages.
7. Conclusion (said by authors on camera)
7.1. Stephanie Rollero: Once mastered, this technique can be done in 5 days if it is performed properly.

7.2. Stephanie Rollero: While attempting this procedure, it’s important to remember to carefully select the labeling pattern of substrates according to the scientific issue. To ensure good biological reproducibility, it’s necessary to perform fermentation and chromatographic analyses in duplicate.
7.3. Stephanie Rollero: After its development, this technique paved the way for researchers in the field of microbiology to explore how the metabolism and physiology of microorganisms change depending on the environmental conditions.
7.4. Marc Perez: Don't forget that working with derivatization reagents and organic solvents can be extremely hazardous and precautions such as wearing gloves and working in a fume hood should always be taken while performing this procedure.   

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.  

Insert your media filenames here.

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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