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SUM MAitY

r#{231}� mmclmvii V pattermis of sensil ime amid o)rganiopii(Isplmormns-imisensitn-o’ aCetylciu)himmestermis(’s

of nm.ites mmero- tested mmitim a honiologous series of three mmcyltiiiociiolinues. Time mietim-itio-s of

organopho)spimorus-so’mm.sitive enuzynues frolni tmmo nmite str-ainms mm1er-e hiigimer mm-itim propiolnmyl-

tiiioclmolinme timani mmitim micetylthmi(Ielmolimm(-, mind decremised simmirply mm-itii i)utyryltiiiochohinme. ()mm

time ot imer lmand, time orgamiopiiospimorus-inisenmsit h’e mucet.ylcimolinio-st ermiso’s from t-h ro-e resist mint

nut e strtuinm..s displayed d(-creasimmg act ivit y mm time fohlommimmg order : mic(’t ylt imioci iohimme > pro-

I)ionm��lthiochmohinie > l)ut vrvltimio)dImolimue. Ani (‘ss(-nit ially similar differemice bet mm-co-nmsenusit ive
amid insermsitiveacetvichmolinm(-st(-rmuses mm-mismilso obsenm-ed wimemi 1Km or nuaximal m-elocities mvo’r-e

deto-rmimmed for tho- I hree acvltiuiocholinu- sul)st-m-mmto-s. (‘onisequenitly, mmithi propionm�1t mo-

cimolimie as sul)strato-, tIme mmctim-ities, 1;/h� vmmlues, mmmu(lni.axinmmil m-elocities of orgmmnophospiion-mns

iimsenmsil ive (-nizymes mmere much lommen timani timose of on-gamiophmos�)hmorus-so’mmsi I ivo- mme‘t ylci mol i um-

esto-raso-s.

Iii m’io’mmof tiieso’ n(’sults timid of timo’ considerably iommem extemul o)f inmiuibition (If nub’ acetvl-
chuohinm(-sto-rmise by time 0 ,O-dietimvl ammmuhogire of nialmioxon, as conlmpar(’d to thnmit- by mmilmiolxomu

(S-( 1 , 2-dicmtrbetimoxynmetimyl 0 , ()-dinnet.imyl)pluosphorotimioate) itso-lf, it is suggo’sl ed Ilimit time

o’st o-rat ic site of t lie orgmmnophosplmomus-semisit.ivo- nui t o’ enizynue is mvido’ ‘nmoughm to micconmnm Idmit (‘

timo C) , O-dinio’t imvhphospimorvl residue of numulmioxonu I)ut mmcdan 0 , 0-diet imylplmo�mpImonyl mesi(iuo’.

On t he ot-iiem Imand, time o’sterat ic site of orgmmniopimospimommrs-imiso-umsit h-c aeetyicimolimuesl ermise is

riot mmide enolirgim to micco)mnu.odmtt o- ev(-mi mini 0 , O-di nuiet lmylpho)spl mon-yl u-esiduo’.

Time pattern of mictivit n-s of o)rgmmnuolphospimormrs-so-misit ime aco’t ylcimo)huio’st ernmses frolni mmphi(ls,

romiches, and Mediterr’ammeamm fruit- flio’s, timid of orgmimmophuosplmorus-inuso-um.sitim-o- acetylehiolinm-

estermise from toad brmiinus, mm-misalso) tested imith tiio- tIm-ce acvlllmioeimohnmes. \Vithu time so-nmsitivo-

enizymes only the pmitternm of 1/K,,, vmilmres mm-missinuilmmr to timat of limo- senusitive o-nzvnmo’ of nmit(’s
for lImo- three mucvllimiodlmolhmmes tested.

tNTROt)L.1(’i’ION p(Immnmds, mido’t yieimoliuiest (‘u-miso’ Pi��Ptittmt lotis

(irgminmopimosphorims_imisemmsitive tied mleimol- fmmum mesistmimmt st minis mm(’le mmls(I lo’ss act i\-e

imio-sto-rmises have beo-nm reported iumon-ganO�)imos- mm-itii the suhst t-at-s mmc-tylclmolinme (2, 4) ami(I

phuorus-resistmmmmt stmainis of spid(’m’ mm-i_ito-s(1-3) ticetyltimiocimohitmo’ (1) timamu mvere ot.Imermmise
mind cattle ticks (4). 1mm mudditioni to tho’ir i(lemmtidtil pro’parmitiolnms from orgmiumopimols-

lomver’ affinity for orgmitmoj)imosphmorus corn- pimormns-siusc(-Pt iblo- st taints.

- , mi mm pt’o’m’iotts colrnnmuniicmiti(Imu (3) mm’(’
Thus researcim was supported un part 1w 1�rauut

PL 48() from the Umuited Stmites I )epartment of ro’ported I limit 1(1mm micet-yldhiolhumO’sto’rmise
_\.gni-mnlt.uure. mmdl ivit y mind OtgtitiOplmolsphOrmns imm.seumsilivil y
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mu Sl)id(t muiil (‘5 tit(’ niott tilmmavs doIt1(’ltitO’(l. 1mm

I I me Pt0’s( ‘nit i ti\ost igtitiomm, midet yleimolin-
(5t (‘ttiSe act i\it y })mit I o’u-tis mm-il Im t ito- subst ttit(’s

mmc(’tvithioldhmohinu(’, �)toI�)ioInmyllhmioeImolinmo’, mmmd

i)ut �rvit hiioldli(Ili!i(’ olifTdm(’(l commsiolo’mtubiv mu

o)rgtimmo)piuolsplmorus-resist mmml timid -smrsco’j)l il)le

nuit(’ stnmumis. ‘Thins, front limo’ heimmim-ior of

orgaumopiiospIiotims-so’umsitimo’ anal -iumso’musit i\e

ni_il e tidet vleluollinio-st (‘u.mms(-s t(Immmim(l this im(I-

nuoll(Igonms sdtl(’s (If mmcvlthmiochiohinmes, the

r(’lmil i\(’ size (If t ho’ esl -nmil ic sit (‘5 in 1 Imeso-

(‘tizVtules (olulol b(’ imu%’u-r’eil. Atm (‘xl (‘!isl(Iti (If

t lie si mmdv t(I mico’t.vlehmolhinmest et�ti5(’S fronmi (It hm(-r
souu-eo’s sitggest e#{128}lmme(Irn-(-lal ioti l)(’t-\meemi t hue

size (If t lie estentmt ic sit e (In I Ime eniZvflue munmd

immseumsiti\it.v 1(1 olrgmmmiopiuolspiiom-mms eolni-

1)omttmds.

mIA1’Eut[ALs A ND mmETHOtI5

.11(lt(Ii(i/.s-. lime i(I(li(1(’S (If aco’t yl-,

lIt(Il)i0Itm�l, mimi(i i)utym-ylt iuiodlm(Iiiti(’ \Vdi(’ oh-
ltiiti(’(lfu-oni (1mmlbioclmenu or fnonmi Signiti

( ‘Imo’nmiea 1 ( ‘(Iummllmmnmv; 5 , 5’-di I I miohis (2-nut no-

heuuzoie midi(l) , fnlnm _-\.ldnieii (‘Iio-nmieal

( ‘olmmmptimiy � lItttiti((1 ummalmioxomu (rmmcenuic miix-

I urn-c), mis mi gift fu-omim ��nueuiemmn (.‘ymummmmnnicl

(‘oummpmiuuv : mmmd tIme tI- tmn(1 L-stemeoisolniers

(If t lit- () , �-dio’timvl anutml(Igmn(’ (If umitulmiolxoni

(5), mt- mu gift frormi l)u. \V. C. 1)tiuternmmimu,

Novti u ( ‘miuoliuuti St mite tmmivt’msity, Raleigh.

t1il(� .‘ditiiits. St ltilti5 (If I Ii(’ etirmmiinme spider

nuil e Teli-ait I/c/Ius cia nabaiin us mmere collect o-d

fm-onmm vatit 105 megiolmis in Isrmut-I timid m’emmm(-(lin

limo’ ltiiuiu-mitot-y. Mothods (If metiuimmg time tmuites,

limo’ ao-miuiciolo- tests, timid r-esist mimuco- iumdices for-

rnmilmit imi(Iuu an�- described elst’win--me (6). TIme

Amiu-iuum miumol\Vmudi Arti sI uainus mm.en-o’orgtmmi(I-

l)im(15i)ii( Ittts-stlso’(’l)t il)le mmimile ;\.\(‘iel Ilimisim-
mihumir XII, Xeve Ur I, tmmiol Xe’s-c Ur II
\v(’n.(’ u(Si5tmitit - A (lumtinitilmiti\(’ r(’lmit i(Immsiiil)

i)eI mmeeui I lueir I oxicitv 1(1 nmmalatiiioum in tito

arid s(’uisit ivitv to nmmilmioxolnm iii iili-o iitts beemi

F(’I)out(’(l llr(’VioItuSly (3). TIme Nevo’ Un- II

stm-aimu \\mis n-co-nit lv collected fu-onmi hut- sonic

regi(Imm mis time \t’ve Un I st umiinm; it immis a

imighmeu- umimilmilIuionu uesistmunmeo’ I hmiui lImo’ fon-numo’r.

Ol/tet (lit i/na/s. lime �\ ledit (‘uTtmnemini fm-nit

liv (.\Iedflv) (3era(ilis capt/ala, (Ibtmmimm(’(l fn-orn

1 im(’ Biologiemil (‘olnutrol Ltii)(IrmitOtV of 1 he

(‘it mmrs \ Imirkt-i itig Bomirol, R(’im(IVOI , mm-misfed

mu (IOu lmibou-mitou-y (Iti sugmun- miuid mvateu- (Inmlv.

�1’he �\. umm(’u-icminu eolckr(Imidln 13ei-i/)la/ie/a (lniei-i-

(-a/ia mmmmscollected fm-oni mini info’sted buildinmg

at Ness-Ziomua. Tin- gmo-enu l)euidim miphid �Jyzus

/)etsiea� mm1mms reared oni Chinese cabbage iii

()Ut’ hubormmtorv. ‘ihie tomud Bufo viridis mvmis

colleeto-d in Afulmm.

Pi-epai-alion of a(-et/J/(-/i olineslei-a.s-es oJ 111 ites,

]Je(/fly, aiu/ roach . I �ro’parat ion i of mite

imorn(Ig(-mmat e arid ptirt icmnlat o- mmccl ylcimolin-

estermmses arid solubilizationm of the particulato-

-mmzvme by sonicatio)nm immmve bet-ni described

olsemm’imere (3). Time smmnno- l)rocedmmre mm-misused

for ho-muds of Medflies (1 imead/rnl) anud of
ioacimo-s (0.5 imead/mi), arid for i)rmiimis of

tomids (10 mng/ml). Time imorn(Igo-niat-es of

\Iedflv or roach im-ads mmere filtered througim

10 lmiv-rs of gauze before cent n-ifugmitioii.

Pieparal ion of pail iculate ac-ely/c/i oliit -

csleiase of a/)/ti(ls. Onuo’ humidred fifty muphids
mm#{149}-ro-ground tiuree I inmes mm a h�)t-ter-

F:lm-’hmjo-ni imolniogenmizer iti 7.5 nm-il of 0.134 ‘si

ict--colol 50)(liumfli pot mmssiunmm phi(Ispiimit e huffem

( iH 7.2) for 30 sdd timid cooled on ide bo-tmmeo-mm
gmimmdinigs. The homuuog(-mmat(- mmas filtered

thmnougim 10 lmuyems (If nuuslini mmmdl cenut rifuged

at 9000 X �j mit 2#{176}for 10 miii. The particles

mmo-n(- nesuspo-nded in 1.5 ml of tIme buffer
solution. A 0.1-nil stmniple of this pmtrticulmite

1)m(-I)armmtio)nu mmmts I tiko’tu for- miceivlclmoiinm-
esterase del (‘rnminmtmt ionm.

Determination of enzijine act it’ily . Acet yl -

ci i(Ilin(-steras(’ mm-mismeasur-o’d 1w 1hue nuet imod
of Ehlnuimmmici a/. (7). Pmirticulmmte mmco’t-vlcimolinu-

esteraso’ mm-mis used for time o’xpemirnemits oni

immimibitiomi by rnalmi(Ix(Imm, simmee timis emmzyme

preparmit 1(I!i mm-mis 10 -30 � niore senisitive to
mmulmmoxomm timmiti tlm(’ (hit’ 0)1)1aimme(1 froni solu-
i)iliZe(1 l)minl ieli-s. Solubilized l)anl ides mmere

used fom del o-m-nuinmil l(Ini (If enzvtmme activities

mmitim vt-irionms substm-tiles 1(1 elinminmato- a po’rrno’-

mibihitv btuirio’t ftietou.

()umly pmmrtieulmmte mmcclyldlmolhmuest(’rmms(’ mm-mis

used mm-itii mipitid, sitide soniidmit loIti (If Pminl idles,

(‘vt-mm unuoh-r modenmil e comudit loris (3), de-

sI molve(l time o’mizvnme midt ivit V. Bedause .1

ditiiiobis(2-mmitrolbemmzoie tuciel) at 3 X 10� M

inlmihited limo- mmeet\lelmolimiesto-mmmse of aphids

eonmplei o’ly, I imis 1(’migo-mmt mvas midded after

dolnipleh iomm (If tue u-emmdt loti.

Aliqluoll 5 (If jltirtidlo’s or 5(Ilmthilized Pmitt ides

I mikemm for mmccl vlcimolinmest(-i_mist- dcl erniimimil ion

mvert- as follommt-m: 0.5 nnl eorn-o-spolnmded to 100

nmil (‘5, 1(1 � 14 � h-olflv iuemid, to ��(I tomidhi



Acvtttiioctiotine ester

.-\s’etvlt liiocimolinue

1�uttpi( tnt-u-It imi(chol iuue

Bitt vrvlt Itiocholimme

_%(-et VI t iuiocim(1jute

I�u-ttpioum-t’l t Iuioclmolinue

l-�mutvrvlt lmitt(-holinue
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imoad mmmd 1(1 1 101(1 toltid hm�tiini. I”on mui)imi(1.s, 0.1

ml of 1)mumticles correspomided to about 10
mtpimi(ls ; 1(1 mmuaimmtainu mmppnopriato’ pimosphtate

buffer comic#{128}-ntratiomms mmmd pH, 0.4 nil of 0.067

M l)imosI)iImtte buffer (pH 7.5) ‘smtis addt-d j)em

0. 1 -ml saniple. In I lie imihmihitiomi expemirnemmt 5

in mm-imiclmI imo- or-gmmnopiuospimorus e(Irnpoumuds

were mudded mi .1 � mmccl orie solutions, liu(-

reaction mixturo-s contmiined acetone mit 0.5 �

final colnmc(’mil rmitiomm. In mill ot her experinmetits

!iO) mico-tonue mm-mis present. A more detmmiled

descript iotm of I Imo- ro’midl iomm nuixt mire mm-misgivemi

in a previous pmmj)(’l (3).

RESULTS ANt) t)ISCUS5ION

-lctn’it1j of utile aeety/e/ioline.s-teiase wit/i a

It ma oloqous series of ac�j/l/t ioeh o/ines, a ad

()1-(/an o/)/t 0S/)/t 01118 sen.s-itit’itij. Acet ylel ioliti-

esterases frolni s(-misit lye mite st n.muimmshad dif-

ferenit mmctivity pat to-n-mis mm-itii micyltlmioldiiolines

of vmmn’ious acyl eiimuimm lemmgtims tlmani timols(-of

resjstanmt strmiiums (Tmibles 1 and 2). TIme

mmct-ivity of tho- orgmunmopliospimorus-semmsit ive

enizvme inicretus(-(l mm-lit-ti timo’ propionmyl m-mi(Iiemml

mmmmssubstituted folr th- tucetyl rmmdical, but
decn-o’ased mmitii hut-vrvl substitutiomu (Tmihle

1). This indicmmtes that- time esteratic site of

tlmo’ sensitive emmzvme from mites is mvide

enmough 101 aeeoninm(Idate mmProI)iolnmyl but mmot

a hutvr\-l residue. By anmilogous deduct ioti

froni time eolrnparmmtivo- sizo- (If aeyl amid ph(Is-

pimoryl r-esi(hres (l’ig. 1), the esteratie site
of om-gammopimospiuorus-so’mmsit lye mite mmccl yl-

dim(Ihitiest(’t’mis(’ shoinld ho- imirgo’ enmolugim t(I fit

mini O-nmietimylpimospiioryl rmudicmml illrl riot th(-

()-etimyl rmmdicmil. iluis conmelusiomm mmmis also

-uj)j)orte(I by the declinme in s-nisit-ivity of

muuito miel �-leholimiesten-tmse tommmum(I time 0 , 0-

oliet I uvl mmmummloguo’ (If nalaoxon, as d( Inmmpmiro’d

I 0) nimmlaoxon its(-lf, mmimilo- amm o-sso-mmt hilly

0i)l)Osit(’ o’ffect mvmis found mm-ithi limo- emmzvme

fr-olnmi Medfly io-mmds (Tmible 2). \-�os5 amid
�\ 1mm1 sumun-mu (2) Immmve previously ro-polrted

tlmat acetvlciuolino’st-rmmse from spider mites

mulso (ledretiSed mm semmsitivitv tolmvmtrd the

mmimmlmmoxoni mmnualogu’s, rmmmmging froni 0 , 0-

dinmmetimyl to 0 ,0-dibutyl.
lii(’ mmclivity (If omgminiophospimorus-iumsenmsi-

live mmeetyleiiohnmeslermuse, in couml mist, (10’-

ci-emised mmlmenm llm(’ acvl moiety of time

acvlt imiocimollinme subsi rato’s mm-misimueu-(-mmsed by 1

emit-bonu lenmgth (Tmmbles 1 mmmd 2). Timese resmnlts

amid l-’ig. 1 indiemite 1-limit tiH- organuopimols-

ph moIn-us-inmso-nisitivo’ emmzvrno- cannmot mmcconm-

nioldmito- time proj)i(Immyl residue of pr(Ipionmyl-

thii(Idii(Ilimue or limo’ 0 , 0-dirnetimylpImospiuor�-h
n-o-si(Immd- of nualaoxon, timus eonfcmninmg

inmso-tusitivil V to nmmtilmitlxon. The est -rat ic site

(10 1 lie (Irgtmtmophospluon-us-inmsenSit im’o’ o’nmzynme

seenmis to) be snualler by mibout I emiubolum iemmgt im

(1.-S A) thmmnm timmut (If time semisitive o’muzvnuu-.

Simi imiu- comudiusiolius iutive tulremmolv ho’o-ni

n-cached with acyldim(Ilinies as substn-mites (2);

homm--ver, limo’ data ol)tmmimued ‘svitim micyltitiol-

clmohiuucs mis substrmmt e mirt- nmioro’ conmvinucimmg.

\Vliemm kinto’t ic pmirmitmm-ters sucim mis nimiximmil

TAuut.E 1

A i-tit-it11 of (u-etylcholinesterase.s of OrfJaitoplto.s-ph(irtt.5 -re-is-la at an(l -.s-ensilii-e utile -strain-s Ic-s-ted with

a(-yltlt iotholinc esters

.icet3-tchotinesterase act ivitv

Sensitive strains Resistant strains

Concen- -� �-�-- -- �--� -�--- - ---� --- -

tration
Amirim \Vadi Ara m1a�t���mm I Neve Ur I Neve Ur in

Exptt u-;x1)12 F;xptn t;x1)t2 t-xptt Expt2 1;xi)tt ) u-xj)t2 F;xmt t Expt2

ni M ,n5i,wles hr ,zg protein ,i5,,zoles hr ,ig proleiPt

0.1 480 512 545 678 326 436 512 546 340 435

0.1 615 7(n) 572 797 117 171 294 171 136 157

0.1 78 75 68 74 4 9 26 17 S 23

0.3 735 724 835 992 490 686 747 786 545 660

0.3 975 1035 1010 123() 23() 353 552 332 245 321

0.3 135 124 117 144 32 9 55 17 27 0



TulLE 2

A di ti tie-s (if (i(-et!,l(-holl ne-st era-se-s ti-ith w-ylt/t ioeholute esters and .s-eit.sitii-iti, to

orga ito/iho.spltor 0-5 (Out �00 it (1.-s

Activity ratio,
butyryt-

thiochouine
to acetvl-

thiocholine
Source of enzyme

Mites

-\nmirinmu

Wadi Armu

Neve IJr I

.&vclet Ii Ilmisimmilumuu � II
Neve tTr I

( reenu llemi(h aphid

�‘i1oudflv imead

.Anmeni cmi um cu uck it umucIi ia-mud

‘load llrmuinu

M -Sf

O.O-!)iethytmataoxon � � no-, �n
______________________ _______________ no ii nut �n

dt-matuoxon ----- - � sub- sub-

d n strate strate strate st�ate

4.8 x 10� 8.6 x 10� 1.32 1.38 0.15 0.18

1.11 1.22 - 0.12 0.14
0.44 0.58 0.04 0.05

1.08 X 10� 6.5 X 10#{176} 0.38 0.49 0.02 0.04

- 0.38 0.47 0.04 0.03

3.4 x 10-v 0.50 0.51 0.08 0.17

3.8 X 10� - 1.1)8 X 10� 0.97 0.95 0.33 0.38

0.89 0.84 0.08 0.06

8.2 X 10� “ 2.5 x 10#{176}” 0.11 0.10 0.06 0.02

I ut luihit ionu data mum-c aveu-ages tf at lemist live expeu-inmenmts.

Couucenm tnat ionu of t tugmuuut pluosphon-us mu Imihitor causi utg 5(1’ i nuhi htt iotu - This volume was (hOt ii uucd I ty

plottinmg �)ercenmtage intbmiilit iotu migainust t lie loganit hnmic scale of inuhihitor conucenmt rat itnus.

Here acetonme coumceumt rat ionus were lowered from the St anudm-und 0.5’ to 0.0� (for explanu:it it)uu, see

mtEstL-us usa ais-t-ssnos ) - At 0.5’ acetonue time II � for numulmmoxonu was 9.8 >< 10� ii -
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3 x 10s-

4.8 X 10-#{176}

7.1 X 10.0

1.2 X 10�

1.7 X 10�

2.9 x 1o-�

7.3 x io#{176}

2.4 X 10��

2.8 x 10�”

Acnivity ratio.

i)roi)ionyt
t hioctiotine

to acetyt-
nhiochotine

Fin. 1. /lCiUlii( -size.s of at-yl (litil pho.s phor!/l residues

(‘ttuustrttcto-d fronmu Corey-Paul inug-Kttl t tint (CPK) spmmce-fill mug at omic nmodels, ollt ainued from Emil mug

Scienit ilic Conipmmnuv, Ltd., Luuiudutnu. 1, mucetyl ; 2, pmopiuunuyl ; 3, dinm-t hylphospimorvl ; 4, butt ml ; 5. (ho-ilml-

PluosPhoryl -

\-o’lolcit it-s (1 ,.,- ) ut i\lielumn’lis d(Itmstanit 5

(K,,,) of time mmccl vleimolinuestem-mises (If so’nisitive

mmmd itis(’niSitiy(’ uimilt’s \Vdt(’ oolnmllmir-(’d, a

clmmmrmmclerist ie pat to-n-nmo-muo’rged (Tmibie 3. l-’or

I lie senisitivo’ Aumiirinm st rmumi, I ii(’ lowest K,,,

mm-mis(Ii)sei\’o-(l iou �)toIpionuyltItiodlmoiiuie, wimile

fot the imisenusitive Aych’t Ii Hmmshmahmmmu XII

slrtiium time K�, of this subst rate ‘sm-mis hmigiuo’u by

mm fact or olf aboul 2.5 timmmnmthat of micetvl-

I Imiocholinme. Time nimixinmuunmm velocities of I Ime

euizvmuuo- from time seumsil i’s-c straimm ‘smote

essouitimilly time smiumme for- tmeo’Ivl- miuud



.1! .11

Mites
Anmin-inum 1,1:30) 1.3 1,170 1.1

Ayelet Hashmuhmir XII 920 1 ii 550 3.8

(ireerm peach aphid 7,401) 1.8 2,700 0.6

American cockroach, head 4,450 0.9 :3,950 0.7

Medflv head 30,300 0.54 30,400 0.32

Medflv hemid5 20,201) 0.95 17,400 0.45

U,,,, vmulttes mire givenu mm null inumicronuoles per httimn per milligranum of prttt eiuu -

� Pmunt icutlat o’, uuttt sol ubil ized -

.11

13,700

9,900

0.55
1.07
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T.umtLE 3

(1ouuupari.soit of uutaxiuutal velocities (V�,,) and .lliehaeii.s constants (K,,,) of acetyleho!ine.stera.s-e.s for

acyith iocholine.s

All data are muverages of three or foitr expeninmenuts. K,,, mmmd V,�,, values were obtainmed by plotting
�onucenit rat ionm activity (S’v) agmuiumst conucenmt rat mont (8) according tut the met hot! of Linmewemuver amid

Burk (8).

.�ceivlthiocholine Propionvlthiocholine Buivrvlthiocholine
Source of enzyme �---- ---�---- -------- ----- - -���--�- - - - --

- lflioS K,,, X 10’ V0, K,, X 10’ 1’,,,,, K,,, X tO’

177 1-82

153 11.5
700 1.5

proniommylt itio)dhiolitie, mvimile for hmrtyn’ylt Imio-

choline 11mev declimued simarplv. Onm limo’ other

hand, tim(’ l,,,�X values of timo� o’Imzvni(- from

the r-sistmmmut strainu decreased grmidmnmilly mmitiu
mi_li imicr-mise in I ho micyl cimaimi h-nigtim of time

substral c. Time orgammopimosphmorus-iniso’mmsit i\’e

cmmzynie frolmit. time resistant mite stnmuiui \mtms

clmmirmmct criz(-d by lommen’ I ‘,,,�, amid lmigimer K,,

vmmhrcs for propiolmmylthioeholinme, i)tml not for

mic(’tylt Iiiocholine, tlmmum wmus tIme so-mmsitiy(-
o-nizyniuo0. This fimudinmg mmgtmini supports limo-

hypotlmesis tiumit time est-rmitic silo’ (If (I��titiO-

pimosphmorus-imiso’uusiti’s’e nut e mic(-t ylcimoli nmes-

to-rmmso- is 1 emirhoni icnmgth smallo-r tlmtmum timmit

of the sensitive mite cnizvm(-. By mmsimilmmm

to’ehmmiique, i.e., study of time effects (If differ-

cmmcc mm comustitutiomi or chain lo-nmgtlm (If 0

number of suhstrmmtcs oti mmffimutv mmnmolo�um u-mite
cohnmstmimmts, tue sizes of the activ- silt-s of

pmipmmiti timid emirboxypo’pt idmiso- A were sug-

go-sled (9, 10). Similarly, mu study of limo’ in-

fimmo-nuce of lime clmmminmlo’nmgth of a imornologolurs
series of ftittv midi(1 esters on limo- l’,,,� amid

K,,, valuo’s of vmirious o-sterases reveahed I limit-

limo’ rntmximmial velocities doubled mm-ilii (‘mmdii

mid(Iitiommal carbomu mit(Imui up to mu eo’rtainm

nimmxiniumni, amid droppeol sharply timereafter

(11, 12).

The n-st rietiotus otu size of time inmsemusit i’s-c

ac(’t vleiuolinmo’sl (‘t�miS(’ cmmnm1)e I)mmtt ly eolmunmt (-m-

mmcled by ehmmmniginmg I im(’ lea’s’imig gn-oup (If 1 lie
om’gmium(Ipim(IspIi(Inus c�Irmmuo)unmd. i’(In -xmiummpie,

(liehiorvos (2 , 2-dicimlorovimi�’1 dinuetimyl

I)iiolsPimmite) , mmimich conmtmminus timo- smimo’ phmos-

I)Imot�l residume miS nitiltt(IxoImi, mm-mis nio-’s’ert hieless
mm mucim bet t(m’ immimihitolr of limo- imisemmsitime

ni_it e mmccl�-lclmolimmest emmmse t-immmmimalaolxon,

mmhiilc thme eniz�’mc fnonu s(’nsil-ivc mitt- strains
mmmms mulmost o-qually mmell inuiiii)ilo-di)\’ thm(- tmmo

colmp(Iumnuds (3) . The mihiiit-y I 01 accolnimodal e

tho’ 0 , 0-dinuethmvl r-sidumc j)noIi)mu1)l� mmlso

do-po-mmds omi time mmmiV mu mmhichu tIme orgmmnuo-

pimosphorus compouuid mittacimes itself to limo’

enizynuic. It is suggo-sted I limit mmpimolspimomimmt(-

mimmalogue of dicimlor’s-os might be mini o-venm

bettem- inhibitor o)f inso-misil ive milo’ muco-tvl-

eimolima-st-rasc thanu dicimlorvos it self.

Recetitly some daha mm�ro- publisiicd (Iti limo’

mictivitio-s of (Im-gmmnuolphiosphm(Imus-so-nmsil ive timid

-inmso-nmsit ive mit o- aco-tvlcimoliuicst-rmmso-s wit ii

‘s-a-rious timiocstcr substrates (13). Ourm results

mmgn-o-c, mm gencrmml, mm-itii limo- to-stilts (II)tailicd

in-i tiummt study, but limo- orgammophospimorums

imiimibitors used i)v thmoso- autimors ‘s’mmned mu

limo- Ictivimig mis mm-eli mis mi I ho- phmolspiuorylmut mug

grolup. This nuuight- lmmmvo- cmmmrscd somo’ dis-

er’cpmmnucics imi I Ito- mmt erpret mit ionm commcemmumnmg

lit- role of thm- size of I hue phmolsplmolrylm-it iumg

group in I lie iumhiihitiomm of immscuusitivc mite

mmccl vlclmoliuu-sto-rtmse.

Otqanop/t Os p/i ui-us sensitn’ily a nil affinity

Jo#{236}’aeyll/i joe/i o/ines of aeelij/e/t o/ine.s-letase,s-

/,-oupi an into/s other I/taut in iles. ‘Flu- pat to-n-ri of

act i’s-illes (If lImo-o-uuzvimmo-sfrolm _\Iedfly timid
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FIG. 2. Rates of hydrolysis of three acylthioeholine.s a-s a function of substrate concentration for aeetyl-

cholinesterases obtained from iii ite.s--, aphids, iledfly heads, and toad brains
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roach heads supports time viemv timat- senisi-

tivity to aim organophospimorus compound is
correlated ‘smith ability t-o accommodate a

propionyl residuo- mit time esterat.ic site (Table

2). Alt-hougim the activity of these enizymes

mvith propionylthiocholimme was somewhat-

lower timan with ac(-t-ylthiocholine, the sharp

decline mi activity with but-yrylthioclmolinue

supports the above viemv. Time activities of

aphid acetylcimo1inestera�se with propionyl-

and acetylthiocholine mm-crc almost equal at

lomv (3 X 10� �m) concenitrationms of these

compounds (Fig. 2c). At higher concenitra-
tionis, however, the Pattern of activity mmitii

the acvlthiocholines resembled timat of the

resistant Neve Ur I mite strain (Table 2).

All the organophosphorus-senisitivc acetyl-

cholinesterases tested demonstrated a lomvo’r

K,,, value for propionyithiocholine thanu for

acet-yltimiocholine, mvhile for butyryithiocho-

line time K,,, value rose again (Table 3). We

found th(- same trenid for time Km values even

A

A”

A’

/ .--.-.---...----.

/ -----.----
A

A .�.

I.

(b)

,A-�-.A�

A’

A

/
f (e)

- -- -�_____ - ---- -
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mvitim unmsonicated particles fronu \ ledfly

heads, where the higher Km values suggest

restrictions on penetration of the substrate
(Table 3). For time emizyme from Medfly
heads, the activity with butyryltimiocimoline

was comparatively high, with a low Km

value (Tables 2 and 3), indicating tiuat time

est-eratic site of this enzyme is rat-imer mvide.
This property is probably correlated witim time

comparatively high malaoxoni sensitivity of

this acetylcholiniesterase. I’�o1lowinig this
tremid, a higher 0 ,O-dialkyl analogue of
malaoxoim should also be a good inhibitor of
the \-Iedfly enzyme (Table 2).

Since time acetyicholinesterase of toad

brain was reported to be insemisit-ivc to

organophosphorus compounds (14), mm-ccorn-
pared this enzyme with the organophos-
phorus-sensitive acetylcholinesterases men-

tioned above. Time pattern of activities of

the toad brain enzyme mvitii acyltimiocholines

resembled the one found mu-it-h time insensitive

enzymo- of time Ayeleth Hashahar XII mite
strain (Fig. 2b and e ; Table 2) . Hom’cever, its

malaoxonu sensitivity mm-as intermediate be-

tween those of time sensitive and insensitive
mite acetyicholinesterases (Table 2). It
should be mentioned that time 0.5% acetone

concentration present in all orgmunmophos-

phorus inhibitionu react-ion mixtures inhibited
toad brain acetylcholinestera.se mmctivity up

to 60 %. Time remmmimiinig 40 % activity mm-as 32

times less sensitive to malaoxoni thmmnm mm-mis

acetyicholinesterase from tiie senmsitive

Amirim mite strmuinm. Homvever, when time
acetone concentratiomi mm-as reduced t(I only

0.01 %, time sensitivity of this enzynue to

malaoxonu increased by a factor of 3.5

(Table 2).

In conclusion, it seems timat time good cor-

relation betmvcen sensitivity to organiophos-

phorus compounds and time pat temni of ac-

tivities (V0,� vmulucs) mmitii time acvhuumocho-

lines found for time acel ylchmolinio-stemmmses from
mite strains could be do-nmoimstrato-d mmitim

these emizymes because they probably re-
semble each other mm ot-Imer respects; for

exmumple, tho- imydropimobic binding mmmcmior
anionic sites (13). This is supported by time

finding that tlmcsc acetylcimolinestermuses dis-

play time same stcro-ospo-cmficit-y for time 1-

isonucr of 0 , 0-di-timylmnmmlaoxonm, mu eonml mist

to time enzymes from Medfiies, toads (Table
2), amid bovine erythrocytes (3), mvimicIm

simomved greater sensitivity toward time d-

analogue. As for acet-ylcimolinesterases from

otimer sources, malaoxon sensitivity in the

imisects tested could be correlated with arm
esteratic site wide enough to binud at least a

propionyl residue, as indicated by time finding
that the Km value of propionyltimiocholine

mvas the lowest in the homologous series of
acylthiochohines.

Some properties of acetyich olineslerase /)rep-

arations related to l/ieiu- cn-yanoph osiul, oru.s’

sensitivity and to activities wit/i acylthio-

choli-nes. Previous experiments (3) imavo’

shomm-n that degradation of maimmoxorm mm-as niot-
time cause for the 400-fold greater rnmmlmmoxon

insensitivity of the acetylchohinestertmse from
the Ayelet Ha.shaimar XII mite straimu as

compared to time Annirim strain (Table 2).

Ii’urthermore, when time reaction 1)eriod was
extended from 15 to 60 mm, the rato- of

imuimibition by malao)xon or its dietimyl anti-
logues did not decrease for time enzyme
preparations tested in t-luis study. 0mm t hue

contrary, it always increased in time sam-

experiment by about 25 %, inmdicatinig that
no appreciable degradmmtioum of malmmo)xomi or
its analogues took place durmmmg time reaction.
Timus the ID50 values for malaoxoni or its

diethyl analogues PreSento-d in Tmuhk- 2

indeed reflect the so-nsitivity of time various

acetylchmoliniesterases toward these com-

pounds.
Time saturation curves for time mucet-yl-

cimolinmesterases from mites, miphids, mind
Medflies are givenu in Fig. 2mm, b, c, amid d.

No substrate inhibition was observed with

conmcent-rat-ions up to 2 m�i. Here plotting
S/v against S accordimug to Linemveaver amid
Burrk (8) demonstrated a clear linear mc-

lmltmonLshmml. Time saturationm currves for time
enzymes from mites amid Medflies mvcre
almost similar in shape for the thmros- sui)-
st-rmmtcs test-ed (Fig. 2a, b, mind d). Onm I-hue
other hmanmd, time saturation curve for butyryl-

thmiocimolinme displmuyed a different shmmupe from

imose for acet 1- and propionmylt hmocimo)limue for

tue apimid preparatiomu tested (Fig. 2c).

Time smtturat-ion curvo-s of tommd braimu mmccl �‘l-

choliniesteraso- diffo-rcd from t-imoso- of oltitem

emmzymo- preparatiomms testo-d, mm i-limit limo- rise
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mmact-ivily mm-misslomm-er mit low substrate con-

centmmmtiomis (compare Fig. 2e mvith Fig. 2a-d

for a-eel yltIm iociuohno-) . As already mentioned,

the toad I)rmumi enizym- mvas also unusual in

that it- mvtis iniuihito-d by 0.5 % mucctonme. In

plots of 1/i’ vs. 1/5, accordinug to Lineweaver

amid Burk (8), nmo simmglc linear relatiomuship

was apparenmt ; tmmo sets of points, each
folrminmg a straight iinue, were obtained for

each substrate. Since the kinetics of time

Saturation) Cti�V(’ of toad brain acetylchmohin-

estermmsc is not sufficiently clear, we imave

ro-frained from providing data for lim(- V,,,�

amid Km of this emizymc.

Univ ext-ensivt- j)urificationm of time acetyl-

chmohimmo’stemas-s test-ed could confirm that we

mmemc d-mmlinmg mvilh time esteratic site of an

acet-vldlmolimicstermis(- reacting mm’ith the three
suhstn-at-cs, mind riot with est-cratic sites of

vmmrious dimolinicsl(’rases. Nevcrthelo-ss, time

assuniptioni mmmdc mu timis study-tiuat time
stun_it- c-mizynme hydrolyzes acetyl- , �ro)piolm�l-,
amid butvrvhthmiocholinuc-was supported by
lImo- folllo’sming t-xpcrimenits mmilhm time emuzyme

l)r(-i)anmmti(Inms frolm mites and i\-iedflies. (1oni-
c-nmtn’mmtionms of malaoxon which produced

30 C (Table 2) or mibout SO (7) (7 X 10-s M

for mites mmd 2.5 X 108 M for Medflies)

immimii)itiomi of activil y with mucetyithiocimo-

limme mis suhst-rmute mmere inhibitory to almost

tIme smime extent mmitii butyryithiochmolimme mind

l)10 IpiOmiVll lmmocimolimio’ - On the other hi anid,
mm-itim limo’ emmzymc from aphids, malmuoxon

caused milniost e(iumml inthibil-ioni mmit-h ace-

I vi I Imioeiuolinie anmd propmonuvlt-imioeiuohmue mis
m-111)--1 nalts, 1)111 allmi(ISt uituic mmii it b)tii yt’�l-

I hli(ICliO1llIt(. TI nem-�uli 5, toget Item ‘svit ii time

diltet-onul- shmmmpe of i-hit sal mtrmiti(Ini C’Utv(

1)111 vrvhi hmioehiodinu IS COiflpmtr(Sl tot timose fat-

flu- mieti �l �ttm(1 PIOII1O)tiYl tleii’smilives, sing-

go-SI- i-limititt miphmids I Ime lmil ten two subsl totes

tue hydrolyzed by a (hiIlt-�n(�ttt etizyflie tram

limo - ( )iii to�t mve migamtiSt hut ym-yli iiiochuhmme.

\os-s anti .\latsutmmutmm (2) c-an-n-medout tests

(Itt mmmii( mmccl ylchmo ditmestemmuse wit ii mmccl y1-�-

no-i hmylciiolinie, II(mtzoyldimolmtie, timid eS(’IiIie,

‘svImicIt mite kti(OVmm to dmsl-mumgmmishm i)(i weeni tic’-

et \ldllohitiosi enmuso’ and Psoutdodhiohitmosttnmisc’

� It,). ‘11mev shioiived thaI- time iumil-e ctmzvmime

(lid mmiii Iivdnoilvze 1)(nmzoyldhmomlinmo ap�)neCi-

ably, itt (:otmt mast to aceiylchohnme amid ace-

t\-l-�3-tmmetlm\-lchmohmnme. rfhius I he timite enzyme

behmmived mis mm true tieetylcimoliumcstcrmtse, oh-

timougim its activity mmitlm propioimylcholine

mmmts higimer tlmmm-nu‘smithm micet-ylchmolinc.

\Ve also metislmm(’(l time mieti’s-itics of our

mucctvlchmolinu-stemmuse pn(-pammi-tio)nis from )ded-

fly im(’mids ami(l tiplmids by tht mmmctimods of

Hestrimi (17), usimmg 2 m’si mmcctylcimohine,

acet-yl-�3-mmmetbmylcholinie, or benmzoylcimolino- as

substrato-. \Vimile ti(I mudti’s-ilv ivith benmzovl-

choline could ho- detected in tim(- mucetyl-

cholinest ermise I)t’l)miriit ion from \ Iedflv
heads, this substmmmmce mm-mis still imydrolyzed

by time mipimid enizynic mit about 40 U/ of the

rate of micetvlcimoline. Wit hi mmccl vl-�-methvl-

cimolimic hot-lu prepmmrtitionis shuow-d about 80 U/

of time m-idtivity agmunst mmc-iylchuolimm-. Tiuese

results, together with timose of Voss and

)�-Ia-t-sumumra (2), inidicmmte timat iii the emmzyme
preparations from \lcdfly im(’ads and from

mites onmly a t rue acet-vlcimolinesteras- seems

to be prcso-iit, mmhiicim may ho- m-o-sponsiblc for

fim- hydrolysis of tue thmreo- acetylcimolines.

On tho- otimem hand, mi time mipimid preparation,
mm truo- acelvlcholiniester-ase mis mvcll as a

l)suedocimohinmestcrmmso- fliti� be present . This
pscudoclmolimm est ertise would h(- n-esponmsible

for tIme malaoxon-imusensitive hydrolysis of

but vrvlt Imiocimolinme h� t hue enzyme prepara-

tiomi from aphids.
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