
A Miniaturized Screen for Inhibitors of Jumonji Histone
Demethylases

Masaaki Sakurai1,†,¶, Nathan R. Rose2,†, Lena Schultz1, Amy Quinn1, Ajit Jadhav1, Stanley
S. Ng3, Udo Oppermann3, Christopher J. Schofield2,*, and Anton Simeonov1,*

1NIH Chemical Genomics Center, National Human Genome Research Institute, National
Institutes of Health, Bethesda, MD 20892-3370, USA
2Department of Chemistry and the Oxford Centre for Integrative Systems Biology, OX1 3TA,
University of Oxford, Oxford, UK
3The Structural Genomics Consortium, University of Oxford, Old Road Campus, Roosevelt Drive,
Headington, OX3 7DQ, UK, and the Botnar Research Centre, Oxford Biomedical Research Unit,
Oxford, OX3 7LD, UK

Abstract
2-Oxoglutarate and Fe(II) dependent oxygenases are a major class of Nε-methyl lysine
demethylases that are involved in epigenetic regulation. Assays suitable for implementation in a
high-throughput manner have been lacking for these enzymes. Here, we describe the design and
implementation of a robust and miniaturized high-throughput kinetic assay for inhibitors of
JMJD2E using a formaldehyde dehydrogenase-coupled reaction with real-time fluorescence
detection. Reactant compatibility studies resulted in simplification of the assay scheme to the
mixing of two reagent solutions, both of which were stable overnight. The assay was miniaturized
to a 4 μL volume in 1,536-well format and was used to screen the Library of Pharmacologically
Active Compounds (LOPAC1280). Inhibitors identified by the screen were further characterized in
secondary assays including FDH counterscreen and demethylation assays that monitored
demethylation by MALDI-TOF MS. The assay developed here will enable the screening of large
compound libraries against the Jumonji demethylases in a robust and automated fashion.

INTRODUCTION
Histone methylation influences genetic processes including heterochromatin formation, X-
chromosome inactivation, genomic imprinting, transcriptional regulation and DNA repair 1.
Although once thought to be an irreversible modification, it is now clear that histone lysine
Nε-methylation is a dynamic process. Both histone methyltransferases and histone
demethylases have been implicated in biomedically important pathophysiological processes,
which include effects on embryonic stem cell differentiation, development and
tumorigenesis 2. The histone demethylase JMJD2C, which catalyses the demethylation of
trimethyl lysine 9 of histone H3 (H3K9me3), has been shown to associate with the androgen
receptor (AR), facilitating AR-dependent transcription. Knockdown of JMJD2C by siRNA
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inhibited demethylation of H3K9me3 and reduced androgen-dependent cell proliferation of
prostate cancer cells 3, suggesting that the JMJD2 demethylase family may be therapeutic
targets.

The largest set of histone demethylases belongs to the Fe(II) and 2-oxoglutarate oxygenase
(2OG) superfamily. The catalytic cycle of 2OG oxygenases involves sequential binding of
2OG, substrate and, finally, binding of molecular oxygen to the single Fe(II) at the active
site 4; oxidation/decarboxylation of 2OG then generates an active Fe(IV)=O species, which
reacts to hydroxylate substrates, likely by insertion of oxygen into C-H bonds 5, 6. Other
than the histone lysine demethylases, known human 2OG oxygenases include prolyl
hydroxylases (involved in collagen biosynthesis and the hypoxic response), DNA
demethylases, lysyl hydroxylases (collagen biosynthesis), and enzymes involved in fatty
acid metabolism 7.

A few 2OG oxygenases, and in particular the collagen prolyl-4-hydroxylases, have been
previously targeted for inhibition, particularly in the treatment of liver fibrosis 8, 9. More
recently, inhibitors have also been reported for the hypoxic-response oxygenases
PHD2 10, 11 and FIH 12, 13, and the DNA demethylase AlkB 14. Inhibitors of the GA 20-
oxygenase involved in gibberellin biosynthesis in plants have found application in
agriculture as plant growth retardants 15. However, the multiplicity of histone-modifying
enzymes (and the post-translational modifications that they catalyze) means that defining the
biological roles of individual enzymes and modifications/combinations of modifications is
challenging. One approach to this problem is to identify small molecules that selectively
inhibit individual histone-modifying enzymes/enzyme subfamilies. Here we describe the
first high-throughput assays for a histone demethylase subfamily, which will be useful for
the development of small molecule functional probes for this purpose. Notable examples of
small molecules that target epigenetic enzymes include the histone deacetylase-1 inhibitor
suberoylanilide hydroxamic acid (SAHA)16 and a histone methyltransferase G9a
inhibitor 17, 18.

To our knowledge, no large-scale high-throughput screen for inhibitors of the 2OG
dependent histone demethylases has been reported. The high level of sequence similarity
among the JMJD2 demethylases, together with the high relative levels of stability and
activity of recombinant JMJD2E (in comparison with the other JMJD2 enzymes), led to the
selection of JMJD2E as a model enzyme suitable for inhibition studies on the JMJD2
family 19. Kinetic assays based on detection of the formaldehyde co-product have been
reported for JMJD2A and JMJD2E19, 20. These assays enabled the identification of selected
inhibitor scaffolds for JMJD2E, with starting points being based on known inhibitors of the
Fe(II)/2OG oxygenases, or on structural similarity to 2OG. Reported JMJD2E inhibitors
included pyridine-dicarboxylic acids and N-oxalylamino acids19. Interestingly, the identified
inhibitors also included hydroxamic acid-type HDAC inhibitors, including trichostatin A
(TSA) and suberoylanilide hydroxamic acid (SAHA), which is currently in clinical use for
the treatment of cutaneous T-cell lymphoma 21. Most of the inhibitors identified in these
studies are iron chelators, and/or mimics of the cosubstrate 2OG; achieving selectivity
between different Fe/2OG dependent oxygenases thus will likely be a major challenge in
this field.

The likely difficulty in achieving selective inhibition of particular histone demethylases/
subfamilies with compounds designed to mimic 2OG means that there is an unmet need for
the identification of diverse inhibitor chemotypes. Here we report the development and
application of a high-throughput screening method for the histone demethylases. The
previously described formaldehyde dehydrogenase coupled assay22 was redesigned to a
simplified and robust protocol which was miniaturized to a low 4 μL volume in 1,536-well
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format. A pilot screen of a library of bioactives yielded several novel inhibitors which were
further characterized in secondary assays. The method presented here will be useful for the
discovery of new inhibitors for these enzymes within large compound collections.

MATERIALS AND METHODS
Chemicals and consumables

Dimethyl sulfoxide (DMSO, certified ACS grade) was from Fisher, Inc. The trimethylated
histone peptide substrate ARK(me3)STGGK was synthesized and HPLC-purified either in-
house using a CS-Bio CS336S automated peptide synthesizer (Supporting Figure 1) or by
the Tufts University Core Facility (Boston, MA). Ferrous ammonium sulfate (FAS), (+)-
sodium L-ascorbate (SA), β-nicotinamide adenine dinucleotide hydrate (NAD+), Tween-20,
formaldehyde dehydrogenase from P. putida (FDH) and disodium 2-oxoglutarate (hereafter
2OG) were from Sigma (St. Louis, MO). HEPES buffer was obtained from Gibco. Black
solid-bottom 384-well or 1,536-well assay plates were from Greiner Bio-One (Monroe, NC).

Enzyme
The catalytic domain of human JMJD2E (residues 1–337) was produced as an N-terminally
His6-tagged protein in E. coli, and purified by Ni-affinity chromatography and size-
exclusion chromatography, and stored at a concentration of 60 mg/mL in HEPES 50 mM
NaCl 500 mM pH 7.5, as reported 19.

Assay optimization in 384- and 1,536-well formats
Reactions were performed in 50 mM HEPES pH 7.5 containing 0.01% Tween-20. During
the initial assay optimization in 384-well plates, reagents were added as two separate
solutions, subsequently referred to as the enzyme solution and substrate solution,
respectively. The concentrations given refer to the final values attained in the assay. Using
this assay, the Km and kcat parameters for the two substrates were determined to be 14.0
±1.8 μM and 0.174±0.006 s−1 for 2OG and 21.3±1.1 μM and 0.076±0.001 s−1 for the
ARK(me3)STGGK peptide substrate, respectively.

Initially, 21 μL of an ‘enzyme solution’ containing 50 nM JMJD2E, 0.1 mM sodium
ascorbate (SA) and 10 μM ferrous ammonium sulfate (FAS) was prepared, and after 15
minutes incubation at room temperature, 9 μL of a ‘substrate solution,’ comprising 0.001 U/
μL FDH (one unit defined as 1 μmol formaldehyde oxidized to formic acid in one minute at
pH 7.5 and 37 °C), 0.5 mM NAD+, 50 μM disodium oxoglutarate (2OG) and 50 μM peptide
substrate, was added. Fluorescence values were recorded every other minute using a
ViewLux High-throughput charge-coupled devise (CCD) imager (Perkin-Elmer, Waltham,
MA) employing a standard 340 nm excitation and 450 nm emission filter set. A three-
solution protocol was also investigated; in this case, 20 μL of the JMJD2E-only solution
was added into the well first, followed by 10 μL each of a SA-FAS solution, followed by the
substrate solution with the aforementioned components.

In the final miniaturized assay, the JMJD2E concentration was increased to 100 nM in order
to produce stronger signal. Reactions were initiated by dispensing 3 μL of enzyme solution
(4/3x final concentration) into a 1,536-well assay plate using a nanoliter solenoid-based
dispenser (Beckman-Coulter, Fullerton, CA). The assay plate was incubated at room
temperature for 10 minutes, followed by a 1 μL addition of 4x substrate solution to initiate
the reaction (final assay volume of 4 μL). The plate was then manually transferred into the
ViewLux reader for kinetic measurements. To screen for false positive results due to
inhibition of FDH, FDH-only assays were run using FDH as the enzyme (0.000025 U/μL
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final concentration) and 10 μM formaldehyde and 0.25 mM NAD+ as the substrate, and
following the same fluidic protocol as described above for the coupled assay.

Compound Library
The Library of Pharmacologically Active Compounds (LOPAC1280, Sigma-Aldrich) of
1,280 known bioactives was obtained as a set of 10 mM DMSO solutions and formatted as a
dilution series in 1,536-well compound plates (1:5 dilution ratio) at 5 μL per well.
Additional details on the preparation of the compound library for quantitative high-
throughput screening (qHTS) have been previously described23.

qHTS Protocol and Data Analysis
Enzyme solutions (3 μL) were dispensed into a 1,536-well Greiner black solid-bottom assay
plate. The LOPAC compounds (23 nL) were transferred using a Kalypsys pintool equipped
with 1,536-pin array (10 nL slotted pins, V&P Scientific, Palo Alto, CA). The plate was
incubated at room temperature (15 min), and then a 1 μL aliquot of substrate solution was
added to initiate the reaction. The plate was manually transferred to ViewLux imager where
an initial reading was obtained. The plate was then removed from the reader, incubated for
30 minutes, and returned to the reader for a second fluorescence reading. For automated
robotic screening, plates were subjected to the same protocol steps except for the transfer
steps which were performed by 6-axes anthropomorphic robotic arms as described
previously.24 Compound plates containing DMSO as a vehicle-only control were included at
the beginning and the end of the screen to monitor any systematic trend in the assay signal
associated with reagent dispenser variation or decreases in enzyme specific activity. For
activity calculations, Δ values were computed as the difference in fluorescence intensity
between last and first time points. The percentage activity was calculated from the median
values of the catalyzed, or neutral control, and the uncatalyzed, or 100% inhibited, control,
respectively, using in-house software (http://ncgc.nih.gov/pub/openhts/)23–25.

Matrix-assisted laser desorption-ionization time-of-flight mass spectrometry (MALDI-TOF-
MS) assay for JMJD2E activity

For the MS assays, JMJD2E (2 μM), FAS (10 μM) and SA (100 μM) in HEPES buffer, 50
mM, pH 7.5, were incubated with inhibitor (stock solutions in DMSO, final in-assay
concentration varied, but final DMSO concentration was 5 % of assay mix) for 15 min at
room temperature. Disodium 2OG (10 μM) and peptide (10 μM) were added, and the
mixture was incubated for 30 min at 37 °C, before 1:1 quenching with methanol followed by
addition of four volumes of 20 mM triammonium citrate. The diluted assay mixture (1 μL)
was then mixed with α-cyano-4-hydroxycinnamic acid (the MALDI-TOF-MS matrix, 1μL)
and spotted onto a MALDI-TOF-MS plate before analysis. The relative intensities of
different methylation states observed in the mass spectra (Supporting Figure 1) were then
used to calculate percentage demethylation, and IC50s were calculated from the variation in
percentage demethylation at different inhibitor concentrations, as reported19.

RESULTS AND DISCUSSION
Our starting point for the optimization of a screening protocol for JMJD2E was a recently-
reported coupled-enzyme method19, 22, 26 that utilizes a trimethylated peptide substrate
corresponding to a fragment of histone H3 (sequence ARKme3STGGK) with detection of
the formaldehyde co-product in real time by a formaldehyde dehydrogenase (FDH) coupled
reaction. FDH catalyzes oxidation of formaldehyde to formic acid with the concomitant
reduction of the non-fluorescent β-nicotinamide adenine dinucleotide hydrate (NAD+)
cofactor to the fluorescent NADH co-product (Figure 1). This assay has been used in routine
investigations of demethylase activity in cuvette and 96- and 384-well formats; typically, it
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involves the preparation of enzyme [JMJD2E, sodium ascorbate (SA), and ferrous
ammonium sulfate (FAS)] and substrate (peptide, FDH, 2OG, NAD+) solutions, and
combination of the two (with or without the presence of a candidate inhibitor) in order to
initiate the reaction. While our initial tests performed with freshly prepared reagents yielded
strong fluorescent signals, we wished to investigate the long term integrity of the assay
components as a prerequisite for a large scale robotic screening campaign. The enzyme and
substrate solutions were therefore incubated separately on ice for 5 hours (after an initial
measurement of activity to serve as a 100% activity control); virtually no activity was seen
after each solution was incubated separately on ice for 5 hours. The reaction progress curve
closely tracked the no-enzyme control, indicating loss of activity of some or all of the
reagents after storage for 5 h on ice (Figure 2A).

A series of reagent component deconvolution experiments was then performed in order to
identify the source of the drop in assay performance and to enable a robust screening
condition. Both reagent solutions were stored on ice for five hours and their activity was
cross-tested with freshly prepared complementary solutions. As reference, a reaction
conducted with both solutions prepared fresh at the point of testing was used (Figure 2B,
condition A). The performance of the two stored solutions differed drastically. The substrate
solution survived the five-hour storage intact (Figure 2B, condition B); in contrast, the
enzyme solution lost approximately 92% of its activity (Figure 2B, condition C). It was
concluded that the loss of assay signal upon reagent storage was associated with reagent
degradation taking place within the enzyme solution.

To determine whether the apparent degradation was due to instability of JMJD2E itself, or to
the combination of JMJD2E, SA and FAS, the components of the enzyme solution were
subdivided and kept on ice, or at room temperature, while the substrate solution, previously
shown to be stable, was kept on ice for five hours. Freshly prepared JMJD2E tested with SA
and FAS which had been stored separately on ice for five hours, displayed only an 8.5% loss
in activity as compared with an entirely freshly prepared enzyme solution (Figure 2B,
condition D). JMJD2E which was stored for 5 hours on ice and tested with freshly prepared
SA and FAS lost 17% of activity (Figure 2B, condition E). This result indicates that
JMJD2E, while having lost some activity after storage on ice, was not particularly unstable
when stored by itself. In contrast, freshly prepared JMJD2E tested with SA and FAS that
were stored together on ice, or at room temperature, for five hours, displayed 37 % and 77 %
loss of activity, respectively (Figure 2B, conditions F and G). This indicates that initially
observed enzyme solution instability was primarily due to degradation associated with the
SA-FAS mixture, and that the rate of SA-FAS degradation was accelerated at room
temperature. It is known that ascorbic acid decomposes in the presence of ferric ions
(formed from ferrous ions and oxygen)27; further, a recent report also describes the Fe(III)
mediated degradation of dehydroascorbate in the absence of oxygen28.

Having established that the stability of the JMJD2E enzyme was dramatically improved
upon its separation from SA-FAS, we then investigated whether the protocol could be
improved further by merging the SA-FAS components with the substrate solution to yield a
streamlined two-solution scheme. Thus, we performed overnight stability tests of reagent
sets corresponding to a three-solution [(i) JMJD2E, (ii) SA-FAS, and (iii) substrate solution
consisting of 2OG, peptide substrate, FDH, and NAD+] or two-solution [(i) JMJD2E and (ii)
substrate solution consisting of SA, FAS, 2OG, peptide substrate, FDH, and NAD+]
protocols, respectively. While there was an initial decrease in signal strength during the first
approximately 3 hours of storage (Figure 2C), no significant further drop was observed upon
extended storage. Importantly, the stability profiles for the two-versus three-solution
protocols were nearly identical, demonstrating that merging all the non-JMJD2E
components into one combined substrate solution does not lead to a worsened assay
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performance. Using the two-solution protocol thus established, FDH and FAS titrations were
performed in order to re-validate the optimal levels of these key components (Supporting
Figure 2). Final concentrations of 0.00025 U/μL FDH and 10 μM FAS were selected.

The simplified two-solution protocol was then miniaturized to a 1,536-well format by direct
volume scaling. Thus, 3 μL of 4/3x solution of enzyme solution was dispensed in a plate.
Inhibitor addition, if applicable, was achieved by a pintool delivery of 23 nL of compound
solution. Addition of 1 μL 4x substrate solution initiated the reaction. To re-assess the
stability of the reagents within the finally configured miniaturized assay, comparison runs of
reagents stored for 0 (fresh), 8, and 24 hours were then performed (Figure 3). Consistent
with the earlier results obtained in 384-well format, only a minimal loss of activity was
observed. We note that unlike previous methods19 where JMJD2E was assayed at a 2 μM
concentration (placing a relatively high limit on the IC50 value that can be obtained), the
present optimized protocol yielded sufficient signal with the use of only 100 nM JMJD2E,
thereby making it more economical with respect to protein consumption and more sensitive
to inhibitors. Recording the fluorescence intensity in real-time kinetic mode afforded the
facile detection of autofluorescent compounds which contributed excessive amounts of
fluorescence to the initial fluorescence readouts24, 29, 30.

The JMJD2E assay was then applied to screen an 8-point dilution series of the LOPAC1280

compound library with final compound concentrations ranging from 18.3 nM to 57.2 μM.
Consistently high Z′ factors31 (average 0.93) were observed throughout the screen (Figure
4A), indicating a stable assay. The hits identified in this screen, all of which exhibited IC50s
above 2.5 μM, were dominated by catechol and flavonoid compounds (representative
screen-derived concentration-response curves shown in Figure 4B). To investigate these
hits, select catechols and flavonoids (Table 1) were acquired as dry powders and their
activity further characterized. A counterscreen with the FDH coupling enzyme failed to
yield significant inhibition from any of the compounds up to the top 57 μM concentration
tested, thus ruling them out as false positive acting on FDH. A comparison of IC50 values
obtained from the coupled assay, and an assay where the removal of methyl groups from the
substrate was monitored by MALDI-TOF MS, was then carried out19. The high level of
concordance between the results from the present miniaturized HTS assay and the
orthogonal mass spectrometry-based method (Table 1) further validated the high-throughput
methodology for 2OG-dependent demethylase inhibitor identification. 2,4-
Pyridinedicarboxylic acid (2,4-PDCA), a previously noted 2OG-competitive inhibitor of
JMJD2E19, yielded IC50 values of 0.20 μM and 0.9 μM in the present HTS and MALDI-
TOF MS assays, respectively. The IC50 values determined by the MALDI-TOF MS
technique were on average higher than the corresponding values derived from the
miniaturized coupled assay, at least in part because of the higher concentration (2 μM) of
JMJD2E employed in the former. To further demonstrate the robustness of the assay and the
reproducibility of the inhibition effect observed in the screen, we performed a triplicate
screen of the same compound collection, in dose-response mode, using a fully integrated
robotic system.24 A high and stable Z′ trend was noted for this expanded screen; moreover,
there was an excellent reproducibility of the actual concentration-response curves among the
three replicates (Supporting Figure 3).

Most, if not all, of the initial lead compounds have the potential to bind to iron ions at the
active site and/or in solution. In order to probe the mechanism of action of the present
compounds with respect to iron chelation in solution32, pairs of FDH coupled assays were
then performed utilizing concentrations of FAS which were respectively higher (20 μM) and
lower (2.5 μM) than the level used in the initial screen. We used the ratio of IC50 values in
the high-FAS assays (20 μM FAS) compared to those in the low-FAS assays (2.5 μM FAS)
(Table 1) to serve as an approximate measure of an inhibitor’s propensity for iron chelation

Sakurai et al. Page 6

Mol Biosyst. Author manuscript; available in PMC 2012 July 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



in solution. EDTA, a recognized iron chelator, yielded a ratio of 5.9 in these tests.
Approximately half of the compounds tested exhibited low ratios of below 3 and all
compounds except two (epigallocatechin gallate and hematoxylin) displayed ratios below 4;
further, the ratios for several related compounds (L-methyldopa, (−)-isoproterenol, 6-
hydroxy-DL-DOPA, and dopamine) were below 1, As most of the ratios observed,
particularly those below 1 and between 1 and 3, fall within the typical variation of IC50
measurements it is difficult to derive firm conclusions regarding the structure-ferrous-
chelation relationship from the present tests; however, catechols and flavonoids have already
been noted for their iron-binding properties33. Kinetic analysis of the mode of inhibition of
four of these compounds (baicalein, S-(−)-carbidopa, β-lapachone, and fenoldopam,
Supporting Figure 4) revealed that β-lapachone, fenoldopam and baicalein were
noncompetitive inhibitors of JMJD2E with respect to 2OG (Ki = 3.55 ± 0.41 μM, Ki = 1.92
± 0.11 μM, and Ki = 4.33 ± 0.39 μM, respectively), while S-(−)-carbidopa appears to be an
uncompetitive inhibitor of JMJD2E with respect to 2OG (αKi = 1.98 ± 0.17). Thus, unlike
most reported 2OG oxygenase inhibitors, none of these compounds appears to be
competitive with 2OG. Further work is required to identify their precise mode of inhibition,
and it is possible that it involves a combination of factors.

Many biological activities have been associated with catechols and flavonoids. The
predominance of catechols and the related flavonoids that were obtained from screening the
LOPAC library probably reflects a combination of their relative abundance in most known
bioactive screening collections, and the ability of the aromatic ene-diol functionality to act
as a bidentate iron chelator. Several reports have described the inhibition of 2OG
oxygenases by catechols/flavonoids, including the collagen lysyl hydroxylases34 and the
hypoxia inducible factor (HIF) prolyl and asparaginyl hydroxylases14, 35–37. The finding that
catechols/flavonoids also inhibit JMJD2E, and likely other 2OG dependent oxygenases,
suggests that many, if not all, 2OG oxygenases will be inhibited by such compounds. Thus
in vivo reports on the cellular activity of these compounds that attempt to make correlations
between the inhibition of specific enzymes and cellular/physiological responses should be
treated with caution. The observed activities are not questioned; however, it is likely that
they result from many interactions with a wide variety of enzyme targets38, 39. Indeed, there
is evidence that catechols/flavonoids are promiscuous inhibitors and in some cases have
been shown to cause protein aggregation under in vitro screening conditions40, 41.

The lack of non-catechol/flavonoid hits from the screening of the LOPAC compound set
suggests that the identification of new lead compounds suitable for optimization for
inhibition of JMJD2E and related demethylases may require the screening of much larger
and more diverse compound collections. The simple and robust homogeneous assays that we
have developed and validated for monitoring JMJD2E activity will enable such large-scale
high-throughput screens.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. JMJD2E coupled assay principle
JMJD2E-catalyzed demethylation of H3K9me3 and concomitant oxidation/decarboxylation
of 2OG. Demethylation releases formaldehyde, which is oxidized to formic acid by FDH,
with concomitant reduction of NAD+ to NADH, which is monitored by fluorescence
spectroscopy.
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Figure 2. Reaction protocol optimization
Reactant compatibility studies were performed in order to arrive at a robust HTS assay. The
assay signal was observed to deteriorate after five hours of storage of the enzyme (also
containing SA and FAS) and substrate solutions (A). Reagent component deconvolution
tests (B) were performed at the following protocol conditions, comparing the respective
activity to that obtained from freshly-prepared reagents: both solutions prepared fresh at the
point of testing (condition A, 100% activity reference), substrate solution tested after five-
hour storage with freshly-made enzyme (condition B), enzyme solution tested after five-
hour storage with freshly-made substrate (condition C), freshly prepared enzyme tested with
SA and FAS which had been stored separately on ice for five hours (condition D), enzyme
which was stored for 5 hours on ice and tested with freshly prepared SA and FAS (condition
E), freshly prepared enzyme tested with SA and FAS that were stored together on ice
(condition F), and freshly prepared enzyme tested with SA and FAS that were stored
together at room temperature (condition G). Comparable performance of 2-solution
(triangles) and 3-solution (squares) protocols (complete reaction: solid symbols, no-enzyme
control: empty symbols) (C). Error bars indicate standard deviations from triplicate
measurements.
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Figure 3. Robustness of the optimized 1,536-well based assay
Plotted are averages and standard deviations derived from 16 wells per reaction control
(complete reaction: solid symbols, no-enzyme control: empty symbols) for reaction progress
curves obtained with fresh reagents (squares) and reagents stored on ice for 8 h (triangles) or
24 h (circles).
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Figure 4. LOPAC1280 qHTS
The performance of the qHTS assay with the LOPAC compounds is evidenced by the
consistently high Z′ factor (A) and a set of concentration-response curves associated with
top screening actives (B).
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