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SUMMA1IY

It � shioss-mm llrevioutslY that time alkyltninmetim�-lamiimiioumiutmmm lomi series (If clmolinemgic ammol

anticholimmem’gic olnuigs umot oirtl�’ fail to protect ttcetylcimohimmesterase (ACiul’) agaimmst irre-

versible esterificatiomm by nmetimamiesutlfoumvl fluoride of its tictive senimme imy(lroxyl, but tictuaily

accelertite time reactiout, timus Sii(I\\irmg that time alkyl ciutumms do not bind on time catalytic

estertitic sites tiieniselves (e.ro (Inieiitatiomm) . ‘\cceleratiomm iias been exl)ltumm(sl in ternms of con-
forniatiomitil l)ertulrbtttiomms, tui(l immtuxinmunm l)o)temmeY imm tiuis regard ss.tts exhibited by time ii-

hexyl nmeummbem-, to)hlos\ed by a simarp reversal of time ticceleratiomi tmemmol tit the ii-lteptyl nmemm’iber.
Parallel tneum(ls tumid siuifts itt potemmcies at time m(’cej)tom. level ;tme ssell docuniemmted. Usimig time

stume expet-iummemmttti tecimumiquies, it has mmonv beemi founol that leptocurtures (polymmietimommiums

of time decaummetiuimmiutnm series, iumcludiutg succimmylcimoiimme) also beimave as ticceler:itors of time
metiianesulfommvltit iotm retictiomm , peak activity being obser’u’e(I svit it (lecanmet imommiuumm. Sue-

cinvlcitolimie svas 4 tinmes immore active thtimt time ititter in stinmulatimmg time mm’mo’timtimuesuifommvla-

tion reactio)mt. lime treumd in stimutlating II(ltelmcies closeiy l)turttllels time relative bloickitig

poteutcies at time tmm(ito)r emit! plttte level. Itt nmtirked commtrast, (i-tubocurtinimme timid gttllanmine
j)rote(’t ACimE tigtuiumst n’tethammesulfonyl fluoride by a umiecimuuutismi’t ss-hicim does mmot obey time

Iaws of coummpetitive kimmetics. lime ap�)lictttiomm of cuimiveumtioumal assay teciimmioiues imtid previ-

outsly led to the cotmcluision timat iiacimycutrares tine conmpetitive iumhibitors of time ealmiuc
sutbstrate ACh tit botim time enzvn’me aumd myouteural junctiomi levels. Hosvever, evidemice that

time iumhibitiomm is ratimer of time pttrtially competitive type imtis receumtiy beemm reported. Sitmce
time nmethammesulfomml flitonide molecule, uimlike ACim, carries umoi cimtirge, it camm imarolly com-

pete directly withm I Ituchycumrares for cit tunged bi ndi tig sites. Hemmce, time observed pttntia.i ly
competitive neltmtiommsimip must be tite result of pttchmycutrttre-irmd�tced cimtummge trautsnmitted to

the estenatic cemiten from outer anionic sites. These coimtrastimmg properties of leptocurares
tumid ptmchycutrares as modifiers of couifom’nmation find aim exact parallel itt time divergemmce of

timeir mmmechttumismiis (If blockade tut time myoneural jutnctiomm level. These observtutiomms futrmmish
new immsigimt iumto time immtertuctioum topographies underlyimmg time ligtind-imtdumced commfornmational

changes.

Time rate of irreversible inhibition of fluoride is nmarkedlv sensitive to time effects

acetylcholiumesterase by methanesutlfonyl of quatenmmau’y ion binding ott time anionic

This invest igatiorm was supported by Research centers of time enzyme (1, 2). For instance,
Grant 2001-2 from time 1)efence Research Board of sulfonylatioum of time esteratic serine hmydroxyl
Cammada. is accelerated about 6-fold by time tetra-
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Effects of lepto- and pachycui-ares on the velocity of irreversible nuethanesalfonylation of erythrocyte
acetylcholinesterase at 25#{176}and pH 7.4 in 0.1 .u� A’aCl and 0.02 .mf MgCI2

The relative velocities of the nmethamiesulfomiylation reactiomu with AChE were estinmated by a slight

modificatiomu of the method of Kitz amid Wilsomu (1, 2). At various time intervals, 0.25-mi portiomis of incu-

bation solutiomu were withdrawn amid then immediately assayed for residual AChE activity against

ACh at a conicentratiomi of 3.4 X 10� M in salt soluttioum havimmg it fimual volume of 3 nil at emmzyme conceit-

tratiomis of 10 or 14 units/mI or a fimial volume of 25 ml at emizynme comicemmtratiomus of 80 ummits/mi. For

control incubatiomus, only methanesulfomiyl fluoride was omitted. The rate of disappearammce of AChE

activity is proportional to the velocity of the methanesulfomiylatiomi reaction with the esteratic cemiter

( 1-3). Duplicates were run itt all cases. As expected, semilogarithmic plots of percentage of residual

AChE activity against time were all linear [pseudo-first-order kimietics (1, 2)1. 1mmthe last column, the

acceleratiomm (or imiimibitiomm) values (A) represemut the ratios of the slopes of the initial velocity of AChE

iumactivatiomm by methamiesulfomiyl fluoride at two differemut concentratioums of each nmodifler. For all prac-

tical purposes, the individual .1 values were independent of modifier comucentration in the ramige of con-

ceritrations givemm iii the secomud column. Since duplicates were ruin for each modifier concentratiomm, the A

values represent averages of four determinatiomms, which permitted estimation of the standard errors.

Effector salt Methanesulfonyl AChE Acceleration of
Effector salt concentration con’�m�ion concentration reaCtiOfl,

M M unils/,,zl

Tetramethommium 92.10 X 10� 13.9 x 10-s 10 1.80 x 0.1
11.40 X 10� 20.6 X 10� 80

Penmtamethommium 30.30 X 10’
34.60 X 10�

20.6 X 10�
20.6 X 10�

80
80

1.50 ± 0.1

llexamethonium 10.40 X 102

64.60 X 10�

13.9 X 10-6

20.6 X 10�

10

80

1.30 ± 0.2

ileptamethonium 91.00 X 1O�

19.20 X 10�

61.8 X 10�

61.8 x i0�

80

SO

4.20 ± 0.1

Octamethonium 62.50 x 10�

15.30 X 10�

20.6 X 10�

20.6 x 10�

80

80
6.30 ± 0.1

Nonarnethomuium 17.30 X 10�
23.50 X 10�

20.6 X 10�

20.6 X 10�

80

80

8.90 ± 0.05

Decamethomuium 5.08 X 10-i

9.40 X 10�

6.2 X 10�

20.6 x 10�
80

80
9.30 ± 0.1

Ummdecamethonitmm 2.01 X 10�

3.11X105
61.8 X 10’�

61.8X107
SO

SO

9.10 ± 0.05

Dodecamethomiiunm 9.50 X 10-6

13.30 X 10�

61.8 X 10�

61.8 X 10�

80

80

8.70 ± 0.1

Succimuylchiolinue 5.00 X 10’
9.00 X 1O�

30.9 )< 10-6

30.9 X 10’�
SO 42.00 ± 2

d-Tumhocuiraritme 2.22 X 10�

5.44 X 10’�

11.3 X 10�

11.3 X 10-u

14

14
0.45 ± 0.05

Gallamimue 8.00 X 10’

2.00 X 10�
11.3 X l0�

11.3 x 10-6

14
14

0.60 ± 0.05
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TABLE 1

methvlamnnmommiutrn ioum, an effect ss-hicim is
suggestive of effector-inmduced cimaumges of
coimformatioum in time enzyme (3, 4). Accord-
ingly, in time absentee of complicatimmg factors,
rate variations itt the nmetimanesulfoumvlation
reaction ummay give some measure of �fle(tor

potencie.s as’ in(Iucer.s’ of conjoint ational

c/manges. This may coimstitute one of time key

1)imYsical ptirametens possibly allowing mean-
i mmgful conmpanisomms with pharniacological

potemmcies, since it is coimceivable that

iumtitenum:ur�’ salts imidumce tumttlogous changes
of commfornmation iii time mmmenmbraume receptors

(4). Itt this respect, c(ImI)auiso)Iis of affiumity
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FIR. 1. Plot of the ratio of the slopes (A) of the initial velocities of irreversible methanesuLifonylation of

AChE against n, the number of carbon atoms separating the tu’o charges in polymethoniuin leptocurares

Experimental comiditions are defined in Table 1 (see the text also).

2.4 NSF + [d-’rubocurarine] X2XI#{212}4M

2.0 - /
/ NSF + [Gailamine] X 103M

.6 �

.2 [NsF] alone

-- --� --a----
I I i I i I I I

4 8 2 16 20 24 28 32

[Pachycurare ]

Fm. 2. Plots of the rate constant ratios (k0/k) for ir,’cversible methanesulfonylation of AChE against

the concentrations of (1-tulbocurarine and gallaminc

Experimental commditions are olefined in Table 1, except that a range of concemmt rations for the reagents

was used. The curves quickly reach a plateaut (do not extrapolate to 1), a mnechammism of inhibitiomm at

variance with the laws of competitive kinetics. MSF, methaimesumlfoumyl fluoride.

constants are of very limited value, since (6) that all members of time n-alkyltri-

they bear no direct relation to the imature metimylamnmoniunm ion series of drugs (up to
and degree of conformational change (5). n-clodecyl) not only fail to protect AC1mEt

Using the assay metitods of Kitz and ‘ The abbreviations used are: AChE, acetyl-

Wilson (1, 2), we have recemitly discovered cholimmesterase; ACh, acctylclmolimie.
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agai mmst niethanesulfony 1 fI Itori(le, butt til5()

actually accelerate time reaction, timuis es-

tablisiming that all time alkyl chmaimms of time

effectors, regardless of lemigth, assume atm

oniemmtatiomm on time enzvmmme surftuce wimich i

permits free access of metimutnesulfonyl
flutoride to the esteratic sites. Moreover, time
alkvltnimethylttmmoni urn ions are corn-
petitive inhibitors of ACim hydrolysis (7),

thus simowing that they share witim AChm
ommly time cation-binding site. Hence, time

alkyl chains must be exo-oriented relative to
the nmethmttnesulfonyl fluoride site o)f reac-

tioimm (see Fig. 3). Equally significtmnt was the
observation (6) thmat acceleration is de-

pendent on chain lengtim, reaching a sharp
peak at itexyltrimetlmylammonium (about

8.5 times time control velocity), followed by

a sham-p reversal of time trend as time cimain is
further elo)mmgtuted. Relative potencies at time
receptor level (9) follow aim almost pttrallel

pattenmm, sviiicim suggests timtit time commformtt-
tiommal respoumse of AC1mE to alkyltninmethyl-
amlmmoimiutmmm ions may be miot unlike timttt of

time receptors.3

In om’dem’ to test the gemmenttlity of this

a�)pro)achm to) time probieni of the confoirnia-
tiommal m’O�t�tl)OumSe of AChE titm(l AChi receptors

to (ltmtit(’nmttir’V tirugs, we have umcas examimiumed

time effects of leptocumranes timid ptichmycunares

(10) mm time i-ate of time nmethanesulfonylation

reaetiomm witim AChE. The ligttmids teste1

md um(led poil�n�etimoniunms (tetrtu- to doideca-
methmvlene) , succinylchmolimme, (l-tubocuranine,

tumid galltmnmiume. Time immitial velocities of AClm
hydm’olvsis were all evaluated at 23#{176}tund
pH 7.4 (C’02-free nitrogen atmosphere) by

time pH-stat technique previously described
in detail (11). Salt solutions 0.1 M in NaC1

and 0.02 �m iii MgCl2 were used timroughout.

Commtroil i micubations from svimich only meth-
anesulfonyl fluoride ss-tis omitted were run in

2 These flmudimmgs may i)e regtirded as commstit itt -

i mug tutu experinmemmt al deniommst rat iomi of t he exist -

ence of accessory receptor areas for competitive

blocking agemits, as proposed by Ari#{235}mms(8).
� Peuutylt rinmethylammmiommiuum has gemuerallv h)een

observed t o surpass hexyltri niet hyl amnnmommiutm

imu agommistic potetmcy (9), but time differeiices are

relatively small. 0mm the other hamud, heptyl-
rimel imylanmmnmommiumnmis a part ial agomiist (9), and

it is precisely at this chaimi lemigth that a sharp

I ramusitiomi imu the trend of accelerat Lotus is ob-

served (6).

FIG. 3. Schema/ic repiesentation of the align-

fluent of !eptoeurare.s and pach!/rurares on the AChE

surface

The n�tuimi chaiuu of alk�-ltrimnethylamiin�omiiumnns

amid leptoctirares projects away from the esteratic
center where methamuesulfommyl fluoride reacts.

Pachycurares are showmm to occupy outer sites, one

of which would be idemmtical with a leptocutrare-

binding site (see the text).

parallel, so that time inimibitory effects of the
quatenumary salts oum ACim hydrolysis in time

assay niediurn were aut(Ifl’laticallv corn-

pensated for. Time effector concentrations
were saturating with respect to enzyme, as

estiim�ate(l fronm them binding constants (12).

As expected, noi reaction between time effec-
tot’s ttlo)ute tumid nmetimtmnesulfoinyl flumonide ssas
observable.

Time mttti(I (If time slopes of time initial
velocities of methmttumesulfonylatiomi gave A,

time tucceleration on inhibition values. The

data summarized immTable 1 aumd Figs. 1 and
2 suggest time follosving conclusioums.

1. Like timeir monoquaternary counter-

parts ((1), time hommiologous leptocumnares of

time polymetimoniitm series must form exo

complexes ssitim AChE (I”ig. 3), since they

all fail to protect against attack of the es-

teratic site by methatiesulfonyl fluoride
(Table 1). Equtully striking is time fact timat

peak ticceleration occurs at decanmetimonium
(Fig. 1), which is also the best agonist of

time series ott time motor emmd plate receptors
(10, 13). Hence, time monoalkyl quaternanies

aumd polymethomum leptocurares cause par-

allel responses mm both AChE (acceleration)
and time nmotor cud plate membrane [de-
polarization (14a)I. i\ loreover, succinyicho-

line is about 4 times more effective than
decanmetimonium in accelerating the meth-

anesulfoinyltution reactioui (Table 1) and is

also about 4 times more active as a lepto-
curare (14). An optimum fit of these two
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22. C. ..\.. \Voolfolk amid E. II. Sttudtnmtimu Bioc/ueun.

Biop/uys. lIes. (‘ounuuuu,n. 17, 313 (1964.

ligands oit ACim E ivould require the presemice

of an ttuxilitmrv timmiommic site (13) oittside time

ACim-bitiding cleft4 (1’ig. 3).
2. In mmmtinked comitrtist, time pttchycuranes

cl-tubocuranimme timid gallaimmimme J)rotect _\.CimE

agaimmst metimtummesulhimiyl flutoride (i�able 1),

and the observed imiimibitioui doles umoit follow
the classical ltusvs of’ competitive kinetics,

but rather nesenmbles feedback inhmibitionm oif

regulatory emmzvmesm (Fig. 2) (21, 22). On
that basis, pttchmycurtires nmay preferentially
bind omi out.ei tuimiommic sites (Fig. 3) and

induce ti. cimtinge svimicim is uumhike timat pro-

duced by leptocitrtu’es.t At time end pltite

receptor levei, leptocurtmres amid pacimy-

curares also imi(luce dissimilar changes (14):

whereas time former block by depolarization,

the latter block witimout it. 1mmFig. 3, lepto-

curares and ptichycuranes are shown to
share one auxiliary tummionic site, in agreement

with other data4 aumd with time observation
that pacimycunares readily “reverse” mimi-

bition of itCh hydrolysis by leptocurares
(16).

The above results show that the kinetic or
conforinational ieS/)Oflse of AChE to timese

diuaternar3’ drugs follow-s tren(ls timat are

stromigly reminiscemmt of time receptor re-

4 Labeling experiummenmts with 2�i4C��V, �V-di-

mnethyl-2-phenylazi ridi muium chloride, aim aniommic

site-directed iuuimibitor (10), have comifirmed this

comuchtsion (B. Belletium, \�. J )iTuulhio, amid NI.
I)iTuhhio, in l)reparat iou)

5 It should be tmotecl that , ummlike ACh, met htimme-
sulfonyl fluoride carries mio charge amid t hums can

hardly compete directly with pachycurares for
charged sites. Hence, the lack of a competitive

relatiommship between met hammesuulfonuvl fluoride

and pachyc urares shows t hat t imei r respective

sites of immteractioum are prohahil of time nomiover-

lapping type. Sigmuificamutlv, pachycumrare imuhibi-
tiomm of AChE hydrolysis of time charged substrate

ACh is also of the partially conil)etitive type (16),

a result at variaumce with previoums comuclusiomus

(15, 17, 18). Similarly, it has lomug beemi accepted oii

the basis of convent iomial assuiv techmtiquies (19) that

a purely competitive relatiomuship for pachycurares
ammo! ACh exists at time myoneumruml jummuction. Flow-

ever, close examimmation of more recemut data (20)

reveals that pachycurares etmumse mmommparallel

shifts of the dose-respomise curves for ACh actimig

ott leech muscle, thims also poimut imug to a 1)art ittll�-
coumpetit ive type of ammttugonisflm tut time receptor

level.

Sl)�mts0’ t(I time stummie (lrutgs. It s(’euiis possible
that ptirallel itmtertuctioin to�)ogrtij)imies ammo!

specificities may be immvolved at tue emmzymmme
and reo’el)tom levels, tt problemim ssimicim is
ctti’ro’mmth tmtiolel’ immvestigatiomm.
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