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Insights into the Binding of Ketone Mannich Base Derivatives
Inhibitors to AChE by Molecular Dynamics Simulation

Wang Yali,Zhao Tengteng,Zhu Xiaolei

(State Key Laboratory of Materials-Oriented Chemical Engineering, College of Chemistry and Chemical Engineering,

Nanjing University of Technology , Nanjing 210009, China)
Abstract: We investigate the binding mode and the interaction mechanism of three ketone Mannich base derivative
inhibitors( they are marked as M1, M2, and M3 hereunder) with AChE in terms of molecular docking (‘autodock ),
molecular dynamics simulation (MD) and binding free energy calculation( MM/PBSA ) methods. The results of binding
free energy correspond to the experimental bioactivity data(ICs, values) of three inhibitors. The Van der Waals interaction
is the main driving force in binding affinity of the three inhibitors with AChE. Although the binding modes of M2 and M3
are similar, they are different from that of M1/AChE, which are reflected in the energy analysis between the three
inhibitors and the surrounding residues. Residues W84 and E82 are the key residues that can distinguish the bioactivity
of M1,M2 and M3 ,respectively.
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Fig.1 Molecular structures of the three inhibitors

1.2 SFxiEe

FA13E T Autodock4.0"" i P AL R FHPL D S i SR IX 3 Fh 25 5 F43 95 ACKE #HF 740 F X%,
S FNEEFINEIF] S AChE B & Y0E BRI IR LS M. (ERHE B B SR T 7R N AChE 25
A FREREE AT A B R M AT R/INE R 70 AxT70 Ax70 A [AIFE A 0.375 AL AL aa i k4T
200 YA SE X RO UE i 3 2 A 5, SR e DA 2 T A5 31 A+ G v ks BRI K (389 0 AR IR 8 A oy
2.0 A) HAEE AR MR A2 A4, T BEJE EA T MD Bl 2.
1.3 HFahhFE

AR AMBER12.0 43 3IX X 3 AMAR BT 533 J1 24840, ] AMBER12.0 #2701 Leap K
I AChE TRk () &URF-. Bl He 5« (RESP ) J5 i J& R 2 B3LYP/6-31G (d) 7K &84 i T 1)
L. 2K FTORIC AR 23 51 5R ] AMBERFFO3'' J13%#l AMBER GAFF!'™ 3730 4 iR B A T AR B 1. 441k
RO RRAE] 1 A E R R & T M E SR & TG E KT 10 A BERIZEA,
TIP3P K53 F. ZJG T MAEUE F (Na* ) i RGEk B . FEJEAT MD BERLZ 11, A A R ek H
AMBER12.0 H1f# Sander F2 743 BIHEFT 2 000 25 B T LA 2 000 25 A9 2L 4040 B %54 21 fE /M,
AR S 1 AU Z B R 50T NI 2584 3k 7. Bt A K B R 3R 3 45 1A T 200 ps B BRI I# (AL 0 K
THEE) 300 K) | 4R BVAF-. BUR A NPT AREE (FRFIR) T AP AR RIETT 80 ns 1955780 138
L. FERRLE R R R SHAKE Bk 2015 SR T 19 Fr A5 3L 8, PME ( Particle-mesh Ewald ) FH e 4b B
KFEF A EAER.
14 ZABEHETE

AR AMBER12 H % MM-PBSA '™ )52 il ad 50X 3 MR AR R b g4 B g, A T it



EMA] A 3T HAUNTTE AChE 15 28 2 J& A Bl A7 22 W4 il 500 AR B AR TR 25 5 HLBE

X 3 AP S ACKE L5 S HLEE, X THRMA R ARBEER MD iR e e 5 fi )5 5 ns B FR Y 200 4>
FIG R IEAT 0T, 456 A HBERITTRE AR .

AGhind = AGcnmplcx _( AGprnmin +AGligand ) ’ ( 1 )
AGhind = AEgas +AGsol_TAS ’ ( 2)
AEgas = AECI(‘ +AEvdw ’ ( 3 )
AGsol = AGpular +AGnunpolar ’ ( 4)
AGnonpnlar :Y( SASA) +B ’ ( 5)

K AG, i s AG i s MGy SRR E G R BT B B R BE. SO 1 12268 AE, 46 #
RE(AE,, ) MG fEAEHE (AE,, ). ¥ ML A B A8 AG,, 7T 43 fift g B PE &8 4 (AG,,, ) FTEE 1% 1R 38 43
(AG, o) - Forf VAL A R BE A AERRE 53 T LA SE 3 1500 T B R TR (SASA) LU K I B4 y Fi B ok
fh5 . 78 PB 1y F1 B 235124 0.005 42 keal/ (mol-A) F10.92 keal/mol. T F1S 43551 kg I BE Fni B4R , v
TGS TR Z 0 5 W AERT, JF B TR & FOR UL, /N 7 45 5 5 R R R A2 AR .
W, FEASSCHY AR Th 220 TR R

2 gkt

283 80 ns BELLSS , AChE 53X 3 FhER 2 & Je A3 il AT A= 4 22 0 5040 i) 5 i BAR 25 S A U 1) 2 B
. 3 FE SR N PIRNEE SR ML A2 T 1 GIn69 , Trp84  Ser122  Phe288 . Phe290  Phe331  Phe334 41
TR TG PR T 4% dh T M2 F M3 32T H1 Met83 ., Val129  Asn429  Glud45  Leud50 . Leud56  Tyr458 #H il 1)
TEPEXH A b, Horb iR M2 M3 5 AChE 25 S BEARRL, HAR SR 2L Gludds T AL T AU, S8 M
M1 Y45 SRR T M2 il M3, M1 5583 GIn69  Ser122 T il T U8, i ad e #4r T 4% 5 (R kAT
MD #5480 D Je MD B85 IX 3 i G g G, TR, B S W MNIH G & (R AEXHEI S ) 43
80 ns Y MD LS , M55 AChE 45 SR K.

F331 (b S
() =y - O | vize
- Yaa2 S oz
5 2] va3 ’ N/ =P aso T
Y130 ( wsrﬁ& ‘:L\\ %) w L0
N ,

) GII8 .
- Kﬁ\, S s T ‘},F75 p

A P
7 , [ L | (D285 aa0)t M :
I‘l}z{’\(\i]f 7 : % o o #k (Q ) /
LU A / lase/ LI
v116\[a>‘\? - Y % 155
= Mg N : g V=
$124 QGgL."”)‘m NG} U [s79
e /W279 F75 u;m;{/
( b
(a) AChE/M1 (b) AChE/M2 (c) AChE/M3
GRIR 0,5 2 F2m AU

E2 3% AChE/MBIFIHA M E & MM SR
Fig.2 The detailed binding modes of three AChE/inhibitor complexes
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Table 1 The binding free energies( kcal/mol) of the three systems based on MM-PBSA method

S5/ fe AE,, AE AE,, AG,, AG upolar AG,, AGy IC5p/ (pmol/L)
AChE/M1 -16.27 -56.89 =-73.17 46.82 -7.52 39.30 -33.83 0.002 49
AChE/M2 -15.77 -36.02 -51.79 33.97 -6.24 27.73 -24.06 2.7
AChE/M3 -20.16 -30.96 -51.12 35.59 -5.37 30.22 -20.90 8.93
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Fig. 3 The total energy of inhibitor-residue pair in the protein-inhibitor complexes
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