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Inhibitory Effect of Chlorine Dioxide on Phenoloxidase Activation
of the Indianmeal Moth, Plodia interpunctella
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Abstract Phenoloxidase (PO) is an oxidizing enzyme and plays crucial roles in insect immunity and cuticle
sclerotization. High oxidizing activity of chlorine dioxide gives effective control activities against microbes
and insect pests. These allowed us to assess any inhibitory activity of chlorine dioxide against PO with respect
to insect immunity. PO activities of the Indeanmeal moth, Plodia interpunctella, was detected in both hemocytes
and plasma. Upon bacterial challenge, PO activity was significantly increased especially in plasma. However,
the immune challenge coupled with chlorine dioxide treatment did not enhance PO activity. When different
chlorine dioxide concentrations were incubated with activated PO by immune challenge, they did not inhibit
the activated PO. These results indicate that chlorine dioxide suppresses PO activity by inhibiting PO activation.

Key words chlorine dioxide, immunity, phenoloxidase, Plodia interpunctella
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=548 0] Z (phenoloxidase: PO) (EC: 1.14.18.1)= AF
4 97 shuE 7o) A7 7Ie S Slche Tt
3l g 4~o|th(Sugumaran 2002). 71 ZE= monophenolZA]
o] T Ful gl o3l AAE F71E WO diphenol
2 M3} =3 PO diphenol®] AHs) Zufj st
F+=(quinone) ¥-AFZ A ZIT) o] F= EAlEe] ZEy
P HBE T3 RS AN By dsk=Et
dshy7h A8€rt. o] Wepd S T8 Yehe 7HIE
(catechol) B A EEA o] =ol AYZE Y3 AldS
H]Z3 HAuAES XAAZ 4 tH(Zhao et al. 2007).
mebs] 24 S Je PO S Q38 23 &
gJ3fod o] a4 F2 E40] §li= prophenoloxidase (proPO)
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FTHCerenius et al. 2008). W proPOE POZ A 3tsh=
o] d&Ho] AlAA chl A 2s) g A (serine protease: SP)7}
o, o] SPe @& AA|Sl= serpin (serine protease
inhibitor)o] FA4 24 F5E o|FL it
O|AFSIA A (CIO)E P4 AtskEe] dFo = 5859 &
A 2 AR de] ARSE I JITH(Volk et al. 2002).
3] olisl e URE AR AR EHE 249 2
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hemipterus)?ll talA BlwA =& 5% (¢F 1,000 ppm)] ©]
At wZol tiaid S84 WAl 23S vEhlilen
(Gibbs et al. 2012), A=7F5 718lste sk (Plodia
interpunctella)®] HSIA = ¥ 24 W2 55 (200 ppm)?] =
Zo|M bAukA] 3= YEPITHKumar et al. 2015). ©]2]
g olakstd o] AF R o] BERE st 25 Al
A @S g4k (reactive oxygen species: ROS)OHA]
7101813 tH(Kumar et al. 2015). ROSE H]w3 TRk A
A2t d3S & F At b ROSE Qlste] 354
o7 AFALS Uepe A A W b 71 oy
Aol Wy fdel 7118 & it

st ofd f57lol W 2wk #e 9 24
of Fatd HE& AR FHE f7lshs Z5o|th(Prevett
1971, Bell and Walker 1973, Wijayaratne and Fields 2012).
A AA EEsh= o] 22 7MY, A7F e oo A%
H SAES AAske 8 A% FE slFolthRess 2004).
53] {5710 deH FES ol 8do Hd e 2=

fr5ol Ak A4 BHlEL2 B 34/ "olglg
Wi, o] &9 FHIES AL AAA YIS o A
T 3ith(Binder et al.

2001). o] 355 WAst] flal AE5He Ad I AF
A7F A2 = Ak ES5A ZA = methyl bromide (MB)7} A
FE At 28y 0EFS T F = MB A= &
A AR A etk tiA] FSARA EA0] HES
Ko, g3E W3] fsiMe FUF A FYS &
TE710l Al Hgs7]olE F2l7F ATh(Liu 2011). ¥
AFs A= AEEHJOY, a3 WA o]F7] f&lixe
HwA =& A a3l §lo] A8 oH:S FiL
9Jth(Hallman and Phillips 2008). 313742 WA 7)1&2A
A RES o] &g wrw || HEHUL A2 7R
M Al e AF71E S THRyne et al. 2001). 2
FAAZAA7E F40] =2 AAE ASAE UAEH] 9
I skt WhAol] AE = 21 th(Fontenot et al. 2013). A
SRl HIE AFA7F A EH Ao, o] sfFe] o] Al
Aol tisiA A DEAA A 2IE w5}
|Z BH(Herrero et al. 2001). IAFEA FF 7143s=

Brecon hebetorst &l 71A38= Trichogrammat 2714 %-
o] HLE7|% 3 THGrieshop et al. 2010; Nam et al.
2011). A E4H 712t cinnamon oilo] 3}l tis)
A EE 719835 st TR A&-ske= 7]so] i
W ATHKIm et al. 2014). B3+ Bl o w5 AP %
M AFaIHE F= oA 5 A 7ed V&
o] MBS AT 7Fs0] =oAL A th(Kumar et al. 2015).
2 AFE 7129 olitsle 4] ROS fiel wel A%
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32 2RS¥ 28 o] 78 !
A 2T Y B Le 715 A 9
S 2% Woe) F54 UL PP ¥4 FUHoRN
POZ TAFOR o Tk B oAtk U W
2 2H3sr}

2 Aol o] g8 FAFL 1994 ZGEE Bl 9
A8k AZAN [ AN A FF Aol <l
FA}E(800 g rice bran, 200 g yeast extract, 500 mL glycerol,
2 g sorbic acid, 2 g methyl p-hydroxybenzoate)S = o]Z
o ARES Feolth AR 2UE &5 25+ 1°C, 32
16:8 (L:D) h 223 FF=E 60 £ 10%C1Ath o2
10% A=< Hol= AlFsidith. wrle 4o f4d4 &
(random genetic driftyS =°]7] 913l 100% o] &
o ® AABIAN, wrlE YA 75 ol At

ARk FESIL,

u

shgrpie] WSS f=8t7] 918 <t (Escherichia
coli Topl0)S Luria-Berthani Hj %8 o]-8-3lo] F21319]
o}k oF 16M7F Bt 248 Alte oF 107 cells/mL BE

B o] o]&H o]AkEldAE 800 ppme] A £9o]
AT}, o] AJeke E2 A A], =)ol A AlFE Q). o]
A4 A g 34 HaE 100 mM QlakeEg

proPO M4 &3 EtM

g3y 5 2% telg s 3y
FASAL FEH YZE 1,000 x g0 FEZ 3 27
Apelsle] B4 AAST Jlleke 878 ¥
A% 13)9] ARFEA 0w BT o] BT §
(10 uLyS glass slidecll 2&¥3 IAFAE &7]1A

G
o
5
4

Ag AABLIL 35% eSS ZFT PO 71HE
(1 mg/mLe] L-dihydroxyphenylalanine (DOPA)e] 3}l
A8l 10 pL skl 3027 AFollA W
Fein Ao g gstd g5 g
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z g 23 AAelA PO €4S AT PO &
e DOPAE 7122 T4% 405mmolA 2431 2
WS-8 200 pl=A] 20 ple] T4 AlEeF 180 piel 714
SHo 2 FAEIT. 71889 QakkE&dol 1 g/ ul
9] L-DOPAE $h-5F5itt. 7t 2g]& 3WHEo 2 PO
a4 24 24 05‘4“ 255 U E st HhESISIT
e M% %ﬂﬂ L R R n e R s S R
o S/mm/pl)i AEskdla, FA AA
%] % S 7)E0 R AHESI THAABS/min/
WA Bradford (1976) HHO.2 Z24eldon o]
EH *}&% #F @FL bovine serum albumin (Sigma-
Aldrich Korea, Seoul, Koreay& ©]-8-3}5it}.

MZ ®2|7t E2l=Z po M0 0|X|= Y&
sty sEE] g 89 1ul (10°cells) S 3
sttt A2 § 227 A AN FAZEE EYEE

FE3AT 28 SYZE 4°C 240 800 x go] &

2 357 daEEEt @43 75 EesiGith ekt

& P olglEg a0 2 A AH e RuvrE Hoja}

o] Fetlo Axzalart BaE A4 I3 gAe po

B4 2ol o1 &=}, 7 Mzl 3ukEo g A i)

o[dtatd A7l B MA PO Mo 0|X= P&t

st 53ES Ao R o] AklE 42800 ppm) 1 pl
SF thAE(10* cells/ul) 1 plE 3 FQsith. vlasie]
ojptslA e tiget O AEE AAEITE g
A EA QA& F=91S AAsIGTh A & 247
BAeIA S W & AAE tgez po A4S A5
7t AE)e 3o ' AAE T

ojttstdATt Hot EF PO MO O|X= A&

710 dho g Wl AEd sl dYus 5
sto] el Pl EAlshs POo UlsiA oltsldAE
70 27004 eEaoih. 7 Whe-8-92 200 plEA 20 pl

e

o] g = g AR 1 ple] o]kt 25 (0-400 ppm)E
Egate] 25°ClA 1027 BEEAIZITE. o] 5 44719 PO 7]
4 &H 179 uE Frtste 4= HeE FAA 7t
Al 3uHg o2 AAE

SAHXz|

PO B4 ZA¥= SASS PROC GLM (SAS Institute 1989)
< o] &3}%] one-way ANOVA #4] B LSD *|2] B+ 7+
HIwE AAJEISiTh AE] Atold] ztol= AR 279 &=
0.055 7|s=ste] sl

No DOPA DOPA

Fig. 1. Localization of prophenoloxidase (proPO) among
hemocytes of P. interpunctella 5" instar larvae. proPO was
activated with 35% ethanol and reacted with L-dihydroxy-
phenylalanine (DOPA). Most granulocyte (GR) and plasmatocyte
(PL) hemocytes were spread and aggregated during incubation
for 30 min at room temperature. Oenocytoid (OE) hemocyte
only exhibited melanization. Scale bar indicate 10 pm.
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Fig. 2. Influence of immune challenge on phenoloxidase (PO)
activity in hemocyte (HC) and plasma (PL) in fifth instar larvae
of P interpunctella. Immune challenge was performed by
injecting 5 x 10* cells of E. coli in 5 ul volume to hemocoel.
Each treatment was replicated three times. Different letters above
standard deviation bars indicate significant difference among
means at Type | error = 0.05.
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Fig. 3. Influence of chlorine dioxide (ClO,) on activation of
phenoloxidase (PO) activity of fifth instar larvae of P
interpunctella. Chlorine dioxide (0.8 pug) was injected to larval
hemocoel. Immune challenge was performed by injecting
5 x 10* cells of E. coli in 5 pl volume to hemocoel. PO activity
change was monitored at 2 h after injection. Each treatment
was replicated three times. Different letters above standard
deviation bars indicate significant difference among means at
Type I error = 0.05.

w7 e A9 we po BAo k2 Fsk wol
A ek, 22y A ol FgoM PO B0l

°F 3.5 1l o]d S7ksialTt. Wil &

2o)A] et

PO &40l 0|X|= o|ttstd A X2|E2h(EH M)

ol st 4 A7t shg=ubte] PO HANHES AT
T e AE BH8IITHFig. 3). 19 L WHeE ¥
AAeE AAletE Sl oiistdaE I FAEAT
A A tolM e F3g PO 4 F7HE HASIIA T,

ojatst Aot $A A2d A9 PO B4 7 UERHA]
ol olq_

&

PO 40| 0|X|= o|&tstdAa XM2|E 27| M)

A AgolA vehd 01*@}@ 2:9] PO JA&EHAE 17
k7] flal EeF S EEleta 1644 ZZ100|4] o]4tst
ALE A =E3AA D}(Fg 4). 4 ppm ©]’329] =& oAk}
Al Ive T4 3o Ei Bhgol wet 5%
A AT o) WS Btk kA o)iks)
A2 F=w 0-2 ppme o35t HAXEE WX
MAEANME PO S48} %1011%71 A & (Fig.
4A)2A oA B4 E AHE S PO B4 HistE fids
Aoyt AR AolE UYERA] ot S o4&
sto] WA E AAE HAELS =& PO BE BY
U, ol=HA &/dslE PO°l tisiA A= tE & o)iks)
4 Al JAEHE FA ZATHFig. 4B).
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Fig. 4. Effect of chlorine dioxide on activated phenoloxidase
(PO) on hemocyte (HC) or in plasma (PL) of fifth instar larvae
of P. interpunctella. (A) Naive larvae (B) Immune-challenged
larvae. Immune challenge was performed by injecting 5 x 10*
cells of E. coli in 5 pl volume to hemocoel. After 2 h at 25°C,
hemolymph was collected and used to separate HC and PL
samples. Each treatment was replicated three times. Different
letters above standard deviation bars indicate significant
difference among means at Type I error = 0.05.
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Fig. 5. A diagram illustrating an inhibitory action of chlorine
dioxide (ClO,) against prophenoloxidase (proPO) activation.
proPO is synthesized in a specific hemocyte, oenocytoid and
released into plasma. In plasma, proPO is activated by proPO-
activating protease (PAP), which is activated by other serine
proteases (SPs) that are regulated by serine protease inhibitor
(Serpin). chlorine dioxide inhibits the activation process from
proPO to PO.
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EIES=L) O]'U]L*—ﬂol Fg s}
= ]E‘r(Jaenicke and Decker 2003).
hE HERE s 174 ﬂig 152 AgA]7]H, o]

Z g} depdste =27
S THOE ARAE oA
sk frded (eumelamn)»} GEAS 3= benzothiazine
B4 S S4log HAe o] 7= # e @ehd (pheomelanin) -
2 yd 4 3Ith(Nappi and Christensen 2005). -7+&291
proPO= TE1E SHrole B EREA 4t Adshs b
AR ©dol ROl AW AaeRks: "dske
hemocyanin®ll 3Gl th(Decker and Terwilliger 2000). T
Eo] 2FRAAN AR dHE=
I tEo] 5Y AlFe] GlALS o|F= H ¢ 22 A
BEFEA 42 proPOZF 7HE 2339 EZolal of7)
oA hemocyanin®] FEEL, o]F F¢} APES &
< hexamerin®] IAYE Ao® FAHE rhBurmester
2002). ¥ A= PO B4 HIStE tidew oliisidart
seuake] "AA Y mlxE g3 BAE9T PO &
23S P £ @4 delM BE HEEA
At Aol met stg=nhl {59 E4elxe PO 24
ol @A F7HEAN Y el olHF PO B T
77 VR ekttt PO 24 S7ks €40] gl proPO
(70-80 kDa)7} PO (50-60 kDa)& 43lEE= AL oJn|sh
tH(Gonzalez-Santoyo and Cordoba-Aguilar 2011). ©]2] g
PO EAsh= A F WA At AR LAxE
HlollA A3 E proPO7F 8402 WEE = G0t &
AE BEF proPO7F 7] Al Tl el g ine] 9
3] &3t = dAlolt), proPO YA Y& 2%
+ B4 A2 HEEH(oenocytoid)ll A AR
(Jiang et al. 1997). & AFlM = slg=pye] H=E
7} proPOE A3 AS R proPO a2 o}

hexamerin T2

‘_!7-

ol

H)=7] kol signal peptides AUl UA] BT} wERA
o] AL LA oM EE L ZAAE AA AEHS

2 EHEE signal peptide®] FAZ A EZ o)A U""éﬂ Al
k. &3tE 918l o] proPOE MXE ¥ro g W&Esh= A

o M EZH (cell lysis)o]TH(Kanost et al. 2004). gt
(Spodoptera exigua)?] 73-%- proPO7} HE=E oA A5
o] A= Tyt WAl gel wje} o] A Ee] 7t
o itth(Shrestha and Kim 2008). WA S Z2 gl
@ (prostaglandins: PG)O.2 ¥ 5.0, §ASH ofo] A}
ol=RR FHEZ] Y (leukotriene)> ©] MEEF FFS

08 2%kek(Shrestha and Kim 2009). whebr] 2 oAt

2.8

oA FEE WY HA PO 49 F7HE PGl |
o 7 AEOE proPO7t BHOE WEo] FEHUS A
o7 FHHY. EAE proPO7} POR A7 fJsire

proPO-activating protease (PAP)Q] il B uklo] ¢
&) o] zIth(Jiang et al.,, 1998). ©] PAPS] EA43l= 4 94
AAA Tl AR ghe BgzAde| o3 AR}, o

TR B g A FAdL AR Al Serpln«] ZAHS
FTH(Kanost, 1998). 5, sfEIQ1A el Aol ofa] 2]eflzte]
012] A5 7} PAP &4 B ZHAS -'.%L J3stsiAl Eth(Kan
et al,, 2008). WEpA E ApellA Yepd PO 457
o]g PAP ﬂ/ﬂﬂ 1:}71]_4 zAd ¥ ET I&5%) ] ?_h:]—
oltatesg 20 A4 TR A5 welgel ol
Z7}olok & PO A3} AT B ATE o

PO 40 vIAE oldstdL ) AAE F I by
of LA shte S A FAslel B QAN
Qole PO BY BHE ZAbsL. ARE o izE

— =

POS] e AN, 2y WA e o5l F7hE
PO 7Tz lA o)l e T sz A2e 2

I} A3 ®¥stE FA4 Xk old g ARdE otst ATt
PO Tl o] 23 oA FEL FAH7] o= proPOolA]
PO 3 == FFoA o|itstd o] oA 2-go] 2-8-3)
< Aog FAE dollA 7]Eslskel proPOdA POZ
A== 342 PAP, AedA D83 a4, serpin 5 o
&gk AL 23T 5 A2 A AFAEE proPO
WEste M E olejg oA Zgo] EARE F
AT} o]itsldAe] AEAE-S ROSO 7191 tHKumar et

al. 2015). W= proPOCA POZ 3 =& oA o)1k
319471 A48 sl ROSO) 98 JAZ 0|24 k=

=
=

FAlo] AEHL 74 o) B A3 A 7 245}
£ PAPolU} Al el Rs) g 4E0] ROSY o8 3%
2 olito] fikd & QtlE Ao ojalald el PO YA

7P ASA Bk olgfdt ol PO B Tefshs
iz So] Ao &5l A gE o|AEld Ao ke
WS Arke AR 71919 &, oSt A = F
WY ol RE ASHA B WS RS
538 7152 AAsHA dtH(Ogata 2007). <l
, 771 vlo]# 22l influenza virusell talA] o]2tsled 4
o] Hlo]ej 27t 71%8] gl ATehE H F2 of
2k1 1537 EYERS N-formylkynurenineS- 2 2FSHA]A
71%5S A 3tH(Ogata 2012). wEhr] o2kl o] A7

olg

l-r rlr e

o= ¥
o weh ROS7H FHaL o) Wge] ERISH: A9A
WARN LAY T2 WIS H2F & drke Holuk,

olg]3t Hahke w2 WA 57} PGol sl F7)E 3L proPO
7t Aoz wpUele PORS] MBS A71A] Hale] A
A# PO B4 F7HE AAXATIE oltEla A aHE
s o
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ool AIE oitstAaTt 2% Al E AN H
Aof] 414 d&S sh= PO BAS AAlsh ol e Al
712k proPOA] POZ H3== PO €493} 314 (Fig. 5)
oA 7191

FYFWAER AU FYRULE]

o
71he] FAEARI 7S AT (114063-03)0. 2 5E #]
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