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ABSTRACT : Classification of esterase isozymes of the apterous green peach aphids (Myzus
persicae Sulzer) collected in tobacco fields were investigated by the native polyacrylamide gel
electrophoresis (PAGE). A total of twelve esterase bands were identified in adult apterous
aphid, and the difference of enzyme band activity in the clones was observed at the first and
second bands group. Esterases of green peach aphids reacted with specific substrate were more
stained @-naphthyl acetate than @-naphthyl propionate, and a-naphthyl acetate more than B -
naphthyl acetate. Twelve esterases on the basis of inhibition by the three types of imhibitors
(organophosphates : 2.5 X10°M paraoxon, 4X10°M DFP; eserine sulfate : 2X10°M eserin;
sulfhydryl reagents : 2X10°M p-HMB) were classified into three class, namely, cholinesterase
(ChE) 1, T, carboxylesterase (CE) and arylesterase (ArE), and these classes contained 3, 4, 3
and 2 isozymes, respectively.
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fisle] FRE AAAQA g £} (Devon-
shire, 1975).

Hool A Ee dxFabolA zhzl wlojEA
Y(PVY)E wli7isled B2 gJllE =l esterase
of tigt AF+E AHHm M. persicaccl|A] A3A|
Ao AEe EgolARE9 total carboxyle-
sterase®] A7 Ux|3char 319 v (Needham}
Sawicki, 1971; Blackman® Devonshire, 1978;
Field 5, 1993), esterase®] #BAZF7}2 Qlsle] &
719041 A7 A4 spld Hog Q)
of ARZol] WG AFHE oA =Hol FARE0]
F710A Aol et A4S vhebicka
3+ichDevonshire®} Moores, 1982). E3t <o}
FAGES M. persicaest FHHARE M. nicoti-
angec FY3 AFA HGAG 7S A A
Al PGS Hole Al Elglel B4 A
# g Aol esterases] VAol ETghon]
olE §XA7+S] sequence homology”} ™A =
& BaschField 5, 1994).

o] X7 A AMeAol] FAao] SlE esteraseo]]
Wk g AT e AT Sehle) dx
FAol|A] HhAYsl= EpolZ ATl Eoll iyt ester-
aseol] W3k A4 A9 o]FolA A gk Al
oltl. wlEld B dAFes dxFA oA Al
EGolEANE FAAZ AFA Al gt
712228 od7] $sto] esterase?] HElat 7)A Q)
ol& = Al o3t 5SS Flsly] St
A3

Mz & gk

SAE

B Aol AEH Bgol3IRES d=
Eolla A AlgE I AlFe EgolEAn
& PSS ARsle] S8R Adeliich
B FAFE EEkaE 711X 13cen)ol] H A
Z(Nicotiana tabacum cv. Burley 21)2] ol HE
stoy GL7(25£1T, 16412k F=A)ellA] 2~3
d Aoz HWolg ZolFwA chfAAlE F3
A HAERE @ FAAFE] ARNEE FAFLE

Agseieh

<

1%

Native polyacrylamide slab gel electrophoresis
A4 AET 54 AF HolEARE B4
Z AFo) WAL BASI 3le] phenylthio-

urea(PTU)E &% 43, Ringer's -£8(128mM
NaCl, 1.8mM CaCl, 1.3mM KCl, pH 7.4)&

40%(w/v)Z H7FeE 3 FA3 AT ok 350052
10873 A4 A5dE FHslod -70C W%
7)ol o] EAA7A Hpsigict.

A71G%E A3 AE2E 2%  sucrose(w/v)2h
10% glycerine(v/v)e] % IM Tris/HCl sample
buffer(pH 6.8)¢} F#HoF 3]Mske] Agslgich
71852 Tem X 8em X0.75mm vertical mighty slab
gel unit(Hoefer scientific instrument)}E& A28
t}. 8% separating gel®F 2.5% stacking gels AHg-
st} 654 4 AEE loadingste] A& 308 St
< 10mAZ, I o]¥oll= 20mAZ AUldES A
Alskglen] tracking dyet bromophenol blueE A}
£3}99ck. Running buffer®¥% 250mM  Tris-~
glycine buffer(pH 8.0)5 A}-83}913, separating
gel buffers 10% glycerin(v/v)o] 8% 25M
Tris/HCI gel buffer(pH 8.1)%, Z12]1 stacking
gel bhuffer2% 1M Tris/HCHpH 6.8)8 AF&sl9
o}, A7|d 5ol Bt & esterase?] FAN-S $elod
0.5% 71343} 1% Fast Blue RR salt7} H7b=
0.1M phosphate buffer(pH 6.6)oll gel& 27 &
o} AENETCINA A wk3-E A7l & 243
srt.

SubstrateZ+¥- a-naphthyl acetate, $-naphthyl
acetate, @-naphthyl propionate =L&l3l a-naph-
thyl butyrates A&sigich 4ol £y Aags
100% ethanol® 10% acetic acid& 3 : 22 E§3t
Ho g 3087+ 23 ¥ 8% acetic acidel] B@s}
ek

Esterase XA A2

Esterase®] AsiAloll tigk EHojilg Lolr7]
SJsted H7)dEsol Bt gel¥ organophsphatel]
25X 10-*M paraoxon{diethyl p-nitrophenyl phos-
phate), 4X10-*M DFP(diisopropy! fluorophos-
phate), carbamateAl] 2X10-°M eserine(eserine
sulfate), 22]a 2X10-°M p-HMB(p-hydroxy
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Az EANA FAslE H4olE G E (Myzus persicae Sulz.)¢] Esterase £

mercuribenzoate)e]l 2zt €% 0.1M phosphate
buffer(pH 6.6)ol 25C LAENZ 3027+ Aeld +
ANAE HstA ok gel?t vl EA3ch
A ALl G uHs 5AE 2#ste] Bush &
(1970)7+ Healy $(1991)9] ¥5 ol whebA
esteraseS Table 13+ Zro] A sl tigt sh-2-ol
u}2} cholinesterase, carboxylesterase, arylesterase,
acetylesterase 0% LRl

Table 1. Classification of esterases by inhibitors

Inhibitors’
Enzymes )
Paraoxon DFP  Eserine p-HMB
Cholinesterase + + +
Carboxylesterase + + —
Arylesterase - - - +

Acetylesterase - - - -

* Paraoxon = diethyl p-nitrophenyl phosphate,
DEP = diisopropyl fluorophosphate,
Eserine = eserine sulfate, p-HMB = p-hyd-
roxy mercuribenzoate

Zn o o@

£ esterase? TfE
P A9 Az A AN AR Egols
FAAZE FEE AolollA] esterase HE
H native polyacrylamide slab gel2 7|35
& Ao geldk An FAAS IYESY
esterase?] WEE ZF 12709 =g R &
Flon, 4H 27| olgAR wEt A 40
o] 2Eo2 FEIL) AREY FEE Ao]d
A esterase B9 Xto)E carboxylesteraseZ &
ol 3s WRZollA o] vebgedl A A
oflA A AREoA Fs] B XolE Kok
(Fig. 1, Table 2).
Boolx AR ge AFAl A esterases]
A= WA Bo]
off AJEHAE Hole Egol3AREollA el 7
48R esterase W=7t =2 &
Ag Koy Ao digt AT} AA ARE

s
Lo
o

9] e 283 F AFS Al 2™ (Devo-
nshire, 1975), ¥&9] of] A4 MHE F<=
}ZAN T F& AFA AYHL Hele A
QoA =2 esterase Ao vEhdtia &9l
th(Takada, 1979, 1986). L]l carboxylesterase®]
BAo] Yo BT AR E2 {7IMA AFA
Fhafollo| EA) AAlol disle] ZHrAdelddn F3b
A%l carhoxylesterase 4§ Hol ARNELE &
1A Aol el <F7rel AgAdE Holw
2l3 733 esterase BAE B HFolRAYEE
2 dimethoateol] Wiall 1264H, demeton-S-methylell
17909 2% AP 2ok sgicHSawicki
5, 1978). ojA7 B Al HgoliE A
olo] 9lo]A] esterase BAL Xo]EF Holx
carboxylesterase2 &% F s wl= 1Fo|
AzAlell izt A3Adal pee] gleoslet Az

tH(Table 3).
71 S0lM

7R e dx FExbollA] wagsl EpolFRiT
B Z2E Aol esterase THHAE 7Y o]
8%2 2A4Y AIE Table 2014 B wie} 7

24| esteraset= Z4¥H3A @ Z @ -naphthyl propionate
ot & 4715 Ay a-naphthyl acetateell =
2 uk2AS B3 f-naphthyl acetate Hrh=
a-naphthyl acetateS ©] A33sle ZAoZ ebk
t}. 3} cholinesterase®] 73-9- cholinesterase I &
B-naphthyl acetate®] A&l & WS H
21} cholinesterase I+ ¥H-A& JehdA ¢k
gtk &1 11, 12815 W=l arylesterase?] 7-$-
ol @-naphthyl propionateolls= ¥F2-41-8 Holx]
Okgtow] a @ P-naphthyl acetate®] AREA] 24
o] o]Fo]A= Eolido] vetyct

Carboxylesterasels H4- A9l HbZoll glofA]
pH, 713 Bl &% ol ofe] 7} 27l 9J3f tt
24 Yl (Owusu 5, 1993), 24 <At =
2 Boel] wetA S esterased] #Ae] chEARt
(Healy 5 1991) E<ro}l3 A E-o] esterase?] =
A Azt ASAl AgAA T A Adell o
A a-naphthyl acetate® 7132 Agshe Aol
74 f-gstelet Az

}41
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Table 2. Substrate specificity of nonspecific esterases in Myzus persicae

Substrates
Band No. of 5 )
Groups  bands a-Naphthyl B -Naphthyl a-Naphthyl NzZyme types
acetate acetate propionate
(-
| 1 0.13 +++ +++ +++ cholinesterase I
2 0.16 +++ +++ +++ cholinesterase |
I 3 0.33 ++ ++ +++ carboxylesterase
4 0.38 ++ + +++ cholinesterase I
5 0.43 ++ — ++ carboxylesterase
6 0.47 ++ - - carboxylesterase
m 7 0.65 ++ — ++ cholinesterase 1[I
8 0.67 ++ — ++ cholinesterase 1l
9 0.69 ++ - + 4+ cholinesterase I
10 0.72 +4+ — + 4 cholinesterase 1l
v 11 0.84 ++ ++ - arylesterase
12 0.86 ++ ++ - arylesterase

(+)

* Rm : Relative mobility

«* Substrate utilization of nonspecific esterases showed (+++) highest to (+) lowest detectable expression

and (-) no expression.

Esterase AMolid|l S0|M ¥ 2R/
B0l AN E2 esterase?] 5= A7EA EF
?]2e] #3llAl, & organophsphate, eserine sulfate,
285 sulfhydryl reagent® esterase ZJsliAlol] of
gk uk-e BAE VFoem BERE AASAcHBush
=, 1970; Healy 5, 1991). 7139 7lrEalloll <
8 AJAE a-naphthole] dye salt$} Zgslol] wja}
F49 o] Y Aol insoluble pigment7}
Vel e, B5olSARE FAAE E84HR
7.5% native polyacrylamide slab gel 4}ollA
esterase S EASH 7 1270¢] Wiz} EE e}
(Table 3). ©]21q W=EE o esterase A
a4l &, organophsphate, eserine sulfate, 12|31
sulfhydryl reagentell tidt 24l el we} 5
AHEAS BFAY Az, {714 A5 AfAIY

paraoxon(2.5X 10-°M)# DFP(4x 10-"M)oll <]aH4]
= 12719] EE esterase WEEo| #3l= 2 (Fig.
1, 2), eserine(2X10-"M)oll <JaiA =343t 5, 69
o3 11, 124K HESL AHlEA] egtoy |,
o 4 23 7, 8, 9, 10 WeEES 9
3] AshsIcHFig. 3). L2l p-HMB(2X 10-*M)
of oM 1, 293} 3, 4, 5 W= A=A
orgtow 6} 7, 8, 9, 10W 2w 11, 12¢¥x)
W=7t of$ A= Rk Fig. 4). olet 22 A g
EdlZ oz Al Al wAslE Bgolgal
BlEol|A = cholinesterase, carboxylesterase 9
arylesterase 5 A7}A| isozyme o & FEE9l =l
cholinesteraser= p-HMB = 3jAloll 2]t Hh-2ol
we} oA F aFoZ R F 1, 2, 4
Wl == cholinesterase [ 24 p-HMBell &3} 7
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o] A=A ggrert 7, 8, 9, 108A] W= 9
%] AslEle] cholinesterase T 241 #Qlxlgich
Paraoxon¥} DFPol| gsliAut Asl|== 3, 5, 6W]
Hl== carboxylesterase24] &]lil paraoxon¥}
DFP 2 p-HMBell oJalix A= 11, 124 Wi
E+ arylesteraseZA #Q1%]9IcH(Table 3). v}
Al 7 ebde] AdAl] oisle] 25 w5 3}
A ¢k= acetylesterasey= ¥<¢lo] 2] gkgtel
Esterase®] &4z} d4xle] Zolghe] FAad4fq
Bk Bax gol ded, dFy YEA|A
AR BgolZAGEolA] Agae] AHole
esterase®] AL F7MAA AREEY {7104
AR Al gt A F7HE 74 2 (Blackman
3} Takada, 1975; Blackman G, 1978) A=Al

ARAE(Myzus persicae Sulz.)2] Esterase ¥

sl A BelEAR Bl s A Aol
7F GojubA] gkAmt AgAgE Hel AYZelA
T 25 A Aolrt Yot esterased] B4 F
7He 7hAdectm slglchDevonshire®t  Sawicki,
1979). 28l v} North Carolina 9 dxF#
ollA A REQ M, nicotianaes FANRI} HA)
¥ AYE BSR4 =2 carboxylesterase 4%
Hola A7} Aol Folgler, G4 A
o7} dojuiA] gF2 AHEES 2 248 B
o BaslgvHHarlows, 1991). 38 Ao
Y-S Hole HolEAREoAl esterase?
TAL esterase W= F= FAR FFol e
o] FoJA ™ esterase T4 O] Xtole dAA|Q] Ho]
ol f5ol wel 2ok A L(Feld 5,

Table 3. Inhibition of the esterases activity by specific inhibitors in M. persicae

Band No. of N Inhibitors”
N Enzyme type
Groups ~ Bands Paraoxon DFP Eserine p-HMB
(=)
| 1 0.13 ++7 ++ ++ - cholinesterase [
2 0.16 +++ ++ ++ - cholinesterase 1
1 3 0.33 +++ +++ - - carboxylesterase
4 0.38 +++ +++ +++ - cholinesterase I
5 0.43 +++ +++ - + carboxylesterase
6 0.47 +++ +++ + ++ carboxylesterase
I 7 0.65 +++ +++ ++ +++ cholinesterase I
8 0.67 +++ +++ ++ +++ cholinesterase II
9 0.69 +++ +++ ++ +++ cholinesterase 1I
10 0.72 +++ +++ ++ ++4 cholinesterase 1
v 11 0.84 +++ + - ++ arylesterase
12 0.86 +++ + - ++ arylesterase

+)

1) Rm : Relative mobility
2) Paraoxon : diethyl p-nitrophenyl phosphate (2.5X10°M), DFP : diisopropyl fluorophosphate(d X 107M),

Eserine : eserine sulfate(2X10™°M),

p-HMB : p-hydroxy mercuribenzoate(2X 10™°M)

3) +++ : complete inhibition, ++, + : partial inhibition, — : No inhibition
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1988), <3-Ale] El”je] B4 &
FEA esterase W] o] Egtor, A e
glo} 1, 3 AdA Aoy ANE FEEL AT
Aol digt PSS Futshe A esterase W=
Aol =o] Uehyttln HasglchField 5, 1994).

waly B AfdAE Ar9ES o3l
esterase HIE=Q] sel-& AbHE Adl 245 1H-S
A2)et esterase MES2] FAlo] HYHFo} F4
Holl Asdgle] BE A HpolHATiFellA
Bl &shA JeREI QS-S & o) 28R 5] Wl
TE Zol|A] carboxylesterase® ¥21% 3, 5, 6¥

A WEs} AEA AP Do) ot A4
gt e olEg TAIE B4 At ol
A Aolsle=A o Ao AFAAEE AT
o A3rA A Uehle Aol wste}
esterase 34 W3t 5o AW BAIE z=Asfoprt
=d 4 9& Aoz A7

123456789

3= 08 g6
(-)

<

<

Fig. 1. Photographs showing the whole body
esterase patterns reacted with specific inhibitors
in the M. persicae clones. A:control, B:paraoxon
{2.5% 10-*M)-treated. Arrowheads are bands reacted
with inhibitor. Lane 1: Chungpyong RED, 2! Muju
BRN, 3: Chonju DBR, 4: SunchangRED, 5: Chun-
gpyong RED, 6: SunchangGR, 7: Chungpyong PG,
8 MujuGR, 9: Chonju PG.

Fig. 2. Photographs showing the whole body
esterase patterns reacted with specific inhibitors
in the M. persicae clones. A:control, B:DFP(4X
10-"M)-treated. Arrowheads are bands reacted
with inhibitor. Lane 1~9 same as Fig. 1.

123456789 (Hkm

[(R0:3

o U3
Toua7

Fig. 3. Photographs showing the whole body
esterase patterns reacted with specific inhibitors
in the M, persicae clones. A: control, B: eserin(2
X 10-*M)-treated. Arrowheads are hands reacted

" with inhibitor. Lane 1~9 same as Fig. 1.
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AR FA A BASE B5olZ AR E(Myzus persicae Sulz)9] Esterase £

Fig. 4. Photographs showing the whole body
esterase patterns reacted with specific inhibitors
in the M., persicae clones. A: control, B: p-HMB
(2X 10-*M)-treated. Arrowheads are bands reacted
with inhibitor. Lane 1~9 same as Fig. 1.

2 =

AzFAdA AT} EpolEAREe FALE
9] esterases -7 INY-E native polyacrylamide
slab gel2 71955 Akl ATk FA]
A% ARES esterased] W=t 25 12709 A
=2 Isglen, FEE AojolA 1HAe 2W
A =gl FdlA A Xolrl b
Esterase®} 7|13 SolAd-& z=ARl & A3}, durH
© 2 a-naphthyl propionate Fvh= a-naphthyl
acetateol] ¥ ZAH§& Ho|w, p-naphthyl
acetate 2.t} a-naphthyl acetateZ 7|24 ] A
33te Ao g uehydrh 12709] esterase HIE
AZ7EA EFde] A 8l Al S(organophosphates @ 2.5X
10-*M paraoxon, 4X10-*M DFP, eserine sulfate :
2X10-°M eserine L&) sulfhydryl group blocker

2X10-°M p-HMB)ol| i3k Aeigxel] wleh
cholinesterase(ChE) I #} 1, carboxylesterase(CE)
2] arylesterase(ArE) 5 47FAIE FEHe

B, o]5& ChE I ] 37, ChE 1 7} 470, CE7} 3

A zela ArEZt 20 & vhebgeh

a1pes
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