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SHORT ABSTRACT:  24 

We describe a modified small-scale extraction and colorimetric assays of lactate and pyruvate 25 

in the nematode C. elegans. When utilizing commercial assay kits, the technical development of 26 

their sensitivity and accuracy is important. Protein precipitation in extraction is the most critical 27 

step for the quantitative determination of intracellular metabolites.  28 

 29 

LONG ABSTRACT:  30 

Lactate and pyruvate are key intermediates of intracellular energy metabolic pathways. 31 

Monitoring the lactate/pyruvate ratio in cells helps to determine whether there is an imbalance 32 

in age-related energy metabolism between mitochondrial oxidative phosphorylation and 33 

aerobic glycolysis. Here, we show the utilization of commercial colorimetric assay kits for 34 

lactate and pyruvate in the model organism C. elegans. Recently, the sensitivity and accuracy of 35 

the colorimetric/fluorimetric assay kits have been improved greatly by the research and 36 

development conducted by reagent manufacturers. The improved reagents have enabled the 37 

use of small-scale assays with a 96-well plate in C. elegans. In general, a fluorimetric assay is 38 

superior in sensitivity to a colorimetric assay; however, the colorimetric approach is more 39 

suitable for the use in common laboratories. Another important issue in these assays for 40 

quantitative determination is protein precipitation of homogenized C. elegans samples. In our 41 

protein precipitation method, common precipitants (e.g., trichloroacetic acid, perchloric acid 42 

and metaphosphoric acid) are used for sample preparation. A protein-free assay sample is 43 
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prepared by directly adding cold precipitant (final concentration of 5%) during homogenization.  44 

 45 

INTRODUCTION:  46 

Lactate and pyruvate concentrations are widely regarded as intermediates of energy 47 

metabolism, and are related to the states of glycolysis, tricarboxylic acid (TCA) cycle, and 48 

electron transport chain in the cells of aerobic organisms. A series of reactions in glycolysis 49 

oxidize glucose to pyruvate, which lies at a metabolic crossroads and can be converted to 50 

carbohydrates through gluconeogenesis, to fatty acids and energy metabolism through acetyl-51 

CoA, and to the amino acid alanine. The TCA cycle occurs under the presence of sufficient 52 

dissolved oxygen and is fundamental for the conversion of glucose to energy. Especially, the 53 

alteration of secondary metabolism is an interesting phenomenon in which glycolysis is used 54 

predominantly for energy production and aerobic mitochondrial respiration, which involves the 55 

TCA cycle and electron transport chain, is downregulated in mammalian cancer cells1,2. We 56 

showed recently that the lactate levels and the consequent lactate/pyruvate (L/P) ratio 57 

decreased during aging in the model organism Caenorhabditis elegans (C. elegans). Likewise, 58 

we found that the mammalian tumor suppressor p53 ortholog CEP-1 in C. elegans has an 59 

important role in the age-related alterations of energy metabolism through the activation of its 60 

transcriptional targets3.   61 

 62 

In biological assays, such as the measurement of lactate and pyruvate concentrations in cells, 63 

the sensitivity, accuracy, sample size, and incubation time of colorimetric/fluorimetric assay kits 64 

have been improved dramatically. Owing to technological innovations, we are now able to 65 

analyze various metabolites and intermediate metabolites without the large-scale culture of C. 66 

elegans, which is difficult given its small size. In general, the sensitivity of a colorimetric assay is 67 

an order of magnitude smaller than that of a fluorimetric assay; however, the colorimetric 68 

approach is more suitable in the setting of common laboratories. Furthermore, an extraction 69 

technique containing homogenization and protein precipitation is crucial for the quantitative 70 

determination of lactate and pyruvate concentrations in C. elegans cells because this nematode 71 

is enclosed in an exoskeleton called the cuticle, unlike mammalian cultured cell lines4, 5. Here, 72 

we describe a protocol to analyze lactate and pyruvate concentrations using commercial 73 

colorimetric assay kits including tips for sample extraction from C. elegans.  74 

 75 

PROTOCOL: 76 

 77 

1. Synchronized Culture of C. elegans  78 

 79 

1.1. Before seeding, culture the Escherichia coli (E. coli) strain OP50 overnight at 37 °C in 300 80 

mL of Luria-Bertani (LB) broth liquid medium. Store the cultured OP50 at -4 °C.  81 

 82 

1.1.1. To make LB broth liquid medium, use 10 g of tryptone, 5 g of yeast extract, 10 g of NaCl 83 

and 1.5 mL of 1 N NaOH, and add to 1 L with deionized water. Autoclave. 84 

 85 
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Note: OP50 and C. elegans strains are available from the Caenorhabditis Genetics Center 86 

(University of Minnesota, St. Paul, MN, USA). 87 

 88 

1.2. To make nematode growth medium (NGM) agar, use 3 g of NaCl, 2.5 g of peptone, 17 g 89 

of agar, and 975 mL of deionized water. Autoclave. Cool to 55 °C, then sterilely add, in order, 1 90 

mL of 1 M MgSO4, 1 mL of 1 M CaCl2, 1 mL of 5 mg/mL cholesterol in EtOH, and 25 mL of 1 M 91 

potassium phosphate pH 6.0 in 90-mm Petri dishes.  92 

 93 

1.2.1. For 1 M potassium phosphate pH 6.0, use 108.3 g of KH2PO4 and 46.6 g of K2HPO4, and 94 

add deionized water to 1 L. Autoclave6. 95 

 96 

1.3. Spread 1-2 mL of the cultured OP50 on the NGM agar plates. To make a thin layer of 97 

OP50, incubate the plates overnight at room temperature before adding any nematodes.  98 

 99 

Note: The NGM agar plates inoculated OP50 can be stored at room temperature for 2-3 weeks.  100 

 101 

1.4. Add at least 100 worms onto an NGM agar plate with OP50, and culture at 20 °C until 102 

the adult stage. At least three plates are required.  103 

 104 

1.5. To collect eggs in utero, transfer gravid hermaphrodites from the three NGM agar plates 105 

each with 5 mL of S buffer in a 15-mL conical tube, and wash the worms 3 times with 15 mL of S 106 

buffer using centrifugation at 300 x g for 30 s at room temperature.  107 

 108 

1.5.1. To make S buffer, use 5.9 g of NaCl and 50 mL of 1 M potassium phosphate pH 6.0, add 109 

to 1 L with deionized water. Autoclave6. 110 

 111 

1.6. Dissolve the worms in an alkaline hypochlorite solution for axenization and bulk egg 112 

isolation (0.5 mL of fresh bleach or equivalent: 5-6% sodium hypochlorite, 0.1 mL of 10 M NaOH, 113 

approximately 4.5 mL of S buffer)6, and stand the solution for 10-15 min at room temperature 114 

with mixing by inverting.  115 

 116 

Note: Within 15 min, adult worms should dissolve, leaving a hazy solution of eggs liberated 117 

from their carcasses (the liberated eggs should be confirmed using a stereoscopic microscope). 118 

Instead of 0.1 mL of 10 N NaOH, 0.2 mL of 5 N NaOH can also be used.  119 

 120 

1.7. After hypochlorite treatment, wash the egg pellet 3 times with 15 mL of S buffer, and 121 

resuspend in 5-6 mL of S buffer. Hatch the released eggs during an overnight incubation at 122 

20 °C in S buffer without E. coli for an age-synchronous culture of L1 stage larvae.  123 

 124 

1.8. To determine the approximate number of L1 stage larvae, count the worms using a 125 

stereoscopic microscope in 10 µL of S buffer after resuspending the larvae at least 3 times, and 126 

calculate the average. Then, transfer the L1 stage larvae to five NGM agar plates with OP50 127 

(1,500-3,000 worms per plate using a 90-mm Petri dish), and culture at 20 °C until they have 128 
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grown to the young adult stage, when the self-fertilization begins and a few eggs are laid 129 

(ordinarily after 3 days).  130 

 131 

2. Extraction of Cellular Fraction from C. elegans  132 

 133 

2.1. Collect the young adult stage (5-day-old animals) worms from the five NGM agar plates 134 

with S buffer (Figure 1A).  135 

 136 

2.1.1. To select only living worms using the sucrose method6 for flotation on 30% (w/v) 137 

sucrose, mix the worms suspended in 3-4 mL of S buffer with an equal volume of ice-cold 60% 138 

(w/v) sucrose in a 15-mL conical tube. Spin the tube at 1,500 x g for 15 s at 4 °C and remove the 139 

floating worms into a fresh tube by moving them off the wall of the tube with a Pasteur pipette.  140 

 141 

2.2. Wash the worms 3 times with S buffer by centrifugation at 1,500 x g for 30 s at 4 °C. 142 

Check the wet volume of washed worms after centrifugation using a 1,000 µL micropipette tip 143 

(Figure 1B).  144 

 145 

2.3. Add the washed worms to an equal volume of ice-cold 10% (w/v) trichloroacetic acid 146 

(TCA; final concentration of 5%) for protein precipitation (Figure 1C). Instead of TCA, perchloric 147 

acid (PCA) or metaphosphoric acid can be used.  148 

 149 

2.4. Homogenize the worms with the precipitant using 40 strokes of a pestle in a Teflon 150 

homogenizer (Potter-Elvehjem tissue grinder) with rotation at up to 1,300 rpm on ice.  151 

 152 

2.5. Transfer the homogenate into a fresh 1.5-mL microtube with a Pasteur pipette, and 153 

sonicate using an ultrasonic homogenizer for 3 min (3 times of 1 min) with a 20% duty cycle on 154 

ice.  155 

 156 

2.6. Clarify the homogenate by centrifugation at 8,000 x g for 10 min at 4 °C. Neutralize the 157 

supernatants with 4 M KOH (0.25 volume to 10% TCA) for 20 min on ice, and centrifuge at 8,000 158 

x g for 10 min at 4 °C. The supernatant (as a test sample) can be stored at -80 °C until the 159 

following assays.  160 

 161 

3. Lactate Assay Using a Colorimetric Assay Kit  162 

 163 

3.1. Measure the concentration of lactate in the test samples using a colorimetric assay kit 164 

(Table of Materials). Carry out duplex examinations for the test samples. Add 5 or 10 µL of the 165 

test samples to a 96-well plate and adjust the volume to 50 µL per well with the Lactate Assay 166 

Buffer provided with the kit.  167 

 168 

3.2. For the lactate standard curve, dilute 100 mM L(+)-Lactate Standard to 1 mM with 169 

Lactate Assay Buffer. Add 0, 2, 4, 6, 8, and 10 µL of the 1 mM L(+)-Lactate Standard, which is 170 

provided with the kit, into a series of wells.  171 
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 172 

3.3. Add 50 µL of Reaction Mix (containing 46:2:2 of Lactate Assay Buffer, Lactate Enzyme 173 

Mix and Lactate Probe in DMSO, anhydrous; all reagents are provided with the kit) or 174 

Background Control Mix (containing 48:2 of Lactate Assay Buffer and Lactate Probe) into each 175 

well and incubate at room temperature for 30-60 min while the samples are protected from 176 

light.  177 

 178 

3.4. Measure the absorbance of each well at 570 nm using a microplate reader and subtract 179 

the absorbance of the Background Control Mix from the absorbance of the Reaction Mix.  180 

 181 

3.5. Plot the lactate standard curve. Calculate the lactate concentrations of the test samples 182 

from the lactate standard curve.  183 

 184 

4. Pyruvate Assay Using a Colorimetric Assay Kit  185 

 186 

4.1. Measure the concentration of pyruvate in the supernatants (test samples) using a 187 

colorimetric assay kit (Table of Materials). Carry out duplex examinations for the test samples. 188 

Add 10 µL of the test samples and 90 µL of Working Reagent (containing 94:1 of Enzyme Mix 189 

and Dye Reagent, which are provided with the kit) into a 96-well plate and incubate at room 190 

temperature for 30 min while the samples are protected from light.  191 

 192 

4.2. Measure the absorbance of each well at 570 nm using a microplate reader.  193 

 194 

4.3. Plot the pyruvate standard curve. Calculate the pyruvate concentrations of the test 195 

samples from the pyruvate standard curve.  196 

 197 

5. Protein Assay for Normalization with Protein Content 198 

 199 

5.1. Measure the protein concentration in the supernatants (test samples) using a 200 

colorimetric assay kit (Table of Materials). However, this step is not limited to an assay kit, and 201 

other approaches can be utilized to measure the protein concentration.  202 

 203 

5.2. Normalize the values of lactate and pyruvate concentrations among the test samples 204 

using each total protein concentration.  205 

 206 

Note: Protein concentration in the test samples is sufficiently detected even after protein 207 

precipitation and is utilized for the normalization step among samples.  208 

 209 

REPRESENTATIVE RESULTS:  210 

Using the colorimetric assays for the quantitative determination of lactate and pyruvate 211 

concentrations, we showed the accuracy of these assays compared with previous reports in C. 212 

elegans7,8. Here, the process of protein precipitation during sample extraction was the most 213 

crucial step to generate accurate values. For protein precipitation, common precipitants (e.g., 214 
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TCA, PCA, or metaphosphoric acid) can be used to prepare the test samples (Figure 1). In C. 215 

elegans, however, it was necessary to perform protein precipitation during homogenization of 216 

the worms (Table 1). In addition to accuracy, these assays were sufficiently sensitive to 217 

measure lactate and pyruvate concentrations in small-scale samples and were able to detect 218 

them in a short period of time (the reactive incubation time of both assays is at least 30 min) 219 

(Figures 2-3). Actually, we presented the data in a recent report3. Thus, we could detect age-220 

related metabolic alterations indicating that cellular lactate levels and the consequent L/P ratio 221 

decreased during aging, and we also showed different energy metabolism in a cep-1 mutant3.   222 

 223 

FIGURE AND TABLE LEGENDS:  224 

Figure 1: Process for the extraction of cellular metabolites. (A). 1,500-3,000 worms were 225 

placed on an NGM agar plate (90-mm Petri dish). Extraction from worms on five plates was 226 

sufficient for the colorimetric assays. (B). Worms collected from the five plates of 3,000 and 227 

1,500 worms per plate are indicated on the left and right side of panel, respectively. Both the 228 

wet volumes in each 15-mL tube are < 0.5 mL, which were sufficient for detection. (C). Protein 229 

precipitation using 10% TCA during homogenization of the worms. Adding the worms into ice-230 

cold 10% TCA in a homogenizer has to be performed before the worms are homogenized. 231 

Otherwise, cellular lactate and pyruvate cannot be detected in test samples using a colorimetric 232 

assay kit (data are shown in Table 1).  233 

 234 

Figure 2: Colorimetric pigmentation patterns of the lactate standards using a colorimetric 235 

assay kit. (A). Wells of the 96-well plate used in the colorimetric assay, and a dilution series of 236 

the L(+)-lactate standard. Increasing the lactate concentration resulted in a more intense pink 237 

color. BG indicates the background of a lactate probe against the dilution series. (B). Lactate 238 

standard curve for the colorimetric assay.  239 

 240 

Figure 3: Colorimetric pigmentation patterns of the pyruvate standards using a colorimetric 241 

assay kit. (A). Wells of the 96-well plate using the colorimetric assay, and dilution series of 242 

pyruvate standard. Increasing of the pyruvate concentration resulted in increased light pink 243 

coloring. (B). Pyruvate standard curve for the colorimetric assay.   244 

 245 

Table 1: Effects of protein precipitation on different timings for the detection of cellular 246 

lactate and pyruvate in 5-day-old animals of wild-type N2. Data indicate means + standard 247 

deviation (SD) of at least three determinations. ND indicates not detected. *The extraction 248 

process was performed preliminarily using ultracentrifugation without protein precipitation.  249 

 250 

DISCUSSION:  251 

When utilizing these colorimetric assay kits, the most critical step in sample extraction to detect 252 

cellular lactate and pyruvate accurately in C. elegans is the process of protein precipitation 253 

during homogenization (Figure 1). It is not strictly necessary to use a Teflon homogenizer, as 254 

other homogenizers (e.g., Dounce and tapered tissue grinders, or bead mills) are also suited to 255 

the small-scale extraction of worms. We did not detect cellular lactate and pyruvate in test 256 

samples that were extracted using a homogenizer before protein precipitation. Furthermore, 257 
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both lactate and pyruvate levels decreased drastically in the cytosolic fraction separated using 258 

ultracentrifugation instead of protein precipitation (Table 1). These suggest that the sample 259 

extraction is crucial to detect the cellular metabolites in biochemical methodology using a 260 

nematode C. elegans. For protein precipitation, not only TCA but also several other precipitants 261 

(PCA or metaphosphoric acid) can be utilized to the biochemical methodology7,9. According to a 262 

previous report, the use of TCA resulted in the disappearance of approximately 12% of NADH in 263 

the enzymatic measurement of blood lactate and pyruvate. Therefore, the authors concluded 264 

that 5% metaphosphoric acid should be selected as the protein precipitant for both lactate and 265 

pyruvate when using enzymatic assays9. It suggests that TCA partially denatures proteins 266 

including many enzymes. However, we had no problems regarding the protein precipitants 267 

when using colorimetric assays to detect cellular lactate and pyruvate.  268 

 269 

In this study, we used commercial colorimetric assay kits for the quantitative determination of 270 

lactate and pyruvate (Figures 2 and 3). Their sensitivities and sample sizes were superior in 271 

comparison with previous assay kits7; therefore, we prepared the test samples using a smaller 272 

scale extraction and reported the differences in the cellular lactate and pyruvate concentrations 273 

in C. elegans3. We detected an age-related decrease in lactate and consequent L/P ratio in wild-274 

type C. elegans and found that the p53/CEP-1 has an important role in the age-related 275 

alteration of energy metabolism through the activation of its transcriptional targets2,3. Thus, the 276 

analysis of energy metabolism in nematode C. elegans advantageously proceeds due to using 277 

the improved colorimetric assay kits, at least in part.  278 

 279 

As shown in Figure 3B, lactate concentration below 2 mM tend to be indeed larger in this 280 

colorimetric assay (not the fluorometric assay). Therefore, the fluorometric assay may be 281 

suitable for a more accurate measurement of lactate. The capabilities of these assay kits 282 

support both colorimetric and fluorometric assays, so that the assay is selected in response to 283 

the appliance in laboratory of the user. It is still more expensive to use the present commercial 284 

colorimetric assay kits to determine quantitatively the concentration of cellular metabolites. 285 

However, trials can be adequately performed in smaller laboratories using common 286 

instruments and a spectrophotometric plate reader.   287 

 288 

Hitherto, there are relatively few reports using conventional biochemical approaches in a model 289 

organism C. elegans, which typically need the large-scale culture of worms, compared with 290 

genetic studies5. However, the recent remarkable progress of biological assay systems (e.g., 291 

improvement of the sensitivity and stability of assay kits) makes studies using the nematode C. 292 

elegans, which is small and consists of fewer than 1,000 cells, more attractive and performed 293 

easily in the laboratory. Henceforth, effective metabolomic analysis using mass spectrometry 294 

(MS) and gas chromatography/mass spectrometry (GC/MS) can help to reduce certain 295 

problems, such as large-scale culture, analytical sensitivity, and specificity, and will help to 296 

elucidate the role of cellular metabolism in aging and human diseases including cancer10. 297 

Looking ahead, easier methodology, such as colorimetric assay kits, would be effective as a 298 

screening tool prior to more precise instrumental analyses.  299 

 300 
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Test Samples Lactate (mM) Pyruvate (mM)
Protein-precipitated samples during 

homogenization 3.07  0.94 0.22 ± 0.08
Protein-precipitated samples after 

homogenization ND ND
Intact cytosolic fraction after 

homogenization and 1.12 0.06
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Name of Reagent/ Equipment Company Catalog Number Comments/Description

Lactate 
Colorimetric/Fluorimetric Assay 
kit 

BioVision
#K607-100

colorimetric/fluorimetric 
100 assays; Store at -20oC

EnzyChrom Pyruvate
Assay Kit

BioAssay
Systems #EPYR-100

colorimetric/ fluorometric 
100 assays; Store at -20oC

BCA Protein Assay Kit
Thermo 
Scientific #23225

colorimetric assay; store at
 room temperature

Trichloroacetic Acid
Wako Pure 
Chemical #207-04955 store at room temperature

Teflon homogenizer Iwaki/Pyrex
#358034 
(Wheaton)

Instead of Iwaki/Pyrex, 
available by Wheaton
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ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The 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. 

 The 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 MyJove 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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ARTICLE AND VIDEO LICENSE AGREEMENT 

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 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. 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.

9. 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.

10. 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 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
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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. 
 
11.  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 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. 
 
12.  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. 
 
13.  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 required per submission. 

 
CORRESPONDING AUTHOR: 

Name:   

Department:   

Institution:  

Article Title:  

Signature:   Date:  
 
Please submit a signed and dated copy of this license by one of the following three methods: 

1) Upload a scanned copy of the document as a pfd on the JoVE submission site; 
2) Fax the document to +1.866.381.2236; 
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139 

 
For questions, please email submissions@jove.com or call +1.617.945.9051 
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Response Letter (visible to both Editorial Office and referees) 

March 26, 2018 

Dr. Bing Wu,  

Review Editor (JoVE Editorial Office),  

 

We would like to acknowledge reviewers for the valuable suggestions, constructive comments and 

editorial suggestions, which we believe we have adequately addressed in the revised manuscript 

entitled ‘Small-Scale Colorimetric Assays of Intracellular Lactate and Pyruvate in the 

Nematode C. elegans.’ Below are our responses to the review that number the comments, where 

sentences in bold font indicate the reviewer’s comments and those in plain font are our responses. In 

the revised manuscript, the changes that have been made following suggestions raised by reviewer 

are shown as text or PDF. We hope this revised manuscript will be considered for publication and 

look forward to receiving as a Report in JoVE in due course. 

 

Sincerely yours, 

Sumino Yanase,  

                                 Daito Bunka University School of Sports & Health Science 

Iwadono 560, Higashi-matsuyama 

Saitama 355-8501, Japan  

+81-493-31-1558 (ext. 6922)  
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Reply to Referee #1,  

Minor Concerns to Authors:  

1) Line 67: “rule” should be role.  

Reply to this comment: Thank you for your suitable suggestion. We revised “rule” to “role” in 

Introduction, and so on.  

 

2) Line 87: Can the authors write how long it usually takes to dissolve the worms in the 

hypochlorite solution? Should the worms be completely dissolved or is it good enough to 

partially dissolve the worms?  

Reply to this comment: We rewrote the Protocol in further detail. That is, there are new parts of 1.5) 

and 1.6) in Protocol 1. Synchronized Culture of C. elegans.  

 

3) Line 92: Can the authors write how long it usually takes for L1 worms to become adults at 

20oC?  

Reply to this comment: We rewrote again the Protocol in further detail containing the condition of 

culture of worms. That is, there are new parts of 1.7) and 1.8) in Protocol 1. Synchronized Culture of 

C. elegans. 

 

4) Line 101: What is the approximate number of worms usually collected per NGM plate and 

how much volume does that equate to? A picture of the starting density of the worms on the 

plate might also be useful.  

Reply to this comment: On an NGM plate in 90 mm Petri dish, amounts of seeding E. coli as foods 

of worms are limited. Growing to adult worms, limit of worm numbers that we do not need to 

replenish E. coli is approximately 3,000 worms per a plate. Furthermore, counting of complete 

accurate numbers of 3,000 worms is technically difficult with our method using a stereoscopic 

microscope. We revised to explain about them in new 1.8) of Protocol.  
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Reply to Referee #2,  

Major Concerns to Authors:  

1) This almost seems like an ad for the Kits. The precipitation step implies the use of other 

options instead of TCA, and do not discuss method and benefit/problems of each (or even the 

absence of both). The grinding step in C. elegans is specially important to have consistent data, 

would be valued to explore more this step (like homogenizer, size, grinder used, speed of each 

stroke…).  

Reply to this comment: Thank you for your reasonable indication and suggestion. As you indicated, 

we revised to the Protocol containing the details of culture and extraction steps. Of TCA as protein 

precipitant, we discussed about its denaturation with precipitation of protein in Discussion (with ref. 

9).   

 

Minor Concerns to Authors:  

1) Some details are know in the community, aka, S Buffer, sucrose method…but would be good 

to have the details as this is a technical manuscript.  

Reply to this comment: Thank you for your indication. We entirely revised Protocol 1 and 2 

containing the technical details.  
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Reply to Referee #3,  

Major Concerns to Authors:  

1) In section 4.1 (3.1? as our opinion), method of generating pyruvate (lactate? as our opinion) 

standard curve is missing. Authors should add it to the manuscript. A list of material including 

reagents and buffers such as FUdR and S buffer would greatly help the readers. A few of the 

reagents could be moved to the list of material. In section 1.1 and 1.2, a method of defining 

adult stage should be included such as by duration of growth, or by identification of specific 

structures. It is not clear if the error bar in Fig. 4 is standard deviation or standard error of 

mean.  

Reply to this comment: Thank you for your reasonable indication and suggestion. We mentioned the 

possibility of a detecting limit in the colorimetric assay kit in the second paragraph (line 5-7) of 

Discussion. In the revised manuscript, we think that we should explain mainly the methodology of 

the colorimetric assays for measurement of lactate and pyruvate in C. elegans. Therefore, we 

eliminated the data of metabolites in elder animals using an FUdR and also Figure 4 that may be 

conflicted to re-use the figure from our previous publication in ref. 3. Instead, we discussed and 

referred using the data in ref. 3. Of a method defining adult stage, we explained it (5-day-old animals 

as a young adult stage) in the rewriting of the Protocol 2.1) (line 1).  

 

Minor Concerns to Authors:  

A few sentences in the manuscript need to be clarified:  

1) In short abstract, “we describe a modification of colorimetric assays…”. Do authors mean 

“we describe modified colorimetric assays”?  

Reply to this comment: Thank you for your suitable indication and suggestion. We rewrote some 

sentences in short abstract as meaning of your suggestion.  

 

2) In the manuscript, authors state “…common precipitants are available…”. The word 

“available” seems to be a wrong word to use. Maybe authors mean “used”? Such word is used 

many times for example, in long abstract, section 2.2, representative results, and discussion.  

Reply to this comment: Thank you for your reasonable suggestion. We entirely replaced suitably 

“available” to “used” in your indicated points.  
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3) In section 2.1, specify “a quick spin” speed and time.  

Reply to this comment: Thank you for your reasonable indication. We added the details (containing 

the speed and time) of conditions of the centrifugation (a quick spin) in the revised section 2.2).  

 

4) In section 3 and 4, various types of solution such as Lactate Assay Buffer, Reaction Mix, and 

Working Reagent are used in the protocol. It is not clear to reader whether those solutions are 

provided by the kits or do authors make them?  

Reply to this comment: Thank you for your reasonable suggestion. We entirely added about the 

solutions provided by the kits.  
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Reply to Referee #4,  

Major Concerns to Authors:  

I have one major comment: it would strengthen the assay if the normalization step is based on 

protein content, at least not as a stand-alone. This is because (1) BCA is not a very sensitive 

readout of total number of worms, (2) treatments that can alter metabolism may also alter 

protein content, (3) the authors call for protein precipitation prior to measurement.  

Reply to this comment: Thank you for your reasonable indication. We think as described below. (1) 

We used to utilize the BCA Protein Assay Kit in our previous reports (ref. 7, and so on), that is, there 

are a few past performances. (2) Normalization by protein content in worms may be unsuitable for 

some treatments exactly as you indicated, however, we have used to measure the lactate and 

pyruvate in wild-type N2 with and without hyperoxia (ref. 7). (3) We confirmed the correlation 

between the protein contents before and after protein precipitation. As you mention, TCA may act 

exactly as a protein denaturant rather than protein precipitant.  

 

Minor concerns:  

There are minor grammatical errors that can be easily fixed.  

Reply to this comment: Thank you for your suggestion. We grammatically reviewed our manuscript 

and do English proofreading again.  



Supplemental File (Figures, Permissions, etc.) Click here to download Supplemental File (Figures, Permissions, etc.)
JoVE_figure1_yanase_new.png

http://www.editorialmanager.com/jove/download.aspx?id=829687&guid=98657bc6-2eb7-4534-ba26-563368caae34&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=829687&guid=98657bc6-2eb7-4534-ba26-563368caae34&scheme=1


Supplemental File (Figures, Permissions, etc.) Click here to download Supplemental File (Figures, Permissions, etc.)
JoVE_figure2_yanase_new.png

http://www.editorialmanager.com/jove/download.aspx?id=829688&guid=f5421603-c287-4fa9-ae88-e04c1630ae15&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=829688&guid=f5421603-c287-4fa9-ae88-e04c1630ae15&scheme=1


Supplemental File (Figures, Permissions, etc.) Click here to download Supplemental File (Figures, Permissions, etc.)
JoVE_figure3_yanase_new.png

http://www.editorialmanager.com/jove/download.aspx?id=829689&guid=3f955ce3-f6d8-4f98-86c2-4d273e66c054&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=829689&guid=3f955ce3-f6d8-4f98-86c2-4d273e66c054&scheme=1

