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Enhanced Acetylcholinesterase Activity of the Indianmeal Moth,
Plodia interpunctella, Under Chlorine Dioxide Treatment and Altered

Negative Phototaxis Behavior

Minhyun Kim, Hyeok Kwon', Hyunsik Kwon', Wook Kim'* and Yonggyun Kim*

Department of Bioresource Sciences, Andong National University, Andong 36729, Korea
'Department of Biosystems and Biotechnology, Korea University, Seoul 02841, Korea

ABSTRACT: Chlorine dioxide has been used as a disinfectant against microbial pathogens. Recently, its insecticidal activity has been
known against stored insect pests by oxidative stress. However, any molecular target of the oxidative stress induced by chlorine dioxide
has been not known in insects. This study assessed an enzyme activity of acetylcholinesterase (AChE) as a molecular target of chlorine
dioxide in the Indianmeal moth, Plodia interpunctella. AChE activities were varied among developmental stages of P. interpunctella.
Injection of chlorine dioxide with lethality-causing doses significantly increased AChE activity of the fifth instar larvae of P. interpunctella.
Exposure of the larvae to chlorine dioxide fumigant also significantly increased AChE activity. The fifth instar larvae of P. interpunctella
exhibited a negative phototaxis. However, chlorine dioxide treatment significantly interrupted the innate behavior. These results suggest
that AChE is one of molecular targets of oxidative stress due to chlorine dioxide in P. interpunctella.
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YA BEZASE 49519 t(Sanekata et al., 2010; Jin et al.,
2013).
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284 WA ATRE UERYO B)(Gibbs et al., 2012), HZEE
7Vl skt i (Plodia interpunctella)©l t3)A= ¥ 1
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(Kim et al., 2015).
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SAE M=

2 Atol| ARG SR AU ) ARS 0= 1994
oh=-o] Az At AL A Y E AT 0% 52 <l
AL (800 g rice bran, 200 g ©|AE F&5, 500 mL Z2]A]
£, 2 g sorbic acid, 2 g methyl p-hydroxybenzoate)E- ©]-8-5}¢]
252284 1C, AEE 65-75%, A7 16:8 (L:D) h 2719] wj
7104 o) ARSI Axlgto] i o] §aHRES
Z017] 918l v Alt) 100 w2 o] F2] =5 ILu] A A ZRA|Th
£ FA3HA L A2 10% AFES ARl

ORMBIEA A = X2

2 AFof| o] of4ket 4= 800 ppm o] A7 -g-20] ]
X

AFHEH, ol Als= ek

olAtE Al A 171 Ea Al 0.2 Atk o Hol
STk} 7k Wl A7) Aol7] thiel o] 7}
53T o] 2 oA YO 2 B A2 UaEl o] 7
SV A2 308 S o] §5to] ol @It AW 252 50mL

S0y
E H(Falcon, Tamaulipas, Mexico)©]| 23 2F 10 7)) |} g+
7| Fol=| Gk o] §719] SIHL YALR Ho] TFA] A7t
7Fs3HA Bk3AEt o] 25 8715 oliteh A A7 Auof dar
2] 717k 82t 7127 R 7|(Gas leak detector C16, Analytical
technology, Collegeville, PA, USA)Z o]AIStH 4 5 A
&2 07 BUEHA A s 2elski:

ORiElFA X2lof [E =AY

OJAKSF 4 oBAF Z29) X 2]+=0, 50, 100, 200, 400 2! 800 ppm
& ol gaiolk W UL 2] BAITS ol galo] Zv]
ZAA2|(SYS-microcontroller, World Precision
Instruments, Sarasota, FL, USA)& o]-83}0] ¢33tk -8
A2 micropipette puller (PN-30, Narishige, Tokyo, Japan)
£ o]&sto] Al =3kt &5 A 2l= o]4tet 4 50 ppm =
£20,2,3,49 F A7 APeidich 2t w1 AP=3 vHee



AChE EAJ-2 Ellman et al. (1961)2] HH-2- wha} A A|3}4
o S 45 B AR Bl Qulekegolo 2
olal, 3ESHE Tl 2] o] 51ekO Bradford (1976) W o2 =4
BHICE. o] Tl 2EE(500 UL)S 718-§9I(500 uL) 7 3t
3k, AlZRE 405 nme] S Weke 24k BYE
3t O AL, ol A4 55 500 uloj 23
Ehgeko 2 ieo] fa SRS ARSIk 714 S8
56.4 mL Eo°f 1.2 mL2] 100 mM acetylthiocholine iodide2}
2.4mL2] 12 mM 5,5-dithio bis(nitrobenzoic acid)E &3}5}o]

(

4

e

SIFEY A=A

S A Z2A] = H A7) =2 72 50 mL Falcon FEE $12
sfo] A &Fet thFig. 3A %), 9HE FHE= M Ho|Z=&2
Fe1A] Lok A| ot dRA-E F-AIsk o, o

00 Lux ¥}7] o] {4 o} Sof 2718 47
o

A Hlo]

DE A AYATE MBS AR 2 A arsine HE &
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Fig. 1. Toxicity of chlorine dioxide to P. interpunctellaby intrahemo-
coelicinjection. Fifth instar larvae were injected in a volume of 1 1
L. (A) Toxicity change with time after injection of different chlorine
dioxide doses. Each dose was replicated three times with 10
larvae per replication. (B) Assessment of toxicity at 7 days after
treatment. Different letters above standard deviation bars indicate
significant difference among means at a = 0.05 (LSD test).

A2 ZtKKim et al., 2015). 5, 2] o]ibal 4 52912 3t
o] Ale A skE {4 ool Adoljt s E
Yot Wb ALerRre] =/ AtmE 245l th(Fig. 1). 3t
Fbd 2ol tigh olAket 4 0] AL A 9| 26}
9150 ppm A 2] o A == LFERHTHFig. 1A). 0] 2|3 =42 o]k
34 A2 st A2 & it 47t S7Fe| vk A
T S7FsEIeh A2 & 7o) kb Ao AEE HAla,
O] 3= A5 o] Aol S Y A] ghol, 0] F-0] =/ F42 4]
2] A 5 792 AAslthFig. 1B). o5 7o & AP &
T W= AR LCs)-2 196.5 ppm (95% A2 717E 125.6~
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1.5) 2% Upepgrh,
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Fig. 2. Effect of chlorine dioxide on acetylcholinesterase (AChE)
of P. interpunctellafifth instar larvae. (A) Developmental change
in AChE activity: first-fifth instar ('L1-L5’), pupa (‘P’), and adult (‘A’).
(B) Influence of chlorine dioxide on AChE activity of fifth instar P,
interpunctella by intrahemocoelic injection in a volume of 1 uL.
Different letters above standard deviation bars indicate significant
difference among means at a = 0.05 (LSD test).
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ORIBIEA X2|} SikmL jHio| SAZ=mA mat

SR 57§52 W eEo] oA Fushs 345
d 5HA2x(8 ppm, B2 5=¢)) A 25}

3L 733t A 71e] whet 595 éi‘ﬁ%-ﬁr 5+ K Fig. 3B).
A2 & A|Zto] Zapetol whet 445 5ol wetE|Sict.
A 2] 36 AlZto] Auket 7= EL%LQ}—:L Aol & Ho|A]
LARKP = 0.7139), 12 A7} 24 AJZE A 2] ol A= Tt
of ulaf vlaz] Z 2polE YEFHTHP = 0.0676).
ojtalBA =5 #2|2F AChE B H3|

A F=0 olitat A &5 A 2ol tisliA] AChES] &g ¥
35 EAsIGITkFig. 4). Skl 58 -2 disiiAl 50
ppm 9] oiksk A 25 Aol B4l A2l AZto] STk
= Aol S7I5ItHFig. 4A). ZF A2] 5 A5 AHETE A

AR iR W H|7] B -8 @A o] Qlck(Fig. 4B). ©]
3 /WA S S & AChE 8448 2413 A}, 210
J3f o]Akst 4 A 2jtefl A= 2ulol A 44l o] o] g F7}
£ R oJtiFig. 4C).
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Fig. 3. Behavioral change of P. interpunctella fifth instar larvae
after chlorine dioxide treatment. (A) An apparatus testing negative
phototaxis of P. interpunctella. Two 50 mL tubes are joined, in
which one tube is illuminated and the other is masked with black
tape to keep dark condition. Each run used 10 larvae in the middle
of the apparatus. (B) Alteration of negative phototaxis of 2. interpunctella
larvae by injection of 8 ppm chlorine dioxide in a volume of 1 uL.
The behavioral test was performed at different time after the
chemical injection. Each treatment was replicated three times.
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Fig. 4. Effect of chlorine dioxide fumigant on acetylcholinesterase
(AChE) activity of P. interpunctellafifth instar larvae. (A) Toxicity of
50 ppm chlorine dioxide fumigant with different exposure time.
Each dose was replicated three times with 10 larvae per replication.
(B) Age distribution of live insects after 50 ppm chlorine dioxide
treatment. (C) Influence of the fumigant on AChE activity of the
alive individuals. Different letters above standard deviation bars
indicate significant difference among means at a = 0.05 (LSD
test).
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3f) A5 te] o] =
04—?: olzfgt OthJJrZﬂ—E— Adsh=
ot A Ee TS ARE T

SFg=LES] AChES] 248 s /\17101] uhef Thesk
th 53] F9 75 Hd7] 717toll= AChES] #4o] A4S
Al =2 310 AChE= 2232 S5A173 Al A A3 E =2

290 Belohe ©lehe PslaL AChES] 24
H1} AA E cH(Devonshire, 1975). 57214 L 74}
Ho|E AEA 9] EAFEA S vl AChERA] o] BA2/d 9
A M2 ko] ti 5 A o=
A dl= A o & 3|48 tHColovié et al., 2013). H-S-of] 2
%) AChE 24 7o)z 3 ak(Spodoptera exigua)oll A o]
HE|o] §50] o] AWLSE o] Hao] Fo| 4l
A AR o 97127 L Fjululo|= AEAo] gt 744
A1} AAISF T Han et al., 1997; Byrne and Toscano, 2001).
e} o} o]jgt o] whE AChES] 24 AJalo] tjgt 2
24 712 9 2] & o]olo tiaAs AEs] vre Al vl ¢tk
3l o8] LxFof4] AChEE=3H7) 0]”4 R acel, ace2)
2 W EICChaand Lee, 2015). v} 5= '(Plutellaxylostella)
o] % o 222 RNA 7] 7162 WS ST 3
33.9%%}22.9%9] AL=ES eI, TEo] kg 2ol 1l &)
& A skt (He et al, 2012) % At A Bl
E AChES] Ho| &2 Aol gt 8 4= qlat, st
2 ol wabA sty +94 ukg.o] uje}
o1 T AR HIEE Aolet ace RS WHF A
0|7} Qlojubn, o]z ACKE 314 Ajo|2 Q17 4= 91, ol
ot 545 77} Wastch

olakskel4 AJ2lo] ujel AChES] #4o] Z7kstsick. A

-

19 g

A AL 2

FYUH ojitet 2= Shg= Y 5ol A avE skl
th AChE 34 27} o]2]3t A a 12 il <= Q= o] Ak}
4 5541 8 ppm ool A UEtT o] Aet 4 A e of whet
Stk ko] 2%9] AR INLC,) 2] Fho] 4.86 (95% 4l

2927k 0.30-15.54) ppm-2 21251, o] Aksl 4 8 ppm A&
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SFEUOlA Al HoNE % 4= s FER A
E’JJ— e A Aol A WellA olatat g4 0f BAdAkAa
W2 o]o]& 4= QItiKumar et al., 2015). EAAkAof 25t
AChE 2H4 27}l t 7128 7] g4 91 e 2312
7149) W31 ACKE®) S48 01412 29571914 2 7t
H| o] EA| A5A] A2 wheh) o | A AAkS BE517] f1sl AW
Kbz QE7L 02| 1L o]o] wlet BAAk 0] uro] Z7tek
L Ao g HusltiMilatovic et al., 2006). weha] &2 AL
ofl 4 el 21 ol4kelelz: ol we} ACKE B4 %7Hs meh
2o o)A 414 7oA 328 2 4 oIk 2, AChES]
W5} Sk AT} o] A4S B8R
Ao A S7FS festo] o] Aado] iAoz goxl=
I G SAa] o] Eao] AHAOR Hgele] &
0] PEABS Falol FulR S ASAIE AHeHoR
ATk QAo A B/ akae] os) FEE =
QHAjo] e ol7l AChES] B4} o) 9]
B %3 Qe Yamchuen et al., 2014). o]AFSIE 4 At
sfeo.a AU TASHE AT T P BIZAA
cheet g =] theiA 2 54e Ielshs Aoz deA|
11 ItHuang et al., 1997; Gordon and Rosenblatt, 2005).
3t o|AlS} Y A =28 HISRA] olu| W ARE AFSIAA Tl
9] HAIS G55l o2 E3) 7|5 AMAISH] StHOgata,
2007). of| = 0], 717] vlo| & A2l influenza virusof] T3 4] o]
Aot o] Hlole| vt 7|50 g0 Agteh= Hl Fa
3t ofu| 1= AkQ1 1534 E E 2 N-formylkynurenine © &2 At
5}0)7 7158 971 SEHOgata, 2012). w2bA] AChES] A%
B9l0A] ARG S 2312 o] Aol B E71E &
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B9 2 A 5 910k %, SR §30) el
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o] ol 4kE}g 40l 93] AChES] B4Jo] Z7HsHa, A3 Ae)
ABAR o] 41 HalElo] A4 A%S Hsh 4 ek o]
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A o] ket A Hetu] A|(Zebra fish) 2] 5585 Hale} ¢
AlE = Qlcklin et al., 2015). 77114 254121 chlorpyrifos
2 w2 A7) A3} AU AT G o] FAkEhEg-o] ¥

315 Aoz, FIH 087 AChE Z4 WS A ALt o]
25t Hal= A BatulA] o] §98%F HIls Gusk &,
AChE 24 Wsh= 587 g5l sks fud o
Shehe A& xS glek & A7 dte] Fui2e ge 7|
Zof 5ol sl AFA7E o] AChE F4:9] Ao =7
o] gko] o] & Eaf © 5] HZE A S =] ZAL] o]

27 3h= A S 2 SR A2 o4kShel A= AChE
Pe Lol STMIAN AdFatks ver sl 5, 4
g 732l AChE &/ el S nzhohz 22 2ol A%
olal= A& oJu]sl= o]t}

B ol 320 2 oakell4 A2l 714 AR A%
Aol et £5 X2l 7ersto] £3 A2jo] ubE ACKE 2
3 F7VE BT 5, oiistd4o] £5 A2l wet 5
Lpbo] A= F ke Holk g Ay dhtbe] Bx133-2 AChE
T40] B4 Z7He AR A 3 w9 ooyt A

A7 28e oAste] ZAte] o]2A & 4= Jletal AL
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olAko] A= o|Akalg 4 0] Bk FgH Ak 2kS: o}
7] S o] B FHA A% A4S AYT 5 e B
AAksof] 1]Z0] ofof] Tt Cloyet AR ] Wk HAjsh
Z a7} ik
At AL

B AVELS e AR Z RO A0 2 B LA ET|E
7S] SAHAA TS EALA(114063-03)2] A& gF
of A=t
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