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Abstract

A novel fluorescent substrate was devised for the sirtuin (SIRT) class of human protein deacetylases comprised of a peptide
sequence containing a single acetyl-lysine residue, with a fluorescent group (tetramethylrhodamine-6-carboxylic acid, 6-TAMRA)
near the carboxyl terminus and a nonfluorescent quenching group (QSY-7) near the amino terminus. The peptide sequence is mod-
eled after the p53 acetylation site but is unreactive toward trypsin because all other lysine and arginine residues have been replaced
by serine. However, the SIRT-deacetylated peptide is readily cleaved by trypsin, resulting in a maximal 30-fold enhancement of the 6-
TAMRA fluorescence. Nicotinamide at millimolar concentrations stops the deacetylation but does not inhibit trypsin, and a microt-
iter plate assay of the SIRTs has been devised using the fluorescent substrate and these reagents. Using this method, the kinetics of
the reaction of the cosubstrate nicotinamide adenine dinucleotide and the competitive inhibitor nicotinamide with SIRT1 and SIRT2
has been analyzed. Several nicotinamide analogs have also been tested as inhibitors and found to have much lower affinity for these

enzymes than does the parent compound.
© 2004 Elsevier Inc. All rights reserved.
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The SIRTs are members of a family of nicotinamide
adenine dinucleotide (NAD)!-dependent enzymes that
catalyze the deacetylation of acetyl-lysine residues of
histones and other proteins [1,2]. They were first charac-
terized as the “silent information regulator” class 2
(SIR2) gene products in yeast [3], and at least seven
members of this protein family, termed “sirtuins” or
SIRTs, have been identified in humans [4]. The SIRTs
are often referred to as class 111 histone deacetylases [1]
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because this was the first enzymatic activity identified for
these proteins [2,5], although they are structurally and
mechanistically distinct from the class 1 and class II
histone deacetylases (HDACs) [6]. In contrast to these
zinc-dependent HDACs, the deacetylation reaction cata-
lyzed by SIRTs is metal independent and requires stoi-
chiometric quantities of NAD, with the nicotinamide
portion of the cosubstrate being displaced from the
ribose as the protein is deacetylated [7].

The sirtuins are closely related in structure to the
NAD-dependent deacetylases of other species [8], and
acetylated proteins in addition to histones, most notably
p53 [9,10], are believed to be natural substrates for
SIRTs. It has been shown that p53 binding to DNA is
activated by its acetylation within the C-terminal
domain [11]; thus, deacetylation of p53 by SIRT could
be important in the regulation of cellular responses to
DNA-damaging agents [12]. Because SIRT functions to
silence apoptotic responses mediated by p53 [13,14],
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inhibitors of these proteins are of interest as potential
anticancer drugs.

SIRTs have previously been assayed by monitoring
radioactivity released from a protein labeled with radio-
active acetate [2,15-17] or by analyzing with reversed
phase high-performance liquid chromatography (RP-
HPLC) an acetylated peptide substrate and the deacety-
lated product [7,18]. The assay of human SIRTI1 and
yeast Sir2, using a commercially available fluorescence
assay designed for histone deacetylases, has been
reported [19]. We synthesized a SIRT peptide substrate
based on a segment of the p53 sequence containing the
acetylated lysine [9] and then modified this peptide to
devise a fluorogenic substrate suitable for screening. The
polypeptide was rendered insensitive to trypsin proteoly-
sis by replacing all arginine and underivatized lysine resi-
dues with serine; thus, the substrate contains one
acetylated lysine residue that is readily deacetylated by
SIRT?2. A fluorogenic substrate for SIRTs was devised by
attaching fluorescent tetramethylrhodamine-6-carbox-
ylic acid (6-TAMRA) and quenching (QSY-7) groups on
opposite sides of this trypsin-resistant sequence. No
increase in fluorescence is observed on incubation of the
substrate with SIRT1 or SIRT2. The deacetylated prod-
uct, but not the substrate, is readily cleaved by trypsin,
and the fluorescence increase after the addition of trypsin
is a measure of the deacetylase activity. We report this
method as a sensitive new assay of human SIRT1 and
SIRT2. We have also determined the dissociation con-
stants of NAD and nicotinamide (product inhibitor) and
performed a preliminary survey of the inhibition of these
enzymes by nicotinamide analogs.

Materials and methods
Synthesis and characterization of peptides

All peptides were synthesized by solid phase peptide
synthesis using standard 9-fluorenylmethoxycarbonyl
(Fmoc) chemistry on an Applied Biosystems model 433
peptide synthesizer (Foster City, CA). QSY-7-succinimi-
nyl ester (QSY-7-NHS) and tetramethylrhodamine-6-
carboxysuccinimidyl ester (6-TAMRA-NHS) were
obtained from Molecular Probes (Eugene, OR). For the
labeled substrate, the QSY-7 group was introduced after
selectively removing the 4-methyltrityl-protecting group
(1% trifluoroacetic acid (TFA), 4% triisopropylsilane,
95% methylene chloride) from the epsilon-amino of the
lysine residue at position 3 of the resin-bound protected
peptide. After cleavage from the resin and RP-HPLC
purification of the QSY-7-labeled peptide, the 6-
TAMRA group was added to lysine 20. The peptides
were purified by RP-HPLC, the purities were assessed by
analytical RP-HPLC, and the identities were verified by
matrix-assisted laser desorption/ionization mass spec-

trometry (MALDI MS). The labeled peptide (substrate
A) was found to have the correct mass (m/z = 3572.8)
for the following sequence: Ac-EE-K(QSY-7)-GQSTS
SHS-K(Ac)-L-Nle-STEG-K(6-TAMRA)-EE-NH,.

Expression and purification of recombinant SIRT2

SIRT2 was expressed in Escherichia coli as a fusion
protein with glutathione S-transferase, using a methodol-
ogy similar to that reported previously [15]. In short,
SIRT2 cDNA (OriGene Technologies, Rockville, MD)
was amplified by polymerase chain reaction (PCR), and
the resulting polynucleotide was cloned into a modified
pGEX4T-1 vector (Amersham Biosciences, Piscataway,
NJ). The sequence was confirmed, and the contruct was
transformed into competent DH5a cells grown in NZYM
media with carbenicillin (100 pg/ml). The cell culture was
grown at 30°C until the optical density (OD) at 600 nm
reached approximately 0.9, and expression was then
induced by the addition of 1 mM IPTG at 20°C for 8h.
Cells were harvested and lysed using a microfluidizer
(Microfluidics Corporation, Newton, MA) in lysis buffer
(20mM Na,HPO,, pH 7.4; 130mM NacCl; 1% Triton X-
100; 5mM dithiothreitol (DTT)). The glutathione-S-
transferase (GST) fusion protein of SIRT2 was purified
using glutathione-Sepharose followed by mono-Q ion
exchange chromatography (Amersham Biosciences).
After the second chromatography, the preparation was
found to contain a single protein by SDS-PAGE.

Other proteins and reagents

Human HDAC from K562 cells was prepared as
described previously [20]. Recombinant human SIRT1
and the Fluor-de-Lys HDAC substrate and developer
were purchased from Biomol (Plymouth Meeting, PA).
Endoproteinase Lys-C was purchased from Roche Molec-
ular Diagnostics (Indianapolis, IN). The buffer used for
assays was 25mM Tris—HCI, 137mM NacCl, 2.7mM K,
ImM MgCl,, pH 7.5, with 2% glycerol added. A stock
solution of 1mg/ml trypsin (Sigma, St. Louis, MO) in
10mM acetic acid was stored for up to 1 month at 4°C
and diluted in buffer immediately before use. Stock solu-
tions of 100mM nicotinamide and 2mM NAD (Sigma)
were prepared in the assay buffer and stored at —20°C.

Analyses of deacetylation reactions by RP-HPLC

The unlabeled peptides KKGQSTSRHKK(Ac)LM
FKTEG and SSGQSTSSHSK(Ac)LMFSTEGK-NH,
at Img/ml (~0.3mM) were incubated with purified
GST-SIRT2 (60 pg/ml) and NAD (0.5mM) for up to
3h. Aliquots of the incubations were quenched at inter-
vals by the addition of 0.5% TFA, and the reaction was
analyzed by injection onto a YMC C-18 RP-HPLC
column. The acetylated and deacetylated peptides are
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resolved by approximately 1 min in a gradient elution
from 100% water to 30% acetonitrile/water, with 0.1%
TFA added to the mobile phases. Detection was by uv
absorbance at 220 nm.

A solution of 8 uM substrate A was incubated with
6 ug/ml GST-SIRT2 and 0.1 mM NAD for up to 6h. A
lower concentration of this peptide was used due to its
limited aqueous solubility and intense absorbance. The
analysis of conversion of substrate to product was per-
formed similarly with the gradient elution from 30% ace-
tonitrile/water to 60% acetonitrile/water, with 0.1% TFA
added to the mobile phases. Detection was by visible
absorbance at 586 nm.

Determination of K,

of NAD and K; of nicotinamide

Stock solutions of NAD and nicotinamide were
diluted in half-log steps (two dilutions for each 10-fold
decrease in concentration) as described previously for
inhibitors of matrix metalloproteinases [21]. The range
of NAD concentrations in the final assay was 1 pM-—
1 mM. The nicotinamide concentrations used were 0,
3.16, 10, 31.6, 100, and 316 uM. The complete reaction
mixture (120 pl) in a white Microfluor 96-well plate con-
tained buffer (0.2 mg/ml bovine serum albumin added),
SIRT1 or SIRT2, nicotinamide, and NAD and was initi-
ated by the addition of substrate A (0.54 uM final). After
1 h reaction, a solution (30pul) of 2.5pug/ml trypsin in
100mM nicotinamide was added both to stop further
deacetylation and to cleave the deacetylated product.
The fluorescence of each well was recorded 1h after the
trypsin/nicotinamide quench using a Molecular Devices
(Sunnyvale, CA) f_ . fluorescence plate reader (excita-
tion 540 nm, emission 585 nm). The background fluores-
cence (from wells without NAD) was subtracted from all
wells, and the data were analyzed using Lineweaver—
Burk plots. The series without nicotinamide was used to
calculate the K, of NAD.

Assay conditions and inhibitor experiments

The concentration range of inhibitors was 1pM-
1 mM, and each determination was performed in dupli-
cate as described for the K, determinations except that
the concentration of NAD was held constant at 20 uM
and the substrate solution was added after a 30-min
preincubation of SIRT1 or SIRT?2, inhibitor, and NAD.
The fluorescence readings were used to calculate the per-
centage inhibition at each inhibitor concentration rela-
tive to control wells without inhibitor.

Comparative experiments with HDAC and SIRT with two
Sfluorescent substrates

Nuclear extract HDAC or SIRT2 was incubated
with the fluorescent substrates A (Ac-EE-K(QSY-7)-

GQSTSSHS-K(Ac)-L-Nle-STEG-K(6-TAMRA)-EE-NH,)
and B ((QSY-7)-RGGRGLG-K(Ac)-GGARRHR-K(6-
TAMRA)NH,) at 0.54 uM in the buffer described above
for 1 h. For SIRT assays, NAD was also added at 20 uM.
The volume in the deacetylase assay was 0.12ml. To
quench the enzymes, trichostatin A (1 uM) was added
to HDAC assays and nicotinamide (20mM) was added
to SIRT assays. To detect deacetylation of substrate A,
trypsin (75ng/well) was added to each well and the
plates were read after 1 h. For substrate B, endoprotein-
ase Lys-C (10ng/well) was added and the plates were
read after 4h. The final volume in each well after the
addition of the quench reagents and secondary enzymes
was 0.15ml.

Results

Design and synthesis of a fluorogenic substrate for SIRT
deacetylases

The carboxyterminal sequence (amino acids 371-393)
of human p53 is SKKGQSTSRHKKILMFKTEGPDSD
[22]. Tt has been shown [9] that the lysine at position 382
is acetylated in the activated form of p53 and that SIRT1
will remove this acetyl group. The first step in the sub-
strate design was to determine whether a peptide con-
taining this sequence can be deacetylated by
recombinant enzyme and also whether the enzyme has a
high degree of sequence specificity in its reaction.

The deacetylation of the following two peptides by
SIRT2 was evaluated by RP-HPLC:

Peptide 1: KKGQSTSRHKK(Ac)LMFKTEG

Peptide 2: SSGQSTSSHSK(Ac)LMFSTEGK-NH,

The first peptide follows exactly the sequence of p53
(amino acids 372-387), whereas the second peptide has
all of the arginines and unacetylated lysines of the first
peptide substituted with serine. The carboxyterminal
lysine was added to the second peptide to determine
whether the presence of this group would affect deacety-
lation because the TAMRA group was to be introduced
at this position. A comparison of the hydrolysis of pep-
tides 1 and 2 (Figs. 1 and 2, respectively) with SIRT2
shows that peptide 2 is cleaved at approximately half the
rate of peptide 1. The RP-HPLC traces show that NAD,
added at 1.5-fold molar excess to peptide, is consumed as
the peptide is deacetylated. These experiments demon-
strate that this modification of the p53 sequence can be
used to produce an acetylated peptide substrate for
SIRT2 that would not be sensitive to cleavage by
trypsin.

To devise a fluorogenic substrate, a peptide based on
sequence 2 was synthesized with 6-TAMRA (fluores-
cent) and QSY-7 (quenching) groups linked to lysine
residues on opposite ends of the peptide chain. Because
both dyes are hydrophobic, and the substitution of
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Fig. 1. RP-HPLC determination of the time course of reaction of GST-SIRT2 with peptide 1. Gradient elution: 5-35 min. Detection by UV absor-

bance @ 220 nm.

serine for lysine and arginine in the peptide removes
charged residues, two additional glutamate residues were
added to each end of the substrate to increase its aque-
ous solubility. In the final substrate design, the sole
methionine residue was replaced by the isosteric norleu-
cine because we have found that TAMRA-labeled sub-
strates containing methionine are subject to oxidation
during synthesis and purification, resulting in a more
difficult purification by RP-HPLC and a lower yield of
labeled peptide. The complete sequence of the SIRT sub-

strate (substrate A) is Ac-EE-K(QSY-7)-GQSTSSHS-
K(Ac)-L-Nle-STEG-K(6-TAMRA)-EE- NH,.

The deacetylation of the labeled substrate was moni-
tored by HPLC (Fig. 3), demonstrating that substrate A
is progressively converted to a single product by recom-
binant SIRT2. The gradient elution and detection
parameters were modified from those used previously
due to the properties of the labeled peptide.

The reaction of substrate A with SIRT1 or SIRT2
results in no increase in fluorescence because the



94 P.A. Marcotte et al. | Analytical Biochemistry 332 (2004) 90-99

100

o

!

"Ser Peptide" Substrate
(major component)

NAD
100

a
o

Lottt lilll

o

5 min incubation with r-SIRT2

30 min incubation

100

50

UV Detection (mV): 1000 mV =1 O.D. @ 220 nm
(ID||||I||||I|||| OI||||‘ID||||‘ID||||

90 min incubation

100

180 min incubation

[
o o
Lot liaa

Retention time (minutes)

Fig. 2. RP-HPLC determination of the time course of reaction of GST-SIRT2 with peptide 2. Gradient elution: 5-35 min. Detection by UV absor-

bance: @ 220 nm.

removal of the acetyl group from the lysine in the pep-
tide has no effect on the quenching of the fluorescence of
the 6-TAMRA by the QSY-7 group. The purified SIRT
preparations also contain insignificant levels of protein-
ases that nonspecifically cleave this substrate. At the end
of the incubation, the addition of trypsin at 0.5 pg/ml to
each well completely cleaves the deacetylated peptide in
30-60 min, whereas intact substrate A is unreactive. Nic-
otinamide is a micromolar inhibitor of SIRT [19] and is
a useful quenching agent because it is very soluble and

does not inhibit trypsin even at high (20 mM) concentra-
tion. As shown in Fig. 4, the deacetylation reaction can
be driven to completion with sufficient quantities of
GST-SIRT2.

K, of NAD and K; of nicotinamide with SIRTI and SIRT?2
The Lineweaver—Burk analyses of the reaction of

these enzymes with various concentrations of NAD and
nicotinamide are plotted in Figs. 5 and 6, and the data
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Fig. 3. RP-HPLC determination of the time course of reaction of GST-SIRT2 with substrate A. Gradient elution: 5-35 min. Detection by visible

absorbance @ 586 nm.

are summarized in Table 1. In contrast to a recent publi-
cation in which mixed or noncompetitive inhibition was
reported [19], we have found that the inhibition of both
enzymes by nicotinamide is competitive with NAD. The
previous researchers used a higher concentration of sub-
strate (250 uM) due to the insensitivity of the Biomol
assay used to measure SIRT activity. Because stoichiom-
etric amounts of the NAD cosubstrate are required for

reaction, lower concentrations of NAD than of the acet-
ylated substrate cannot be used. The sensitivity of our
assay, and the low concentration (<1 uM) of fluorescent
substrate employed, allows determination of activity
over a wider concentration range of NAD and nicotin-
amide than in the previous research [19]. These factors
may explain the difference in kinetic profile and also why
we calculate a lower K, for NAD (90 uM) than that
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Fig. 5. Lineweaver—Burk plot of assay of SIRT1 with varying concen-
trations of NAD and nicotinamide. O, NAD K|, determination; W,
3.162 uM nicotinamide; ¢, 10 pM nicotinamide; A, 31.62 uM nicotin-
amide; V¥, 100 uM nicotinamide; @, 316.2 M nicotinamide. Shown are
means and standard deviations of duplicate determinations. The stan-
dard deviations not shown are within the dimensions of the plot symbol.

observed for SIRT1 (~250 uM from Fig. 6B of [19]). The
K, determined for NAD using our fluorescent assay is
similar to that found previously (70 uM) by another lab-
oratory in which a chromatographic assay for SIRTI
was employed [7].

Both NAD and nicotinamide have higher affinity
(lower dissociation constants) for our preparation of
GST-SIRT2 than for the commercial SIRT1. In both
cases, the enzyme has a slightly higher affinity for nico-
tinamide than for NAD, indicating that the binding at
the nicotinamide site results in most of the productive
interactions of NAD with the protein. Although the con-
struct employed to produce these recombinant proteins
might affect the kinetic parameters, our results show that
this methodology can be used to assay SIRTs from
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Fig. 6. Lineweaver—Burk plot of assay of SIRT2 with varying concen-
trations of NAD and nicotinamide. O, NAD K, determination; M,
3.162 uM nicotinamide; 4, 10 uM nicotinamide; A, 31.62 uM nicotin-
amide; ¥, 100 pM nicotinamide; @, 316.2 uM nicotinamide. Shown are
means and standard deviations of duplicate determinations. The stan-
dard deviations not shown are within the dimensions of the plot symbol.

Table 1
Kinetic constants derived from Figs. 5 and 6
SIRTI (uM) SIRT2 (M)
K., (NAD) 90 )
K; (nicotinamide) 38 10

various sources and that both proteins are similar NAD-
dependent deacetylases.

Assay of nicotinamide analogs as SIRT inhibitors

The inhibition by nicotinamide and some derivatives
is shown in Table 2. These determinations were per-
formed at a single concentration of NAD (20 pM); there-
fore, only ICs, values are reported. Because the
concentration of NAD is below its K, for both enzymes,
the calculated ICs, values should approximate the K;
values, and this was confirmed by the nicotinamide ICy,
values determined in an independent experiment from
the K; values calculated in Table 1. Simple derivatization
of nicotinamide, such as replacement of the carboxamide
with the corresponding carboxylic acid or methylamide
as well as methylation of the pyridine nitrogen, results in
inactive molecules. These results imply that these struc-
tural features of the nicotinamide molecule are required
for binding to the enzyme. Two other derivatives, 6-iod-
onicotinamide and 5,6-benzofused nicotinamide, are
very weak inhibitors of SIRT1 and SIRT2, with 1Cs val-
ues =200 uM.
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Table 2

Inhibition of SIRT1 and SIRT2 by nicotinamide analogs
Compound 1Cs, of SIRT1 @ 20 uM NAD 1C5, of SIRT2 @ 20 uM NAD
Nicotinamide 40 uM 10 uM

Nicotinic acid

Nicotinic acid methyl amide
N1-Methylnicotinamide hydrochloride
6-Iodonicotinamide
5,6-Benzonicotinamide

880 UM

No inhibition @ 1 mM
No inhibition @ | mM
No inhibition @ 1 mM

30% inhibition @ 1 mM

No inhibition @ 1 mM
No inhibition @ | mM
No inhibition @ 1| mM
200 pM
310 uM

Comparative assay of SIRT and HDAC with two
fluorescent substrates

We have reported the use of a fluorescent peptide sub-
strate containing one acetyl-lysine and QSY-7 and 6-
TAMRA groups for analysis of inhibition of HDAC by
synthetic compounds [23-26]. This substrate is modeled
on amino acids 5-20 of the histone H4 sequence [27] and
is a modification of an HDAC substrate described previ-
ously [28,29]. All unblocked lysine residues have been
replaced by arginine, but our substrate employs QSY-7
instead of Rhodamine green [28] attached to the amino
terminus.

The amino-terminal sequence of human histone H4
(20 residues) [27] is as follows:

(1) SGRGKGGKGLGKGGAKRHRK (20)

The sequence of HDAC substrate (substrate B) is as
follows:

(QSY-7)-RGGRGLG-K(Ac)-GGARRHR-

K(6-TAMRA)NH,

As in the previous work [28], endoproteinase Lys-C
was used to selectively cleave the deacetylated product.
Because of the expense of this enzyme, a maximum of
10 ng/well was added, and the secondary reaction does
not proceed to completion in an overnight incubation.
However, we have found that the rate of the secondary
reaction is proportional to the amount of deacetylated
product, and a fluorescent measurement after partial
reaction (2-4h) can be used to determine the relative
amount of deacetylated product in each well. We have
found that this histone sequence substrate can be used to
assay SIRTs as well as HDACs, with the requirement
that NAD is needed for the assay of SIRT. However, the
arginine-free substrate (substrate A) described in this
article is much more convenient for assay of SIRTSs
because the secondary trypsin reaction (added at 75ng/
well) proceeds to completion in less than 1 h.

In contrast, nuclear extract HDAC (containing
HDACGs 1 and 2) does not react with acetylated sub-
strate A (peptide based on the p53 sequence), whereas it
readily deacetylates substrate B (peptide based on the
histone H4 sequence). We have found that our HDAC
assay using substrate B is of comparable sensitivity to
the commercially available fluorescent assay from Bio-
mol. However, our assay of SIRT1 or SIRT2 using sub-
strate A is 20-fold more sensitive than the commercial

assay, in large part due to the much higher concentration
of Biomol substrate used in each well.

Discussion

We have devised a novel peptide substrate for SIRT1
and SIRT2, the deacetylation of which can be used in a
sensitive fluorescence-based assay. Although the peptide
sequence near the lysine acetylation site of p53 was the
starting point in the design of the substrate, the final
peptide does not closely resemble the p53 sequence. It
has been shown by crystallographic analysis [8] that an
acetylated p53 peptide and an archaeal Sir2 enzyme
interact through flanking [B-sheet interactions of the
amide peptide bonds of the protein and the peptide, with
the acetylated lysine side chain held in a hydrophobic
pocket. The other side chains of the peptide extend away
from the active site. Therefore, it is likely that other pep-
tide sequences containing a single acetylated lysine
would also serve as substrates for SIRT.

In the absence of the NAD cosubstrate, the peptide is
not deacetylated and no increase in fluorescence is
observed with the addition of trypsin, showing that this
assay measures the activity of the SIRT deacetylase and
not a contaminating proteinase or amidase. All of our
fluorescence assays have been carried out in a 96-well
microtiter plate format and can be used for evaluation of
the activity of preparations of recombinant SIRT pro-
teins, as well as for evaluation of SIRT inhibitors,
because few compounds interfere with the intense, long-
wavelength fluorescence of 6-TAMRA. The fluorescence
of 6-TAMRA is efficiently quenched by QSY-7, and this
fluorescent/quencher pair may have broader use in fluo-
rescence-based assays of hydrolytic enzymes. Except for
the substrate, all reagents used in this assay are readily
available and inexpensive. Because trypsin is used as the
secondary enzyme, the deacetylated product can be com-
pletely cleaved and the assay plate can be read in less
than 1h.

Although we have not fully explored the peptide
sequence specificity of these deacetylases, the results of
our experiments using our two fluorescent peptide
substrates and the Biomol substrate indicate that it
should be possible to prepare acetyl-lysine-containing
peptides that react preferentially with HDACs or SIRTs.
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The activities of HDACs and SIRTs are also easily
differentiated by the requirement of NAD for deacetyla-
tion by SIRTs and the selective inhibition of HDACs by
trichostatin A and of SIRTs by nicotinamide.

Inhibition of SIRTs is an active area of research in the
pharmaceutical industry because such compounds could
modulate cellular processes by inducing hyperacetyla-
tion of histones, p53, and possibly other proteins. Sirti-
nol and M15 [15], as well as splitomicin [17], have been
identified through chemical library screening as inhibi-
tors of the human or yeast enzymes. However, these
compounds have limited aqueous solubility and are less
potent than nicotinamide. Because our preliminary sur-
vey of nicotinamide analogs indicates that minor struc-
tural variations of this molecule greatly decrease
inhibitory activity, it will likely be necessary to find com-
pounds of other classes to devise more potent inhibitors
of the SIRTs.
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