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Sirtuin 1 (SIRT1) is a member of the NAD+-dependent histone deacetylase (HDAc) 
family that plays a pivotal role in regulation of numerous cellular events. In this work, 
we report a creation of the focused library of SIRT1 activation loop binders (583 
compounds) originated from Enamine’s 2,000,000+ small molecules collection, using 
computer simulation and molecular docking approach. Next, we apply Differential 
Scanning Fluorimetry adapted to the HTS platform to screen SIRT1-focused library 
and process primary hits to confirm their biochemical function (SIRT-Glo™ Аssay, 
Promega), as well as examine the cytotoxicity of newly discovered SIRT1 inhibitors. 
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CONCLUSIONS

This work resulted in identification of novel small-molecule inhibitors of SIRT1 deacetylase. We applied molecular modeling approach to create a focused library of SIRT1 
inhibitors from in-house available Enamine 2M+ compound collection. Next, we adapted Differential Scanning Fluorimetry as a simple, label-free HTS technology to screen 
the targeted library and successfully produce primary hits. To validate the functionality of the discovered hits, we performed further screening using SIRT-Glo™ Аssay. 
Finally, we examined novel SIRT1 inhibitors on their differential cytotoxicity. Further research will aim to elucidate the mechanisms of their action and to improve their 
pharmacological properties.

Known SIRT1 allosteric regulators interact with regulatory loop, promoting the 
change of protein conformation (A) (H. Dai [et al.]. // Nat. Commun. - 2015. - Vol. 6. - 
P. 7645.). Examination of the interaction surface showed that Lys444 may serve as a 
key amino acid for compound interaction with 3 adjacent binding pockets, which could 
be promising sites for SIRT1 binders (B). The focused library of SIRT1 activation loop 
binders (583 compounds) originated from Enamine’s 2M+ small molecules collection 
was created using computer simulation and molecular docking approach.

SIRT1-FOCUSED LIBRARY FORMATION
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A. The formation of two hydrogen bonds (red circles) promotes SIRT1 conformation changes and protein 
activation. B. A model of SIRT1 deacetylase. Binding Pockets 1-3 (blue) are shown next to the Lys444. 
Models of binding pockets were obtained by computer simulation based on crystallographic analysis of 
active SIRT1. Numbers of identified small molecules regulators of SIRT1, that specifically interact with 
each regulatory pocket, are shown below the corresponding pocket.
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SIRT1 RECOMBINANT EXPRESSION AND 
PURIFICATION

SIRT1 was recombinantly expressed in E.coli M15 
(Qiagen) using the plasmid pQE-80/SIRT1 
(Addgene) (A). Resulting His1-tagged truncated 
protein (B) was purified using metal chelating 
affinity chromatography and Ni-NTA agarose (C).

MW 76301.1 Da

A. Plasmid used for SIRT1 recombinant expression

B. Protein sequence of His1- tagged truncated SIRT1.

C. SDS-PAGE verification of the 
expressed SIRT1

BOICHEMICAL/FUNCTIONAL SCREENING OF SIRT1 MODULATORS

Primary hits were examined on their ability to modulate SIRT1 activity in vitro using 
SIRT-Glo™ Аssay (Promega) (A). As a result, 11 compounds showed high levels of 
SIRT1 inhibition (B). Panel C depicts the distribution of confirmed hits between the 
protein regulatory pockets.

0,00

20,00

40,00

60,00

80,00

100,00

40 uM 20 uM 10 uM 40 uM assay system inhibition 20 uM assay system inhibition 10 uM assay system inhibition

In
hi

bi
tio

n,
%

↑ LUMINESCENCE - ↑ DEACETYLATION ACTIVITY

A. Principle of SIRT-Glo™ assay for estimation 
of the relative activity of NAD+-dependent 
deacetylases via quantitative detection of 
luminogen product of deacetylation reaction

B. Concentration-dependent SIRT1 inhibition by chosen 
compounds, SIRT-Glo™assay (M±SD, n = 4) and 
counter-screen.

C. The distribution of compounds-hits with high 
levels of SIRT1 inhibition between protein 
structural pockets.

DIFFERENTIAL CYTOTOXICITY SCREENING OF SIRT1 MODULATORS
In order to evaluate cytotoxic properties of the 
potential SIRT1 inhibitors, 15 hit compounds 
were subjected to  differential cytotoxicity tests 
against a panel of human normal and cancer 
cell lines. Compound was considered cytotoxic 
if co-incubation with the cells resulted in >25% 
inhibition of cell viability in resazurin test. This 
work resulted in identification of 4 compounds 
(Z229281746, Z1021009346, Z395902498, 
Z71032512) that showed differential 
cytotoxicity against cancer cell lines (HEK293 
and Huh7). In addition, compounds 
Z229281746 and Z71032512 were also 
cytotoxic against A431 cell line.

Impact of the tested compounds on 
viability of selected cell lines measured by 
fluorescence resazurin test (Bienta). 
Statistical analysis 2-way ANOVA was 
performed using GraphPad Prism 7. 
** - p<0,01, 
*** - p<0,001, 
**** - p<0,0001 comparing with normal 
cell line WI-38. 
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TSA FOR FOCUSED LIBRARY ON SIRT1

Differential Scanning Fluorimetry (DSF, TSA) is a powerful biophysical method based on detecting the shift in 
protein denaturation temperature upon ligand binding, as reported by fluorescent dye interacting with protein core 
exposed by heat denaturation (A). Optimal buffer composition for DSF of SIRT1 protein was defined using a panel 
of buffers with a range of pH and ions concentrations (PACT plates, Bienta) (B). 20 mM Tris-HCl pH8 + 50 mM 
NaCl buffer was selected for further SIRT1 analysis (C). Panel D represents TSA setup (left panel) and validation 
(right panel) for SIRT1.
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In order to check NAD+ influence on H3K9 substrate binding with SIRT1, melting curves of  SIRT1 were compared with or without the cofactor. Panel E demonstrates 
that SIRT1 interacts with the substrate only when NAD+ is present, resulting in Tm increase by 1,17°С. 
Panel F depicts the workflow of TSA for focused library of SIRT1 inhibitors.

E. NAD+ influence on 
enzyme-substrate interaction. 
Melting curves of 
SIRT1+H3K9 without (left) or 
with (right) NAD+.

F. TSA for focused library of SIRT1 
inhibitors workflow. 583 compounds 
were subjected to TSA with/without 
NAD+, resulting in generation of 15 
primary hits, which were further 
investigated on their biochemical 
function and differential cytotoxicity.

A. General Thermal Shift Assay principle.

B. Schematic representation of a PACT plate with defined buffer composition.

C. Analysis of SIRT1 on PACT plate with 20 mM 
Tris-HCl pH8 + 50 mM NaCl buffer, Tm= 50˚C. 
Melting curves of SIRT1. represent normalized 
signal/ temperature dependency (left) and derivative 
fluorescence / temperature (right). 

D. TSA setup and validation. Temperature range selection (left 
panel) and  superimposed melting curves of a single 384-well 
plate run (right panel).

Illustration of cellular processes regulated by SIRT1.
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