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Identification of small molecule sirtuin-1 inhibitors for treating
acute myeloid leukemia based on molecular docking, quantitative
structure-activity relationships and molecular dynamics
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Abstract: The purpose of this study was to discover novel inhibitors of sirtuin-1 (SIRT1) that could be used in
the treatment of acute myeloid leukemia (AML). Eight potential SIRT1 inhibitors were identified from 231 511
natural drug-like molecules by virtual screening-based molecular docking and molecular mechanics-generalized
Born surface area (MM-GBSA) calculation of binding free energies. Using existing SIRT1 inhibitor molecules as
training and test sets, a series of quantitative structure-activity relationship models were established, and the best
quantitative structure-activity relationship (QSAR) model was used to predict the IC,, of these 8 potential inhibitor
molecules for SIRT1. Subsequently, molecular dynamics simulations were performed to verify the binding mode
and stability of these complexes of potential inhibitors and SIRT1 protein. Finally, the activity of these potential
SIRT1 inhibitors was verified by cell proliferation assays of OCI-AML2, OCI-AML3 and MV4-11 cells and SIRT1
enzyme activity assays, and it was found that 5 compounds could inhibit AML cell proliferation. Among them,
the most active compound, ZINC000001774455, had an IC,, of 2.29 + 0.09 umol-L* with OCI-AML2 cells, and
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at a concentration of 1 pmol-L?, the inhibitory ratio of this compound on SIRT1 protein activity was 65.33%.
ZINC000001774455 can be used as a lead compound for the development of new AML treatments.
Key words: SIRT1; molecular docking; quantitative structure-activity relationship; molecular dynamics;
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Figure 1 Molecular structures of some SIRT1 inhibitors
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Figure 2 The contrast between the docked conformation of SIRT1
inhibitor molecule 415 and the crystal conformation, pink is the
crystal conformation, greenisthe docked conformation,RMSD =0.11
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Table 1 Binding free energy of 8 potential inhibitors and the predicted activity by QSAR

4G Predict ICy,

Compound Simplified molecular input line entry system (SMILES) JkJ-mol /umol-L*

by QSAR
Mangochinine COC1=C(0)C=C2C([N@+](CCC3=C4C=C(0)C(OC)=C3)(C)[C@]4([H])C2)=C1 -87.43 0.59
11-Hydroxygelsenicine  O=C(N(OC)C1=C2C=CC(0)=C1)[C@]32C[C@H](N=C4CC)[C@@H]5[C@H]4C[C@H]30C5 -81.91 0.81
ZINC000001774455  COC([C@H](NC(COC1=CC2=C(C(C)=CC(02)=0)C=C1)=0)CC3C=NC4=CC=CC=C34)=0 -80.6 2.74
Opacaline A N=C(N)NCCCCC1=NC=CC2=C1NC3=CC(Br)=CC=C32 -76.93 9.15
Vasicinol 0C1=CC=C2C(CN(CCC30)C3=N2)=C1 -76.74 4.48

Normacusine B
ZINC000000643416
ZINC000035388763

C/C=C1C[N@@H+]([C@@H]2C3)[C@H](C[C@H\L[C@H]2CO)C4=C3C5=CC=CC=C5N4  ~76.64 12.82
COC1=C(0OC)C(OC)=CC(C(NC2=CC=C(C(NCC3=CC=CC=C3)=0)C=C2)=0)=C1 ~75.94 46.02
COC([C@@H]1CC2=C([C@H](N1)C)NC3=C2C=CC=C3)=0 ~75.78 21.73
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Figure 3 Molecular structure of potential active compounds obtained through virtual screening
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Figure 4 Typical binding mode of potential inhibitors with SIRT1 protein by molecular docking and their RMSD in molecular dynamics
simulation. A: Mangochinine; B: 11-Hydroxygelsenicine; C: Normacusine B; D: Opacaline A; E: ZINC000001774455; F: The RMSD
changes of 5 potential inhibitor molecules in molecular dynamics simulation
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Table 2 QSAR model of SIRT1 inhibitors

Model code Score S.D. R? RMSE Q?
kpls_molprint2D_17 0.8834 0.4416 0.8834 0.4168 0.8151

kpls_linear_17 0.8619 04506 0.8795 04411 0.7929
kpls_dendritic 17 0.8375 04802 0.8632 04751 0.7597
kpls_radial_17 08141 05731 08051 0423 0.8096

kpls_molprint2D_20 0.8006 0.5663 0.7976 0.5287 0.7942
kpls_molprint2D_3  0.7917 0.5628 0.8024 0.5522 0.7638
kpls_molprint2D_43 0.7878 0.5775 0.7846 0.5465 0.7961
kpls_molprint2D_13 0.7866 0.5868 0.7803 0.527 3 0.803

kpls_molprint2D_15 0.7693 0.5675 0.7999 0.5705 0.7428
kpls_molprint2D_14 0.7686 0.5885 0.7826 0.581 0.7461

5 AML 4R E MR 45 R

MTT 5256 45 3 2R, 84 hits tb & 1% MV4-11.
OCI-AML2 f1OCI-AML3 =F AML [ i 4 g 2 A A
[FIFERE HIAMEIE R (3% 4), F1C,, M 2.29~83.21 umol-L Y,
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Table 3 The prediction results of test set of SIRT1 inhibitors by the best QSAR model

Compound SMILES pIC./mol-L*  Predict pIC.,/mol-L™* SD
Compound291  NC(=0)clcnec(Nc2ccec3cecec23)cl 4.388 4.277 -0.111
Compound82 NC(=0)clencc(OCc2cccc(NC(=0)c3cccdcc[nH]c4c3)c2)cl 5.652 5.428 -0.224
Compound193  CC(=O)NCC1CCN(CC1)c2ncnc3cc(sc23)C(=0)N 4.796 4.916 0.12
Compound232  NC(=O)clccencl 4.602 4.621 0.019
Compound248  NC(=0)clcncc(OCc2cccc(NC(=0)c3ccecc3F)c2)cl 4.52 4,947 0.427
Compound36 CS(=0)(=0)NCCN1CCN(CC1l)c2ncnc3cec(sc23)C(=0)N 6.42 5.973 -0.447
Compound312  NC(=0)clcnce(OCc2ccec(NC(=0)\C=C\c3cceen3)c2)cl 4.314 4.046 -0.268
Compound4 CCNC(=0)clccec(cl)C(=0)NCCC2CCN(CC2)c3nenc4cce(sc34)C(=0)N 8.276 8.545 0.269
Compound101  NC(=0)clcnce(OCc2ccec(NC(=0)\C=C\c3cenee3)c2)cl 5.46 4.886 -0.574
Compound13 NC(=0)clcc2nenc(N3CCN(CCN4CCCC4)CC3)c2sl 7.276 5.973 -1.303
Compound46 CC(=0)Nclcce(ccl)C(=0)Nc2ccec(COc3cence(c3)C(=0)N)c2 6.173 5.371 -0.802
Compound5 NC(=0)clcc2nenc(N3CCC(CCNC(=0)c4ccesd)CC3)c2s1 8.237 7.688 -0.549
Compound178  NC(=0)clcncc(Oc2cce3ccece3c2)cl 4.87 471 -0.16
Compound210  NC(=0)clence(OCc2ccec(NC(=0)c3cecen3)c2)cl 4.693 4.289 -0.404
Compound77 NC(=0)clcce(ccl)C(=0)Nc2ccec(COc3cencc(c3)C(=0)N)c2 5.726 5.063 -0.663
Compound33 NC(=0)clencc(OCc2cccc(NC(=0)c3cece(ce3)ndenncd)c2)cl 6.435 5.011 -1.424
Compound2 CCNC(=0)clcce(s1)C(=0)NCCC2CCN(CC2)c3ncnc4cce(sc34)C(=0)N 8.444 8.766 0.322
Compound185  NC(=0)clcc2nenc(N3CCCCC3)c2sl 4.824 5.487 0.663
Compound187  CC(C)(C)clcee(ccl)C(=0)Nc2ccec(COc3cence(c3)C(=0)N)c2 4.815 4.945 0.13
Compound242  OC(=0)clccc2NC(=S)Nc2cl 4.533 4.298 -0.235
Compound66 CNC(=0)clcec(ccl)C(=0)Nc2ccec(COc3cnee(c3)C(=0)N)c2 5.857 5.605 -0.252
Compound177  NC(=0)clence(OCc2ccec(NC(=0)c3cec(ce3)cdncesd)c2)cl 4.873 4.957 0.084
Compound142  Cclccc(ccl)C(=0)Nc2ccecc(COc3cence(c3)C(=0)N)c2 5.069 4.657 -0.412
Compound88 NC(=0)clcncc(OCc2ccec(NC(=0)c3cce(ce3)cdeccend)c2)cl 5.593 5.327 -0.266
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| Discover studio %K {11 1] Prepare Protein FHLXT
PR ZE R AT AL B, CLFE MDA, #b A i ok 2 FE R S B AN
i 2k 1 loop, £ BR &8 B, K 1 B A 45 i 7 23
T, A R, AR pH 7.0 + 2.0 IR FE R AT A,
Xt & Ji 7 /£ RMSD 0.3 A ¥t Bl P9 F| FH CHARMmM 43+
HIRACK R
4 FFXIE

TE 2 3L T 4k 35 1Y) SIRTL A 1) 410 i) 771) 2 & ot 485
4 (PDB 1D: 4151) [HC A 57 00 kb5 SL— N E A% 20 A )

TR, K 52 A B 1 B AP A 2 M 1 90 7 % 2
HWE AT 7 T 0z, BT IR 10 A B tE X 452 05,
BHA120.1 A A FIIVIEBEHLAL S 50N 10, B
HLJE 3044 G 17 ey i MD 1925 B8 %44 1 000, =il MD H
BENL)E Zh A R 5 B PR E RN 1000 Ko BEHLE S0 5 H



X LA HET TR E AR RS 1B 1 AR e/ 2 T SIRT LA 57 - 551 -

uf AHEAE F, R BB KT M R AL, S HON:
n#GE %2 00025, HAREE 700 K, 3B k512 000 45,
1B K 300 Ko xJ 23 #2148 H CHARMmM 7137, K H
Momany-Rone i &b 2 i 44 J5 355 5 i fif
5 SFIERNTGERIE

¥ B2 AL FE ) SIRTL & A 53 7 L 45 &
eF R 80 770 201, 1 Chemdraw B4 4 2 45 4, (717
9 SDF #%& =X, F#1 Fi| Discovery studio % {4 %} i% 73 1 i3k
ATHE N 25 88 T s, B IEA RN T, 2R
A S R AR RN L AR SR AA, TNE, CHARMM 41 1137, fig
B RC/MUAF R 3D M R THALEE . b AR R ) BC AR 43
T TN IR R ZAEOY, S
Ji R G R R NG AA EAT B A, P E R TN
RMSD, LA %2931 % #3792 e R 14
6 MM-GBSAITE4 S EHHAE

FIH 5y F X B A2 AR R A R BCAR - 2 A
W, BT T )T O R R A (MM-GBSA) 1
BitE/ N T 5EAMNY S HHEE.
7 BT FNEAELEE

¥ 2 3 AL B 1R 24 30 15 RARF= W0 4y T I Ji 4t
HHEC AR 2 TR HEAT 5 SIRTL & A 14> T X 2%, Bl
JE 3 47 MM-GBSA i1 454 H i fig, LA HH e
(AG) i AR A& PRI E TG T 1, JE IR IR &S
A H AR ANEAT T HES
8 QSAREBRVAIESL, 3iE 5T

B R USCEE I SIRT L 01 551 4 1 4 22 1) DI 2 5 T
R 5 4+ I H Schrodinger % 4 44 () AutoQSAR 45
B, 3T E RO R, B ESR A R G R =
& Bl TR SLLA K & Tl TR 1, IR ER
F pICs fH, R H Il g4 5 1558 XA, 2% i A% f 55t /)N
ek (KPLS). 2 ju 4k Mk [F 5 (MLR) &880k, S
1 QSAR B AL, JF 8 B A1 1) 10 I~ QSAR B AL . 4
B LA ) QSAR 1Y FH -4 o 42 K2 0L i a2k i 45 11 7%
£ SIRT L4575 1 1Cqo THMI
9 SFENHFEEREM

¥ Top5 (178 78 H 1) 771 43 7 B 6 B2 6 4y ol
47 100 ns 193 T2 11 54540, 2 5241771 73 7 5 SIRT1
HAGA R E . BE R E i Desmond K4 5
Jite, WAEMN R 55—, ER-E AR AW A B # il
Ko 10 A1 TIP3P JE 31 & 1k A A5 784 (1 57 A K &
T, 0 CUAE iy &5 7, P 7k & W gir, i
0.15 mol-L™* ¥ i (1) NaClI, #5500 28 BEIA 8T, &7+ 7
3% OPLS3, @ r ik R . 5 25, K RAEE &ML,
K H 0.1 kcal-mol- A2 ) /7 % %[ e Bl k- E 1 B &
W, AR AR E R, SR A FIH &

BE T BEVE R R i M, K 2 fs, B A IK BB B R
25 kcal-mol*-A, [ifi J5 V14 LBFGS i%, 4k 4268 & & /IMb
HEWS. H=1, R RTHE, FIFH 2.0 keal-mol ™A%t 7
WHE E E A, BAR R0 K8 THE Z 300 K. 51
$ P &R, U 2.0 keal-molt-A2,1.0 keal-mol Az,
0.5 kcal-mol*-A2.0.2 kcal-mol*-A2.0.1 kcal-mol™*- A2 )
71 BRI AW, TBOF /N5 FBCAR, KA L ns 13
TR . BB, Ak ZABR 1 1E47 100 ns ) 73+
B )
10 BevfeE 2 AEHD S 45

= Ah 2 VEREE M 41 i MV4-11.0CI-AML2
OCI-AML3 41l fiil FH 7% 10% fifs 4 IfiL i (FBS) ¥ Iscove's
™M KL 1) Dulbecco (IMDM) 5985 9% . i BEN&H
100 U-mL1 75 %5 % 1 100 pg-dL 4% % %= . K40 7E
37 °C.5% CO, FIHIEIA T i & o 0 H A K 40 it
FEMp 2] 96 FLEE TR, %5 B2 (4L 10 000~15 000
Y. 24 hJ5, H0.02.0.2.2.20.100.200 pmol-L ik
FE AL A W R B 72 h, 224K F1 9 200 plo 28 55,
) A A FLAZH A NN 20 pl 3-(4,5-— Y L mEme-2- 3 -
2,5- IR FL YR MR Y (5 mg-mLY) FEREE 1~3 h
223 20% + bR R R ER BN (SDS) Mt A AL B s, FH
Fr1% (Molecular Devices, Sunnyvale) il i€ 570 nm 1)
FEFEAE, AR E 25 AL BE BORE b fox BE, 15 1C 0 1
11 EEEMEMIK

H 15 A6 & W 55 FE 5 IR 2459 Nicotinamide # 2%
PR J5 4391 4 F DMSO, B i F 2% i i 7 B 22 DMSO
BB 1% B A, 7E 96 FLAR AN 10 L 9 SIRT1
AR, 4% IR SIRTL IS 1 L €3k 58 = A Ik 7] &
A6 B B4, A TR N 2 A < JES ) 0% 1 R b 78 VR
B, (B &AL B WDIRFE A 1 pmol- LY, 32 87 S i
R R AL A E TR SIRTL [ Bl s o, 5k
A%t SIRTLEEEFIHI R

B A DU 1] K 2 A P 2 Bt 52 43k Schrodinger 3 £
T S

13 SUHK: %R SCR AT RS L F 2 55T 52K,
IR SR G RS T TR # AT .

FIEE S A CHTA RS B, RAETERIZE PR K R
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