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MERGEHUY . RRY, KA ¥ E R
HEEES P R EE AT B MER. WH P A
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LS I R I N G DA I A a7 23 ¢ N
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b. AR (Y 36 B, 25 3k BT W AR R K HE S
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B h——Advanced protein modeling T J& B
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XI5 3h ) R A KB 25 4.
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B 32 AR HE 4T 4y F 30 1 E AR . R FE NPT
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K E N 500 ps, iz KA 1 fs, AR 8] E] BE
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Fig. 1
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Fig. 2 Plot of the total potential energy of the honeybee(a)
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Result of sequence alignment for honeybee, peach-potato aphid subunit and model chain
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2.2 HFNEER
fif Fl Surflex-docking 1 Bt # 47 43 F Xf $ 52
. ik Bk (Imidacloprid) 43 43 31 5 [7) 5 4% 2

RN % (al), (BL) s BIAIBEEF (02)2(B1) 3 HY
nAChR #4740 F 3 8. B 4T 045 1 F 1) & a4
K VEBA A ERMZEERINE 1 PN,

F1 MHMSEEMEY ACCR M EREHRSENERK . EA.SBELENSEZHHESR
Table 1 distance and angle of H-bonds from honeybee and peach-potato aphid nAChRs and IMI

% kxm e BT 1 W2 @K/om 8O
g;;;;;;ﬂ(;;%im o s Aéﬁf&i@:sz e 0.285 5 125.11
A%i?ti@}lm R3O 0.191 9 141. 10
Aiﬁ;i@;% %O 0.214 2 118. 88
Bﬁf;iﬁiw %O 0.239 3 128. 09

B (al), (BL), AL BEEF (a2), (B1); Y
nAChR 5t 8 ok 3+ X 8 1 45 & 3 B e f = (B
A8k —9.592 4 kcal/mol 1 — 7. 124 1 kcal/
mol. T ZEHE 5 ik Bk R 25 g Bk BF 45 5 1 1GCs,
EERAMEW & (4373028 2.8 nm Fl 3. 1 nm). 8
bt HL Ok 43 X T A s ) T A B 3 LA A Y R
7. TR AT 0, X 25 R R 5 E Rpk
[Fi) 55 R4 #) B AR .

Bl 2 Jgnik Bk sy F 5 5 (al), (B1) s B BE
CBEIRBR Z AL A E. R FIRAZE T H o
(H)/BOFRAMM L & D 4. N EE BN,
TEE % (al), (B); % nAChR Hf, it k> 7 £ B
HXkH pl WEMKA X B Bk 4EAMEAEH.
Tomizawa Fl Casida ZEM R CHEAR T 5R K
B 2 B9k FIEL B 32 4 % A FE B AE A ) 3 B R Ttk O
) il 25 3 43 T 7E A Y 9 A5 B Y X B 45 R v AT
DB, BEEAR o WHEIFX BHH Tyrl52 5
mEH A RS N R FM O R FHRET A
AR, SRS M ) Trpla3 M RN, 58
A DAWRER 2, it bk g SR L e R F B A B — 1 H o
WFEAM Trpl52, Tyr96, Tyr201 Fl Tyr208 LA K B
WE K Trp59 ¥ M B 7K B 489, B B T 48 N 1Y
FHEF—n fEH. X —1E A 7E Bisson 45 A fif 14 £
B ANZE ad/B2 Fl o7 #f 22 KL IR BK 2 Bk AH B 32 14
8 A B A 28 L B K D 4% 7E ik ek 5 Ak
A R 2 o 3 R B A, 7E L W A A St
B R, i R L NE IR 5 o WA Tyr201 &
ATHBE o XEAEM, WX —1E B0 RAE
bt B Ik 5 B Mo A A 0 X 4 45 R v R B

T 7 N ER Wbk 5 B A A A8 (1 2 P o (LI 3D
MM T FES « WEFX CLK BT
FERIRIX D &AM TAE M. [F o bk 5 5 g g A
R XoF 4 T L B FR AT AN M & B, 5 0k R A A Y X
S5, ik B A A G 43 R A T 8 e B ,
M7 o 72 Bk 20 BR 35 X 38, i 34 X C (= ZE R
FH R YXCC) /i) Vall96 F1 Cys197 5 ik 5wk
SFFMEMWA O KR+ EAE T S #AE A
Shimomura 58 \ % 4 i 18 3 & 4 76 R W8 «2B2 #H
BRI AZ R B o2 WA X C Y Pro RAF
o Glu 23 5 S0k dt oo B35 70 g BEARES L sk, X
N AR AL H ) GInS5 B 4351 O 2 i B1 WEHE ) Arg6l
FBEEF g1 WHE A Arg57, Shimomura %5 A ¥ 4
BT o7 [[PE nAChR H1i Gln 25Ny Arg &
5O Hok &L R /Y B DTS A A 3h
nAChR, flin A& B4 WIHE LN s A AR, 5
nt sk T A & A B B A AH BLAE . B R
DIHERT A S I B FE R BR 5 Arg 2 5 B0k Ht bk
HEWEMNEERTREEN EEZRRNZ—. H
MR RAE E B O JR 7 5Bk AL g1 AR Y
Arg57 WGk B R AT SEEM, MR MKE
SRR I 7E WA 4 2 Tk RE B 2R 1 RN Ik e bkt 4 P
R BUET 3 IX D X 352> 5 ik k43 # A 2

A B I PR LA
3 # &

ALK R SYBYL 84w i R R AL F 1%,
L) “Fr Kk M S22 (Lymnaea stagnalis) Z, Bk B R 45
BEE S RT3 SRS AR AR, K
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Homology modeling of honeybee and peach-potato aphid
nAChRs and surflex-docking

JU Xiu-lian ,LI Ke, WANG Li-li
(Key Laboratory for Green Chemical Process of Ministry of Education, School of Chemical Engineering
and Pharmacy, Wuhan Institute of Technology, Wuhan 430074, China)

Abstract; To explore how Imidacloprid affect honeybee, three-dimensional models of honeybee (Apis
mellifera) ol/Bl and peach-potato aphid (Myzus persicae) «2/B1 nAChRs were constructed using
homology modeling method of SYBYL X-1. 2, crystal structure of the acetylcholine-binding protein of
Lymnaea stagnalis were used as the template. The quality of the models was confirmed by molecular
dynamics. Furthermore, nAChR agonist insecticide Imidacloprid (IMI) was docked into the putative
binding site of the honeybee (Apis mellifera) «l/Bl and peach-potato aphid (Myzus persicae) «2/81
nAChRs by Surflex-docking, respectively. The binding free energy of docking results are in agreement
with the experimental data and the binding sites were consistent with the results from the labeling and
mutagenesis experiments. The binding results of IMI binding with honeybee ( Apis mellifera) and
peach-potato aphid (Myzus persicae) nAChRs show that the binding free energy of IMI docking with honeybee
and peach-potato aphid nAChRs are — 9. 592 4 kcal/mol and — 7. 124 1 kcal/mol, respectively, which
demonstrates that IMI has the same-level toxicity to honeybee versus peach-potato aphid. Nitro moiety
of IMI interacts with a subunit from honeybee nAChR and bind to residues from § subunit from peach-
potato aphid nAChR, which plays a key role in the binding interaction. The experiment data prove that
using IMI causes harm to the honeybee colony.
Key words: nACh receptor; honeybee; peach-potato aphid; imidacloprid; homology modeling
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