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Investigation of Binding Mechanism Between 1,3 ,4-Thiadiazol
Inhibitors and AChE by Molecular Dynamic Simulations

Yang Xueyu,Wang Xuan,Dong Keke,Zhu Xiaolei

(State Key Laboratory of Materials-Oriented Chemical Engineering,College of Chemistry
and Chemical Engineering,Nanjing University of Technology,Nanjing 210009, China)

Abstract ; Alzheimer’s disease ( AD ), one form of dementia, is the disease of high incidence among the elderly. The
acetylcholinesterase inhibitors( AChET) are main drugs of treating AD,which are widely used in clinical application. We use
molecular docking and molecular dynamics( MD ) simulations to investigate the binding mode and interaction mechanism be-
tween three 1,3,4-thiadiazol inhibitors and AChE. The binding free energies are calculated based on MM-PBSA method.
The ranking of binding free energies is consistent with that of the experimental IC50 values. The hydrogen-bond interaction
between the inhibitor and the residues as well as the energy analysis reasonably explained the binding mode and the inter-
action mechanism between AChE and the inhibitors.
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PRHE FIARR R AT g e — A5 5 B R AR 28R S () AD 25944t 1 g iE 5.
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Fig. 1 Molecular structures of three 1,3 ,4-thiadiazol inhibitors

1.2 5 Xt

BT P s AL, AT Autodock4.0 F2FPA2 437X ACKE 5 3 A0l k41431 X 422, 7%
Pead B B SR T A INE] ACKE W, SZ AR MG S & F R/INMEEE R 70 Ax70 Ax70 A, BRLHNFH2 5050 10
T 200 YRMSL AR, SR 5 MK HEAG G2 1 45 R (5 M 22 RMSD #8238 4 2.0 A) 2 HH BE e IR A 42, e
LA BN AP RI AT T 2 5 B9 MD Bl 72
1.3 S FIHHEE

AR AMBER 10.0 #4530 51I%F 3 A~ G ALE T MD &40, 2 (ACRECAAR 1Y 7735530 AMBER-
FFO3 Fll GAFF 113%. ¥ 3 MEAWIRER 502 AE] 1 ANEFIA TIP3P KPR & 7. FRATT7E
FEFHIAT 10 4 Na™ AR R far kb T H P, 78 MD B2 /1, XF AR R 40 04T T R =tk
TR R TR R, R E NPT R 45" (IR R ) F XA A R JEAT 20 ns 89 MD B3 76 MD Bl 72
KRR A BRI R PME i AT Ab B, SR SHAKE 553606 R T8 K AT 240
1.4 ZEBHEETE

T BN T A% ACKE 5254 2 0] 45 & LT, FA16E A AMBERIO i) MM-PBSA J5ikt " 4y
FXE MD )5 10 ns /9 200 MAZ AT T 456 A HEELL K B BRI, 456 B HEE AG,, /ITTHEA
Fav/(II

AG,,.,=AG(complex) —[ AG(protein) +AG(ligand) ], (1)
AG,, =AE_ +AG ,-TAS, (2)
AEgas =AE,  +AE 4y, (3)
AG,, = AGpolar +AGn()npolar ’ (4)
AG, 0 =7 (SASA) 48, (5)

HrA AG( complex) ,AG( protein) , Fll AG(ligand ) 73 3R E G4 A BTRIBCIRAY F B BE; T RoR R ; AS
FORBHAE SRS T 1508 AR, VAR N ER B RR (AE,,) FIVETEACRE (AL, ) s T RIL A HIBE AG,, AT 53
WA R AR RE(AG,,,, ) FIEAEMAEE R A RE (AG,,,,., ) 5 8 VA7) ] M 2R 1m0 B (SASA ) LA S
S8y T B BEUEFT LITHR Y AG,,, 0, 31Ty 1B 43518 0.005 42 keal/ (mol A) Fl 0.92 keal/mol ; % 5
FIA R A L8 £y 51l 1A 80.
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S5 IAIE G A 5 A R A3 T 93.47% F1 90.15% ; M2 5 AChE H9%% 3 Ser286 F1 Trp279 A i
TSGR, AR IAE] T 44.08% 1 30.32% ;11 M3 5 AChE Z [81 1% A e S8 . 53 41, 364i]
X ik SE U A R MER AT T 00, IR M1 M2 5 AChE [BIE B SR TE 20 ns (19 MD AL A2 o
PR SRR E |, X SR A U S 2 T IR M1 AT M2 5 ACKE 22 [1] R 483 14 e i 1 .
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Table 1 Hydrogen bonds formed in the three complexes during MD simulations

& et ZHL N AR % HiEs/A /()

AChE/M1 :199@ OE2 :M1@ H9-:M1@ 019 93.47 2.764(0.21) 20.62(13.37)
:M1@ 019 :117@ H-;117@ N 90.15 3.109(0.17) 37.68(10.55)
:199@ OE1 :M1@ H9-.M1@ 019 49.26 3.037(0.30) 34.55(15.98)
:122@ 0 :M1@ H8-.M1@ 018 31.52 2.994(0.22) 35.69(13.81)
:M1@ N9 :122@ HG-:122@ OG 16.36 3.047(0.17) 44.67(11.57)
:M1@ 019 :130@ HH-;130@ OH 11.23 3.099(0.19) 45.67(10.66)

AChE/M2 :M2@ 019 :286@ H-:286@ N 44.08 3.187(0.18) 34.85(14.26)
:M2@ 018 :279@ HE1-;279@ NE1 30.32 3.166(0.18) 39.87(12.55)

AChE/M3 TCEHIE

AN FATHR A LIGPLOT #4420 8 17 31570 5 AChE BY S K AH B AR, Wil 2 Fir s, 3 Fom il 5] 5
AChE BYFRIEIIE N, T 2 g M Bk V8, X B85 KAV F 78— 8 F2 B L2 1 40 ol 500 A 4 i 382R, 5
Ak, l’é‘lﬁiﬂt/\’ﬁ/\%ﬂiﬂﬁ/mﬁ SR 2 A SR BT A — 2L

(a) M1 (b) M2 (c) M3
B2 SENANSEMMEKEAN_HRE ELXRRSE BREERREKIER

Fig. 2 2D representation of hydrogen bond and hydrophobic interactions. Dashed lines represent hydrogen bonds,

and spiked residues form hydrophobic interactions
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23 HERMESEHHEREESH
N T BEIRA M INHIFR 5 ACKE BYZ5S P, A SCR I MM-PBSA J7 0 2 S WIHI 45 & H HREE
TFT IS, S5 2 I R AR 45 1 B A0 SR B0 % 2% . A TPl LA HY M1 —M3 i
T AChE M454 H HHAES 918 -26.79 keal/mol . —24.16 kecal/mol ,—22.79 keal/mol, W] AChE 5 M1 f¥ 44
FRES R, 2GS PR MI>M2>M3 1 ELTH 45 00 5 5000 145 21 A3 i 7 % 1650 fEHES — 2K
&2 @i MM-PBSA FiEiTHSEIN 3 MESWHEE B HAE(keal/mol)
Table 2 Binding free energy components for the three complexes by using MM-PBSA method ( kcal/mol)

BHY/aEEI AE,, AE 4y AE,, AG,, AG opolar AG,, AGy;n 1C50°/ ((pmol/L)
AChE/M1 -26.90 -39.00 -65.89 44.40 -5.30 39.10 -26.79 0.09
AChE/M2 -8.87 -35.63 —44.49 25.72 -5.39 20.33 -24.16 45.26
AChE/M3 -4.47 -34.15 -38.62 20.80 -4.96 15.83 -22.79 112.01

I R 2 P 4 A RE RN (AE,, (AE . (AG,, AG,, ) B TTER, FRATT & B84 1
(AE ) WA G R E SR, AERMEII(AG,,, 0. ) WA BN TTEA] TG0 5 AChE 455, 535k, <M
FHEARE (AE,, ) XS4 A, ARt 2 AL A B BE(AG,,) XM 455 AF, SR UL, vk B 5Tk (AE,, +
AG,,) RTAH T 455

R T2 T R REEXT S A H R RE Y TTER , A SCIRAE SR ] MM-PBSA J5 k47 1 T ok ALy A
M AEME. 3 MRS YIMEERIEIE R 4 IR, XS5 RA B TFRATHR B82S h 3 At sk R &
FERRERHE. IR 3 B, X M1 5 AChE 456 STBRES K B 5k 5L =26 W84 . Y116,G117, G118 il Y121 ; XF
M2 5 AChE 254 5B K 5L £ 24 Y70 . D72, W279 ,S286 . F290 1 Y334; %f M3 5 AChE 454 vimk4s
KEFRIE FEAH W84 Y121 ,F330.F331 1 Y334, MERIERYRER FoRFA M1 55kEE W84 BI45 & e m Ak, 15
# 7 -3.38 kJ/mol ; M2 M3 5583 W334 [i] ()25 A RERAR, 4374 3.02 kJ/mol 1 2.62 kJ/mol. iX—HfiKAY
AR —E R L THHI RS AChE 254 3R 5.
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Fig. 3 Interaction spectra of inhibitor-residue pair in the protein-inhibitor complexes
I FRATE 208 1 36 2 A A uEAe/E X 2 A4 &8 £ SVER, JHIF M1, M2 M3 5 AChE [q]
78 AR FHTRE S 910 =39.00 keal/mol ,—35.63 keal/mol F1-34.15 keal/mol , X W5k £ FHERHE T 3 Fh
YIRS YRS MI>M2>M3. RS FRATOEEALVE FHREHEAT 1 3R EE B i AB 43, 45 SR n1&l 4 FioR , [\
FE 3 RIS AChE BTG AR B R ERIE ) WS4 F1 W334 X W] [ 3 (25 SRAIXT . £545 70 %t
ARV 3 FE 4, Tk il 5755 AChE AI45 G 1 R A Asp72  Trp84  Tyr121  Trp279  Phe330 #l
Tyr334, X JLA R Z ACKE H & PO 5, X259 5 AChE 945 & f B 24E .

= 0 T ! T = 0 T = 0 ( U T
Ll E l S 1
g N2 I A T -1t BE -lf
S E o b v =& v70]Q74 w279l sy 5 E F330
2= B3 F290 B Y121 33
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Fig.4 Van der Waals interaction energy spectra of inhibitor-residue pair in AChE/inhibitor complexes
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