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FHE : 15 CE\ Nilaparvata lugens JE/KREBRERENFRZ —, KIIKBL2ZEBDIIR S T X E BRI R B R dRPiH
BIT=AE, XERTARARZE A BRI bk R K R B PR AR R L T B R AR TR R . AR R AE S TR IR ik e bk
BUHEDLER, DL K e BT 24 1 HL 3 BF 5 3 T ok e obk /R R RE AR AR TR 48 3R G5 B8 AU Z 8k IR 2 f& ( nicotinic
acetylcholine receptors, nAChRs) R #2558 7 A T 1F Z B 5T/ B . nAChRs 2 B i 28 28 4t Hh o5 7 22 11 1 4238 o
2R, JRJLEEZR SR ERERR, o DUB R R BRI AR . 8% e BURR i RN P S AR AR 1
EHiML kA R, 7EM KT nAChRs TP 3 Nlal 1 Nla3 H35 &3 T HiEH G S A8 YI51S, ZRABSH T 24
Einik BpREE A R BB E TR, T PR 408 R Z B AR AR ) SE A 1 AR /N e Nlad 548 KBS SIS T
Nlo2 1 NIB1 £ RS — 3244, A4 gk AR AL ; N3 548 W3 S TEEE Nlo8 1 NIB1 FEIR A —
A2, M R S S AL A . A8 KE nAChRs Stk l ki PEAHE, B8k nAChRs B & H Wt H %
W KT Al SR P, G0 Lynx BB . T4 KT nAChRs ik, PUZGHEAHCZE T . ZIRMHE B B X i gh i
MR E A, BNENINIERE, AMUE B FXHERSER BRI 3%, X R nAChRs B3
FEREEARARHESNER
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Imidacloprid resistance mechanisms in Nilaparvata Ilugens and

pharmacological properties of its nicotinic acetylcholine receptors
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Abstract: The brown planthopper, Nilaparvata lugens, is a major rice pest in many parts of Asia.
Insecticides have been extensively used for its control, and resistance to various insecticides in this species
has been reported in different countries and areas. The resistance to imidacloprid, a neonicotinoid
insecticide, in N. lugens had caused big loss in rice production in recent years. Meantime, great progresses
have been achieved in its imidacloprid resistance mechanisms and nicotinic acetylcholine receptors
(nAChRs) , the target of neonicotinoid insecticides. NAChR is an important neurotransmitter receptor in
insect central nervous system, which makes it become the important target to several kinds of insecticides,
including neonicotinoid insecticides extensively used to control N. lugens in recent years. The Y151S
mutation had been identified in two N. lugens nAChRs o subunits, Nlal and Nla3, which have distinct
influence on imidacloprid affinity, but little influence on acetylcholine. Nlal, Nla2 and NIB1 are co-
assembled into one receptor, which constitutes the lower affinity binding site for imidacloprid in N. lugens,
while Nla3, Nla8 and NIB1 are co-assembled into another receptor, which constitutes the higher affinity
binding site. Imidacloprid resistance was found not only related to insect nAChRs, but also influenced by
insect nAChRs accessory protein, such as lynx proteins in N. lugens, the insect nAChRs modulators. Most
achievements mentioned here were newly reported, and are important to understand the resistance

mechanisms to neonicotinoid insecticides and the pharmacological properties of insect nAChRs.
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¥ K &\ Nilaparvata lugens Stal ( brown
planthopper, BPH) J& & 8 B /K fEH Rz —, 20
AR 70 AR KRR AEFRIG M, EXMIFEZERK
B IX B K A= XA KA. RIILIR, # CE)
Bivh EZLMEEBA N F, 20 4D 40 ~ 50 EHKR
B AP SGI B AHE RE; 20 4D 60 4
RIGBA DB EEF RRERE AR A BTG 20
AR 80 AFARLASR, B HUA: 98 35 5 b U R A 24
TR AR HRRI M RS SR R R, T Y
Bk, dEAFkRE LI RBiaE KR E B AR
Fio 2005 4F By T4 CEU ik R BT KT B T
AT 1R T4 CERI BTG T A 2009 4F F
FHAE G, MRSTER SO S m R, MG 30 4F
W REIALFEBIARE, BETE— R, BR—
A IR AP R R, 254 RS AR K
ARFIGUEELEE ST, BUEIEIA > E 23X
o CEH AR BRI T A FERER S, B
T ENSMEAERTENS € RGP AL bR 2 B2 )7 T
AR5 R, A SO AR TR BN BT AR R A% L5
Mtk e T AL B AN S AR o B B 7 T B PF SR HEA T
TR 4

1 BEHREREZEBRERZE
RS PR HESYE, RREZ B

Z4&K (nicotinic acetylcholine receptors, nAChRs) #{ 2
TAEBENMWEBEZA, nAChRs & —Fh FLFH A
PR A, ThRERALR R 5 M EA B R K
oM, AT AR TASHER: Wil
RTINS S0, BB U e 13T
R P T BB BE ML ( Arias, 1997 ; Corringer et al.,
2000) , B H nAChRs 2 JLE % B30 9 /E I BB AR,
JCHERBHEE AR ], EERBR T ZMRAR
%% (Matsuda et al., 2001)

i8S X EE M HZ 8 Anopheles gambiae , T RFIE
W Apis mellifera. BRRERUE Drosophila melanogaster il
IR Hs Tribolium castaneum FERAFFH M, K€
TREH) nAChRs WA, JEXFH0 WAEBEAT T 20T
AEYEERAE, R 3 nAChRs BFRRHEE T FE #
Bl [E B, 7E Bk BF Myzus persicae, # K & N
lugens. KM& Locusta migratoria. YHZEVE R Heliothis
virescens SFEEAR N F R P, @AY FEM T

MR T, R8T KE R nAChRs W41 8},
X ekt Rl A B B nAChRs BF 28 248 77 1% 52 i) R Al
(Jones et al., 2007) , FIHFHERERG, IR
WG S2 MU RS, IR R S, XFE H nAChRs
WERIDhEEHIT T T B W %E (Tomizawa et al., 2005)
B2, 7ERH nAChRs WEIIREMIGE T, IRAH W
MEEEAFHR: (1) BEME RS S nAChR (1)
WAL Y, B nAChRs F R 4AD)RE B0 2K =2 i TR
B FEHI R ? W R nAChRs T3 HEAT R Fh4H &
ZRAERER B ZRThEE, Bk B FR—Fh
BRFTA TEILFEREDARED, B TFRE
nAChRs o WWHSWFLZ1Y) B WAL RIARI M IE
HWIZARINEE, BT LA—MiA A (6] ] Bt 7E B
#I4E o WP EE | (Millar, 2003), (2) [7]# H RIK,
LR R AP R T 5L R 1 R R A
AHRRIRE I, X L B ob ~ a9, B KA
BN o6 ~ a9, BIERIE a6 ~ a7 K o9, HHFEKR
WA o7 WEFESE, (H R 20 B Rk IR RER
PR G A 3 A () A SR AT B 2R L A2 AR T R
(Sattelle et al., 2005 ; Jones et al., 2005, 2006)

2 {ERT nAChR H)FR BT RinzhtE

H AT & A A BRI RS/ TR R &
ARG, WEF#EE., MEBRZER, MERG IR
HEEHMERS, M/EMTE R nAChRs HItH 2
B 7 B 2 4T 4F Ok #F I JF & 19 H AL (Casida and
Quistad, 1998 ; Tomizawa and Casida, 2001) ., £
FE B nAChRs B HFIEEA ERT LIS 4 26 4
Yk (LIEER) . BB, WERERLEME
RERE,

DU AR AR A Y8, A SE R IL
YEF TR H nAChRs L-E9, BR T MBS, B4
TERERETR . BPREm . IIAESERR . ISR, WS
B BRI BEB AT . T X e A MR R
HPCRAK, MR YRS SR, BRI
BR, fEFRPE E—EHRAHTRERAR I R
FIF, AUEBRAE o B 250 — & i b A ( Copping
and Menn, 2000) ,

BRI S BIRA . FF R F B 1R
FIFE. H nAChRs A 3R], M 20 148 90 4R )
SE— RTINS A SR OO R s, BETE
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Z8 7 A aFh [ ok B ok (imidacloprid ) | 1 H Bk
(thiacloprid ) . # B B Bk ( nitenpyram ) . BE H Bk
(‘acetamiprid ) . & M1 B2 ( thiametoxam ) . Mg 1 i%
(clothianidin) | Bk 31 j#% ( dinotefuran ) ] [aJ{H, X228
AR LB . WRUREE . WRMRER A,
ROl F H A DA E e EEAR BTz 6
(Tomizawa and Casida, 2005) ., #2 4§ 7 Fh g MHpE
AHG B G RR R, KA AL 3 2K A NESR
(acetamiprid, imidacloprid, nitenpyram, thiacloprid) .
SgE M2 (clothianidin, thiamethoxam ) 1 P & 1k Fig 2
(dinotefuran) (Liu et al., 2006) . 7 E RIS 3% B 57 B9
FEEERER B T A BRI 5 B AT A A R R U S
E2H nAChR AL B 255 00 7 1E H i 1 S B R 3%
(AR . HEREHER) 1 EAE (Tomizawa
et al., 2003) . F AR PAEE— 17 10 98028 A% L) it
Wt KRR HZES A 19 4F 58, HERE K
A N. lugens, D ZEH W1 Leptinotarsa decemlineata
FHAA B Bemisia tobaci T 25 P IT4F K & Rtk 5,
ZRELbRE R A BN BUE i R R AR 218
HEl, # CElD LRI X RS HiKE, it
bt S PR 1) B 4% B FRY ORI R A b sl H e 12
(Nauen and Denholm, 2005; Mota-Sanchez et al.,
2006) , 3E i Nk BBk I PN P SR O AR, 7E 4R B EL
Bemisia argentifolii, & K&\ N. lugens. H¥y &\ B.
tobaci Z5FE M ARG TRPUM R, 3 HPUALHRok
PR T 3L T = 31 #4 8} ( Prabhaker et al., 1997;
Liu et al., 2003; Rauch and Nauen, 2003; Liu and
Han, 2006)

WEHERXENMNFEE RAE Lunmbriconereis
heteropoda (EFRIVER) BB —FiLEY, BA
AHIGEE(Lee et al., 2003), RIFVREER WL
450, ST LMD REFEREAEF G, WRE
FhoO ARG, REHA L KB RBEIHRE, SHR
MFHEBEAR, VEFRBEARAUIEATRRY
nAChRs, {HEIJFRJE nAChRs F¥EhRIFCEE, T2
nAChRs BAESE PR EPI5M , 38 i FHL b 285 7 3 3k
B B Rk 24 A I VE FILEE (Lee et al., 2003)

ZREERE NN LZ M Saccharopolyspora
spinosa (EFRZ AW ) 2B 10 Fh RIF N ERAL &
(il hEZREE A ~]) AR, ERRR
FIFF & i Spinosad SLPR F2ZREER A F D iR
4% ( Thompson et al., 2000) , £ 3 H KW DAL
KERMAERGH A, AR F R
Bf8#8] S Frankliniella occidentalis % ELA K 1 3K

Ro HRERM, ZREREHLIRIFAL—, TR
[ o/ A 7 B # nAChRs #1 v & B T R (v-
aminobutyric acid, GABA ) %% {& ( Watson, 2001 ;
Salgado and Saar, 2004) , BARZRE RS,
FrmmRE R AEVE T B B nAChRs, {HEEAIEM
9 nAChRs WRIIAMF, ZRERIMEHTRIE
S D. melanogaster nAChRs 1Y) a6 W3 ( Orr et al.,
2006) , {EHFHBENAE BB RIE o6 WHEL S
(Lansdell and Millar, 2004) , ¥43ERBEZEN 2R
BR A TR E KPS, 1%/ Plutella
wylostella (10 000 %) . 4H ZF 7% Wk H. virescens
(1 0004% ) % ( Wyss et al., 2003; Zhao et al., 2006)
TE R 4 B Helicoverpa armigera F1 H 15 %] & F.
occidentalis SFHZHIREF R, XN EZRERENH
251 AE B 4E 14 10 ( Gunning, 2002; Loughner et al.,
2005) ,

3 BRI R G IR

W ENESE 37 ML, BRI K2
BE., XNEFESCREHFRE T H— bk k48
KAV R, PUHERABCET 250 £, BRI AL
SrHTRY, JHMIER R PASO BN A RIS ) i AR AL
3 i e b & R ) BB A AL WL (Liu e al.,
2003 ; Nauen and Denholm, 2005), {H& T4
FKIGEANIRA™ PASO B f11 480 Bl 72648 6 UK Nk S ke 14
Pl FEEHRAHFEE,

FIRTR £ FE H i nAChR T 348 0h % 8 5158
B, It HIESPURTEREA B 5 R F Rk
RS, (BALEERE A CEE DL R E IR
RIITUESE T HUHEAER R, ZRABRAETER CE
nAChR Nlal 1 Nla3 AR B 35 F, 23151 fifY
BARBS M LAR,. Moot mERas &N
nAChRs 5k k25 SRR MR ST R B, ditkm R A8
KRG MRS SRE R ARG REAEN 2%
(Liu et al., 2005) , 508 S2 i FIRRE BN, %
ZRAFXTIE Bk 548 KAl ol WENEEEA T2
EWN, ZREEAMGE N T AR S RS A&
M5, [R5 2 A T Mk ok 5 B0 A A S D
71, M2 25 P 7™ 4 (Liu et al., 2005) , i
TN RIR R G T, RIZREZAEXT IR 2808 i
LT BT ( acetylcholine, ACh) 5 B i # 22 52 {K
nAChRs HZEA WA BEZM, (BXTALFE N d mkrE
W 7 AHT RIS B 5] B nAChRs $EARES G 5%
B3, MMIESSZ AR 54 CET H A 6 437
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B A BRI A B YT VIR (Liu et al., 2006)

4 B YEUERZE Z R A A I A
HRK

B F Y151S 7E48 CE A P I % (Nlad F0
Nle3) ERBEREB, FILE R KFR B
FHFLE XA WE R F 0, W8
nAChRs {37 F4H AT TIRABSR

SRS RIB R G R IAZFIA IR nAChRs (1) 5%
KPR A, BEUESE R FBEEF nAChRs ) al
o3 LB F R — 2k F (Huang et al., 2000;
Schulz et al., 2000) , X}#5 K& Nlal 1 Nlo2 34T
kAR, RIXWAD o TERESWHILSYE g2 T
RIE AR — =T F R AZ K (Nlal/Nla2/
r32) (Liu ez al., 2009b) , X4 KEAN TR nAChRs #
T ILTTIE /T, UESE T X PSP IEAEAE  CaE
ZREPHIERF-ANAREEKP (L e d,
2010) ,

B F Nla3 W 7 RIXSH 53 B2
HRIKREARY), XRMEPRHE TR N3 T A
HFZE R CEIHA T . % KA nAChRs W3
M AFRIBERI, N3 WAL Na8 WIHILR
ik, SR B2 RSN EH RS S — = E
F K (Nla3/Nla8/1B2) , X 7EE H nAChRs W %
ZH R R E R K I ( Zhang et al., 2009)

BiJE, BFFTE DL P AS = 03 3R A R Bl
X} Nlal F1 Nla3 H R B Y151S 28728 T B 52 W i3
77T 42 Mo Nla3/Nla8/rp2 X fik Ht Bk i 4 J8& t
(ECs =3.2 0.5 pmol/L) H. Nlal/Nla2/rp2 ( ECs,
=350.4 £16.8 pwmol/L) & H 109 £, 52 &
(Nlal/Nla2/t2) #H Ft, Nlal ™' 58 28 H 5 557 1k
Nlal™"®/Nla2/1B2 (ECs, = 624 + 24 pmol/L) X it
RO T R 1.8 £, T 5 U 32 4R (Nla3/
Nla8/rBR2) #HEH, Nla3"' 575 3 B 37 #& Nla3 "%/
Nla8/rB2(ECs, = 29.5 +3.9 pmol/L) X nif, i bk f
BT 2 £, AW ZhRgURM2ES, B
Nla3 7" 58 A5 75 it SR b R SRR o gV R
% (Liu et al., 2009b; Zhang et al., 2009) , Fit, 7&
e TN bt L o B0 A B W A T A, R XS
Nlal #1 Nla3 | Y1518 [FBf#47, JHEE N3
R Y151S 248, XGERETHAE CEPLAH S TR
MHMARZAZ—,

5 BERERMEMERRNZE
HA

HH A EH R B (1) FBE s B (5
W) —#£(Lind et al., 1998; Tomizawa et al., 2005) ,
o CEPHZ R G A AE P Ik kS A0 4 ( Liu
et al., 2005; Li et al., 2010) , i XABHE A 5] [ B
YERTXBANEEAA, BRIEZER B EGES
R R Z— (Xu et al., 2010), BT T e ¢
A28 R G0 itk bk 25 B 2 s L, TERTIA
RN 7 B 20 B 4 B O B A B, X AR R E A TR
nAChRs 50t Bk & 71T TIRABIR

N7 P 5 8 I T VE B AR BF 2 K AR R E Nlal,
Nla2 1 NIBL 3 AN EEAE [ — IR Z AR,
W IR % & Nlal/Nla2/NIg1; i Nla3, Nla8 F
NIBL 7E 75 A — AN W IR Z Ak dr, # j R R 32 4
Nla3/Nla8/NIBl, [El—NZAd KT EA H#
MEHEAERR (L et al,, 2010) , FIFARETEER
FeFPUART S RECL TR B AR TR
RETHER, &I Nlal/Nla2/NIB1 H4 f it H s 3
FIiE (K, =1.5 £0.2 nmol/L), i Nla3/Nla8/
NIB1L 44 J nit = obk 1 36 #7243 (K, =3.5 £ 0.6
pmol/L) , iX — %5 5 5tk 4} 5 40 3Z /& Nlal/Nlo2/
B2 Al Nla3/Nla8/1p2 I FT 45 R —2, Wittt
— A B Nlo3 ™" 58 A5 7E itk s HRSAR AN SRR o
YEFI S B2 (Liu et al., 2009b; Zhang et al., 2009) ,

6 & CEUERE Z BB AR bR
EARSMAMHXER

2 A1 V5 4H 2 B B D) BB P nAChRs (BT W2 5
BRBE TR MR —EREFRFR AR, HiE
20 FFR—EHBEA R, BRIBEZE R nAChRs i F
WEHRAE E KR T GRS EER AN 7 ), BRI
XL B — R RIAER I BRI B2k, B RBIR
FATA AR H nAChRs A HARsRME, RERMWZE
RGP 1E7E S nAChRs BEAERI/NFIBEE, X
SuFE H7ER B nAChRs 7 3 40 i P A 21 B B /E
ERERIJEEMIEN . Lansdell 55(2008 ) R i
UEM 5 — B I nAChRs 15 % H Dm-Ric-3,
Choo % (2008 ) J\&E ‘k Bt Pyrocoelia rufa "p %€ T 56
—/NE.H nAChRs J#EH H Pr-lynxl, XEHH 5
fER M nAChRs (WEEHDIRE . HAREMAHAMR. HEH
P85 BAGE THE S o mEEMEM
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3@ 48 KA EST SCZEG#H1E ( Noda et al., 2008) .
GIETIVEFASMSIESH AR, WG REMAE RS T
K THMIEERE, SREEA Prlynx] —F,
XPAVETEE H 8 T Ly-6/neurotoxin 814, 535
44 Nl-lynxl 0 Nl-lynx2 , 33 9 45 28 1 R T
DIRERHR o TESHIAY B TEEGZIEN
FIRKE, T ELAEAS R W B 2H A2 1R B f A B
Z 5 (Liu et al., 2009a) , [AB} &P, XBATHEE
HERS Y1518 RAZHINREA 36, Fnats CEXT it
HRAIBLEKE, BURE X E B R FERE AT LOS R
REFIBEEER, WEKE R R nAChRs /R
B H [RAE AT DM R A4« BRI & R R H

7 INEERE

B4R nAChRs 2RI IRM ARG i FE
MEB 2R, HRXT R MR nAChRs BIFFFUILIT
im THELsY, BT s ENREREERS, BE
nAChRs 5 e 5 25 ) F 5 3 BE R — > T B2 iR
Ho HHFEENI7E#EAT B B nAChRs J5 i i) TAE R,
AL FL 31 nAChRs BT BRI %,
FeAnSMRRIBIIRERAE . WAL B 5, AKX
BeH AR LR MM R o (BRI SR WOF AR BA
WER, EEVFRANTR SR nAChRs KBTS LT T #
HAZ e, JFEE Xt R IF BT, KT #H CE
nAChRs 275 [ BTS2 L JLAF BE R R, £
BT RABIF R R 2R AR EI, 2
G H nAChRs AR B R AL, MIMRZR & 521k ik
FIPN IR G B L UTE DT 95 S8 AR J7 THD, 7E 48 K
nAChRs WAL A . HUZGPEAH SRR A | Ak MRS &
O FR2H A 7 TR T B4 BB ST R

B2, HEBEHIITERREREE, ik
REFHZE RGP nAChRs FRANTERE . AR5
XtRLF) nAChRs AiE#E . 5 R nAChRs B4 Kt
JREAMEMBENEE, XERBEFD—A,
R A E SN R KA RGP HE 4 B # nAChRs, H
B < T B H nAChRs [t & 8 H BB 52 #0452 B 72 1
HEHRAI. DRREIESSAa L, BT AP
FEK A, T H M RE R B B R BOA R B R R
nAChRs (RSN I AR ER &, BMRSMGEE D) BE
PEE M nAChRs, ZRRIX J7 T B P FEK 45 & B IRk
RAFEAR, EHRA¥FEA. FRFCESRAE
FREE, WE I nAChRs K B AR H BEAT BT 2h
RESEMAERE, RIS ZIREARRPTA /N T IR
HH, FMRE B xR A B E BT 2,

¥y fAsh B i nAChRs ThEER SR (321K + M8 &
H) o #MWEAE H nAChRs JhRER &KW LI T &
HEREAEDE . ZIRSUEMEAEIEDIE . s
ARG D REEE A %€ S AL . BT BURI R 23
TR B R S
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