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SU�\iMAHY

A 60-MHz nouclc’an nitogne’tic rc’sonamoce nmo’timoel ivas uso’cl to study tlmo’ bitoeling c)f tocetyl-

cioohmmc’ too acc’to’lc’iocolinuo’s(c’nase’ (EC 3.1.1.7). (1hmaiuge’s in time Iinuo’wio!(hm of (hoe .V-methoyl

rese)nanm(’e of acetylelmolimuc’ tos a function of (imc’, nc’suh(imog froono toss(oO’itmtioli w’i(io the cmmzyme

during hydrolysis, ivenc utilized to study (boo’ o’nzyme-substntote imutc’I’to(’tiolo. Thoc ne’scoiommnce of

time acetate pnt)tons of ae’ctylchoohinoe’ at 132 Hz (do ownifielci fnconm o’xt o’nioal tc’t nanmo’(loylsilamoe)

disappc’mors e!unimmg hmvdntl�’sis, ivloile’ to imeii’ pc’ak, duc’ too moe’wlo’ fonnmo’d sodiunm tmc’c’tmote, mmppc’ans

at 1 15 Hz. The’ rate of mop�oo’aranoc’c’ oof the frc’e’ moe’etmo(o’ Pe’tik was itso’cl too noo’asorno’ (hut’ inoi(ial

velocity eof (boo’ n’cao’tio)nu.

In time’ pne’se’nic’c of ioighi e’onmo’o’rotnatic)no e)f subs(rtote ( I 6.7 noon) , e’st’n’iooe’ armcl tme’ostignmitoe

decrctosc’ substrate hmydnolysis by iruhoibititog its bioodinog to (boo’ e’mozynme’. Urocle’n (he same’ eeonidi-

t-ioius at-no opiroe, (- ) -loyiosc’ymomitoe, tonicllmyosc’inc’ ae’e’e’le’nooto’ iuvdnolvsis oof the’ subs(rtoto’ wi(ho-

out inte’n’fc’nitog with its bioiolinog.

nNTR0DUe’ToON

Prc’vious stoodies (1, 2) hotovo’ siooowno (hoot

squid mtcc’tylchohinoc’s(c’nase’ (l’X’ 3. 1 . 1 .7) co)nm-

tainio .oel)oonnlt 0’ biioc!ing sito’s for tot roopine

anal o’so’r’inie.“h’hoo’ J)t’O’st’tot study ivoos unuclen’-

I :okc’tr t o 0 invest igtoto’ t boo’ o’lIo’o’t oof at noojnnie

0001 t boo’ kitiet it’s oof ubsi root o’ hiythn’tolvsis. #{163}\

hrighi -r’c’so tI oil io ott nue’bo’oor nimagooo ‘t ic re ‘so ooio�nucc’

nio’thoeoch i�:0s 1150(1 too sttrol�’ tboo’ I)iroolinog oof

suhstn’ato tot t Ito’ o’nozvnio’ ohun’ioig hyohr’tolyo’tis

i Ii t he’ j)0’O’OtO’tlO’O’ tonic! :oboso’noco’ o of’ tot it opine’.

‘Fins nooo’tbioool,e’t1�l)lO,\-’O’oletoo’lio’n’too stuel�’ (boo’

iinilinig oof :oo’o’tvbo’hoolinro’to strum (‘hooohiooo-�s-

‘I’hiioo i tlV(’)’tI igot 1 ott �sois su�)po)o’I t’ol bo�’ gr’aotl ‘i

fn’onio Ihu’ (‘tunimooltmuni ‘ito’olio’nl lbo’o-tean’t’li (‘ottnu’iI, Iboo’

(�uiebt’’ �ttt’(li(’t0l 130’S(’Ott’O’h ( ‘ooioio’il , onto! Ihot’i\Ituce’u-
Ian I )v�t n’opltv Assoo’ial ioot.

( ‘antot(IrmInl �t1eo1io’ool l3rso’ouoo’h ( ‘otnoto’ol So’holan’.

.5S2

to’rmise’ (3), limos scvo’ntol todvtontage’s oven time

ooonuvo’ntie)Imal kimoctic mooo’tioe ods for mitomolyzing

substnmmtc’ monud iiohmibi(er inu(enac(-iomms (4).

It is Prooi)coscc! thmo( (boo’ c’mozvmc has to

50’O,t oiod sit o’, distinio’t fr’oiii t boo’ toctivo’ c’enitc’n,

i�iio’t’o’ tint’ binding tof o’beohine’rgie’ higoonids toni

,‘u’o’o’lo’r’oot 0’ it S e:ottolvtio’ out ivitv . �\ro :obto’nnoa-

tivo’ o’xpltoriootioono tof 1 boo’ kitit’tic’ dtotto is thoot

tot t’toj)iOiO’ birools too 1 hoe’ so’eooniel sito’ tonic! pro’-

vo’nots ‘itohstr’toto’ imihoihitioono.

_ini’:’i’iieotos

I�’1Z!/)11(. ,-\o’o’l vbo’hio ohinio’st o’n’toso’ iioos �)r�’-

Pmot’o’cl ft’ootii thoo’ boc’:ocl gtonoghimt of seiuitl
(Loli#{231}ioo(o/O(lI(’sC(’ll.S) mis clo’scr’iho’d �oo’o’vioous1y

(1 ) . It i’oos climolvzo’d tognoinost tic ouble’-ehio.ttiflc’d

wato’r touch sto trod fo’tozo’no tos to powdo’r. Thu

o’liZ\’DU’ hooch to spo’o’ifio’ toot ivity of 1.4 nomnmoobo’s
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of acetyltboiocioolinc loydrolyzeci pen hour

per milligram t)f protein. The Km value of

acetyithiochohine was 90 �

Chew -icals. Choemicals were dobtailoed from

the following sources : hyoscine (scopolamine)

hydrobromide ammd ( - )-hyoscyamiime sulfate,

Nutritional Biochmo’micals Corporation ; ace-

tyicholine chloride’, gift mono Hoffmann-

La Rochoe. The scources of time’ otimer chem-

icals used ito this study arc givero in the

accompanying i�a�cn (1).

Magnetic �CSOllUF0CC lee/i ii iqucs. For each

series a S((Oe�lC ace(ylcloolines(entose solution

(specific activity, 1.4 nonotolo’s of acetyl-

thiocbmoline ho�’droohyzed pc’r hour per noilli-

gram of pnt)teimm) io’as pnc’paneel in 0.1 oo

sodium phospimate buffer ane! brought tco

1)11 7.4 by (hoc’ aelditiomo oof small tinmounts of
0.1 :on NaOl). A small quantity of enzyme

(0.6 ml) was (naoosfenree! oo sttommdand 5-mno

XMR tubes. A small vdolu000e oof substrate

(10 ,d of 1.0 ioi acet-ylcimo)hinoe chloride) io’as

injected imoto the NMR tube, arid (he retoc-

tion was immitiated by rapid miximog with the

enzyme solution. The (tube’ woos placo’o! imo

the probe, anod (hoe acetylcime oline’ spect nuno

was sca-nmmcd tot various (moe intervals.

NMR spectra os’ere obtained w’itio to

Vanian A-60l) hoigim-nesolut iomo spect ronm-

eter. Chemical sioif(s are expressed in Hertz

from tetranoethylsilane as ex(o’nnmal standard.

Substrate-binding studies were made tot a

sweep scan of 10 Hz/cnm anti a sweep rate

of 1 Hz/sec.

All measurements were carried out tot to

probe temperature of 39#{176}.Every sanopie

was eqioilibrated at 39#{176}feor at least 5 mino in

a water batho before introduction imito time

probe. Time time betw’ccni prepanatiomo o)f

samples amid determinmitiomo of spectra e!iel

not- exce’c’d 2 hr, to minimize decompositiomo

of labile cOflipt)uflds.

RESULTS

The bimidinog of ace(ylcholine to acetyi-

cholinesteraso’ was studied by measunitmg

the change in iiflew’i(i(im of the N-methyl

group at half-maximal amplitude (�XvNcH3)

as a function of time. The rate of hydrolysis

was followed by measuring the amplitude of

the acetate peak (118 Hz) as a function of

time. Timis me’(iood has been e!o’se’nibe’d previ-

ously for serum (‘boolinestenase’ (4).

Substrate biiid-ing. Tiot’ lo)we’n tract’ in

1”ig. 1 siooivs to 1)oor(icolm oof the 60-�\1Hz
x:�olH sl)eCtntl000 eof a 16.7 noo�i soolutieooi of

toce(vlchoolinc’ cbmboonidc (ito 1)20 phmosj)iorotc,

1)H 7.4). Time mossigoomemm( of (hue’ toce(ylc’hoohiooe

spe’ctnuno as giveno ho (hoe’ figure’ io’mos oooade

previously (4). The’ peaks are labeled �V-CH3

� TMS
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196 OH� 132OH? 118OH�

-�2OH� �-

>- H �

Fnu . 1 . ‘l’o otto course of .\‘Jl!/? spoctroo no toJ’ (ltd /1-

(ito)!i100 chloride (16.7 noot), both fret 010(1 aftor odhi-

tiooo It) (1((ti/l(’h(o!iloesterase (50 iiog/ntl) ill U. I ti .0-

(!i01111 phtospioato btiffer, pH 7.4, on I)�O

The temooperature was 39#{176}.Tloe lowest I race

represeouts to bJoo’t-iooo of tloe N�oI1t spee’tn’unu of

acetyichoolinie free in solutiono. Upper traces are the
scans oof the acetyicholine spectrum at varie)us

times aftet’ oodditiono to acelylcholinoesterouse.

Ilesonoances at 196 and 132 Hz [downfield fronto cx-

tertoal teto’amethylsilanie (1�NIS)] are frono Pt’oolo)nos

in the .\‘-rnethyl and acetate groups of acetylcboo-

line. The resonaroce at 118 lIz is from sodium ouo’e-

tate I)rotoonos, to I)rodutct- of hydrolysis oof aceiyl-

choline. The arroows on tloe .V-noethvl peak indicate
the widtho of the resoooaooce line at houlf-heiglot

(�vNcnI0). The arrows ooo the oucetate peak ioidicoote

its anoplitorde ito millimeters. A solutiono of tet rot-

methylsilane was used as atm extermoal standoorol,

and its resonance appears to) the upper field of thoe

acetylcholine resonances. Its spectrunm wa.s no’-

corded before and after the experiment.
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tonoel -( )( ‘( )( II:: I’mto’ t lot’ 1)0’ ottools tof (hot

0 utot o‘r’nooon’\ oun000-iotonoioonmo�onoo! ooo’t’t tote’ not oio’t it’s,

r’o‘sj ot ‘t’t i �‘t ‘lv . \\‘h it ‘r o toto ‘t � Ioh to ohi toe ‘ o’hohooo’iele

(16.7 noon) woos ac!olo’ol too a soohutittnu of (lot’

o’nzynoe’ (5(1 noog toil) tout! (hoe’ sjoo’t’to’uooo oof (hot’

soohut(itono ooous st’oonoroe’th o’o’1ooto(o’dhv, thoo’ s�oeo’-

tn’uni uonuelo’n’ivo’not se’vo’n’;oh o’hotonogo’s, oos shoooovno

ito t hot’ ooppo’o’ to’ooe’o’stot’Fig. 1 . “Flit’ .\‘-noc’( hovh

)2t’o tori) o’o’so 01100tit’t ‘ ho ‘t’ootoot’ hn’t tout ho n, n’t’toeioioog to

mtoximunm tot 2 nmoioo, ftohhoowo’ol hi’ to gr’todutoi

siotor’�ot’noinog. Thoo’ n’o’soonooonoo’o’ at 132 Hz eliot’
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l”me; . 2 . J�ltot tof tobseroed it ito-u’ ot///t ftor ,V--nteth p1

group l’tS000t(1?ttt tof ooceti�lcitoliioe (lttoi’or qrapio ) (o

(11l0/)llttl(!t tt,f .‘O(iitiOt titotioto qrtttt�� rt-soIt(Ilo(o (tipper

gra/)it ) oo’i/it rt-spett Oo to out at t�ori totis concert tra-
to opo.� of’ e otz!/ooto- (Li ) o it //to prostlott 0/ f/to ‘(10010 (‘010-

(011 tm I t oo,t tt,t’ (1((t!/l(it ohio o c/t ltori do (8 .3 ni �of

.-‘ I zc no t r i nut’ ot so ol tot i 0 tO I 0 of :to’o’l �‘1o’ boool i toe chin-

tide (IOu1, 1 1) in ) ‘,‘,‘:ooin’oopitlIv nooixo’tl ��iI ho oo soolutioro

eof oio’e’I vbt’booli ooc’sI etoose ito I lie NI’tI H I the. Thoe tube

i�’ots iol:io’o’dtm Ilie’ 1)001)0’, toot! Ilie’ ao’e’tvlo’hotoliooe

51)e(’I no t oto \�:is sit’ot 000 eu! tO#{176}IOo’ol0 edI� . “Fhie o’looonoge ito
ii tit’�viol1 Ii t of i bit’ .\‘-oioo’t bivl gno omt�o aio(l I hoe oonopli -

I otele oof i boo’ ot co I a I e’ gte 0001) t�O’ nc’ tlo(’:tstl nec! fit no t he

50l000(’ (‘XboO’ti ttoo’to 0 . “Fbois pn’ttt’eclton’o’ �t:is t’epeool ed at

six elifle’no’tot o’oooie’eto I ‘oil icons eof entzvn000’. The plc)t is

0 ho’ ob i ITt’no’nio’t’ boo’l �‘o’o’no I hoe’ I i noe’�viob I los foot’ oocet vi-

(‘booth tO�’ o’boion’iobo’ i 01 1 lie’ 1on’e’st�ot’t’ 0 of cccl �‘lo’Ioooli ni -

eslen’ase’ oitotlito botollet totolv (t)8 E 0.05 lIz). Ito-

o’lttoleel i to 0 boo’ gn’oophi is t he chooitigo’ i ni Ii roeoo’idt h of

I hoe .\-nooet bo�i gt’toltjo of t’btooli not’ t’hiionitbo’ (8.3 no�t

ut’heni mooixe’ol �vi I Ii a sooboti iooni of ao’eI �‘ic’hooo1i niesten’ase

(SC) rug rnol ) . ‘Floe so 1tnt ioni etonit ti toed 0.1 \t soodiuno

pbooosphiotte botfl’o’n’,p11 7.4, mi 98t I)20. The total
vohonoe’ \V:oS 0.6 tool ; I en0000c’n’aI tone, 39#{176}.

Foto . 3. lbt/ ot,/’ oths(ro(ol !ilt(UL’i(!tit- foor A’-otoetit�j!

(/r(t ti /) rosolo a It to of’ at-ct y!t/t n/i it e (loner gra/)h ) (110(1

tite oOlitf)!it ti(1( t)�f .‘itt(iit101t- (oc(tate grotip resonant’e

(tipper (/r(oph ) ui/it respect /to tiootc at r’ariotts coiocen -

traOion.c tf (l(’et/jl(i000!ilte i,o tit( presence of the soonte

to,tcentrootioo,t of (1OZ1/ille (h’� = ‘50 no p/no!)

The (‘hamoge i no Ii noevu’io!t ho oof I lie .\-rnet hovl gt’oot op

00 t od t hoe ootoopii 0 ttole (of Ctoe oto’et at o’ group were nooeas -

un’eol fn’ootoo the sanooe expen’innenit . This l)l’oce(Ittre

woos t’el)eotte(b oil fooitn’ diffen’eoit o’oooceool t’tOtid000S of

oto’e’tvlcloolinoe. Iood’IIo(!e’dI itt I lid’ gt’ooplo is the change
i to ii niewiolt h tof the .\‘ -mooet bovl gm’ooop of acetylcholinoe’

i.’hoioride’ (8:3 �i.�M ) wheno nuixec! ��‘it h a solutioni of a!-

iottrooini (So nog/nol . ‘Floe soltotiooni conitaiooed 0.1 to

sodi toni Iol100sllolortte biol’feo’. P’1 7.4 ‘ ito I )2(). The total

volunoe �vots 0.6 rub ; temupen’aI ore, 39#{176}.

too (hot’ tOt’e’t\’hd’ImdOhitOt’ too’e’ttote’ loo’otons do’-

(‘to\’O’dl ovithm tinoo’, mono! (hoc’ rc’soonanco’ at

1 15 Hz (1010’ too the’ fn’o’o’ moo’e’tmote’ pro 0(0 onus

grtot!umohiy ituo’ro’rosecl , n’e’moo’hinog notoximtol tmno-

phituc!e’ tot (‘) noimo. iNto fuo’(hoo’r ebomonoges eoc-
o’um’no’(! oofto’r timis tinoc’.

Althoeougho (hit’ V-noe’(hoyl prtotc)oos arc’ nomork-

o’eil�’ boo oade’noe’d, t hoc’ toot ‘tvle’hocohinoo’ aec’ta(c’

j)t’mikstore’brtomoc!o’noe’c!oomohy shighmtly , if tit all.

Siniee t000 too’o’tvlato’e! o’oozvmo’ is foonmed dun-

inig buy(!reolysis (5) , tioc’ I)rootooros of (hoe’ micetyl-

o’nuzvrooe’ sluouid give’ rise’ too to vc’nv bro�oad

sigoomol. Thoc’ pnc’clic’te’d hiooe’w’id(Im at ioalf-

mmoxinotol tInij)hittldle’ oof thmis sigomal is 200-300
Hz (G) , tossunoinmg to nooohe’o’ular weighmt of

260,000 fen moc’etvlohmo ohinio’sto’rase’ (7) . Sinmce

time’ toc’o’tvh-c’nozvme’ pntotoonus amod the fne’o’

mie’e’tmote’ pnoteooos tor’e’ notot o’xo’lmtirogeable’, a
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single sboarp signal is expected from time’

acetate pneot omos 0 )f unmluyelnolyzed micetyl -

choline. This sigimmil notoy be supc’nimposed

on a very broad peak anisioog from time loro-

tons of (bit’ acetvl -eomzvme.

The fnc’c’ tioo’ttite resonance ivmos appanemmtlv

not brcaideroed, since (hue ovidths eof time’

absorption j)c’tik tot iialf-notoxinmmol to mplit tide’

( measured at vanioais (imo’s) ive’no’ urmcimaiiged

(0.4 ± 0.04 Hz). Time’ 1)H of (boo’ solu(iono

decreased by 0.1-0.2 unoit ivimeno 16.7 moo

acetvlcholinmo’ (‘hlo)nide oo’as imvelncohvzeel by

tIme enzyme.

The progress ivitio time’ (of ��N’H3 toad!

the amplitude of time’ ticeta(e petok mole sboowmi

jIm Fig. 2 ivitbo six differemit concemotna(-iomms of

enzyme (.E�) tot the stomo’ substrate eoioceoo-

trtot-ion. \Vithi emocio enmzynmc’ coimcemmtna(ion a

characteristic clotinge’ ito liime width is ob-

se’nved : a pre)gressivc’ broatlemoimog e)f (hoc’

�V-me(hmvl lion’, follenved by to deci e’mose in line’-

width, after ivboichm to stc’mody state’ is ro’aclmed.

At loiven c’oozym(’ c’orucentn’ations (hoe’ maxi-

mum linmo’ width eie’cremose’s monet (hoc’ time’ of

maximuno bneotodc’nuimmg is dehtoye’d. Wiue’nm

I
4cety;c�cL�e-C!(B3��OM) 0 33�OM

4 5 E(5O’i�j�- g�

�- ‘O - / \� �
4

Fne. 4. Plot of obserned lineu’j(lth for ‘V-methyi

group resonance O)f aeetylo’holine (!ower graph) and

alflplitOi(!e of oioditiin eio’etate group resonance (tipper

graph) with respect to tinoe at various (‘olocentratie)ns

ofeserine in the presence ofthe sante concentration of

enzynoe (E0 = 50 ooog/oool) (110(1 .%tlboitrate (acet!,!cheo-

line chloride 8.3 not!)

The experimental procedure was the sanoe as ito

Figs.2and3,except that the erozyme was incubated

with various corocenutratieonos of eserinoe before the

addition of subst rate. Measoirenooeoots were made mi
0.1 M phosphate buffer, p11 7.4, mo 1)20, at 39#{176}.

Foot. 5. (‘/iaio�je i,t lItaJ’iflo(i! lilteOJ’i(!tit (.�vNcor3, ,,�)

(110 1! 110 itial re!ocit!/ (o’ ) (1.4 (0 fti nctio,o eof e.4erine t(010 -

(‘entroiti(on (it t’(O?lSt(iltt OltZ!/010( (50 ntq/no! ) eiiot!ou’et/Jl-

(itt)lifle (8.3 -noo,)cto,otentroilooons

Notice that .Apsttt,, ,� omit! o foollow’ a sirooilotn’

p01 1 1 et’to . NIea.sot ‘c’tooeni I s svo’ ne noootole i no 0. 1 ti pho os -

photote h)uffeo’, 1)11 7.4. ito l)T(), oil 39#{176}.

t’boO)litO(’ cimleoni!o’ (5.3 room) is modtio’d to time

o’nozvnoo’ (50 nog no!), its .\‘-oioo’tloyl n’t’sooomaooce

is noot bn’otoe!o’nic’e!.

Figure’ 3 denoonosto’oote’s that at hoighoe’r

c’omme’e’nit rationus oof subst rmo( t’ ( hoe’ nootoxiomouno

limmeividtho tolso deeneroses morut! omotoxinmuon

bnoaele’noitmg is deltiye’el. \%Thme’nu ac(’tvlcho)hinoe’

e’bmlonide (8.3 nni) is nmixe’d with a solutiono

commhoiimimmg beovimme s(’rurn milbunoino (50

n-ig�- nil) , its ,\‘-noetiovl resonumoomc’e hinuo’ is toot

bnoaelenmed. Time’ visco)sitv c)f (hois soiutieoro of

albumiti ii’mis mippnooximmote’lv (lie’ smomo’ mis

the’ viscoositv e)f to so ohtot io ooo of aot’(vhcbmohioot’s-

(erase (40 nmg � ml).

Tue monmphitiidc’ eof tIme’ fro’e’ moco’tato’ i’eso-

iuane’e t-os to fuooctiono of tinio’ is re’c’e)nded! ito (boo’

upper poon(iooos of’ h’igs. 2 tonoel 3. By extntop-

ola(ioog tioc’ slopes to zo’noo tinoc’, it ii Iu�#{176}s-

sible too omilcuhate’ tboc’ inoitial velocity, 0, eof ( hue’

reactionm (s).
It is e’vidc’mmt frorom tout’ prc’se’nit cobservto-

tiomms (limit (boo’ o’xeIoaoogo’ of 000’e’tyl(’imohilue

betweemm time’ fno’’ motot! t’oozvmt’-bound spc’e’io’s

is rapid at mill (mmc’s. loo (boo’ case oof 510)00

exchanmgc’, t)tie’ would o’xl)t’(’t the sloarp j)etoks

of (boo’ free s�eci�’s too bo’ sui)en’inopo)so’d tori

the bromid pc’tiks O)f tbue’ botonod spe’cie’o.

Time’ eioanmge ito hinmc’widtbm ctmnm be’ inm(t’rpre’(ed

in terms of binodinog of time’ siobstnatt’ to (loot
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c;;onIon K.0TO

toc’tivo’ o’o’nott’o’ tot’ I lot’ t’oozvrimo’. “Flit’ iooitiooh

step ito loyohn’t olvsis is t hot’ t’t oo’tmotot it ono ott’ toni

o’oozv not ‘-sitl)s( no I e’ to trout olo’x , I1�’� � , ivit ho

t’tOImO’t)lOOit oonut (ho’t’o’t’ tose’ in o t lot ‘ to onooo’not oto -

(it or-o 0 of sirhst nat 0 ‘, i�;�- � . Lioot’ boo ttoelenuioog is

ioro’ too to olt’t’t’e’ooso’ito I�”( olun’inog hoveiooo1�’sis.

‘i1iuo’ 5101)5Ot jite’tot shotor’po ‘toinog 0 of’ t ho ‘ line’ is

(1100’ to (lot’ tOjoj)O’ttt’tOOOt’O’ tot fo’e’o’ tb tiitOt’, ovhoooso’

\‘-mooo’(hovh n’estono;onot’t’ tonic! C Iotot tot’ toe’o’tvl-

chmohinit’ out’ siipt’t’inii�otost’eh(19(’ Flz, eloowno-

fiche! f’o’onoi exto’n’noool to’tr’anooo’thovlsiloonoo’) ‘

100(’t’O’tOSO’ ill (Joe to onie’t’tot o’oo(it on t of’ o’hoolinot

n’(’sltlts itO 00 clo’e’r’eooso’ in ..�i’N(’nn-, , 5�tOO’t’ o’Iitohinie’

itself’ i� not 1 ho timid. .\s o’huohinoo’ ft oi’niototiooro ito-

t’n.d’tost ‘5 ooit ho t i not ‘, _� 1’ No�It � � )O’t ogt’t ‘ssivo’ho’ c!o

d’no’miso’s tonic! r’etoe’hoo’s to hohmo(otto.

1�.I1((’l to,/’ � ii I i’c/t ohio o�5’l(1’OS(,’0 . I I 0 1 1it � � )O’t‘5-

e’noce’ott’ o’so’n’iroo’suit’to(o’,t Ime’.\‘-nioc’tluvi gronop

n’esoonotonoe’t’ oof moeo’tvlo’hoeoiinoe’ shoooivs (to) to

de’cn’o’toso ito t hot’ r’tofo’ tot’ line’ hot oooo!e’noinig, ioodi-

dmi-(inog to olo’lav ito t hit’ o’o’to(’(rt on, tonod (b) to

elecn’etoso mo omitoinotoll)t’ooto(!o’nuinog(�vN(�Fo, �

Iimo’se results art’ sliooovno ito Fig. 4 witim foour

diffo’o’o’not co onoe’o’mo(toot it Otis of’ e ‘so’o’i too’. “flue’

upper’ gn’topho sioeows t hoe o’fI’o’o’ttot’ inoc’rc’mosiuog

c’oioo’o ‘not n’tot it onos 0 of’ o ‘so ‘1’lti(’ (OtO (boo ‘ rat(’ oof

tocettoto’ ftoriimatiooto. A( mono c’se’o’ine suiftote

t’O)Iid’O’tO( n’ootmoon (of 0. 1 7 nomio, liroe’ bonaeleimimmg

mmmdl hot’tlrt ol\’sis \\o’t’o’ o’t onmplc’te’Iy tobolisho’el.

Figut’o’ .5 gives (hoc’ oiutolotitmotivo’ data oh-

taiimo’ol fe to’ o’so’ninuo’. � Ut umo (‘e)nmo’e’ntrtm(ie)n of

t’sc’n’inoo’ suhfmote ci e’o’n’o’toso’ot ..�m’x�’u2, m,ax fneonm

I .6 too 0.S� Hz tonic! tohoomost o’eonople(c’lv in-

hoibito’d bovo!roolvsis. Sinoihmon results w’ere ob-

ttoinmc’e! wit bm toot os(ignoinme bnonoidld’ mommd edno-

ioimeoioittoio c’holonido’. “Fhe’ e’xpc’ninmo’nts w’itio
noc’o)stigroliroo’ tint’ ilhiosto’toted imm Fig. 6.

L:Ireel.s of’ (01//el’ ii,/tthiloi’s. ‘Flit’ o’ffects of

motrojoinoo’ sulfate’, (-)-im\’oscyanmimmo’ sulftote,

toad hoyt so’inme iov!rtobroomiele oim acetvl-

c’ho�olinio’ hiioc!inmg ton’c’ unit �uely e!iffe’rent- frono

( lid)t’�O’ t bso’nved wit ho t boe ammtichiolinestenaso’s.

A(nopinoo’ incneas(’d tIme rate of breomoelemoing of

t boo’ .\‘-nooo’t hyl ro’somitonoo’e’ w’itimout itifluencinog

the’ nmmixinoounm lino’ividthm (1”ig. 7). At 1.7-8.3

mom, tot ncopinoe accelerates the rmotc’ of by-

clrolvsis (topper groopho), wimo’reas tot higher

conce’mmtr’ationms (50 noomo) iovdnolvsis toimd

substrmote bimodimog toot’ inmlmibited.

As sioooivn imo Fig. S, immcreasinmg time comm-

I,’ t o � . 0;. 1�l(Ot of (ob.’�oroo(! li itt to’i(!tit for .\ -ottethijl �jroti p re.s’Onaloce of (lcet!/!cio-oline ui/h respect to tioooe at

o)(orio li.’� ((OttOlt /r(otion.� of itoto.�tiqiit t ite i it tie proNelo(’( of tite .‘iaoooe coo-t(’eit trutio,t ttf �itt�/t,t� (.E0 50 on p/on!)

(010(1 .ioib.’./ruI( )ato/!/!cito!000e = 8.3 otto!)

“Fhe o’xloeninoo(’not oul jonttt’eoloone �oos I be’ sounoot’ as mo Figs . 2 and 3, except t hat t be e’nozyrooe woos irocubated

t�’it ho variotos ettooronit toot tools of moetost igonoinoe loefoo’e I he oudditiono oof sothst nate Tloe iniset shouvs the change

ui rooooxirnal linoesvielt h oof I too’ .V-rooetlovl gn’ottnp (of oocetvlo’loolinoe (-ivNt’oo2, i�) anod I be initial velocity (t’) as
a ftonoo’t iettt tof t hoc’ mio’oost igrnoi toe t’totoceto I not I itoni tot conistanot enlzvnoe (50 ntog/nol ) amiol ouo’etvlcholitoe (8.3 rout)

ceooice’ootrat ieooos.Noot ice I boot .��Nt’tt ,,� anot! v follost’ a sioooi!ao’ 1)0001 cmi. Measoon’enoc’nits were moode in 0.1 or

phoosploate buffet’, p11 7.4, ito I)20, oil 39#{176}
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Foe;. 7. P!cP of observed linewidth feor L\’-ootelh!Jl

(Jre)up res(onan(’e ef acetij!choline (lou’er qrapio ) (iFt(l

alnplitu(Ie oif o’odiuooo acetate �jrotip re.�o)lo(ilot’e ( tippor

graplo ) n’itlo re -s p(’ot tto ti001(’ (it the saute t’on(’eootratiolos

of erozqooto (E0 = 50 ong/oio!) (010(1 stibstrato (acetyl-

choline = 16.7 010.1!)

The e’xperinoeoottoi po’eocedure woos I be soirooe as iou

Figs. 2 oonod 3, except thoat the enozynooe was ine’oo-

bated witho Vat’iOits concenotn’ationos (of atn’opiooe be-

fore the additicono of soobstrate. Measun’enoerots were

made ito 0.1 on plotosphoite booffer, p11 7.4, ito 1)20, at

39#{176}.

centrationm cof motropiome’ sulftotc’ frotno 0 too 15
noot results ito to 2-fcolc! imocremose ito (hoe’ rate’

of hydrolysis, ovhereas ��NcH3, ,� eloes ooot

clmang(’.

Similar no’sults ivene obtained ovitim ( - ) -

hvosc�’amino’ timid hvoscine. “lime results ivitho

(-)-lmvoscvaminue are jnese’mmtecl in 1”ig. 9.

Only higher co)nmcc’mmtnatlons of ( - )-hmvtos-

cyaminoc’ (45 moo) irohmibit hy(Iro)hvsis tonic!

substrate’ bimmdirog.

t)tSCUSSION

AtrOI)imio’ doe’s nOoi)t imiterfere with (hoe biouoi-

ing of time’ substnti(e but instead toccelo’rato’s

its hydrolysis. Tbmo’ mecimammisno by wioichm

atro)pinme’ (on its titialtogues accelerate’ if (boy

are moot boutmd tot time’ toctivo’ site’ could be

account cd for by mohloostenic imote’nmuct ions. Thoat

is, time bindimog (of motropine transmits thorough

time st ncrc( onre of (lot’ o’nz�’nme’ to (ommfornoat it omotol

Ftu. 8. (‘loange in nta.o’ioota! li,oewioitio of .\�-

ootet/t !Jl qr(otip resooioance tof (I(’et!J!t’il(O!ifle (.�PNt’on,, ix I

(On(l onitial 0’(!Ot’it!/ (o’) as eofionctiton. of atropine t.(o,t-

teootratio),t at c010st(110t eflZ!/110C (50 oooq/ooo!) (110(1 ((ccl!,!-

choline (1 6.7 oooot) concentrat iOlO .4

Not-ice t hoot a low coroo’enot nat ion of out ropinie

(1-15 moo) accelerates hvelo’olysis without oiffectioig

..XPX0tt3,�4� . Au measiorenients we’re nooocle ito 0.1

01 phoosiohate bioffer, 1)11 7.4, ito I )�i, at 39#{176}.

o’hoanogo’ w’ioie’bm nmoodulatc’s its e’a(tilytic moo-

tivity.

Time moo’cc’leo’a(iooo by motropinoo’ tonal (hoe’

inhoibitiomm by eseninme wo’ro’ tobserved ito the’

preseimce of hoigim (otuc’e’Io(ntotiotus of substrate’.
IA)\vo’n c’ommcemm(na(iconus cf substrtotc’ e’ootold nmot

he’ uso’d imo (ho’se studies bec’auso’ tioey (‘mouse’

inoacc’um’acies ito unit’ ivic!tii mo’asurc’meio(s.

It is j)055ib10’, thc’ro’forc’, (bat tioc’sc’ obse’rvmi-

teams o!c’pc’muc! t�)Ii time’ l)reso’Im(’e of relatively

hoigim to omuce’tmtna(iomos of ace’tylchmoline’.

Hotofogaiis toad Thonimos (9) and others

(10) homive shown tima( certain ciumotennoan\’

mOtOOflit)lOiIttOI eompotitids potemo(iato’ time’ boy-

e!nol�’tic moc’tivitv of acetvhoholinesterase at

imiglo subs(rtote (otmcd’motntotiolmS. Thoey sag-

g(’s( d’(! t boat t hiotscm (‘0 onipt )ittidls tic’ce’Ic’rmtt 0’ (hoe’

o!e’a(’o’tylmotio)no seeluo’rmc’o’ oof time (‘mozvnme. If

to t nopinoo’ aee’elenat c’s dc’acc’t yhationi by bind-

iomg to (lie’ aroioioic site of time moct-ive’ c’eioter,

it noust mossunme mommoniemottotiorm tow’miy fronm

time c’ste’rmitic site ; ootioerw’ise it- ivill interfere

with cletoce(y!totiooo. Tins nnay be’ poossible

mm vio’ov ejf time’ suggc’stioono by Be’lhemiu ci al

( 1 1) tof e.ro monod ell(i(o biooclimog of o’ffe’ctors tot-

time es(o’ratic site level.

Altenmomo(ive’ly, tot noj�itio’ may pre)to’et (hue’
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SkI

�T - T - - (ltitmi l)rese’notee! ioene, whi(’h of (hoe’ t-w’o noe(’h-

momoisms is e’onrect . Nevc’rtioc’less ti too’o-site

mo’cimamoisno-thue tic(ive site tonic! a regula-

tony site-nmust ho’ imovolved imo ea(’lo scheme.

The use’ oof N’sI1�- ((‘chumiquo’s eou(linecl in

(lois ptipo’r eovc’r(’o)noes tioonoe 0)f (boo’ problems c)f

other metlmods �)no’viously used fer time study

of emmzvnoe’-substnmote ilotenti(’ticonos. The’ cx-

-. 1)0‘nimenot mol pre oe’edure dese’nibo’(! for sub-
� s(na(e binodinog is pmmnticiiltonly usc’ful ito study-

� mug (hoe’ moe’tivo’ site region momod!(lot’ effects of

vanid)us inohmibitors on (hoe’ o’nzvnmo’-subs(rate

-. conople’x. Tiois method pne)vides time mmd-

vantage O)f fohhow’ing time’ nmote’ of hydrolysis

� Of subs(rtoto’ tmnmel its binding at time active

� site cotoc’tomitttnotlv.

� Be’ctouso’ time’ concemmtnmo(ioios of eimzvme

tonic! atropino’ itsee! in (lois s(uc!�’ tone! time

ionic s(renmgtbm oof (hoc’ nmedliuno ivo’no’ very loigim,

time results roimov Imavo’ moco phoysiological

sigmmificmmnoo�e’. No’vo’rtioehess t hoe e’xisteioe’o’ of

binoclimog site’s on tocetvhe’iooliooe-’stenase, cotioe’n

t-imano time’ toctivo’ site, hotos beo’ni o’omifirmecl.

The plmysiohoogical sigmoifio’tonoce o)f (loese bind-

mug si(c’s mowmoi(s o’ltonificatiooom.

4 7 El

‘.‘

Fin. 9. P!eti of otI).4croe(! !inewidlio- for .\‘-onethyl

(/ro)oip re.$e)nan(e of (O(Ct!J!(’iOOlo fl( U’O tic re.4pect to to-tote

cit r’arioois c000(’entration.4 of (- )-hyo.sc!/a000ine in- the

pre.4e100’c of the zante e’oiocen/ration of enzyoooe (E0

,50 o,og/oio!) and substrate (acet!,lcitoline = 16.7 ,oo.oi)
TIoe enozvme wti.s incioboulco! wit-b (-)-hvoscva-

noine before thot’ oio!ditiooi of substrate. Measure-

meoots were made ito 0.1 on l)IoosI)hoote buffer, p11 7.4,

in D20, at 39#{176}.“Floe ifl.4(t shows tboe o’luanoge in noaxi-

mal liroewidth of the .\‘-noethyl group of acetyl-

i’looolinie (-ii’�e’nn, �) ounotl the initial velocity (r) as

a fnonict itono tof I lit’ ( - )-btvoscvanooinoo’ (‘onlcenlto’ationo

at cotist anot enizvrne (50 roog/nool ) ounod oocet-ylchoiine

(16.7 nnn) e’onoe’enotroot ionis. Notice I lint (- )-hvos-

cvounoinoe (()-20 noor ) inicreases o without affectitog

,Xp�o’tt,.r,,�, x

t’tozynoe’ migaimost substrate iimhibitiono ; thmat is,

higiu e’oomocc’nmtnmotieomos eof substnmote’ binoe! too mm

r(’gtrlmito)ny sit t’ totoct e’xe’r( no(’gtotivo’ o’ooopertm-

(ivitv tt)w’mmne! (boo’ tu(’tivo’ cemmtc’n. Atne)pino’

e’ompe’tcs with (hoc’ substrtotc’ tot (hoc’ re’gulmi-

(cony site’ timid 1)ro’venots substn’moto’ inihmibi(ionm.

This imphi(’s that substrate’ imoioibitioonm noay

be’ due to au ailioste’nic no(’o’botmnoisno. Hecemo(

evidenoce (12) suggests (boat (lois mmoy bc time

corre’c’t mee’iutoomisno foor (lie cobservo’d kimmetic

effe’c’ts.

It is impoossiblo’ too ceonue’hude, froonoo time
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