
Method Article

Multiplexing fluorogenic esterase-based viability
assay with luciferase assays

Kenji Ohgane*, Hiromasa Yoshioka, Yuichi Hashimoto
Institute for Quantitative Biosciences, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-0032, Japan

A B S T R A C T

Luciferase-based reporter assays are one of the most common cell-based screening formats for drug discovery,
and simultaneous evaluation of the cytotoxic effect of test compounds is of great value in reducing false-positives.
Here we share a multiplex assay protocol that allows sequential measurement of cell viability (cell number) and
luciferase activity of the same sample in a multi-well-plate format. The viability assay employs a fluorogenic
esterase substrate, CytoRed.

� This protocol allows sequential measurement of endogenous esterase activity (as a surrogate for cell number)
and then luciferase activity in a single sample.

� The protocol eliminates the need for parallel viability assay or protein assay using separate aliquots of the
lysate.

� This protocol is especially useful for assays with cells stably expressing a luciferase construct, for which co-
transfection of another reporter gene is not a viable option.

© 2019 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

A R T I C L E I N F O
Method name: CytoRed-luciferase multiplex assay
Keywords: Multiplex assay, Luciferase, CytoRed, Esterase, Fluorogenic substrate, Viability
Article history: Received 3 July 2019; Accepted 10 September 2019; Available online 12 September 2019

* Corresponding author.
E-mail addresses: ohgane@me.com, ohgane@iam.u-tokyo.ac.jp (K. Ohgane).

https://doi.org/10.1016/j.mex.2019.09.008
2215-0161/© 2019 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

MethodsX 6 (2019) 2013–2020

Contents lists available at ScienceDirect

MethodsX

journal homepage: www.elsevier.com/locate/mex

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mex.2019.09.008&domain=pdf
mailto:ohgane@me.com
mailto:ohgane@iam.u-tokyo.ac.jp
https://doi.org/10.1016/j.mex.2019.09.008
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.mex.2019.09.008
http://www.sciencedirect.com/science/journal/22150161
www.elsevier.com/locate/mex


M

m
h
m
r

a
F
g
n
c
s
l
t
p
l
a

a
(
r
s
c
t
a
p
1
m
p
e

e
A
[

2

Specification Table
Subject Area: Biochemistry, Genetics and Molecular Biology
More specific subject area: Cell biology / medicinal chemistry / screening technology
Method name: CytoRed-luciferase multiplex assay
Name and reference of
original method:

Viability assay with CytoRed: M. Ishiyama, H. Furusawa, M. Shiga, F. Ohseto, K. Sasamoto, A
Resorufin Derivative as a Fluorogenic Indicator for Cell Viability, Anal Sci 15 (1999) 1025–1028.
Multiplex assay of luciferase and resazurin-based viability assay: J. Herbst, M. Anthony, J.
Stewart, D. Connors, T. Chen, M. Banks, E.W. Petrillo, M. Agler, Multiplexing a high-throughput
liability assay to leverage efficiencies, Assay and Drug Development Technologies 7 (2009) 294–
303.
Live-cell multiplexed reporter gene assays monitoring the cell viability and the compound
kinetics on luciferase activity: M.-C. Didiot, S. Serafini, M.J. Pfeifer, J.K. Martin, J. Frederick, C.N.
Parker, Multiplexed Reporter Gene Assays: Monitoring the Cell Viability and the Compound
Kinetics on Luciferase Activity, J. Biomol. Screen 16 (2011) 786–793.

Resource availability: CytoRed reagent can be easily synthesized, or is commercially available from multiple vendors.

ethod details

Cell-based reporter assays are widely used in drug discovery programs, and luciferase is one of the
ost widely used reporter enzymes due to its high sensitivity and wide dynamic range. In cell-based
igh-throughput screening, cytotoxic compounds are a major source of false positives, so multiplex
easurements of cell viability and luciferase activity can improve the accuracy of hit selection and

educe the time and cost of secondary, confirmatory assays.
In luciferase-based reporter assays involving transient transfection, normalization of the luciferase

ctivity is essential to account for well-to-well variations of transfection efficiency and cell number.
or this purpose, an additional reporter plasmid encoding an orthogonal enzyme, such as beta-
alactosidase [1] or Renilla luciferase [2,3] is co-transfected, and its enzymatic activity is used for
ormalization. In some cases, however, monitoring processes of interest requires the use of a stable
ell line expressing the luciferase-based reporter. For example, assays designed to monitor the
tability of a protein of interest by fusing a luciferase to it often require the establishment of stable cell
ines to obtain a reproducible response [4]. Then, the requirement of a stable cell line makes the co-
ransfecting strategy impractical. For normalization purposes, cell viability assays are sometimes
erformed in parallel, or total protein concentration is occasionally determined from aliquots of the
ysate [5]. However, such protocols require additional resources or multiple steps for protein assay,
nd are not practically suitable for high-throughput assays on 96- or 384-well plates.
Several protocols, which combine resazurin-based cell viability assay or protease-based viability

ssay with luciferase assay, have been developed to enable multiplex determination of cell viability
number) and luciferase activity [6–8]. Although these protocols work well for assays monitoring
elatively slow processes, such as changes of mRNA stability or transcriptional activity, they are not
uitable for monitoring faster processes, including protein degradation, due to the relatively slow
onversion of resazurin to fluorescent resorufin (usually >1 h) or Gly-Phe-AFC (7-amino-4-
rifluoromethylcoumarin) protease substrate (>30 min) within live cells. Generally, transcriptional
ssay requires 12–24 h for treatment of cells with test compounds, while small molecule-mediated
rotein degradation is detectable within several hours and in some cases, in less than one hour [4,9–
3]. Thus, for our on-going research on small molecule-mediated protein degradation, we required a
ultiplex assay that monitors both cell viability (number) and luciferase assay within a short time,
referably after cell lysis to stop cellular processes, including degradation pathways, as this allows
xamination of degradation processes on a shorter time scale.
Here, we describe a multiplex luciferase assay protocol that allows sequential measurement of

ndogenous esterase activity as a measure of cell number and luciferase activity in cell lysate (Fig. 1A).
mong available esterase substrates tested, we found that a fluorogenic esterase substrate CytoRed
14] was compatible with luciferase activity measurement (Fig. 1B–D). Basic characterization of the
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protocol was performed with cells stably expressing HaloTag protein fused with emerald luciferase
(ELuc), a firefly-type luciferase derived from Brazilian click beetle (Fig. 1E) [15–17], and estrogen
receptor alpha (ER) fused with ELuc (ER-ELuc) [4].

Reagents and materials

� CytoRed (isobutyloxycarbonyloxy-3H-phenoxazin-3-one): Commercially available from Dojindo
Molecular Technologies (as 1 mM DMSO solution, Cat. No. C410), Adipogen (Cat. No. CDX-I0005), or
Sigma-Aldrich (Cat. No. 79972). Alternatively, this reagent can be synthesized from resorufin (Tokyo
Chemical Industry, Cat. No. R0012) in one step as described previously (see supplementary
methods) [14].

� D-Luciferin potassium salt, for molecular biology (FUJIFILM Wako Pure Chemicals, Cat. No.12-05116)
� Coenzyme A trilithium salt, from yeast (FUJIFILM Wako, Cat. No. 305-50733)
� 3-Mercapto-1,2-propanediol, for molecular biology (FUJIFILM Wako Pure Chemicals, Cat. No. 139-
16452)

� Adenosine 50-triphosphate disodium salt, crystalline (FUJIFILM Wako Pure Chemicals, Cat. No. 303-
50511)

� 0.5 M EDTA, pH 8.0 (FUJIFILM Wako Pure Chemicals, Cat. No. 311-90075)
� Tricine (Dojindo Molecular Technologies, Cat. No. GB19)
� Magnesium acetate tetrahydrate (FUJIFILM Wako Pure Chemicals, Cat. No. 130-00095)
� Triton X-100 (Nacalai Tesque, Cat. No. 35501-15)
� Dimethyl sulfoxide (DMSO), for biochemistry (FUJIFILM Wako Pure Chemicals, Cat. No. 046-21981)
� White 96-well plate with a clear bottom (Greiner, Cat. No. 655098)
� A plate reader capable of measuring luminescence and fluorescence (excitation 570 nm/emission
600 nm). The protocol described here employs a glow-type luciferase assay, and injectors are not required.

� Multichannel pipette (NICHIRYO, Nichipet Ex II MULTI 8-channel 5–100 mL, Cat. No. 00-NPM-8SP, or
equivalent)

Fig. 1. An overview of the developed method, and basic spectroscopic properties of CytoRed, resorufin and bioluminescence
from Emerald Luc (ELuc). (A) Schematic illustration of the CytoRed-luciferase multiplex assay. Cells expressing a luciferase
reporter were plated on multi-well plates, and CytoRed viability assay and luciferase assay were sequentially performed after
desired treatment of the cells. CytoRed viability assay was performed by adding CytoRed working solution that contains 1%
Triton X-100 and 20 mM CytoRed after removal of the medium. Conversion of CytoRed to resorufin by cellular endogenous
esterases was monitored in terms of resorufin fluorescence for 10 min, and then luciferase activity was assayed by adding D-
luciferin solution. (B) Conversion of CytoRed to resorufin. (C) Absorption spectra of CytoRed and resorufin in the assay buffer. (D)
Excitation and emission spectra of CytoRed and resorufin in the assay buffer. CytoRed is almost non-fluorescent, but resorufin is
highly fluorescent under the assay conditions. (E) Bioluminescence spectrum of the luciferase reaction catalyzed by ELuc under
the assay conditions.
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 Disposable reagent reservoir, 25 mL, divided, sterilized (VistaLab, Cat. No. 3054-1004)
 Aspirator (Biosan, Cat. No. FTA-2, or equivalent)
 Straight manifold for aspirator, 8-channel (Drummond Scientific, Cat. No. 3-00-093, or equivalent)

ecipes

 10 � TME buffer (300 mM Tricine-NaOH, 80 mM Mg(OAc)2, 2 mM EDTA, pH 7.8): Mix60 mL of 1 M
Tricine-NaOH pH 7.8 (see recipe below), 16 mL of 1 M Mg(OAc)2 (see recipe below), and 0.80 mL of
0.5 M EDTA solution pH 8.0, and adjust volume to 200 mL with H2O to 200 mL. Filter-sterilize and
store at 4 �C.

 10% v/v Triton X-100: Dissolve 30 mL of Triton X-100 in 270 mL of H2O. Store at 4 �C.
 10 mM D-luciferin stock solution: Dissolve 50 mg of potassium D-luciferin in 15.7 mL of H2O, store in
small aliquots (e.g., 0.5 mL) at �20 �C. Minimize freeze & thaw cycles to several times.

 100 mM ATP stock solution: Dissolve 551 mg of adenosine 50-triphosphate disodium salt in 10 mL of
H2O, and store in small aliquots (e.g., 0.5 mL) at �20 �C. Minimize freeze & thaw cycles to several
times.

 50 mM CoA stock solution: Dissolve 1.0 g of coenzyme A trilithium salt in 23.8 mL of H2O, and store
in small aliquots (e.g., 0.5 mL) at �20 �C. Minimize freeze & thaw cycles to several times.

 1 M Tricine-NaOH pH 7.8: Dissolve 35.8 g of tricine in 150 mL of H2O, and adjust the pH to 7.8 with
2 M NaOH (approximately 30 mL). Adjust the volume to 200 mL with H2O, filter-sterilize, and store
at ambient temperature.

 1 M Mg(OAc)2: Dissolve 21.5 g of magnesium acetate tetrahydrate in 100 mL of H2O, filter-sterilize,
and store at 4 �C.

 10 mM CytoRed stock solution: Dissolve 1.25 mg of CytoRed in 400 mL of DMSO, and store in small
aliquots (e.g., 50 mL) at �20 �C. Minimize freeze & thaw cycles to several times, and protect from light.

 20 mM CytoRed working solution (recipe for one 96-well plate): Mix0.6 mL of 10 � TME buffer,
0.6 mL of 10% Triton X-100, and 4.8 mL of H2O. Add 12 mL of 10 mM CytoRed stock solution, and
vortex to make homogenous solution.

 Luciferin working solution (recipe for one 96-well plate): [1,4] Mix0.6 mL of 10 � TME buffer, 0.6 mL
of 10% Triton X-100, and 4.45 mL of H2O. Add 50 mL of 1-mercapto-2,3-propandiol, 90 mL of 100 mM
ATP stock solution, 60 mL of 50 mM CoA stock solution, and 150 mL of 10 mM D-luciferin stock
solution. The solution contains 30 mM Tricine-NaOH, 8 mM Mg(OAc)2, 0.2 mM EDTA, 100 mM 3-
mercapto-1,2-propandiol, 1% Triton X-100, 1.5 mM ATP, 0.5 mM CoA, and 0.25 mM D-luciferin. The
working solution should be prepared just before use, and we recommend using the working solution
within 30 min after preparation.

rocedure for CytoRed-luciferase dual assay

The following is a representative procedure for a 96-well plate assay. Fig. 1A illustrates how this
ultiplex assay works.

1 Seed cell lines expressing a luciferase construct at a density appropriate for the luciferase assay, in a
white 96-well clear-bottomed plate (100 mL/well), and incubate in a humidified CO2 incubator for
an appropriate time.

2 If required, treat cells with test compounds for an appropriate time.
3 Prepare 20 mM CytoRed working solution and luciferin working solution as described in the recipes
section. The working solutions are stable at least for an hour when protected from light.

4 Remove medium with an aspirator equipped with a multichannel adaptor. Proceed to the next step
within a few minutes to avoid drying of the cells.

5 Add 50 mL/well of the CytoRed working solution to the plate with a multichannel pipette and a
reagent reservoir, and immediately measure fluorescence on an appropriate microplate reader (Ex.
570 nm/Em. 615 nm, bottom read mode, EnVision plate reader from PerkinElmer).
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6 Incubate the plate at room temperature or 37 �C for 10 min, and measure the fluorescence again. For
analysis, subtract the initial fluorescence from the fluorescence after incubation. Alternatively, the
plate reader’s kinetic measurement mode can also be used for automatic measurement. Note that
longer incubation at this step results in weaker luminescence in the luciferase assay.

7 Add 50 mL/well of the luciferin working solution to the plate, and measure the luminescence after
1 min on an appropriate plate reader (we used an EnVision plate reader in ultra-sensitive
luminescence mode with 10 msec exposure). Under the assay conditions (glow-type luciferase
assay), luminescence lasts for more than 10 min, but gradually decreases in intensity.

Method validation

First, we examined the impact of CytoRed concentration on the fluorescence intensity and the
luminescence from luciferase. Cells stably expressing HaloTag-ELuc were first assayed for endogenous
esterase activity with varying concentrations of CytoRed in a Triton X-100-based lysis buffer. After
10 min at room temperature, fluorescence was measured, and the luciferase activity was then assayed
as described above. As shown in Fig. 2A, fluorescence from the hydrolyzed CytoRed steadily increased
with increasing CytoRed concentration, and the fluorescence intensities from wells with or without
cells were well separated at more than 3 mM CytoRed. The Z’ factor (0.5–0.87) indicated that the assay
conditions were suitable for screening purposes [18]. CytoRed concentrations of less than 30 mM did
not interfere with luciferase activity in luciferase assay of the same sample. Thus, we selected 20 mM
CytoRed as an optimal condition for the multiplex assay. We also tested p-nitrophenyl acetate and p-
nitrophenyl isobutyl carbonate as colorimetric esterase substrates, but a sufficient signal could not be
achieved even with a longer incubation time (up to 1 h) or a higher concentration (1 mM) of the
substrate, at which significant interference with the luciferase assay was observed. Note that a longer
incubation period at this step diminishes luciferase activity even in the absence of CytoRed. So, we
recommend keeping the incubation time as short as possible (10 min).

Fig. 2. Optimization of CytoRed concentration in CytoRed-luciferase multiplex assay. HEK293 cells stably expressing HaloTag-
ELuc under the control of cytomegalovirus (CMV) promoter were plated at 38,000 cells/well, which approximately corresponds
to 40% confluency, and after adhesion of the cells to the plate (after 3 h) CytoRed-luciferase multiplex assay was performed with
the indicated CytoRed concentrations. (A) Effect of CytoRed concentration on esterase activity measurement. The circles
represent raw fluorescence from wells with the indicated number of cells, and the triangles represent fluorescence from wells
without cells. The Z’-factor values at various CytoRed concentrations were as follows: �1.64 at 0.1 mM, �1.08 at 0.32 mM, 0.40 at
1 mM, 0.85 at 3.2 mM, 0.87 at 10 mM, 0.75 at 32 mM, 0.68 at 100 mM, 0.75 at 320 mM, and 0.50 at 1000 mM. (B) Effect of CytoRed
concentration on luciferase assay performance. At less than 32 mM CytoRed, only negligible interference with the luciferase
luminescence was observed.
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Next, we examined the dynamic range of the CytoRed esterase assay and the subsequent luciferase
ssay, by using serially diluted cells expressing HaloTag-ELuc. As shown in Fig. 3A, CytoRed
uorescence increased with increasing cell density, and the increase was sufficiently linear for
iability (cell number) assay within the range of 3000 cells/well to 100,000 cells/well, which
orresponds to 3–100% confluency. The luciferase signal, which was measured after CytoRed assay,
ave excellent linearity over more than 2 orders of magnitude of cell density (Fig. 3B). Additionally, no
ifference in luminescence intensity was observed in the presence or absence of CytoRed, thus
upporting the compatibility of CytoRed assay with luciferase assay.
Finally, we demonstrate the utility of this protocol by showing its suitability for dose-response

nalysis and kinetic analysis of ER degradation induced by fulvestrant, a representative selective
strogen receptor degrader (SERD) [9]. As shown in Fig. 4A, the down-regulatory effect of fulvestrant
n ER-ELuc could be reproduced with this protocol, which gave an IC50 value of 1.4 nM, in good
greement with our previously determined value (1.4 nM) [4]. Also, bortezomib, a proteasome

ig. 3. Dynamic ranges of CytoRed viability assay and luciferase assay under the multiplex assay conditions. Serially diluted
EK293 cells stably expressing HaloTag-ELuc were subjected to CytoRed-luciferase multiplex assay. (A) Dynamic range of
ytoRed viability assay. Data points represent raw fluorescence intensity measured from triplicate wells. (B) Dynamic range of
uciferase assay after CytoRed viability assay. Black filled circles represent luciferase luminescence from wells assayed with 20
M CytoRed working solution, and gray open circles represent luciferase luminescence from wells assayed with CytoRed
orking solution without CytoRed.

ig. 4. Applications of CytoRed-luciferase multiplex assay for dose-response analysis and kinetic analysis of ER degradation.
EK293 cells stably expressing ER-ELuc under the control of CMV promoter [4] were plated on a 96-well plate and cultured until
0% confluency. The cells were then treated with either fulvestrant or bortezomib for 4 h at the indicated concentration (A), or
reated with 10 mM fulvestrant for the indicated time (B). Cell viability (relative cell number) and luciferase activity were
valuated with the CytoRed-luciferase multiplex assay. (A) Dose-dependent modulation of ER-ELuc level by fulvestrant and
ortezomib. The left panel shows the results of luciferase assay and the right panel shows the results of CytoRed assay. Red
ircles represent mean values from fulvestrant-treated cells and blue triangles represent mean values from bortezomib-treated
ells. Error bars denote standard deviation (n = 3). (B) Kinetics of fulvestrant-induced degradation of ER-ELuc. Black circles
enote mean luminescence intensity from ER-ELuc and the error bars denote standard deviation (n = 3). Gray triangles denote
ean cell viability determined by CytoRed assay, and the error bars denote standard deviation (n = 3).
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inhibitor, increased the ER-ELuc level in a dose-dependent manner with its EC50 value being 55 nM,
consistent with the proteasomal degradation of ER proteins. Furthermore, the kinetics of the
degradation could be examined with this endpoint assay (Fig. 4B), and the half-life of the ER-ELuc in
the presence of 10 mM fulvestrant was estimated to be around 30 min. Notably, no degradation was
detected at less than 10 min treatment, implying the presence of a short induction period or delay that
may reflect the time required for processes such as distribution of the compound into cells, binding to
the receptor, and steps required for proteasomal degradation.

In summary, we have developed and validated a multiplex assay that sequentially monitors
endogenous esterase activity and luciferase activity. This endpoint multiplex assay protocol takes only
an additional 15 min compared to conventional luciferase assay, and allows monitoring of fast
processes, providing an alternative to luciferase assay in live cells [7], which results in a significantly
weaker luminescence signal. Thus, the CytoRed-luciferase multiplex assay described here is expected
to be especially useful for researchers working on stable cell lines expressing luciferase constructs.

Additional information

The indicated order of measurement of esterase activity with CytoRed fluorescence and then
luciferase activity is essential for success. Our attempts to measure esterase activity after luciferase
activity measurement failed, possibly due to inactivation of esterase during luciferase activity
measurement.

Acknowledgements

The work described in this article was supported in part by Grant-in-Aid for Scientific Research
(Grant-in-Aid for Young Scientists B, Grant number 17K15487).

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the online version, at doi:https://doi.
org/10.1016/j.mex.2019.09.008.

References

[1] K.D. Baker, L.M. Shewchuk, T. Kozlova, M. Makishima, A. Hassell, B. Wisely, J.A. Caravella, M.H. Lambert, J.L. Reinking, H.
Krause, et al., The Drosophila orphan nuclear receptor DHR38 mediates an atypical ecdysteroid signaling pathway, Cell 113
(2003) 731–742.

[2] G. Grentzmann, J.A. Ingram, P.J. Kelly, R.F. Gesteland, J.F. Atkins, A dual-luciferase reporter system for studying recoding
signals, RNA 4 (1998) 479–486.

[3] J.M. Baker, F.M. Boyce, High-throughput functional screening using a homemade dual-glow luciferase assay, JoVE 88 (2014)
e50282–e50282.

[4] S. Nanjyo, K. Ohgane, H. Yoshioka, M. Makishima, Y. Hashimoto, T. Noguchi-Yachide, Structure-activity relationship study
of estrogen receptor down-regulators with a diphenylmethane skeleton, Bioorg. Med. Chem. 27 (2019) 1952–1961.

[5] T.T. Neklesa, H.S. Tae, A.R. Schneekloth, M.J. Stulberg, T.W. Corson, T.B. Sundberg, K. Raina, S.A. Holley, C.M. Crews, Small-
molecule hydrophobic tagging–induced degradation of HaloTag fusion proteins, Nat. Chem. Biol. 7 (2011) 538–543.

[6] J. Herbst, M. Anthony, J. Stewart, D. Connors, T. Chen, M. Banks, E.W. Petrillo, M. Agler, Multiplexing a high-throughput
liability assay to leverage efficiencies, Assay Drug Dev. Technol. 7 (2009) 294–303.

[7] M.-C. Didiot, S. Serafini, M.J. Pfeifer, F.J. King, C.N. Parker, Multiplexed reporter gene assays: monitoring the cell viability and
the compound kinetics on luciferase activity, J. Biomol. Screen. 16 (2011) 786–793.

[8] A.L. Niles, R.A. Moravec, P. Eric Hesselberth, M.A. Scurria, W.J. Daily, T.L. Riss, A homogeneous assay to measure live and
dead cells in the same sample by detecting different protease markers, Anal. Biochem. 366 (2007) 197–206.

[9] V. Marsaud, A. Gougelet, S. Maillard, J.-M. Renoir, Various phosphorylation pathways, depending on agonist and antagonist
binding to endogenous estrogen receptor α (ERα), differentially affect ERα extractability, proteasome-mediated stability,
and transcriptional activity in human breast cancer cells, Mol. Endocrinol. 17 (2003) 2013–2027.

[10] N. Sever, P.C.W. Lee, B.-L. Song, R.B. Rawson, R.A. DeBose-Boyd, Isolation of mutant cells lacking Insig-1 through selection
with SR-12813, an agent that stimulates degradation of 3-hydroxy-3-methylglutaryl-coenzyme A reductase, J. Biol. Chem.
279 (2004) 43136–43147.

[11] S. Gill, J. Stevenson, I. Kristiana, A.J. Brown, Cholesterol-dependent degradation of squalene monooxygenase, a control
point in cholesterol synthesis beyond HMG-CoA reductase, Cell Metab. 13 (2011) 260–273.

[12] A.V. Prabhu, W. Luu, L.J. Sharpe, A.J. Brown, Cholesterol-mediated degradation of 7-dehydrocholesterol reductase switches
the balance from cholesterol to vitamin D synthesis, J. Biol. Chem. 291 (2016) 8363–8373.

K. Ohgane et al. / MethodsX 6 (2019) 2013–2020 2019

https://doi.org/10.1016/j.mex.2019.09.008
https://doi.org/10.1016/j.mex.2019.09.008
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0005
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0005
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0005
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0010
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0010
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0015
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0015
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0020
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0020
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0025
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0025
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0030
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0030
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0035
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0035
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0040
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0040
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0045
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0045
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0045
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0050
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0050
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0050
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0055
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0055
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0060
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0060


2

[13] L. Asano, M. Watanabe, Y. Ryoden, K. Usuda, T. Yamaguchi, B. Khambu, M. Takashima, S.-I. Sato, J. Sakai, K. Nagasawa, et al.,
Vitamin D metabolite, 25-hydroxyvitamin D, regulates lipid metabolism by inducing degradation of SREBP/SCAP, Cell
Chem. Biol. 24 (2017) 207–217.

[14] M. Ishiyama, H. Furusawa, M. Shiga, F. Ohseto, K. Sasamoto, A resorufin derivative as a fluorogenic indicator for cell
viability, Anal. Sci. 15 (1999) 1025–1028.

[15] V.R. Viviani, A.C.R. Silva, G.L.O. Perez, R.V. Santelli, E.J.H. Bechara, F.C. Reinach, Cloning and molecular characterization of
the cDNA for the Brazilian larval click-beetle Pyrearinus termitilluminans luciferase, Photochem. Photobiol. 70 (1999) 254–
260.

[16] A.J.S. Neto, V. Scorsato, F.G.C. Arnoldi, V.R. Viviani, Pyrearinus termitilluminans larval click beetle luciferase: active site
properties, structure and function relationships and comparison with other beetle luciferases, Photochem. Photobiol. Sci. 8
(2009) 1748–1754.

[17] Y. Nakajima, T. Yamazaki, S. Nishii, T. Noguchi, H. Hoshino, K. Niwa, V.R. Viviani, Y. Ohmiya, Enhanced beetle luciferase for
high-resolution bioluminescence imaging, PLoS One 5 (2010)e10011.

[18] X.D. Zhang, Illustration of SSMD, z score, SSMD*, z* score, and t statistic for hit selection in RNAi high-throughput screens, J.
Biomol. Screen. 16 (2011) 775–785.

020 K. Ohgane et al. / MethodsX 6 (2019) 2013–2020

http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0065
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0065
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0065
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0070
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0070
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0075
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0075
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0075
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0080
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0080
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0080
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0085
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0085
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0090
http://refhub.elsevier.com/S2215-0161(19)30232-8/sbref0090

	Multiplexing fluorogenic esterase-based viability assay with luciferase assays
	Method details
	Reagents and materials
	Recipes
	Procedure for CytoRed-luciferase dual assay
	Method validation
	Additional information
	Acknowledgements
	Appendix A Supplementary data
	References


