
respectively in 11 and 13 generations of selection.
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Malathion resistance in the smaller brown

planthopper, Laodelphax striatellus Fallen, was

first found in Hiroshima and Okayama Prefecture,

Japan in 19641), and since then many examples

of the smaller brown planthopper resistance in

other parts of the country were reportedt-".

According to Ozaki and Kassai", there is a

good correlation between the resistance level of

the smaller brown planthopper to malathion and

fi-naphthyl acetate hydrolyzing activity of the E7

band separated by thin layer agar-gel electro·

I) This research was supported in part by a
research grant from the Ministry of Education,
Japan.
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phoresis. And it was suggested that both esterase

activity of the E7 band and malathion resistance

depend on the same factor.

In this paper, in vitro metabolism of HC-methyl

malathion, and the relationship between fi
naphthyl acetate hydrolyzing activity and llC

methyl malathion degrading activity of the E7

band were studied.

Materials and Methods

Insect; Female adults of the smaller brown

planthopper were used. Malathion resistant (Rm)

and fenitrothion resistant (Rr) strains were

obtained from the susceptible (LE) strain through



a continuous selection with either malathion or

Ienltrothlon". All planthoppers were reared on

rice seedling's in a rearing' bottle under the con

trolled condition of 25'C and 16 hr illumination

per day, with weekly supply of fresh rice

seedlings.

IIC-Methyl malathion; The synthesis of IIC

methyl malathion was accomplished according to

the method of Krueger and O'Brien". In a 10ml

flask, were placed 4 mM of anhydrous methyl

alcohol containing 0.5 mCi of IIC-methyl alcohol

(12.8 mCi/m mole), 2 ml of anhydrous toluene,

and 1 mM of phosphorus pentasulfide. The mixture

was refluxed at 80-90'C for 2 hr. After cooling

the mixture, 2 mM of diethyl maleate was added

to the flask. The mixture was again refluxed at

80-90'C for additional 2 hr. The solvent was

evaporated at 40'C, and the oily residue was

dissolved in 30 ml of chloroform. The chloroform

solution was first washed with an equal volume

of 1096 sodium carbonate and was again washed
with water. The chloroform extract was dried

over anhydrous sodium sulfate over night. The

chloroform solution was concentrated to about

2 ml at 40'C and was purified by thin layer

chromatography with a solvent mixture of

acetone: hexane=l : 4 (V/V) as a mobile phase.

The portion of IIC-methyl malathion on the plate

was scraped, and was extracted with acetone.

The acetone was evaporated at 40'C. The stock

solution of IIC-methyl malathion was prepared

by dissolving it in absolute ethyl alcohol, and

was kept in a refrigerator. The purity of the

synthesized IIC-methyl malathion exceeded 9896

with an activity 1,500 d. p. m./pg as determined

by an Aloka LSC-653 liquid scintillation spectro

meter.

Measurement of resistance to malathion and feni

trothion; Resistance to malathion and fenitrothion

was measured by a spraying method as follows:

Fourty per cent solution of malathion and

fenitrothion in a mixture of acetone: benzene:

Newcol 863 = 3 : 3 : 1 (VIV) were diluted to a

suitable concentration with distilled water. Ten

females were anesthetized with carbon dioxide,

and 3ml of the insecticide solution was applied

with a rotary spray tower (Mizuho Scientific Co.,

Nagoya) at 280 mm Hg, Treated insects were

transferred into 2.5 x20 cm g'lass tubes containing

rice seedlings, and allowed to stand at 25'C.

Mortality was measured at 24 hr after treatment.

At each concentration, the experiment was

repeated for 3-5 times. From these results, LC50

values were calculated",

Electrophoresis; The thin layer agar-gel electro

phoresis method reported by Ozaki and Kassai"

was modified as follows: The supporting agar

was prepared by adding 0.7 g each of PVP

(polyvinyl pyrolidone, K-90, Katayama Chemical,

Osaka) and agar powder (Wako Pure Chemical

Ind., Osaka) to 100 ml of phosphate buffer (pH

6.8, ionic strength 0: 015 p). Ten (Rm , Rr) to

twenty (LE) female planthoppers were ·crushed

with a glass rod in 0.04 ml distilled waterton a

glass plate, and a strip of filter paper (To yo

filter paper No.2, 2x60 mm) was immersed in the

brei. The strip of filter paper was placed on

the origin of the gel plate and kept in a

refrigerator (4-5'C). After 30 min. the strip was

removed from the agar plate, and the agar plate

was connected by filter paper with buffer solution

(pH 6.8, ionic strength 0.05 p) in the electrode

vessels. Electrophoresis took about 90 min. using

a constant current of 2 rnA per em width. For

the detection of esterases, j9-naphthyl acetate was

used with diazo blue B as a coloring reagent for

the end product of hydrolysis of j9-naphthol.

A part of the agar plate was stained for esterases

with j9-naphthyl acetate, and the other was

tested for the degradation activity for the

insecticide by first transversely sectioning agar

bed into 35-40 pieces and by incubating them

with ~'C-methyl malathion.

In vitro degradation of IIC-methyl malathion ;

.Female planthoppers were homogenized with

1/15M phosphate buffer at pH 7.4 by using a

Pottcr-Elvehlern glass homogenizer. The homo

genate was briefly centrifuged at 1,500 X g for

10 min., and the resulting supernatant was used

as the enzyme source. To study the direct

degradation activity of the planthopper homo'

genate, a 10pi aliquot of IIC-methyl malathion

(10-3M) in absolute ethyl alcohol was added to

the reaction mixture containing 0.5 ml of the

enzyme solution (homogenate containing 0.8 and

0.16% weight by volume of the planthopper for

11



LE and R strains, respectively), and 0.5 ml of

the standard buffer (1/15 M phosphate buffer,

pH 7.4). To study the properties of-degradation

enzymes of the homogenate, 0.2 ml of the stan

dard buffer with metal ions, inhibitors, EDTA,

NADPH, GSH or synergists was added to make

the reaction mixture 1. 0 mi. The system was

incubated for 1 hr at 37'C with shaking.

For degradation study of HC-methyl malathion

on the electrophoretically separated enzyme bands,

the methods described by Miyata and Matsumura"

was modified as follows: The agar piece (5x

50mm) separated fr.om the agar bed was trans

ferred to a test tube containing 1. 5 ml of the

standard buffer with HC-methyl malathion

(lO-GM). The system was incubated at 37'C for

2 hr with shaking.

The incubated material was extracted with an

equal volume of chloroform three times, and the

radioactivity in the aqueous was determined for

the degradative products with Bray's counting

solutlon" by an Aloka LSC-653 liquid scintillation

spectrometer. To separate carboxylesterase pro

ducts and phosphatase products, the incubate

was first extracted with an equal volume of

chloroform twice, and the pH of the aqueous

phase was lowered by adding 0.3 ml of 2. 5;'6

trichloroacetic acid and extracted twice with an

equal volume of chloroform'P.

Results

Resistance levels to malathion and fenitrothion

for female adults of the planthopper are presented

in Table 1. The LCGO values of Rm and Rr
strains to malathion were about 13.8 and 4 times

higher than that of LE strain. In case of Ienltro

thion, the resistance levels of Rm and Rr strains

to LE strain were about 4-fold.

Table 1. Toxicities of malathion and fenitrothion to LE, Rm and
Rr strains of the smaller brown planthopper.

Insecticide Strain Dorsage-mortalltys? LCGOb) Index of
regression line (ppm) resistance

LE Y = 5+1.931 (X-2.201) 159 1

Malathion Rm Y = 5+3.314 (X-3.340) 2,190 13.8

Rr Y = 5+1.907 (X-2.804) 637 4.0
......................................... ..................................................................................

LE Y = 5+2.082 (X-I. 931) 85.3 1

Fenitrothion Rm Y = 5+2.092 (X-2.517) 329 3.9

Rr Y = 5+2.227 (X-2.532) 340 4.0

a) Y = probit of death rate.
X = insecticide concentration (ppm).

b) Determined 24 hr after spraying.

Table 2. In vitro degradation activity of HC-methyl malathion in LE, Rm

and Rr strains of the smaller brown planthopper,

Degradation activity (96)
Enzyme source') Carboxylesterase Phosphatase To'tal Degradation

products products ratio

Buffer only 1.2 2.3 3.5
LE 32.4 3.0 35.4 1
Rm 44.1 3.2 47.3 6.9
Rr 32.4 3.0 37.4 5.3

The enzyme solution containing lO-G M of HC-methyl malathion was
incubated at 37'C for 1 hr.
a) LE : 0.4% final enzyme solution.

Rm and Rr : 0.08;'6 final enzyme soiution.

12



W .!!l ft ~ m 41 !tJ-I

Discussion

Fig. 2. Degradation of IlC-methyl malathion by
the smaller brown planthopper enzymes
of Rm strain separated by agar-gel
electrophoresis.

+

+

dpm

Fig. 1. Degradation of IlC-methyl malathion by
the smaller brown planthopper enzymes
of LE strain separated by agar-gel
electrophoresis. The agar plate was
sliced into 5 X 50 mm pieces and each
agar piece was incubated at 37°C for
2 hr with 10-8 M of HC-methyl mala
thion to assess its degradation activity.
The corresponding zymogram for f3
naphthyl acetate indicates the relative"
positions of esterase bands against
malathion degrading enzyme.

The physiological mechanism of organophos

phorus insecticide resistance are classified as

follows:" a reduction in penetrationll, 12,13l , an

increase in detoxification of insecticidesH, n ,18,17l

and a reduction in the susceptibility of the action
point to insecticidesI8,19,20,211.

Considering the resistance level of the plant

hopper to malathion (Table 1) and the in vitro

degradation of IlC-methyl malathion (Table 2),

LE Rm Rr

Ca++ (1x 1O-3M) 11.6 -0.2 5.5
Mn++ (1 X 10-3M) 9.8 6.8 5.6
Cut" (1 X 1O-3M) 79.6 85.0 89.3
EDTA: (1 X 10-3M) 22.2 7.5 22.6
NADPH (2xl0-·M) 5. 7 22.0 3.6
GSH (4 X 1O-3M) 13.0 10.0 6.1
K-2 (1X 1O-8M) 98.8 98.3 99.0
Dichlorvos (1 X 10-8M) 96.4 98.9 98.6
EPN (1 X 1O-8M) 46.6 19.0 53.7
EPN (1 X 1O-3M) 100 100 100
Dimethoate (1 X 10-3M) 34.9 19.3 67.4
S-421 (1 X 10-3M) 80.4 90.0 92.9

Enzyme source

malathion. K-2 (2-phenoxy-4H-l, 3, 3-benzodioxa

phosphoric 2-oxide) and dichlorvos significantly

inhibited the degradation of HC-methyl malathion

at the concentration of 10-8 and 1O-8M, respec

tively. At the concentration of 1O-8M, EPN

inhibited the degradation moderately, but the

concentration of 10-3M it completely inhibited

the degradation. Cu"" and S-421 (octachloro

dipropyl ether) also inhibited the degradation at

10-3M. Addition of NADPH or GSH did not

stimulate the reaction;rather they inhibited the

degradation of IlC-methyl malathion.

To correlate the above enzyme activities to the

esterase positions on the electrophoresis plate,

the agar pieces corresponding to esterase bands

were separated and were incubated with IlC

methyl malathion. Results shown in Figs. 1 to 3

indicate that the peak of malathion degrading

activity coincide with band position around the

E7 band.

a) Data expressed as percent inhibition of normal
enzyme degradation activity.

Table 3. Effects of certain additives on the in
vitro degradation of HC-methyl mala
thion in LE, Rm and Rr strains of the
smaller brown planthopper. a)

In vitro degradation of I·C-methyl malathion

by the homogenate of the planthopper was studied

(Table 2). Most metabolites were carboxylcs

terase products. Total dczradatlvc activity of

Rm and Rr strains were 6.9 and 5.3 times higher

than that of LE strain. Table 3 shows the effects

of metal ions, inhibitors, EDTA, NADPH, GSH

and synergists on the degradation of HC-methyl

Additives (final concentration)

13
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Fig. 3. Degradation of HC-methyl malathion by
the smaller brown planthopper enzymes
of Rr strain separated by agar-gel
electrophoresis.

enhanced degradation of malathion seems to be

one .of the most important mechanisms in the

smaller brown planthopper resistance to malathion
as already reported in other insectsU,18,22,23l.

It has been found that carboxylesterase is

highly sensitive to inhibition by dichlorvosw and

K_223l• "C-Methyl malathion degradation in vitro
was also highly sensitive to dichlorvos and K-2

in the smaller brown planthopper.

Ozaki and Kassa!" reported that .a-naphthyl

acetate hydrolyzing activity of malathion resistant

planthopper was higher than that of susceptible

one, and that most resistant planthoppers had

middle and high activity of the E7 band. The

esterases hydrolyzing j9-naphthyl acetate of the

planthopper were separated into nine different

bands by thin layer agar-gel electrophoresis, and

Rill and Rc strains showed remarkably higher

activity of the E7 band than LE strain as already

reported by Ozaki and Kassa!", There was a

good correlation between .a-naphthyl acetate

hydrolyzing activity and HC-methyl malathion

degrading activity of the E7 band. Though more

than two malathion degrading enzymes were

detected on the agar plate separated by electro

phoresis in the American cockroach-", house

fly23l and rat liver" homogenate, only one

malathion degrading peak was detected in the

smaller brown planthopper homogenate under the

experimental condition. It is not easy to deter

mine whether the E7 band represents only one

enzyme or more, for there could always be a

possibility that a number of enzymes come to

14

occupy the same location in an electrophoresis

experiment. Therefore, the E7 band merely re

presents the location of malathion degradation

enzymes.

Summary

In vitro metabolism of "C-methyl malathion by

susceptible (LE) , malathion resistant (Rill) and

fenitrothion resistant (Rc) strains of the smaller

brown planthopper was studied. LC.o values of

LE, Rill and Rc strains of the planthopper to

malathion were 159, 2,190 and 637 ppm, respec

tively. HC-Methyl malathion was degraded more

than about 7 and 5 times by the homogenate of

Rill and Rc strains as to that of LE strain. Most

metabolites of each strain were carboxylesterase

products, and the small amounts of phos

phatase products were detected. Among tested

materials, in vitro degradation of HC-methyl

malathion was inhibited almost 1005'6 by K-2

(l0-8M) and dichlorvos (lO-·M). Enzymes of the

smaller brown planthopper were separated by

agar-gel electrophoresis, and esterase pattern and

degradation of "C-methyl malathion was studied.

Only one peak of malathion degradation was

detected at the E7 band.

Acknowledgements: The authors wish to ex

press deepest appreciation to Dr. Fumio Matsu

mura, Department of Entomology, University of

Wisconsin, and Dr. Syun'iti Iwao, Laboratory of

Applied Entomology and Nematology, Faculty of

Agriculture, Nagoya University, for their kind

advice in the preparation of the manuscript.

Thanks are due to Dr. Morifusa Eto, Department

of Agricultural Chemistry, Kyushu University,

who kindly sent K-2 to the authors.

References

1) Kimura, K.: fap. ]. Appl. Ent. Zool., 9, 251

(1965).

2) Kassai, T. and K. Ozaki: Proc. Assoc. Pl.
Prot. Sikoku, I, 15 (1966).

3) Yokoyama, M. and K. Ozaki: Proc. Assoc. Pl.
Prot. Sikoku, 3, 35 (1968).

4) Ozaki, K. and T. Kassai: Ent. Exp: & Appl.,

13, 162 (1970).

5) Ozaki, K. and T. Kassai: Botyu-Kagaku, 36,

III (1971).



ro r!l ft tJ. ro: 41 ~-I

6) Krueger, H. R. and R. D. O'Dricn : J. Econ.

Ent., 52, 1063 (1959).

7) Bliss, C.I.: Science, 79, 409 (1934).

8) Miyata, T. and F. Matsumura: J. Agr. Food
. Chem., 20, 30 (1972).

9) Dray, G. A: Anal. Biochem., I, 279 (1960).

10) Miyata, T. and F. Matsumura: Pest. Biochem.

Phssiol., 1, 267 (1971).

11) Plapp, F. W., Jr. and R. F. Hoyer: J. Econ.

Ent., 61, 1298 (1968).

12) Hirai, K., T. Miyata and T. Saito: Appl. Ent.

Zool., 8, 183 (1973).

13) Gerolt, Ph.: Pest. Biochem. Physiol., 4, 275

(1974).

14) Oppenoorth, F. J. and K. Van Asperen: Ent.

Exp. & Appl., 4, 311 (1961).

15) Matsumura, F. and A. W. A. Drown: ]. Econ.

Ent., 56, 381 (1963).

16) Matsumura, F. and C. J.Hogendijik: Ent. Exp.

& Appl., 7, 179 (1961).

17) Lewis, J. D.and R. M. Sawicki: Pest. Biochem.

Physiol., I, 275 (1971).

18) Smissart, H. R.: Science, 143, 129 (1961)•

19) Voss, G. and F. Matsumura: Nature, 202,319

(1964).

20) Iwata, T. and H. Hama: J. Econ. Ent., 65,

643 (1972).

21) Tripathi, K. and R. D. O'Drien: Pest. Biochem.

Physiol., 3, 495 (1973).

22) Kojima, K., R. Ishizuka and S. Kitakata:

Botyu-Kagaku, 28, 17 (1963).

23) Ohkawa, H., M. Eto, Y. Oshima, B. Tanaka

and Y. Umeda: Botyu-Kagaku, 33, 139.(1968).

24) Kojima, K. and R. Ishizuka: Botyu-Kagaku,

25, 22 (1960).

25) Matsumura, F. and K. Sakai: J. Econ. Ent.,

61. 598 (1968).

Changes in Blood Carbohydrate and Protein Titers Durlng Morphogenesis of Silkworms.
Masaji S. NISHIMURA and Ayako OHSAWA (Shionogi Research Laboratory, Shionogi & Co., Ltd.,

Fukushima·ku, Osaka, 553 Japan) Received August I, 1975. Botyu·Kagaku 41, 15, 1976.

4. :t.J 0{ :J0)~ft!j1f~1iX[:' C tt.r?JtnJ:!:l~*ft!Jtc ~ ::II'C~1!fO)~1h imm~RJ. *~3t:y. <ttl
IDJ;m~mt~liTfJ'Cm) 50. 8. 1 ~Jl]j

11-1 :I <.'I::l:, lfnrf:l I-vl\0-;q::l:Ql1U: t. 50:ldJ:u~il"'OO)Otr~~WlII::tMJJtlv, ~nft:;~dJ:u~:Jjjft:;Otrll::

~j>vt:. -13, 1;~ttm<.'l::l:lfZr!l{t:;il1JIr.iEm-wlU:o)J:?r..~~j>I;t;~; n-r, I:. ftJ: ~ /iUD!iWl<.' 0) l
i> I' 0 - A I::l:U~mf~lr. ~ 7.> l'i11ttflt!ffl ,Ht 7.> C .\!J.bn 7.>. 1;~11~0) I- v 1\ I] - A 1:1 iE'iit-wlf-f.: O);cn c
~{t:;f.. tJ,-:> tz;

11 -1 :I O)J!tO)lfnrt'?~ I~ ~ TO::l: I- i- 1\ I] - A O):t!}fr Crrutl1O)1£lIlJJ~~ V tz, -13, 1;~ttm<.'l::tilli

{t:;{&WlIr. t. i\'6PII([tJ~"'?-? ~. ? z> I~ ~ fH I- t> 1\ 0 - A C1i'Ut111r., ttmO)mlmf~lr.lm~ ,HI. 7.> t. 0) C
ttt)'l! ,Ht 7.>. l1UD ? ~ I~ ~ TtI::l:~~MWJ;!)' ; ~li{tmril1Jlr. i» It 't'i'i'li~\ 1it1H~ -:> 't' p ti, ttm~rm<.'? z> I~

~ T! 0)fit (8t.. ttl! 1::l:.7~ r, tt r..t» -:> tt:
lfn~~~:I-A~J!t.~K~~~.W3n~~-:>ft.

x: 9 -lj-~O)lfnrf'11- VI\O -Al::l:J!ll£~;lt:rn:IBIr.fl'ilt1£lllh~ff-vt:. t:t::r. 9 -lj-~<.'I::l:~"'O{t:;IltjIr.fl'Jlr.

-"'?O) l!- ~ ;!)~7-J. r,ttt:.
:r. 9 -lj-~0).Ifnrf1? ~/~~T!I::l:, 500):mWltJ,;tMJJllvl:1tlb, ~"'O{t:;njlr.-Q~~j>v, J::J.{&j1JDltM

1m v't' lfZm{t:;iHil1J"1 <.'i\'6pfl([O) "1"1C ~"1-:> tt, ;cO)rm, fl:7.!I;t;~; tlfJtJ' -:> tz;
~fliH,f:Il[U"'OO)t!Jfr, ~lli~{&18013 HH:jI'If-f.:<.' ~;t, mLI11m * { t:; f 4, ? ~ I~ ~ Tt;l~Ir.!iIHt:;n~O)II(j C

t,:{tfJ tJ' -:> tz,

Introduction

Since Wyatt and Kalf demonstrated that the

major blood sugar in insects is a-trehalose,,2J, a

non-reducing dimer of a-glucose, many reports

have appeared on the physiological role ·of

trehalose as the circulating form of carbohydrate

cellular food and as a biochemical characteristic

substance of insects3,',5J.

In holometaborous insects, the concentration of

blood trehalose changes during normal physiolo

gical process. The protein concentration in
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