[image: ]DRAFT: DO NOT USE FOR FILMING


Submission ID #: 59551
Scriptwriter Name: Qingyun Ping
Project Page Link: http://www.jove.com/files_upload.php?src=18163103

Title: Extraction of Aqueous Metabolites from Cultured Adherent Cells for Metabolomic Analysis by Capillary Electrophoresis-Mass Spectrometry

Authors and Affiliations: Ami Maruyama1,2, Kenjiro Kami3, Kazunori Sasaki3, Hajime Sato3, Yuzo Sato1,2, Katsuya Tsuchihara4, Hideki Makinoshima1,2,4	Comment by Maja Fiket: Authors: Please ensure that all authors’ names are spelled correctly and that the affiliations listed here are correct. 

This is how your names and affiliations will appear in your video. 

1Shonai Regional Industry Promotion Center, Tsuruoka, Japan 
2Tsuruoka Metabolomics Laboratory, National Cancer Center, Tsuruoka, Japan 
3Human Metabolome Technologies, Inc., Tsuruoka, Japan 
4Division of Translational Informatics, Exploratory Oncology Research and Clinical Trial Center, National Cancer Center, Kashiwa, Japan

Corresponding Author: 
Hideki Makinoshima
hmakinos@east.ncc.go.jp

Email addresses for Co-authors: 
maruyama@ncc-tmc.jp
kkami@humanmetabolome.com
sasaki@humanmetabolome.com
hsato@humanmetabolome.com
y-sato@ncc-tmc.jp
ktsuchih@east.ncc.go.jp




PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? NY
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.

1.11. Seed approximately 1–2.5 million cells per 100 mm cell culture dish.
4.4. Incubate the culture dishes at 37 °C for 30 min in the presence of diamide or PBS as a control.
4.6. Wash cells by gently adding 2 mL of 5% mannitol solution to the edge of each dish, taking care not to disturb the cell layer, then slightly tilt the dish.
4.7. Aspirate the wash buffer from each culture dish, then wash cells again by gently adding 10 mL of wash buffer per dish and slightly tilting the dish. 
5.2. Slowly add 550 μL of the diluted internal standard solution per dish by immersing the tip of the pipette into the methanol and gently pipetting up and down several times.

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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.

4.8. Completely aspirate the wash buffer from the edge of each culture dish as much as possible, while paying attention to not aspirate the cells.

5. Will the filming need to take place in multiple locations? 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.

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. If only one author is giving the REQUIRED statements, the same author may speak both statements.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. AuthorKenjiro NameKami: _The purpose of this article is to provide a detailed stepwise visual protocol for extracting aqueous metabolites from cultured cancer cells for subsequent metabolome analysis. (25 words)_ _________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).


What is the main advantage of this technique?

1.2. AuthorKenjiro  NameKami: _The main advantage of this technique is its simplicity and reliability for extracting metabolites from adherent cells, but above all, it’s well-optimized for metabolome analysis using capillary electrophoresis-mass spectrometry. (29 words)__________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


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

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· These OPTIONAL statements must be spoken by different authors than those who gave the Required Interview Statements.
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 



Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. AuthorHideki NameMakinoshima: _Metabolomics is a powerful technique to identify biomarkers for detecting early-stage cancer and predicting chemotherapy response of cancer patients. (19 words)__________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

Are there any specific areas of research that this method could provide insight into? 

Can this method be applied to any other systems?

1.4. AuthorHideki NameMakinoshima: _We used cancer cells in this paper, however, this technique can also be applied to harvest metabolites from other adherent cells such as fibroblasts and iPS cells. (27 words)_________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


How would you expect an individual who has never performed this technique to struggle? 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. AuthorHideki NameMakinoshima: ___Metabolite concentrations are normalized based on the number of viable cells, so careful preparation of dishes is the key for obtaining reproducible data. (23 words) ________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Why is visual demonstration of this method critical?

1.6. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Introduction of Demonstrator: (Said by you on camera)

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.7. Author Name: Demonstrating the procedure will be _Ami Maruyama________ (name of the person or persons), a _technician________ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the “shots” that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in a single work day, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and work spaces are prepared and labeled (if applicable) in advance.   
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
Authors: Please address/check all highlighted area and check if any pronunciation is incorrect.
2. Cell Culture on Day 1
2.1. To begin, plate HCC827 (pronounce as XXH-C-C-Eight-Two-Seven) and PC-9 (pronounce as XXP-C-Nine) cells in 100-millimeter dishes containing 10XX milliliters of RPMI-1640 (pronounce as XXR-P-M-I-Sixteen-Forty) medium supplemented with 10% fetal bovine serum [1]. Place the dishes in an incubator at 5% carbon dioxide and 37 degrees Celsius for 24XX hours to culture [2].
2.1.1. MED: Talent adds cell culture in dishes.
2.1.2. MED: Talent places dishes in an incubator.
2.2. After incubation, gently tilt the 100-millimeter culture dishes to aspirate the cell culture media [1]. Wash cells on each dish using 2 milliliters of phosphate buffered saline solution without calcium and magnesium [2].
2.2.1. CU: Talent aspirates media from dishes.
2.2.2. CU: Talent adds buffer to each dish.
2.3. Gently rock each dish so that the PBS solution completely covers the surface of the dish [1]. Then, tilt the dishes to aspirate the wash buffer [2].
2.3.1. CU: Talent rocks each dish. Close up of the solution covering up the surface.
2.3.2. CU: Talent aspirates buffer.
2.4. IOn a water bathXX, warm 0.25% trypsin-EDTA solution to 37 degrees Celsius [1]. With a 5-milliliter serological pipette, add 2 milliliters of the warmed trypsin-EDTA solution to each dish [2]. Gently rock each dish so that the trypsin completely covers the surface of the dish [3].
2.4.1. MED: Talent places EDTA solution on a cell layerXX.
2.4.2. MED: Talent adds 2 mL solution to each dish.
2.4.3. CU: Talent rocks each dish. Close up of the solution covering up the surface.
2.5. Incubate the culture dishes at 37 degrees Celsius for approximately 5 minutes [1]. Then, add 4 milliliters of pre-warmed [2] complete growth medium to each dish and gently pipet several times to resuspend the cells in medium [3].
2.5.1. MED: Talent places dishes in an incubator.
2.5.2. MED: Talent takes out dishes from the incubator.
2.5.3. CU: Talent adds 4 mL solution to each dish and pipets several times.
2.6. Transfer each cell suspension to a separate 15-milliliter conical tube [1] and centrifuge at 800 times g for 5 minutes [2-TXT]. Discard the supernatant, and resuspend each cell pellet in 2 milliliters of pre-warmed complete growth medium [3].
2.6.1. CU: Talent transfers cell suspension from each dish to a tube.
2.6.2. MED: Talent places tubes in a centrifuge. TEXT: 800 x g, 5 min
2.6.3. CU: Talent discards supernatant, and adds 2 mL solution to resuspend.
2.7. Mix 10 microliters of the cell suspension with 10 microliters of 0.4% trypan blue solution in a 1.5 ml of microtubeXX [1]. Load 10 microliters of the mixture into a cell counting chamber slide through capillary action [2].
2.7.1. CU: Talent mixes culture and blue solution in a 1.5 ml of microtubeXX.
2.7.2. CU: Talent injects solution into a slide.
2.8. Insert the chamber slide into the automated cell counter [1], and press the capture button to capture the image and display the results of the total number and percent viability of the cells [2].
2.8.1. MED: Talent inserts the slide into the automated cell counter, with view of the screen of the counter.
2.8.2. CU: Talent presses capture button, with view of the screen of the counter.
2.9. If the total cell number is above 5 X 105 cells/mlXX [1], add further growth medium to the 15-milliliter conical tube to obtain the desired cell concentration [2].
2.9.1. CU: Talent shows the screen with cell number above 5 X 105 cells/mlXX.
2.9.2. MED: Talent adds more medium to the tube.
2.10. Now, add 2-5XX milliliters of the culture to each 100-millimeter cell culture dish to seed approximately 1 to 2.5 million cells per dish [1]. Incubate the culture dishes in 5% carbon dioxide at 37 degrees Celsius for 18 hours [2].
2.10.1. CU: Talent adds culture solution to dishes.
2.10.2. MED: Talent places dishes into an incubator. Videographer: Take multiple shots, as this will be used later.
3. Preparation of Reagents and Pre-washing Centrifugal Filter Units
3.1. First, in a 50 ml of volumetric flaskXX, dilute a commercial internal standard solution containing L-methionine (pronounce as L-methionine) sulfone and d-camphor-10-sulfonic (pronounce as D-camphor-ten-sulfonic) acid 1000-fold in ultrapure water [1-TXT].
3.1.1. MED: Talent adds ultrapure water to a commercial solution. TEXT: 50 μL of Internal Standard Solution for 80 samples.
3.2. Dissolve mannitol in ultrapure water to prepare a 0.05 grams per milliliter mannitol solution in ultrapure water as wash buffer [1-TXT]. Then, into the filter cup of each centrifugal filter unit, pipette 250 microliters of ultrapure water [2-TXT].
3.2.1. MED: Talent prepares wash buffer. TEXT: 25 g of mannitol for 30 samples.
3.2.2. CU: Talent adds ultrapure water into filter cup of each centrifugal filter unit. TEXT: Two filter units per sample.
3.3. Cap the filter units tightly [1] and centrifuge at 9,100 times g at 4 degrees Celsius for 5 minutes [2-TXT]. Check the volume of each filtrate [3]. If significant filtrate has accumulated during the first short spin, the filter unit may be defective. Discard the filter unit and use a new filter unit instead [4].
3.3.1. CU: Talent caps the filter unit.
3.3.2. MED: Talent places filter units into centrifuge, and adjusts settings. TEXT: 9,100 x g, 5 min
3.3.3. CU: Talent checks the volume of each filtrate.
3.3.4. MED: Talent shows a unit with significant filtrate, and discards.
3.4. Close the lids of the filter units tightly [1] and centrifuge again at 9,100 times g at 4 degrees Celsius for 30 minutes [2-TXT]. Ensure that no ultrapure water remains in any of the filter cups [3], and remove the filtered ultrapure water in each collection tube with a pipette [4].
3.4.1. CU: Talent caps the filter unit.
3.4.2. MED: Talent places filter units into centrifuge, and adjusts settings. TEXT: 9,100 x g, 30 min
3.4.3. CU: Talent shows filter cups with no water.
3.4.4. CU: Talent uses a pipette to remove water in each tube.
3.5. Place the filter cups back into their collection tubes, and use the centrifugal filter units within an hour to avoid damage upon drying [1].
3.5.1. CU: Talent places cups into tubes.
4. Cell Culture on Day 2
Authors: In the manuscript, section 4, the numbering starts from 4.2. Please correct.	Comment by Cancer Physiology: I had added in the text.
4.1. Take out the 100-millimeter culture dishes from the incubator [1], and aspirate the cell culture medium from each dish [2]. Add 10 milliliters of culture medium of PBS with or without 250 micromolar diamide to each dish, taking care to not disturb the cell layer [3]. Incubate the culture dishes at 37 degrees Celsius for 30 minutes [4].
4.1.1. MED: Talent takes out dishes from the incubator.
4.1.2. CU: Talent aspirates medium from each dish.
4.1.3. CU: Talent adds 10 mL medium to each dish.
4.1.4. [bookmark: _Hlk1726130]Use 2.10.2.
4.2. After incubation, aspirate the cell culture medium from each 100-millimeter culture dish [1]. Slightly tilt the dish, and gently add 2 milliliters of 5% mannitol wash buffer to the edge of each dish to wash cells, taking care to not to disturb the cell layer [2].
4.2.1. MED: Talent aspirates medium.
4.2.2. CU: Talent tilts the dish and adds 2 mL solution.
4.3. Aspirate the wash buffer from each culture dish, and wash cells again by slightly tilting the dish and gently adding 10 milliliters of wash buffer per dish [1]. Then, completely aspirate the wash buffer from the edge of each culture dish [2-TXT].
4.3.1. CU: Talent aspirates wash buffer and adds 10 mL wash buffer.
4.3.2. CU: Talent aspirates wash buffer. TEXT: Residual mannitol may interfere with CE-MS analysis.
5. Extraction of Metabolites from Cultured Cells and Ultrafiltration of Cell Extracts
5.1. Now, add 800 microliters of 99.7% methanol per culture dish, and gently rock each culture dish back and forth to cover its entire surface [1]. Leave the dishes at room temperature for 30 seconds [2].
5.1.1. CU: Talent adds methanol to each dish, and rocks. Close up of the solution covering entire surface.
5.1.2. MED: Shot of the dishes.
5.2. Slowly add 550 microliters of the diluted internal standard solution per dish by immersing the tip of the pipette into the methanol and gently pipetting up and down several times [1].
5.2.1. CU: Talent adds diluted internal standard solution to the methanol, and pipets up and down. Close up of the pipette tip.
5.3. Gently rock each culture dish back and forth to cover its entire surface [1], and leave the dishes at room temperature for 30 seconds [2].
5.3.1. CU: Talent rocks each dish. Close up of the solvent covering entire surface.
5.3.2. MED: Shot of the dishes.
5.4. Then, transfer the extracted solution from each culture dish to a separate 1.5 milliliter microcentrifuge tube [1]. Centrifuge the tubes at 2300 times g at 4 degrees Celsius for 5 minutes [2-TXT].
5.4.1. CU: Talent transfers solution from each dish to a tube.
5.4.2. MED: Talent places tubes in the centrifuge, and adjusts settings. TEXT: 2,300 x g, 5 min
5.5. Transfer 700 microliters of each supernatant into two centrifugal filter units with 350 microliters per unit [1]. Centrifuge the filter tubes at 9,100 times g at 4 degrees Celsius for approximately 2 hours [2-TXT] until no liquid remains in the filter cups [3]. Remove the filter cups and tightly close the lids of the collection tubes [4].
5.5.1. CU: Talent transfers 350 microliters into each of two filter units.
5.5.2. MED: Talent places tubes in the centrifuge, and adjusts settings. TEXT: 9,100 x g, 2 h
5.5.3. CU: Talent takes out one tube and shows no liquid remains in the cup.
5.5.4. CU: Talent removes cups and closes lids.




OPTIONAL – Critical Step Statement:
· An OPTIONAL brief statement may be submitted for further elaboration of the best way to perform the required technique for the single most critical step of this procedure. 
· If there is no single critical step, then there is no need to fill out this statement.
· This will be an interview style shot interjected after the relevant step within the Protocol section of the video. 
· This statement is limited to 30 words or less. 
· Please indicate the full name of the Author who will give this statement and the step of the protocol to which the statement pertains using the step numbers from the Protocol section (above).
Fill in the details below based on the instructions above for the “Critical Step Statement”
Author name, Step            :           (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

6. Results: Diamide Treatment
6.1. In this study, HCC827 and PC-9 cells grew equally for 3 hours [1]. CE-MS analysis indicates difference [2] between diamide-treated cells and PBS-treated cells for both cell lines [3].
6.1.1. Figure 1
6.1.2. Figure 2 – Video editor: emphasize blue solid line and red solid line.
6.1.3. Figure 2 – Video editor: emphasize blue dotted line and red dotted line.
6.2. Among these, several intermediates in the pentose phosphate pathway and in upper glycolysis were significantly higher in the diamide-treated conditions [1], whereas a few tricarboxylic acid cycle intermediates were lower in the treated conditions [2].
6.2.1. Figure 2 – Video editor: emphasize A&B&C.
6.2.2. [bookmark: _GoBack]Figure 2 – Video editor: emphasize D.
6.3. Metabolome profiles of intracellular metabolites revealed 175 and 150 differential metabolites in HCC827 and PC-9 cells, respectively [1]. 
6.3.1. Figure 3
6.4. Following diamide treatment, the level of gluconic acid—an oxidized glucose—increased 12-fold in HCC827 cells and 10-fold in PC-9 cells [1].
6.4.1. Figure 4 – Video editor: emphasize the first Gluconic Acid graph.
6.5. Similarly, the level of glucose 6-phosphate—a phosphorylated glucose [2] and the first hexokinase-catalyzed glycolysis product—also increased 6.3- and 3.5-fold in HCC827 and PC-9 cells, respectively [2].
6.5.1. Figure 4 – Video editor: emphasize the first G6P graph.
6.5.2. Figure 4 – Video editor: emphasize the XXX graph.
Authors: Is the graph for 6.5.2 not in Figure 4?
6.6. In addition, the levels of 6-phosphogluconate—the first intermediate in pentose phosphate pathway—dramatically increased 89-fold in HCC827 cells and 231-fold in PC-9 cells [1]. 
6.6.1. Figure 4 – Video editor: emphasize the 6PG graph.
6.7. In contrast, levels of other glycolytic intermediates, such as fructose 6-phosphate [1] and fructose 1,6-bisphosphate, did not change in the diamide experimental condition [2]. Total nicotinamide adenine dinucleotide phosphate levels were nearly equivalent between diamide treatment and PBS control conditions [3].
6.7.1. Figure 4 – Video editor: emphasize the F6P graph.
6.7.2. Figure 4 – Video editor: emphasize the F1,6,P graph.
6.7.3. Figure 4 – Video editor: emphasize the NADP+ graph.
Authors: Is the graph for 6.7.2 (F1,6,P) not in Figure 4? Please submit Figure 2&4 as an unflattened, layered image	Comment by Cancer Physiology:  I have uploaded.




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

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
7.1. AuthorKenjiro NameKami: __ Using 5% mannitol solution, rather than PBS, as wash buffer for washing cells is very important for CE-MS analysis, because salt-based buffers interfere with the analysis and adversely affect measurement. (30 words)__ (Step: _4.6_) (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. AuthorKenjiro NameKami: __ This protocol is unsuitable for extracting hydrophobic metabolites like lipids. So, we need to develop a protocol for conveniently extracting both hydrophilic and hydrophobic metabolites for more comprehensive metabolome analysis. (30 words) __ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. AuthorKenjiro NameKami: ___This technique realizes an easy extraction of metabolites from almost any adherent cells and thus applicable for a variety of research in cancer, stem cells, pharmacology, nutrition, and cosmetic science. (30 words)_ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
7.4. Author Name: ___(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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