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Biochemical Properties of Haemolymph Carboxylesterase in
Diapausing Pupae of Helicoverpa assulta (Guenee)
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ABSTRACT : Haemolyph carboxylesterases induced in diapausing pupae of Helicoverpa assulta
Guenee were investigated, Increase in the activity of the electrophoresed isozyme bands were
observed during the dfapausing pupae. The isozymatic composition exhibited remarkable alterations
represented as disappearance and induction of some isozyme bands, which were identified as
carboxylesterase (CE) on the basis of their specificities to inhibitors. Much higher activity of the
induced CE was shown in reaction with B -naphthyl acetate (8-Na) than a -naphthyl butyrate
(a-Nb), representing the high regioselectivity to £ -naphthyl group. Optimal temperature for the
enzyme activity was different to the substrates used 37C in §-Na and 40T in @-Nb, respec-
tively. However, the optimal pH for the enzyme activity was the same as 7.5 regardless of the
substrates used, and relatively high thermostability of the CE was demonstrated by showing the
denaturation at high temperature (50—557).
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Fig. 1.
during the development of Helicoverpa assulta. A:
mature larvae, B: 1-day old pupae, C: 3-day old
pupae, I): 5~day old pupae, E: 7-day old pupae, F:
1-day old adults, Gt diapausing pupae, H: cold
stressed pupae.
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Fig. 2. Zymogram of haemolymph esterase isozymes
detected throughout the non-diapause and diapause
development of Helicoverpa assulta. CE: Carboxyl-
esterase, ChE: Cholinesterase, ArE: Arylesterase,
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Fig. 3. Native-PAGE(7~15% gradient gel) of
haemolymph esterases fractionated by precipitation
in ammonium sulfate. P3: 3-day old non-diapausing
pupae, CP: cold stressed diapausing pupae, A: 0~
40%, B: 40-55%, C: 55~T0%, D: 70~85%
ammonium sulfate,
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Fig. 4. Ton—exchange chromatography of haemolymph
proteins precipitated with 40~55% ammonium sulfate
in cold stressed diapausing pupa of Helicoverpa
assulta. The proteins were loaded on a DEAE
Sepharose CL-6B columm (2.5X20cm), and then
eluted with 0.05M to 0.5M sodium phosphate
buffer(pH 7.0). Esterase activity: uxmol of naphtol
released/min/ml.



Fuljute] FH & YT Carboxylesterases] Wztats =49

AP 53 58 63 68 73

Fig. 5. Native-PAGE(7~15% gradient gel) of hae-
molymph esterases collected by ion exchange
chromatography. Numbers indicate the tube num-
bers fractionated on DEAE Sepharose CL-6B
column chromatography shown in Fig. 4. AP:
Fraction of 40~55% ammonium sulfate.
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Fig. 6. Gel filteration of D-c¢ fraction(Fig. 4)
containing carboxylesterase(band 6, 8) on Sephacryl
S$-100 column(2.5x50cn), Elution was carried out
in flow rate 0.3n/min with 0.05M sodium
phosphate buffer(pH 7.0). Esterase activity: wmol
of naphtol released/min/ml.
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Fig. 7. Native-PAGE(7~15% gradient gel) of hae-
molymph  carboxylesterases collected by gel
filtration. Numbers indicate the tube numbers
fractionated on Sephacryl $-100 column chromato-
graphy shown in Fig, 6. AP: Fraction of 40~55%
ammonium sulfate.
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Fig. 8. Effects of temperature on the activity of
haemolymph carboxylesterase in each reaction with
two kinds of substrates(0.3mM, «-Nb or 4-Na) at
pH 7.0. Activity: pmol of naphtol released/min/mg
protein. ‘
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Fig. 9. Effects of pH on the activity of haemo-
lymph carboxylesterase in each reaction with two
kinds of substrates(0.3mM, o-Nb or A-Na) at 37T.
Activity: zmol of naphtol released/min/mg protein,
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Fig. 10. Native-PAGE of haemolymph carboxylest-
erase from cold stressed pupae of Helicoverpa
assulta. The numbers represent temperature(C), and
the enzymes were preexposure at stated tempera-
ture for 1 hr.

&

THelA BYEE 2E Az FH ez
AZsPHA, 2b =3 9 AXEde] Al "ast
239 5L B8 AHFY AF FHAE
Yitoll we) FAZelle vkt FF9 oiAEAL
] EAGE, 53 %9 esterase= &9 39
A3 71322 Aol BofslHA 25 579 w¥E
wAs FE 83 G%FE el we, #F
o, el 9 23l fAsle] S5 =4S B
tHWhitmore 5- 1972; Vedbrat®} Whitt, 1974).

T4 esterase isozymeS] ZAIAL o o}
o ohekAl Jehd ZFe =k 6~16719)
esterase isozymeo] FEATle] M aLw]9] evi(Eguchi
9} Yoshitake, 1967; Yoo, 1979 Ugaki %5, 1983
Prabhakaran®} Kamble, 1995), £ 7AnelE
Chalfuiat He)Eo £ 15709) esterase isozyme?|
Ezgto] ElEdtFig. 1, 2). o] 52 W),
T3 A ook A 54 Gl 9% 2
29 fAzwo] Axl = &49] polymor-
phism ¥4l 7118 Rez AdcHFreyvogel
%, 1968; Kojima 5, 1970; Sell &, 1974),

w3 2 el e sivhils 28 5% A7
BE] ZARolA BUAA FEH Fo £ Yy Lo



gujuulel £ & YT Carboxylesterase2)] A 2betz B4

esterase isozyme ZAAHE H|FwA| gl n)Fele=
tl, 719% pattern “Joll4 bandEe] AL &
< 1 Fho R 2 H3E el cHEFig. 1).
5, 74 &3 A 2AeE U Sl Awrden
HUZ egterase bandS2] FAe| Zasielw, vl
FH 84 EAsE band 73 band 100] FE
oA A4Eg e, B vl el
A ¢+ band 63 8o] FHAdl] FEE A

FHlA] F-E25E esteraseE-g A A Foldg
7IEes E-F4 A 2F carboxylesterase?! A
22 #gE]o], FHAlo] YL esterases] E4lo]
A Frheshe Y4E HEE2] isozymeZo] B4
Z718k vlEe], AlZo] fEEHE FH f:24
carhoxylesterase®] ¥l 23 Aeg HedAo,
T&ollA carboxylesterasey FHAED AwE =
A4 2gell Bo] e AL AzE}
gt cold stress protein(CSP)#He] A= wlA|
T glow, guhble] YEA SEHE Aoz ¢
AAYE AUREA DUAAE Ade] = A
o7 &5 Yoo E, 1996b), B EAE £5F
Ak T WA QAFE Bl FHeld cold
stress -4 AR v]wslojof FHA-E
T Y& AeE ARFrh

£ Atellde Fevbile] FuA) fE5E o
YZ carboxylesterased] £412 ollr] g8 o]
E A4 #8Ao] A VeRhE A2X"
£-2] 93 ZE ammonium sulfate® 283 £ &
& #4848 BolE fractiond thez w7
L2 ion exchange chromatography$}; gel filtration
< HARBl AAlsigch B AR 5 24
carhoxylesterase®] AAZAge] gt Hz|2xe}
pHE 7 719 7133 -eA1A 248,
ZA4% 2% 9 pH Hulells B5 ¢ -Nbelel
Al B -Naglke] whSAjoll AukHog a4
gAdo] = i o4 #A Vel KFigs. 8, 9), naphthyl
groupol] ¥+ &2 regioselectivity S 2. cH(Lester
2} Gilbert, 1987; Yoo &, 1996a). 33 WL ¥ =
@ -Nbete] whEAollE 40CE 22l B -Naghe)
HHAlellE 3TCEA 27 vhEA velykou(Fig.
8), & TEEoll4 esterase A9 HAHLE o
#7b 40~45TQ A vlazsl] E wl(ZhuSt Brin-

dley, 1990; Owusu &, 1994), Feliuke] 3 &
54 carboxylesteraset H]Z3 @& 3 258
Holh, a2 3 pHE o-Nb & 4 -Naske)
BHEAl 25 pH 752 ¥91s]oi(Fig. 9) Kapind
Ahmad(1980)7} B33t Lymantria dispar esterase?)
A pH 75~779 HAWeIA LAjeigich B8
AAY aEE 77 XA 1A B9k
incubationA]7] ¥ A7lGE5-E Aljeld 2 HAJL
gt Az, 50~55Tol] B4e] 4£A=E Ao,
2 ggtEle R wad & d84e vehle
E49) e g 3oislgirHFig. 10).

E=| £

whulue(Helicoverpa assulta Guenee)®] &9 £
HYE esterase isozyme A9 wiEl ml FoR)
F X5+ carboxylesterase2] S48 2Absl%ic)

A719E47 F & UYZ esterase isozyme
bandg< ARHE. 8 o] Frlslg.on, isozyme
9] z244NA YK isozymeE(band No. 7, 10)o]
448 vbd AZo] FEHE isozyme(band No. 6,
8)ol FAsigich. JAAl Holadell Fxslel A2
o] 283 band¥ =5 carboxylesterase(CE)Q A
o2 W3 n, FHA F5% carboxylesterased]
#HHWLE X A-Naghe] Hke-AolE 37T, «
-Nbe}e] wbE-Alolle 40TE2A4 71460 ule} vha
Al vielstel, 398 #H¥84 pHe F 1A 2133
2] WAl BF pH 7524 EYsiA velgton,
WA 257 50~55C ] M9 Reg veht v
24 goll A FA]lo] Falsale)

2 g ¥

Ahmad, S. (1976) Larval and adult housefly
carboxylesterase; Isozymatic composition and
tissue pattern. Insect Biochem. 6; 541-547.

Ahmad, S. and A. J. Forgash (1976) Nonoxidative
enzymes in the metabolism of insecticides.
Drug. Metab. Rev. 5; 141-164.

Boo, K. S, H. C. Shirm, M. W. Han and M. H.
Lee (1990) Initiation and termination of pupal



diapause in the oriental tobacco budworm
(Heliothis assulta). Korean J. Appl Entomol,
29; 277-285.

Eguchi, M. and N. Yoshitake (1967) Comparative
studies on esterase zymograms among various
tissues in the silk worm, Bombyx mori L.
(Lepidoptera: Bombycidae). Appl, Ent, Zool. 2;
163-167.

Freyvogel, T. A., R. L. Hunter and E. M. Smith
(1968) Nonspecific esterases in mosquitos. J.
Histochem. Cytochem. 16; 765-790.

Geering, K. and T. A, Freyvogel (1975) The
distribution of acetylcholine and unspecific
esterases in the midgut of female Aedes
aegypti L. Comp. Biochem. Physiol. 49B;
775-784. ‘

Hideaki, H. and K. Ozaki (1983) Electrophoretic
esterase patterns in the brown planthopper
Niloparavarta lugens Stal.(Hemiptera: Delphac-
idae) which developed resistance to insectic-
ides. Appl. Entornol Zool. 18; 52-58.

Horwath, K. L. and J. G. Duman (1983) Photo-
periodic and thermal regulation of antifreeze
protein levels in the heetle Dendroides cana-
densis. J. Insect Physiol. 29 907-917.

Kapin, M. A. and S. Ahmad (1980) Esterases in
larval tissues of gypsy moth, Lymantria dispar
(L.); Optimum assay conditions, quantification
and characterization. Insect Biochem. 10; 331-
337.

Kojima, K., J. Gillespie and Y. N. Tobari (1970) A
profile of Drosophila species enzymes assayed
by
heterozygosites, and linkage disequilibrium in

electrophoresis- 1. Number of alleles,
glucose-metabolizing systems and some other
enzymes. Biochern, Genet. 4; 627-637.

Laemmli, U, K. (1970) Clevage of structural pro-
teins during assembly of the head of bacteri-
ophage T4 Nature. 227; 680-685.

Lester D, S. and L. L. Gilbert (1987) Characterization
of acetylcholinesterase activity in the larval

brain of Manduca -sexta. Insect Biochem. 17;
99-109.

Mounter, L. A. and V. P. Whittaker (1953) The
hydrolysis of esters of phenol by cholinester—
ases and other esterases. Biochem. J. 54
551-559.

Owusu, E. 0., K. Komi, M. Horiike and C. Hirano
(1994) Some properties of carboxyl esterase
from Aphis gossypii Glover (Homoptera:
Aphididae). Appl. Ent, Zool. 29; 47-53.

Ozaki, K. and H. Kokie (1965) Naphthyl acetate
esterase in the green rice leafhopper, Nepho-
tettix cinticens Uhler, with special reference
to the resistant colony of the organophosphb—
rus insecticide. Appl Entomol. Zool. 9; 33-59.

Prabhakaran, S. K. and S. T. Kamble (1995)
Biochemical characterization and purification of
esterases from three strains of german cock-
roach, Blattell germanica(Dictyoptera: Blattelli-
dae). Insect Biochem. Physiol. 31; 73-86.

Sell, D. K., G. S. Whitt, R. L. Metcalf and L. P.
Lee (1974) Enzyme polymorphism in the corn
earworm, Heliothis zea (Lepidoptera: Noctuid-
ae). Haemolymph esterase polymorphism. Can.
Ent. 106; 701-709.

Sheehan, K., R. C. Richmond and B. J. Coohrane
(1979) Studies of esterase 6 in Drosophila
melanogaster. NI, The developmental pattern
and tissue distribution. Insect Biochem. 9;
443-450.

Sudderudin, K. I. and H. H. Tan (1973) Some
hydrolase and their involvement in insecticide
resistance. Pest. Art, News., Summ. 19; 24-35.

Tsumuki, H. and K. Kanehisa (1979) Enzyme
associated with glycogen metabolism in larvae of
the rice stem horer Chlio suppressalis Walker:
Some properties and changes in activities
during hibemmation. Appl. Ent. Zool. 14; 270-
2717.

Ugaki, M., T. Abe, ]J. Fukami and Shono (1983)
Electrophoretic analysis of nonspecific ester-



e FH 4 PPE Carboxylesterased] A8 B4

ases and acetylcholinesterases from the house-
fly, Musca domestica L.Diptera: Muscidae),
with reference to organophosphorus insecticide
resistance, Appl. Ent. Zool. 18; 447-455.

Vedbrat S. 8. and G. S. Whitt (1974) Isozyme
ontogeny of the mosquito, Anophepheles albi-
manus. In Isozymes: Ill, Developmental biology
Muarkert, C. L. (Editor). Academic Press, N. Y.

Whitmore, D., Jr., E. Whitmore and L. I. Gilbert
(1972) Juvenile hormone induction of esterases:
A mechanism for the regulation of juvenile
hormone titre. Proc. Nalt. Sci. U S. A.
69:1592-1595.

Whyard, S. A, E. R. Downe and V. K. Walker
(1994) Isolation of an esterase conferring
insecticide resistance in the mosquito Culex
tarsalis. Insect Biochem. Mol. Biol. 24; 819~
827.

Yoo, C. M. (1979) Nonspecific esterase patterns of
camphor silk moth Dictyoploca japonoca Moore.

Korean J. Ento. 115 36-43.

Yoo, C. M., C. B. Bak and H. C. Lee (1996a)
Substrate and inhibitor specificities of esterase
in Lucilia illustris Meign. Korean J. Zool, 39;
190-197.

Yoo, C. M., E. D. Yoo, $. H. Kim and H. C. Lee
(1996b) Identification and purification of cold
stress protein(CSP) in Helicoverpa assulta. J.
Sci. Res. Han Nam Univ. 26; 259-271.

Yoo, C. M., S. E. Jeong and H. R. Kim (1991)
The changes of organic compounds and the
related enzymes of overwintering larva in the
pine needle gall midge, Thecodiplosis japon-
ensis. Kor. J. Entomol. 21; 19-28.

Zhu, K. Y. and W. A. Brindley (1990) Properties
of esterases from Lygus esperus Knight

Miridae) and the roles of the

esterases in insecticide resistance. J. Econ

Entmol. 83; 725-732.

(Hemiptera :



