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TR Z AR DS it I oy 1R 422

Ef%%’iéﬁm’? ﬁjr

(KR LIEBRXRFLIEHG IR, SELIIBHFTHRETLELHE, B KX 430074)

B OE T BT MR SRS X BE 5 5 R P LR, DS TR B AT 2R LA R BR R AR (R B R $08E E (Protein
Data Bank,PDB) %12 524 SRHW WE N &R . S EE R A RS EN T EWE TH S AR v BAETRR
PR B B R A T3 0 2 A B IR B SRR T RE A B 5 SR L R R A B EL 5 R i R LA AR AT A T
He. SRS B HAT A Y 5 B IR S O X RS R 4y TOK P BB R T SR AU X BE B B AL 10 S A R R
BRI 5 B IR B R AT 2 MEE & B i REAR LB AR R » R S 2B L 3t 5 o T I I B ) O o B IR
B b 28 i KABLRZA 38 MO &M 5 M B 0 77 R S5 B 36 B A HAREE CFs , CL, CL A A e 3R 1 HRAR 2%
SOCF; 8 SO,CF, 7 AHEERNERER ;2 TR AUREMEMR LN Ead 5B REES N EL R G

BB T LRES L.
K R TE SR IR 2 T
FESFEB: RI14.2 CHEERINED : A

0 5 7

V-2 & T B (y-aminobutyric acid, GABA) 2
—F g g 22 2R B8 (CNS) Ik 22 38 T, 2 WY
i EF R GABA Z &N F M. AMIFZ &
PEEIR A S GABA 2 KF &, 510 4 2% IKAE
B HR N 4 RE 5E , R BF , GABA 32 {82 B P
AANERENAL BHRFRLZEERELEFERR
FIR EE A AR, Kk GABA 24k — B R Af]
BRI,

LB GABA 52 kAR 48 3L 45 0 i 2 2 4F
FBARR AT LA AP, — KA E F A2, 55—
U 2 k. GABA, 2R R B TRIZIK, 77
TR CNS A, F 5 — M NENE
BT BB AR, GABAy 2 (R QM A 2 1K, 8
TCEABSE_FHEMEK EMHERin5 &
GABA JiEM TR, 7T HBLAT = i, AT 5| A
P38 IR BT RN GABAC A2 M2 g 7 A
TR RE BB FEIRE R, FEST
PHESh YR R IR, %F GABA: ZAKRI ShaE ¥t T
BAZE TR o 32T AT B GABA: 521K
IH% GABA, Zik. GABA, Z k2 3 P &l &
HE [ —FpE.

GABA, Z R R EM, ZE AT #5 7l iE

Y5 H #9:2013-01-25
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ZRRBIR I — A R % KR AL 35 nAChR,
H & M % {& ( strychnine-sensitive
receptor) Hl 5-HT, % {& ( serotonergic 5-HT,
receptor). i cDNA Fa & FI 3 R4l £ A B % %
T 21 A HELE Y K GABA, 21K 2, K4
BERIFHELERE B WERIN T aosBias
Yioss0 s& o »p13.0 8 AW FEIEN S RN IR W HE K
] L FE R T 5 (1) R R A 29 2 20 9% ~ 40 %0 , Tif /) —
VB 6] #0) [) J ME  3k 6096 ~80%. GABA, %
TR T3 B 400~550 A4 3 R ik S 41 AR » f0
=X 2 220 > &0 FE R 5k ik 4H L L Ah N
i 8 7K 35 4 A B 7K ) B PR W P (MLI-ML4) 44 i
RO B IR X I, B B IR P 51 K O 22 R R R R
3, Hrp M2 UEE 738 18, B 28 £ R ol o
B ES A A U 5 A T A PR R A BR, R AR
{1 45 49 1 T RE B 5T 45 L0

GABA, 240 AR i 2 4% A R 7 X
B HAN 2 BT A F) L 5 B 782 b A 350 3t £ 266 R
BRVEZ K. BF 5L R, FA 78 T 0 2L 3l B R Hh i R
SR GABA, ZREEH o8,y WHEHM, & LYW
RIAERA «28372,alB2y2 Hil «3B83725%,

WFLEY GABA, ZIEFEZ AN SR IEHE &
BTGNS, BE R GABA Z B 5 IEMLE
MAEFA :GABA i & . B b+ £ 8 (Barbiturate)

glycine

EER N BB 1959, B . BRA R A, BE W L LW 50 I, B 58 05 7 71 5 DL25 9 3 B B o1 3 AR 25 T
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EE%. % .50 M AR 22T RZHRFEBEBER ST 21

ff 5. & # T (Picrotoxinin) {7 &. & Z & &
(Benzodiazepine) fif & K& 2 [& §E 2 (Steroid) fif /.
BAMESMNASAY I THEAT ENAHAERA
A, Bl an/E i T GABA 254 L S M2, v FF )3
Cl™ i3, C1™ Py 3 T 5 2040 Mo A B A 388 Jm , 3
MM/ e BRI mE e Xad EHT
Barbiturate Z5-& 7 5 AU 258, v 3 il GABA 751k
Cl™ i 18 /Y 1 3B M, & 001 9 58 /4 BR B %0 N
Picrotoxinin fif & J& GABA, ZKAE = S MMM
4 a o, FER XA Cl @ E JAW GABA 3%
RBA/E . M 5 Benzodiazepine fif | 45 & 254,
Al 3G CL 38 B8 JF B RS 8, fd CL 338 JF i A [R]
FEAC, 7 A 90 VR T DA T 7 A S L A IR K i A
BAE. A EAGY S Steroid i J 45
A, 7 %k B R GABAL 2 kBl gEN.
GABA Z R R 45 & LS 7= B W2 BE AR,
XF T & AR R 2 Y o TR ERE X

B GABA ZKMBIREEE THALIY
GABA, ZEMBFGE. SR JLA R R R B AR 2R
BFEENTECERRPEE, HPOFERE
SR T F 7% MR A9 RDL, 22 E R & F 49 GRD Al
LCCh3. RDL B $1 7k IK 7 (resistance to dieldrin)
MR & %; GRD & GABA FIH & B # % &
( GABA receptor of D.
Melanogaster, GRD) ; LCCh3 2B &[T & T T
#iE W 2 4 3 (ligand-gate chloride channel
homologue 3),

YEFF GABA Z K259 4> F R HBIE (R,
S)-5-4 H-1-(2,6- " F-4a = F P HHEH)-4-=
FH 22 7 e W R i s -3-T1) 2 GABA-SUES 13 B 0
30, AT LART GABA ZiR%E &, TIRE S F#iE,
HMFEHLEEHME, AT, 2—MEE
MR HGRL (BXT FRE AR EYKEEY A
R T, R I, A 52 56038 o TF S WL B T BT
P GABA Z k5 5 AUE BCHAT R 5T 19
BRI, B R SR T X B LD £ 7 A
iy R R D,

1 EIEFERsy

AL b A TR TAE#RR 2 T windows
&1 sybyl8. 0 # 4 (Tripos Inc. ) T 58 &% 89 » & 45
A5, BT A SHR ABRIMA.

1.1 EiE&EZ

L1L1 FalwdsE HTHWEMESH GABA
AR, B S Swiss-Prot/ TrEMBL $4E & 35 18 3¢
Bt GABA, %k p WE T F: QSRIM2. K )5

and glycine-like

Xif 3 26 W 5 1 AT 4 . W 2 0 T M @ 45 1 B S
TiE A 5 - DX Al R IR A 30 IX A B R P 41,

1.1.2 #Reyit# B 17 3% 3 7 R IR AL
HESCHEEMN, BB E TREHNITS S RE.
EATRP, ERAFWEHFEZARSRARITEE T
1 18 32 1 B 5 B AR O AR, PDB U8R 4 5 A
SRHW , 8K J5 XA AR £ 77 4 55 » M) 25 R 41 IXC 00 JE 7
DX, IXRE A5 21 15 I B R AR AR

1.1.3 #H#zik B SR T 5 S AR T 5
# 7 b X ( sequence alignment ), X M
Needleman& Wunsch 77 %, 18 2] — 4~ £ ¥ 51 Lk XF
S (multiple sequence format, MSF). 3 F 4%
MSF 304+ % A 2 ORCHESTRAR & 8e #, 1 L)
R 1 FF 51 5 = 4 45 g X R R, R R A
BATON J5 1 ¥ 1 A 45+ FIBE /7 5] #4745 4 1L
XL B S AT DA R R R B I S, AR R B A
AR SF X B (structure conserved regions, SCR),
18RI XG0 4.

LL4 HAEwms FTERHENRIAR
GABA, AR IR B &AL ——XF i & & 2
AR b, FE A MERGE #84 Jf — 4> T R A 5t
i o5 GABALZIR I IR B

L15 MAMHEALEHE  READTHEN
SFFEIE TR RS 8 GABA 2 AR BB
Ry R T8 IE. 78 AMBER7 FF99 735 F . B4k
KBENMERAT LS ERRAZREBREY
RMS /NTF 5 keal/mol/nm, M4 % 4 F 357 J1%
(molecular dynamics, MD) 9 77 2 & th AL 4= 5, X
KA R & B AR E A, 75 300 K B {H 1R
AT I MK R 500 ps, K 1s.

1.2 4rFxtiE

TR T LEWR KL 6
H4% B F HHi ) KRS GABA kM =445
L, EEA 2 S W AT HGE , B LA i 3 B R
AREEARELEF TS, WiEE - BEER
FR AL, B H A B — S Y B R R AR R R T
ML AR 7R F X 32 (Surflex-docking) #E B T, 1%
PEAL S B FR K AL 4> F (protomol). 5 4k, A
ST LR B R AL 4 T 1B AR 5 KR/ : Threshold
B R A4 1 K/ s Bloat IR E REL 4> FHBA
HEH=BRWRE.

R EET — RIS Y, 8
KX e 5 RS @ GABA, ZREEE &
TR B0 E X B P O b R A A S AL
SNE-3Zi N

g Surflex-docking & #e i 7 4» F X 8 )5,



22 RN TREK¥EZR %35 &
Csorce IR &3 f§ — MR M XTELRATIT 2.1 HEEE

44845 D-score, PMF-score,G-score, Chemscore
XN EREL TR E T 2R - ERE AU
SEE R K 27 BE K A HER 8
AR |, AT LRI DL N AR B R 2 %2k 5
Eofk B9 45 & B i 88 (kcal/mol) ; Free Energy of
Binding=RTInK "%,

2 GRS

PRI, ) 7 51 SRR F 5 LU B S5 R LA 1,
SRHW g R L3R A AL X — 26 GBI AT, AR 1
HRRT A, A2 o G R B <1 X B R B G TR U P AR
B, BRFI SRR MR —-REER 1T
By, R 1 AT A, B R R PR ik 37,506,
B AR E BUT 5 5 AT 5 R IR MK 2 3004
I PR R B 0 — A5 M AR LR T A 2 80 5.
M JFe 26 A A AR 5 B

B @
CARHWSTA (IERY R
SIRAW-TE (130}
¢ BEHW-TE (159)
D ARHWSTD (130}
S SHEW-TE (130} :
sizebrafish (1293 T

LYIP{'
IYIP; CMLY T

35 20 45 Lk &0

LGV"X"I LIy BOYACINE QL EEVH

BGTINEGTID PSR YT

BEA i’l‘l]' FVT‘TTT’T’M’T B}O
sk Vit Lo v 1 in hrslo
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B i 75 B0 o5
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S ARAWSTD (130) ANHVETG AQM{TE‘IFC‘:ALL FAL G
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Fig.1 Result of sequence alignment

*1 BRFISEHFIN—BE
Table 1 Percentage of sequence identity between

target and template sequence

AR P 3 OB AT 30 Bk 2 R
EEE LR L LN R )

Ta Tb Tc Td Te

HinF 51

5304 GABAR
37.5 37.5 37.8 37.5 37.5
WHE /%

L3l P ) L IR R SF O T X LR
nfneE R EAL G, B3 TR D AT . &
AP Efa GABA, ZE B X 45 ILE 2, AE 2
H ] BT R EE B BE D 1 GABA, SZ IR BB 2
HEME, TM2 41 B8 FEil.

Jo T B R B E M, X RS 4
GABA, ZZ 1R ¥ BB #47 — F 5 i BB & L 1L A &5
WAEIE. FIH sybyl 2444 Dynamics B #1753
Fahh ¥R eE— s ELE 3,385
1Y) GABA, Z VKI5 BB BRI FE FF 4R 119 150 ps B
BEEABR KB RS K 350 ps REER BT
RE a5l 1% RERIELRR, HEHERE
CIE AR

SLH ik 38 A ProTable A& B Xf 85 2 i1 37 1
b M AT I IE. 7EBE T A GABA, Z KR
BRI R E 4 F, /il R KB W& LR AR
HEREAE—60.—45 FA, XHEHSRAAFK

B2 ¥S3& GABA, FEBER=H#EY
Fig. 2 Three-dimensional(3D) molecular structure

of the TMD of zebrafish GABA, receptor
B o BIEGH B S E . B O R A LR R A
RG-SR MR o SRS M Y 28 L IR 5% Bk 1E 47
TR REEEAX—-XEH 8ditE, S HK
GABA, SZIRMEEI T 99. 700 i B IR AR FAL F — %
AV R A KB B R R E R
UE, AT DA — 25 o 8 R B )5 B BRI G 7E SE 3
i A IR E A A 2 ) GABAL Z AR RE R W]
PAAE Ny J T8 S48 v 431 3 B BT R A AR 2
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3 3B & GABA, SEBIEE 500 ps 4F
HAhRITHEGEE-REE
Fig.3 Potential energy with respect to simulation
time for 500 ps molecular dynamics on the zebrafish

GABA, receptor

2.2 SFxE

SRR R — b 2R R b ek 28 R A A )R
Xof 5 DL B BRI O 3, 3R AR R — i B9 A IR
AL HR BLHI 7 TR B L GABA 0k, 2 —
PR ML 2 B % G, AT — I A B S [ )
A W T o L2 B S A ] 4 s R . B R I L e
B WA A T B U AR R AR LT A, (BB R
BB REM A, EX KA A YR R G R 5R
Hiske. R, BF 5% 0 U B AT A 5 K A AR W B
it GABA, ZAABIRTER, LI I T # 2 A
REFURIE X KA R 7 A B R Y R A

168 3 o 98 HL i S [ 2R A BRA, 45 2R B R
A, KRR E_TAYERD A
GABA, 32 1R IR IXAE FIA7 s 3T 45, W4T 20 KA
EAFNK 2 PR,

<1

PHT

[RT? H T T ¥ &
Lysn Yy

4 PSfA GABA, FEEERSEE Ramachandran B
Fig.4 ¢-¢ Graph of the backbone of zebrafish
GABA, receptor

18 2 of 4 He By A AT, R B RYURP\R®,
R°® /3 5|%% CF,,Cl,Cl,SOCF, 8 SO,CF, Btnt,
&Y SRS A GABA, ZIRE KB4 & B 1T
Tt B 5k 0 5 AT 7 AR AR 0 S W] 20 B 3 AL G
E— A X%, BN XN B D A GABA, 21k
5 JE B X B R R S AT I R R AL PR AR B 7R
NCI-2000 ¥ Fi v B T 90 JUIE 45 ¥ 48 1oL 80 %0
Gkt A NI A . WE 5, UL A Al S
RS GABA, Z X8, B 245 R K 5 B,

R2 REWMBEIANENSHDE GABA, ZEBREANEER

Table 2 Structures of phenylpyrazole derivates and docking result with zebrafish GABA,4 rceptor

RS
L& a5t 5o # GABA A% A ARE/
#E R R? R R R R® BT /4 (kcal/mol)
1 Cl CFs Cl CN SOCF, NH, 4.35 3 —5.79
2 Cl CF; Cl H SOCF; NH, 4.25 4 —5.67
3 Cl CF; Cl CN SOCF; H 4.03 4 —5.53
4 Cl CFs Cl CN H NH, 3,03 3 —4,15
5 Cl CF; cl CN SO,CF;  NH, 5.32 4 —6.78
6 Cl CFs Cl CN SCF, NH, 3.15 3 —4.22
7 H CF, cl CN SOCF, NH, 3.12 4 —4,22
8 H CFs H CN SOCF, NH, 3.84 3 —4.89
9 H H Cl CN SOCF; NH, 2.74 2 —3.54




24 R LER¥%¥R #35 %
FR?2 FEMBRUSWEMSRDE GABA, FUBERHITELER
Table 2 Structures of phenylpyrazole derivates and docking result with zebrafish GABA, rceptor
10 H CF; Cl H SOCF; NH, 3.98 3 —5.24
11 H CF; Cl CN SOCF; H 3.48 3 —4.66
12 H CF; Cl CN H NH, 3.27 3 —4.13
13 H CF; Cl CN SCF; NH, 3.76 3 —4.75
14 H CF; Cl CN SO, CF; NH. 3.15 4 —4,22
15 Cl H Cl CN H NH; 2.51 1 —3.42
16 Cl H Cl CN SCF; NH. 1. 98 0 —3.23
17 Cl H Cl CN SO, CF; NH, 2.15 2 —3.33
18 Cl H Cl H SOCF; NH. 1.75 0 —2.86
19 Cl H Cl CN SOCFs H 2.54 1 —3.42
20 Cl CF; Cl H SOCF; H 4,44 2 —5.86
21 Cl CF; Cl H H NH. 4. 45 2 —5.86
22 Cl CF; Cl H SO, CF; NH, 4. 68 4 —6,05
23 Cl CF; Cl H SCF; NH. 4. 32 3 —5.80
24 Cl CF; Cl CN H H 4. 08 2 —5.53
25 Cl CF; Cl CN SO, CF; H 4,31 5 —5.79
26 Cl CF; Cl CN SCF; H 4.90 3 —6.45
27 H H H CN SOCF; NH, 1. 49 2 —2.78
28 H CF; H CN SOCF; H 3.72 2 —4.79
29 H CF; H H SOCF; NH, 3.56 3 —4,62
30 H CF; H CN H NH. 3.96 2 —5.50
31 H CF; H CN SCF; NH. 3.07 3 —4.65
32 H CF; H CN SO, CF; NH, 3.21 4 —4,32
33 H CF; Cl H SOCF; H 3.21 4 —4.,32
34 H CF; Cl H H NH, 2.42 1 —3.31
35 H CF; Cl H SO, CF; NH, 4.36 5 —5.80
36 H CF; Cl H SCF; NH. 3.83 3 —4.75
37 H CF; Cl CN H H 3. 46 2 —4, 66
38 H CF; Cl CN SO, CF; H 4,01 5 —5.53
39 H CF; Cl CN SCF; H 4. 90 2 —6,45
40 Cl H Cl H SOCF; H 2.26 1 —3.27
41 Cl H Cl H H NH, 2.23 0 —3.27
42 Cl H Cl H SCF; NH, 3.06 0 —4.65
43 Cl H Cl H SO, CF; NH. 2.28 2 —3.27
44 Cl H Cl CN H H 2.96 0 —3.94
45 Cl H Cl CN SCF; H 2.91 0 —3.94
46 Cl H Cl CN SO, CF; H 3.90 2 —5.30
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Fig.5 Structures of fipronil and its analogues by virtual sereening



26 R TRRF¥M

#35 %

FIF surflex-docking ¥ % 5 g M H 5 #5 i
K-S AR D A GABA, ZIEK4 &0
RERIPIHTHENIT . S HHEER
SRR R 3 TP A R 5 BURKEE B
SaxENSgRET B, 23— R EY
MR G SRR VRS oS HT A, WL
WA s, —H R A 1,47~59, 5 —
HH 60~171;

*3 HMOE GABA, RUSRHEHBREMMEPHELER

Table 3 Docking results of zebrafish GABA4

receptor with fipronil and its derivatives

245 HHER/ £
(kcal/mol) /A

&Y STD M GABA,
wmE  ZEWNET S

1 4,35 —5.79 3
47 5. 08 —6.85 5
48 4. 47 —5.08 6
49 5. 06 —5.85 4
50 4.53 —5.10 7
51 5.41 —6.03 9
52 5. 40 —6.03 4
53 5,68 —6.31 4
54 5.83 —6.54 9
55 5.69 —6.92 4
56 4.74 —5.55 8
57 4.90 —6.16 3
58 4. 49 —5.48 9
59 5. 83 —6. 14 5
60 3.31 —4.50 5
61 3.26 —4,49 5
62 3.03 —4,39 3
63 3.41 —4,54 1
64 3.42 —4.54 5
65 3.31 —4.50 3
66 3. 57 —4.76 2
67 3.32 —4.50 4
68 3.96 —4.88 5
69 3.08 —3.97 1
70 3.80 —4.,87 4
71 3.73 —4.68 3

a S —AEYh, ANFRABE MDA
GABA, Z X845, Al DL R S R I X B 2
MM A AR H AL W R BT 48 s AL
AW 1,47~59 HEA MMM SHEA. AR FE

HHE N F TM2 (1 35 , 35~ 2L B g% C 1 D
WRT EERLE 048 X5 Z B8 8y #ORE
5% GABA, Z XM XM . 70 ER 6
TS E], BE D GABA, 324K 5 f U 0 3
B, BE L i GABA, 32 4kR C/ARG38 M4 & Ak
AR T Bt S D/ASN28 g & A i AR F R
HtEs, 5al 47~59 TS, ke f k3
L FE AR T A ROR B R AR S k.

B6 &WlHHESHEDE GABA, ZHEMEER
Fig. 6 Docking mode of the fipronil with Zebrafish
GABA, receptor

b, E_HALA W 5P Dt GABA, Z RS
WaBMk, —B5E—AbaW BN ST
HWHRE/N B EEXSE AU GUAR, B
MNAREEEMN TETFEHE,. MEEREMNTE
T, DX AR T B, 2 kS5 24 4 1 TRIAE
S5, 5 LA Y BT R e A B b
THRES M GABA, ZIE5HEY 68 X,
t1 GABA, 5k C/THR35 Hil E/THR35 {4
IEEFELHNERETASREMARE TR
s A/ASN28 AN AR FIRASE. AAH

E/THR3S

E7 &% 68 5O & GABA, ZEMEERX
Fig. 7 Docking mode of the compound 68 with
Zebrafish GABA, receptor
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EE%. % .50 M AR 22T RZHRFEBEBER ST 27

Zae Ll — 2B ERIET . X — AL
B uE T RE MR AL B SR D B GABA, 3%
TR RN, WA BT FRBRET &
HEXTBE D1 GABA, KK XSS WL,
RA4BRTHREESH DM GABA, Z XS
B ER s, KEER ST E T4 E TM2
X C/ARG38 #1 D/ASN28 = 4 R 4E/E F , FE B
Ot GABA, 24k 5 H B RS £ Y5 & 2
LR B ER R T T ARG38 Ml ASN28 3% j 4
RAHFRIRAE.
XN, B ERSTE—RIIAR
WMEEZEEE, 3 B SR EEH#HTIT S
PR T 40 HEAERT 10 DM PR F. WK 5 1]

* 4 BEE GABA, ZESHRHEBEEANSEESNAE
Table 4 Distance and angle of H-bonds formed
between zebrafish GABA, receptor and fipronil

BET M GABAL M HEFE EE/m AE/O
C/ARG3S: HEMEHE H HEN 0.2044 136.55
C/ARG3S. BEMEHE H HEN 0.2044 136,55
D/ASN28. B#gmE O &FEH 0.1972 119.24

DAE, 10 M AFHMERRBEF5RS 4
GABA, ZR4; &, 3BT ER & .D T4
PMF #45 .G #] 43 Ak 2 37 233X DU AN 37 43 oR 403+
BE SRR EBAL, 10 MR M & AT 4450 L3
FE X ULAAZERE R L&, R RBE B L 1 GABA,
ARG AR, P T R B A B T e A B

£5 0N AEHERHESHSE GABA, FEXMEER
Table 5 Docking result of 10 different conformations of fipronil with zebrafish GABA, receptor

W% BITA  SEE M DA PMFOA GRS WEAE  CHA
1 3.48 —1.02 1.05 —82.45 —13.48 —131.27 —21.71 5
2 3,42 —0.96 0.92 —87.68 —20. 87 —128. 50 —20.78 4
3 3.31 —0.77 1.04 —81.02 —16.92 —125.04 —20.35 3
4 3.31 —0.72 1.15 —88.94 —16. 39 —120. 80 —21.23 2
5 3.28 —0.68 0.57 —81.53 —10.91 —115.55 —20.15 2
6 3.25 —0.73 0.75 —80. 80 —15.19 —122.64 —20.77 3
7 3.14 —0.82 1.12 —87.57 —12.80 —118.61 —21.24 3
8 2.96 —0.81 0.98 —86. 05 —15. 89 —115. 88 —20.76 4
9 2.78 —0.91 0. 84 —88. 94 —9.95 —122.59 —20.54 3
10 2.54 —0.75 0. 67 —86. 20 —11.74 —110. 87 —21.35 3
s & iE B 1 — BB AT I 2 HH O B R B

AR FREERET D 6 GABA,
32 PRI OE B X Y = 2 A5 0, o 5E = R Ak R Bk
FI2EARACH B T BT A A AR B 9 AR M R Al 52
e, dE—20 R M R BB 5 R U R AT A Y
HEAT 4 F A 38 o % o B2 25 R 4 B, 1R 2408
¥k R'R*\R* 2354k CL,CF; #1 Cl BT, aitm
¥ | R® $ SOCF; & SO,CF, BUtm, ha¥ 55
Bt GABA, Z R4 &%, 4T X 5 5 ]
B A B . M TR KA, LAY 1,47~59
FHEMEA T TM2 BE, XF S EHEXER
B, T 53 F IR FRAHRT BN I AL 5 4 60 ~ 71 I 4 i)
FEALF BT EE S S B A X AR E , T 3R
HEEG AN RS A= AN — I EEREHEE
G FAERFRN R K.

25 F R X FORNE o F R — B 50,
A DA F IR/ 5 2R SR A e 4 | (1 BOAG

xif FLAt 7K AR A ) IR 1A AR R
g

B RAXIBRXFZLLIEHNBEFZRARNTER
REBEHFZTE!

R d

[1] Ef&%:. GABAA 3 ik R H dk 75 4 P48 $0 570 09 B 5%
BERR[J]. R & 25,2007,29(1) : 28-33.

JU Xiu-lian. Progress in Study of GABAA Receptor
and Its Noncompetitive Antagonists [ J]. World
Pesticides, 2007,29(1):28-33. (in chinese)

[2] F % NIELSEN M. GABAA 3% {4 2 5 2 IF 5% i
Rl B4 2 2527 4 it , 2001, 28(1) . 29-34.
WANG Xiu-kun, NIELSEN M . Progress in Study
of GABAA Receptor pharmacology [ J]. Foreign
Medical Sciences section on Pharmacy, 2001,28(1):
29-34. (in chinese)



28 R TEREZIH %35 %

(3] 8, 5k@a . 2080 GABAA ZIRpFERLI] [13] CHEN Ligong, DURKIN K A, CASIDA J E.

tEFEFE AR E,2001,10(3):307-308. Spontaneous mobility of GABAA receptor M2

WANG Shi-ming, ZHANG Ying-qi, Li Xiao-li. extracellular half relative to noncompetitive

Progress in Study of GABAA Receptor[]]. Chin J antagonist action [ J]. The Journal of Biological
Regional Anat & Operative Surg, 2001,10(3):307- Chemistry, 2006, 281(50): 38871-38878.

308. (in chinese) [14] TASNEEM A, IYER L M, JAKOBSSON E, et al.

[4] O’'MARA M. CROMER B, PARKER M, et al. Identification of the prokaryotic ligand-gated ion
Homology model of the GABAA receptor examined channels and their implications for the mechanisms
using Brownian dynamics[J]. Biophysical Journal, and origins of animal Cys-loop ion channels[]].
2005, 88(5): 3286-3299. Genome Biology, 2005, 6(1): R4.

[5] HOSIE A M, ARONSTEIN K, SATTELLE D B, [15] HINZ F I, DIETERICH D C, TIRRELL D A, et
et al. Molecular biology of insect neuronal GABA al. Non-canonical amino acid labeling in vivo to
receptors[ J]. Trends in Neurosciences, 1997, 20 visualize and affinity purify newly synthesized
(12): 578-583. proteins in larval zebrafish [J]. ACS Chemical

[6] PERRET P, SARDA X, WOLFF M, et al, Neuroscience, 2012, 3(1); 40-49,

Interaction of non-competitive blockers within the [16] OGGIER D M, WEISBROD C J, STOLLER A M,
gamma-aminobutyric acid type A chloride Channel et al. Effects of diazepam on gene expression and
using chemically reactive probes as chemical sensors Link to physiological effects in different Life stages
for cysteine mutants [ J]. Journal of Biological in zebrafish Danio rerio[J]. Environmental Science
Chemistry, 1999, 274(36) . 25350-25354. &. Technology, 2010, 44(19) . 7685-7691,

[7] CHEBIB M, JOHNSTON G A. GABA-Activated [17] ZHOU Pei, LU Yitong, LIU Baofeng, et al.
ligand gated ion channels: medicinal chemistry and Dynamics of fipronil residue in vegetable-field
molecular biology [ J ]. Journal of Medicinal ecosystem[ J|. Chemosphere, 2004, 57(11): 1691-
Chemistry, 2000, 43(8). 1427-1447. 1696.

[8] FUCILE S, DE SAINT JAN D, DAVID-WATINE [18] ZHAO X L, YEH J Z, SALGADO V L, et al.
B, et al. Comparison of glycine and GABA actions Fipronil is a potent open Channel blocker of glu-
on the zebrafish homomeric glycine receptor [J 7. tamate-activated chloride channels in cockroach
The Journal of Physiology, 1999, 517 ( Pt 2)(2): neurons| J]. The Journal of Pharmacology and Exp-
369-383. erimental Therapeutics, 2004, 310(1): 192-201.

[9] GUSTAV A, LI Ping, BRACAMONTES J, et al. [19] CORRINGER PJ, BAADEN M, BOCQUET N, et
Pharmacology of structural changes at the GABAA al. Atomic structure and dynamics of pentameric
receptor transmitter binging site[ ]], Birtish Journal ligand-gated ion channels: new insight from
of Pharmacology, 2011, 162: 840-850. bacterial homologues [ J ]. The Journal of

[10] FkIm&.EW3, TEF.F AR vy EETRZE Physiology, 2010, 588(Pt 4): 565-572,

B R EA RG] &4 i k%, 2003.23(6) [20] CHEN Ligong, DURKIN K A, CASIDA ] E.
441-443, Structural model for gamma-aminobutyric acid
ZHANG Rui-hua, LI Li-qin, WANG Hui-fang, et receptor noncompetitive antagonist binding: widely
al. Structure and Related Drugs to GABAA diverse structures fit the same site[J]. Proceedings
Receptors[J]. Chemistry of life, 2003,23(6):441- of the National Academy of Sciences of the United
443. (in chinese) States of America, 2006, 103(13): 5185-5190.

[117 ZHANG Rong-wei, WEI Hong-ping, XIA Yi-meng, [21]7 MITEVA M A, LEE W H, MONTES M O, et al.
et al. Development of light response and Fast structure-based virtual ligand screening
GABAergic excitation-to-inhibition = Switch in combining FRED, DOCK, and Surflex[J]. Journal
zebrafish retinal ganglion cells[ J]. The Journal of of Medicinal Chemistry, 2005, 48 (19 ):
Physiology, 2010, 588(Pt 14) : 2557-2569. 6012-6022.

[12] GOLDSCHEN-OHM M P, WAGNER D A, PET- [22] CHENG Jin, JU Xiu-lian, CHEN Xiang-yang, et

ROU S, et al. An epilepsy-related region in the
GABA(A) receptor mediates long-distance effects
on GABA and benzodiazepine binding sites [ J .
Molecular Pharmacology., 2010, 77(1): 35-45.

al. Homology modeling of human «1B2y2 and house
fly 83 GABA receptor channels and Surflex-docking
of fipronil [J]. Journal of Molecular Modeling,
2009, 15: 1145-1153.



%6 M EE%. % .50 M AR 22T RZHRFEBEBER ST 29

Homology modeling and docking of zebrafish
y-aminobutyric acid receptor

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

Abstract; To explore the toxicity of fipronil with zebrafish, three-dimensional (3D) model of
transmembrane domain of zebrafish y-aminobutyric acid receptor was generated by homology modeling,
using Caenorhabditis elegans glutamate-gated ion channel receptor as a template (PDB registration
number 3RHW). The conformational stability of the model was studied by molecular dynamics (MD)
and the quality of the model was confirmed. Furthermore, fipronil and its derivatives were docked into
the putative binding site of transmembrane domain of zebrafish y-aminobutyric acid receptor model by
Surflex-docking. The toxicity mechanism is explained by docking results: docking score and free energy
of 10 different conformation fipronil binding with receptor are stable, fipronil is vertically fixed position
to cytoplasmic side of the transmembrane domain, transmembrane receptor on 28 asparagine and 38
arginine produce hydrogen bonding with fipronil; The substituent groups CF;, Cl,Cl of benzene ring
and the substituent SOCF; or SO,CF; of pyrazole ring are important in producing toxicity, The
conclusions are proved through the result of virtual screening compounds docking with receptor.
Key words: fipronil; toxic mechanism; homology modeling; surflex-docking
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