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Acetyicholin esterase

I. A Study by Nuclear Magnetic Resonance of the Binding of Inhibitors

to the Enzyme
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_,& mmirc’lcmornmmigioe’tic’ro’sototoioo’e’mc’tioeocllimoshe’e’iouse’(l (to study tire’binoditog of totroopirot’arid

c’sc’ninoc t t ) j)unifie �d sc juiel toc’c’t ylc’lmoli oue’s( c’rase ‘ ( l( ‘ 3 . 1 . 1 .7) . i’huo’ chissooc’iat io ooo (‘otost aoot- , KD

and (lot’ hinmc’wid(lm eof (hoe’ moeo’tvlc’lmoolitoesto’naso’-ioohuibitoor c’eomple’x, ��tlI,(I, feor atrcopiouc’ arid

eserinmo’ we’re’ o’stimttte’(l fncom (lie’ hinoe’ivid(hm c’iomonoge’s eof (hoe’ ,\-ni(’tiovl toood piot’oiyl greoup rc’soo-

nmanocc’s eof atreopinie’ and! from time’ .V-nmc’thmyl mitod C-me’tloyl greoup O’e’seoooati(’c’s oof e’sc’ninoe nesultinog

from misso(’iatioon wit ho (he c’oizynic’. The’ results indicate’ thotot there’ is tot least tout’ bioudinog site

on time c’nozymc’ surface’ fer mo(reopi000’ 0000(1 eotie fer e’sc’ninoc’. l’ur(loc’n c’vide’nmce’ (bat (lie (weo site’s

tire distinmc’t is elc’meooos(rate’d by time’ ftut tiotot gallanoiroc’ chisplae’c’s atropiooe freom its sitc’ witlo-

out c’onopt’(ioog �vitio o’sc’niooe’.
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Simmcc’ (‘ioaoogc’ux ci al. ( 1 , 2) fouoocl tlmmot

acetvl(’lo(ohinoestc’rasc’ (E(’ 3. 1 . 1 .7) limos bioocl-

ing site’s feor toce’(�’lcholinue, gtollmonoiooe’, tonic!

(i-tubcocunamimme w’Imiclm arc’ ehistinuet freono time’

active ce’notc’n, this enzyme’ has tottnactc’cl

renewed inotc’rcst as a possible �)imysic)leogic’al

recepteon for mocc’(ylchohinmc’. Othoc’ns (3, 4)

loave (‘onifimme’d time existc’oocc’ of nuonictotalytit’

sites tori (hoe’ enzyme whi(’h arc’ eapabbo’ eof

bindimog certain eholinuengic’ ligamuds. Tue

aim of tIme present w’ork was to investigate’

the binodinog of motropiouc’ mmmd e’sc’ninoc-’ (c) a

loigholy punific’d squid c’oozymc’, usinog to

high-re’se olutioom nuclear noagnet ic resconmoooc’c’

(NMR) iomcthod.
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TI-me’ biiociinug of inmboibitoors too c’rmzynoe’s is

tosuallv studied by kiooe’tic no(’(io(odls cor by

c’o1uilibniunom climolvsis. 13otlm te’cIonique’s, iooow-

e’ven, iOmoV(’ iOmhoc’r(’lOt linoi(tt(ionos. i’hoc’ oototure

(of (hoc’ iootc’rac’(iooro c’aoo be’ studie’d ili niore

detail by N\IH methods (5).

%Vitio X�\lI� s�)e’c’tr(ose’(o�)y, (woo type’s tf

c’hmanogc’ tore’ commonly tobse’nved mo tioc

sJ)c’ctrum eof a small mo)lc’cule w’he’nu it binds
too to mtmcreomcolc’c’ulc’. Time lioiew’it!(hs of (lie

l)rot(onms of to small nocile’c’ulc’ give’ immfornmno-
(iou tibtoii( time’ degree’ (Of nes(nio’ticono (of

motion of its 5j)c’e’ific parts, the’ degree’ oof

saturti(nono oof bioodioug site’s, amid rmi(e’s of

exe’hanmgc’ . I n mide!i( iou , c’iicmictil sloif( changes

for s(omc’ protcotos cof a small molecule’ give

inmformmot icon comm its magnetic emmvimonument

i�’hero it is bound. Such ton effc’c( conic!

result frem ooe’arby aromtotic svstc’ms or

paramagooetic ic)ns. A nc’ec’nt nevic’w’ sum-

mamizes the application of NMJ( spec-

(noscopy to biochemical problems (5).
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1eoi’ (hut’ cojuilibniunu h -f- S � I�’�S’,dc-

s(’i’ibinmg cnozyoome’-snmtoll toot ole’cult’ toss o(’itOtit otO
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ILA’O� �5 tIme’ ceoticc’tmtnatiton eof (lie’ e’nzvnie’--

sonall l000l(’(i’Ul(’ (‘(omplt’x, 51 is (hoe total

o’onoo’ctrt i�tot ie tOO t of t he ‘ onoito11 nit olc’c’ulc’ tonic!

II�.”ti � is I lie’ to ot oil c’tonue’t’iit root it ono t of e’nozvme’.
F’tor thit’ situto(ieoni ito �vhoie’ho to snumtlh nuole’e’uhe

hinds r(’vt’rsil)ly to an t’nzvooot’, (lot’ obse’rvc’cl

hine’�viel(ho t of to Prt ott tom t on t ire’ soiottll me ole’o’ulc

is give’oo by

�p()t. = J)��pg� � J� � �
\lrIo

o�hp’o’t’ P,,� tone! P� tort’ t be’ ft act ieros of (hoe

smoomohl noolt’c’ult’ btouru(l tonoclfrt’e’ito solutitono,

.�“b,’5 moorci � mire (hoe’ litre’ widths oof thoo’

bouitocl totoel frt ‘e’ �ot’c’it ‘s, i.e ‘sl)t’e’t ivc’Iv, morod

(1 7ni2)x is tIre’ e’torotoibiotieooo (to (be tob-

served hint’wic!tho clue’ Ito e’xclitoioge’ (6).

If tim(’ t’xe’booumgt’ lift’t inot’ is oioucho less

thttni I � thit’ti
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Ito till t’xpe’ninot’nts � >� {J�’1 So thotmt

(�S1 - 1h’Sl)/t�)ti = I morud
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&ll vmoboot’s tot’ _�v we’re’ (‘(orn’t’e’tt’el by sub-

tn’artitog frono thoe nooo’asure’el vabtoe’s cof ,.�v

the’ value’s eof � Tht’re’fe ore

[ES]
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,i� plot of Si, vs. 1 � gives to hoot’ wiotose’
iiitc’l’c’e’pt is - I-%:J) ttoocl ovimeost’ sbtolot’ is inset!
too cttlo’iiltote’ _:iPb:. (7).
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( 2 1 I�’ii,z/jlne. ;\(‘(‘t ��h’brt ohiooestc’n’tose ovtos �)O’-

jottrt’el freono the’ boc’moc!gatoglito tot’ stjuie!
( I�)I�f/() opales(’eii .s’) e obt moitoed frt ozt ‘to fnoni

(bc ‘ IT. S . I”n’e’t ‘zo’t. (‘ompmonuv , \ I t ono(c’ncy,

(‘mob. The (‘tiZ\’flOt’ \Vt15 l)101ifit’(l by (boo’ toot’(hmod

eof Knt’mznoe’o’ tono(l W’il’oono (5) . It woos (litolvzed

agtminost c!eouble’-elistille’ol water total steored

frtoze’n mis to loto�\ele’t. i’bot’ t’tozvnmot’ hotoc! a

sJ)e’OifiO activity cot’ 200 nionotole’s 0 of 000’(’tyl-

I hoieoo’ioeolinoe’ hovolo’olvze’d � hot olin. P#{176}‘0’ oooihli-

gr’moomo of l)n� oto’iti . ‘i’lot’ A,,, VtilU(’ t of ttc’e’tyl-

(3) thoieoe’heolitoe’ � ;55 toit.

��ssionouinug tiomot so iuitl moe’e’tvlt’hot ohioot ‘ste’rmise

is sinoilmor too time’ to’! t’oozvoooe’ [specific’ toetivity

cot crystalline’ eel ooe’e’tvlchme ohiouc’sto ‘roost’ =

730 noniele’s e of tte’e’tvle’lot ohinue’ hydrolyzed

P�’O’ bourn pen noullignmooio eof I)ntott’ito (9)],
( 4) tint’ e’nozvnoe’ use’d ito this study mvtoulc! be’

ooht otut :�o � ; P#{176}�’�’I �ro(e’i to to once ‘not ratitonos

\Vt’O’(’ cle’to’rnouooo’e!by 1 he’ niie(botod tof Leow’ry

0?! (ii. (10).

.18.5(1/] 1lB�l/iO(i. In seonie’ e’xpc’ritooe’iits(hoe

t’tizynoc’ \\‘as mosstovt’cl mte’t’torehinog (t � Ellnmminm

el at. (1 1) eon a (‘any 14 sI)e’ctn�l)bo�t0onmit’tem

(.5) at 25#{176}.

(Iteinicals. Cioc’nmie’mtls we’re’ t obttoioocd from

(hoe’ feolbeo�ving source’s: tot neopine’ sulfmotc’,

at rtopiooc ioydnociobonielt’, monod cscninoe (pioyso-

s(igmioot’) hmytintocioleoridc’, ilanmmo 1-lese’tirclo

Labontotonies; ese’ninot’ sulfmote’, Nu(nitiouotil

Bioeloenoieals Corpo ortot ioono; rocos(ignminoe’ bneo-

mide, Pierce C’hc’mie’mol (eompamoy e’elropheo-

(6) moium chioinide’, gift freom Hoffnmaouno-La

Roche’; gahlaminoc’ tric’tbmieochide’, gift freom

Pouh’noe’ Piom-ornomiceu ie’tth (‘onopaom\’ (tin-
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Ad’E’!’YO(HOLINE5’1’E1-t.�SE. I. nNIIttili’OtO nomxiooxo;

banmvle’bot ohrmc’ c’bole oride’, ;�ldriclu ( ‘bio’nmical

Comptiouv ; mind (lc’u(o’riutom oxide’ (I)�( ))

i\Iet’c’k Piotmrmtoc’e’ut ic’mol ( eom�)tomoy.

]Ia�Iioelic ies’oiiaiice ((‘(‘/t 11 1(1 tICS. Sc olut io otis

\v(’nc’ noade ill) veolunoe(nic’mtllv freonm 1)20

stc)cks of kroeo\voo ioH total e’(ooic�e’rotntoti(o1-o.

Time buffer used iou nmeost t’xpc’ninoe’oits �

0.1 ii so odium l)botosPhmOte’, iou 7.4. All pH

measure ‘nicnmts ��e’rc’ nomocle’ eoio to littolie onic’te’r

model 26 j)1�1 noe’(c’r. Tioc’ 1)111 vtoluc’s give’no

(‘c)mrc’sptono(l(to moc’tutol ouoe’te’n’retodioogs tonic!

��‘crc not ot (‘t�t�( ‘ct e’el ft on t hoe ‘ d ut c ri umoo isoo-

toj)e’ e’ffe’tt.

,&cc’(vlc’hmt ohiooe’st (‘i.toso’ \\as lore’lottro’el iti

0.1 mo 1)bOeosPbOto(e’biiffe’t’ moral botoughot too

1)11 7.4 by (hoe’totlclitioioof’ snitch monoootioots tot’

0. 1 M Nto()1). loin tIme itohiihiter hinoe’�vieltho

me’misunt’no(’um(s, to st(Ot’k ioohoibiteoo’ solutiono

�\.mis 1)t’t’l)tot(’dl (motoeopinoe’ 000’ 0’SO’OlOO(’ sulfate’

= 1.0 it mm l)�U) m000(1 modeled too to solin(ieooo tot’

acd’tVl(’ioohinoc’ste’itose’ (specific’ activit�’, 200
mmole’s of tic’e’(�’ltioieochoeohimoe’ bovclrtolvzeel

pen iotoitrpc’r uiiilhigrmim tot’lor’totc’ino),tonic!time’

individual se olutiotos ��e’rc’ breotogiot too (ho’

desired j)H by (lot’ooeilc!ititoiitot’snitolltonmeatoots

of 0. 1 it Nmi( )h). i’ioc’ fintol ioohmibittor con-

ccmo(nmititono umomoge’clfrono 4 to 14 oiomo ito to

total vtoluiooe’ eof 0.5 nil.

i�s;:\ I l� 5I)0’c’t0�tt \��e’t�(’ 0 ohttoiioe’tl �vitho to

\Tmiu.itoto � -60 1) imighm-nc’s olout icon spool to ooooe’te n

(1hc’nmic’mol shifts tire’ c’xlore’ssc’e! ito Hertz

from te’trtmnme’thmvl’ilanoo’ mis c’x((’r’ootol stmtoodard.

Inohibittor biiodinog studies �vo’ne’ nomoele tot to

5\%’dc’j) se’tmnm eof 2 Hz -� cno moot! to s�vt’e’p rtoto’ t of

0.2-0.4 Hz se’t�. Liouc’�viclths nc’loorted tore’

avt’nage’s leon to teotal tof tot lc’most six up- moooc!

dowrmfic’ld scmtnms.

��hl nuetosmonc’nme’ou(s � eunice! t out tot to

prcobe’ tc’olmj)c’nto(ure’ of � Ive’r�’ sm1000bobe’
\�.as (‘ejtlihibrtot(’d tot ��)#{176} fer tot lc’most ; tooitu

ito to wtotc’r batbo bc’fe ore’ iootneoduc’tioooo iiott

(lot’ pnt obe’. The’ time’ be’t we ‘coo pit’�otmrmi( i ori tot’

sample’s tonic! dc1crnoiootitieouo tot’ spe’c(rto the!

ooeot e’xt’e’ec! 2 ion, to ni iii mizo’ ele’c’e ooooposi( ie ott

eof ltobile Ct )rompourudls.

RESITL’I’s

The’ Xi\lH spe’ctruno eof ootrcopiooe’ boyolreo-

chobconielt’ (40 mmi) imo 1)20 ceonotmuroioog 0.1 it

pheospbototc’ buffc’r, pH 7.4, c’xhibits re’seonumooocc’s
at 444 tmnoel 161 Hz, whiclo c’amo be’ oossigooc’eI

too tiO(’ io1me’ou�l tonic! _V-mc’(hoyl gnotop pro(eoors,
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.1” 0 t ; . 1 . .\‘.lI/! spectra of c.�ero It( (1 10�1 (ziro/Jo Ft t-

�A . N?hJ t 5l00’O’t tOt of t he .V-noe’I 1o�1 ooitd (‘-tiocl liv!

res(otoatt(’es tof eset’i toe’ I ! ( ‘1 , lao ho ft’ec (leotvc’t’ I t’otce’

atod in the Iresc000’e (of ou’ctvlclooliticslerotsc (17 out

(tippet’ 0 t’ooces) . B. N�\I U s10e(’t rot of I he �)hcnyl ottool

�\‘.roicthovl re’seottotooct’stof oilo’opiooe’11C�l, lototho (‘tee

(lowet’ 0 t’ott’e ) ootoel i to I bc’ �otesetotci t)f oicet �‘le’hol t to -

estenoise (17 �oo ) (ttppet’ I t’ooces ) . “l’loe intense 10.5(0-

ooatoces at tight tote I lotose oof jot’eol toils of otit external

tet ranoo’t hvlsilooitt (1’#{176}tIS)st otnielarel. )‘4aniples s�’e’re

o!issolveo! ito 0. 1 ii �olotosphotte hoifTer, p11 7.4, ito

I )2( ), otnocl spert tot \�‘(‘t’C t’c�’orded oil :39#{176}.

no’spc’c’( ivc’ly. “!‘la’ �l oe’o’t rtoiou of e’so’riooe’ by-

e!reocholionidc’ (6() on�i) eeoiosists of to rc’soontonec

tot 186 Hz clue’ too the’ .V-oooc’tio�’i grc)u�) totoc!

a rc’seoiomonio’o’ tot 55 lIz clue’ too (hoc’ (‘-mt’tlo�’l

grottp ioo (hoc’ fuse’tl o’inog systc’nm. I-!e’c’mtusc’

these’ o�crc’ tire notost inotetost’ rc’soomtonoc’e’ ito (hoe’

sj)c’O’tnmO, thio’�’ we’re’ best suited for our Pro’s(’Iot

5(utd!V. l”igurc’ I sioooivs these’ rc’soouaoooc’s tot

60 \ 1Hz ivitlo tot rtonoo’tio�’lsilanuc tos tori e’x-

(o’rnotii stmtoie!torcl. “!‘boe’ moohliticono oof iourilic’el

tocetvlc’loe oli ooe’st (‘l�tO5t ‘ (specific act ivi (y , 200

mmoolo’s eof moo’c’tvlt ioicoc’Ioeohioo’ hvdrolvzc’d �o(’r

hour j�’i� nmuhhigrmono eof j)reotc’ilm ; fimomol c’totic(’ni-

trationo, 17 �.o\i too to stomplc’ eof esc’niooe’ oor

atropinoc’ hye!rooioloonidc’ tot vtonious ceoouc’c’ro-

(rafle)nus (10-140 not) rc’suite’d ho the’ spectra

showti iti log. I A t000(l 13, ro’spectivelv. The

nesoomtmncc’s oof boot ho mitre opine and e’sc’niouc
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iveot’t’xte’rosivo’l�’ bi’eotocle’ioe’cl ivitlootot tt(’lomonoge’

in them shifts.

As prtoeof tbotot (lot’ eti’t’e’ts eohscr’ve’d ito tire’

:‘c:�’�ii� slot’e’trti tot tot i�oojoioo’ tonic! e’se’niooe’ in (hoc’

loi’t’st’iOe’t’ tof tocet�’bo’iotolinoo’ste’rmost’ �e’oo�’ dire’ (o

t055(Od’itOtitoti bt’tivt’e’titlie’iooloibiteoo’stimid (lot

t’rozyooot’ i�t�ttlot’t’ thotoni tto inoone’tost’ol viscosity

etlt’t’ts in thit’ l)0�tot0’it0 stolutieoto, the’ “S#{176}OIl�

sPt’c’t ta t of’ tot it opine’ tonic! e’seninit’ iii similmmrly
e’eotot’t’rott’mott’tlstolutitoors tot’molhuoooioi ive’ne’ molso

ot’ceotelc’el. It \�tos found thutot the’ tociditicino

of boovitie’ serum albunoioi (5 10 noig-ml) to

ootitoj�inoo’ hvolrtoo’hileoride’ (20 nomo) ton ese’ninmc’

iryclrtoehiltooiclt’(20 nomor) prtotluc’e’tltoo hiroo’-

i�io!t hr c’hrmonrgt’s. ‘Floe stol utie ono tot’ oolbumiri

(10 tug, tool) hood tire’ stooioe’ viso’oositv tos a

sohtot i on tot’ toct‘I \‘leIooohiooe’st t’o’tost ‘ (4 noognol)

used ito these’ sOithe’s. Thot’ o’tooo’e’toto’a(ieoro of

toto’tojoino’ coo’ t’st’o’inrt’ itself’ tlid irtot affect (lit’

hioit’ivkltios tot’ tbot’ rt’sjot’o’tivt’ n’t’stotitOniO’e’s.

ct onic’t’nit i’tot ion -ele’lot’ticle’iit bit ottcle’n ii tog wmos eoh-

st’i’ve’el tovo’n’ tiot’ e’torie’t’titi’tttitoni ooorogt’ of S Ito

1(X) tout.

Figure’ 1 illust o’tott’s I limit the .V-oumctioyl

mind! montonitot H’ I’t’�(otOt0tO(’t’5 e of totl’e-)I)inot’ 1000(1 time

.\‘-nmc’(io�’l tonic! (-‘-noe’(hvh rc’sommtoout’e’scof

o’se’nino(’ he’eoonoc’ po’eogrt’ssivo’ly bromoele’i’ tts time

ceoniccnotnmotieoro tof inuboibiton is elo’crt’ascd. It

is o’vicle’ni( froomo (host’ obso’rvmi(icomos (hoot time

chen�io’tol e’xe’hoanoge’ tof htotbo imohmibitton’s be-

tivet’no t’rt’e’ tonic! t’nizyme’-btouiucl species is

n’ttpicl.

_\s clt’scn’ibe’cl uotuel err HEOIOY, if (im(’ t’oozvnmc-

imuhoibittoo’ hirodinog is stuchit’ei by vmoryirug (hoe

inohmibi(t to’ c’onoct’rotm’mot ion tot to fixed to oroceno-

tn’mo(iono tof t’nozynne’, to I)Ieot tof ,S’t, ivitho rt’spc’ct

((0 � shuooulc!yic’lcl to stnmmigimt hoot’ ivitim

tO 5l(O�)t’ tof � � anoc! tOtO ilott’md’c’I)( t’(lIitll tO

pn’�violo’dl thito( (hot’ ceonoc!itioooos dc-
so’o’ibo’e! mobtove’ tort’ nn’t

The hitoe’wi(ltio eltotmo obtooinoc’cl ft to’ ootrtol)iOOc

tonic!e’st’t’inio’ant’ loltottt’tlito this noooononucnito

Fig. 2. Ito tiot’se’ experiments Et- woos ioclcl

fixed tot 17 /i\i. \‘too’itotieonos tot’ S� wit ho 1-

001.0’ hiooe’tto’ l’ton’ heotbo joe’moks tot motnoopine’ and
e’se’n’inoe’ over tbot’ o’tonogt’ tot’ o’toroe!ititotos used.

Foe; , 2. I�. i�teti’t ilhit (1(11(1 fur t.�criitt (1101/ atropine (Ii ,lixed e,tz� 1100? io,tccn-iral �olc n’itit- s ibstrate toitcelt tratieon

0(1 rite!.

A . Plot of t be’ n’et’il)n’eoo’otl tof I he observed linewidt lo (�v)) fon’ I he ,V-met hvl tonic! (]-onethyl go’oup

t’C5t0010ttl(’t’S of e’seti toe wi I ho tt’spec’t I to vootitolls d’totoo’eiot roil ieoios of esenine siolfate (Se) ito I hoe pn’esenoce of to

conost an I t’toioo’eno I t’oi I toni tof oit’t’I vlcited i not’ste’r’otse (17 u\o) . 13 . Plot of I hoe n(’o’il)t’oc’ool of t lie observed line-

vi’ieIt hi ( .�v,,t,_) fton’ t In’ phtemoyl antd .\‘-rooel hi�’1 gn’otrp n’esooiootnoces of ott o’eopi tic �‘i I ho nc’spect I to Volt’iOUS ctonocen-

I root itotis tof at ntopimot’ sotlfotl e (S) ito Ihie pn’esenoce of a t’tonostomit o’ooi(’enot rat itomo of ott’etylchoolinoesten’ase (17

loSt). Soinoples WCtt’ (lisstolV(’(l ito 0.1 it 1011t051)hoIte bioffer, 1)11 7.4, ito 1)20, ounid sped na were ne(’orded at- 39#{176}.
Ito tloe.se expen’inooenol s Ihie li ntt’��tc1l ho tof 1he free itohoiloi ttoo’, � , woos soobtn’out’teol frtono I lie tobserved line-

%%‘i(ltlO, ..iv.t..



T:�ior.t-: 1

Linewit/tio (/(ltol for .V-,,teth!/1 aItl /)/tt-it yl protto)tN of

atropin- 0110(1 .\-iitethyl protons of e-.seroloe, ob-

taineol froont tioeir ao.socoation u’il/t atotyliitolin-

cstora.#{176}e in the ei6s�itce a,od presence of got/famine

tri(t it-i Otli(Ie

Meomsuremenois wet’e noouole in 0.1 ii phoosploale

buffer. P1’ 7.4, at 39#{176}in a \‘ariano A-GOb) spet’-

orometer.

Inhibitor (‘onocentration ic �. .i.�

0
4

4

II:

1.5

3.9

2.8

At n’coboine 1)lieno3’l

+ GaIlanioiooe

Eseni toe

.\‘-melboyl

‘4- C‘,oillanooiioe

0.02

0.02

0.02

0.04

0.02

0.02

0.02

0.04

0) 1.0

4 3.1

4 2.2

0 1.2
4 2.8

4 3.0

AdE’O’\LO’HOLtNES’I’ERASE. 1. tNO-tt111’l’d)lt ttONt)tNO S79

a The values given one nooeasoored linoewidl los

con’n’eo’ted fon’ i nost rmonoemoloul hroadeooi mog (0.4 lIz)

‘1�bme ftolltoovirog liooc’ividtbos t’eor the’ e’nozvnot’-

inhibitt on’ ce 000Oj)le ‘xes tone ! clissoo’itot ie 000 O’(OtO-

sttonmts tot’t’ e’tole’ooloote’el fri ono t ho’ le’tost-sejutort’s

litocs : fton’ c’scniroe, .Xn�.0,�O1r = 496 ± 26 Hz;

KD 5.9 ± 2.4 X 10� M ; .�v�:s,ceto0 =

488 ± 16 Hz; K1, = 4.3 ± 4.0 X 10� it.

For a(n’opinc, �PRS,NCH, = 984 ± 52 Hz;

Kb = 1.2 ± 5.5 X 10� it; �PES,�l = 855 ±

:32 Hz; KD = 3.0 ± 3.9 X 10� M.

Time _V-nome’(-iuyl amid (‘-noctbmyl groups of

eseninue 001.0’ inomoobihizo’d too time same’ t’Xt(’flt

wht’oo esc’ninme’ hinotis too tIre’ o’nzynoe, tos noighot
be e’xpt’(’t eel, since’ bt ot ii gn’eoiips toi’o’ tori (lit’

same ftrse’t! o’inog s�’ste’nm. With tot 0(0101000’ (ho’

_\-me(iuyl gn’toujo is alsto inmnooohihize’e! (to

appo’toximtote’l�’ (lot’ stonoc’ ext toot as (boo’ lohmenu�Tl

group.

Sinmcc’ Kb �< & , K� c’tooiooot ho’ ohtainme’c!

with gnt’at joroe’isioiu. Xe’vcntheless it is

clear (lomot tot ropirme monmd c’senimoo’ hita! wit ii

Inhibitor Acetyl-

cholin-
esterase

or

Ato’opinoe 0.02

,V-nooellovl 0.02

0.02

-4- (oillanoinoe 0.04

hiigbo tot-hitoity (K1 < 1 niomo). ‘!‘ho’ K, vtolue’s

ftoo’ oott’eol)itie’ toutt t’st’o’ine’ ivt’o’e t he’oo o!ett’o’-

ti-li toot! t’r’eonmo kinue’t it’ stu(!ie’s, using too’e’t yl -

t huitoe’boohiroo’ tos (boo’ suhst rmite’ ( 1 1 ) . \\ioe’re’tos

e’se’m’imue’ sulftote ivtos tool O’tlt’e’tiV(’ amotiehooliro-

o’steo’tosc’ (K1 = 1 .2 u\i), totrtopirot’ sulfmott’

iooioibito’cl ptoorl� (K, = 6.0 rumor). If hoothu
(‘t Oflol00011niOls hinuel t e o t boo’ out ivo’ site, hot ho

slut ouiel inboihit suhstrmoto’ iovelrolvsis. \e’t

at n’topiooc’ is ton inmc’ffc’e’(ivo’ tout ic’boeoline’st erase
h�ot- hinds tto (ho’ e’rrz\’nio’ ivitlo high auiority.

�F!iis inoiio’totes (limit o’se’ninot’ rootov hutch too I lie’
tu’t ive ‘ si t 0’, 00100! at o’t 01 01010’ t 0 0 tO100 ot boor.

“Ilotot toto’topinoe’ tonr(l t’st’riroe’ (Ito toot hint! too

hut’ 5000010’ site’ con thro’ t’niz�’noe’ storftoc’e’ wtos

e’onifio’nooecl by tociclitog gtolltonuinot’ t riot bit oe!ide’

too to so olut it on of toe’o’t �‘lo’1oo1irue’st e’o’tose’ o’eorrtmoiii-

i tog ci t hoer tot n’eopnoo’ 0 or e’se’r’ino’ ; gmollanoiooo’
ro’t!too’o’cl (lot’ tonmeounot tof boounre! totrol)i000’ hoot

tvot e’so’o’jooo’ (“Fabbo’ 1 ) . ( ‘,tollt-oniimoo’ tonoe! tot i’oopitie

tlocn’cftoo’o’O’OOtloI)d’tO’foor thoe’ smotoio’ site tooo (Foe

enozvmioc’, boot goohbtonmoinit’ amid (‘s(’O’itit’ c!e totot

( ‘tor’htonovlchuoohino’ t’ioleoricle’, whoiclo strut’-

t urtollv n’e’se’noblc’s too’o’tvlo’boe olitte but is nit of

h\’c!o’e olvzo cl by toc’e‘t v lchoo ohi000 st O’rtis(’, e’iotoo -

pete’s wit ho e’so’rioot’ binuclinig (Tmobbe’ 2).
Carbano\’hc’hooohiroe’ tolseo c’onopt’to’s ivitim t be

bimuclinog tof tot reopirie, hoot only with (hoc’ N-

nimt’tboyl gr0000jo; tbot’ bimoehioug oof thoo’ piot’no�’l

gr(ou�) r’e’mootoiris unoo’lomooogeel.

J)t5(’I’Sslc)N

�Fbit’ o’o’sult s 0 of t lois i�oo’k i roelie’tot c’ t botot.

toc’etvbt’io oh oot’st o‘i’toso’ loots gre 0101 05 0 ototsielo’ its

� . ti(t iVO’ sit ‘ ft or’ hioot!ioog tort moiri ioolrihit to’s,

II.. sue’iu 005 tot noopi toe’. Tioo’ no� ost cle’oisivo’ cvi -

‘ de’ne’o’ t bomot t hoe’ to t l’e opimio’-hioochioig sit t ‘ is clis-
2 . -I (moot fro no the’ out ive’ sit e ct 00100’s fit ono t he’
1 .,4 foohbtoivinog n’o’tostonoing tonic! t ohse’t’vtot it ous. If

ut’ tossunoo’ tiomot totroojoitoc’tonic!o’so’nioochitod

tot thot’stonit’site’,(loon morr\’o’tonipeoioroeltoblo’to

2 . 1 d’(oflOj)(’te’ ivitbo tot r’t opinut’ tot it s hiroelirog site
1 .2 sioooulcl e(0fl01)(’tt’ ivitho e’so’o’ioie’. It’, tono (hoe’

ootboo’n lutonotl, thot’ totropinoe’ moootlo’so’r’iroo’site’s

are’ tiistioiot, cone 000tov o’xboe’c’t to find c’eoooo-

P00000(ls toble’ too chispltoco’ tot no opioio’ tnt om its
1 .6 sito’ wit breout rie’o’e’sstonilv c’oonm�oo’tioog o�it ho (lie’
1 .8 substrate’ ton e’st’r’iroe. Tbot’ ltot (er ptossihihitv

is e’enofir’med by floe’ linoditog t hotot gtolltoniiroe’

inhibits totn’ooj)itie’ hinodinug without inboibititog

t’seniooe’ binding.



Inhiboitor (‘oncenlralion .iv,o, .i.�,.

At ro)pitoe

\rnooetloyl

+ Carhoao’hol

or ;ng/;oil lIz lIz

0.02 0 1.5

0.02 4 3.5 2.0

0.02 4 2.7 1.2

0.10

Atropiooe phoe’nyl 0.02

0.02
0.02

+ (�oon’booocbool 0.10

0 1.0

4 2.5

4 2.5

I:serinoe
,\‘-noelhvl

002 0 1.2

0.02 4 :3.2

0.02 4 23

-4- (�ourbooclool 0.10

1seo’ine (‘-noeiho�’l 0.02

0.02

0.02

Old)

2.4
I . C-i

3s0 GA130tC KATO

T�S1tLi; 2

Linev,’jelth (lata feor ,#{176}o’ntethyl (110(1 pite�i !/l protons (of

atropin o and �‘o-ntetio yl and (‘-onelit p1 protons of

eserine, tobtained from (IsS(t(i(ltitOlt no I/o acetyl-

cholmne.s’terase -in the (lbs(lto( (110(1 presence of

carba no �,lohoolin e chloride (carbacio of)

i\Ieoosureoiuent-s wet’e otoaolo’ ito 0.1 in 1)IOOSphttte

buffer, p11 7.4, at 39#{176}ito a \‘an’iomnoA-GOb) spe(’-

I ronuoetcr.

-f- (oio’bouchol

See Table 1.

Inhibitor .�cetvl-
cholino-

estertose

d) 1.4

4 3.8

4 :�.o

(allanminoe’ d(’c’r(’tose’d thot’ linuewielt ho oof botbm

phoeioyl mmmcl �V-noo’tbuy1 gnooups of motn’opiomo’ in

time’ Ir�se*nuee� cof enzyme’, mos expe’o’te’cl unoden

time’ l)nc’se’nt coooelitionms, snide’ boot ho gmohltomimme

tint! atrcopinc’ have’ mm1)bot’tOYl tonic! to ehotonged

eiutitenioar�’ ttnmno(onuium greoup. The’ Phmc’nmYl

greoup cof gmollmomiime’ c’oonopo’(c’s witim (hoe’

pime’nyl group tof motneopinot’, tioocl thoo’ .V-c’tloyl
group of gahbmominoe’ clispitoce’s (hoe’ .V-ouoe’thyl

gnooup cf atn’e)loitot’.

Thc’ ncsoolts with c’torbtotnvlciwhiroe’ more’ less

clc’t-mr. ()noc’ e’xplmonoationo is tiotot thot’ro’ more tivo

diffcne’oot binidioig sites foor totroopirue’. Ioo (lois

case’ the’ mot-r(opimoe’ nmole’cule’ binods vito (he

N-methyl grcoup tot oonoe’ site arid via thc’

1)hc’ruyl grcoup tot (hoe’ ootbot’r, (‘arbtonooylciuolimie

notoy imotc’rfe’nc’ w’itlm tIme bimodinog c)f mmtnopinoe

tot (hue first site w’itiocout affecting the’ second.

Ito time’ presence e)f canbamylcloohmoe, there-

ftorc’, motnopimoo’ weouhel o’e’noaimo boumod at- (-he

sc’c’eonod site vito time’ phoemoyl group. This is

tioot- , simoce c’monbminmylcholine does moot

c’onottoioi mono unsmmturtotecl ring. The second

pO)Ssibihi(\’ is (bat totn’oopimoc’ bimods vito both

time’ V-mc’thovl tmmud ioho’ro�’l gnouips motiti (bat

carbmmno�’lc’hme ohiroo’ mite’nfe’n’c’s ivitio ( lie’ bimmdimmg

eof (hoc’ .V-noctio\’l gr0010j) etoly, letovimog (Foe

J)h00’tm�’1 gnooui�� boiunoc!. Tlois is coomosistemit with
time! ielo’a that- bo(hm groups of tmtnopimme tine

ioc’cessany fcor momooximiouno bindinog (o:o time

coizvnoo’ (12, 13).

Time use’ ef IN)I H j)n’oVide’s inofoon’mmitiooro

ne’gardioog (iO(’ extent oof inomnoobihizti(iono of a

snmmmll nooooleo’ule tlom’otoglu mossociatiooo ivith a

noomen onmolo ‘cult ‘ , ,\ssuonoi tog to tomeole‘o’ular

- ivo’ight of’ 260,00() foon’ toce’tylchutolinoe’sto’n’tose
1..� ‘ . .

1 5 (14) , tire pn’t’eloc’to’c! htroo’wocl(ho oof vtoo’ieous types
(Of preotoonis ivotihd bo’ 260 Hz (15). ‘liO(’ vmolue’s
of (ho’ hinoe’ivicltimfor boounod a(n(opitoc’(555-954)

mmmd e’so’niouo’ (455-496) arc’ larger thotono wo told
�O . ‘
� . be’ pro’dncto’el, bitt mono’ ivntbmoro the’ smonoe’ tootler
1 1 of notogruit udo’.
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