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SUMM A R-1-

SUSZKIW, .JANIJ5Z B. : Immtenactiomm oof so-lected cimolimme-rgic effecton me ole-cub-s with mice-tyl-

ciiolimiesterase in pimysiological eel Ringer’s se)lution. lie!. PIiw-,,oaeol. 9, 561-570 (1973).

Int-nactiomi of cholino-ngic effectors with eel ace-tylcimolimio-stc-rtmse was immvc’stigtitc-d imi phmysio-

logical c-el Ringer’s solution, pH 7. The acceleration of nio-thamie-suifomiatiomm (of time soluble

enzyme l)y the chohinergic agommists decanmethoniiunm and tninmetim�-Ibut�-lanmnmeoniunm iooius was

indistimmguishabie fnonm that- oobsenved with time niembramue-boummd c-mmz�-nme. \lmmxinmuni mmcccl-

eratiotm cof the methanc-subfonation reactiomm by cleetmnie-timeonium timid! succinmvlc-imeolinu- with time

particulate ace-tylchoolinmesterase was esse-mmtiahby time same-. A linmitc-d accelentition caused I�-

trimetiivii)ut-ylammonium iomm is attributed to) its pmmrtitil oovenitip with the- estenmmtic- site, imm

contrast to) the- postulated ‘o-xo” niode of i)imidilig fon time- i)isdlumitenmmany mio-o-o-benator, dcc-

amet hmomiium. Kimietic st udies with t nimethylbut ylminmtime tiititii mimic! dc-canic-t lie nium iomms using

acetylchiolimie amid phenyl acetate as substrtmtes, as we-lb as o-oiuibihniummi hitmc!imig studies to the

enzyme, support- time “exo” mode of bilmdimmg for do-cmmnme-timeomiium, time �emucio” niode oof bimmelimig

for 3-hydroxyph-nyltnimetiuylammonium iomm, amid atm initc-rnmeclimite rmiock’ eof h)inmc!inig for tni-

methiylbut-ylammonium ion. Tue effect-s produced by t lie oillmmt c-rmmmmny miit roge-n mmgeamists on

acetylcimohinest-erase in Phm�sio)lcoI��cal eel Ringer’s soolutiomm cmiii h)c� o-xpbmmimmo-cl oti the basis cof

binding of the effe-ctons to the anionic sui)site of the- mictive cemmte-t.

I NTROI)UCTIOX

Acetyicholimiestcrasc is involve-d imm chmenmi-

cal symmaptic transmission (1). A possible re-g-

ulatory functioim of this enzyme- in cimc)lincr-

gic syna��ses hias stimulato-c! mm nunmber of

kinetic studio-s no-imiting to thme possible exist-

encc- of an allosto-nie nmodifien site- or sit-es on

the acetvichioli nest o-nasc- nmobc-cuie.
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(‘imtimmgc-ux (2) immis simowmi timat bot-hi time

structure alme! catalytic prcopc-rtie-s of sooluble

acc-t-vboimcolitic-ste-nmmse- fnoni Torpedo depend con

the iconic stne-ngthm (of time- (-mmvino)nnment. He

suggo-stc-c! timtit- timc- o-mmzynic- c-till e-xist iii at

ic-mist two c-omufe )rrnmitiontil stmmte-s wimicim oliffer

imi timo-in miffiumities toowtird ciuatc-rmlmin\- liitroge-n
ligmumids, timid that time nesl)e)misc- cof tice-tyl-

cimoiin(-ste-nase to timc- binclimig eof various cimo-

bine-rgic- c-ffector nicole-cult-s tot a site- (listifld-t

fnonm time- active site- is nic-climito-ol tiinougim c-eon-

fonnmatiotial miitenatiomms of tue c-mizvnme. Kitz

et a!. (3) stuchieol time- c-ffc-c-ts cf contain mic-uno-

nmusculmmr blooc-kiiig eciflil)c011niels cli rates of ili-

imibition of acetvlc-imolituo-ste -rase by canba-

nmmites an(l O)Ii nato-s of spe ontttmieous recove-ny
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of timo- omizvnime activity. ‘Time-so- weonkc-ns mo--

pc)nto-e! timmit- nude-n cc)mmditie)Ius iii ivinc-im mooi!i-

fiens imae! tie) c-fleet eu substnato- hiydreolysis,

time mmeuronmusculmmr bleockimmg drugs tic-cc-len-

ate-el nmitimc-r timmiti inmhmibit-c-d c-minbmmnmvlaticon

amid o!o-c-anbminmvimmticomu oof time- active- site’. Time

re-suits we’nc- into-npm-e-t c-d mis c-viole-mie-e- for an

alloste-m-ic- site- nme-e-hmmitiisrn.

Booufeogmilis mimic! (�uist (4) inmve-stigated time

iimtc-nmio-t 1O)ii oof bcoviime acetvlcimeAimmeste-rase

w�itim o-ah-iunm, tc-trmimetimylammommiunm, tet-

rmic-t im� Ia iminime)fl mmmi, ciecmm nietimoniuni , gahlmi-

n-i�imic’, mitmoi (/-tubo)cunanine. ‘Time autimors pos-

tuimit-e-cl time-c- diffene-nt mimiio)mmic sito-s omm time

emmz�-nmc- sunfac-e- to) micco)unt for timo- observed

kimmo-tic-s cof itite-mmicticomm. Into-ntio-tiooni of ejua-

tenmimmrv miitncogc-mm ligamids withi nio-mbrane-

bounmd tie-c -t vlo-imolimmest erase- fronm e-rvtimro-

c�-tc-s \vmis studied by \Vombachen timid Wolf

(5), ivhmoo mmlseo Postultitc-d time- Pre-sence of a

regultiteony site in order to e-xpbain certaimm

kimmo-t ic- I)ime-iieoni(-mlmi , titidi suggc-sted that time

regulmiteony sit(’ ccould imave a possible- receptor

fummo-t ie 0mm. Hooi��o’vo’r, nmost e-xpc-nime-nts were

pem-fcornio-oi immiele-m c-otmditieons of low ionic

stre-nigthm, �viio-rc’ pimysicole)gic-milly utminipeontamit

pimo-imoommic-miti c-mimi be’ eobsenved (6).

A�mi init-no-stimmg al)l)neomicii teo time ccorno’latiomi

of uoimmmrnmaec odvmmmmniic preopc-rt ios cof clntmg-re-

cel)te on miim(! drug-c-mizynmc- imutc-nmmctions was

take-ti by Be-lb-au et al. (7) , who showc-c1 timat-

time ro-lativo’ o1ho-ic’ncy of mm(lnmg mis mmmiaced-

c-nmiter O)f nme-timminio-suifomimitiomi (of tiic e’nythmno-

c�-te- mmo-o-tyie-hieoline-stc-nmiso- e-eonne-lates well ivitim

time- �)e)te�mmc� eof time’ elnug. \\ilse)mi (8) amid

i3c-ilo-miumimic!l)iTuliioo (9) suggeste-d that ac-

co-lc-tmitieoni cot time’ nic-timamuc-sulfoomimition ne-ac-

tieoii by cimcolimicrgie- drugs nc-fleets e-confonma-
t ic )mimtl c-htmmiges �vhmicim time c-nzymc’ umidengoes

1�j)�ti bimudimig of e�ummte-rmiminy miit neogemi ligamids.

1’0itz mimic! Kro-mzmmo-i (10) (io-monstnato-d di-

re-ct-lv t himit 0-commfo rnimmt iotiti 1 o-hamige-s mmccciii-

ptuny bimmolimig oof substrates or imuimibiteors to

ace-tybo-ime oi i tme-sto-nmmse -. Howe-yen, cc oti fe onnia-

tie)nitil c-hmmimigo-s that oce-un upon immtortictieon

of c-tic-c-ton mneobe-culo-s ivith mm-etyichieoliimester-

ase- dlO micot mio-cc-ssmmnilv signify time- pne-se-mmc-e of

au mmibeostcnic site.

l)unimig studics d)f time- nelmitio)mmshmip of van-

ous e-hmeAimio-ngic c-ffe-cton binclimug site-s imi c-x-

cit-ablo’ mc-nmbnmmmie- fnagnmemmts from the o1ec-

t nit corgmin d)f 1’]Iectrop/moiiis eleetoi(-us, time

oluestiolm eof time- o-xiste-mmcc- cof a fummcticommal

penipimera-l ammiommic sitc- which is elistimict- from
time mmniommic subsite- oof time active cc-miter wmms

rc-immvest-igato-cl. of I)anticUbar into-re-st was

mvimothmc-r (mi) t lie nme-nmbramie--bommmmd mie-c’t vi-

chmolimme-sto-nase- and the- soluble- c-el emmzvnme

c!iffe-r with re-spc-ct to timein imite-mactioim with

cholimmengic e-ffo-ctors, mis to-sted by time e-ffect

011 the rmmte e)f time nmethamme-sulfonatiomm retmo--

t-ion, and (b), imi time case cof identity eof time

nespe)mmse e)f both time me-mbramie-boumid timid

free o-mmzymo-, wimetimer a peripime-ral re-gala-
tory site is immvo)lved in the respomise of ace-tyl-
chmobimmeste-rmise- to time- depolarizing drugs dc-c-
anme-t hmo)niunm timid t ninmet hm�lbutvIammo omiium

icomm.

mnATEltmA i�S A ND M ETHODS

Enz!pne. Eit hmen ccommercitil ec-l micc-ty 1c-ho-
limuesteraso’ (Signia, gnade V ; \Vontimimigte)mm,

grad- ECH1� ; sPo-cific- activity, approxi-

miitite-bv 70 nunmobes i)f acetvlcholimie im�-dro-

lvzc-d per imoun pen miihgranm of proteimi) con

e-nzyme extracted from tiie c-bectnic orgami cof

E. electri(-us amid partially punifi(-d by ammo)-

niuni sulfate precipitatiomi (spe-o-ific mie-tivity,

1-19 nmmo)les/hn,/mg) was uscc!.

All expe’nunmemmts were! i)enfoi med iii I)hm�si-

oleogical c-el Rimiger’s sc)iutiomm, i)H 7.0 timid

iomiic stne-ngthm 0.186 (11) comitaimmung NmiCl,

169 nm.tn; KC1, 5 mrni; CaCl2 , 3 mmi; MgCb2

1 .5 nm�n ; Xmm�HPO0 , 1 .2 m�’si ; amid XaH2P()4

0.3 m�.

1mm time- mie-o-ie-rmitioomm of thmo- metimanesulfoomma-

tiomi neactiomm, 1-mi alic1uots of the enzyme in

�)hysiobogical c-c-i Ringer’s solution, pH 7.0,

mvo-ne- inuitiallv immo’ubato-cl with the desired con-

cemitratiomis of effccton ceompoumids for 30 mimi

mit 4#{176}.Time- tube-s we-ne timemu placed iii a tenm-

b)c-raturc--commtrolbc-d water bath at- 26#{176},and
1-5 i��l O)f 0.1 �i mo-thammo-sulfeomivi fluoride- pre--

parc-cl imi 50 #{176}; o-thanol (v -v) were- addc-d at
zero tinme- too time c-mizynmo- solutiomi. Final comi-

c-emitrmitions e)f \1Sl� nmimigo’d from 100 to) 500

).L:\I. Preogness of time mmmetlmmimmo-sulfeomuatiomm ef

ace-tylo-imoline-ste-nmise wmms folloowe’d by mmssmmv-

imig alieiueots eof time ne-miction mixtune feon c-u-

2 ‘[lie abbreviaticonos used are : 1\ISF, nietlimi-ioe-

sulfoonovi fluoride ; 3-IJOPTA, 3-hyelroxyphenoyltri-

nuetluylaniirimoroiuni ioochide; 1�\1BA, triniethylbutyl-

amnnue)niunu ioeliche.
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zvmc- activity according to Elbman ci al. (12),
with 500 .m.�i acet�’ithiocimobimie mimic! 500 �

5 , 5’-dithiobis(2-nitnobenzoic acid) in 0.05 �‘

sodium pimc)Sl)imhito buffer, pH 8. Pboots of pc-n-

centage imihmibition gmmve a- stntmighmt hue 0)11

log �- vs. time grmmphms, indicating a

finst-onden no-tict iomm bc-t wi-en \ I S I� timid mice--

tyicholim-sterase (13).

Phenyl mice-tate- imyolncolvsis imm time- tibso-mice

amid �re-sc-tic-o- (if inhibitors immis feoilowo-c! mit

270 mmm 0)11 a Cary 14 spc-ctneophmotconme-te-n mit

26#{176}.The reaction mo-cliuni comisisted of 3 ml

of time desined commcc-titratieomm oof phemi�’l ace-

tate pnepane-d hi c-el Ringer’s scolutiomm, pH 7,

and contaimiimmg 2 � (v/v) nie-timammol, plus time

desired cconcentnatiomi of effeeton o-ompoumid.

The’ reactio)n was inititmte-d by adding 5-20

�L1 of enzyme solution.

The’ kimwtics of acetylcimobimie- hmvdroivsis in

the presence cof decamc-timonium mvtis followed

titrime-tricaliy on a Radiomete-r pH-stat- with

0.01 N XaOH at 26#{176}.The rc-ac-tiomm vooiume

was 10 ml.

io’or c-quilibnium bimiding of ntie!ioactive

ligands too the native or methanesulfcnitited

acet-ylcimohimiesterase , specially c-otistructed

microcelis wo-r- used. The two SO-j.tl corn-

part-ments c)f eachi microce-li wc-ro- septirated

by cellulose dialysis tubing. l3undimug assays

were carried out at 26#{176}for 9 hr eon leomiger.

After equilibration had bc-c-mi ac-hiievc’d, dmi-

plicate 20-sl aliquots ivore- withmdrawn frconm

both the protein-containing and time protein-

free compartment, and were coumit(-d for ra-

dioactivit-y omm a Packard scintillation coun-
ten. The counting efficiency for tnitium was

35-40 %. Ahiquots of 20 ii were muse assayed

for protein according to Lowry et al. (14).
The amount of ligand bound pen milligram

of protein was calculated from time knowmm

specific radioactivity e)f a higand. From time

knowledge of the concentratieon c)f acetyi-

cholinestenase active- sites p0-n milligram of

protein, the mmunmber of moles e)f ligaumd bound

per mole of active site-s -ould be calculated.

In the experiments with methammesulfomiated

emizyme the concent-raticon of ac-tive sites was

estimated from the knowledge cof cholunes-

termise equivalents per milligram of total pro-

teimi in the uninhmibited preparatiomm ammo! time

protein content- of time immhibited preParation.

Time tmctivc- site- cenieetmtrmmtieoii was do-temnmimied

by titrmmtiomm eof time- stoc-k e-tmzynme- solutiomi

withm Tc-trmmm ( I 5).
\Ie-thmmimic-sulfoontitioim \\.��5 dle)Iic’ b� climibyzimig

abieiuots (Of frc-e- eon nmc-nibrmimme--boumicl tico-tyl-

cimiolimiestorase mmgmiunst- five- e-imamige-s eof mi 1 tiiM

SOlUtid)mi d)f �V-nie-timylpyniciimmium 3-0-me-tim-

mmumo-sulfonmitc- iexhiobo- iii Hinge-n’s sobut 10)10 , p11

7, umitil time’ c-imzytime- wtis inhmibitc-d 99.9 �

timid wtis followed by c!immivsis migaimist two
change-s eof ilimigc-n’s sooiutioti to) ne-nicve time

miiet imane-sul fonat ii mg nc-migc -mit.

]Iembiane-bou ii(/ (‘FOZl/))Ie. 1-:xc-it mibic- nmenm-

branc- fnagmc-nts from o-lo-e-tnic c-c-i we-nc- pre-

pared acconc!imug to) (‘hmimugc-ux et a!. ( 16) . ‘Time
nmc-mbramme pno-ptinmitieoim \\.tis mvmmshmc’cl comiee

withm cold Rimmge-r’s soolutiomi mimic! wtms o-o-mitni-

fuged at 100,000 X g foor 1 un too no-move

compbctely amiy e-omittiniinmmit imig soluble- pro-

teins. Time- pnc-paratieomi iised imu kine-tie- (X-

p(-nimeiits imael ti spc-cific mmc-tivity eof 1.1
nmmoles O)f mie�e-t�-It imiooc-imooiino’ hydrolyzed jen

hour per milligram oof nicnibnmmtie prootc-itms.

All cimc-niicals usc-el othmo-n timmmn thooso- listed

beienv we-ne rc-tigo-mit gnmidc- . Ae-c-tylcimoiimmc- bro-

mide amid piic-miyl ace-tate (Fishier Scie-nt-ific

Coompany) imene rccnvst-tiliized timid nedis-

t i llecl , ne-spcet ive-ly . I )c-e-amc-t imommiunm clibro-

n-tide- , (l-t uboe-unaninc- , timid! gmmlltimimmc- tn-

ioodic!o ( I� & K Lmmboratonies) w(-nc- mused wit-h-

out ftmnt imc-r punific-atiomi . Succ-imoylcimc oline li-

o-hbonielc- (\lamimi Bicoe-hmenuicmmls) � also used

mm-ithit sit further punihcat iomm . ?� I c-thmtimiesul-

fommvl fluoride ( Emist man Orgamiic- C’imenmicmtls)

was use-d clirc-ctly . Tninmc-thmylbut-ylamnmo-

mmiunm iodide was prepared by quatennizimmg

N , N-dimethmylbut-ylamine (K & K Labona-

tories) with me-thy! iodide. N-�\Ietiiylpvni-

dinium 3-0-nmc-timanc�sulfonate iodide � pre-

pared acc-(onding t 0) a PimblisimOt! preocedure
( 17) . [3H]3H\.d!ne)x\.j)imemi\�ltnimethi\�l’inmmo�

rmiuni iO)dide \vtiS PreI)anec! by metiiyltitiomi of

N , N-dinmethyi-3-hydroxyaliihimic- (Eastmaum

Organic (1imemicals) followed by catalytic

tnt iat-iomi at New Emigland Xuclean Corpora-

tion mis described prev�ous1y (18). ‘Time sj)e’-

cific radiomictivity o)f time [3H]3-HOP’TA was

229 mCi/nmmole . [3H]Decanmethmeomiiunm di-

chloride- immmd a specific radioactivity of 178

nmCi -mmcobc- (AmenshaniSe-anle-).

All elmitti m�c-re- trc-mitc-d sttitistie-meliv by ic-mist-

solummnc-s ne-gn(-ssion mitimmlysis.
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witim E = free enzynme, I = MSF, A = ac-

celerator, e.g. , decametimonium, succimmybo-imo-

himme, etc., Ed = acco-ienator-enzyme com-

plex, and E’ = mo-thammesulfonated aco-tyl-
cimolne-stenase.

Rearnamigiimg Eo1 . 1 , one obtains

a�_K.o(��1) (2)

whcre ka/ki = anax amid k0b,/ku = a.

Table 1 summarizes the values for atiax

amid timo- KA for selected effectors obtained
with both time membramme-bound and the so!-

uble acet-ylcholunesterase. Contrary t o the

results obtaimmo-d with enythrocyte enzyme by

Belleau et al. (7), the maximal effect on the

rate of the MSF reaction with acetyicholin-

ostenase from the electric eel is, within

experimental error, the same with both dcc-

amethmommiurn and succinylcholine. Their po-

tency is reflected in KA values, which agree

with K1 values for time-se compounds as in-

imibiters of the active site of the enzyme. It

time-ne-fore appears that, at least for these two

biseluatc-nnarv modifiers, the existence of a

o-onrc-latiomm between their kinetic and phan-

niace)logicab properties is not substantiated.

(1)
2

E�4 + I:�J��:,

iO6x#{176}��� (Md)

FIG. 2. Acceleration of methanesulfonalion of

acetyichoiineslera.se l_oy decarnethonium

a is acceleration at any given concentration of

modifier. A is molar concentration of modifier.

Each point represents the ratio of velocity of the

2�-1SF reacticrn in the presence of decamethormium to
the rate of the control reaction, obtained from the

slopes of the lines shown in Fig. 1. For further de-

tails, refer to the text.
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MINUTES

Fmo . 1 . Aceeleraliomo (if mmul/oamoesulfomoatiomo of

ao’elqleholimo (StCI(i.S(’ ��!/ (!ed-ammoo-lhomo 10 mci

Sooluhole enozvrooe l)rePmtrmiti�mi (specific activity,

1 .5 nounooles oof ac-etyhthiooeheolinoe hydrolyzed pen-

huour Ier nuillignamuu oof prcoteimo) was used. Other cx-

perinuenital details are give-no inothie legetmol to Table

1 . #{149}, coot rol , elecamnet honoiuni absemmt ; 0 , 0.5 �.ci-I

(Iecanuethioniiunu; A, 1 jiM deoannethoniuni; �, 5

decamoietiionium; #{149},10 �iit clecmimethoniumn; �

50 ,�o decamet-homuium.

RESULTS AN!) m)msc’UsSIOX

Figure- 1 illustrates a typical accele-natory

effect of deeanmc-t-heommium O)ii time- methalme-
sulfommatioti e)f mmeo!t\’Id-ime)linio-stonase. Time solid

hues we-ne c-dornl)uted! by the least-sciuares

nietimod froni duplicmmte exp(-nime-mmtal points.

Figure 2 nepn-sc-mmts time’ plo)t of a vs. (a-1)/A,

where a is time acceleraticim factor at any

given commcemitnatio)n (of nmodifio-r A . The inter-

cept O)f time line- with time- y axis is the- maximal
accelenatieii obtaitmed whemi time emizyrne was

comple-tely satunmtted witim time niodifien A,

and time- sloope is eojual to the dissociatioim

commstammt- fon time emmz�-nme-modifien complex.
Time eoiuation used iii the plot is a rearramigo-ci

form of thmc- relatiommsimip c!e-nivc-d by Kitz amid

\Vilsomm (13):

- L-3.(1 + ka/ki�A/KA)
etc. � � A /KA

where timo- cc)mmstammts arc’ elefimied by time fool-

lowing set- of relatiomis:

k3
E+ I-#{176}E’

L’ + A ;-:=::� Ed



in

4_fl ± ()_6 >-c:: 10 6

:3.1 ± 0.2 X 10-

1.7 ± 0.1 X 10-0

5.5 ± 0.8 X 11)-c

1.3 ± 0.2 X 10-0
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TABLE 1

Imoleractio)mo parameters for cholimoergie oJJcolor mmoolecocles with soluble 01,1(1 mmoemmo-bramoe-booimod

acetylcholimce.slcrase as lested b!, their effect ooc mmoelhamoesoilfomcaliomc of 1/ce enzi,mmie

� and KA values were obtained as described in the text. The fcollowing concentrations (of niiethane-

sulfoniyl fluoride and modifiers were used: dee-amet-honium, 5 X 10�, 1 x 100, 5 x 10#{176}, 1 x 10#{176},and

5 X 10� it (MSF, 1.3 x 1o-#{176}and 2 X 10#{176}:it with membrane-beound and free enzynme, respectively) ;

cinyle-holine, 1 X lo-e, 5 x io-�, 1 x 1o-�, 5 x 1o-#{176},and 1 X 1tt#{176}ci (\48F, 3.25 X 10� it) ; triniethyl-
butylammoniumn ion, 5 X 10#{176},1 X 10�, 5 X 10#{176},amid 1 X 10-� in (MSF, 3.25 X 10#{176}ii) ; curare arid gal-
lamine, 1 X 10�, 5 x 10#{176},and 1 X 10� me (I�ISF, 5 X 10#{176}mm). \Iembrarme-bounoo! enzyme hind a speoific

activity of 1.1 mmeoles eof aeetylthiocholine hydrolyzed per hour ier milligranm oof preoteino. The- speeific

activity of soluble enzyme ranged from 1 too 70 nimoles of acetylt-hio’laohinie hydrolyzed l)e-� huour per rail-

ligram of protein. The methanesulfonation reactie)ni mixture eoonitmminied an ani()unit of enozynie that

h-t’drolvzed 0.63 mmole of acetylthioe’holine per hour, cor about- 0.9 j�g cof ae’etylohioolinesterase. -

Modifier

I%Iembrane-hound enzynie
Decamethonium

Succiniylc-holine

Trimethylbutylanitnoni iuni ioni

d-Tuboc urarine

(ahlamine
Soluble enzyme

l)ecarnethoniunii
Trimet hylbutylamroicoroiunm icao

22.9 ± 1.7

17.6 ± 0.7

4.5 ± 0.2

0.67’

0.59

20.4 ± 1.7

4.1 ± 0.2

U Inhibition c)f niethanesulfomation by a 1 IflM concentration cof modifier.

K .�

It is alsc evide-mmt, however, that tnimc-thmyl-

butylammonium iomm has a distinctly smaller

effect omi botim the free and particulate- e’m-

zyme. Since time responses of soluble

and membnamic--boummd acetylcholinesterase

to chohinengic agonists as test-ed by the

methmanesulfomiation reaction are similar, fun-

then experiment-s were conducted with only

the soluble enzyme preparatiomm.

In order to cltinifv the observed difference

iii the reactivity of the est-eratic site toward

mo-t-imanesulfoomiationm in the presence of dcc-
amet-honiuni amid tnimethylbutylammonium

lOli, time effects of these compounds cmi time
kine-tics of imvdlrol\’sis of a good substrate

were- studied.

Ro-invc-stigat-ion of some eiemctmtany ki-
netics was mieeessittited by the existetmce oof

conflictimmg nc-pc)nts on time type of unumibition
of acetylchoiimmo-stcrase by decamethonium,

as we-il as b�- time- absemmce of data on time

inhibition of acetylcimolinesterase by dea-

metimonium timid tnimethylbutylammcniurn

in pimysiological c-el Ringer’s solutiomi.

Figures 3 mimic! 4 show time results of the

inhibition of �)imeiiy1 acetate Imydnolysis by

decametimommiuni timid T\ IBA, respect ive-ly . It

camm be sc-en that do-eametimonium produces

punel� imomicompet it We imiimibition wimereas
TMBA bc-haves as a purely coompetitive in-

hibit-on. These results indicatc- timat while

decamethonium does not prevemmt accessibil-

ity of the nonpolar substrate to time active

site, the TMBA nmolecule must do so.
Apparently the hydropimeobic alkyl chain

of T\113A interacts mit least partially ivitim

thc hydnopimobic negioim of time estenatic site-

(20), preventing phemmyl mice-tate from formitig

time E0’,’ complex. Omme corollary of time tibove

is timat the accelenatiomm caim be- producc-d by
purely ciompet-itive- immhibitons eof acetylcimo)-

limmo-sterase, amid imemice- is a ne-suit of binditig

of e�uatenmmany uiitnogemm mimodifiens too time mmmi-

ionic subsite of time- active- co’mite-n, timid that

commfonmational chmimiges timat- mnay accoonm-

pany this interacticmm (7, 9) are mmot tnamms-

mitted millostenically. 1)inec-t pnoof timmit

T\IBA interacts only witim time anionic sub-

site of time active cc-mite-n iveould recluire denm-

onstration of 1 : 1 i�toicimicmc-tnv of T\IBA

binding and coonmplc-t c- clisplaco-memit of

TMBA by the active site--specific bigamid

3-HOPTA, mis it-mis subsecjue-tmt-iv demomm.

strated fon decarnetimo)niunm. 1lo-cau�se of time
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5 1�\IBA is c�ualitativc-ly Ce)IiSistoImt ivitim time

K.�1 for T�\IBA from time methanesuifommatioomi

ac-oo-leration expo-niment- (Table- 1).

Figure 5 (inset) show-s the re-salt of equi-

iibniunm binmding e)f a specific - ‘o-mmdo” imihmib-

iton, 3-hydnoxypheumyltnirne-tii\-lanmmoniuni

ion, to time active site of acet-ylcimolihmesterase-.

Olme mole of 3-HOPTA is bound pen mole

3 of Tetram-titnatabbo- sites. Time- bindimmg is

2 e-e)mpbo-telv abolishe-d by irreversible metim-
mmne-sulfoimatiomm of time emizyme e-sterat-ic site.

) In contrast , niethammesulfonat-e-d acetvlcimo-

limieste-nase still can bind 1 mobo-cule of do-ca-

nmethonium pen active site. Conisidentmblo- umi-

certainty is involvo-ol in time o-stimatiomm c)f time

stoichicometny amid time Kd value-s of tiio- in-

V4O� /1

30- / //

// /

20 � �
_i /__ -v-- ‘

Io� / // �

�iji:i:i�-#{248}----� 0

0 I 2

� (M’)

Fret. 4. Reciprocal plot of -results of (ri-imoethyl-

boitylammimmooroioumi inhibition of aee(yieJooiines(erase-
(a(alyzed hydrolysis of phenyl acetate

lleactic)n conditions are desCnii)ed in the text.

Pheimvl acetate was varied froni 0.1 too 2 mit. Eel

enzyme purified by amnionium sulfate l)reCi pita-

ticon (specific activity, 19 mmoles of mmcetylcholimoe

hvdrcolvzeol per hour per nmilligrani of protein) was
used. The folicowing concentrations of trimet-hyl-

butvlanmmonium ioolide were use-el : #{149}, mmone ; A,

0.1 mM; V 0.25 niM; fl, 0.5 mM; 0, 1 mu. Tue cci-

ordinates of the hues we-me oI)tainoed using the

weighted least -squares program of W ilkinsomi (19).

The competitive inhibition constant, K1 , is 4.5 ±

0.7 X 1O� ii-

566 JANUSZ B. SUSZKIW

Foe;. 3. Reciprocal p1oi of results of decametho-

ci iumn imoh ibution of acetylmholineslerase-catalyzed

Jo !,(irolys �S of phen�jl (iceta Ic

1!eomctio)mi conditioims are described �fl the text.

Pheiiyl acetmite was use-cl at comicermtraticoiis fronii

0.1 tco 2 iioiu. The emizvmiw was the Sigma grade prep-
aratiomi (specific activity, 69.6 mmoles oof acetyl-

choline hydrolyzed per hour- per milligrani of pro-

tein). Enzyme purified h�- amn-id)nium sulfate pre-

cipitatio)n (specific- activity, 17 mmoles/hr/mg of

l)roteili) gave the samiie re-stilts. The folloowimog
conicentratiomos of clecaniethconoiuni were used : 1,

moe)mie; 2, 5 Mu; 3, 10 omt; 4, 50 jut; 5, 100 jiM. The mo-con-

Oeonml)etitive imihibitiono constmmtit , K2, was obtmiitoed

froom the j)l()t- (Of (V,,,�/v) - 1 vs. I anod was 9.5 ±

0.4 �ii. The coordinates of the lines were e)btainoedl

using the weighted least -squares prcogram of

Wilkinson (19).

nc-ltitiveby imigim lid (K-) for time- o-nzyme-

‘T�\1BA co)mplex, a dine-ct- binding expc-nimc-mmt-

�veould be prohibitively expemisiyc amid tee-h-
umically difficult.

Podleski (21) shewo-d timat t-nirnet-hvlbutvl-

timnmonium iou dipobanizo-s e-iect-noplax at

concent-rat-ioims of 2-10 j.eol. If time acetylcho-

limme-sterase- mnole-e-ule inde-e-cl beans mm kimiet-

ically unrecogimizable, nc-cept on-like bindimig

site in mmddit-iomm to time active center tmniommic

subsite, T1\IBA ivould be expected too bimid

to the enzyme- in the micnomolan c-ono-entra-

tion regiomm. Attempts to observe sucim bind-
imig to time cnzyme at- 5 j�c-�i tnimethylbutyl-

ammommium ion were negative. Table 2 shows

that- TI\IBA displaces decamet-imonium from

the enzyme emily at concentrations above .50
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1)isplar-cmoemo( of (/eeam?oelloommi0110 fiommo (i(((!/IdJoo-

li,o(stera.de ��!/ tmimmoetloi/l!)citi/lamm1010miiiimmo lou

Ec�uilihniumu binding eof [#{176}1I]decanmethomiiumn to)

soluble acet\-lchcohinesterase (Worthingtooni grade

ECHP; specific- activity, (14.7 mmoles cof aeetyl-

choline hvclroolvzed per heour pe� niilligramn of pro-

teun) was assayed iii the presence eof increasing cono-

centrat-ions of trinmet hylbutvlammoniunm iodide.

The equilibrium ceoncemit rat ion of decamethoniuni

was 3 � Appreoxiniately 1.39 nig c)f proteini l�er

milliliter were used iii the binding assay. 1acho
value represents the average of two experimenots.

‘1’MB.� Decamethoniurn bound

.0!

0 100

1 X 106 109

5 X l06

1 X 10-s

94.8

90.0

5 x 1o-� 93.0

1 x 10#{176} 60.6

hibitc-eI emizymne, simico- no dlin(-ct me-asunc- of

time e!egnee e)f demmaturatiomm timat could occur

dunimig the imihibitiomm ef time enzyme can be

made. Nevertheless, from time number of
flic)lOs eof decamethoniurn bound pen nmilii-

granm e)f preotein (7.5 X 10b0), tis obtaitmed

from time Scatehard 910t- in Fig. 5, amid from

the know-ledge of the concentration of active

site-s per nmiliignam of uninhibitc-d emizynme

PrePantitiomi (9.1 X 10b0), as de-t-e-nnmimied by
act ivc- site t it rmitiomm prior t e metimanc-suifo-

mmatioii, it- is calculated that 0.86 mole of time

ligamme! is bcound 1)0-n mole of me-timamiesulfo-

unit c-c! (-nz\-me.

Timese results substammtiate time ‘ ‘c-xo” nioc!e

of do-c-tmnmetimonium bimmdimmg, as first propc)se-d

by Belleau timid I)iTullio (7), and suggo-st

the o-xistencc- cf a J)o-nipheral anionic site’ ivitim

wimicim the scc-oomid cmmtid)Imic hemmd oof d!o-e-mmnme-

thiootiium pnc-siimmmbl�’ interacts.

‘Time pantiaIl� conipc-titive chtmractc-n oof imi-

hiibitiomi of aeotylcimcolini- imvdrobt’sis by dbe(--

amo-thc)muunm (F’ig. 6), amid the- compic-tc- c!is-

pltice-ment of timis drug from e-mizynie by

3-H()PTA (Table- 3), indicate that dccanmc--

thm(otiium doe-s miot bind indc-petmdc-ntiv too time

peniphmenai site, but rather bridge-s it witim

time ammionic subsito’ of thmc- tmctivo c-cute-n as

depicted b�- Bc-lle-tiim. mine! DiTuibico (7).

As immis be-c-mi mmeotce!, wimc-ne-tis ‘I�\lB:� is

a- dO)fli1)etitive immimibiton, eic-e-annetimomiiunm is

mmiomicoompc-titive- witim ro-spc-ct to) PiicIi�b ate--

ttite- but is nmixo-e! with nc-spo’ct too mic-etyl-
choline- . Time- e-onipc-tit ive e-oompooiie-iit withm

cimtmngc-d substrmite-s is o-mmsily ummdenstood, simmo-e
both time’ substntite- mimic! timo- imihmibiton d�Ofli-

1)0-to- fcn time- sanmc- miniommic bimidimig site-; time-

mmomme-onmpe-t it iVe ceonipoonent is PresmmnimiblY

1L

L ‘� �

� o�t____�__.____
�-�- . I IO7x[3-HOPT�](M)

�
105x -� (mg’, 1)

Fiot. 5. Seateloar(l plot of binding of (le(-ammoetho-

10 101 mmo to mmoe(hamie.s-oilfona(ol ace(yleholimiesterase

The inset shows binoohimog of 3-HOPT..\. too the tic-

I ive mooch mae-i limeniesulfeonoateci enmzvnoie . I no binodi nog

aSSIIVS wit h 3-i l( )PTA, mice-i ylchieohi roesterase

(\Vcorthington grade ECEIP; specific activity, 70

mnniedes d)f acetylchcdine imydreolyzed Per hour l)e-F

milhigrani of l)rOtein) was used. ‘I’he comocent rat iono

of the enzyme active sites varied frem 0.1 too 5 �x.

Acetvlcliohinesterase (Sigma grade V; specific moo--

tivity, 70 mnioles of acetylchoolinme hydrolyzed l)e-l

hour per milligram of protein) was used in the dcv-

ariiet ho(onoiuni hinidinog expeninients. The conoo--no -

t rat iono (of act ive sites in t he umoimohmibiteol pmepar:o -

t iomi was 0.91 tmnmole/riig of proot ci ni . ‘Fhe Preoto-i ii

eunice-nit root iouo of t hie tact hianiesulfooriat ed preparmo -

toono rose-c! in t hme binding assay was 2 -3 nig/nil. 0,

bimochi nog t () act ive 1)reparmmt iono ; #{149}, binding to

mime-Chianiesulfionoated enizvnie. 0 is thoe nocomber of

nii()los of 3-JIOPTA bonomod �er nicole of active sites

of moo-etvlcheolinesterase ; B is holes of clee-amet ho-

tmiuni bcouniel per niilligrann o)f prooteini ; and L is e Imo-

equilibrium (-omicerotrat ion cf free elecaniet Eoonoiunn.
The soolici lines were cconnputecl in the least -squares

meth(odl froni the experinnemital points. The disso-

ciat icon oeonosttonot , K� , for time 3-IIOPTA-ac-et vi-

ch(olinoesterase co)niplex is 2.5 ± 0.2 X l(t� ii, tonic!

mo is 1 . 1 ± o.03 . ‘Uhie !i� 6 or t lie elecann-t ho mu urn-mud- -

thanoesoolfonmateol enizvmiie econipiex is 4.7 ± 0.9 zit,

amoel B - 7.8 ± 1.1 x io-mo mnole/rng cof protein, or

appr(oximnately 0.86 nicole o)f ligmoniel bounocl per mole

of moc-tivo- site-s.
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nic-e-imaliistic-miiiV eof time sminmie miatunc- feon boot ii

cimtinge-e! mitid mic-utnab substnmmtes. In ge-imenab,

miOoticoflij)Ot it iVO jmmhibit icomi c-mimi be- explauno-d

mis 01110’ c-itime-r to o imic-vo-nsiblc imimie’tivtitiomm of
c-tizyn-ie oot� t(O ttti o’ffe-ot eoti time ntmtc--linmitiiig

step. Since- nmcopmeogro-ssive- imimmctivati(olm of time

e ‘mizyi-mmo’ ummcle-m t he- cxi )Oniflieuita-b c-conditions

Cisc-c! was eobs’rvc’ci, time- so-e-ohid c-xpbmmmmtmtioui

niust ho- c-eotmsie!c-ne-cl. It iitis bc-c-mi clc-nioomi-

stnate-d by l\nui)kmm (23) timtit ccrtaimm e1ummte’n-

mmtinv miitmeoge-mi ieotis, such mis tetnae-thylmmnmmo-

miiutmi ie )Ii , oami foormim mi to-rummy complo’x wit ii

time’ mie�l-miee-tviciioohimio’sto’nmise, mc-stiltimmg mm mi

elo-e-mo’misee! mmote- cot olc-mie-vlmiticomm , I-c.� . 1�ivo
tiieooio’s oof bitmolimig O)f timo- c-ffc’etors i��imic-im imave-

mimi c-ffe-o-t- e ommt ime- vole oc-itv e of time- ao-e-t-vlcimoliim-

N

N

--I-�-� __
0�c � (M’sec’)

Ftc;. 6. J)e-eami,elloomoiuomo ,moJoihi(iomi of Ued(!jl-

cloolimoes(cra.so- -((it(il!/2((l to !1d1)dJl!JSiS of (id(-(!Il(-Joolimoc

‘l’hoe exper-inioemot 5 ise-re o!donoe it 26#{176}in c-c-I I � itoge’1’s

soltit iono, P11 7.0. ‘l’hic- (hatto �vene’ phot te�h ae-conohing

to time nio’tiodool oof 1::oclie- (22). ‘Ehie mm(-ctvle-hi(olimie

c-oomocenot naticomos \%�t’r�o’ vanio’(l fn cr1-i 0.05 C0#{176}2 nt.

;�cctvIcholinest e-nase- (Signooa ( mache \ ; sjoooi lie toe -

tivit y, 70 nm-mo cle’s c if ac-ct ylo’ioolimoo hyotro lyzo’d bet

hour per roiillignanno of l)1oote-imo)v�:os use-oh. ‘Fine-fool-

hoivimog c-oorme’cnot rat iomos O)f olec:oniicthomoicomni ��ere

ilso(h: curve 1, nm(omoe; .�?, 2.5 .imn; 3, 5 mum; 4, 10 �zmr; 5,

50 �ii. The cooorehimoates of tlie lines were out aimiech

using t lie weight cc! least -sciutores progrmono f \Vil -

kimmsoni (19) . ‘l’Ioo no moconipet i Ci ye inhibit i on coon-

St amit was o-alc-ul:i t ed froni Choe- !/ imot ercept s fo or val -

ole-s �vhocro Che sb clod’ clues ma ct (-mango’ . ‘fhe ttpjotorelit

�i-,:-� value thius cht:oinicd is 6 iou. ‘[he e’omu;oetitive

ai)ioarenit i��:-� voolooc- is 10 � , tos c’alo-tolat c-oh fromii t he

c-lo:o rige i n slopes.

1)isplaeemiccmo I of oh-re mooe(Joomo I cmmmo _f,omoe ace I !,l(-Jo �o -

liuo-esk-raso- by 3-Jo !Ilm��r!/PJoomc !,lfrimmoe(Jo !/l(1 moo-

miaomc iummc lomo

1�quihihm-itmtii binding of [�1 I ldeo-amnic-t honiiuroi to

scoluble ac’etylcholinem-ct o!raso- (Signooa grade’ \�

SI)ec’ific toctivity, 69.9 ninneoles of :ocetvlciioline hoy-
elrolvzeel Ier hour ier niiilligrani of Pr(oteimi ) \v:os

assayed mm the presence cof irmcreasinog ceoncetot ra-

tiomos (of 3-hvclroxvphic-movlt-rinie-thovlaniiiiomiiuiim

iodide . ‘Floe equilihrimmroi eunice-nit ra I o no (of elecanoe-

thoniimrmoo i��a.s I .2 ,�ii. ‘l’Imce-onocemotrat juno of 1)r�teiIr

misc-oh i a t lie i)i nochimig ass:ov was 1 .35 rug/nil.

3-h1OPI’;� I )e-cante-t hi oniuni hound

e-sto’mtmso’-cmit milvzo-d! rc-mio-tiemis catm be- e-ommsie!-

c-no-cl : (mi) unto-nmic-tioomm e of ti e�umitd’t-mimmry tiit I.e o-

g(-mi grcoujo �vitim time’ J00’miJ)11e’ttil tommieomiie- site

milboste-nicaily mmffoc’ts timc mictivo- site’ imm sucim

a mvmiv tii�tit time- rmito--iiniitimig stop is e-ithc-r

tilte’I’ed eon le-ss e-fficie-mit ; (b) time’ mmete--limimiting

(lcticyltmti(Omm is miffo-cted sinij)ly by bimie!ing of

time- o-ffe’ctor tiieoic-c-ule- too tiic- minioomiie- subsite

(of time- active- c-c-mite-n eof tito- mmc-vl-e-nmzvnic-.

Aitimoougim mm betim c-misc-s tue feormmitieomi of

mmte-rmmaiy e-ooniiple’x us unmplie-it , t lie- inipe omtmimit

(life-nc-mice- is imm time miioc!c- e)f bitmelimig of a

flic)(lifio’m’ too time- e’mizviiie-. Ito c-misc- (mm), allo-

ste-rio pnooi)e-rtio-s minc- imiil)liOel ; imi ease (b) , a

lO)e’ttliZe’d c,onmfeonmmimitioomotol e-immitmgc- oof timo- mie-t-ive

sito mo-giooii, wiio-time-mcot nicot lmimgo- c-mioughm to

be tmmimmsnmit-tec! ove-m time’ whole- Iomeote-imi, is

stitheiuit t oo OXi)btiimi t hit’ kimmeticallv cbserv-

tibic- miioodifiemitiotms e)f miec-tybc-imcoiimmeste-mmise ac-

tivity. Time-se- neehimiro-miie-mmts mime- also mmmo-t-by

do -c-atmio’t lie omiiuni , j)nc-summiably b� time - virtue

eof its bimmeiimmg ‘muvmiy’’ fronmm time’ e-sto-ratio-

site-. By comitnmist , tninio-t lmyibutylmmnmnieamiunm

ie 0mm is a puno-ly commmpe-t itivo- inhibiteom, e-vc-mm

u-it ii time- imime-iiamgeel I )ime-miyl mio-etmite, imidi-

emit inig that it nmust stc-mie-milly imunelen time’ feom-

n-i-ic-n fnonm foonnimimig mmmiES o-oonmjole-x. it mmppemirs

tiitit this bomintimillY ‘‘c-mmdeo’’ binclimig mummy be

tilseo mespo)nsibbo- fom ne-elue-ing time- n-mite’ d)f

nme-timtmne-sulfomimitiomm mi-itmt ivo- too timat obsc-rvo-d
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:c 1�nopiiiolishoed o)h)servat i(

witim decanme-tlmomiiuni. it could be- mirguc-d

timtit competitive- imihibitiomm migmiimmst pho-imyl

ac-c-tate- nitty be- r-c-iato-e!too time- bulk oof time-

substrate- rtmtime-r timamm to) time’ 1)mimtimill� ‘Otie!O)’’

binc!itmg cof T)�I1lA. Howo-vc-r, wore- tins tue

case, thcne- simould be mieo ro-miscomi why ‘T)�Il1A

shemibd mmot fcnnm. a tc-nmiamv c-oonmpbo-x witim

a(-(-tyl-aco-tyl(-lie)limlo-ste-rase- timid thus e-ximibit

imcimmc-conipe-titivc-inhibition. ‘Time- mmimime-tirgu-

nic-rmt niigimt tilso) itic!icmito- t immit mieonic-onil)o-ti-

tive- iriiiibitiomm (eio-cno-tosc- inn timo- nmito--linmitinmg

do-mioetylatiomm Stei), ic) is tmniii�-iy too re-stilt

froni iiito-m’mie-tieomi of o1ttmito-nmmtimv nmit i-c )ge-n

compeoumids with t ime- ic-riiloo-rtil titilOotilO site.

It is (iifhdlilt to) (‘flVlslOOii ivii�’ timis site’ simeubel

be- niade- itmao-c-c-ssibie- too time- c-hanged ‘1�’cll1A
by mm neutral substnmito-, sue-h mis J)im0mm�i tiee-

tmite-, con by an aee-tvl gnoou�o mm tic-o-tyi-mic-o-tyi-

cimoiimme-stc-rmise-.

CONCLUSI0)N

‘Time- inc tioc immat c-nmmarv t nunic -t imylbut yiti ni-

nieommium iomi amid time- bisc1umite-nnarv clo-omi-

nie-t imomiium arc- nmit ho-n tvpk-al c-lie oiiniergic

effe-etors \Vhie-1) mi(tivmit(’ time’ mieetvleiieoiinmc’ 1.0’-

e’e-pteor amid milso inmte-nac-t w ith ae-e-tylcimeiimmo-s-

tOh’tise. ‘lime- ne-suIts l)n(-se-mmte-d in timis re1)oort

immdie-atc- that imm pimysicolcogie’til c-c-i Rimigc-n’s

seolutioim, pH 7, time- e-ffc-e-ts of these- (mugs coil

kinetic- ptmranic-tc-rs cof ae-c-tvlc-imolune-stc-nasc- no--

suit frem the-in intc-rac-ticomm with time- anmioommio-

subsite’ eof time- e-atmilvtic- c-c-mite-n. ‘Time- cob-

SOTV(d diffe-re-mmc-o-s be-I w c-c-mmdc-e-anme-t lie ommium
arid T]\IBA imi tme-e-c-ic-raticmm cf time- mimo-thammi--

sulfonation re-actiomi tmre� c-ommsistc-imt- witim time’

diffo-ro-mit o-ffo-cts of tlmo-so- drugs com time- c-mit-

aiytic activity of tice-tylcliolincstc-rtisc- with

a(-c-tyldimobino- timid pimc-mi�l acc-tmitc- i5 sub-

stnat(-s. Time-sc- diffc-no-mme-e-s are- o-xplmiimme-d as

resultinmg in part- (but sc-c also) no-f. 9)

from tll( oniemmtatieonm cof liganids comm time’ c-tm-

zymc’ surface. 1)e-c-amo-t hcomiium, wlmio-im binds

‘‘away” fronm time- c-ste-natic c-icft, is mi good

ac-cele-raton of t lie- mc-t iimmmmc-sulfommat ieomm re-mit--

tiemmi and is e-apable- 0)f bimmdimmg to miec-tyl-

miectylcholincstc-nase, tms evicle-ncc-d by its c-f-
feet on the- rate-limiting deacetylatiomi. Tn-

mc-timybbutylammonium ion sc-c-ms too bimio! iii

Partiaib�’ ‘‘endo” fasimicomi. It is thus lo-ss c-ffi-
cic-mmt in acce-lo-rating the- nie-t immmmmo-suifoonimitiomi

rc-aetiomm amid is incmiptmble ef immte-rmic-t imig with

mmco-tvlated enzvnmo-, mis c-vide-ticc-cl by tiio-

j)tmne-l� ccoflipdtitiV( inmimihiticam it pnooeluec-s.

‘Time- functicomm of time’ ioo-tipiio-ntii ammiomiie- site’,

tipmmnt fmeonm its e-oommtributiomm teo bimieiitmg (-mm-

o-ngy uric! onic’tmtmiti 0mmof hisc1umit-rtmminy clc-e-

anmc,timo)lmiunm commthe- e-mizvnie- surface-, is imeot

mippmiro-mit.

‘Time- mibeve- ititc-rpnetatiomi is no ot iii agnc’e’-

nie-mit ivitim time- i-c-c-c-mit re-peont by .Jung mmmcl

Bc-lie-mimi (24) thmmt- c-rvtimreevtc- toe-e-tyle-imeoiimi-

oste-mmisc’ c-mimi ho- fnmmo-tiomiato-el mnte subspo-o-ies,

c)nc- cot mviiie-hm is iiiimibitcc! oommiv licorice orimpo-ti-

tivc-lv by (!c-o-munmc-timeoniiuni. ‘Fimis suggc-stm-m timmit

mi timmit j)titt-iettimit o-m-izytiio- subspe-cio-s dee-mi-

mmmethoomiiunm timid mic-c-tvbc-iiolimic- do o mme)t c-coni-

pi-te foot’ time’ e-conmrimeon birmeling sit e- 1mm time-

cmitalvtie- c-c-mit c-n, timid e-oomii-oe1ucmmt ly time- mioomm-

c-cornpe’t itive- immimibit ioom is j)mcobmihiy duo- to)

nmtc-rmic-t io)n 0 of ole-c-mommme-timc)muunm m�it ii a pc-nipim-

c-rmii site’.

‘fivco o-hooiimu-rgic- autmigo mists, gmiiimimimiiie

timid! Otit.mii.O, mmflc-et time- miic-tiimimmesuifeonititiomm

eof me-nmbrmmmie-bouncl miee’t�leimo oiitme -ste-i-misc- at-

(-e)micc-tmt rat ie oims at bomist t we o oorc!o-ts e of mmimogmii-

tude- iiigimo-n timmmtm timeose- tit �vimie-ii johysieoioogi-

c-mm!rc-spo)mmse- is obsc’nved. Pno-iunuinmmim-v bitieling

stu(Iie’5 eof (lit)1l(t/o!j1-14(11(I-ttlb(oc11m:iIihlc, 0.1-;)

j.�:’�i, too soluble- mic-e-tvie-imcoiiimc-ste-mtise- iii phvsjeo-

bc)gie-al ce-b Rimmgo-r’s solutieomi sue uve-d negligible-
immte-ntmo-tiemi of timis clntmg witim mme-c-tyle-hoiimmc’s-

to-nasc-.3 ‘Slcoe)so-n ammd Sigmtin (25) imave- ch-nm-

onstnmmte-c! thmit iii .5 nmu ioiieospimate butTe-n

o-unare- immtc-rtmc�ts stncongly with c-c-I micetylcime)-

limm-sto-nmmse, timid Bc-lleau timid 1)iTuliio (26)

nc-peorto-cl affinity babe-hug of cuntmne--spc-(-ifie-

site- mm -rvtiinoe-vto- o-mmzvmo- wimicim hmmd been

dimmlvzc’d agaimmst water. ‘Fimo-se- nc-stilts are imi

mignc-o-nio-nt witim time lore-vious uimidimigs of

Cimmingeux (2) mmmd Kitz et al. (3) ; howe-yen,

the-v mmiv mmeot be- nc-bevant- too e-o)tiditieoiiS of

pimysiobogi(-til iO)IiiC str(-ngtii tmtmol pH. (‘noone

(27) immis ne-ce-miti�- comifinnic-e! timat. as witim time

c-c-i c-nzvnme, timo- immtermictkon cof gtilianmimie- mind

curare- witim nmamnialiami ac-o’tvle-iie olinmest e-rtim-ce

is stro)migly dope-mmdemit diii lOolild m-tne-migtim. ;�mm

hit-nc-misc- iii iO)Iilc strength too 0. 1 ;5, wimicim is

conmparmmbie- too time- ionic- stne-ngtim eof joiiysio-

logic-al smihinie soolut-ion, ‘‘o)bhite-rmItc-el mill e-ffo-cts

e)f gtillaniimie.” Timis autimo)n suggc-stcd that

time- e-ffe-c-ts of unorgammio- ions ammel oof gmmlitunuimmc-

like- oomnpoumids may bc- bnougimt mibout-

timneough a coninmomi mo-ciiamiisnn.

Iii siimumtmmtinv, mi pimysicoloogic-mil c-c-i Ibmigo-n’s
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sc)lutic)mm, pH 7, imite-rmic-tio)mi lof t lie’ o-imolinc-rgic

age ommist 5 dce’mm nie-tiieoniunm mimic! t nime-t imylbu-

tvlmmnmnieoniuiii ie onm��it ii c-c-i tie-ct vbe-imobimmc-stc-r-

misc- e!oo-s ncot rove-al ioroopc-nties suggestive- cof

allosto-nisni. lii view cof time ele-nicomustrate-el do’-

j)eli(lc-mico- of t ime e it1mite-rmmtin� structure- of
mic-e-tvie-imoolimme-ste-nmmse- comm ienic- st m-c-mmgt-im mimiel

pH (28, 29), tiie jOiiysiO)boogicttl sigmmificmmmme-e of

me-suits e)btmiimic-c! imi huge-n’s sojiutiomi, as c-onm-

pminc-(i to thme)s- obtmminieel mit loo\-c�-ic)mmie- stre-migth,
eammmmcot-be- tiss-sse-d fully �vitheout kmmowlc’dge

of time- jeomiic mmmie-rooe-mmvinommnic-mmt of the mem-

hraimc--boummd c-mizvmimc-.
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