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Resistance Mechanisms of Green Peach Aphid,
Myzus persicae (Homoptera: Aphididae), to Imidacloprid

e - oAl - RH7|

Byeong-Ryeol Choi*, Si-Woo Lee and Jai-Ki Yoo

Abstract - Resistance mechanisms in the green peach aphid (Myzus persicae) resistant to
imidacloprid were investigated. Imidacloprid residues on the aphid integuments decreased slowly as
time passed with no significant difference between the susceptible and the resistant strains, Residue
in the aphid body increased in both strains with time elapse, and was slightly more in the susceptible
strain. A higher metabolic rate of imidacloprid in the resistant strain can be expected by the fact that
more amount of imidacloprid were excreted in the resistant strain than in the susceptible one. The
activity of AChE was higher 1.4 times in the resistant strain than in the susceptible one, and
imidacloprid did not inhibit AChE at all in both strains. Piperonyl butoxide (PBO) and iprobenfos
(IBP) synergized imidacloprid activity. The mixtures of imidacloprid and PBO (1:1 and 1:5)
caused 69.4- and 250-fold increase of imidacloprid toxicity against the aphid. Insecticide toxicity of
the mixtures of IBP and imidacloprid (1:1 and 1:35) was also increased 227 and 80.6 times. Esterase
activity when a-naphtyl butyrate and (-naphtyl acetate were used as substrates was higher in the
resistance strain than in the susceptible one. This means that P450 monooxygenase and esterase are
responsible for the resistance to imidacloprid in this aphid strain,

Key Words - Myzus persicae, Resistance, Mechanism, Esterase, P450 monooxygenase,
Acetylcholinesterase, Metabolism

= & - Imidaclopridel] A3A]& Ho)= BaolEalglgel] Wa DrHA A4 7=E 24
st EpolEAlnlBol ofAlE Aelg 3o AR M F Aje] Aol oel MA
3] ZAE et AeAAER AR Zhel AEARHe] feAde gsloh AWREEe
oF AlZol|lA Alzre] Aol uwiel HA} ZrlE9] o R gghel w7 A A Fe)
A AER} ol ok AL} whEA velyde) Imidacloprid #3443 A -2] acetylcholine-
sterase (AChE) &41-& 21 A% W) o 144 H3toew, imidacloprid= AChEE A& 8lA] &
ik A 3A A Bl sl AFElEA A A <] PBO (piperonyl butoxide)2} esterase #3j A ¢l IBP
(iprobenfos) S E3F}Faled x}-8-31 A3} Imidacloprid : PBO2] w]g-e) 1:13} 1:544 22k 694,
250m 2] BA& ®Holow, IBPY} EMARE(1: 15} 1:5)0 M Zhzt 227, 80.6v18 HAS X3
o}, 7} Al S PBO2l IBPE imidaclopride} 22 uv]&=z 2337 &9g& 49 d=x=e)
EA]zto]7l Be)A] ok9kc}. a-naphtyl butyrate®} B-naphtyl acetate 7]2l-& Al&-3fe] H]Eo]Z]
esterase®] EA)-S A8t A APAA o] e ABET esteraseTA o] A ERGT w
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2tA] imidacloprid A& FpotEAllES] AEA] ZFele Abstas} esteraser} Tei®

UEFE & U

HMO| - BolzAgl &, A3HA 712}, Acetylcholinesterase, th A}, Esterase, AFsh& 4

Imidacloprid®= 1990 & - Sulel] /L= o] &
A R AA 60 A S HERA S A
ARE-E T g).e™ (Leicht, 1996), %2 izl A=
19921el] F-F5 o] Abg-FFe] 19974 oF 628
(ai)ez 1993 KR} 350} =r7lsledon] otom
= 2 ALY Foke] AL SFE HrdelelM A}
48 ol& Foid Zlez A ZHElv(Anonymous,
1999).

o] kA= imidazolidinAl ko] shtelw AL
ofafo| Al sFe] ZlmEt4-S He|dm, S840 g
ZEAd & F5 oldEe] FFA sEd ARE
T, Dol WE wAladr) 22 Aez delA
gl (Nauven and Elbert, 1994). Zt&7|zle = AlAAH
2G4l acetylcholine =83 ¢} As}e] AL
< Adstnz, g8 =2 HAEs Adge=msy
e HAPAF]E= 288 g} (Nauen and Elbert,
1994; Nauen, 1995). =3t imidacloprid:= 7]& oF
o APHE Holx Aol AAAw WA 8}
F-4+3}9, nicotine® &7} wlstm AF7]A el
Z7] wEe] neonicotinoid® E-e]7|x It} (Tomi-
zawa, 1994; Tomizawa et al., 1995a, b).

Zelvh gl A AEFYe) ST kAT
BAeks et ARG} BopE B3]
Wk =efigto]l Fobd A HFol 2¥Y sy
Ae] v} AA R imidaclopridi= w12 A5 oA
of HlsiA AR47|Zhe] FEel=m BT, TAE
g - ofE - AR e] - AYE FelA] o]H] A
galo] RuE 3 )} (Sone ef al., 1994; Elbert et al.,
1996; Choi, 1997).

ulelr] B Aol imidacloprid® 2549 <l
Axefstel ARHo] FRY HoolEAn B o
& Ak 7zke gofsled AEA FeF AT 7
=4 252 F43taa AlelA FAL] FR-F
#F oA saad 4 5 AP 208 2ARI

AlSS
=20
B Ao AMEE BpolgAl Rl ES Aol
WA F9l ZbA Al imidacloprid #HA]
(10%)$}- pirimicarb 5=} (25%)% 70%<] A%F&<

TH
Ol

ol
2,

Hole % £zoz 253 wHFd. 8 =
imidacloprid *$}4] A %3 I w7ty A4 %
o) A gAu|= Zhzh 124,590, 8000u] o] Ake]glw}.

14C-Imidacloprid2] | & & o}z

2 o Al#e)| ARL-8F 4C-Tmidacloprid®] A2 42
Mbq/mg, %+ 98% o] }fe] sl om, EpolERg &
o] A imidacloprid®] ®]EFA}S-2 200,900
dpmyml (40.18 dpm/0.2 ul) o] Gt} ekA) 2 u] ek A
€712 ol gl RolFAuE WA T 02414
FER-2 el Asled ov, Helwe b Al
5] LDy 22055k Fl7F A2 2 ol 5A12
E+ 30t vhpe] 20ml £-3ke] QA A EA
2 f2ae] YT YD F 25°Col LB o
A2 0,05,1,3,6A7F Fof) ABE= 370 HE
Aol AT, ZFAY AFHF, S =4}
Saeh ARAFFE Bl SARE VL Lml
2] methanol2 33 |2 5te] AHH Y otof] EFhE o]
Sl wApteke 2 2K, A BREES A
Az BlolZAYE-& oxidizerZ 30&7F ]9 (1}
g Hag: 05% o) Sied AAHLen 24
Seleh. Sl 5AR ] AU H2 W F
ool AR e e HEe] ol
Zleg FA d)MdzF(excreted fraction) &2 3T}
g9 2 Aze] AAHFARE ET(Sign-
Flour™ LSC Cocktail) 15ml2 7}8F & o)A 27
Z27](liquid scintillation counter; HP LSC)E o|£-3}
of WA S A,

~
b

Acetylcholinesterase (AChE)2| &4 o ofH|

IOV

AChE &4 2 okA|zb4=4] 232 FEllman et al.
(1961)8] w¥e| F3lg vt Bpol- 3zl E 300}
£ 10ml 0.1 M NaH,POs— NayHPO, 2+3£o (pH
74)e] @3 dLEF <ol Elvejehm glass homo-
genizer9} Con-torque stirrer® (Eberbach : USA)E o]
g3hod DIAR F 69 A% d3A R, A7)
& YAEE] 7] (UnionSKR, Hani) & o] 2-&}ed, 4°Col|
A 1000g= a2z sle] AMSA-S Saton A}
43190k AChES] &4 S 10ml Al F el
1.25ml¥] 0.1 M NaH>POs~ NagHPQ4 $+-Z--8-9 (pH
7.4y} 0.1ml®] 3 mM DTNB (5, 5'-dithiobis-(2-
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nitrobenzoicacid)), 0.1 ml 30 mM acetylthiocholine
iodide#} &4 05mlS Y 37°Ce $FojA] B
A 711A ZHzt 0,5, 10, 15, 204 ol 0.1 mle] 5
mM eserine (Sigma, salicylate salt)2- o] w22 =
A7l =8 Spectrophotometer (Pharmacia Biotech,
Ultrospec 200002 412 nmef| A HF4 == ’—"‘-74-3}04
regression curved 13 = 7)€V EMN E4 AW
£ Asbsisie,

AChEe] gt AslAdd-e o2 2o} oA ol
UAew DAY 54" TALEAE 30WA 15
ml o) Aokzalg ATl ¥w obiEel H
2R ¥ 47 9329 125mig ¥ ied
(1,000 ¢ od 70y 0.5 mlE 7}3F & 8122 (Precision
Co., USA)Z ©]-&,30°Cel|A] 1587 vh2-A]F )2 o
Al 001M DTNB 0.1 ml (8&3¥% 38x10 M)}
0.075 M acetylthiocholine iodide 0.1ml1E H7}5+ %
30°Co A 3087F 9124737 VA 24 5mM
eserine 0.1 ml3 7}sle] ¥h%-$ A A, spectrophoto-
meterZ o] &3le] 412 nmeA] EI=B 29
o e ¥A 42 AERE HE o gsls
3, 4FAT ¥R e AT FEEE 100%
AChE @4 o= 7}3slgdc). AChESY] kA 7H4A]
(Isg : AChE&EA & 50% =38} A& A )2 A
4 =% AChE Aaj-&& AAlste] probit 24
el o) abEsth. 24U 3 AY7)z F 4
°C o|3tZ fA|ste] AlgEg o mE Age 3yt
Bo=m o).

sissiel &M
AMA EA AT Bl ExldlE °‘7“é%-§— 2ml
o] QlAkgbEd 0.1 M (pH 7.4)¢) 20v}8]E Y v}
Hoted EANE Fojslgon] oW e =xhe
B slell A o] F o] Z

Hk-gole] 2HE FAL 0.25mM a, B-naphthyl
acetate (o, -NA) 1.5mlg}, 0.1 M ¢4l k&N (pH
75)1.5ml, E49 60ule a1 37°Ce] S==xoA] 0
5,10, 15, 20, 25, 3083t ¥k&-AlZl Fefl 5% SDS
(Sigma, sodium lauryl sulfate).‘l} 1% fast blue B salt
(VIv=2/5)% Yol HE-& FXA7] F 2087 LA
A1 AT} a-NA= 600 11m°ﬂ/\] B-NAX= 550 nmell A
EFA=E 2P AgFgEFIANL 05mM a, -
naphthol & AH&a ZHAslsich BE Age 3k
o= 3o}

R4 ee ADEL Spszsl Ael
ot %] piperonyl butoxide (PBO), iprobenfos (IBP)Z
o] g3t zALSIGEY FHA Y Eguee Hx

SR M= BEgolEx g o] AE gl gale) ofdk
L Z=x] o= T gko] 54 2 v)-&& 25 C-
FHA & imidaclopride QA F o} Eel| 3] A 8)o]
prd

22 e = AEAd £ o, E3EE
742 1:1,1:5 (imidacloprid : €= A]) o] i}, 2 =]y}
e m|azane seow, §HE (synergistic
ratio, SR)-& HEA7} ZEHA ¢-& W9 LDsoF
< AL A7t Fe] AHEHIE W) LDsoFk
2 o] AAehc

2 =

4C-imidacloprid2] |5 o} zk

Imidacloprid 8} g 7kgA] Al E L) BoopdEA]
Ggol “C-imidacloprid® =3 F AHEz}=g,
ARAwe o vidsk 52 ""Pﬁ]-"'“:]'(rlg D). &
FolEA G E kA E A F Fo| AWAFE
AlZko] Agel] whel MqAE] am 9ot ZhapAd A
31 AQHAE el B Aol volx) &
skor], A8 F 6A17tell A7} 31%9 36%9] 3}

Fe ngo 2AH $94& 9@ (=005,

100 —
}
80 I l
&0 —+—R
-
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Fig. 1. Recovery rate of “C-imidacloprid in the imidacloprid-
resistant (R) and -susceptible (S) M. persicae strains.

(A: Washing the body surface , B: In the body, C: Excreted from
the body).
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Scheffe’s test). AV 2-F3-2 34 2 ZH4=A17| =
TeA] A|7be] Aol whel Al FUE o] A
F 6N 7 E A 14.1%9) 153%S BYem, |
A2 AAARe] AedATES ha ggte
v SAH #9442 A

AChE gd=f Z+4 X3t

E5olEA R Ee M3AASE AChES] A&
® 13} 2t} Imidacloprid #1340 A 52 S 1.5
(ATCh pmol/min./aphid)2. 7} A5 B} 144
A vebton, AE7)ae] AChES] A&z o=
# ¢l pirimicarbe) 3t A A Fe] FAL ]
2 A AZH vt

Imidacloprid® imidaclopridel] o3t #3-A) A E 3}
7523 A 2k ACKE Ao ztel7} glelem] 50%
Aelerx T AE 25 10°°ME o)JAhe =2 AChE
9 AL AdslA] e Aes veht zhgF el
AChEZ} opbgd& #ald = vk Z#hv} pirimi-
carb A 3A A £ AChE &A-2 zF4AAERct
L4 w3k, A Ashe shulbd ol =4l piri-
micarb A FAFAN 7H44 A TRk 22,60 Fha
3}9) o (Table 2).

HEgie A

Imidacloprid A4 Haol5x gl o shel
Psso mono-oxygenases} esterased] | Ha3g <o}
®7] 98 AbgtEs AsiA| ¢l PBO (piperonyl
butoxide) 2} esterase #]sf| A<l IBP (iprobenfos)S #

Table 1. Acetylcholinesterase activity of the resistant (R) and
susceptible (8) M. persicae strains to imidacloprid and pirimi-
carb

Strains ACHhE activity®
R-imidacloprid 1.5 (1.4)"
R-pirimicarb 1.0 (0.9)
Susceptible 1.1(1.0)

® Specific enzyme activity was expressed as pmole of hydrolized acetylthio
-choline/min./aphid.
b AChE activity of resistance strain/ACHE activity of susceptible strain

Table 2. Insensitivities of acetylcholinesterase of the resistant
(R) and susceptible (8) M. persicae strains to imidacloprid and
primicarb

I
Insecticide - 2 - RR?
Resistant Susceptible
Imidacloprid 1073 1073« -
Pirimicarb 1.20x 1073 5.32%1073 22.6

2 Resistance ratio : Isp of R strain / Iso of S strain
- Not calculated because Lsp were not determined
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Table 3. Susceptibilities of imidacloprid-resistant (R) and -
susceptible (S) strains of M. persicae 10 the insecticide with and
without synergists

R 5
Iréscctici_d?/ b —-ED
ynergis 50 a 50
(uglaphid) 5K (ugfaphiay SR

Imidacloprid 005 1 0.00003 1
Imidacloprid : PBO

(1:1) 0.00072 69.4 000003 1

(1:5) 0.0002 250 000004 08
Imidacloprid : IBP

(1:1 000022 227 000005 0.6

(1:53) 0.00062 80.6 0.00004 0.8

* SR (synergistic ratio). Unsynergized LD, / synergized LDsp

Table 4. Hydrolysis of model substrates by susceptible and
resistant strains of M. persicae to imidacloprid and primicarb

Specific activity (u mol/min./aphid)
a-NBa RR o-NC RR fp-NA RR

R-pirimicarb 0680 19 0012 06 1307 26
R-imidaclopnd 0512 14 0.013 07 1.187 24
Susceptible 0365 1 0020 1 0496 1

¢ NB, naphtyl butyrate; NC, naphty! carprate; NA, naphtyl acetate;

Strain

7}ste imidacloprid®] T4 WHEE z:Alslgd
(Table 3). Imidacloprid : PBO&] B]g-o] 1:13} 1:5¢]
4] imidacloprid 4%.2.2 Ae|g A ®mo}h 2H7t 694
wlel 25002 =2 EA)S Rv) Imidacloprid :
IBPE vj&e] 1:13 1:5¢ Ao A = imidaclo-
prid &0 2 xegd 7 B} 2tzt 22769 80 .64
2] ¥ BAE pyv 74544 %< PBOS} IBP
£ imidacloprid®} 77} -2 vl g2 EFgXEE o
A& A4 BRI SR} 93ic

H| B0l esterase?] BAE A7) f8le 27}
Al 710e AFEsgon 1 Age = do] vEhy
41v}. a-naphtyl butyrate2} B-naphtyl acetate S 7]
2 o] 43} rliE aa AL AEAAAE] g
A AEES A Jebdd

o #

a2 oAle] AT AP LR HEE9
Z44x(Coats, 1982), sf5& Al ogF A& 31
(Motoyama et al., 1983; Ishaaya, 1993), 2442 7}
4=A) A5} (Russell, 1980; Hama, 1983) S-o] B 1353
AT

A5 gat ol 2EAM FAF 2o
o 2]g} &22) ofAlel wHE wleir) =t shtRA,
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APzl A AR ool AP mae
Txel 33 obld wWeb 2 Aol maw
Shono (1986)= NAIDM ZI}e]o| is}le] diazinon
o AWAFAe ot APy Vel £ srhet
2 B33}yl en], Bullgt Pryor (1990), Saito et al.
(1992)= AbEA| ] AHFAH Z2F AIPAE7|Z
29 stz Adsige. 22 4R 2aeAe
oz ZAARES B9l Ahn et al. (1988)2 3 ¥z
o] A R A A E dsle] M“C-cyperme-
thrin®] AHEFEAHL v]dds 392w, Yu
(1991) carbaryl®] 3]} Aol7h itz
2 735}5 =k Konno er al. (1989)2 hulviulel] o5}
o] methyl-parathion®] w|=FF4A=] 124]7F F of
A Fgo] ZpAdu) AFAAZAN FUT
Busge B Aoz A AGEY] AHE
Fgo] AT FaE folAde] HolA] o
of EgolZ At E2] imidaclopride] w3 # A
7172 g aqlez AT 5 G (Fig. .
AGAAAES wiAdFEHE AT EE o ga
A AFE2 AL e Bosd olEE A4
& ASEas dAbtgd o8 el SAwo]
A Apoel Aeld Hew PR GAH 6
= Ahg- w2 A 50 o AP V)Ftez o
8]z g]lo.m= (Plapp and Casida, 1969; Khan et al.,
1973) WA e] w1 AW ARl A AL T
A s = akgol MPA 71ae] st A}
T 5 9ok 22 oD WAe AR 7))
A2 93] 37 st invivost in vitro A
Qe sl AP W RRAAT e Aol
< v3 e Far) olva AEd,
Imidacloprid * 8}A] 7] 52] AChE &AL 7}<4=4] 4|
ERv} 149 =9k, pirimicarb A&A A E-2 09
H| & R.9 © ™ (Table 1), imidacloprid= #3HAA &
2] AChEE A#|s1#] ¢t} (Table 2). Imidacloprid
9] =4 7)2ke Nicotinic ACHE $=-24) 2 A#slmz
AChE®] z}4A] #3}7} imidacloprid *] 8}A] Al &l
A el eskd Aoz dhdElvl. Smissaert (1964,
1970)= #7194 AEAAF Hlelgof2] AChE
el e @ AChE 84 A3ts 2asigl o,
W 97ARs AChE &) 9] WehA ush&%
B 315}be] (Mengle and Casida, 1960; Hayashi and
Hayakawa, 1962; Hama and Iwata, 1971, 1973;
Kuwahara, 1982) -§-7]Q1A|v} 7lapel] o] 24 g-oFd
A2t= AChE ZtA] b4 W ACHE &4 #3519
Ao r XA 71zrE gdsir)de w2 A7
7b SR ojof ghel B AP M BgolEZwl
€9 imidazolidinA # &4 A F-ol ¥ AChES] %

A AEAgzke] AHRTAE AREHA 4dE Aoz
waleh, et skl ol EA Y pirimicard #1544
Bo| ACHE 24487 Flstd (R4AAS 1
o 22.6¥) Z}2) pirimicarbell gk ¥4 AChE
2] Ao At AT 7lelgbet . AAE S
(Table 2).

FHAY F5-2 2 2473l dgtel Metcalf
(1967)%} Casida (1970) % Wilkinson (1971) o] %
A0 A=y v Yed, ol YAAE A2A
o] A EHAF 4L Aoz JHALE Hal
g gdelx ¢)c}. 5] PBOEX mono-oxygenase2
E-o]A AsfAZ deA 3)ev, Golendag} Forgash
(1985)= #J8}FA gl #lule] fenvalerategl 2E2] §
2 A (PBOS} esterase *|sjA <] S, S, S-tributyl phos-
phorothioate (DEF))Z #te] X Zslgg W =% <&
woAaR7 9dglew, £3 PBOZE ¥4l aast
253 Bshe) AshEEA AR F1ae] S
< B &3 ¢lv}. Pimprikare} Georghiou (1979,
1982)= HAA] Mgy Al Ad=e) §5&
g Aake 2 PBOE #]d o diflubenzuron®] LDsp-<
200 A Hol7h sdoz washed A Slake
2 AtEse] 9gg AAEEe. £ A7
imidaclopridel] A<l B-gol ATl Ze w3
PBOS] 40| 3 P8} E44 dRo=
A2 A4 v} =40l ol imidaclopride] X}
A4 71xez Alsladrt #Hedsla glge FE5T
% Sl%ivh(Table 3). IBP: 7h-i-8l) .49 S-o|H
A AE d=id Q=4 Park (1989)-2 carbofuran,
fenobucarb #| &4 W7ol Wte] 2~3.6012] FH
A2 ¥Welo)xm g erd, Kim (1997)5 fenpyroxi-
mate$} pyridaben #| 34 A Fo] Aulo]Loflel| ol
3.5~4,540 8] FHEA LS HolvE esterases} A A
Wete] FHeddviy BIsET £ AFME
imidacloprid 3 A E2o] B-4-o}l&EAIEof w3}
o IBPY #HHzahgol w1 PHEA S 2§ A @5
o2 AT AR}t FAo] Feof imidacloprid®]
A& 7] 7 el AbEE A9} A SR EAar) F
4R E F5E 4 AscHTable 3). A3t YA 2
o] 48k ArEA| AMeFA 7)zte] FHE AgHom
Zhedata gubEel 7)AS o] &3 a4l EAEA]
o2 el HE #2443 e A 5 9
e AT oAt ol FHA A4 A
2 EFANY datEzae] s =] o el
PHage g syols 2 ForF a3
(Scott et al., 1990).

Imidacloprid®] *3}4 A &2 o-naphtyl butyrate
2} B-paphtyl acetate 7|Zell wdle] o] Z4A
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AZERr}l =94 (Table 4), ¢]% imidaclopridel] *]
SAE Holt BaelHATFE Sl 59
atgo] o3 #%o] A T]zbel] FAsE AL
2 Z22% 4 o]t} o]= imidacloprid ¥ pirimicarb
A3y Age] wAAFAY FAMA] imidacloprid A
34 A gl pirimicarb®] IAA Al HZ A
whmya #A)7) 9 Aoz & o] jmidacloprid
9} pirimicarb® d) Fle 7lpBa i) Zgol
SdgdA 71dEE Aoz AzEht, o) 7Yt
7 SN masl A 3 B O s
ol dAFe}l tiabelAel A7t Hed Aoz A7
=1
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