Journal of Visualized Experiments

Extraction of aqueous metabolites from cultured adherent cells for metabolomic

analysis by capillary electrophoresis-mass spectrometry
--Manuscript Draft--

Article Type: Methods Article - JOVE Produced Video
Manuscript Number: JoVE59551R1
Full Title: Extraction of aqueous metabolites from cultured adherent cells for metabolomic

analysis by capillary electrophoresis-mass spectrometry

Keywords: Metabolome, Cancer cells, Capillary electrophoresis-mass spectrometry (CE-MS),
Glucose-6-phosphate dehydrogenase (G6PD), Oxidative stress, Diamide

Corresponding Author: H Dr. _Makinoshima

Corresponding Author's Institution:

Corresponding Author E-Mail: hmakinos@ncc-tmc.jp
Order of Authors: Ami Maruyama
Kenjiro Kami

Kazunori Sasaki

Hajime Sato

Yuzo Sato

Katsuya Tsuchihara

Hideki Makinoshima
Additional Information:

Question Response

Please indicate whether this article will be Open Access (US$4,200)
Standard Access or Open Access.

Please indicate the city, state/province, Kashiwa, Chiba, Japan
and country where this article will be
filmed. Please do not use abbreviations.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Manuscript Click here to access/download;Manuscript;59551_R1_RE.docx 2

1 TITLE:
2  Extraction of Aqueous Metabolites from Cultured Adherent Cells for Metabolomic Analysis by
3  Capillary Electrophoresis-Mass Spectrometry
4
5 AUTHORS:
6 Ami Maruyamal?, Kenjiro Kami3, Kazunori Sasaki®>, Hajime Sato3, Yuzo Satol?, Katsuya
7  Tsuchihara® Hideki Makinoshima®->4
8
9  Shonai Regional Industry Promotion Center, Tsuruoka, Japan
10 2Tsuruoka Metabolomics Laboratory, National Cancer Center, Tsuruoka, Japan
11 3Human Metabolome Technologies, Inc., Tsuruoka, Japan
12 “Division of Translational Informatics, Exploratory Oncology Research and Clinical Trial Center,
13  National Cancer Center, Kashiwa, Japan
14
15  Corresponding Author:
16 Hideki Makinoshima (hmakinos@east.ncc.go.jp)
17
18  Email Addresses of Co-Authors:
19  Ami Maruyama (maruyama@ncc-tmc.jp)
20  Kenjiro Kami (kkami@humanmetabolome.com)
21 Kazunori Sasaki (sasaki@humanmetabolome.com)
22  Hajime Sato (hsato@humanmetabolome.com)
23  Yuzo Sato (y-sato@ncc-tmc.jp)
24 Katsuya Tsuchihara (ktsuchih@east.ncc.go.jp)
25
26 KEYWORDS:
27  Metabolome, cancer cells, capillary electrophoresis-mass spectrometry (CE-MS), Glucose-6-
28 phosphate dehydrogenase (G6PD), oxidative stress, diamide
29
30 SUMMARY:
31  The purpose of this article is to describe a protocol for extraction of aqueous metabolites from
32  cultured adherent cells for metabolomic analysis, particularly, capillary electrophoresis-mass
33  spectrometry.
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35  ABSTRACT:
36 Metabolomic analysis is a promising omics approach to not only understand the specific
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macromolecules with spin columns for CE-MS analysis. Representative results using lung cancer
cell lines treated with diamide, an oxidative reagent, illustrate the clearly observable metabolic
shift of cells under oxidative stress. This article would be especially valuable to students and
investigators involved in metabolomics research, who are new to harvesting metabolites from
cell lines for analysis by CE-MS.

Introduction:

Otto Warburg observed that cancer cells acquire the unusual ability to take up glucose and
ferment it to produce lactate in the presence of adequate oxygen—a phenomenon termed as
Warburg effect or aerobic glycolysis'2. Mitochondrial respiration defects are speculated as the
underlying basis for aerobic glycolysis in cancer cells3. Indeed, the Warburg effect is the basis for
tumor imaging by fluorodeoxyglucose (FDG)-positron emission tomography (PET), which is
widely used in clinical practice®>. A high rate of aerobic glycolysis is considered a key feature of
cancer and has been recently adopted as one of the well-known “hallmarks of cancer,” as
described by D. Hanahan and B. Weinberg®. Somatic mutations in oncogenes and tumor
suppressor genes—such as HRAS/KRAS/NRAS, EGFR, BRAF, MYC, TP53, isocitrate dehydrogenase
(/IDH), and fumarate hydratase (FH)—have been linked to specific metabolic changes in cancer
cells, believed to be a result of the Warburg effect’.

Metabolomic analysis is a promising approach not only to understand metabolic regulation in
cancer cells but also to identify early-stage cancer biomarkers and chemotherapy response
prediction. Following treatment of sensitive or resistant cancer cells with anticancer compounds,
tracking of their metabolic responses facilitates identification of metabolic biomarkers to predict
efficacy of specific anticancer therapies in cancer patients®!!. In this article, cancer cell lines
derived from a lung adenocarcinoma with an EGFR mutation treated with diamide—which causes
oxidative stress—were used as models for metabolomic analysis. The advantage of this analytical
method using capillary electrophoresis-mass spectrometry (CE-MS) is its comprehensive
measurement of charged metabolites with the mass range m/z 50-1000'%*3, The purpose of this
article is to provide novices a detailed stepwise visual protocol for preparation of aqueous
metabolites from cultured cancer cells and subsequent metabolomic analysis, particularly by CE-
MS.

PROTOCOL:

1. Cell culture on day 1

NOTE: Each sample for metabolite extraction should be prepared from a single 100 mm tissue
culture dish that is moderately but not fully confluent (containing approximately 2—5 million cells).

Calculate the number of dishes needed for the assay and prepare them accordingly.

1.1. Culture HCC827 and PC-9 cells in 5% CO; at 37 °C in RPMI-1640 medium supplemented with
10% fetal bovine serum (FBS).
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1.2. Aspirate the cell culture media from the 100 mm culture dishes.

1.3. Wash cells on each dish using 2 mL of phosphate buffered saline (PBS) solution without
calcium and magnesium. Gently rock each dish so that the PBS solution completely covers the
surface of the dish.

1.4. Aspirate the wash buffer from the culture dishes.

1.5. Warm 0.25% trypsin-EDTA solution to 37 °C and add 2 mL of trypsin-EDTA solution with a 5
mL serological pipette. Gently rock each dish so that the trypsin completely covers the surface of
the dish.

1.6. Incubate the culture dishes at 37 °C for approximately 5 min.

1.7. Add 4 mL of pre-warmed complete growth medium per dish. Resuspend the cells in medium
by gently pipetting several times.

1.8. Transfer each cell suspension to a separate 15 mL conical tube and centrifuge at 800 x g for
5 min.

1.9. Resuspend each cell pellet in 2 mL of pre-warmed complete growth medium.

1.10. Determine the total number and percent viability of the cells using the automated cell
counter and 0.4% trypan blue solution.

1.10.1. Mix 10 pL of cell suspension and 10 pL of 0.4% trypan blue solution.
1.10.2. Load 10 pL of sample into the cell counting chamber slide through capillary action.

1.10.3. Insert the chamber slide into the automated cell counter. The transmitted light
automatically illuminates and the instrument auto focuses on the cell.

1.10.5. Press the capture button to capture the image and display the results.

1.10.6. If necessary, add further growth medium to obtain the desired cell concentration.

1.11. Seed approximately 1-2.5 million cells per 100 mm cell culture dish.

NOTE: Metabolite concentrations determined by CE-MS analysis will be normalized based on the
number of viable cells. For the purpose of cell counting, it is necessary to prepare at least one

extra seeded culture dish for each group.

1.12. Incubate the culture dishes in 5% CO; at 37 °C for 18 h.
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2. Preparation of reagents

2.1. Dilute a commercial internal standard solution including L-methionine sulfone and d-
camphor-10-sulfonic acid 1000-fold in ultrapure water.

NOTE: For fewer than 80 samples, simply mix 50 pL of the Internal Standard Solution 1 and 45
mL of ultrapure water in a 50 mL volumetric flask, then bring the solution up to 50 mL with
ultrapure water.

2.2. Prepare a 0.05 g/mL mannitol solution in ultrapure water as wash buffer.

NOTE: For fewer than 30 samples, simply dissolve 25 g of mannitol in 500 mL of ultrapure water.
Approximately 15 mL of wash buffer is required per 100 mm culture dish, so prepare a sufficient
volume of wash buffer according to the number of samples.

3. Pre-washing centrifugal filter units

3.1. Pipette 250 pL of ultrapure water into the filter cup of each centrifugal filter unit (see the
Table of Materials).

NOTE: Two filter units per sample are required.

3.2. Cap the filter units tightly and centrifuge at 9,100 x g at 4 °C for 5 min.

3.3. Check the volume of each filtrate—if significant filtrate has accumulated during the first short
spin, the filter unit may be defective. In this case, discard the filter unit and use a new filter unit
instead.

3.4. Close the lids of the filter units tightly and centrifuge again at 9,100 x g at 4 °C for 30 min.

3.5. Ensure that no ultrapure water remains in any of the filter cups; remove the filtered ultrapure
water in each collection tube with a pipette and discard.

NOTE: Do not try to remove residual water in a filter cup with a pipette as it may damage the
filter.

3.6. Replace the filter cups into their collection tubes.

NOTE: Use the centrifugal filter units within an hour since the filters may become damaged upon
drying.

4. Cell culture on day 2
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NOTE: The recommended cell culture duration is 18 h.
4.2. Aspirate the cell culture medium from each 100 mm culture dish.

4.3. Add 10 mL of cell culture medium that includes the appropriate concentrations of
compounds or drugs to each dish, taking care to not disturb the cell layer.

NOTE: For demonstration purposes, we added 10 plL of 250 mM diamide dissolved in PBS (final
concentration of 250 uM) in this experiment.

4.4. Incubate the culture dishes at 37 °C for 30 min in the presence of diamide or PBS as a control.
4.5. Aspirate the cell culture medium from each 100 mm culture dish.

4.6. Wash cells by gently adding 2 mL of 5% mannitol solution to the edge of each dish, taking
care to not to disturb the cell layer, then slightly tilt the dish.

NOTE: PBS or saline solution interferes with CE-MS-based metabolomic analysis and adversely
affects measurement results, and thus should not be used as wash buffer.

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.

4.8. Completely aspirate the wash buffer from the edge of each culture dish.

NOTE: Aspirate as much wash buffer as possible, while paying attention to not aspirate the cells.
Residual mannitol may interfere with CE-MS analysis; aspiration of cells will decrease the number
of cells and thus become a source of error in data normalization.

5. Extraction of metabolites from cultured cells

5.1. Add 800 pL of 99.7% methanol per culture dish. Gently rock each culture dish back and forth
to cover its entire surface. Leave the dishes at room temperature for 30 s.

5.2. Slowly add 550 uL 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.

5.5. Gently rock each culture dish back and forth to cover its entire surface.
5.6. Leave the dishes at room temperature for 30 s.

6. Ultrafiltration of cell extracts
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6.1. Transfer the extracted solution from each culture dish to a separate 1.5 mL microcentrifuge
tube.

6.2. Centrifuge the tubes at 2300 x g at 4 °C for 5 min.
6.3. Transfer 350 pL of each supernatant into two centrifugal filter units per sample.

NOTE: From each culture dish, a total of 700 pL of the extracted solution is transferred into two
filter tubes (350 uL/tube).

6.4. Centrifuge the filter tubes at 9,100 x g at 4 °C for approximately 2 h until no liquid remains
in the filter cups.

6.5. Remove the filter cups and tightly close the lids of the collection tubes.
7. Sample evaporation

7.1. Prepare a centrifugal evaporator—typically, this consists of an evaporator, a cold trap, and a
vacuum pump.

7.2. Place the collection tubes in the centrifugal evaporator.
NOTE: Leave the lids of the tubes open.
7.3. Evaporate the extracted sample solutions under vacuum conditions at room temperature.

NOTE: Typical configurations for the number of rotations and pressure are 1,500 rpm and 1,000
Pa, respectively, and it usually takes approximately 3 h to completely evaporate the samples.

7.4. Confirm that no liquid remains in any of the collection tubes and close the lids of the tubes
tightly.

7.5. Store the collection tubes in an ultra-low temperature (-80 °C) deep freezer until
metabolomic analysis.

8. Metabolomic analysis by CE-MS
8.1. Resuspend the filtrate in 50 pL of ultrapure water immediately before CE-MS analysis.
8.2. Perform CE-MS analysis by methods described previously'?*2 using capillary electrophoresis

system and time-of-flight mass spectrometer system equipped with an isocratic pump, a CE-MS
adapter, and a CE-ESI-MS sprayer.
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NOTE: Both systems can be controlled by the software of the system vendors and are connected
by a fused silica capillary (50 um internal diameter x 80 cm total length).

8.2.1. Set up instruments and sample vials, prepare the capillary with a capillary cassette,
replenish sheath liquids and appropriate electrophoresis buffers depending on anion or cation
analysis mode, and then apply voltages.

NOTE: Instrumentation and analytical conditions are described in detail elsewhere!?13,

8.2.2. Open the software and prepare a worklist containing data acquisition methods and sample
information.

8.2.3. Start a test run and check the data such as the signal intensity and the peak shape of
internal standards and the peak resolution of other standard compounds.

8.2.4. Fine-tune the analytical conditions if necessary.

8.2.5. Inject the sample solutions at 50 mbar for 3 s and a voltage of 30 kV.

NOTE: CE-MS was conducted either in the positive or negative ion mode. Set the spectrometer
to scan the mass range m/z 50-1000. The capillary voltage was set at 4 kV; the flow rate of
nitrogen gas (heater temperature 300°C). For positive mode, the fragmentor, skimmer and OCT
RFV voltage were set at 75, 50 and 125 V, respectively. For negative ion mode, the fragmentor,
skimmer, and OCT RFV voltage was set at 100, 50, and 200 V, respectively.

8.3. Analyze spectrum data.

8.3.1. Extract peaks from the mass spectral data using automatic integration software in order to
obtain peak information including m/z, peak area, and migration time (MT).

NOTE: The method is described in detail elsewherel*.

8.3.2. Exclude signal peaks corresponding to isotopomers, adduct ions, and other product ions of
known metabolites.

8.3.3. Annotate remaining peaks with information from the HMT metabolite database according
to m/z values and MTs.

8.3.4. Normalize areas of the annotated peaks to internal standard levels and numbers of cells
per sample.
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8.3.5. Evaluate the concentration of each metabolite in the cultured cells (pmol/10° cells) using
standard curves prepared for each metabolite.

8.3.6. Use the quantified metabolite concentrations for subsequent statistical analyses and
biological interpretations!4.

REPRESENTATIVE RESULTS:

Since metabolite concentrations in cancer cells (pmol/10° cells) are normalized to the number of
viable cells, experimental conditions should be set up with care so as to minimize variation in the
number of viable cells between conditions. For example, diamide treatment was at a relatively
high concentration (250 uM) but for a short time to allow all the cells to grow as equally as
possible, thereby equalizing the number of viable cells analyzed. Under these experimental
conditions, HCC827 and PC-9 cells grew equally for 3 h (Figure 1). CE-MS analysis of diamide-
treated cells compared with PBS-treated (control) cells revealed 175 and 150 differential
metabolites in HCC827 and PC-9 cells, respectively. Among these, several intermediates in the
pentose phosphate pathway (PPP) and in upper glycolysis were significantly higher in the
diamide-treated conditions in both cell lines, whereas a few tricarboxylic acid (TCA) cycle
intermediates were lower in the treated conditions (Figure 2 and Figure 3).

The PPP generates reducing equivalents in the form of reduced nicotinamide adenine
dinucleotide phosphate (NADPH), which is used for redox homeostasis maintenance and fatty
acid biosynthesis®®. Following diamide treatment, the level of gluconic acid—an oxidized
glucose—increased 12-fold in HCC827 cells and 10-fold in PC-9 cells; similarly, following diamide
treatment, the level of glucose 6-phosphate (G6P)—a phosphorylated glucose and the first
hexokinase-catalyzed glycolysis product—also increased 6.3- and 3.5-fold in HCC827 and PC-9
cells, respectively (Figure 4). In addition, following diamide treatment, the levels of 6-
phosphogluconate (6PG)—the first intermediate in PPP—dramatically increased 89-fold in
HCC827 cells and 231-fold in PC-9 cells compared to the levels seen in the PBS controls (Figure
4). In contrast, levels of other glycolytic intermediates, such as fructose 6-phosphate (F6P) and
fructose 1,6-bisphosphate (F1,6P), did not change in the diamide experimental condition (Figure
4). Total nicotinamide adenine dinucleotide phosphate (NADP*) levels were nearly equivalent
between diamide treatment and PBS control conditions (Figure 4), suggesting that glucose was
mainly catabolized via the PPP.

FIGURE LEGENDS:

Figure 1. Unchanged cell numbers upon diamide treatment. Cell growth responses to 250 uM
of diamide were measured using trypan blue staining. Cell numbers of (A) HCC827 and (B) PC-9
cells treated with PBS (blue) or diamide (red; 250 uM) for 1 or 3 h are shown. Data are shown as
the mean + SD (n = 6).

Figure 2. Representative MS peaks of metabolites. Electropherograms annotated as (A) gluconic
acid, (B) glucose 6-phosphate (G6P), (C) 6-phosphogluconate (6PG), and (D) nicotinamide
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adenine dinucleotide phosphate (NADP*) obtained by CE-MS analysis. Each line indicates the cell
line (solid, HCC827; dotted, PC-9) and treatment (blue, PBS; red, diamide) used.

Figure 3. Metabolome profiles of intracellular metabolites. Fold changes of metabolites in (A)
HCC827 and (B) PC-9 cells treated with diamide are shown as logx(diamide/PBS). In total, 175 and
150 metabolites were annotated in HCC827 and PC-9 cells, respectively.

Figure 4. Up-regulation of PPP upon diamide treatment. Intracellular concentrations (pmol/10°
cells) of key metabolites involved in glycolysis and the pentose phosphate pathway (PPP) after
treatment with diamide are shown. Metabolites were extracted from HCC827 and PC-9 cells
treated with PBS (blue) or diamide (red, 250 uM) for 30 min. Representative metabolites such as
gluconic acid, glucose 6-phosphate (G6P), fructose 6-phosphate (F6P), 6-phosphogluconate (6PG),
and nicotinamide adenine dinucleotide phosphate (NADP*) are shown.

DISCUSSION:

Here, we describe a widely accessible methodology to prepare metabolites from cultured cancer
cells for CE-MS-based metabolomic analysis. One of the most critical points in this protocol is the
proper preparation of cancer cells, because measured metabolite concentrations are normalized
to the number of viable cells. For accurate estimation of cell number, it is necessary to prepare
at least one additional culture dish per experimental group to count the number of viable cells in
parallel with the extraction of metabolites for metabolomic analysis. In addition, the same
number of cells should be seeded in each dish for the replicates and in the dish for counting; in
the future, this would be aided by a quick and stressor-free (e.g., trypsin-free) cell counting
protocol that allows the same dish to be used for both counting viable cells and extracting
metabolites. Care should be taken during washes so that cells do not detach from the surface of
the dishes. Severe cytotoxicity tests and other experiments that reduce cell adhesion may be
unsuitable for this extraction protocol due to potential loss of cells during the washing procedure.
It is important to use a 5% mannitol solution as the wash buffer for extracting metabolites from
cultured cells for CE-MS-based metabolomic analysis, because salt-based buffers, such as PBS,
interfere with metabolomic analysis and adversely affect measurement.

Two or three dishes can be combined as a single sample by individually extracting metabolites
from each dish and then pooling samples; however, combining multiple dishes often increases
residual mannitol in the extracted metabolite solution. This may also interfere with metabolomic
analysis by CE-MS. Hence, it is recommended to not use multiple dishes or wells as a single
sample.

This metabolomic analysis method using CE-MS has been developed for comprehensive
measurement of charged molecules with molecular weights between 50 and 1000 Da; thus, this
protocol is optimized for extraction of aqueous, low molecular weight compounds. Therefore,
this protocol is not suitable for extracting hydrophobic metabolites such as lipids or
macromolecules such as proteins and nucleic acids. Since there is an increasing demand for
comprehensive lipid analyses or lipidomics of cultured cell samples, the development of an easy
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and effective protocol for simultaneous extraction of both hydrophilic and hydrophobic
metabolites is needed.

The first step of metabolite extraction—aspirating medium and washing cells with mannitol—
should be conducted as quickly as possible to minimize changes to the metabolic profile of the
cells. Treatment of cells with methanol after washing with mannitol is assumed to denature
proteins and thereby prevent enzymes from catalyzing further metabolic reactions. However,
even after methanol treatment, non-enzymatic chemical reactions—such as redox reactions,
some decarboxylation processes, and thiol linkages—may take place. As such, any concentrations
of metabolites involved in these reactions measured by this protocol should be interpreted with
caution. In contrast to the genome or transcriptome, the metabolome consists of molecules with
a wide variety of chemical properties; hence, no single protocol can extract all metabolites
without any loss or disturbance. For more accurate measurements of such highly reactive
metabolites, a protocol specifically designed to extract certain groups of metabolites, which
requires fractionations and derivatizations, should be consulted. The protocol presented here,
however, describes a simple and quick extraction of aqueous metabolites from cultured cell
samples for metabolomic analysis by CE-MS. In this paper we could not describe how to set up
CE-MS in detail because the focus of the present manuscript is different, however, describing
detailed steps to set up CE-MS may require a separate dedicated article.
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Name of Material/ Equipment Company Catalog Number Comments/Description
Automated cell counter Thermo Scientific AMQAX1000 Countess Il automated cell counter
Automatic integration software Agilent Technologies MassHunter G3335-60041 version B.02.00
CE system Agilent Technologies Agilent 7100 CE system
CE/MS adapter kit Agilent Technologies G1603A
CE-ESI-MS Sprayer kit Agilent Technologies G1607A
Cell counting chamber slide Thermo Scientific C10282 Countess cell counting chamber slides
Centrifugal filter device, 5 kDa Human Metabolome Technologies ULTRAFREE MC PLHCC, UFC3LCCNB-HMT
Conical sterile polypropylene tube, 15 ml  Thermo Scientific N339651
Conical sterile polypropylene tube, 50 ml Thermo Scientific N339653
Costar stripette, 10 m| Corning 4488
Costar stripette, 5 ml Corning 4487
D (-)-Mannitol Wako 133-00845 500 g
Dulbecco's phosphate buffered saline (DPBS) ~ Sigma-Aldrich D8537-500ML
Electrophoresis buffer Human Metabolome Technologies H3301-1001 for cation analysis
Electrophoresis buffer Human Metabolome Technologies H3302-1021 for anion analysis
Fetal bovine serum Biowest 51780
Filter tip, 1000 pl Watson 124P-1000S
Filter tip, 20 pl Watson 124P-20S
Filter tip, 200 ! Watson 1252-703CS
Fused silica capillary Polymicro Technologies TSP050375 50 um i.d. x 80 cm total length
HCC827 CRL-2868

American Type Culture Collection

Internal standard solution Human Metabolome Technologies H3304-1002

Isocratic pump Agilent Technologies Agilent 1100 Series Isocratic Pump

Methanol Wako 138-14521 1L, LC/MS grade
Microtube, 1.5 ml Watson 131-415C

Operating Software Agilent Technologies ChemStation G2201AA version B.03.01 for CE
PC-9 RCB4455

RIKEN Bio Resource Center

RPMI-1640 Sigma-Aldrich R8758-500ML

Sterile tissue culture dish, 100 mm Corning 430167

Time-of-flight mass spectrometer Agilent Technologies Agilent G1969A Time-of-Flight LC/MS

Trypan blue solution, 0.4% Thermo Scientific T10282

Trypsin-EDTA solution Sigma-Aldrich T4049-100ML

Ultrapure water Merck Milli-Q water 18.2 MQ * cm pure water

Volumetric flask, 50 ml Iwaki 5640FK50E TE-32
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Extraction of aqueous metabolites from cultured adherent cells for metabolomic
analysis by capillary electrophoresis-mass spectrometry

Author(s):

Ami Maruyama, Kenjiro Kami, Kazunori Sasaki, Hajime Sato, Yuzo Sato,
Katsuya Tsuchihara, Hideki Makinoshima

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

D Standard Access

Item 2: Please select one of the following items:

Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JOVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

 ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name:
Hideki Makinoshima 2
Department:
Division of Translational Informatics, Exploratory Oncology Research and Clinical Trial Center
institution: National Cancer Center
Title: Extraction of aqueous metabolites from cultured adherent cells for metabolomic analysis
by capillary electrophoresis-mass spectrometry
Signature: lAV v{d( {k, L””[ {['LO (‘/\l/ww Date: /; DCQ ) ,lu ( /%

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site 4

2. Fax the document to +1.866.381.2236

3. Mail the document to JOVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Click here to access/download;Rebuttal
Letter;rebuttal_letter__Final.docx

Date: 28. Feb. 2019

To,

JoVE Senior Review Editor
1 Alewife Center #200
Cambridge, MA 02140
TEL: +1-617-674-1888

Subject: Manuscript-JoVE59551

Dear Dr. Alisha Dsouza,

Thank you very much for your review of our manuscript entitled "Extraction of aqueous
metabolites from cultured adherent cells for metabolomic analysis by capillary
electrophoresis-mass spectrometry," for publication in JoVE.

We have modified the original manuscript according to the editorial members and
reviewers’ comments and are submitting a revised manuscript for your consideration.
We believe that this version of the manuscript has corrected the deficiencies of the
original manuscript. We greatly appreciate the editorial members and reviewers for

their insightful comments, which have helped us to improve the paper significantly.

The detailed line-by-line responses are provided below. We hope this revised version of
our manuscript can be published in JoVE.

Sincerely yours,

Hideki Makinoshima, Ph.D.

6-5-1, Kashiwanoha, Kashiwa, Chiba, 277-8577, Japan

Division of Translational Informatics, Exploratory Oncology Research and Clinical Trial
Center, National Cancer Center

E-mail: hmakinos@east.ncc.go.jp, TEL: +81-4-7134-8786

I+
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Line-by-line replies to the editorial comments

Editorial Comments:

¢ Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammatical errors.
Response: Thank you very much for your comment. We carefully read our manuscript

to ensure that there are no spelling or grammatical errors in the revised manuscript.

¢ Introduction: Please expand your Introduction to include the following: The
advantages over alternative techniques with applicable references to previous studies;
Description of the context of the technique in the wider body of literature; Information
that can help readers to determine if the method is appropriate for their application.
Response: We thank the editorial members for careful reading of our manuscript.

* Protocol Detail: Please note that your protocol will be used to generate the script for
the video, and must contain everything that you would like shown in the video. Please
add more specific details (e.g. button clicks for software actions, numerical values for
settings, etc) to your protocol steps. There should be enough detail in each step to
supplement the actions seen in the video so that viewers can easily replicate the
protocol.

Response: We thank again the editorial members for reading our manuscript carefully
and giving constructive comments on the manuscript. The detailed line-by-line replies

are provided below.

1) 1 Note: what is the surface treated with? Please mention reagent and concentration
used. Add to the table of materials as well.

Response: We thank the editorial members for raising this concern and we agree with
it. Therefore, we have revised this sentence as follows.

NOTE: Each sample for metabolite extraction should be prepared from a single 100 mm
tissue culture dish that is moderately but not fully confluent (containing approximately

2-5 million cells). We also added this material in the table.

2) 1.1: mention cell lines used here (or tested by you). Mention culture media and
environmental conditions.

Response: We have added this sentence as follows.

1-1. Culture HCC827 and PC-9 cells in 5% CO, at 37 °C in RPMI-1640 medium

supplemented with 10% fetal bovine serum (FBS).



3) 1.4: Prewarmed to what temperature? Mention pipette tip size to avoid cell damage.
Response: We have revised this sentence as follows.

1-5. Warm 0.25% trypsin-EDTA solution to 37 °C and add 2 mL of trypsin-EDTA solution
with 5 ml stripette. Gently rock each dish so that the trypsin completely covers the
surface of the dish.

4) 1.9 what is the trypan blue concentration?

Response: We have revised this sentence as follows.

1-10. Determine the total number and percent viability of the cells using the automated
cell counter and 0.4% trypan blue solution.

5) 2.1: define the composition of the internal standard solution 1
Response: This product is commercially available. Therefore, we have revised this
sentence as follows.

2-1. Dilute the commercial internal standard solution 1000-fold in ultrapure water.

6) 2.2: provide concentration in mol/L or g/mL to avoid ambiguity.
Response: We have rewritten this sentence as follows.
2-2. Prepare a 0.05 g/mL mannitol solution in ultrapure water as wash buffer.

7) 4.3: is diamide diluted in DMSO? What is the DMSO concentration? Please provide
examples of drug to be diluted in DMSO or PBS.

Response: Diamide was dissolved in PBS. Thus, we have revised this sentence as follows.
4-3. Add 10 mL of cell culture medium that includes the appropriate concentrations of
compounds or drugs to each dish, taking care to not disturb the cell layer.

For demonstration purposes, we added 10 uL of 250 mM diamide dissolved in PBS (final

concentration 250 uM) in this experiment.

8) 4.4: mention example of the appropriate time period.
Response: We have rewritten this sentence as follows.
4-4, Incubate the culture dishes at 37 °C for 30 min in the presence of diamide or PBS as

a control.

9) 5.1: 100% methanol?

Response: We have revised this sentence as follows.



5-1. Add 800 pL of 99.7% methanol per culture dish.

10) 5.4: internal standard solution 1? Please clarify.
Response: This product is commercially available. The detail information is described in
Material Table.

11) 7.3: What is the vacuum strength? For how long is evaporation performed?
Response: We have added this sentence as follows.

Note: Typical configurations for the number of rotations and pressure are 1,500 rpm and
1,000 Pa, respectively, and it usually takes approximately 3 h to completely evaporate
the samples.

12) 8.2: Please describe the exact steps. Mention all software actions in detail. How is
the analysis performed? Citing a reference is insufficient.

13) 8.3: Mention software button clicks and selections in detail.

Response: We thank the editorial members for raising this concern and we agree with
it. However, the main focus of this article is on how to extract agueous metabolites from
cultured adherent cells for metabolomic analysis. Our study is designed to focus
specifically on culturing and washing cells, treating cells with methanol, extracting
metabolites, removing proteins and macromolecules this time. In addition, this CE-MS
part is not filmed this time. Thus, we would like to keep the focus intact, but we have
changed three sentences as following your suggestion.

1. We have deleted the sentence “setting up CE-MS metabolomic analysis” from
Abstract.

2. We have revised the 8. Metabolomic analysis by CE-MS section as follows.

8. Metabolomic analysis by CE-MS

8-1. Resuspend the filtrate in 50 pL of ultrapure water immediately before CE-MS
analysis.

8-2. Perform CE-MS analysis by methods described previously'>® using capillary
electrophoresis system and time-of-flight mass spectrometer system equipped with an
isocratic pump, a CE-MS adapter, and a CE-ESI-MS sprayer.

Note: Both systems can be controlled by the software of the system vendors and are

connected by a fused silica capillary (50 um internal diameter x 80 cm total length).



8-2-1. Set up instruments and sample vials, prepare the capillary with a capillary cassette,
replenish sheath liquids and appropriate electrophoresis buffers depending on anion or
cation analysis mode, and then apply voltages.

Note: Instrumentations and analytical conditions are described in detail elsewhere!?13,

8-2-2. Open the software and prepare a worklist containing data acquisition methods
and sample information.

8-2-3. Start a test run and check the data such as the signal intensity and the peak shape
of internal standards and the peak resolution of other standard compounds.

8-2-4. Fine-tune the analytical conditions if necessary.

8-2-5. Inject the sample solutions at 50 mbar for 3 s and a voltage of 30 kV.

Note: CE-MS was conducted either in the positive or negative ion mode. Set the
spectrometer to scan the mass range m/z 50-1000The capillary voltage was set at 4 kV;
the flow rate of nitrogen gas (heater temperature 300°C). For positive mode, the
fragmentor, skimmer and OCT RFV voltage were set at 75, 50 and 125 V, respectively.
For negative ion mode, the fragmentor, skimmer, and OCT RFV voltage was set at 100,
50, and 200 V, respectively.

8-3. Analyze spectrum data.

8-3-1. Extract peaks from the mass spectral data using automatic integration software
in order to obtain peak information including m/z, peak area, and migration time (MT).

Note: The method is described in detail elsewhere!4.

8-3-2. Exclude signal peaks corresponding to isotopomers, adduct ions, and other
product ions of known metabolites.

8-3-3. Annotate remaining peaks with information from the HMT metabolite database
according to m/z values and MTs.

8-3-4. Normalize areas of the annotated peaks to internal standard levels and numbers
of cells per sample.

8-3-5. Evaluate the concentration of each metabolite in the cultured cells (pmol/10°
cells) using standard curves prepared for each metabolite.

8-3-6. Use the quantified metabolite concentrations for subsequent statistical analyses

and biological interpretations®.

3. We have added the sentence “In this paper we could not describe how to set up CE-
MS in detail because the focus of the present manuscript is different, however
describing detailed steps to set up CE-MS may require a separate dedicated article.” in

Discussion.



e Protocol Highlight: Please highlight ~2.5 pages or less of text (which includes headings
and spaces) in yellow, to identify which steps should be visualized to tell the most
cohesive story of your protocol steps. Please see JoVE's instructions for authors for more
clarification. Remember that the non-highlighted protocol steps will remain in the
manuscript and therefore will still be available to the reader.

1) The highlighting must include all relevant details that are required to perform the step.
For example, if step 2.5 is highlighted for filming and the details of how to perform the
step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided
must be included in the highlighting.

2) The highlighted steps should form a cohensive naarative, that is, there must be a
logical flow from one highlighted step to the next.

3) Please highlight complete sentences (not parts of sentences). Include sub-headings
and spaces when calculating the final highlighted length.

4) Notes cannot be filmed and should be excluded from highlighting.

5) Please bear in mind that theory/calculations cannot be filmed.

Response: | have highlighted protocol step which will be filmed in yellow.

¢ Discussion: JoVE articles are focused on the methods and the protocol, thus the
discussion should be similarly focused. Please ensure that the discussion covers the
following in detail and in paragraph form (3-6 paragraphs): 1) modifications and
troubleshooting, 2) limitations of the technique, 3) significance with respect to existing
methods, 4) future applications and 5) critical steps within the protocol.

Response: Thank you very much for this comment.
¢ Figures:
1) Please remove the text “Maruyama et al... from all figures”

Response: We have removed the text from all figures.

2) Fig 1: Change “hrs” to “h”

Response: We have changed “hrs” to “h”.

3) Fig 2: Axis ticks and labels are too small to read.

Response: We have re-labeled the axis ticks.

* References: Please spell out journal names.



Response: We have corrected it.

e Commercial Language: JoVE is unable to publish manuscripts containing commercial
sounding language, including trademark or registered trademark symbols (TM/R) and
the mention of company brand names before an instrument or reagent. Examples of
commercial sounding language in your manuscript are Countess™ Automated Cell
Counter (Invitrogen, H3304-1002, Human Metabolome Technologies (HMT), Milli-Q,
UltrafreeMC-PLHCC 250/pk, Agilent 7100 CE, Agilent 6210, 1100 isocratic HPLC pump,
G1603A CE-MS adapter kit, and G1607A CE-ESI-MS sprayer kit (Agilent Technologies,
G2201AA ChemStation software version B.03.01 for CE (Agilent Technologies), H3301-
1001, H3302-1021, HMT, MasterHands,

1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial
sounding language in your manuscript with generic names that are not company-specific.
All  commercial products should be sufficiently referenced in the table of
materials/reagents. You may use the generic term followed by “(see table of materials)”
to draw the readers’ attention to specific commercial names.

2) Please remove the registered trademark symbols TM/R from the table of
reagents/materials.

Response: We revised the words containing commercial sounding language to generic

names.

e Table of Materials:

1) Please revise the table of the essential supplies, reagents, and equipment. The table
should include the name, company, and catalog number of all relevant
materials/software in separate columns in an xIs/xIsx file. Please include items such as
cell lines, filters, software etc

2) Sort items in alphabetical order based on Name of material.

Response: We updated the table and sorted items in alphabetical order.

Line-by-line replies to the Peer-reviewers’ comments

Reviewer #1:

Manuscript Summary:

In this study, the authors applied the capillary electrophoresis- mass spectrometry (CE-
MS) to analyze the cells subjected to diamide treatment. They used two cell lines,
namely HCC827 and PC-9 in their study. They found that a number of metabolites

related to pentose phosphate pathway increased in abundance in these cells after



treatment.

Major Concerns:

This manuscript should have focused on the CE-MS analysis which is more eye catching
to the scientist of the field. Instead, the authors described the procedures of cell
cultivation and methanolic extraction in detail. These procedures can be easily
performed by most scientists. It is better to add more details about CE-MS analysis, such
as preparation of capillary; preparation of running buffer; preparatory work involved in
interfacing between CE and MS; running conditions of CE and MS; peak picking; and data
analysis. Such information is more useful to any analytical scientists working in the field.
Response: We agree with the reviewer that it would be interesting to show the details
on how to use CE-MS. However, the main focus of this article is on how to extract
aqueous metabolites from cultured adherent cells for metabolomic analysis. This study
was designed to focus specifically on culturing and washing cells, treating cells with
methanol, extracting metabolites, removing proteins and macromolecules this time.
Thus, we would like to keep the focus of the paper intact, but we have changed three
sentences as following reviewers’ suggestion.

1. We have deleted the sentence “setting up CE-MS metabolomic analysis” from
Abstract.

2. We have revised the 8. Metabolomic analysis by CE-MS section as follows.

8. Metabolomic analysis by CE-MS

8-1. Resuspend the filtrate in 50 pL of ultrapure water immediately before CE-MS
analysis.

8-2. Perform CE-MS analysis by methods described previously'>!® using capillary
electrophoresis system and time-of-flight mass spectrometer system equipped with an
isocratic pump, a CE-MS adapter, and a CE-ESI-MS sprayer.

Note: Both systems can be controlled by the software of the system vendors and are
connected by a fused silica capillary (50 um internal diameter x 80 cm total length).
8-2-1. Set up instruments and sample vials, prepare the capillary with a capillary cassette,
replenish sheath liquids and appropriate electrophoresis buffers depending on anion or
cation analysis mode, and then apply voltages.

Note: Instrumentations and analytical conditions are described in detail elsewhere!?13,
8-2-2. Open the software and prepare a worklist containing data acquisition methods
and sample information.

8-2-3. Start a test run and check the data such as the signal intensity and the peak shape

of internal standards and the peak resolution of other standard compounds.



8-2-4. Fine-tune the analytical conditions if necessary.

8-2-5. Inject the sample solutions at 50 mbar for 3 s and a voltage of 30 kV.

Note: CE-MS was conducted either in the positive or negative ion mode. Set the
spectrometer to scan the mass range m/z 50-1000The capillary voltage was set at 4 kV;
the flow rate of nitrogen gas (heater temperature 300°C). For positive mode, the
fragmentor, skimmer and OCT RFV voltage were set at 75, 50 and 125 V, respectively.
For negative ion mode, the fragmentor, skimmer, and OCT RFV voltage was set at 100,
50, and 200 V, respectively.

8-3. Analyze spectrum data.

8-3-1. Extract peaks from the mass spectral data using automatic integration software
in order to obtain peak information including m/z, peak area, and migration time (MT).
Note: The method is described in detail elsewhere!4.

8-3-2. Exclude signal peaks corresponding to isotopomers, adduct ions, and other
product ions of known metabolites.

8-3-3. Annotate remaining peaks with information from the HMT metabolite database
according to m/z values and MTs.

8-3-4. Normalize areas of the annotated peaks to internal standard levels and numbers
of cells per sample.

8-3-5. Evaluate the concentration of each metabolite in the cultured cells (pmol/10°
cells) using standard curves prepared for each metabolite.

8-3-6. Use the quantified metabolite concentrations for subsequent statistical analyses
and biological interpretations®.

3. We have added the sentence “In this paper we could not describe how to set up CE-
MS in detail, because the focus of the present manuscript is different, however
describing detailed steps to set up CE-MS may require a separate dedicated article.” in

Discussion.

Minor Concerns:
1. A detailed procedure for cell number determination should be given.
Response: We thank the reviewer for raising this concern and we agree with it. In

accordance with the reviewer’s comment, we have inserted the following sentences.

1-10. Determine the total number and percent viability of the cells using the automated
cell counter and 0.4% trypan blue solution.

1-10-1. Mix 10 pL of cell suspension and 10 pL of 0.4% trypan blue solution.



1-10-2. Load 10 pL of sample into the cell counting chamber slide through capillary
action.

1-10-3. Insert chamber slide into the automated cell counter.

1-10-4. The transmitted light automatically illuminates and the instrument auto focuses
on the cell.

1-10-5. Press the capture button to capture the image and to display the results.
1-10-6. If necessary, add further growth medium to obtain the desired cell concentration.

2. The manuscript is well written.
Response: We thank the reviewer for carefully reading of our manuscript and giving

constructive comments on the manuscript.

Reviewer #2:
Well written manuscript with detail protocol for extraction of metabolites from cell
cultures and their analysis by CE-MS. | have no comments on it and, in my opinion,

manuscript may be accepted in its present version.
Response: We are grateful to the reviewer for the recognition of our work.



