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   Thc  modified  cholinesterase,  i,e., insensltive to  toxicafits,  of  the  carbamate-reslstant

green  rice  lcafhopper, was  found to be scparated  from the  normal  cholinesterase  ol' the

susceptible  hopper  by  DEAE-cel]ulose cotumn  chromatography.  Thc  enzymes  of  the

resistant  and  susceptible  strains  were  eluted  in a  single  peak at  the  position of  approximately

200,OOO rnolecular  wcight  on  Scpharose 6B  gel chromatography.  On  DEAE-cellulose
chrornatography  the enzymes  were  eluted  also  in a  siiigle  peak but the  enzymc  of  Lhe  resist-

ant  strain  was  eluted  at  O.2 M  KCI  faster than  that  of  thc  susceptible  strain  at  O.25 M  KCI.
Thus, each  enLyme  of  the two  strains  is chromatographically  homogeneous, and  cou]d  not

be distinguished by  Sepharose 6B ge], but could  be clcarly  distinguished by DEAE-cellulose.

These results  suggest  that the  modified  cholinesterase  of  the  resistant  strain  may  be a  charge

isomer o{' thc  normal  one  of  the  susceptible  strain.

INTRODUCTION

   Insensitivity of  cholinesterase  (ChE) to toxicants  is the  major  factor ef  resistance

to carbamate  insecticides in the  green rice  leafhopper, IVlePhotettix cincticops  UHLER,
and  also  an  additional  factor of  resistance  in this insect to some  organophosphorus

insecticides such  as  malathion  and  fenitrothion (HAMA ancl  IwATA,  I971; 1973; IwATA
and  HAMA,  1972; HAMA,  1974), The  resistance  of  this insect to some  carbamate

insecticides is controlled  by a  single  gene  allele  and  is Iinked with  the  insensitivity
of  ChE  (IwATA and  HAMA,  1972; HAMA  and  IwATA, in preparation). The  ChEs  of

the carbamate-resistant  and  the  susceptible  hoppers are  referred  to  as  the modified

and  the  normal  ChEs,  hereafter.

   For the  detailed examination  of  the  difllerence between the modified  and  the

normal  ChEs, separation  and  purification of  these  ChEs  are  now  in progress. During
the course  of  this study,  the modified  ChE  of  the carbamate-resistant  hopper was

found to be separated  from the normal  ChE  of  the susceptible  hopper by ion-exchange
cellulose  column  chromatography,  This  paper describes some  basic properties of

the  ChEs  and  their behavior  in electrophoresis,  gel and  ion-exchange  cellulose  column

chromatography.  Detailed infbrmation on  these  properties is a  prerequisite for the
separation  and  purification of  the  ChEs.

i
 A  part of  this work  was  presented  at  the  Annual  Meeting  ofJap.  Soc, Appl. Ent. Zool., Tokyo, April

 2, l975.
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MATERIALS  AND  METHODS

    bLsects. Two  strains  of  the  green rice  leafhopper, IVlePhotettix cineticops UHLER,
Miyagi susceptible  (S) and  Rmc  carbamate-resistant  strains  were  used  (HAMA and

IwATA,  ]971; HAMA,  1975). Rmc  strain  was  obtained  from  S and  Nakagawara  high
multiple  resistant  (N) strains  by a  technique  of  repeated  back-crossing of  their hybricls
to S strain  under  the  selection  pressure of  a  carbamate  insecticide (HAMA, 1974, 1975).
Rmc  strain  showed  resistance  to  pr)poxur  at  almost  the same  level as  the  parent N
strain,  and  its ChE  maintained  insensitivity to toxicants  (HAMA, 1974).
    The  entire  bodies of  3- to  9-day-old adults  were  used  in all the  experiments.

Frozen  insects were  used  throughout  the experiments  except  fi)v the  tests on  subcellular

distribution of  ChE  and  on  solubilization  of  bound  ChE,  in which  firesh insects were

used.  The  insects could  be kept in a  plastic case  in a  freezer for months  without  signifi-

cant  loss of  ChE  activity,

    Determination of' ChE  and  AliE activity.  ChE  activity  was  determined  by the

ELLMAN  or  HEsTRiN colorimetric  methods  using  acetylthiocholine  iodide or  acetyl-

choline  bromide as  the substrates,  respectively  (ELLMAN et  al,, 1961; HEsTRiN,  1949)
as  previously described (HAMA and  IwATA,  1971l HAMA,  1975), The  ELLMAN  method

was  adopted  for all  the  tests except  otherwise  stated.  One  unit  of  ChE  activity  was

defined as  the  amount  of  enzyme  required  to hydrolyse 1 uM  of  acetylthiocholine

per min  at  300C  in 0.l M  phosphate  buffer, pH  7.4. Aliesterase (AliE) activity  was

deterrnined by the HEsTRiN method  using  methyl  n-butyrate  as  a  substrate  (HAMA and

IwATA, 1972).

    Recrystallized propoxur, 2-isopropoxyphenyl IV-methylcarbamate, was  used  as

an  inhibitor for the  determination of  sensitivity  of  ChE.

    Electrophoresis. Polyacry]amide  gel electrophoresis  was  carried  out  by the use

of  a  disc electrophoresis  apparatus  according  to the  procedures of  DAvis  (1964).
Glass tubes  measured  O.5 cm  in diameter  and  6.5 cm  in length. The  concentrations  of

polyacrylamide for separating  gel were  50/e and  7.50f'6. The  applied  current  was

2.5 mA  per tube  for 90 min  at 40C. Bromophenol  blue was  used  as  the marker  dye.
Detection of  ChE  activity  was  made  by  immersion  of  gel into a  medium  (KARNovsKy
and  RooTs, 1964) containing  acetylthiocholine  in O.l M  phosphate  bufler, pH  6.4,
for 60 to 90min  at  a  room  temperature.  IY- value  for ChE  band was  calculated  from
the ratio  of  mobility  of  the  enzyme  band  to mobility  of  the marker  dye.

    Sopharose 6B get chromatograpdy.  The  column  (2.64× 45 cm)  packed  with  Sepha-
rose  6B  (Pharmacia Fine Chemical  Inc,) was  equilibrated  with  O,033M  phosphate
buflt]r, pH  7,2, containing  O.05 M  KCI.  ChE  source  was  then  intreduced onto  the

column,  and  eluted  with  the  same  buflbr at  4.5 ml  per hour. Five-ml fractions were

collected  by a  fraction collector  at  4-C, Thc  void  volume  fbr the  column  was

determined  by the  elution  of  Dextran  Blue-2000. Recovery  of  ChE  activity  after  this

chromatography  accounted  for about  50%.

    DEAE-eetlulose chromato,grap1ty.  The  column  (1.5× 45cm)  packed  with  DEAE
cellulose  (Diethylaminoethyl celluloses,  DE52, Whatman  Biochemical Ltd.) was

equilibrated  with  the  same  buflbr as  used  in the gel chromatography,  ChE  source

was  introduced onto  the  column,  and  eluted  with  the  same  bufler Qf  a  linear gradient
of  KCI  concentration  from O.05 M  to O.4 M,  at 15 ml  per hour. Eight-ml  fractions
were  collccted  at  4"C. The  concentrations  of  KCI  in fractions were  determined by
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the  MoHR  titrimetric method  using  59/.' K2Cr04  and  O,1 N  silver  nitrate  solution.

Recovery of  ChE  activity  after  this  chromatography  accounted  fbr about  60 O/.,

    Concentration of  a  dilute enzyme  solution  was  made  by ultrafiltration  with

Diaflo membrane  (HFA-300).

                                 RESULTS

SubceUular distribution of enE  and  AliE activity,  and  praparation of' bound and  seluble  enEs

    One  hundred female adults  of  S strain  were  homogenized in IOml  of  distilled
water

 or  O,067 M  phosphate bufler, pH  7.2. The  homogenates were  separated  into
subcellular  fractions by centrifugation,  and  the  ChE  activity  in each  fraction was

determined. The  result  is presented as  a  percentage of  ChE  activity  ofthe  crude  homo-
genates, as  shown  in Table  l.

    The  total ChE  activity  in both the 20,OOO-g and  105,OOO-.a precipitates of  the homo-
genate prepared  with  distilled water  reached  81.2%  with  acetylcholine  and  59.1%
with  acety]thiocholine,  Whereas  the activity  in the  105,OOO-g  supernatant  was  not

detected with  acetylcholine,  and  only  12.9%  was  detected with  acetylthiocholine,

These results  suggest  that  most  of  the ChE  in this insect exists  in a  bound fbrm  and
the amount  of  soluble  form  is relatively  small.

    On  the other  hand, AliE activity  in 105,OOO-g supernatant  was  almost  the same

as  that  in the crude  homogenate, suggesting  that  most  of  AliE  exists  in a  soluble  fbrm.

    Since the ChE  activity  in the debris, 700-g precipitate, was  less with  distilled
water  than  with  phosphate  buflbr, distilled water  was  used  fbr the fbllowing prepara-
tion  of  the bound  and  soluble  ChEs. Ordinarily, 10 grams of  female and  male

adults  were  homogenized in 10-fold volumes  of  distilled water,  and  then  centrifuged

at  700-g for 10min,  The  supernatant  liquid was  further centrifuged  at  105,OOO-g
for 60 min.  The  precipitate and  supernatant  obtained  were  referred  to as  the  bound
and  the  soluble  ChEs. The  supernatant  was  concentrated  into a small  volume  by
ultrafiltration.

Sotubilizatien of bound C;hE
    In order  to solubilize  the  bound  ChE, lyophilization, autolysis,  and  treatment
with  Triton X-IeO  or  sodium  taurocholate  were  tried mostly  using  the leafhoppers
of  S strain.  The  solubilization  of  the  bound ChE  was  judged by centrifugation  at

[I'able 1. SuBaELLuLAR  DisTRisuTIoN  oF  ChE  AcTrviTyaib

Selution used

in homogeni-
  zatron

Substrate   790:g 20,PO.O-g 105,OOO-g 105,OOO-g Re-
preclpltate preclpltate precipitate  supernatant  covery

Distilled water

Phosphate bufller
  (O.067M,
      pH  7.2)

Acetylcholine

Acetylthiecholine

Acetylcholine

Acetylthiocholine

 4.8

 8.B17.524.8

55.341.248.939.S25.9I7,923,416.2*12.9*

8,3

86,O80.889.88B.6

a
 Each  value  was  expressed  as a percentage ef  the crude  h61ilogenate 

'5Etivity.
 o'n'e hundred

 
femalc

 adults  of  S strain  were  homogenized in 10ml  ot' each  solution.  ChE  activity:  incubation

 with  acetylcholine  for 40 min  at  37D C, with  acetylthlocholine  for 15 min  at  30e C.
b
 
*:

 Activity was  not  detected.
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105,000 g for 60 min.

    In the lyophilization treatment,  thc bound ChE  was  suspended  in a  small  amount

ofdistilled  water,  and  freeze-dricd by means  ofa  vacuum-freezing  dryer, The  solubili-

zation  attained  by this trcatment  ranged  from  30 to 609G with  occasional  inactivation

up  to 50?5. The extent  of  soiubilization  and  inactivation  greatly varied  with  each

repeatcd  run.  In the  autolysis,  the bound ChE  was  suspended  in O.067 M  phosphate
bufi'cr, pH  7.2, to which  a  drop of  toluene  was  added  to prevent putrefaction, and

incubated for 1 day at  20C or  3eOCI, This treatmcnt  resulted  in a 20 to 60Y'i increase

of  ChE  activity  with  30 to 70%  solubilization  against  the total activity  increased by

this treatment.  Increase ef  ChE  activity  by the  autolysis  was  highcr at  30-C  than

at 20C, but the  extent  of  solubilizatien  was  similar.  In Triton X-100 and  sodium

taurocholate  treatments,  the bound  ChE  was  suspended  in O.033 M  phosphate  buflhr,

pH  7,2, to which  each  detergent was  added  to bring it to  O,4%  in total volume,  and

incubated tbr 60 min  at  300C' or  for 1 day  at  4VC,  The  solubilization  was  about

50%  in eithcr  case.

    Although  these treatments  tested did not  give satisfactory  solubilization,  

'1'riton

X-100  treatment  was  adopted  fbr most  of  the  fo11owing preparations except  for electro-

phoresis, in which  lyophilization was  adopted.

    As  described above,  the  soluble  ChE  accounted  fbr about  10LY. of  the homogenatc

of  thc fresh insects. In the  fbllowing sections,  ChE  sources  were  prepared  from the

frozen hoppers, It was  observed  that  about  20 to 509'1, of  (:hE activity  of  the  homo-

genate of  the  frozen insects existed  in the  solub}e  form, suggesting  that some  amount  of

thc bound ChE  had been solubilized  during  storage.

Etectrophoresis

    Fig. 1 shows  typical  e]ectrophorctic  pattcrns of  thc two  tbrms of  ChE  from S

strain  on  the  59,6 gel. Thc  solubilized-bound  ChE  showed  a  single  band at  about

O.5 lll"; while  the  soluble  ChE  showed  two  bands, one  with  higher mobility  at  aboyt

O,5 Ief' and  the other  with  lower mobility  at lcss than  O.1 Rfl ChE  fVom                                                              Rmc  strain
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shewed  similar  patterns to these from S strain.

    The  patterns of  the two  forms of  ChE  on  the  7.5%  gel were  similar  to those on

the  5%  gel, but Iif value  of  the  common  band of  the  two  forms movecl  from O.5 to

about  O.28 in both S and  Rmc  strains.  The  ChE  of  Rmc  strain  seemed  to have slightly
higher mobility  than  that  of  S strain.  When  a  mixture  of  the two  strains  was  run,

the  common  bands were  not  separated  distinctly. It seems  likely that  mobility  of

the  common  ChEs  of  the  two  strains  is teo  close  for them  to be separated  from each
other.

Sopharose 6B  get chromatogroplp,

    Fig, 2 shows  a  typical  elution  pattern of  the  soiubilized-bound  ChE  from S strain
on  Sepharose 6B gel chromatography.  The  ChE  activity  was  eluted  in a  single  peak
of  approximately  200,OOO molecular  weight  between the two  large peaks of  non-

enzymatic  proteins. The  same  elution  pattern was  obtained  either  for the  correspond-

ing preparation from Rmc  strain  or  for the soluble  ChE  from  S and  Rmc  strains.

Occasionally, one  additional  small  ChE  peak was  observed  at  the void  volume,  This

peak  was  considered  to  be insoluble ChE.

DIME-cegtutose chromatogrtiplp

    The  fractions showing  ChE  activity  on  the gel chromatography  were  pooled, con-

centrated,  and  then  subjected  te DEAE-cellulose chromatography,  Fig. 3 shews  a

typical elution  pattern of  the ChE  source  derived from the bound form  of  S strain.

The  ChE  was  eluted  in a  single  peak  at  around  O,25 M  KCI. The  ChE  of  the  corres-

ponding  source  from  Rmc  strain  was  also  eluted  in a  single  peak but faster than  that

from S strain,  at  around  O,2 M  KCIi

   {},L[/]I

  [).(}b)L.r-
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  [] c)･l･L･
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 Fig. 2. Sepharose 6B  gel chromatogram  of  the  solubilized-bound  ChE

from  S  strain,  Five-ml fractions were  collected.  Arrow: the  void

volumc  for the  colurnn.  Horizontal linc on  fraction number:  fractions

peoled for further separation.
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 Fig, 3. DEAE-cellulosechromatogramofthecombined  fractionsofChEfromSstralnafter

Sepharose 6B  gel ehromatography.  Eight-ml fractions were  coliected.

           o.o,'s

         
---

         [.
         

･t
         ･),

         iil 
c)･･ii:･

  i.,., 
..

         
i,-i･[)･()i

  :/ILi
             [) o

               l ld.1 2[) /Iu 4-  i}/)

                                1''r;L//i[,,n twm[/ev

      Fig. 4, DEAE-cellulose chromatogram  ot' the mixture  of  ahEs  from  S and  Rmc  strains

    obtained  by Sepharose 6B  gel chromatography.  Eight-ml fractions were  collected,  e: ChE

    activity  without  inhibition. O:  residual  ChE  activity  after  inhibition by 2 × 10-sM

    propoxur  for 10min  at  300C, Herizontal line on  fraction number:  fractions pooled

    for further separation.

    When  the soluble  ChE  was  used  instead of  the bound form, the similar  result  was

obtained.  Thus, the ChEs  of  S and  Rmc  strains  could  be distinguished from  each

other  by  DEAE-cellulose  chromatography  irrespective ef  their fbrms, bound  or  soluble.

Co-chromatograpdy and  sensitivity of ChE  te propoxur
    In order  to confirm  the  above  results  on  chromatography,  co-chromatography

was  carried  out  by the  use  ef  a  mixture  of  ChE  sources  from  S and  Rmc  strains,  and

sensitivity  of  the eluted  ChE  to propoxur was  determined, Each  soluble  ChE  frem

S and  Rmc  strains  was  separated  by Sepharose 6B  gel chromatography  as  described
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 Fig. 5. Sepharose6B gel chromategram  of  the  rnixture  of  ChEs

from S and  Rmc  strains  ebtained  by  DEAE-cellulose chromatography.

Five ml  fractions were  collected.  Arrow:  
'l'he

 void  volume  for the

column.

above,  concentrated,  and  then  mixed  at  the  ratio  of  equivalent  activity.  The  mixture

was  subjected  to DEAE-cellulose  chromatography.  As  shown  in Fig, 4, two  ChE

peaks appeared  at  each  position of  the corresponding  ChE  peaks from Rmc  and  S strains.

    For the  sensitivity  determination of  the two  ChE  peaks to propoxur, ChE  in each

fraction was  incubated with  2× 10r5M  propoxur  for 10min  at  30eC, wherc  more

than  90%  of  the ChE  from S strain  is inhibited but only  about  20%  of  the ChE  from
Rmc  strain  is inhibited. After the  pre-inhibition of  ChE,  residual  ChE  activity  was

determined ancl  plotted in Fig. 4. The  fast-eluted peak  corresponding  to ChE  of

Rmc  strain  remained  but the slow-eluted  peak  from S strain  was  eliminated  by  complete

inhibition of  ChE  by propoxur.

    The  two  ChE  peaks in the  above  co-chromatography  were  pooled, concentrated,

and  further subjected  to Sepharose 6B  gel chromatography,  As shewn  in Fig. 5,
a  single  peak  was  observed,  as  is expected  by the above  results.

    Similar results  were  obtained  on  the  solubilized-bound  ChEs, Consequently,
the above  results  on  chromatography  were  fu11y confirmed.

DISCLJSSION

    From  the results  concerning  the subcellular  distribution of  ChE, it was  discovered
that  most  of  ChE  of  the green rice  leafhopper exists  in a  bound  form  and  a  small

amount  in a  soluble  form. It has been  established  that  ChE  exists  both  in a  bound
fbrm  and  in a  soluble  form  in many  ether  sources  (LAwLER, 1964; MiaHAELsoN,
1967; KRysAN  and  CHADwicK,  1970J ELDEFRAwi  et  al.,  1970; NoLAN  et al,,  1972).
ChE  activity  in a  soluble  form  was  about  10%  in the  leafhopper, smaller  than  that

in the  house fiy, which  about  30%  (KRysAN and  CHADwicK,  1970; ELDEFRAwi  et  al.,

1970).

    On  the  other  hand, AliE of  this insect was  mostly  found to be in a  soluble  form.
This resutt  is in contrast  with  other  insects, AliE  activity  was  mostly  fbund  in a
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microsomal  fraction along  with  ChE  activity  in the blow Hy, C;hu,sonlya Putoria
(TowNsEND and  BusviNE, 1969), both 100,OOO-g supernatant  and  pellet in the  green
peach  aphid,  Ad:7zusPersicae, and  the  house fly, Musca domestica (NEEDHAM and  SAwicKi,
197I). The  bound  ChE  prepared  from  the leafhopper is available  fbr experiments

on  reactions  of  ChE  with  substrates  or  inhibitors, because influences of  AliE on  reac-

tions of  ChE,  if any,  are  negligible,  The  bound  ChE  was  called  
`ChE-rich

 fraction'
in the  previous paper  (HAMA, 1975).
    The  solubilizcd-bound  ChE  and  the soluble  C]hE showed  similar  elution  patterns
on  the gel and  ion-exchange  cellulose  column  chromatography,  though  in the electro-

phoretic patterns an  additional  ChE  band  of  less than  O,1 IY' was  observed  only  in
the soluble  ChE, At present, it is not  determined whether  this additional  band  is
an  isozyme of  ChE  or  some  artifact(s).  Moreever, it has been shown  in scvera]  strains

that  there  were  no  appreciablc  diflbrences between the  two  forms in their enzymatic

propcrties, i.e., Km  for acetylthiocholine  and  sensitivity  to propoxur  (HAMA, in prepara-
tion). Therefore, the two  forms of  ChE  ef  this insect seem  difli]r only  in their  existent

form, but are  the same  intrinsically. A  similar  conclusion  was  obtained  in the  house
fly by KRysAN  and  CHADwicK  (1970), who  showed  that the  solubilized  particulate and
soluble  ChEs  wcre  indistinguishable by gel chromatography  and  showd  similar  pro-

perties in their kinetics,

    It was  observed  that  a  part of  the bound  ChE  was  solubilized  during  frcezer
storage.  The  bound  ChE  solubilized  during the  storage  is considered  to have been
loosely bound  with  cellular  particles. By  the  ordinary  treatments  for sotubilization,

about  30e/. of  the bound  ChE  could  net  be solubilized.  The  insolubilized ClhE is
considered  to be tightly held by ccllular  particles, Recently, LEE  et  al,  (1974) suc-

ceeded  in solubilizing  almost  all ChE  of  insects with  bacterial protease. The  present
author  tried to apply  this technique  to solubilization  of  the bound  ChE  of  the Ieafi
hopper  and  fbund  the protease to be a  good  agent  fbr the solubilization  (HAMA, un-

published data).

    It was  clearly  shown  that  the ChE  of  Rmc  strain  could  not  be separated  firom
that  of  S strain  by the gel chromatography,  but could  be separated  by the ion-exchange
cellulose  chromatography.  These  results  suggest  that  the  modified  ChE  of  Rmc  strain

may  be a  charge  isomer of  the  normal  ChE. Thus, it is postulated that each  ChE  of

the  carbamate-resistant  and  susceptible  hoppers should  be called  the  modified  and

the normal  ChEs, The  name  
`insensitive'

 ChE  is not  appropriate  for the  
`modified'

ChE,  because some  compounds,  including propaphos,  diazoxon and  pyridafenthion-
oxon,  inhibit the modified  ChE  more  strongly  thanthe  normal  ChE  (HAMA, 1974,
1975).

    In the electrophoresis,  distinction between the  modified  and  normal  ChEs  was

obscure,  It is ]ikely that  mobility  of  each  ChE  band is too close  to be distinguished
each  other.

    Each ChE  of  S and  Rmc  strains  is chromatographically  homogeneous. The
results  in this insect is in contrast  with  those  in the cattle  tick, Boophitus microptus,  by
NoLAN  et  al. (1972), who  indicated that  AchEs  of  the  susceptible  and  resistant  ticks

consisted  of  fbur or  five fbrms from the results  on  electrophoresis  and  DEAE-cellulose
chromatography,  but insensitive component(s)  of  thc  resistant  tick could  not  be
separated  from sensitive  one(s)  of  the  susceptible  tick by electrophoresis  or  by chromato-

graphy.
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   The  fact that  each  ChE  of  S and  Rmc  strains  is homogeneous,  supports  the

genetical evidence,  in which  the  resistance  to some  carbamate  insecticides of  the leafi
hopper  is controlled  by a  single  gene a]lele  (IwATA and  HAMA,  l972; HAMA  and  IwATA,
in preparation).
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