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12. 有擁 リン殺虫剤の選択的殺虫作用 (耶3報) 各班生物体の上清画分に存在する有機 リン殺虫

剤の脱メチル化酵素について (その 1) 深見頓- (理化学研究所農薬第-研究室). 宍戸孝 (農林省長

菜技術研究所農薬科)

東報 (宍戸 ･深見 1963)では脱メチル化反応がアルキルア.)JI,チオフオスフェート(或はアルキルア

1)ルフォスフェート)殺虫剤の選択性に関係している.ことが推塁きれた･本論文では,p‡2標誠メチ

ルパラチオンおよびパラオクソンを班用して種々の条件にらいて各種生物体の細胞分画における上

関両分を材料としてこの反応を検討した.反応成立のための協力物TI,至適pH,阻喪剤,イオンの

彫W,嫌気的条件･等について親祭した.その筋果この反応はあ'さらかに耶苅反応であり,一部 SH系 _

聯系が介在していもことがわかった.またこの反応は市等動物の肝臓の細胞分所における上清画分に

最も強く,こん虫全体のホモジェネ～ トの細胞分画における上約両分,休校嘘は休校の各細胞画分で

はきわめて弱いことがわかった.またこの論文では,班知の/<ラオクソンを分析する A-エステラー

ゼおよび,パラオキソナーゼとこの反応との宍同について的じた.

Ithasbeenshownthatanenzymepresentin

therabbitserum hydrolyzesdiisopropylfluoro･

phosphate(DFP)todiisopropylphosphoricacidand

hydrofluoric acid8) and diethylかnitrophenyl

phosphate(paraoxon)todiethylphosphoricacid

andp-nitrophenoll). Aldridge2･3)concludedthat

theparaoxon･hydrolyzlngenZymeinserum was

identicalwithA-esterasewhichwasknownto

hydrolyze♪一mitrophenylacetatebutnottobe

inhibitedbyparaoxon. Later,severalinvestiga･

tors9･IO)haveconfirmedtheobservationofAldridge

Mains,7)purifiedanenzymethathydrolyzedparal

oxoninthesheepserum,andshowedthatthe

paraoxon･hydrolyzingen2:ymeWasdifferentfrom

A-esterase. Thus,hecalledtheenzymeparal

o丈Onasetodistinguishfrom theotherA-type

esterase. RecentlyHodgson&Casidanexamined

hydrolysISOfp321DDVPbythemitochondriaand

sblubleenzyme. Ⅰnthemitochondriatheonly

significanthydrolysisoccurredatthe､̀p-0-vinyl

bond,whereasinthesolublefractionboththe

グー0-vinylandクー0-methylbondswereattacked.1ヽ
Inthepreviousreport,Shishido& Fukami13)

havedemonstratedthatthereactionsystem to

hydrolyzemethylparathion,sumithionandmethyl

paraoxontodesmethylparathion.desmethylsumi･

tllionanddesmethylparaoxonwaslocatedinthe

supernatantofratliverhomogenate.It.wasnot

yetknownwhetherthereactioritodegrademethyl

parathiontodesmethylparathionin thesuper･

natantofratliverhomogenateisenzymaticor

not.

Thepresentexperimentwasundertakentostudy

systematicallythereactionsystem from methyl

parathiontodesmethylparathioninthetissuesof

rat,guineaplg.rabbitandseveralinsects.

HAteri&ldAndMettLOd8

Maleandfemalerats(2(氾to250g),guineapigs

(500to700g)andrabbits(1.5to2.5kg)wereused.

Theinsectsu害edwerelarvaeofthericesternborer,
Ch7'losuP♪rcssat7'S,theadultsoftheAmerican

cockroach,Pen'bla〃cLaa桝ericGna.bothofwhich

wererearedinthesamewayaSdescribedprevi･

ous!y…,and･thelarvae ofthe horn beetle,

XylotyupcsdicholomlLS.Whichwerecollectedinthe

field.

P32-labeledmethylparathionwasprovidedby

SumitomoChemicalCo.,Ltd.PS2-labeledmethyl

paraoxonwassynthesizedbythemethoLd-ofSaka･

～ThisisanaccountofinvestigationsperformedduringhisstayatD享.YiSionofEntomology,National
InstituteofAgriculturalScicnccs.
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mbto,eEal12). Theywerepurifiedandemulsified

asdescribed beforel)..NADP.NADPH.NAD,

NADll.andGSH were.obtained from Sigma

ChemicalCoリLtd.

Preparation of･subcellularfractionation:･The

homogenatesofthetissueswerefractionatedas

describedpreviouslyl,18). Thesupernatantswere

mainly usedforexperiments. Incubation of

homogenate.identification ofmetabolites,and

determinationoftotalnitrogen were.madeas

describedpreviously4･13).

Itisreasonableto･asLsumethatthevaluesof

radioactivityofwaterextractablemetabolitesare

indicativesoftheamountofdesmethylcompounds

producedbythedegradationsofrhethylparathion.

methylparaoxon.andsumithion13). Forthis

reason.theradioactivities.of.waterextractable

metabolitesw,e_recountedtoestimatedegradation･

Re且ult8AnddiaCuB8ion

Timecourse,Ofreaction:Figure1showsLthe

timecourse■ofdegradationofmethylparathion

astheyaluesofradioactivityinwaterextractable

metabolites by thesupernatant ofratliver

homOgenate.
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Fig.1 Rateofdegradationofmethylparathion
bysupernatantofratliverhomogenate(aswater

extractablemetabolites).360FEEinsecticides.

･*･Thefollowing･abbreviationsareusedinthis
･paper:NADP,nicotineamide-adeninedinucleotide

phosphate;NADPH,reducedform ofNADP;
NAD.nicotineamide･adeninedinucleotide;NADH,
reducedformofNAD;GSH,reducedglutathion.
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EffectofcoEactorB･.Thedegradationofmethyl

parathioninthesupernatantof･rat･liverhorno.

gehate-I.WチSlittledffectedbỳtheaddition of
NADPH,NADP.NADH,NADornicotineamide

(Table1).

Optimtlm pⅡ:The effectsofvarylng the

hydrogenionconcentrationonthedegradationof

methylparathioninthesupernatantofratliver

homogenatewerestudiedusingcitric-HClbuffer,

Table1. Effectsofseveralcofactorsonwater
extractable,metabolitesofmethylparathion
bythesupernatantofratliverhomogenate.
360′上ginsecticides.

waterextractablemetabolites

(Calcu'1aPtge'dl…3mmient･h'yTg,aTathion)

30.8

31.2

Addition

Sup

Sup+Ni

Sup+Ni+NAD 32.4

Sup+Ni+HAD+NADH 33.2

sup+Ni十NADP 32･■o

Sup十Ni+NADP十NADPH 33.2

Sup:Supernatant
Ni:7.2xlOl3M Nicotineamide
NAD:1.5×10~lM NAD
NADH:1.5×10ーlM NADH
NADP:1.5×10~1M NADP
NADPH:1.5×101M NADPH
(finalconcentration)
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Fig.2 Theactivitiesofwaterextractablemetal
bolitesofmがhylparathionbysupernatantofrat
liverhomogenateatdifferentpHvalues･360/Jg
insecticides.

一〇一●- citriC-HCl(orNaOH)buffer
-▲-▲- phosphatebuffer
一口ーロー Trisbuffer
-×-×- glycine-NaOHbuffer
--･･･････.･Noenzymaticactivity
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Table2. Effectsofseveralinhibitorsonwaterextractablemetabolitesofmethylparathionby
supernatantoEratliverhomogenate･360FLginsecticides.

Fiml Per∝nta g ein hibition
concentration ontheproduction w ater

(M) _ .extractable m etabolite

lOl8 0
5×1018 0

1012 0
10~1 12

10~2 0

10~3 97.4

91.0 ノ

10~1 49.6

0
10~2 95.3

10-3 53.3

2.5

Inhibitoradded

AntimydnA
Rotenone

Potassiumcyanide
SodiumFluoride

Sodium monofluoroacetate

PhenylMercuricacetate(PMA)

(10~SM PMA+6×10ー2M GSH)
PMA

(10~lM PMA+6×10ー2M GSH)

♪-chloromercuricbenzoate(PCMB)
PCMB

(10ー3M PCMB+6×10~2M GSH)

citric-NaOHbuffer.phosphatebuffer,Trisbuffer

andglycine-NaOHbuffer.ItisevidentfromFig.2

thattheoptimumpHliesbetween8･5and9.5.
Effect80f.▼8riot18inhibitoT88ndion8.The

resultsaregiveninTable2and3.Thepercentage
ofinhibitionwasobtainedaftera120minutes

incubationperiod. Themosteffectiveinhibitors

werephenylmercuricacetateandクーchloromer･

curiebenzoate. TheadditionofAntimycinA,

rotenone,potassiumcyanide,Sodium fluorideor

sodium monofluoroacetatehadnoeffectonthe

activity. Tl一eadditionofreducedglutathionas

anactivatortohomogenatewhichwasinhibited

Table3. Effectsofcationsonwaterextractable

tmetabolitesofmethylparathionbysupernatan

ofratliverhomogenate･360/Jginsecticides･

Final･Percentageinhibitionof
caadti:3Sconcentration the productionofwater

(M) extractablemetabolite

Ca十十 10~1 0.2

Mg◆十 ･l 2.8
Fe十十 ll 1 10.2

Fe◆十十 JJ 9.2

Mn◆+ . 〝 10.6

Cu++ Il . 50.4

Cu◆+ 10ー3 91.3

Co十十 10~! 5.5

A

肘

肘

慧

E

byphenylmercuricacetateor♪-chloromercuric

benzoaterestoredtheactivity.Thissuggestthat

SHgroupsareanessentialpartofthisreaction

system. TheactivitywasnotaffectedbyCa川,

Mg++,Fe◆+.Fe+◆十,MnH.Co+'.llTi◆◆,Al◆◆'.Zn+'.
Ba十十andEDm . However.theactivity was

inhibitedbyCu◆+.

ATtAerO1)lccondition:Theexperimentssofar

describedwerecarriedoutinthepresenceofair.

In'ordertodeterminewhetherornotthereactiorL

frommethylparathiontodesmethylparathionin

thesupematantofratliverisan oxidation,

incubationwasmadeinthepresenceof95,% N2

and5% CO2.Thewaterextractablemetabolites

wereidentifiedbyionexchangecolumnchroma･

tography(Fig.3,Table4).Mostofdegradation

productsinwaterextractablemetaboliteswere

desmethylparathion(80%)asinthepresenceof

air.Thisresultleadsustotheassumptionthat

thereactionfrommethylparathiontodesmethyl

parathioninthesupernatantofratliverisnot

duetooxidationbutduetohydrolysiS.

DegrAd&tlon紘 .YArlouBtlBBtLe8:The'values

ofradioactivityofwaterextractablemetabolites

ofmethylparathioninthesupernatantofhorn0-

genateofseveraltissuesofratareshownin

Fig.4. Thelivershowedthehighestactivity

whichwasevengreaterthanthetotalofthe

remalnlngOrgansStudied. Theresultsonrabbit

andguineapigshowedthesametendencyasthat

ofrat.
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Fig.3Degradationproductsfrommethylparathion
andmethylparaoxonfollowingincubationwith
supernatantofratliverhomogenate underan･
aerobiccondition.
(1) Methylparathion ･
(2) Methylparaoxon･

Tablc4. The･activitie8.,of.thewaterex･
tractablemetabolitesofmethylp,arathioniand
methyl̀paraoxonbythesubcellularfriction
ofratliyer homogenate under anaerobic
condition.

WaterextractablemetabollteS

p醍 蕊 禁 蕊 ,I｡ara.
thionandmethylparaoxonj

3.7

.2.5

30.0

26.7

.43.4

183.3.

Insectiddes

MethyLparathion
Mitochondria

Microsqme

Supernatant

Methylparaoxon
Mitochondria

IMicrosome

1Supernatant

Each3mlofincubationmixturecontained
2.5mlofhomogenateandtheindicatedcon･
centration:360FLginsecticides.2.3×10~2M
NaHCO3.incubation:120min.at37oC.95N皇:

5CO2pH7.4

Degradationi一l8eVerAlBpeCie80finsect:With

thesupernatantofthehomogenatesofricestem
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Fig.4 Theactivitiesofwaterextractablemetal

bolites by the supernatantofseveraltissue

homogenatesofrat･360FEginsecticides.

borerlarvaandcockroach,noprlnCipalmetabolite

ofmethylparathion wasfoundlS)･,Desmethyl

parathionoccupied,23.6% ofthedegradation

product,desmethylparaoxon20%anddesmethyl

sumithion15%.Inaddition,thetotalamountof

waterextractablemetaboliteswaslessthanthat

ofmammal･Saitoll)foundinhispreliminary

experimentthatinthebloodofricestem borer

larvaeethylparathionwasmoredegradedthanin

anyotherorgens. Inthepresentstudy.water

extractablemetaboliteswereexaminedbyincu･

batingP3211abeledrnethylparathionwiththeblood

ofricestemborerlarvae,orwiththesubcellular

fractionofthebloodofhornbeetlelarvae.But,

noactivitywasfoundatall.

Basedontheforegoingresults,itisreasonable

toassumethatthereactionfrommethylparathion

todesmethylparathioninthesupernatant'ofrat

liverhomogenateisduetohydrolytic enzyme

system. Ithasbeenknownthatparaoxonwas

destroyedbyA-esteraseandparaoxonaseofrabbit

serum,andwashydrolyzedtodiethylphosphoric

acidandp-nitrophenol.I,2,8,8･7･9･IC)lnordertosee

whethertheenzymesystem isthesameasA-

esteraseorparaoxonase.anexperimentwasmade

byincubatingtherabbitserum withP82-labeled

methylparathion and methylparaoxon. The

incubationmixtureofthisexperimentwasthe

sameasdescribedbyAldridge2)..As shownin
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Table5,the valueofradioactivity ofwater

extractablemetabolitesofmethylparaoxonwas

verylarge,whereasitwasnegligibleinmethyl

parathion.･ltcanthereforebeassumedthatthe

reactionsystem from methylparathionto des･

methylparathioninthesupernatantofratliver

homogenateisnotthesameasA-esteraseor

paraOXOnaSe･

Tabte5. Theactivitiesofthewaterex.

tractablemetabolitesofmethylparathionand

methylparaoxonbytherabbitserum under
anaerobiccondition.

waterextractable

subst,ates /m J6.min,≡琵ah(byglic喜af,aat:eghd:.Gang
andmethylpara･
oxon)

methylparathion Nil Nil

methylparaoxon 120 910

Eacl14mlofincubationmixturecontained

O.5mloftherabbitserum andtheindicated

concentration3.1×10-2M NaHCO3,1.6×10-1M

NaCl,1000〝ginsecticides,ge一atine,一0･1%
(W/V).Incubation:60min.at37oC.95N2: 5
CO2.pH7.7

Hodgson& Casida5)reportedthattheenzyme

system hydrolyzingp-0-methylbondinDDVP

metabolism inthesolublefractionofratliver

homogenateprecipitatedpredominatelybetween

60% and80,% onammonium sulfatefraction. It

isveryImportanttOStudywhethertheenzyme

system hydrolyzingP(S)-0-methylor0(0)-0･･'

methylbondinmethylparathion,methylparaoxon

and′sumithion.

SunmAry

Thepresentexperimentsweremadetostudy

thenatureofthereactionsystem from methyl

parathiontodesmethylparathioninthetissues

ofmammalandinsects.

1) Thetimecourseofreaction,optimum pH.

andtheeffectsofcofactors,variousinhibitorsand

ions.andthelack ofoxygen onthereaction

system wereexamined. itisassumedthatthis

reactioninthesupernatantofratliverhomogenate

isnotduetooxidationbutduetohydrolysis.It

hasbeenconcludedthatthisreactionisakindof

enzymereaction,SHgroupsbeinganessentialpart.

2)-Theliyershowedthehighestdegradation

activityamongseveralorgansofratstudied.The

resultsonrabbitandguineapigshlowedthesame

tendencyasthatoErat.Therewasnodegrada･

tionactivityinthebloodoEn'cestemborerlarvae,

ChiEosupL･ressatEsand ofhorn bettle larvae.

Xylotrupcsldl'chotomus,and in the subcellular

fractionof.thebloodofhornbeetlelarvae.

3) Itappearsthatthereactionsystem from

rnethyl'parathiontodesmethylparathioninthe

supernatantofratliverhomogenateisnotthe

sameasA-esteraseorparaoxonase.
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