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Abstract
Development of  organophosphate  and  carbamate  resistance  was  monitored  by assaying  the acetyl-

cholinesterase  (AChE) phenotype of  individual green rice  leafhoppers (Nbphotettix cincticeps  Uhler) of  five
strains  which  showed  diffbrent levels of  resistance  to N-methyl earbamates.  By applying  this method  to
screening  of  various  combinations  of  negatively  correlated  inhibitors, we  observed  that monocrotophos  was

negatively  correlated  to NLmethyl carbamates  in poteney of  AChE  inhibition.
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INTRODUCTION

  During the Iast several decades, many  syn-

thetjc insecticides such  as organophosphates,

carbamates  and  pyrethroids have been develop-
ed.  However, intensive use of  these insecticides

has resulted in the development of  insecticide

resistance. A  malathion-resistant  population of

the green rice  leafhopper, IVephotettix cin-

cticeps,  was  first observed  in 1961 (Hayashi and

Hayakawa, 1962; Kojima et al., 1963) followed
by the methyl  parathion-resistance in 1963

(Ozaki, 1966). Organophosphate resistance  in
the green rice  leafhopper had spread  to all areas

of  western  Japan by 1970. During the 1960's,
insecticides to control  the green rice leafhopper
were  changed  to carbamates.  However, carba-
mate  resistance  appeared  within  a few  years and

spread  widely  throughout  western  Japan (Iwata
and  Hama,  1971; Hama,  1980).

  The most  important point for overcoming  the

development of  insecticide resistance  is to

minimize  the selection  pressure of  insecticides.
To  achieve  eMcient  and  minimal  use  of  insecti-
cides,  it is important to monitor  the kind and
Ievel of  insecticide resistance in the individual

pest population. For this purpose, it is necessary
to establish a simple  and  rapid  monitoring

S2S

method  for insecticide resistance and  detect re-

sistance genes at an  early stage of  the develop-

ment  of  insecticide resistance  for individual pest

populations (Miyata, 1983; Brown  and  Brog-

don, 1987).
  Hama  and  Yamasaki  (1981) established  a

method  to assess  the acetylcholinesterase

(AChE) sensitivity  of  individual green rice  ieaf-
hoppers to organophosphorus  and  carbamate

insecticides. Miyata et al. (1981) also reported  a

simple  biochemical monitoring  method  for re-
sistance by assaying  AChE  activity of  individual
green rice leafhoppers. Devonshire and  Moores

(1984) contrived  a simpie  method  which  can

distinguish individual AChE  phenotype by as-

saying  AChE  inhibitory rate for two insecticides
in the housefly (Musca domestica), and  this

method  was  applied  to several  other  insects.

  In the green rice  leafhopper, certain  combi-

nations  of  insecticides, such  as  IV-methyl carba-
mate  and  NLpropyl carbamate,  diazinon, pyri-
daphenthion and  propaphos, showing  nega-

tively correlated  cross resistance, were  reported

(Iwata and  Hama,  1977; Takahashi et al., 1977;

Yamamoto  et al., 1977, 1993).

  To  establish  a  simple  method  for both
monitoring  organophosphate  and  carbamate

resistance  and  screening  the insecticides having
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negatively  correlated  cross resistance  in the

green rice  leafhopper, we  applied  a biochemi-
cal method  analyzing  AChE  of  indiyidual in-
sects.

MATERIALS  AND  METHODS

  Insects. Five strains of  the green rice  leaf-
hopper were  used.  Origins and  resistance  fea-
tures are listed in Table 1. All these strains were

maintained  on  rice  seedlings  without  exposure

to insecticides in a  glass container  (diameter 8.5
cm,  height 18 cm)  under  25 ± 1OC and  16L:8D
conditions.

  Chemicals. Insecticides used  in this study

were  as  follows: MTMC  (96.8%) and  NLpropyl
MTMC  (MTMC-Z) (97.8%) from Mitsubishi
Chemical Co., Ltd. (Tokyo, Japan), propoxur
(98.2%) from Nihon Bayer Agrochem  K.K.

(Tokyo, Japan), rnonocrotophos  (99.0%) from
Chem  Service, Inc. (PA, USA), propaphos

(99.5%) from'Nippon  Kayaku Co., Ltd.

(Tokyo, Japan), pyridaphenthion-oxon (99.0%)
from Mitsui Chemical Co., Ltd. (Tokyo,
Japan), and  methomyl  (91.8%) from Dupont
Japan Co., Ltd. (Tokyo, Japan). All inhibi-
tors were  dissolved in acetone.  Acetylthiocho-
Iine iodide was  purchased from Wako  Pure
Chemical Industries, Ltd. (Osaka, Japan).

Table 1 . Source and  character  of  fiye strains of the green

             rice  lcaf hopper

Strains
Place and  year
  collected

Character

Shiraoka Shiraoka, Saitama
         Pref,

         1961

Nakagawara-1  Nakagawara,  Matsu-

         yama, Ehime  Pref,

         1978
Nakagawara-2  Nakagawara, Matsu-
         yama, Ehime  Pref.

         1980

Nakagawara-3  Nakagawara,  Matsu-

         yama, Ehime Pref.

         1987

Naruto Naruto, Tokushima
         Pref.

         1994

Susceptible against

OP" and  CBb

Slightly resistant

against  OP

Moderately resist-
ant  against  OP  and

CBHighly

 resistant

against  OP  and  CB

Highly resistant
against  OP  apd  CB

"OP:
 organophosphorus  insecticides.

bCB:
 carbamate  insecticides.

Other chemicals  used  in this study  were  of  ana-

lytical or  special grade.

  Analysis of  AChE  sensitivity of  indiyidual
insects. Individual heads from frozen adult

leafhoppers were  used  as sources  for the AChE
assay.  Each  head was  homogenized in 200pt1
of  ice-cold O.1M  MOPS  (3-(NLmorpholino)-
propanesulfonic acid)  buffer (pH7.5) with  an

ultrasonic  disrupter (UV-200 Tomy  Co., Tokyo,
Japan). The homogenate was  centrifuged  at

15,OOOxS for 2min  at 40C and  the super-

natant  was  used  as the enzyme  source.  The ki-
netics  of  inhibition by inhibitors was  measured

by the method  reported  by Moores et al. (1988)
with  a  slight  modification.  Twenty microliters

each  of  an  enzyme  solution  from individual in-
sect was  added  to three wells  of  a  microtiter

plate (PRO-BIND ASSAY  PIate, Becton Dic-
linson Labware,  NJ, USA). To  the first well,

200  pt1 control  reaction  solution  (100 pa1 acetone
was  added  to l5 ml  MOPS  buffer containing
5.5 ×  10-  ̀M  acetylthiocholine iodide, 4.4 x  10"" M
DTNB  (5,5'-dithio-bis(2-nitrobenzoic acid))  and

7.7x10"4M  sodium  bicarbonate) was  added.

To  the second  well,  200ul of  inhibitor-A reac-

tion solution  (inhibitor A  in 100 "1 acetone  was

added  into 15 ml  MOPS  buffer containing  ac-

etylthiocholine  iodide, DTNB  and  sodium  bi-
carbonate)  was  added.  To  the third well,  200ul
inhibitor-B reaction  solution  (inhibitor B  in 100

pt1 acetone  was  mixed  into 15 ml  MOPS  buffer
containing  acetylthiocholine  iodide and  DTNB
and  sodium  bicarbonate) was  added.  The reac-

tion was  performed  at 250C. AChE  activity  was

measured  by the change  of  absorbance  at  405
nm  of  wavelength  at  30 min  using  a microtiter

plate reader  (Model 450, Japan  Bio-Rad  Lab-

oratories,  Tokyo, Japan). Each inhibitor's con-

centration  was  as  follows; MTMC  (5 ×  10-4 M),
MTMC-Z  (7 × 10-4 M), methomyl  (1 × 10'S M),
monocrotophos  (1× 10-4M), propaphos  (2×
10-` M),  propoxur (1 × 10-3 M)  and  pyridaphen-
thion-oxon (7 ×  10-5 M).

RESULTS  AND  DISCUSSION

Monitoring of  carbamate  resistance

  Analysis of  AChE  phenotype  in the sus-

ceptible strain from Shiraoka showed  that all
insects had an  AChE  that is sensitive to MTMC.
When  AChE  of  Shiraoka was  inhibited by

NII-Electronic  
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MTMC  (5 × 10-` M)  and  MTMC-Z  (7 x  10-  ̀M),

most  AChE  activity  was  inhibited by MTMC,

but little AChE  activity was  inhibited by
MTMC-Z.  All individuals tested from Shirao-
ka, showed  the same  AChE  phenotype. Naka-

gawara  strains  showed  different levels of  resist-

ance  to IV-methyl carbamate  depending on  the

year of  collection.  Nakagawara-2 and  Naka-

gawara-3 strains showed  heterogeneous re-

sponses  to inhibition by MTMC-Z  (Fig. 1).

1£98D
(a}

  Hama  and  Yamasaki  (1981) assessed  AChE

sensitivity  to propoxur of  individual insects.
They  reported  that while  the Saga and

Kumamoto  populations developed carbamate

resistance  in only  one  step,  the Nakagawara

populations required  two  steps  to develop re-

sistance.  In short, although  there was  only  one

type of  modified  AChE  that is insensitive to NL
methyl  carbamate  in the Saga and  Kumamoto

populations, there were  two  types of  modified
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 Fig. 1. Bivariate plot of  rnean  percentage activity remaining  during inhibition of  AChE  by 5 ×

lO-4 M  MTMC  and  7 × 10 4
 M  MTMC-Z  for tndividuals of  five strains  of  the green rice  leafhopper, (a)

Shiraoka; (b) Nakagawara-1; (c) Nakagawara-2; (d) Nakagawara-3; and  (e) Naruto  strains.  N  means

number  of  insects analyzed.
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AChEs  in the Nakagawara  populations. The

present results  confirmed  their hypothesis.
Naruto strain  that was  collected  in 1994 showed

a similar frequency of  individuals, which  had
modified  AChE  compared  to the Nakagawara-3
strain that was  collected  in 1987.
  This method  can  detect the modified  AChE
even  if the frequency is very  low and  the popu-
lation has many  types of  modified  AChEs.
Thus, this monitoring  method  can  be consi-

dered to be mere  suitable for monitoring

the development of  resistance  to organophos-

phates and  carbamates  caused  by  reduced  sen-

sitivity  of  AChE  to these insecticides.

Screening of  a combination  of  insecticides
which  shows  negatively  correlated  cross  resist-

ance

  To determine the combination  of  insecticides
which  shows  negatively  correlated  cross  resist-

ance  in the green rice leafhopper, we  measured

the AChE  sensitivity for six insecticides using

the same  emzyme  solution  from individuals.
For this experiment,  by pair mating  within  each

of  three strains (Shiraoka, Nakagawara-2 and
Nakagawara-3), three derivative strains which

possessed a unique  AChE  phenotype  were  ho-
mogeneously  established  (Fig. 2). Each strain

was  derived from more  than 50 pairs. AChE

Nomura  et al.
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 Fig. 2, Bivariate plot of  mean  percentage activity

remainmg  during inhibition of  AChE  by 5 × 10-`M
MTMC  and  7x 10 

'4
 M  MTMC-Z  for individuals of three

strains  (Shiraoka-A, Nakagawara-2-B  and  Nakagawara-3-
C) of  the green rice  leafhopper.

phenotypes of  these strains could  not  be divid-
ed  further even  if AChE  assay  conditions  such

as the reaction  time, the kind of  inhibitors and

the concentratjon  of  inhibitors were  changed

(unpublished data). These results indicate that
there exist  at least three different types of  AChE
showing  different sensitivities  to insecticides in
the green rice  leafhopper. By  using  these three

strains,  it will  be easier  to determine the com-

bination of  insecticides showing  correlated  cross

resistance  against  ALmethyl  carbamate  insecti-
cides.

  We  could  reconfirm  negatively  correlated

cross  resistance between MTMC  (IVLmethyl car-

bamate) and  propaphos,  or  pyridaphenthion-
oxon  by assaying  the relative  activity remain-

ing during inhibition of  AChE  of  the same  en-

zyme  source  of  individual insects to different
inhibitors. And  we  discovered the relationship
of  negatively  correlated  cross  resistance  be-
tween MTMC  and  monocrotophos.  However  a

combination  such  as  MTMC  and  propoxur
showed  cross resistance  (Fig. 3). The nega-

tively correlated  cross  resistance  between methyl

parathion and  monocrotophos  was  observed  in
the tobacco budworm, although  a  negatively

correlated  cross  resistance  was  not  observed  be-
tween IVLmethyl carbamate  and  N-propyl car-

bamate in the tobacco budworm  (Brown and

Bryson, 1992). We  have already given an  exam-

ple of  the negatively  correlated  cross  resist-

ance,  above.  In short,  the most  suitable  size of

alkyl  radical  that  combines  to the N  atom  for
carbamylation  to wild  type of  AChE  in carba-
rnates  is methyl  and  the alkyl radical that com-
bines to the P  atom  in organophosphate  is
ethoxy.  However, in the case  of  monocro-

tophos, the radical  that combines  to the P atom

is the methoxy  radical,  which  does not  differ
from organophosphate  insecticides. At this mo-

ment,  we  do not  have any  definite information
to explain  the mechanism  of  negatively  corre-

lated cross  resistance.
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 Fig, 3. Screening of combination  of  insecticides having negatively  correlated  cross  resistance  in
three strains (Shiraoka-A, Nakagawara-2-B  and  Nakagawara-3-C)  of the green rice Ieathopper, Each
point indicates mean  percentage activity during inhibition of  AChE  by each  insecticide for individuals
of three strains of the green rice  leathopper, (a) MTMC  (5 × tO `M)

 and  propoxur (1 x  IO-3M), (b)
MTMC  (5× 10 `M)

 and  monocrotophos  (1 ×  10-  ̀M),  (c) methomyl  (1 × 10 
'i

 M) and  propaphos (2×
IO'4 M),  (d) MTMC  (5 × 10-4 M)  and  methomyl  (1 × 10''i M), (e) MTMC  (5 ×  10'  ̀M)  and  pyridaphen-

thion-oxon (7 × 1O 5
 M),  The sensitiyity  to six  kinds ofinsecticides  was  measured  using  the same  enzyme

source  from individual insects.
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