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Abstract

Sirtuin 1(SIRT1) is a NAD*-dependent deacetylase which has been implicated in age-related
diseases such as cancer, Alzheimer’s disease, type 2 diabetes, and vascular diseases. SIRT1
modulators are of interest for their potential therapeutic use and potential as chemical probes to
study the role of SIRT1. Fluorescence-based assays used to identify SIRT1 activators have been
shown to have artifacts related to the fluorophore substrates used in the assays. Such problems
highlight the potential utility of a label-free high throughput screening (HTS) strategy. In this
work, we describe a label-free SIRT1 assay suitable for HTS based on segmented flow-
electrospray ionization-mass spectrometry (ESI-MS). In the assay, 0.5 uM SIRT1 was incubated
with 20 uM acetylated 21-amino acid peptide, which acts as substrate for the protein. A stable-
isotope labeled product peptide was added to the assay mixture as an internal standard after
reaction quenching. The resulting samples are formatted into 100 nL droplets segmented by
perfluorodecalin and then infused at 0.8 samples/s into an ESI-MS. To enable direct ESI-MS
analysis, 11 uM SIRT1 was dialyzed into a 200 uM ammonium formate (pH 8.0) buffer prior to
use in the assay. This buffer was demonstrated to minimally affect enzyme kinetics and yet be
compatible with ESI-MS. The assay conditions were optimized through enzyme kinetic study, and
tested by screening an 80-compound library. The assay Z-factor was 0.7. Four inhibitors and no
activators were detected from the library.
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1. Introduction

High throughput screening (HTS) is a powerful approach to rapidly identify compounds that
modulate a target reaction. Such compounds may serve as leads for drugs or chemical
probes. Assays for HTS are mostly based on optical detection methods, especially
fluorescence in plate readers; however, label-free analysis has gained increasing attention in
recent years.l: 2 Performing assays without incorporating artificial labels is beneficial in
several ways: minimal manipulation or modification of the reaction components required,
fewer assay artifacts such as auto-fluorescence from test compounds or interference of the
bulky fluorophores with the assay, relatively simpler assay development, and less reagent
cost for large-scale application.3 4 A powerful technique for label-free analysis is mass
spectrometry (MS). In this work, we describe a novel assay for sirtuin 1 (SIRT1) based on
droplet electrospray ionization (ESI)-MS that is suitable for HTS.

MS is attractive as a technique for HTS because it offers high selectivity based on resolving
analytes by mass to charge ratio, high sensitivity, rapid scanning, and multi-analyte
detection.>8 The potential high analysis rate of MS is often compromised by slow sample
introduction approaches or the requirement of sample preparation. Previous work has shown
that samples compartmentalized as droplets within an immiscible carrier fluid can be
coupled to an ESI source for analysis of discrete samples with minimal carry-over.%-12 With
segmented flow methods, analysis rates as high as 5 samples/s have been demonstrated.13
Another advantage of the droplet platform is that it enables use of nanoliter or smaller
volumes, thus reducing reagent costs in a screen. Furthermore, droplet microfluidics has
rapidly evolved so that now nanoliter scale samples can be manipulated enabling reactions
and other functions to be performed with high speed, precision, and automation,14-16
Previously, screens for modulators of acetylcholinesterase and cathepsin B have been carried
out using a droplet-ESI-MS system.17. 18

Successful implementation of ESI-MS for screening requires development of assay
conditions that are appropriate. In this work we describe an assay for SIRT1 and
demonstrate its use in screening an 80 compound library. Sirtuins are a class of
evolutionarily conserved NAD*-dependent deacetylases which control a wide range of core
cellular processes including gene expression, metabolism, cell cycle and life span. Sirtuin
expression is responsive to diet and environmental stress.1: 20 SIRT1, one of the seven
mammalian sirtuins, deacetylates various transcription factors and enzymes to regulate
chromatin structure, transcription, apoptosis, tumorigenesis, energy expenditure, and
oxidative stress. SIRT1 relieves metabolic dysfunction in numerous tissues, including liver,
muscle, heart, and fat tissue.1 20 In vivo studies have shown that overexpression or
increasing the activity of SIRT1 can prolong murine lifespan, suppress certain types of
cancer, and ameliorate aging-related diseases including type 2 diabetes and
neurodegenerative diseases.19: 21-23
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Because of the promising therapeutic value of SIRT1 activation, extensive searches for
SIRT1 modulators have been carried out. A series of SIRT1 activating compounds (STACs)
have been discovered by using a fluorescent screening. These STACs exert their effects by
promoting substrate-protein binding.22 Most of these STACs are plant-based polyphenols,
including resveratrol. In the fluorescent assay, the peptide substrate comprises amino acids
379-382 of human p53 (Arg-His-Lys-Lys(Ac)) and was engineered with a fluorogenic tag
(aminomethylcoumarin) close to the Lys(Ac). Deacetylation by SIRT1 liberates the side
chain amine of lysine, which allows a fluorophore to be produced after reacting with a
fluorescent developer in the second step.24 The intensity of the fluorescence is proportional
to the level of deacetylation.22 Compounds discovered by such assay have been shown to
improve metabolic syndrome.23: 25-30 However, further investigation of the activation
mechanism revealed that STACs enhances the binding and deacetylation of the fluorogenic
substrate, but has no impact on the unlabeled peptide substrate.19 31-34 _ater studies
suggested that the bulky, hydrophobic fluorophore is indispensable in mediating the
activation of SIRT1,24 35 which might mimic hydrophobic moieties of certain natural
substrates. The issues surrounding the fluorescent assay suggest that a label-free screen of
SIRT1 could be of value in identifying or verifying new STACs.

In this work, we sought to develop a label-free SIRT1 assay which can be analyzed by
droplet-ESI-MS without sample preparation. SIRT1 was dialyzed into an ESI-compatible
formate buffer prior to the screening. Reactions were then carried out in the formate buffer,
instead of the commonly used Tris buffer. Afterwards, samples in a multi-well plate were
reformatted into oil-segmented nanoliter droplets and finally analyzed by ESI-MS (Fig. 1).
The assay was tested by a pilot screen involving 80 test compounds with known properties.
Strong inhibitor hits were validated by dose response experiments. The results suggest that
this approach is suitable for HTS for SIRT1 modulators and could be generalized to other
enzymes.

2. Experimental

Chemicals and materials

Unless otherwise specified, all solvents were purchased from Honeywell, Burdick, &
Jackson (Muskegon, MI, USA) and were certified ACS grade or better. Reagents were
purchased from Sigma Aldrich (St. Louis, MO, USA). Human recombinant SIRT1 and
Epigenetic Screening Library were purchased from Cayman Chemical (Ann Arbor, Ml,
USA). Histone H3K9(Ac) and H3K9 were purchased from Anaspec (Fremont, CA, USA).
Isotope-labeled H3K9 was synthesized using standard Fmoc solid phase peptide synthesis
and purified using RP-HPLC by the Neil Marsh lab, University of Michigan.

SIRT1 assay by direct infusion ESI-MS

SIRT1 purchased from the supplier is dissolved in 50 mM Tris-HCI and 140 mM total
inorganic salts, pH 8.0. Because such buffer is incompatible with direct ESI-MS analysis,
SIRT1 was buffer exchanged into an MS-compatible buffer (200 mM ammonium formate
and 200 pM dithiothreitol (DTT), pH adjusted to 8.0 by ammonium hydroxide) using an
Amicon Ultra-0.5 mL (EMD Millipore, Billerica, MA, USA) dialysis membrane with 50
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kDa molecular weight cut-off. 50 uL SIRT1 (1 mg/mL) was dialyzed against 500 L formate
buffer twice. The collected SIRT1 was then diluted by the new buffer to 0.5 uM. The
procedure was conducted at 4 °C.

An unlabeled 21-mer acetylated peptide, H3K9(Ac),
(ARTKQTARK(AC)STGGKAPRKQLA) was selected as the substrate. This peptide was
diluted to 200 uM using the same ammonium formate buffer. The reaction was performed by
mixing dialyzed SIRT1 with the substrate and then incubating at 37 °C for designated time.
The final concentration of SIRT1 was 0.5 uM, H3K9(Ac) 20 uM. The deacetylation product
is H3K9 (ARTKQTARKSTGGKAPRKQLA) (Fig. 2). Reactions were terminated by equal
volume of quenching reagents consisting of 50% methanol, 50% water, 0.2% formic acid
(v/v) and 10 pM isotope-labeled H3K9 (H3K9*, three Ala-D3 and two Gly-D2, +12 Da),
which was included as an internal standard.

The linearity of the reaction rate was assessed by a series of assays incubated for 0, 15, 30,
60, 90, 120 min. Each assay contained a final concentration of 0.5 pM SIRT1 and 20 M
H3K9(Ac). Michaelis—Menten kinetics were measured by varying H3K9(Ac) concentration
from 0 to 160 uM while quenching the reaction at different times from 0 to 120 min. The Ky,
value was determined by fitting the data to a Michaelis-Menten model using GraphPad
Prism 6.01. The detection of product H3K9 was calibrated by measuring the intensity ratio
of H3K9 over H3K9*.

SIRT1 assay by HPLC-MS

To compare the reaction yield for SIRT1 assay performed in the conventional Tris buffer and
the formate buffer, the resulting samples were analyzed by LC-MS. The reaction mixtures
were incubated for 4 hours at 37°C. The HPLC column was prepared in house by packing a
8 cm fused-silica capillary (75 pm i.d./360 um 0.d.) with 5 pm C18 particle.36 Mobile phase
A was 0.15% formic acid aqueous solution. Mobile phase B was methanol. The linear
gradient was programmed as: initial, 0% B; 10 min, 50% B; 15 min, 50% B; 18 min, 95% B;
20 min, 100% B. The MS was operating at full scan mode. The m/z of the substrate
H3K9(Ac) (575.4 and 766.5) and the product H3K9 (564.4 and 752.6) was extracted.

Epigenetic Library Screening

The screening was performed in part of a 384-well plate (Greiner Bio-one, Monroe, NC,
USA), in 8 x 13 format. Screening conditions were determined based on the assay
development. 50 uL SIRT1 at 11 uM was dialyzed against 500 pL formate buffer twice, and
then diluted to 650 uL by the formate buffer. Column 1, 6 and 13 had 1 uL 10% DMSO
added as a negative control, i.e. no enzyme. Column 2-5 and 7-12 had 1 pL of test
compound at 200 uM in 10% DMSO from the Epigenetic Screening Library added. 6 uL of
SIRT1 diluted in formate was then added to each well by Matrix Electronic Multichannel
Pipette (Thermo Scientific, Waltham, MA, USA). Afterwards, 3 uL of 67 pM H3K9(Ac)
was deposited into each well. The final concentrations were 20 uM test compounds, 0.5 uM
SIRT1, and 20 pM H3K9(Ac). Each reaction contained 1% DMSO. Reactions were
incubated at 37 °C for 1.5 hours and then quenched with 10 pL ice-cold quenching reagent.
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Droplet-MS Analysis

Reaction mixtures were first transferred into a modified 384-well plate,13 and then
reformatted into oil-segmented droplets which were stored in a piece of fluorinated ethylene
propylene (FEP) tubing. The procedure has been previously described.13 Briefly, a syringe
pump operating in aspirate mode was used to pull fluid into the FEP tubing. The inlet tip of
the FEP was moved from well-to-well to draw up assay samples alternated with an equal
volume of an immiscible carrier fluid, perfluorodecalin. Each reaction was collected as 3
droplets of 100 nL each. The size of droplet and perfluorodecalin spacer was controlled by
adjusting the pulling rate of the syringe pump, as well as the movement of the FEP tube. In
this experiment, the syringe was pulled at 4 pL/min; the tube dwelled in sample for ~1.5 s,
and in oil for ~1.25s.

To analyze the droplet contents, FEP tubing content was pumped into the source through a
custom ESI needle at 10 uL/min.3” MS analysis was performed using a Micromass Quattro
Ultima triple quadrupole MS (Waters Corporation, Milford, MA) in full scan mode (m/z
550-785). The scan time was set as 0.05 s. The ESI voltage was +3.0 kV. Droplet traces
were acquired by MassLynx 4.0. The intensity of [M+3H]3* (m/z 752.6) and [M+4H]**
(m/z 564.6) ions of the product H3K9 and isotopic standard H3K9* (m/z 756.3 and 567.4)
were measured for quantifying the reaction yield (Fig. 2). Data was analyzed using Origin
8.5.

Dose dependent experiment

Compounds that reduced the reaction yield by more than 50% were selected as strong
inhibitor hits. A series of reactions containing a concentration range of the hits were
performed (Fig. 6). Each reaction consisted of final concentration of 0.5 uM SIRT1 and 20
UM H3K9(Ac). After incubation at 37 °C for 1 hour, reactions were stopped by ice-cold
quenching reagents with 20 uM H3K9*, and then analyzed in droplet format. The dose
response curves were fitted using GraphPad Prism 6.01.

Activator evaluation

The impact of resveratrol and piceatannol on SIRT1 were studied in the conventional Tris
buffer (50 mM Tris-HCI and 140 mM total inorganic salts). 30 pM of test compounds:
resveratrol, piceatannol, EX-527, suramin, C646 and nicotinamide were added to 0.5 uM
SIRT1 and 20 uM H3K9(Ac). Reactions were quenched at 1 and 1.5 hours. The reaction
mixtures were desalted by Pierce™ C18 Spin Columns (Thermo Scientific) and re-
consituted into 30% MeOH and 0.1% formic acid aqueous solution. Desalted reaction
mixtures were reformatted into droplets and analyzed by direct infusion ESI-MS using the
same instrument parameters described above.

3. Results and discussion

MS based H3K9(Ac)-SIRT1 MS assay

Acetylated histone H3-Lys? is a natural SIRT1 substrate, which comprises of over 200
amino acids. In our study, a 21 amino acid peptide sequence containing the acetylated Lys®
(H3K9) was selected as the substrate for the assay. Smaller peptides might not react
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similarly as the whole protein with the SIRT1 catalytic site; however larger peptides will
challenge the sensitivity and quantification of MS. Because our selected substrate is not
labeled, it avoids potential interference from artificially engineered tags. The SIRT1 we used
in the assay was the full length protein, which may allow discovery of allosteric modulators
as well as compounds that act directly at the active site.

To enable high throughput analysis of individual droplet sample, direct ESI-MS analysis was
used. An isotope-labeled H3K9* was added to the final reaction mixture as an internal
standard to account for possible effects of test compounds on peptide ionization and signal
drift. In the direct infusion ESI-MS mode, all reaction components were detected in a single
mass spectrum. Due to the implementation of the ammonium formate buffer, matrix effect
was considerably mitigated. H3K9 and H3K9* are multiply charged in the full scan MS
(Fig. 2). Charge states from [M+7H]"* to [M+3H]3* were observable. In principle, detection
of all ions could be used for screening; however, scanning a wide mass range compromises
the analysis rate. We found that the [M+4H]** and the [M+3H]3* peaks dominate the mass
spectrum and the sum of their intensity can be linearly calibrated with peptide concentration.
Therefore we narrowed down the scan range to m/z 550785 to detect only these charge
states during a screen. The scan time was set as 0.05 s to ensure adequate ion abundance.

Buffer exchange for SIRT1

Enzymatic reactions are often conducted in solutions that contain a variety of non-volatile
salts, such as NaCl and KoHPOy,, at millimolar concentrations. Such components may affect
the ESI process and severely suppress the signal of analytes. Some other components, such
as Tris or glycerol compete for the charge on the surface of the ESI droplets with target
analytes, especially when these components are very concentrated. To make the SIRT1
reaction directly analyzable by ESI-MS, we developed a reaction buffer containing a volatile
salt ammonium formate and a small molecule reducing agent DTT which would keep the
enzyme in the reduced state and at the same time not interfere with ESI-MS signals.18

A spin dialysis unit was chosen for buffer exchange due to its high speed and efficiency. The
dialysis was performed at 4 °C to prevent heating of the protein during centrifugation. We
found that one spinning unit can dialyze 50 pL of SIRT1 (~50 pg) with sufficient desalting
effect and recovery. For complete removal of salts and other interferences, 50 pL SIRT1 was
dialyzed against 500 L formate buffer for twice. We explored several combinations of
centrifugal force and centrifuging time and found that using 8000 g (~11000 rpm for
Eppendorf 12-place minispin) and 4 min/spin, SIRT1 could be completely desalted, and its
activity was maintained to the largest extent.

Ammonium formate buffer for SIRT1 assay

We compared the deacetylation activity of SIRT1 before and after buffer exchange to
determine if the use of a volatile buffer affected the enzyme reaction. The reaction yield was
nearly 100% after 4 hour incubation in the original Tris buffer and about 90% in the formate
buffer (See the total ion current in Fig. 3). This result suggests that the desalting process
does not adversely affect the activity of the enzyme and the reaction runs efficiently in the
formate buffer. Previous studies in our group showed that some enzymes can maintain their
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activities in ESI-compatible buffers.13: 17. 18 Other researchers have also studied native
structures of proteins or have conducted enzymatic assays in such buffers.38-40 |t is
reasonable to conclude that Tris and other components are not essential to this protein for
both its structure and catalytic ability. Other enzymes which do not have strict requirements
for buffers or salts might also react in such condition, thus allowing direct ESI-MS analysis.

Assay condition optimization

It is necessary to study the kinetics of an enzyme before screening for modulators.
Competitive or reversible activators and inhibitors are of most interest because they are
usually less toxic than irreversible ones. Performing the assay under its initial velocity
conditions increases the sensitivity to the desired modulators. The concentration of the
substrate needs to be under or equal its Ky, value so that it will not saturate the catalytic site
of the protein. The reaction time should be limited to when the product is accumulating
linearly, by that time the substrate has not been largely converted into product and the
reverse reaction does not significantly affect the turnover rate.?

We studied SIRT1 kinetics by conducting a set of assays starting with different substrate
concentrations and being quenched at a range of times. We found that the K, value of
H3K9(Ac) is 22 UM (in agreement with previous reports of K, ~ 40 uM>24) (Fig. 4a). For 0.5
UM SIRT1, the reaction yield grows linearly for up to 2 hours when H3K9(Ac) is 20 uM
(Fig. 4b). Therefore, we decided to use 20 uM H3K9(Ac) and 1.5 h incubation for the
screening.

Linear response for the target analyte is crucial. In the SIRT1 assay, we monitored H3K9
and its isotopic internal standard. The intensity ratio of H3K9 over H3K9* increases linearly
with up to 25 pM H3K9 (R2> 0.99) (Fig. 4c).

Screening

The assay conditions were tested by a screening against a library consisting of 80 known
epigenetic modulators. Another 24 reactions only containing 1% DMSO (i.e., not test
compound) were assayed as negative controls. The controls were placed at the beginning, in
the middle, and at the end of the screening sequence. For our screening, each test compound
was present at 20 UM which is within the typical concentration range of 10-30 uM used for
HTS. Use of low concentrations will rule out weak modulators and avoids problems of
aggregation and precipitation; however, too low of a concentration may miss moderately
active compounds that could be of interest. The concentration of H3K9(Ac) and incubation
time were determined based on the enzyme kinetic studies as discussed above. A matrix
multichannel pipette was utilized for rapid and reproducible reagents dispensing so that the
start time of all reactions could be as close as possible. The similar intensity ratio of H3K9
over H3K9* of all negative controls suggests simultaneous reaction initiation (Fig. 5a), thus
the yield in test reactions can be compared with the control.

After the assay reactions were quenched, the 104 reactions were formatted into droplets (3
droplets per sample resulting in 312 total droplets in total). Replicates are desirable because
they provide backup data if signal spikes or occasional fluctuation affect the detection of a
single droplet. Droplets were detected by MS in a full scan mode. We found stable signals
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for these assay mixtures (Fig. 5a). The detection of all 312 droplets took 5 min (0.8
samples/s). As shown in Figure 5, several examples with low H3K9/H3K9* were observed
indicating potential inhibitors in the library (Fig. 5b, 5¢). The assay was reliable as the Z-
factor was 0.7. The isotopic internal standard is valuable for extending the linear range of
MS for the target analyte, and correcting any potential impact of test compound on the
analyte in the ESI-MS process.

Among the 80 test compounds, 4 inhibitors reduced the yield by more than 50%. They are:
suramin, EX-527, C646 and anacardic acid. Suramin and EX-527 are known SIRT1
inhibitors.41-43 Anacardic acid has recently been found to have potential to inhibit
sirtuins.#4 45 Inhibition by C646 has not been reported yet. Their inhibitory potency was
evaluated by dose response experiments (Fig. 6). The fitted ICsq of EX-527 and suramin
agree with the published values (EX-527: 100 nM;43 suramin: 300 nM41). A few known
SIRT1 inhibitors in the library, for e.g., nicotinamide and salermide, were not picked as
strong hits (> 50% inhibition), which is consistent with their relatively high 1C50’s
(nicotinamide: 85 uM, salermide: 76 pM)42.

Compounds were considered activators if the elevated the yield by more than 50%,
compared with the negative control. In this screening, no compound met this criterion,
which means there is no direct or allosteric SIRT1 activator in this library (Fig. 5¢). The
Epigenetic Library includes resveratrol and piceatannol, both of which were found to be
SIRT1 activators by using a fluorescent assay (increasing the turnover rate by at least 3
times22 24). However, the result of our MS assay agrees with other label-free assays32: 33
which did not find activation using unlabeled substrates.

To confirm that the claimed activators have no effect upon SIRT1, and to avoid the potential
influence of formate buffer, activation assays with resveratrol and piceatannol were
performed in conventional Tris buffer. The yield of activation reactions (5 is resveratrol and
6 is piceatannol) was compared with those containing inhibitors (1 to 4) and DMSO control
(C) at 1 and 1.5 hours (Fig. 7). It is clear that resveratrol and piceatannol did not increase the
reaction yield at either time point.

4. Conclusion

We have developed a label-free SIRT1 assay in which the assay mixtures can be directly
analyzed by ESI-MS. A pilot screen against 80 test compounds demonstrated the good
throughput (0.8 samples/s) and high reliability (Z-factor = 0.7) of the assay. The approach
can be generalized to any enzyme that maintains good activity in the described MS-
compatible condition. The wide applicability of ESI-MS makes possible the detection of a
variety of reaction products. This method can be complementary to, but faster and more
economical than, solid-phase extraction ESI-MS screening platforms6. Future directions
include applying the label-free SIRT1 assay to large scale SIRT1 modulator screening in
search of molecules that directly interact with SIRT1. Other MS-compatible conditions can
be explored to further broaden the universality of this concept.
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Highlights

A reliable, label-free, ion suppression-free Sirtuin 1 assay has been developed. By
interfacing multi-well plates to electrospray ionization mass spectrometry by oil-
segmented droplets, the assay can be applied for high throughput Sirtuin 1 modulator
screening.
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Fig. 1.
Diagram of SIRT1 assay: SIRT1 was dialyzed from Tris buffer into formate buffer using a

centrifugal dialysis unit; the deacetylation reactions were conducted in formate buffer in a
multi-well plate; reaction mixtures were reformatted into oil-segmented droplets in a piece
of fluorinated ethylene propylene (FEP) tubing; finally, droplets were infused into an
orthogonal ESI source through a modified ESI needle. The FEP tube and the needle were
connected by a zero dead volume (ZDV) union. The signal intensity of the reaction product
and its isotopic internal standard were monitored. Oil segment did not generate ESI signal
thus showed as spacing between sample droplets
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Fig. 2.

Deacetylation of H3K9(Ac) by SIRT1. The reaction is shown on the top (NAD™ stands for
nicotinamide adenine dinucleotide; 0AADPR stands for O-acetyl-ADP-ribose). The mass
spectra are from a reaction without any modulator (negative control) and a reaction with an
inhibitor. Triply charged and quadruply charged H3K9 (red arrow), H3K9* (black arrow)
and H3K9(Ac) (blue arrow) are monitored. Intensity ratio of H3K9 (m/z 564.4 + m/z 752.6)/

H3K9* (m/z 567.3 + m/z 756.1) is calculated for quantification.
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Fig. 3.
Le?ft: Mass chromatograms of the assay sample in end of reaction in the Tris buffer (4
hours). Observed from total ion current (TIC), nearly 100% yield was achieved. The product
peak and substrate peak were extracted to confirm the retention time. Right: Mass
chromatograms of the assay sample in end of reaction in the ammonium formate buffer (4
hours).
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Fig. 4.

a) Michaelis-Menten model of H3K9(Ac) with 0.5 uM SIRT1. The fitted Ky, value is 22 pM.
b) Linear reaction within 2 h. ¢) Linear calibration curve of 0 to 25 pM H3KO. Intensity ratio
of H3K9 to H3K9* was measured (n = 3).
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H3K9

66 71
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Epigenetic library screening: a) Raw droplet traces of the screening. The upper trace is the
reaction product H3K9, and the lower one is the isotope-labeled internal standard H3K9*.
The first 3 sets are negative controls at the beginning, in the middle, and at the end of the
assay plate, respectively. b) Enlarged view of a control, reaction containing suramin, and
some other test reactions droplets. c) The final analysis of the screening. Each bar is the
averaged H3K9/H3K9* of an assay. The negative control (green) is normalized to 100%
enzyme activity. Four reactions showed that the enzyme activity was lowered by more than
50% (n=3).
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Fig. 6.

Dose response curves of 4 inhibitor hits. Negative control of each experiments were
normalized to 100% activity (n=2).
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Fig7.

a) Droplet traces the product (top) and the substrate (bottom) of SIRT1 assay in 1.5 h (left,
>3 droplets each) and 1.0 h (right, =6 droplets each) reactions. Droplet signals for 1, 2, 3, 4,
5, and 6 are EX-527, suramin, C646, nicotinamide, resveratrol, and piceatannol respectively.
C is the DMSO control. The reaction mixtures were cleaned up by C18 solid phase
extraction columns prior to reformatting into droplets. b) Data from a) are reported as the
ratio of peak height of the product against the sum of product and substrate, and then
normalized to the yield of control reactions at 1.5 h (n = 3). The bars are labeled with the
same numbers and letters as a). The red bars are resveratrol and piceatannol reactions.
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