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

2. Does your protocol include software usage? (Y/N) N
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.)
3.1, 3.2, 3.3, 3.6
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.)
3.1
5. Will the filming need to take place in multiple locations? (Y/N) N


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. Sandra Vadhin: Cell-free protein synthesis (CFPS) is an emerging technology in systems and synthetic biology for the in-vitro production of proteins. Cell-free protein synthesis systems have no cell wall, thus we have direct access to metabolites. In this protocol, we quantify the absolute measurements of 40 metabolites involved in central carbon and energy metabolism which allows us to characterize cell-free metabolism [1].
1.1.1. INTERVIEW

1.2. Abhinav Adhikari: The protocol relies on derivitizing the compounds with aniline which allows for better separation and higher mass-spectrometry resolution. In addition, we use internal standards with an isotopically-labelled aniline for absolute quantification of the metabolites. The tagged metabolites co-elute which eliminates the effects of ion suppression, allowing for the accurate quantification of the compounds [1].
1.2.1. INTERVIEW



Section - Protocol
2. Preparation for Aniline Tagging
2.1. Working in a hood, combine 550 microliters of the aniline with 337.5 microliters of LCMS (pronounce as L-C-M-S) grade water and 112.5 microliters of 12 molar hydrochloric acid in a centrifuge tube [1-TXT]. Vortex well and store the 6-molar aniline solution at pH 4.5 at 4 degrees Celsius [2].
2.1.1. Talent prepares solution. TEXT: CAUTION: Aniline is highly toxic!
2.1.2. Talent combines two solutions, and adds acid in a hood. Videographer comment: Detail before vortex
2.1.3. Talent vortexes and places into a refrigerator. Videographer comment: Labeled as 2.2.1
2.2. To prepare a 6 molar 13C (pronounce as carbon thirteen) aniline solution at pH 4.5, combine 250 milligrams of 13C6-aniline (pronounce as carbon thirteen aniline) with 132 microliters of water and 44 microliters of 12 molar hydrochloric acid [1]. Vortex well and store at 4 degrees Celsius [2].
2.2.1. Talent prepares solution.
2.2.2. Talent vortexes and places into a refrigerator.
2.3. To prepare 200 milligrams per milliliter EDC (pronounce as E-D-C) solution, dissolve 2 milligrams of EDC in 10 microliters of water for every sample to be tagged [1-TXT] and vortex well [2].
2.3.1. Talent prepares EDC solution. TEXT: NOTE: EDC solution should be prepared the same day as the reaction. 
2.3.2. Talent vortexes the solution.
2.4. To prepare samples, quench and precipitate the proteins in a cell-free protein synthesis reaction by adding an equal volume of ice-cold 100% ethanol to the cell-free protein synthesis reaction [1]. Centrifuge the sample at 12,000 times g for 15 minutes at 4 degrees Celsius [2]. Transfer the supernatant of the sample to a new centrifuge tube [3-TXT].
2.4.1. Talent adds ethanol.
2.4.2. Talent places the sample into centrifuge.
2.4.3. CU: Talent transfers supernatant into a new tube. TEXT: Samples can be stored at -80 °C.
3. Labeling Reaction and LC/MS Procedure
3.1. To label the sample with 12C (pronounce as carbon twelve)-aniline solution, transfer 6 microliters of the sample into a new centrifuge tube and bring the volume to 50 microliters with water [1].
3.1.1. Talent transfers solution into a new tube, and adds water. Important Step
3.2. Add 5 microliters of 200 milligrams per milliliter EDC solution [1]. Mix the 12C-aniline solution well, and transfer 5 microliters into the tube [2]. Vortex the reaction with gentle shaking for 2 hours at room temperature [3].
3.2.1. Talent adds solution into the tube. Videographer comment: Includes 3.4.2 (Cut out)
3.2.2. CU: Talent mixes the solution, and transfers 5 microliters into the tube. Important Step
3.2.3. Talent places the solution on a shaker.
3.3. After 2 hours, remove the tubes from the shaker and transfer them into a fume hood [1]. Add 1.5 microliters of trimethylamine to each reaction to stop the aniline tagging reaction and stabilize the compounds [2-TXT]. Centrifuge at 13,500 times g for 3 minutes [3], and save the supernatant [4].
3.3.1. WIDE: Talent transfers the tubes into a fume hood.
3.3.2. Talent adds solution into tubes. TEXT: CAUTION: Triethylamine is toxic and causes irritation of the eyes and respiratory tract.
3.3.3. Talent places the tubes into centrifuge. Videographer: Take multiple shots, as this will be used later.
3.3.4. Talent transfers the supernatant into a new tube. Videographer: Take multiple shots, as this will be used later.
3.4. To label the internal standards with 13C-aniline solution, dilute the internal stock solution to 80 micromolar with a final volume of 50 microliters [1]. Add 5 microliters of the 200 milligrams per milliliter EDC solution, and 5 microliters of the well-mixed 13C-aniline solution [2].
3.4.1. Talent dilutes stock solution. Videographer comment: Diluted twice. Multiple shots
3.4.2. Talent adds solutions into the tube.
3.5. Vortex the reaction with gentle shaking for 2 hours at room temperature [1]. After 2 hours, remove the tubes from the shaker and add 1.5 microliters of trimethylamine to the reaction in a fume hood [2]. Centrifuge at 13,500 times g for 3 minutes [3], and save the supernatant [4].
3.5.1. Talent places the tube onto a shaker.
3.5.2. Talent takes the tubes from the shaker, transfers into a fume hood, and adds solution.
3.5.3. Use 3.3.3.
3.5.4. Use 3.3.4.
3.6. To combine the tagged internal standard and the tagged sample, mix 25 microliters of each in an auto-sampler vial [1], and analyze by the LCMS procedure [2].
3.6.1. Talent combines two solutions into a vial. Important Step
3.6.2. Talent approaches LCMS machine.
3.7. Then, to create a standard curve for untagged metabolites, first dilute the stock solution of untagged metabolites to different concentrations with a volume of 50 microliters [1-TXT].
3.7.1. Talent prepares solutions. TEXT: NAD, NADP, FAD, ACA, and Gly3P; 320 µM, 80 µM, 20 µM and 5 µM
3.8. Add 5 microliters of the 200 milligrams per milliliter EDC solution, and 5 microliters of 12C-aniline solution to each concentration [1]. Vortex the reaction with gentle shaking for 2 hours at room temperature and proceed with the trimethylamine treatment and centrifugation before analyzing by the LCMS as previously [2].
3.8.1. Talent adds two solutions. Videographer comment: multiple shots
3.8.2. Talent places the tubes onto a shaker.
3.8.3. [Added Shot]
3.8.4. [bookmark: _GoBack]Transfer to LCMS vile
3.9. After initializing LCMS according to manufacturer’s instructions, inject 5 microliters of the sample into the column [1] and acquire the appropriate m over z ion intensities for the 12C-aniline tagged sample [2-LM].
3.9.1. Talent injects solution into column.
3.9.2. Figure 2
3.10. Then, inject 5 microliters of the same sample again [1], and acquire the m over z ion intensities for the 13C-aniline tagged standards [2-LM].
3.10.1. Talent injects solution into column.
3.10.2. Figure 2



Section – Results
4. Results: Identification and Labeling Results of Metabolites
4.1. In this protocol, metabolites expressing green fluorescent protein in an E. coli based Cell-free protein synthesis were quantified [1].
4.1.1. Figure 1
4.2. Forty metabolites involved in central carbon and energy metabolism were detected and quantified using internal standards [1], while a standard curve for 5 of the metabolites that were not tagged with aniline was also developed [2].
4.2.1. Figure 2
4.2.2. Figure 2 – Video editor: emphasize the peaks 1, 2, 12, 18, and 35.
4.3. The diverse metabolites involved in these pathways were a class of phosphorylated sugars, phosphocarboxylic acids, carboxylic acids, nucleotides, and cofactors [1].
4.3.1. Table 1 – Video editor: Make an image of Table 1 with text fully shown.
4.4. In addition, the method enabled the separation of structural isomer pairs such as glucose 6-phosphate and fructose 6-phosphate in a single LCMS run [1].
4.4.1. Table 1 – Video editor: emphasize the 5th and 22nd compounds.



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. [bookmark: __DdeLink__1245_4078023536]Sandra Vadhin: The most important step is labeling the de-proteinized sample with aniline. Since, the aniline solution separates, it is important to work quickly and effectively while maintaining good safety practices [1] [2].
5.1.1. Use 3.1.1.
5.1.2. INTERVIEW
5.2. Sandra Vadhin: This method helps to characterize cell-free metabolism with the quantification of 40 metabolites, but additional compounds are in the cell-free mixture such as amino acids that can be quantified. This would help in providing a more comprehensive look into cell-free metabolism [1].
5.2.1. INTERVIEW
5.3. Abhinav Adhikari: This method revealed that cell-free systems have complex metabolism still operating that can be potentially exploited for better energy efficiency and carbon yield [1].
5.3.1. INTERVIEW
5.4. Abhinav Adhikari: The protocol relies on tagging compounds with aniline with the use of EDC as a catalyst. Both these reagents are hazardous and should be used with caution [1].
5.4.1. INTERVIEW
 2018, Journal of Visualized Experiments	Page 5 of 9
image1.png




