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COHEN, ,JONATHAN B., WEBER, MICHEL, ANt) CHANGEUX, ,JEAN-PIERRE: Effo’cts of local

anso’sthseties tumid c’alo’itmni oms the im’st(’m’a(’tiooms oil (‘i’sohms(’rgic ligmumsds w’ith the isietutim’sie

ro’co’ptoin jirouto’im’s ino)ni Toi’pedo -marmorata. �lIol. P/uarlnaco)l. 10, 904-932.

St udio ‘s mint’ pr(’s(’nt ed oml t hit’ ii-itt’rad’tio�)im imm ti �)h’sysiologu’al iotml(’ o’muviro mnmi’sem’st oml muro)mat ic
tutmiitio’ lomo’al ammo’sth’so’tics (pniloucaimue, lidoc’aimmo’, tumid dimethisoquimu) tumid! Ca� ‘s�’ith nect’ptcmn-
rich’s unenimbratme fragn’semmts isolated froni ‘ror/)ed()el(’ct-nic omrgan. Tho’ (‘mtvinontiio’mitmulby sem’ssi-

tivt’ flun onompi’soro’ 1 - (5-dimo’thylan’sinonmsphthmu-lo’ne- 1 -sullomsanuido)o’th’saiue 2-tninmo’thylat’s’s-

misomniummimiO)dide (DNS-chol) inmtenmuc’ts with two classes of sites in the m’s’so’n’shrant’ lntigmo’mmts:

the ehsoohtm(’rgio’ ro’o’eptoin site timid! so’eomndarv sites (‘harmuo’terized by l)nobt’ emi.ssiomnm pnop(’ntio’s

( Xz,,ax) so’nsitive tom tho’ pl’sarm’smacolcmgical nature (agonist- or amitmugotmist) oil tho’ chomlim’so’ngic

ligaisol homummcl to th’so’ receptor site. l”luoro’sco’nce studies shuow’ thmut flit’ lo)cal anesthetics caumst’

mini increase oil miffimmity oil the n’seml)namue-boiund ro’o’eptomn for DNS-o’h’somb mind 1cm chohimio’rgic

ligtstsols, boiti’s agoumuists timid amutagomiists. The im’screase of affimmity is noot assomciated w’ith’s muo’h’sange

of 1)NS-chml (‘mmmissioummpro)perties. At- the samime coi’so’entnmutioins at w’hmich’sth’se mi-m’sestho’tio’s (‘ontnoml
ro’ceptomn tuffimiity, they also afft’ct thmo’ fluooresco’isce of 1)NS-choml boumid! to the secomidany sito’s:

tho’ lino’so’muo’e of mu local am’sesthetic o’auso’s a loss omf the 1)NS-ch’sool spectral propo’rtio’s o’h’sturao’-

tenistic (if tl’se 1)im’sdimig of agoni�4s tom the receptor site. Local mun(’sth’so’tio’s also com’stnomi the himud-
ii’sg (Of [3H]tuct’t�Vl(’hi0ilitte to flit’ n’semm’shrammo’-bomutnc! n(’co’ptomr. Ins th’s(� tuh)5O’ti(’O’ oil pniloio’muimso’ flit’

ac’etylch’solimio’ 1)imsdinmg curve is slightly signmoid (Hill (‘o)o’ffmc’io’mtt, fl-H - I .4, ha-lf-satumrmutions at

10 iiM iro’e mu(’etyldhitohne). Ii’s the pnesei’sc(’ oil �3 iliM l)nil(m(’miifleth’so’ro’is a (lecremuse (ml o’oooopo’nativ-

ity ammo! tin ituo’rease oil affinity (n� = 1.0, hmilf-saturation at 6 iiiim free aco’tylchobim’se). The

o’cummo’o’ntnmutions mit wh’sic’h flue loctul amsesthmo’tic’s act ootm tho’ mo’mhnamue lragmno’mmts are th’somse at

wh’sio’ls t h’sey hbo uck flue penmi’semuhilit y ro’sponse (if Lleeti’op/i OrUS ebo’ct ropltux impo iii adclit iou t(i the

bat hi ooi flit’ ago omuist o’tunban’sybcluoihino’. Fluonescem’sco’ muiud rmudioactivo’ higand assays do’n’sommmstntute

fh’smut Ctu� alsoo o’aumso’s am’s increase ooi reco’pt tin affimuity loin (‘holin(’ngio’ higmummds, but itt a mamummo’n

signsifit’mumstby cliffo’no’nt Inomi’s ti’smut oibso’rvo’d ivifhi lomctub mino’sthetics. Sohumbibizatiom’s oil tiio’mbramio’
inmigtumemsts by dlt’tt’ng(’iit leads too chmunges in the biiidimsg prompenties oil tIme re(’eptomr proteins.

)ni flit’ nmemhirtumse lnagmno’nts time bimmdimmg data four o’tuch’s agouiist cmuni lie munmmul�’zo’d its to’nnsis oil mu

i’so mtmi ogeiio’omuis b�#{176}mpubtutiomui oml sift’s, while alter somluhihizatioumi hmetenougo’no’ity oof the hitidimig coti-

This work was supported by foommds froummi the nnissariat it l’Emmergie Ato(nsiique, and the Natiomsal

Cetst re Nat ioonal do’ Ia liecherche So’ienmt ifiqote, the Inst it utes of Heaht ho.

Dt�lt�gat ioti (�#{233}nst�raleit ha Hechero’he So’ientifiqnte ‘ Heo’ipient of a loaig-tertii poostdoo’tuoral felloow-

et Teo’ hti ique, t hue (‘o olli’ge de France, the Corn- ship (1973-1974) fr otmi t lie Europeani Moleo’ular

Bioloogy ()rganizatiooms.
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LOCAL ANESTHETICS, Ca�, AND TORPEDO CHOLINERGIC RECEI’TOit 90.5

sttuists appo’mirs. Pnib mcttiimt’ or Cmi’ ‘ no bommsgo’m’affo’o’ts flit’ hiimmdinsg of ao’o’t�’lch’sombino’ too thue

somlubilizo’d reco’pton pi’ooto’ims. �1”h’se observo’d t’ffo’cts of loictul amso’sthetics amid Cmu’� o�n the
affinity oil flue chsobitmem’gic i’ecepfor am’e m’elato’d too th( l)i’so’nmoomemion mf receptor do’so’mssitiz-
atiomim.

I NTROtiUCTION

Sevo’nmul o’lasso’s oof phmaniiumio’o okugicmul ago’msts

art’ kmmoow’i’s tom ro’gum.lmute flit’ o’mufioimi(’ l)enmim�’m’s-

bility 0 of the postsyiimupfio’ miit’tmil)naiit’ fr otis

fish o’lectrouplmtx (1). Thit’ tugoiiists, which in-

cludo’ the pi’sysiomlo mgio’ab f namusmimit ten mu(’o’tyl -

chuolimso’, cauis(’ mimi imscno’muse oof po’m’i’sio’abihity tom

:‘�;-��-�- muimd I�;i+ ioiss hoith’s iii i’ii’o, 0)1’s tho’ niomiou-

co’hluila-r o’l(’(’froupbtux, mimic! iii litl’(i, tin exciftuble

mniio’roosa(’s I)nt’Pmum’o’d lno)n’s LI(’(’tl’O/)Il or us o’leo’ -

tni(’ omrgami (2). Thso’ ai’sfagumsists, sumchm mis

(/-tuiho ucurtunine ( on gmulltumiiino’, 1mbuo’k flit’ t’ftt’(’t

oil’ flit’ tugonists hiy ii’screasimig flit’ appano’isf

disso uciat 101’s o’onsf muiit it in flit’ ago im’sist wit hu
little (3) or ti(i (4) (‘hmumtge tol the timaxinimil

nespomus(’ (t’ommimpo’tifivo’ effo’ct). Flit’ louctub

amso’stimetics, (01’s th’s(� oufh’sc’n hmammd, block flit’
increase oil penmemul)ihity (5) o’miumso’d 1�’ tho’
m’sgoisist-s, largely l)V no’duicimig t ime miia-xim’sial

ro’sponse w’ith bittlo’ effo’cf oom’sthe apparemit
ohsso)(’iati(mim constant (in omuo’oum’sipetifive o’i-

feet). Fii’sab lv, Bmunt ohs tumid Nachmmuimsomhmmm

(6, 7) have studied a gromump of conipouuumds

with’s strueturo’s hut ermiu’diat o’ bo’f ��‘eei’s flit use

ooi the migoumuists tumid the loucal munesth’st’fics,

somme oil which, typified by beimzoybchoolimmo’,

show’ a dutul mutt iou on Liectropluorus o’lo’o’tnoo-

i)laX aimd bo’have bomfh’s as migoomuists mimic! as
umoincompetifive blockim’sg agt’tmts.

To aumalvzo’ iuntho’n t he mo’chmmnismim by

which theso’ vmunio outs ph’sann’s’smuc mbogicmul ago�nif s

o’omntnol tho’ penm’s’setubihity (Of flit’ poistsymmapfic

mi’sc’niibram’st’ t(u alkali eafiootus, w’o’ have umso’d

t hi(’ elect ne omngmun of i’orJ)e(Io iioa-rni orate

insto’ad oil f limit Incom Llecti’op/i orn�S. Wst l’s

7’orpedo no m nit utmoicellultun o’bo’c’f roplax prepa-

rat ion’s has yet been devo’loped, i)ut flue high

density of ini’senvtutiomi oil tho’ elect no oplax tumid

its high com’stent of chohim’sengic recept tin timakes

the electric oirgai’s iron’s this fish a ho’tter

sounco’ oil bit uchet’s’sical numuto’nial (8). Ii’s the

mi’sen’sbnauio’ fragments iroom Torpedo we have

used, flit’ cholim’so’ngic receptor constitutes
al)oiut :30 � oil the pnomteimss (9). Tho’se Intig-

ments omniginate most liko’ly from the areas

of the cytooplmusmmmie n’semhnane which underlie

flit’ nerve fo’rmiiintuls (10, 11). With this mi’sem-

hm’muume lit’t’l)mit’mut it Oti flit’ st m’umo’tumnal iin mhit’m’t1(5

oit� timo’ tsmo’msmhim’muuso’-boouuuid m’o’(’eptomr emumi lie

itivo’stigmuto’(l by o’lt’eti’ oin nsmio’n(is(’oipy ( I 2, 1:3)

timid by X-rm’sy oliffnmio’tiooni ( 14). Co ouiolitio otis

hutuvo’ bo’o’us do’fiused uumm(bo’m’ �vhiio’I’s i’nipeoio

mmuit’m’oismi(’s pn(’so’rv(’ t hit’ muhility to o m’o‘sjuo otsol

in titro too chiohino’rgic tugootusts by atm itio’ro’muse

omi po’niiu(’aluility too �‘2i\ti#{176} (15).

I’umnfhsermmmoro’, th’so’ speo’ifie huidimig 0 of tnt’-

tylchiohimme amid deeanimethso omiiuimmi ( I 6 ) t o t Iso’

(‘h’soobinergic rt’(’o’pt(ur sift’ l)no’s(’mmf iii fInest’

niu(’mi’sb)rmuume frtugnio’ists hmis ho’o’ms o’hsmunmuc-

fo’m’izecl. “l’hsis biumc!iumg o’mims he hboo’l�’d I my

o’h’soohinengio’ tututt-ugoonists, by �Vaja- a-to oximis (so’e

i’t’f. 1 7 ) , mutsol tubso i by high to mmio’o’mit m’mutio utus 0 of

local aumesti’setics. IIomuvevo’m’, tho’ mumiesthmo’tic

(‘0 muuceu’strat it miss umo’o’essam’v to m pro’vo’mst mio’o’tyl-

o’houhimme bimsdimmg mine niuo’hu higher thmits thsoose

mut whio’hu t 1mev j)ro’vo’tit t hut’ mugoomsist -iti(hmo’ed

depolaniza-tious oof tho’ o’o’l o’bo’etromplax. It wtms

couio’lumdo’d flint the looo’multumso’sti’st’ties Imboock the

respo muSt’ to o t’h’sohimso’ngic tugo ommists hmy hitiolimig

tom sift’s (boio’al muumt’stht’tio’ h)immdinmg sift’s)

topomgrmipimictilly chisfinuo’f fm’oown flit’ ohio obinso’m’gio’

no’cepfomr sift’ (IS).

Thanks to tht’ imutnomcluo’fio ommoil a ohio olimso’m’gi(’

flunomnoph’so ire so’nsitive too o’nvino ominio’mif, 1 -(5-
din’sethylmumimuoiisaph’st hmmulo’mmo’-1 -sumliommstunmiclom)-

ethauie 2-tnimimo’fhvbamsutmmootiiumn iodide (19), it

them’s h)o’ctuti’se poossible, with’s the reco’pto on-m’ich

mo’niI �rmimmo’frtugmimeumf s in mmmiTar pedo, t o m’ebmute

tho’ ph’sysiomlomgicably immiponfmunt nt’spo omiso’ too

the mugoinists toi mu ehanmucto’nistic o’hmitigo’ tol

memiibraumo’ struetumno’ (20). In fh’so’so’ expo’ni-

ments, tumi(I imi so’vo’rmub oil those pno’semmfed imu

this pmupt’n, flit’ into’nmictiomn oil DNS-chnob2 witim

2 Ahibreviatioins used mire: 1)NS-chool, 1-(5-

diniet hylamuiinoonapht hmalemse-1 -suilfommamumido 0 )et bane
2-trimuiet hvlamsmnmioniumm’s ioodide lube samsme 0,0 otssiiooontiol

was umsed previously (20, 21) but was imirorreotly

idetmtified as a propane olerivativej; l’t TA,

ethylene glyo’ool bis (�-anmsimmoiethmyl et her ) -.\‘ , .\‘

tet raao’et it’ arid; SDS, soodium dodecyl tout fate;

Tetramsm, 0, O’-diethvl S- (/3-diet hylamm’sinooo )et hyl

phosphorot hiolate; SKF 525-A, diet hvlannino

ester of diphmenylpropylacet ic acid; gallaniinue,

gallarnine t net hiodide (Flaxedil).
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the ti’so’tiibraiio’ fnagnmmo’n’sfs was foilboiwt’d l�’
emiengy tnamusfen fnom’si the menii)nan(’ pncmf ems

(X�x = 287 mimi’s). Amualvsis oil the o’ffect of

chohit’so’rgic ligamuds amid �Vaja a-toxin on f ho’

fluorescence of 1)XS-cho ml emitted under

theso’ eom’sditions led tom tho’ (‘ommclusio)n f-hat

DNS-chol l)it’sds toi at least two) classes (of
m’s’semiibnaiuo’ sites : time (‘hoiiimuergic nec(’pton site

ammo! ‘ ‘secom’sdany” sift’s ioicat(’d o)n tin iii the

vicimiitv 0)1 f he nect’ptt in proteim’s.

At is’sicnommolan coim’scentratioi’ss ool 1)XS-

chol mutsd choilinergic rect’ptoin sites, flit’

flutono’so’o’muco’ decreases by 70 (/ in flue pres-
eimct’ oil o’hoilinecgic ligmunds amid a-toxn’s. This
fluono’sceimo’o’ decno’ase was attnibuto’d foi tl’se

displmuco’nio’mst oil 1)NS-choml Inomi’s t hue chom-
hm’s(’rgi(’ ret’o’pton site. The spec’trosc’opic dis-

s(icimufitotm coum’sstant oil DXS-cho! calculated

mom’s flit’ dmufa (Kf,�,, = 20 �i) agrees with

fhmo’ c!issomeiatiom’s (‘oimistamut determino’d in-

dino’o’tbv vim’s the b)imudim’sg oil nadioactivo’ ii-

gamuc!s. Th’so’ fluoinescemuce oif DNS-chou! asso-
ciato’d �vithi its 50�(’0 umudany sites ro’presemuf s

omulv musmuiall Inactiommi of the foita-l fluonesceiice

dt’tt’eto’cI by t’t’so’ngy fnanslo’n tumid is oobso’nved

uu’sdo’n (‘omtmditioums imm which DNS-chol is dis-

placo’o! from flit’ r(’co’pton sift’, i.e., in the
prest’tsco’ oil ami o’xco’ss oil (‘hombimio’rgi(’ ligamuds
oon _\‘u,ja a-tooxin. W’hueni tho’ chitolitio’ngic’ ligau’sd

is tums ttmstmugommuisf our Vo�ja a-touximm, mtuxim’s’sum’s’s
c’missiooti tako’s pla(’o’ mit 537 ± 3 tin’s; in’s tho’

prt’so’mso’o’ ol am’s eX(’t’ss ool agomm’sist the mnaximi’sum’si

emiiisshomm shifts tow’and flit’ blue by tubout

15 mmmii. Ut’s fho’ basis oul this no’sumht, it was

comis(’bul(!o’c! that upoti bimudimsg oil (‘holim’so’rgic

a-go mists 50 mm’s’seeham’sgt’ oml t’s’so’n’sbnaume sf ruct urt’

ttukes pltuce which is ro’verso’c! by the tint ago-
uuists atsd ho’msce is assoiciatec! with the physio-

lougicab nespomnso’ of the mii(’nibramu(’.

\Vo’ no’port here studio’s ooi’s flue (‘fft’ct of
huo’tul mnimo’sfho’tics ati(! (‘tmlciun’s ititis Out n(’ct’p-

toon-nio’hm ismo’miihnatie fntugmo’nts mis sc’miso’d by

flit’ flumooro’sco’mst pn� upo’rt it’s oil I)NS-chmoml timid

flit’ bimsdimsg oil ntudiomuo’tive ch uhmmt’ngic ligamicls.
1mmmufirst so’nit’s ool o’xpeniments domme with the

iso ubat o’d o’lect noopbax lcoumii Llectrop/o urns, we

shut ow that DNS-choul hmus muc!uial phmunmi’sao’ouhig-

i(’al tu(’fioomi tumid bt’h’stuvt’s liko’ l)t’tizoiylo’hi(ibitme,

both’s as tutu mugoummist ammd mis mu miotid’omtiipetifiV(’

blockimsg ago’mmf our booo’al amsestho’tic. Sitico’

DcS-ch’soib bimsds in o’itro houthi toi flit’ ch’so-

litmo’rgic necepfoun sito’ timid too secotidary sites,

\\‘0’ imsvestigato’d flit’ poissibilify fh’saf th’so’se

secomndary sito’s went’ respoinsible loin the

muomicomti’spetif ive blo ickinig action oif I)NS-

chom! ommmthe electnoplax; in other wounds, that

fho’y were related too the loocal ai’sestho’tic

bim’sdimig site.
We have foiumid that local tinest-hetics do

decrease the flu ur(’s(’en’sco’ im’stensitv oil DNS-

choil associated w’ithm th’so’ so’com’sdanv sites.
\Ituno’omver, i\’o’ show mini mul)parent paradoxical

effect oil several lomo’al ai’st’sthetics ommm the

h)iuidimig pnopo’rt ies oif t ho’ chouhimio’rgic receptor
sift’ pnes(’mmt it’s the sami’se m’s’senmbram’so’ lrag-

mo’m’sts : all (if them cause a m’s’sanked iticrease

t)f affimuitv oil the neet’j)tomr sift’ loin DNS-chol

and Ion the (‘h’sohiiu(’rgio’ agomuists and amutago-
musts to’sted. This efft’ct takes I)la(’o’ at coin-

(‘ent ntut �(i1’sS oil bouc’ab mummestho’t ics whmich are

just those mm(’o’essany tou b)lock the mugoim’sist-

iimduced do’polanizat ims oil Electropluorus eld’c-

fnoj)lax. Detailed stumdies ul the himmdim’sg oil

I 3lETjacetvlchomhno’ shoow’ that one omi fhemm’s,

pnilticaimmo’, (‘hamigo’s flue shape of the himmdiu’sg
(‘unvo’ f’noimimsign’souid tom hiyperboulic. (1milcium’s’s

iomis absom enhamico’ tho’ miffinity oil flit’ m’s’sem’s’s-
braume-bomuimsd ro’co’pt our ion chohimiengic’ ligands,

l)ut vitu a diffeno’mmf mo’o’hmanisni. After somlu-
hilizmutioms oil flit’ n’semiibnane inmugm’smem’sts by

detengo’tmts, heal ammestho’tics tumid cabeiut’s’s

ions mm boimmgen comitnoil flit’ hii’sding prompenties

oil the ch’somlimiergic ro’co’ptomn sit(’. A pnelin’siimimury

nepmnt oil this woirk hmis ho’en puhlisht’d (21).

MATERnAL5 AN!) METHOt)S

Pi’eparation at’ Receptor-R ic/u Mciiibran e

Fragments

The isoilatiomms by sumo’nouse do’mmsitv cemm-

tnilugatiommu oil tsio’mmibratso’ lragmo’msts nichu in

c’hohimmergio’ no’co’pfo or i’smis beemi do’scnibt’d (9).

The bimidimug oil f3H]a-tomxims froumn �Vaja nigri-

co//is (22) u�’mus umso’d! tom o’stimato’ th’se (‘Omti(’(’ts-

tntutiomum oil (‘houbimmo’rgic ro’ceptom’ sift’s (16).
Prouto’imms w’ere assayed by the m’siefi’so)c! oof

Low’ny et a!. (23) w’ith boivine seruimmi albutmimims
mis sttum’sdard. Sixty gnmunis oil fresh o’bo’ctnid’

t issumo’ In mm Torpedo iiiarm orata yield mul)Omutt

(S mug oil promto’imss mi lm’agmiients that bamsc! at

38 � (w v) suicro oso’. Tho’so’ iragmiio’nmts count mum’s

1-2 �nioules oi [‘HJa-fooxims bindimsg sift’s po’r

gnmumii oil prof (‘its.

As do’scnibed prt’vio mumsby (20), atm adclif it ummal
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o’c’mutniiugatio mmi-no’suspensioimi Pnoico’dune wmis
used to tram’sslo’n tIme ni’so’m’sibnanes in(umiu court-

cei’stnmuted sucromso’ ttu a suitablt’ �0)ti�d’ o’n-

virounti’sem’st , �vh’sic’h’s four n’soist specf noscoipic

experimem’st-s was Tor/)e(lo) physiol(mgio’al sabiiue

solution: 250 nut NaCl, 5 mii�m KC1, 4 mi’s�m

CaC12, 2 m’sum \IgCl2, amid 5 nun sodiui’s’s j)1u05
phate, pH 7.0. Whuemi tho’ o’ffect tol divalent

catio)I’ss (iii the hitmdimug Prol)enties oil the
m’s’s(’nul)ram’se-bo)umid ehmoohimmo’rgic neceptoun was

studied , thi(’ m’s’s(’miil)rmummelnmugnio’uuf s ivo’no’
nesuspeu’sded iii tu salimme soluttiom’s lno’t’ oil
divalent catio)ums: 250 nrun N’aCl, 5 mum NC!,

0.1 n’s� EGTA, ammo!5 nm.�m sodiun’s phospluate,
pH 7.0 (Ca�- amid Mg�-fnee buffer).

In order to) ch’sminactenizo’ th’se po)lvp(’ptido’
com’s’spoisitio)um oil flit’ puro’st nsen’sbraime inag-

m’s’semuts available, �)o)l�acnylan’side gel (‘lee-

tnophoresis imu somdiummi’s dodecyl sumhiato’ w’as

penlonm’s’sed with fragmiio’mmts preptired by the
followimig nmethod. 1’inst 20 mmml ol the low-

sl)eed supermuafmutmt inactioun were layered tin
5 miii of 35 % sum(’noose (w��/v) timid (‘emit nilulg(’d

at 105,000 X g f(un 90 mi’siuu at 4#{176}.The pelbo’t
( 0.9 �mi’soile 0)1 toxius sift’s lo’n grami’s oil proteimi)

was ro’suspemided imi cbouumhle-distibled w’att’r
w’ith a Potter Tefloms-glass houmiiomgenizen.
TIme no’suspension (0.5 tug oil l)r�tt’iui po’n
n’sillilito’r) was themi plao’o’d om’s a litsear sumcnose

gradient, cemitnilugedl, tumid collected mis do’ -

scnibed by Comhem’s et a!. (9). �‘\1muximiial toxin

bim’sdimmg activity wmus ioummmd at �3S #{182}�(wv)

sulcr(ise.

SDS -�xu1ytucnylati’sidlegel o’lo’ctnoophmoonesis oof

these inagmem’sts denmiommsstrated fhtut thom

b)tulYliepfid!e coutiipo)sitio omuis relmutivo’ly simple.
Figumne 1 shows mu gel scmtn (if a mii(’tiibrtumit’

sample possessimig high specific activity (3.5

,un’sobo’s oil a-toxii’s bimmdimig sites pen grmumii tof

pnoitein). Abovo’ mol wt 40,000 fluent’ muno’five
maj on bands, with’s flit’ pned(mt’s’simmaimt baud mit

44,000. loon pno’pmunatioons (ml booiven speo’iho’

activity (1 /Lt’s’sOlO’g toi pnomteini) fl’se stinmit’

nuajoor hiammds tit’(’ oobso’rvecl, b)ut- the no’lative

dotiminatmee oil the 44,000 bmumud is redumco’d.3

Note aolded its I)rOOf: This 44,000 baniol is tIme

otiI� oonme labeled by the affinity reagemmt 4-(N-nsmale-

ims’sido) -tienszyltri [3H ln’set Imvl amn’somsiuni joudide ole-

veloped by Karlims amid Cowlmurms (45). Thus labelitog

is prevetited l)y preitinthiatiomm (if the menihiramoes

fragments with .Vaja a-toximi (A. Sotoel, utiptmlo-

lished results).

&)1-UbiliZat-iofl of If ccc ptor-R ic/i- �l1em brane

Fragments

Solubihizat iom’s oil t ho’ rs’sem’s’sbnammelragnmm(’mi f s

cmii’s be acl’sieved by the addition oil aniomsic
(sodium cholate) or neumtral (En’suilph’somgemie

BC-720 or Triton X-100) detengo’usts. Time

rnerndrane fnagn’semmts in 38 #{182}�(w/v) sucrose

were diluted iii tutueoiumal volutiie oil clooumble-

distilled wtuten mummclcentrifuged at 80,000 X g

100000
80.000

60000

40.000

20.000

0000

Fit;. 1. Polyacryla in ide gel elect rophoo’esus on

SO(lilIflO (/00(140’!,! sulfate (if higlolij purified prepara-
ion of u’e(’eptor-riclo uuoeun bra ioe fragnoo’nts .fro,n

i’oI’pe(lo

The suspetusioti of mumenuhoramie fragtumemmts coonu-

taimied 3.5 Mmomles oof .\‘aja a-toxin sites per granum

of proteins (see M.�’t’EttI.�L5 AND METHODS). Pool-

yacrylamuide gel elect roophmoresis was 1)erfoorti’sed

accordimmg rto I )avies and Stark (24) with 0.1 �i

somdiutsu bomrate buffer coonmtainimig 0. 1� sod iunm’s
dodeovl sulfate adjusted to p!1 8.3 wit Ii glacial

acetic mucid. A tsmenmmbrane satmmple (23 �g of prooteinm)

was boiled foor 2 nmuin imi � sodiunui dodco.’yl sul-

fate-0,2�� 2-mmmercapt ooet hiamiol. After tnigrat ioomn

(8 matmip/gel) the gels were shakemi oovernighit. mm

25� 2-proopamsuol--10�� noel ic acid, tot ai mse(1 wit-hi

Coouniassie blut’, ani(l dest aimso’d with 3o;; nmo’t ha -

ntol 7,5(� ao’et it’ acid. St amsdards were rums on a

sepam’ate gel. Ph Ii, m’abloi t nssusele glvcogems j)hsoos-

phoryl;sse b; 1�SA, 1)OoVitie serunmi mulbums’sims; ()valb,
ovalbutsuimi; LI)h1, lao’tate dehsydrogemiase; Ilho,

hiemuiooglimhiins.
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loin 7;5 on 90 miiium. �fhie superummi-tammt flumid wits

!iscm’snded, tuuic! flit’ 1)t’llo’t w’mms ro’susspo’msdo’d

in ti snimuhl vculumu’so’ oil tno’oliumm toi mu prtmto’iui

(‘omu’scentnmltioots 0 of 2 -6 tmig.mmil. (‘ooimo’o’mst nmtft’d

st)diummi’s chiolmite (50 #{182}-� \\‘; v) was fheti mudclo’d

too a fimmal (‘oomi(’o’mstrafio)mu oil 1-4 � (w’, v), with’s

mu mm’sass natioo befwo’o’ms 5 tumid 10 rug tot chiombato’

pen tiiilbigrtimi’s (ii Pm’tmtt’imm. ;\..ften iuso’uhatimim mit
nomomui to’nipo’natune loin 5-30 ��uin, the suspo’mi-

sioutls wo’ne eeistriftmgo’d at 100,000 X g loin

90 mmmiii. Somlumhibizo’d no’o’epfomr is do’uimued

tipt’t’ti-ti(mtmmuhlv mus flit’ [mJjJa_ftoxius bincliusg sites

no’tiimuimmimig mi flit’ suj)o’nmstutamit fm’a(’ti(mum. 1”or

flue somluthihizo’d no’o’t’pfomr, [#{176}IE-Ija�fouxiunbitmdimsg

\�.tis mtsstuved l�’ thmo’ pnomo’o’c!umro’ omi ()lso’ms et at.

(25), amid ioromto’imi buy tho’ mi’sefhmomd ooi Loowry

et a.!. (23) with’s homyinue sem’umm’s ttlhiumrrsimi its flit’

pno’so’tico’ of do’fengo’mst as mu standard. Th’so’

yield umpo iii somhthibizatio mmuby soudiuni cho uhute

wtus 30�100 �; ftmn flit’ a-fojxjim bimsdimsg sites

tumid 80-100 �; loon pnofo’ims. Nom syst’nmmufic

difft’m’o’mio’o’ iii vio’ld �vmus tmhso’rved �vho’uu solu-

biliztufioomm w’mus ach’sit’vo’dl it’s vaniomus nmo’dim-u

(distil led i�’tuter, Torpedo ph’svsiolo ugical saliume

so)lufiomn with’s or without clivaio’iit ctitio)Iis, ton

0.5 �vn XaCl-0.1 M Tnis-HC1, pH 7.4).

I’/uoreso’en cc L.t’J)er immien Is

All fluomno’seeusee spectra. wont’ mimo’m-usured mit

21#{176}umsing mu FICA diffeneuitial recordiuug

spt’(’t no uflumomno)niet on under coi’sditioums de-
scribed pro’viously (20). A Hamamimaf su

phoitoumuiuiltiplio’n, mm’soic!el R:372 UH, ��‘as used
too defect sigtiab o’tiiissioim, amid iio ctmnrecf ions

were miiade for the wavo’lo’nmgth variation of

f ho’ phoitoumultiphien sensitivity. All spectra

preseu’sfed and till determiumafiomuss of the
�vavelemmgtlu oil nia-ximi’sumi’s en’sissioum’s were ob-

taimied by different ia-l spectroscopy. Both

c(’hls contained t ho’ recept or preparation

(0:3 mmml), amid 1)NS-chol was added to the

sammiplt’ o’(’ll. Otho’r reagents were added to

1)0th sample mund nefenetuce (‘(‘lls.

Two fluomresceuuce assays were uso’d fou study

the mferao’tion of I)XS-choml with the recep-

tor prepanatioums. The appanem’sf affinity of

DXS-choml loin tho’ acetylchoiline receptor site

um’sder vmunioius o’nvmroi’snio’nt al c(ilmditicuns

was dt’termi’simut’d fro mm the depo’mmdence (of

fluoonesceumco’ ton DXS-chol c’ousc’emmfnation in

the abseu’sco’ a-mud pnt’sence of high (‘omncentna-

f ioiuis oil mu- high’s-a-ffim’sit y o’I’somhiusergic higammd

(wmuvelo’mmgth of excitation, X,.� = 287 mini;

w’avelo’msgfhi ooi o’m’s’sission, X�,, = 550 ustmi). I’�oi’

l)NS-chool (‘o)mmcentrations ump too 50 �u\m iii tIme

linoso�umoov omi 1 Ii�iM carbmumuiybo’hmooliun’ om’ 5 an
\‘aja ti-ft mxiii , mull cholitio’m’gio’ m’o’o’o’pfo or sift’s

mint’ ti(’(’upit’d by tho’ bmitto’r bigtumsols. The

diffo’neuuce (Of DINS-chol flumoino’seo’mtco’ iusto’umsitv

OuI)5(’m’\’t’d! imi thom pro’semio’o’ mimt(l abso’tsco’ is mu

tuio’asuro’ oof flit’ fluoreso’o’umco’ (ml I)NS-chioA

booutsd too thm(’ n(’c(’pton sitt’ (20).

TFhu’so’ o’xpenimiiemits wont’ titsti-lyzo’ol by mi

doumhlo’-no’o’ipromcal ploof oil the to otal I)NS-cho ol

o’omuio’t’isfm’tifititi ammo! flit’ mmitt-gnsitucbo’ tol time

fluo uno’so’o’usco’ sigrutul so’tmsifivo’ tou t hit’ ohio olimmo’m’-

gi(’ Iigausds. ‘IThic’ a1)��d’issa itsfo’m’O’(’l)f itt such mu

liltit is ( - I . ..kf!U), w’hem’o’ ‘Sii�,, �S a ‘‘spoof no-

scompic’’ dissoucitutiommi cootusttutst (20) , timid flit’

0 ordimimuto’ insteno’ept timt’tusum’t’s t Iso’ msuaximiiummmi

sigmitul is’hems mill sito’s mind’ oc(’umpio’dl liy I)NS-

t’h’s(Oh.

;\, 50’O’O onio! l)ttratiieto’r, 1?, i�’as umsod its fIst’

o’ouunso’oil thueso’ studio’s. It is flit’rafioo oof the

bight imsto’misify, � oml)so’ryo’d mit 550 mmmii for

o’x(’itmuti(umm at 287 nn’si (pnomto’ims t’xo’itmufiooms) to

tIme immtemssify, 1331J, ohso’rv t’d ft om’ o’xo’ifmutioumm

tut �3�30 mmmsu (l)INS-chomb o’xo’itmufiooms ) : I-! =

I:1s7 -133(0. Tl’so’ mubsoolute �tubun’ to!’ .1? mmuust lit’

mu-mio’miupinical function ooi flit’ spo’ctnomuieto’n,

hut loom’ mu pturficulmum’ SPOOf !‘t otiio’fnio’ to ommfigumrmi-

tiommi ro’lafive cI’sammgo’s oif If oobsenvo’d ito flue

l)no’st’imd’e of differeumt po’rfurl)mumifs (solyo’tif,

proteimis) must reflect mu(‘hmumge immth’so’ wavo’-
lo’uigfi’s structure of flit’ exeitmutnmtm speo’frumms.

Ion 1)NS-chol in physioilogicmul smulimue, 1? =

0.43 ± 0.03. The same vtuluso’ was oohso’rved

imi the presemice (if ump to 1 miig/ml (of serumsm

alhumiim or up to 5 #{176}� dleto’rg(’tut (sodium

cholate, Emmiulpho ugemue BC -720). Vtulues

greater than R = 0.43 wt’ne used as mu mmmeas-

ure (ml the prefereimfitul o’xcitmifiomui oil DNS-

ch’sol by emuergy transf(’n.

A flucinescence assay (X� = 287 mmmii, X.,, =

550 nmmi) was used to) determ’smim’se the appanemmt

affinity oil the receptoun for nommifluoonescemst

chumhimmengic ligands relative to that of l)NS-

cliol. Four a fixed coomucemut rmuf ion oil DNS-chool

(usumully 7.2 ,�m), incrc’musing coimcemstnatioitms

of a secou’sd higa-nd were add(’d to the no’o’epfour

Pnt’l)araf iouns until maxiniumii DNS -cho ml
fluonesco’mice decrease was observed. (‘��O, the

liga-mmd conc’entratioom’s n(’dum(’iusg DNS-ch’s ml

flumooro’seemico’by 50 #{182}�oil ifs footal clo’o’ro’muso’,

wmus umsed to) charactenizo’ the tuffiumity oil flit’

ligand loin the receptor (20). Four fh’so’s(’ o’x-
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iieniti’seu’sts con(’emmtrated stouck solutioims oul
higands ��‘ere used so that the initial volunme

( 0.3 mi’sl) wa-s i’sout im’scneased by n’sone than 5 #{176}/�

over the fitnatiomi curve.

Binding of Radioactitc Ligands

Bin ding at cq-uilibriummt of [mHjacetylc/o oline

an(1 [tmllltlecamn ct/i Oil iUiil to membrane fm’ag-

mnents. This was m’s’sea-sured by the ultra-

cemmtrifugat-ion m’s’sethuoud described by Weben

and Changeux (16). The men’shnane suspems-

sioimi ��‘as always diluted in Torpedo ph’sysio-

logical sahimie solution i)efone the addition ol

ligand.

\Vhemi flue effect 0)1 local anesthetics wtus

studied, th’se diluted suspeumsiomu’s wa-s im’scu-

bat-ed four mit l(’ast 30 u’s�h� ��‘ith fho-� desired

comicentratioun oil amiest-het.ic , before f-hue addi -

tion of ligand. For divalent catiomis the ui’so�m’s’s-

l)nam’se sumspem’ssiout’s w’as diluted first in Ca�-

aumd i\1g�’-lree buffer amid thmen’s supplem’s’senmto’d

with t he desired coiticemitra-t ioumi iii CmuCl2 mimic!

MgCb2.

\Vhmo’u’s [:uHJao(�f\.lchi(ihim’se w’tis umsed as a

ligam’sd , t lie dilut (‘d miiemiil intuit’ sumspemm sit 0mm

was first iuicul)ato’d four 30 mnh� w’ith 0. 1 tiiui

Tetnamii, mu pouteu’st cholimio’stenmise itmh’sibiton

(26). It wm-us verified that utuden these t’otmdi-

tions imihibitiomi ooi [mHjacetylch’sohmme bimsdimmg

occumrs only mubovo’ 0.2 mini Tef-ram. Afto’r time

incubafit)m s wit-h Tetnan’s [3H]mucetvlciiohim’se

was added to) time n’sixture. The total con-

cent-nation of [3H]acetylcholiu’se was varied

bet ween 1 .5 amid 60 mmiimby ci’smungim’sg time coin-

eemitrmut ioumi of labeled ligand without- isoutopic

clilutiomn. Simuce the soluitions oil [3Hjacetvl-

chohiu’se were mm’saclo’ ii’s ethanol, f-he nien’sbraume

suspem’ssioumms always contained 0.16 #{182}�ethia-

miol. It was ascent aimied th’sat up to 1 #{182}�(v/v)

ethanomi has imoi sigimificam’sf effect on the bind--

ing of [mHjacetylcholine.

The mi’sen’shrmuime suspension wmus (‘quili-

bratec! loon 10-30 ruin with the radioactivo’

ligam’sd. Tue radioacf-ivities of the mu’sedia be-

lone amid! after cemitrifugatioiu at 100,000 X g

for 90 suit’s were coum’sted on 400-�,d stuniples

in 10 tub oil \lumltisol (Int-erteclunioiue) our

Ummisolvo’ (Ko mci’s-Light Lmuborafonies) in an

Interto’ch’smuique scimit illat ion coum’sto’r. The

effio’io’tscv ouf (‘omum’sfimmg \�‘as 40 ± 3 #{176}�

Initial rate of [3H]a-toxin binding to mmmcmii-

bra.ne j’i’a-gmmments. This was measuno’d by fil-

tnat.i(ous ootm ?ulibhipoine filto’ns, mis o!est’niho’d by

\Veber tumid Ci’stumigeumx (16). Tho’ coommo’emsfrmu-

tiomi oil {3H]a-toximi it’s thi(’ miit’dia wits 0.6 mm,

and that- oil [mHJa-fooximu bimuding sift’s was

1 .2 nmi. LTmmder these commuohitiouns the mumiioumumt

of toxin bound wa-s lusetur wit-h tit’sie four at

least S ruin.

Binding of [3lljacctylc/u oline to so/nb ilize(l

receptor protein. W’e umsed the equilibniuimmm di-

alysis teeh’su’siqumo’ descnil�’d! by (lilhio’rt tumid!

Muller-Hill (27). Sam’siplo’s oil solubilizt’d re-

ceptor protein (250-300 �l) ��‘ere first immcu-

bated Ion 30 mimi in flue jro’seimce of 0. 1 tmni

Tetranu tuumd placed it’s sm’s’sall dimulysis I)mugs.

The bags were dialyzed loin 15 hr at 4#{176}oumi a

rockim’sg shaker mugaimmst 20 miil oil Iuumffer sup-

plem’s’senfed wit-h 1 #{176}� (w’/v) sodiuni cholato’,

0.01 mium Tetnamii, tuuid flit’ do’siro’d o’oin(’o’m’sfnmu-

tiomm oil [3H]acet-vlcholimuo’. The buffo’n umsed

was either Torpe(lo phiysiologictul sabimse somlu-

tion our (1ti++ muiid i�\1g++_lnee bumffen supple-

nieuifed with’s th’s(� desired c(omio’(’mstnatioumm of

CaCl2. Lo o(’al amiest h’so’fit’s ‘s�’ere adldo’d both’s

imiside and outside flit’ l)ags.

After dialysis, rmuc!io omuctivif ies wo’no’ o’oiutmto’cl

0)11 50-75-,.d samiiples in 10 nib of Umsisolve.

Profeim’s commcemifnmufiomts immsicle flit’ bmug \vmus

n’seasuned by tue miio’timod! ouf Lowry et a-I.

(23), umsimug boovit’se senunm mulbumi’sius mis sfmumsd-

and. No significmuuit dibumtioiti w’mus obsenvo’c!

dunitig dimulysis. Iii th’so’so’ expenin’semmts little

(< 10 #{182}�)or m’so ne(’o’ptor imiactivmutiomm ot’curned

dumning dialysis, mus mmieasuned by {3Hla-toximu

bimmdim’sg it’s commf roil c’xpeninienfs.

C/oem ical Products

Tue iodide stilt oi 1)NS-choul wtis prepared

mis described by Weber et a-!. (19). (‘hoolimsergic

ligaumds audi local muumesthef it’s o)I)tmunuo’d (‘(mmii-

mercially were used w’ithooumt lunfht’n punifi-

catiommi. Thue h’svdlrochloonido’ stilts oml pnibo-

caine, lidocaine, amid din’seth’sisoK iui mm w’er(’

gifts oil Laboratoino’ Hoger Bellomus, Neumillv,

Fraumce. The pumnifiec! a-foxim’s of Xaja ii igri-

co//is was mu gilt ool 1)n. P. Boquo’t, tumid! thie

tnitia-ted [3H]a-toximm, a gift- ool 1)rs. A.

1\Iem’sez, .J. L. \Iorgat, muusd P. I”nommugo’of.

Choice of Local A ncst/octics

Siuuce wo’ wishmo’d to stumdv by fluoom’o’so’o’muo’t’

tecimniques flit’ effect of bout’mm.lmumio’st hmo’f it’s ommi

flit’ imstena(’tiom’s 1)etw’o’o’ms I)NS-chmo ml tumid f hut’

ro’cept or-rich m’s’sembnamme fragments, mimics-

thief ics th’sat- d!o uiot. have ummidesirable opt ical



Speo’(ral characteristics of lot-al anesthet it’s in- physiological saline solution.

Anesthetic Absorption Fluorescence

v2s7 X,ax0 Relative
intensiti�’

00)1011)11 � Cooz�� .11�0 C,il�i

�100 0
0

3,200 360 1.0
3,000 420 0.7

15,000 355 4.0

17,000 355 0.3

250 nm except for prilncaine, foot’which
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Uncorrected for emissions photoonmiunbtiplier wavelemsgthi semisitivity.

proupenties of their O)Wti hmud to) l)(’ foumtmd. Idemub

con’sptiunds would h’smuve mit’ghigibbe mui)50 onpt it-on

amid fluomneso’em’sce above 270 nun’s. Tin’ siueo’tnmub

characteristics of six lo�’al anc’sth’s(’ti(’s wo’re

survo’vc’d (Table 1 ). Priboocaimie audI lidoo’aimse

have very little absomrpf iou’s amid uio clef o’(’t able

fluonesco’mmce abovo’ 270 mini. Thue of hmo’r Itmum

compoummds have absonpfiomm bauidis muhiovo’ 280

sin’s tumid art’ fluorescemmt. Figure 2 shows the

(‘ffe(’f 5 of diffenetst local mummo’sfhetio’s mti free

1)INS -eh’so ml flmmouro’so’emuce. The q umt’mmeiiimsg

caumsed by pnoo’aimmo’, fo’frao’aim’se, ditiit’t imisoo-

quimu, amid pm’ihmo’aimue reflects their ext imic’t iou
o’oot’fficietmts at 287 timis. Thums, althoough’s hidom-

caitit’ (‘am’s he studied tut (‘oom’scenf rat iomns up tom

20 minn, above 3 nnn priboocaitie opt it’aldbt’tisify

o’ffo’cts becomiie umootico’ablt’. Similarly, 0.1 minm

dimiiethmisoiquimi amid 0.02 mii\t pno(’anme our fefra-

caimit’ mur(’ flit’ uppo’n coutuct’mit rat iootis at which

they art’ ‘‘tramispano’tut.’’

If is apptuno’usf (18. 28, 29) thtut fhu(’ ph’svsioo-

bomgicmilly ao’tivo’ coommco’mifrtufioons oil proocaimlo’

mmmcl to’trtut’ainmo’ t’xo’o’o’d 0.02 mint. Hoowo’vo’n, ion

hi(louo’aim’so’, pniloicaimit’, tumid dinio’thisomquiimm,

phmysio ologically inipont mum’st-d’ouiiceumf nmut ioins mur(’

tuccessil)le �vith’sout expo’ct t’d hit o’rlt’nt’nce

with speo’tro oscopie miieasures’s’so’uit s.

Stnuctumnmul fomnmiiumlao’ of DNS-chool amid the

fiuno’e loucal ammo’sfhetics fou be uso’cl ims this

stumdv art’ pro’so’msto’d iii Fig. 3. Lidoocaimme at’sd

clitiio’thuisouquiti are f(’rtiarv mumimmo’s, tho’ four-

rno’n with aim amide linkage auso! flit’ latter

�vitI’s mum o’tho’n limmkage tom flit’ ai’ommmmtitio’ pour-

ti(uus. Pnilooo’tuimse is a sed’ommdlary mummiino’ ivifi’s mmmi

amimiole himiktigo’.

C/lOi(’c of 1)ctcrgcnts

It is kmiomw’mi thmtut mu vtunio’fy of muo’utrtul amid

atiioimiic cbo’fo’ngeuits (‘miii bo’ utsed too solumbilize

o’ho olimio’ngio’ nt’co’ptor ls’o onmu o’h’o’t nit’ tissue is’s

iomrnis fimaf no’taimu the cmupaeify tom luitici Xaja

a-foximss timid cliolimmergic bigmutsols (30). Ft �m’

flumomneso’emso’t’ studio’s wit ii flit’ so uluibihizo’cl

o’hombino’ngio’ ne(’o’ptor, ant ommufit’ deto’rgemuts

such as Tnito omi mire unmmcco’pt tul)lo’ ho’caumse of

th’seir imstt’umso’ intnimisic fluo ono’so’eumco’. (1liolafe

amid! Emmiuilphitugt’u’se BC-720 do mit-of b)ousseSs

euro umophoires interfering wit hi fluo ono’scence

studies loin o’xcifafiomm tubnuvo’ 280 mmmii. How-

o’vo’r, tl’so’ fluoro’sceumce pnoopo’nfit’s ooi DNS-

choul tint’ affected 1)v thit’ prt’so’sso’o’ oof do’to’n-

go’nts (Fig. 4). DNS-clitol qusaustuttmm yielc!

inc’nt’ases with’s inc’neasismg do’to’rgo’ust coli(’(’ii-

tratitmns, aiud tho’ increm’sst’ oil quttumsfumnm yield is

miccoomiiapumid’d by m’sblue sh’siit ooi fhio’ o’ti’sissiomn

mmiaxim’siuim. At 1 #{182}soucliutni chmltufo’ flit’ fluo-

ro’so’emit’o’ iimtt’nsifv mcr(’ases by ahottf mu lao’-

for (of 3 tumid flit’ emission iisaxitimummm shifts

lrom 553 tom 540 mini.

Althoough flit’ dett’ngo’usts ctiuso’ mu small

shift ooi t’xcif at ion uiimuximumii toowtund the no’cl

(miot simowis), the basic strumcfuno’ (of flue

excitatioomm specfnumii is mit it (‘litumigo’d. Four

emissituui at 550 nm, R = ‘2v7 limo no’timmmins

0.43 ± 0.0:3 for soidium o’h’soolmufo’our Emulph’so-

go’mie itj) tom 5 #{176}X

TABLE 1

Priloucaimie 230 5,600

Lidocaine 270 310

l)imethisoquimu 270 (320) 8,000 (4,000)

1)ibucaine 328 4,300

Tetrao’aine 310 23,000

Procaine 290 17,000

Extinctiomu coefficient of major absoorption bands at X �

there is tomuly a shomrt wavelength shmomnlder at 230 nni.
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FIG. 3. Structvres of compounds used

RESULTS

Dual P/oarmmiacological A ctioin of DX�S-c/ool on

Eleclrop/oorus Elect i’oplax

All our fluorescem’st’e and bindim’sg studies

utilized m’s’sembrane fragn’sem’st s from Torpedo.

However, nom nionocellular electroplax prepa-

ration has yet been developed wit-h this

fish. The pI’sarn’sacological a-ctiou’s in rico of

DNS-chol was therefore studied with Elec-

l0� _,______o

Oil 003005 Dl 03 05 I 3 5 10 30 50

local anesthetic 1 mM

FIG. 2. Effect of local anesthetics on D.VS-chol

fluorescence intensity in physiological saline soloo -

tion

Excitation, 287 mum; etumission, 550 rims’s. Physio-

logical saline soolutiorm was l)reSent in both time

sample and reference cells. i)NS-c ho! (7.2 MM)

was added to the sample cell, arid local ansesthetics

to both cells. The decrease of I)NS-chol flutores-
cence intemusity was not ac(’omti’spatuied by army

change in wavehength of mmiaximun’s emnissioms

= 553 nn’s) for prihocairse concentrations up t-o 20

m� or for tetracaine concentrations to 70 MM.

The DNS-chol excitation spectrum’s is distorted
because of t-hue optical density of the concentrated
anesthetic solutions. Ij = relative fluorescenuce
intensity.

DNS-chol

CH3� ,CH3

SO2NH CH2CH2N ICH3)5

lidocaine

CH3

r�’,yNHCOCH?N(C?Hs)i

prilocaine

CH3 CH3
NHCO CH NH C3H7

trop/o-orus electnopltux ho’ f ohioiwimsg stetuoly -

state mimen’sbrai’se poto’umtials accondim’sg too Hig-

miiaui et al. (4). Bath tipphicati(iui oil 10-30

/.L\n DXS-choi ft-u the iimuienvated fate of time

electroplax cmu-uses (Olily tu sm’siall clo’polmunizmi-

tion (less than 5 n’sV) ; at higher cou’scenfra-

fiom’ss the t!epolmurizafioom’s beeomi’ses n(’gligible.

Study of the o’omi’shimuo’o!actiomu of low O’oii(’t’ii-

fra-tiomis ouf DNS-chol mmci of the ag(oumist

ca-nl)mumiiyl(’l’solitie shows that DNS-chuo oh hmis a

dual actiosm (Fig. 5). Iii flue i�no’so’mi�’e oil

cmunl)am’s’svl(’hiomliiie at o’oumuc(’mufnmutiomns boiwo ‘r

than 30 .z�m, DNS-chol /)otentiatcs liv mis mmiumo’h’s

tis 200 � the (lepo)laniza-fioum caused by this

tig(unist. At- higher con(’o’uitratiomuls (0! cmun-

hanmylchiolinso’ IDNS-chmol de(’rcases flit’ no’-

Sl)Omuist’ tO) t’arbanivlchomhimmt’ in mu-tiom’st’o onmpt’fi-
tivo’ nimuu’sno’n. �A simi’silmu-r dual ticf.iousm has milso

ht-’o’ui ro’pomnfed it on ausoufhmer turoniaf it’ chit oh -

uuengio’ tigo’mit , henzouvlcliolimie (6).

1’oon com’s’spanison we show in Fig. 6 tIme

o’fl’o’cfs ol two) typical local anesthetics uls(’dl

ii’s this work, bioloca-iuse mu-mid I)nilOiCaitie. Booth’s

l)(’h’smive a-s u’somm’scormmpetitive blockim’sg mmgeuut s.

No l)Otem’stiatiomi oil fimo’ ro’spoonse takes l)ltice

mit buy d’(oimco’mmtrmitiOiss tol canbamu’sylo’iuombimuo’,

butt flit’ neductioumi of the do’polanizafiomu by a

givo’n couscent ratiom’s of mu’sestho’f-ic tippt’turs

somimewliat larger at- low thai’s at high’s com’scemm-

trafiouss 0)1 agomuist. For imustance, 0.2 mini

lidoucaine reduces by only 33 % the respom’sse

causo’d by 100 /LM carbami’sylch’sohiiue, butt- by

66 9� that- given by 20 �m carbamnybo’holiuse.

As a first appnoximatioim’s, we chanactenizo-’d

flue pharmacological action of f lie local

ausesthetics by the com’scentnatiom’s which re-

duct’s by 50 % the depolanizatioun caused by

50 jni canbamvlcholine. For both lid!ocaimue

amid pnilocaine that- comico’s’strat iomi is 0.2 mini;

I or din’sethisoquin it is 2 nm (18).

Bo’c’tuuse of its dual acf-iomm, flit’ muppa-rent

affiu’sities of DXS-chol as an agom’sist amid as a

iuoumscomrupefitive blocking tug(’mit (‘tinmnstotbe

rigonoiusly estiniated. However, DNS-cliol

poufem’stiates carbamylo’holine act iou who’s’s

present at 10 �ni amid reduces by 50 � the

do’polarization caused by 100 �i t’arbaniyl-

choline at around 40 jni. As a u’souicomiipef-i-

five blockim’sg agent DXS-chol appears as

potent as tetnacaim’se (5), or 10 tisi’ses as

potemit as hidocaim’se or 1)niloc’aine.
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Fno. 4. Emission properties of Ji.\’S-c/ool (7.2 M�f) in physiological saline solottiomo comotaining detergent

Choolate concent rat ioomos are weight per volume; Etumulphogene BC-720 o’onicenit rati(otms are voolunme for

voolmtnie. The intensities are expressed as the rat ito oof l)eak heights oobserved ito time presemmce arid absemuce
of detergeost. X.�, = 340 moms’s.

B

6 detergent

50

E

5 II

3 Ii 20 50

10 5M

E2

4-

pH6 a

pH8 . a

o��.4.l05Mcarb

20

1carbamyIchoh�,l ‘ IC � ti [ DNS -chol] . 0 5�

FiG. 5. Pharmacological action, of I)NS-

chol in -limo

A. Effeo’t of I )NS-o’homl (in respoonse of Electro-

phorus isoolated elect roplax to) increased councen-

tratit)ns oof carbansmvlchohimue. The ordinate shows

steady-state msiemsmbrane depolarization recorded

irs the presence oof a givemi concentra-tiomrs ouf car-

bamybcholinme; E1, restimsg potential (-75 mV).
The1 buathu solmntiooms was Electroploorus Ritiger’s
soolution (160 t5iM NaC1, 2.5 mM KCI, 2 must CaCI2,

2 mumso MgC13, amid 1.5 tflM sodium phosphate, pH

7.0).

B. Effect oof increasing I)NS-o’hol councentra-

tionm at pIT U and 8 0mm steady-state n’sems’sbrane

depolarization caused buy fixed (‘oncentratiommis of

t’arhmutm’svbchsoohinme (carb). Time bath .stohiitiom’ss were

Electrophorus Ringer’s soolutiooti adjtsted tom p11 6

with 5 mM soodiuni’s phoosphate, our to pH 8 with 2

nuM Tris.

Fo(,. 6. Effect of prz/ocaimoe and li(locaimo-e on

responso (If Elect rophorus isolated electroplax to

carba 010 t,lcholin e

The baUm solution was Electrophorus 1�inger’s

mediutmu, 1)11 7.0.

Th’so’ elt’ctnouplmux ro’spoon’sse tom 1)1NS-chol de-

p0’midls upon pH (Fig. 5). At pH 6 1)NS-chol

poft’tmtitufo’sf ho’ no’spoitist’ to ctunhansylch’sohii’se
oonlv up too 5 jni, svh’silemit pH 8 the same o’f-

it’o’t ooccumns ump to) 20 � Umider fho’so’ couu’sdi-

fit isis flit’ apparo’mst clissoiciatioumi comnsttunf 0)1

t’mum’ht’sss’sybo’lioolimio’d!o mo’s suot t’hamigt’ signifi-

ctu-t’stly (:31). Ho’msce inicno’asim’sg f-lie 1)H ro’dumco’s

flit’ b)louckis’sg effo’o’t oil DXS-cliol, mis it dot’s

loon tvpicmul loucal munesthietics (32).

In this imist cmuse the t’ffect of pH appt’ars

directly ro’lated to the iom’sizatiomi oil the

tenitiany atiiitio’. Homwo’vo’n, the PKa oil the
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tertiary ai’s’sine of DNS-o’hol i probably close

to 3 (44), while that of the typical local am’ses-

thuetics lies usually mso’mun8 (29). The effo’o’t of

pH omi flit’ phmurmiiao’oboogio’al mmo’tiommsoil 1)NS-

chol smmigh’st tlio’ro’iono’ lit’ muco’ouimsfo’d iou’ o’iflio’m

by ioumizatiou’s cmi the sumhiomusamiolom usitrogo’n ton

by a ehitusigo’ in flue I)im’sdiimgprompo’rt it’soilthe

n’sembrane sit(’s.

Our previouis 5l)t’t-’f no oso’cmpio’ st uclio ‘s (20)

done i-n vitro with punifit’d iorpedo msmo’tsslum’amie

fragnio’mmts shiowo’d ti’sat 1)NS-t’homl biumols tom mit

least- two olistisso’t o’ltusso’s of mo’tiibrmmuso’ sift’s:

tho’ chit mlino’rgic rt’co’pfo on sift’ timid 5000 ossclmum’y

Sit(’s st’umsitiv(’ too the m’sgoomiisfit’ cimtunmio’to’n oof

the ci’soubino’rgic ligausds boiuumd by flit’ o’homli-

Imt’rgio’ no’ct’ptoum’ sift’. Ho’mo’ we olo’mm mmmstnmufo’

that I )NS -o’l’sol 1)0 ‘hmtvo ‘s 0011 Electrop/o or us

electroplax 1)0th as mun tugonist atid as a muomi-

com’s’spetitive bloockit’sg mugemut. Too test time

possibility that these two u ph’sarmaco ub ogio’al

actiom’ss are no’lated tm the tsvoo classes of sift’s

denuomustrated in vitro, iumnthen studies ton flue

effect 0)1 it-meal anesthetic’s ton flue bimmdimmg

properties of Torpedo ro’co’pt ton-rich’s miit’mui -

braiie iragui’sents went’ ummident aken.

Ef/’ect of Local Anesthetics on Interaction of

DiVS-chool wit/i Receptor-R ic/i- ]ienibran e Frag-

nients Follou’ed by Fluorescence 44’�’pectrosco/)y

.Efl’ect on DX0S-c/wl interaction omit/i secon(l-
ary sites (in the presence of an- e.m’cess of c/iou-

nergic ligands). I’igure 7 simows mu st’m’io’s oi

eniission spt’ctna of I)NS-ch’sol imi th’so’ J)ro’so’mio’(�

of menibraise fntmgnies’sfs, tIn ubiumergio’ bigmomtots,

murmd pnilocaim’se. As mmlro’tudly diseusso’ol (20), flit

do’crease of DNS-o’hioml fluomrt’so’emtt’o’ isnto’sisit v

caused l:uy the mudditioi’s ooi o’anl)assiyl(’hiouhnse

(Fig. 7A) or Naja a-toxin (Fig. 7B) o’oinro’-

spom’sds to time displmuceummeuit (of 1)NS-o’hol

ironm the chiolimsergic neo’o’pt ton sift’. Timo’ wavo’-

leu’sgth of maxiumiuni emissiomm oof flit’ sj u ‘o’f rusn’s

recorded at high lo’vels of a o’Imoolimio’m’gio’ bigmsuid

do’pemmcls upoum its ph’sanmssacolomgicmul ao’th out mis

aim t-ugommisf (Xiccax = 525 mini) ton tus mimi amstag-

oumiisf (X�,8� = 540 nun). Thio’ oobso’nvo’ol spot’-

tnmul sl’silt wmus at tril)utt’(l too a o’huaioge mi timo’

o’missioomm pntopt’rf ics auth- or flit’ lutiditig

prcupo’rties of DNS-ehiol into’rt’so’fingwithm a
se(’oolsdlary class oil sift’s prt’so’uif ims tbso’ ro’-

o’o’pt(om’-nio’i’s nio’nub)rtuui(’ inagisio’isfs.

Ii’s ordei’ t(i t’xmumimuo’ flit’ m’o’bmifioomssliitu lie-

tween this sec’oundturv o’bmuss of sit o’s timid fIst’

binditmg sites for local amio’sthet it’s, pm’ib( oo’aiuso’

was then mudded ims thso’ pr�’s�’sso�’ oil o’xrt’ss

cminb)ttniyiO’iutuhimst’ on \a-ja a-tooxisi. A funtho’n

decrease of fluo ono’so’o’umco’ mt o’misitv uco’uns. it

is mimoune pro oumouuuced iui the pm’t’so’mut’e of oar-

bami’sylchohimie thami its t-h’so’ pm’o’so’imco’ of a-t oxisi,

hut befouno’ flit’ additiomi of b)m’ib oo’mtimmo’ timo’ no’-

sidumul intt’misify is lmungo’n wit l’s o’tim’btitiuvlehmo-

limit’. Abovo’ 1 5’siM pniltocaitso’ flit’ sigmsab in-

tt’tisiti(’S tint’ thit’ Sti5ii(’ ims fiB’ pm’�’��’ms�’e of

E

B

FmG. 7. Differential fluorescence emnissiomo spectra (of suspensions of Torpedo receptor-riclo ooocmomhra-ne

fragnoents containing D\’S-o’hol, cholinergic ligands, anti prilocaine

Membrane suspensionis (0.4 MM .Vaja a-toximi sites, 0.4 g of prooteimi per liter) ins physiooloogioal salimie

were present imi the sample amid reference cells, amid 1)NS-chooh (7.2 MM) in the samuple cell. The ordimmate

is relative fluorescemsce with excitatioun at 287 muon. The spectrusu was initially recoorded in the presence

of 1)NS-chol (7.2MM). Thems, in A, carbaiumylo’iuoline chloride was added tofiOM%1 and them’s 1 mM. In(’reas-

ing concentrations of pribocaine were added to sanuple arid reference cells as inthio’ated. Foor B, I\aja

a-toxin (4 MM) was added to satu’sple arid referemuce cells, followed by pnilocaine.
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cit hen higauud. Tho’ immto’mmsify decneaso’ is at’ -

t’oumpam’sied by a clear shift- of Xmax tow-and

� mimi’s, the emission maximumi’s oil DNS-cliol

ii’s aqueous solution.

In Fig. SA we preseuif tho’ variation oil

XI,uax with pnilocaino’ con’scentration under the

experimental comiditions of Fig. 7. lu’s the ab-

semmc’o’ ouf nmembram’se fnagmi’semits m’soi chasige oil

Xi,,ax ouccurs up to) 15 mini pnilocaine. Hence

fluo’no’ is m’so direct immteracf ion between pnilo-

caine and DNS-chol. On flit’ tither hausd,

with the meml)ramit’ suspensioum’s, X,,ax varies

wit-h pniloucaim’se ctummct’nt-natiom’s, amid in a more

pnoinouiimct’d mamum’st’r in the pno’semmce oil can-
hiamnvlchohiiue than oil a-f oxin. Addifiotu ol

0.5 mini prilocaimmo’ to the mo’miihraume suspemm-

siommmcommmfaimiing carhan’s’sylcholin’st’ rc’sults in a

slut ooi � fnomii 525 tou 540 umni, the value

550

-

A

I 2 3 -- II 2
OOckt;:-.#{149}.--�__....,.,,11

80

I 2 3 II 02

[prilocaine) mM

Fio. 8. Effeot oof prilooaine on u’aroleiogtlo of

mnoixm in mmii emnissiomo (A ) omnol into’nsitij of fluorescence

(B) of i).VS-clool o,’Ioon membrane suspension o’oumo-

1(1Zn nil I moomi en rIm no iJl(hOl in o’ chloride (X -- ><

(0 4 M �i .aja a -toj in (0 -� 0 )
Exci tat into at 287 mini; i)NS-o’hmoul , 7.2 MM; coomidi -

ioons as mmFig. 7. Irs B the oorditmate is thue P��’-

cent ago’ oof inst cmmsi t v pm’ioor too addit iounm of priloo-

o’aine (i .0’. , ito t lie presemuo’e of o’arbatnylo’huoolinoe om’
Na1a a-tooxito ) . itesomlts are sigmsi licatut wit himo

The differetoce luetweeto ititetisities mi the

presenico’ oof carloani lcluomli mse nod toxin for prilo-

caitie cootoo’etotratiootos greater thato 3 tissi reflects tIme

difft’remit imsitial values; the observed itotemosities

are the satuue ito the two oases (see Fig. 7). Itseluded

tort’ values foor it t’ototrool experimsietit wit-Is 7.2 MM

I )NS-choml ims physiolomgical salitse (� -----�.

tuh)servt’d iuuitiahly ui the pnc’so’mmco’ oil a-toxin.

At higher pnilocaim’se concentration Xmluax

shifts further toward the red ii’s f-ho’ presence

cii either higand.

Ii’s F�ig. SB are (‘out’s’span(’d flue (‘lianoges 0)1

fluorescemice imitensifies which tuccumpany

flit’ shifts in Xrnax showmu iii Figs. 7 amid SA. In

a coinfrol o’xpenin’sei’st domnc’ in tho’ abso’nce of

miio’mhrant’ lragmt’mifs, we first- show that

I)NS-dlioul o’missiomu clout’s mit cluamigo’ up to 2

t-mni pnilocmuim’se. Abovo’ 2 minm pniloicmuiume the

decreased fluoresco’nco’ infemisity reflects the

absorption 0)1 flit’ imicidemmt light dime tom the

sigm’sificant Oul)tical do’mmsity 0)1 the loucal anes-

flit’fic solution. \Vithin the rammgo’ oil coum’scen-

frafiomus where this effect is absent, pnilout’aimue

do’cnea-so’s I)NS-dhoul fluouno’st’o’no’o’ intem’ssitv

is’s flit’ pnt’so’nmo’o’ of ti’so’miibrammt’ fragmiio’umts and

carbamiivlchouline or \‘aja a-fcuxism. Tb’ maxi-

maul do’t’nemuse appo’ans no’lmutivo’lv sn’sallt’r ii’s

flit’ pno’semst’o’ (if a-tomxim’s thai’s is’s flit’ pro’s�’nce

0 of canhan’sylcho olimit’. Tl’so’ d’t)uit’t’uif rat ions oil

Pnilocaiuio’ which givo’ half flit’ effo’o’t- causo’d
h�’ 2 minn pnilocaint’ ant’ 0.4 uinn iii flit’ pres-

o’umcta’ oil o’muri)aniyidhomhimie amid 0.8 mini ii’s the

pno’so’mit’o’ oil a-touxjn’s. These com’so’o’mitnmitioum’ss lie
o’host’ to) tlioiso’ which no’duce by 50 #{182}�the

nimuxinimul no’spo otiS(’ o of L’lectrop/i orus o’lt’ctro-

Plmux tom t’anhani�’lchomlimme, I’C�1,� 0.2 t5iM.

1�hst’ effo’ct oil pnil�c’aiuuo’ oil’s DNS-dhoul btuum’sd

tom if s so’comi’sd elmuss of sites muppo’ars sigmiifieant

undo’r flit’ saoiio’ com’sditiouums as fhoso’ oil its

plianmiim-ucomlomgio’almuo’tivity mus a lomt’mul anes-

th’so’fic.

Amualvsis tol tIme spo’t’tna- necoondo’d mobouve 2

mini pnilocaimio’ iiudicates that eveus umider

tho’so’ O’Ou’sdifiouuisDNS-chol still jut enacts

with’s flit’ mo’mhnamio’ iragmo’mit s. The spectral

panminio’fo’n R = � 133(0 (st’t’ do’fimsitiommi in
MATERIALS AN!) METHODS) do’cro’aso’s fnomni

0.6$ in’s the pro’s(’u’so’e oil 4 �ni .Vaja a-toxiuu to

0.5$ mit 3 iii�n pnilomo’aitmo’.At 11 mint pnilocaim’se

I? = 0.49, whmilo’ loon lno’o’ I)XS-chol iii flit’ al)-

so’mio’o’ oil mo’mhnm’suit’ lragmo’umts R = 0.41 at

tlimut commicc’uitrtitiomum. Eves’s at 11 mini pnilo-

caitit’ I)NS-dhoul appo’ans t(i 1)e t’xcifo’d

pnt’it’nt’smtially 1o�’ o’mio’rgy tnaimsfer auid, lit’mmce,

too imsto’rmucf with the nio’n’sbnaume fragmmiemits.

Ho’sumlts simi’silar too thost’ juist- dlt’sc’nibed

hmmuve ho’o’n oibst’rvt’d (muut shmousvis) with outher

dhoohino’rgic ligammds tunic! mummoutlio’n looo’al mint’s-

ti’so’tio’. I)o’t’anu’so’ti’so os’siumni, mmmiagounist, ni’sin’sics
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o’mst’hmimiiVlo’l’sOOIitsO’goiulantiiltt’.Silt tl)Itstgooltist

l)t’l’smiv(’i’( siti’silmurly to thio’ .\aja co-fooxjni.Alsoo

omvo’r flit’ smus’sio’ rmumsgo’ oi o’omno’o’smfrafioomis mus

P1’iltmt’tuitmt’, flit’ titso’stiso’tio’ lidoocmuimuo’ o’auso’s
sitomilmur shifts (of i\t,,,,� tumid do’cremuso’s out’ flimoo-

ro’sc(’muo’o’ iumto’mmsitv. \\ lso’thmo’m’ torso’ o’ommmsiolo’m’s

flit’ I)NS-clio ml o’missi ins ivmivo’lo’migfh omm’ its-

to’misit-y , it’s flit’ in’t’so’smo’o ‘ oml 3 tim� pm’ilo oo’muimmo’

our lido ot’aimmo’, t lit’ fiumooro’so’o’mso’o’ o of I )�N$ -o’lmoml

froomim flit’ so’ctmusolmunv sift’s is muoo hmmmgo’m’so’mssi-

tivt’ to flit’ j)liannmtuo’ooloogio’mul nuatumm’o’ tot’ time

t’h’souliusergic higatmd lit muitid to u flit’ ro’o’o’pt mm’.

Tho’so’ o’xpo’nin’sio’nits �vo’no’ jo’nloint’sio’cl mit a.

sissglo’ I)INS-c’ho ml o’omnso’etmtnmutio mumtumid at 0’( oti-

t’esmts’atiomnus tul o’h’soolinso’o’git’ ligmumocls ivhsichi sat-

unato’ flit’ cliolimmo’rgio’ no’o’o’ptoor sift’. Th’so’y show

tlimut flit’ fluom’o’so’esst t�o’� opo’rfio’s oil I)NS-o’hiool

bomummscl too flit’ so’o’omnmdam’v o’ltuss oof sift’s is so’mm-

sitivo’ tom flit’ �)m’o’so’ut’o’ oof looo’mtl tutso’sthuo’tio’s mit

ph\’sio mlougio’al 0.0 um’so’o’mitm’atio omis ; f i’so’v do o iso ot

distinguish, hit mivo’vo’m’, l]o’tw�t’o’mu mm o’hutummgo’ of

oiumunitumns yio’ld assoot’imufo’d �vifh’s a nsuoodifica-

tioumu oil flit’ t’ms\ im’oomumiio’msfoil I)NS-ch’soul baouuitl

to-i flit’ secomndanv sift’s mimic! mudisplac’o’mimo’mst (if

DNS-cliool fnoutim these sift’s.

LfTe(’t (1l J)_\’S-c/iol interaction -oo’itbi (‘Itoh-

nergic receptoi’ site. We have pnevioiusly sliowmm

that at suffio’io’mitlv low DXS-choul coou’so’o’mmtra-

fiouu’ss o’xcittitiouus by ent’rgy transfer lo’ads ft-u a

fluomno’scetmo’o’ t’niissi(umi of DXS-o’houl ro’sumltimug

pnimi’sanily Iron’s niolo’o’umlo’s hound! tom flit’ ehom-

hiu’so’rgic ret’eptour site (20). Whilo’ typicmul

dholimic’rgic higasuds do’cro’aso’this fluouno’scence

emTsissiommm as a ro’suilt oil DNS-o’h’sool c!ispltu-ct’-

niem’sf frown’s the no’c’o’pt our site, louo’al muso’sthefics

show’ flit’ ooppousifo’ effo’cf. lncro’asiumg flit’ con’s-

o’o’uitnatio mm’soil pniloucaimmo’, disiiethisoiquimm, amid

hidoit’aiu’so’ (Fig. 9) t’aust’s au’s ismt’reaso’ of 1)NS-

o’htul fluomm’esct’sice, followo’d by a more or lo’s.s

prommmo)uuio’t’d do’o’no’ase of fluomno’scent’t’ imito’umsitv
mit higho’r co ouset’mmtnatioons, Th’so’so’ th’sno’o’ co mmii-

ponmnds art’ tuctivo’ wit hin diffo’neuit ntuusgo’s oil
t’oossco’mstm’mttio miss tumid o’ausc diffo’no’mst mumaxim’sual

fluoreso’o’muco’ immcro’ases. Tl’s(’ tiimuxinitul o’ffo’ct s

pnouduuco’d by dinmo’fhisomt1uimm, po’ilouo’muimso’,timid
lidoucaismo’ art’ 1$ � mit 5 ,�i, 26 #{176}�;mit 4 tint,

aumd 10 #{176}7�at 2 nii�i, o’espo’o’fivo’lv.Iumo’luido’dfor

coimpanisomus mu F’ig. 9 mint’flit’o’ffo’cfsoof two

o’houliumergic ligmimuds, t’monbamiivlo’h olitto’ ammo!

atnopim’so’. Tho’so’ twom o’oomn’spounds o’tiumso’ (omslv

a do’crease oul 1)NS-o’h’soml fluouno’so’o’uso’e. I’vt’mi

mit o’ouno’o’m’sfnmutioomis 10 fimimes loowo’n thiams tliouse

Ft � . 9 . (�)i0 (tfl t 1(1 t ZOi) (Iopemult’noe (i,f o’Jb-cI (Of

lt)Oal omnest/oet mt�s O)fl flomoresoeiooo of I).V�S-c/oool

(7.2 M11 ) �fl tloo pro’so’nce (Of suspoiisiOn of receptor-

imeh lileiiOl)i’(1i0O frozgnments (1 .2 Mtm1 a-toii,o sites,

0.8 � of protein /)(i 1mb,) iii ploysioloyical sulmno

soloitiOn

x,�x = 287 minis;X ,.,,, = .‘o.Tot) tmni. The imito’mosit it’s

were detertsmitseol b� ditI’eremit i�ol spect t’oso’o py :tnd

represemut l)F0 olue fluorescensce oonul� . In t o’misi ties

are expresseti as ii per(’(’mmt age oof itutemmsit y 0 of oset’vo’oI

Pt’itom’ to t he aoldit io no 0 of ltoo’al amsest bet it’ o or ohio o-
linuergio’ effeo’tors. Thm’ce local amoesthsetio’s (priloo-

(‘mu tie , tlimmmet hmiso oqum ni , amid lidtucmoine ) o’aused mini
inso.s.ease oof flmoooreso’emoo’e �vhile a Ju(otemit (carloatssvl -

chooli moo’) mitud a weak (at rcpim’se) msicot mit’ ligmund

Cause(l oomolv a decrease oof itotetisit v . Alt ho ugh moot

inudica ted, 1)01 is at ro opi nme anti o’arhuanuuvlc ho litoe

caused a tmuaxitmmal flu orescetio’e deo’rease of 6’i�

and 0..’� ± 0.1 msmun atropinue oor 1.3 ± 0.1 Mum tar-

baiusvlcholimse was moeo’essary to (‘ainse ho:ol f t hat

n’saximm’sal deo’reaso’.

showim is’s Fig. 9, mom o’videnit’e o’xists tom’

aim imuo’no’muso’oof fluomm’eso’o’sio’o’.Sitiiilmmn m’o’sults

imavo’ bo’o’u’s oml)st’nvo’d (20) loontotlien (‘huol isso ‘rgio’

higmuuids, both poofemit, suici’s as muo’o’fvlo’hoolitmo’,

ammo! weak, suo’h’s as tetrao’tiiylamumnmoimsiutmim omn

cit ulimio’.

Timo’ o’nlmatuo’o’tmiemot oil I)NS-dho ml flum on’s-

o’emio’o’ caust’o! by loio’tul msuio’sflmo’f it’s ��mss asia-

lyzo’cl its clo’fmuil its flit’ t’ttst’ tof pm’ilooo’mtitit’.Ito

order tom ro’lm’sfo’ th’so’ oubso’nyo’d o’ffo’o’t too ti �o�-

siblo’ chmumsgo’ oof moffissity of tiuo’ ro’o’o’pto on’site loon’

DNS-t’h’soul, flit’ couot’o’umtntuf it otm ool DNS-o’l’s oh

was ymonio’d inootmi 0.3 tom 50 1uM imi lmotlo th’so’

pro’so’imt’o’ total tthso’t5o’t’ of .\‘aja- a-to oxins (Fig.
10). Pniloo’muiumo’caumso’s moms inicrt’muso’to!’ fluo-

no’sc’o’umo’o’ is’s f hit’ tihso’muco’ oil a-touxims mimic! to (10’-

o’no’aso’ iii ifs lro’st’m’so’o’.Flit’ expo’m’inuio’notal

co oiio!itiomiis �vo’n’o’ suo’hs tlmmut the oliffero’mio’o ‘s imm
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[DNS-chol] TOT 1OM

Fin. 10. Effect of prilocaine on floiorescenee of D.\-’S-chol imoteraoting with suspension of receptor-rich

membrane fragmnerots

The satimple and reference cells comutaimied snetu’si)ranse suspensiomnu (0.8.5 Mum .\aja a-toxin sites, 0.5 g of

protein per liter) imsphysiological saline. Time imudicated comio’emitrat iomn omf priloocaine and/or a-toixirm were
presemit in bothu cell.spriour too the additioomm (if DNS-chol (TOT = total) too the smmt’s’splecell.X.� = 287 nun;

= 550 nsa’s. The a-toxin commo’ent ration was such that all receptor sites were occupied by a-toxin under

these coursditiomus. Imu time absemmo’e of a-toxin the DNS-chol emission maximu’sunu wa.s not sensitive to prilo-
caine: X,,,,� = 537 ± 3 nmn for prilocaine concentrat-iounus up to 14.8 mM.

ititemssity mm’seasunt’d iii the absence and pres-

o’mice of toxin could he assigned ft-u l)NS-chiol

btuummd to) the choulim’sergic rect’ptor site (20).

Figure 11 shows mi double-reciprocal plout- oil

this differo’uict’ as a fumuction of the total DNS-

o’l’solc’omncemmfrat ioumi at variomus pnilocmnm’se ton-

co’isfnatioums. All plots are him’sear Iron’s 2 to) 50

nn DNS-clml. In’s tho’ presence of pnilocaine

flit’ sit-upe of tie stnmuiglit litmo’ decreases with

little cliasmgo’ ool tho’ omndim’sate intercept. At.

14.6 mmi pnilocainst’ a small decrease of the

n’saximal fluorescemuee signal takes place, pre-

sumnably as a cou’ssequence of a significant

al)sonpfiomms of the pnilocaine solution. The

spectroscompic dissociafiom’s coo’sstant, K0��0, de-
to’rm’s’sinedfrom flit’ abscissa- intercept-, de-

creases fno�mni 27 �n in the absence of pnilo-

caimue to 9 ni at 2.8 nni or 14.6 m�u prilo-

caimme. The apparent affinity of DNS-chol for

the cliolinit’ngic receptor site therefore in-

creases up to) 3-fold in the pnesemuce of anes-

tietic. Tlit’ cou’scentra-tion of pnilocaiu’se which

givo’s a haif-niaximmial increase of apparent

affimuify is 0.3 nni (Fig. 12), again a value

eloise foi ifs apparem’st dissociation com’sstant

(Kapp = 0.2 mini) n’seasured in vivo 01’sElectro-
p/torus elect noplax.

Effects of Local A nest/metic,s’ on Interaction of
�“,eo’erab C/oohinergic L iga-nds -a, it/i Receptor-

Rich, Mew bra-ne Fragments

Fluorescence assay alt/i D.\’S-chiol. At a

fixo’d t’oum’scem’stnafiomms of I)XS-clioul flit’ de-

creaso’ oil its fluunesco’uuce caused by inso’neasing

coumicenstnations ouf cht-ohimio’ngic higands rc’-

fleet s the binding oil fiesta’ ligao’sds tom flit’ re-

ceptor site. We have used this indirect

Ii’setli(ud too study thue o’ffeet oil kucal tines-

tliet-ics on the i)indinmg of chohinengit’ agonist-s

and ant agon’sists ftu flue reco’pton.

1’or ehohinengic ligands (aco’tvlcliohimue,

Xaja a-toxin) whose dissociatiomi consf ants

(Kd � 10 mi) art’ m’suuch sn’sallo’n thai’s the

DXS-t’ht-l dissociat iomi constam’st amid the coumi-

centrat-iomu of recept(ur sites, flit’ DNS-chol

displacen’sent curve becomes linear. The end

point 0)1 the displacen’sent curve deto’nn’siu’ses

flue num’sil)o’r of i)imuding sift’s tif flit’ high-

affinity ligand (20). Pnilocaim’se comicent-na-

titii’ss UI) to 10 uino do sit-it cliam’sge flit’ em’sd

point of the curves obtained with �Vaja a-

toxin ai’sd acefylcluolim’se. Thus pnihocaimue

does wit change flit’ m’suni’sben t-uf hiu’sdimig sites

ft-mr either liganci.
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For chit uhim’so’ngic o’ffecf curs posso’ssimug mu

lowo’r affim’sity (K,� � 1 I.c�n) flit’ flutono’so’o’mice

assay ho’t’oun’ses to umiveuuit’mitloon c!o’to’ntuminiim’sg

the paran’smo’t ens oil th’so’ir immto’nao’tiouns with’s tio’

reco’pfoum’ sift’. The fluo uro’so’o’umce immto’misitv

varies imu a iypt’nb)ohc nmauinmo’r with flit’ coon-

ceumfnatioon oil o’ffo’o’foor addo’d. Sismo’o’ fist’ dis-

socitititmn consfasif oil DNS-o’iol four flit’ no’-

(‘eptoor is 20 �t�i at flit’ o’ooumo’o’msfratioomm (5 �n)

Ftn. 11. Effect of prslocozine on fluorcsconoo of

DXS’-chol bound to cloolinergic receptor site i-n

receptor-rich membrane fragments

TIme data are takemm fronmi t he experitouent of

Fig. 10. The 1)NS-t’hsoA fluorescenuce assoiciated with
the acetylchohinue hindimug site is the difference

between imitensities oubserved in’s the :mbsemsce amid
presemuo’e of saturatimig quanstities oof _\‘aju a-toximo.

The ordinate is thue reo’iprocal of that intemisity;

the abscissa is time reciprocal of total 1)NS-clsool

concentration.

Fmn. 12. Effect of prilocaine on spectrosoopic

dissociation- constant, K11,,,, of D.VoS’-chol fooo

cloolinergic reeeptor site

was detern’s’sined frotum the imstero’cpt with

tIme abscissa its Fig. 11 . A � is time o’ouro’etut rat ion’s of

pniloo’aiime that cmiuses 50�� o�f the observed tcotoh

decrease of K11

oof fro’t’ 1)NS-c’h’sool umst’d lion th’so’ misstuv, time

ligai’sdl (‘0 iIi(’( ‘sit nmut it mum, C:), i�i’siohi prouduio’o’s ml

h’smuhf-nimuxin’s’sal do’c’nemuso’ ool 1)NS-c’liol fluttmno’s-

t’t,sict’ is miii ti�)pnomxin’sato’ mno’tusumro’ cml flit’ (his-

soot’imutiomim coomsstmummf, Jt,j, cmi flit’ higand loon time

ro’ceptoon (20). 1”iguno’ 13 shoows such mi (us-

jltuco’n’s’so’ust o’xpo’ninmit’mit iii flit’ o’t’sse oil mimi tigom-
must, olo’o’anuieth’sommuiumii. 1mm flit’ ahseuso’e oil

junilooo’muimmo’ (‘:,o is 1.5 o.�i, mi vmuhso’ o’lomso’ tom time
clisso ocimuf 10mm t’oouosfmuuif oof (Ioa’o’musiio’tluo onsiunum

msso’tusumro’cl diro’o’tl�’ its flit’ mtbmso’usc’o’ oil l)INS-

ohio oh ( I 6) . \\� h’so’ms fit’ o’oumic’esif nat icusi oof lurilo o-

t’tuitst’ imso’nt’asc’s, (‘:,oio (le(’l’e(tseS too I .0 1.L:\i at 3.3

muM I)t’iltocmuit’st’. 1mm l”ig. 14B (�#{176}:)O Ion do’o’tsnmie-

fh’souiiumm is plomtto’d tus mufuuso’fioium to! l)rilom(’tuisme

c mnio’o’nf rmufioou’s. TImo’ o’oomio’o’mitnatiomiu of pnilti-

o’muiuuo’ �vhsio’hu givo’s mulmmuhf-sm’saximoimul do’c’ro’ast’ of

(‘�� is agmuius 0.3 m�.

Sim’s’silmun m’o’sulfs hmivo’ h)o’ens cobservo’cl (Ttible

2) four otho’r clumhiuuo’s’gic’ higtsusds. Prilooctuine

(lo’t’ro’mises flit’ � booth for agoummists such’s mis

t’murbat’s’sylt’luoulimso’ timid loon antagonists like

gmullmumitme tumid (1-f ul)o oo’utnaniume. Tie do’o’reases

of C�0 mso’vo’n o’xc’o’o’d a imuo’ton oil 2, must! with

to’tnmio’thiyltum’siniiouusium’si mit mo’ffo’ct was (mbso’rvo’d.

Fm o;. 13. Efl’ect (Of deea met homo iu in on. .11uomrescen (‘C

of D.VS-chol in reco’ptor - r iclo menol)roi moe 5 u.s pens ion

(0.65 M11 .\aja a-toxin sites, 0.55 g om,f protein per

liter) in t/oo’ presence of different concontratzons of

�i’il0(’O 00)C

Memmubramue sonspenusiosms itu pbsvsiologio’al salimoe;

7.2 Mum i)NS-ciuol. X,.� = 287 toni; Xn,, = 550 titti.

Memsmhurmumoes were first inucuhateti with the imodio’ated
priloucai tie o’omscemott’atioomus pm’ioor too the addit iotm tof

decomnuet Iso omsiuls’s chub ori(Ie. Time oum’tlinsist t’ is I lie
ratio of time sigmual intensity Od)served ins time pro’s-

enuce of decametisoniunn 1(0 tiuimt observed initially

in tIme presence of prilocaine unly.
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Anot lien local ammestho’tic, lidoocaisue, causes a

decremust’ of (#{176}��Ion chuolimuergit’ higmumids.

All the expenitiiem’stmul data oul)fained 1)\ time

fluomno’so’ence assay imsdic’tute fluat loictul ant’s-

fh’setics �vitimimi a givem’s rausge oml coimicemitrmu-

fioum cmiumse mu-c!o’ci’o’muso’ of Cn tumid, imo’mio’e, tin

inscrease of muffimuity oil the chulimmo’ngic no’o’o’ptomr

site Ion ifs specific higauids. It sluoould he

smoito’c! that the omhsenvecl decrease of (?�� is

stimmullo’m’ thanu the imso’remise oil higmumsd muffinity,

0. 0 �

0 ,.‘ V $01

B

05� 0 .,‘ (�5
I 2 3 9.8

[prilocaine] mM

Fit;. 14 . Effect uf prilocai moe 0)10 1/it- biiodinq of

deo’amnethoon i 0110 to t/oe (holiilergiC receptor site.

A. J:fl(�(t 0 of l)riloo’aimoo’ (oti bindi ng ouf [�II] -

deo’mtm’smet iso ots i 11155 o’holo om’ide t oo mimeoiiiirane fragisuems ts.

Metssbramoe fragni’senots 0.8 MM .\aja a-toxins sites,
0.5 g of proteimo per liter ito physiological salitoe so-

intiomi, alsom cototaitoitog 15� � (w v) sucrose] were its-

cubated with [�iIldecaniet iuomtoi 001i1 cisloride (40() Ci /

msiole, Hadiochetuiicmsl Cetstre), 0.54 MM. The suspeto-

sionus were theto i mot’uhated for 3() nmsito its time pres-

emsce of prilocaimoe. The free decannethommiun’s in

equihibri wi’s wit is time iu’semuulsroitse fragtuemmts was de-
term’s’simoed from time supertoatanot radicoactivitv after

mnltrao’emot ri fugat into at l40,(X)0 X g fosr 60 mmmimi at
15#{176}.Boototod decanuetimotsitoni was deterniimued froi’s’s

time dilieretsce bet-weemo tcotal and free decati’seth-
toni toiss. At least 9.5#{176}��of t iso’ boumod decatsmet ho -

muium was displaced by 2 MM a-tO)ximo.

B. Cootospat’isots (of effects mf prilocaine tin

displaco’iimemo t oof I iNS-o’hsool by decamnet iiooni urn

(fluooreso’emso’t’ assay) anti oomi iuinoiimmg omf [3F1]-

tiecan’set hmootoiuoom (nit rao’emot rifugat iomu) . 0 -0

numio’emotrmitioots of decatumethomiiunui required too

o’amtse SOY oof t hoe tusaxitsial deo’rease of I )NS-o’iuo:ol

fluoreso’etso’e (froonso Fig. 13) ; #{149}---�, rat in ouf

hounod too free ]�ii ]olecats’set huoniuon (experimuenmt- of
Fig. 14A).

bo’c’aumsc’ time o’ffo’ct oof lomemul amso’stlietics on time

nect’ptoor sift-’ is mumuimi(’s’o’miso’ tol affim’sifio’s houth

for 1)NS-chol (which’s womumld to’u’sd fou in’scno’ase

flit’ oibso’rved (‘��) tmsmcl loom’ flue o’h’soilino’rgic

liganud (which wooumlc! fo’mud to c!o’cno’tuso’ (�o).

Jl’in-(ling of {31JJ(Ie(’a.)llethlOfliUiil. ‘i’ho’ himmd-

ing of [iH]dt�t.tiniitfiito5ujimni’s tom flit’ ni’so’mimh)namio’

lragmi’so’nt 5 \Vti5 ft mlit owo’d by uhf rao’o’nifni fuga-

f-iomui. ].‘l’se o’xi�’nimu’so’tstal t’oinsditiom’ss � such

timot mill h)tuummsd do’cmummmo’thomnmiuni (‘00111(1 be dlis-

placed hv stoit-’hioumi’so’tric amiiomun’sts (of a-tomximu

amid , t hmo’no’fi ire , i\�as spd’tI’i! ical ly misso oc’iat o’cl

with time cliolinst’rgio’ ro’cepfoon sift’ (16). I”ig.

14A si’soivs flit’ o’ffo’o’toil pniloctumst’ oums

“� deo’ati’so’thioimiiumii bissoiiumg whio’mi tlit� foutmul (lee-

aniio’th’sommmiumnc’ommco’mutna-tiou’siyu’ fixo’d muf 0.5

Z inn. Umodo’r fh’seso’ coomsditiomns the irao’fioons tol re-

5 �. ceptoir sift’s omo’o’umpied by clt’t’tumo’th’sommmiutii was

im’sitiallv 20 #{176}� . Ti’so’ mucidititusi oil pnihoctuitmo’ up

to 2 mini inio’rt’ases the amoouimmf oof do’t’am’s’se-

thconsiumni’s ho ouiumd tom flit’ t’s’s(’m’s’sl)nano’ frtmgnmo’smfs.

T.�moLt; 2

Effect of priloca inc oio interact ion of cloolinergic

liga iods wit/o cholin ergic (ii icot in ic) receptoo’

preseio I imo. Torpedo membrane fragments

A fluoooreso’emuo’e assay was used tom detenmsiinie the
affinities (of the o’hoolimiergic higands (see thoe text).

C�0 iticiicates t lie (‘omscent ratioomi of o’hoolimuergic

higamool toecessary to) (‘ause a half-onaxinial deo’rease

of 1)NS-cbscol (7.2 MM) fluoorescence mi tue absence,

and (‘�, in the presenoo’e, of priloo’aimoe.

(�arIioonsmvlc boil me

I )ecatiiet Ioouniuiu’s

(lahloimiuitoe
d-Tuboocurarinie

Tetraethmvl-

am’s’snii(mts ibm-ti

(-�50

(0.7 mut (3.3 mut
prilo- prilo-

- caine)’ caine),’

c�o c�o

#{176}TIue tmuetuihiranue stospensioni its phvsitohogio’osl

salitue cotitaimoed 0.6 �um a-toxin sites (0.7 g of
proteito iier liter).

Time mi’semuii)rane suspenusionu ito physiomhugical

saline cconstainied 0.3 Mum a-toxins sites (0.6 g oof

pro)t-eino juer liter).

The ms’seou’sbramie susperosionu its phiysiolcogicai

saline comstained 0.7 MM a-tomximm sites (0.5 g of

proteimi per liter).



T.-uIJLt: 3

Effect oof priloca inc on bimo ding of 1H]acet ylc/oolino’ to tb ree differemo I noo’mnb,’a moe s u.s’pe is moons

The tt’miiperattire itu(hio’ateol is that at which acetyichoiline bindimig was mm’seasuro’d. F� ‘� = o’oomso’etot rot -

tioon of at’etylo’holine toeeded for half -sat urat join; boo = Hill coefficietst.

Prepara-
tion

[1H]a- 1Hj-
Toxin Acetvl-

binding choline
sites binding

sites

lenuper-
ature

No tirilocaine

F112 fljj

0.3 n’sut priiocaimme
- - - --

F12 n01

3 nun l)rilocainic

F112 a00

M??10l02 g protein ;z.mr mitt mi_mi

A 2.0 1.8 20#{176} 10.3 1.47 6.0 1.05

B 1.8 2.0 20#{176} 14.8 1.16 11.2 1.10 6.2 LOS

C 0.44 0.4t) 4#{176} 17.0 1.0 8.4 1.1) 6.0 1.0
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�Af 10 mim�impniloucainso’this tumi’souumitho’gimss tti

dimi’sim’sish. �11i’so’ dissoocimutioum’s coumsstmunit to!’ doe-

munii(’thmomnuium’s’s iaounsoi tom flit’ m’t’o’o’pfor sifo’

t’stins’smufo’d iron’s tho’so’ data is 0.9 ± 0.2 onn ims

mi tho’ abso’nico’ omi pm’iloocmumso’ muuid 0.5 ± 0.1

4tt:\n mit 1.2 mim�n pniiomo’muimso’. Imu F’ig. 14B flit’

natiom oil 1)0)1150(1too im’o’t’ do’cmtmuio’th’soom’siummufooi’

vmim’i(ous (‘0 oni(’o’nutrmltio omss tot’ pniloc’ainio’ is to omum-

paro’d with tin’ (‘�,I u’aluio’ do’to’nn’s’simio’dby the
fluo mm’o’so’t’sio’o’ mussmuv mit tho’ smumiio’ pm’ili ocaismo’

c’omnmco’msfratioonm. Ins l�ofIi cast’s 0.3-0.4 OhM

pnilt)cmuim’so’ o’auso’d abo out 50 � -; oml flit’ mimmiximi’smul
o’ffo’ct omhso’rvo’d.

Bt’t’tui,�mso’ ool flit’ raflso’r buy muffinsitv oof clc’o_

muti’st’flit unuii,mnii Ion flit’ s’t’o’o’pfoim’ site, t ho’ c’m’s-

h’smunso’o’nmienuf oil tuffimsity caused in’ looo’mil mims-

o’sthit’fio’s ivas studio’d it’s gno’ato’r detail mi
flit’ t�’tuso’ 0 ol tio’t’tylo’hio olimmo’, �vho uso’ bimidimig can

hut’ lomllomivo’d uvith’s m’atlmo’n’ i’sigi’s lum.t’(’isiomts.

Biii diii g of [�11 ja-(’etylc/o oline. Smite flit’

punifio’di ni’seuiil)namio’ frmugsi’so’mif s mmii’s Toi’pedo
count am’s usoum’s-mmo’gligihlemum’s’soumitst-ufaco’tylo’hmou-

lismo’sto’naso’, bimidimig oil [3H]mucetylcholinso’ was

muiways uiio’asuned mit 20#{176}ims flit’ pneso’u’sco’ ooi

0.! mini To’tnmun’s’s (so’o’ MATERIALS AND METH-

ons), m’spo otemuf at’o’tylo’h’somhim’sesto’raso’ insh’sihitor,

w’l’siciimut thmmut o’mnmo’o’mitnatioomsdoit’s sit of inter-

fo’no’with’s flit’biuudinig oil [‘sHJmicetylch’soohis’so’ton

[“sH Jdeo’ami’so’thutmmium’s’stoo flit’ chit-ulimio’rgit’no’-

o’eptoin sift’ (see milso 26).

As ro’pomrfed pno’viously (16), wl’so’n flue

hinsdinmg oof muco’fylo’holim’se tcu diffent’nst ns’sen’si-

brauie suspo ‘umsioisis him’t’l)tirt’(I at’t’o ording cm

Cooh’so’mm et al. (9) was studied, centainu vmunitu-

fioumis wo’m’o’ nmootio’o’d. So omi’so’ pro’pmunafiounss bomunsd

tit’o’tylt’i’s olimmo’ ims mu ct-mouperatuvo’ nmmausmio’r (Hill

o’ooefficio’tit,l’H = I .3-1.4), wheno’mus ooth’so’rs chit!

ssout (FOH 1.0). .\.lsoi � oobiso’rvo’d smmmahl vmtnimt-

fio)mis tof thc’ cootic’t’titratioomi (b’,) ooi f’i’t’t’

mio’o’tvlclmomlimse givimig lmalf’-smutunmutn onm o of flit’

n’o’o’o’pton sift’s (Talulo’ 3).

1”o on’ f lit’ f i’sm’t’t’ � un’o’parmut io otis st udi ‘oh , � um’ilo o-

(‘miimio’ i’m-i-list’s a sl’si!’t ooi timo’ ouo’o’t\’lo’lDulitlo’ himiti-

imsg o’utm�’o’ to mi0vmii’d it o�vo’m’ to mnso’o’nutm’mtf it ons ( 1”igs.

I 5- 1 7 ; ftul)lt’ 3 ) . list’ o’oot oo’o’mof rmitiooms ool mto’o’f vi-
o’iioolimmo’ nseo’t!o’d !‘ or lmali-smitum’mitio os’s (I” ) do’-

t’i.o’t_tso’s liy 40-65 #{176}� iviflu out a o’l’smunigo’ mm t iso’

tiuniul mom’ omi at’o’tvichso olinse hitsdinsg sift’s. �\i-

fliouugli I0�)2 \m’smio(! iroonim oummo’Pro’I)mui’msfitmm’s to

mttmomth’sc’r ins flit’ tilu.o’mso’o’ ooi hinil(mo’muitio’, its its

luro’so’nmt’o’11,1’i’o’tuo’luo’tiflit’ stuns-it’nsiinuinismtl
vmiluo’ ((�‘u.1 ms�n) �vith’s miii msuo’msihm’mimmo’pn’�’pmura-

tkmmss to’sto’d. TIst’ to mmoo’o’nitrat i omsoml’jmm’ih oo’tuimie

givinug limulf n’saxin’nal decrt’ase oil F, is, mis

in flit’ Iunt’viouus expo’nimimo’tits, eloise tom 0.4 muM.

Ins flit’ pn�’�o’noo’�’ oil pnilo oo’miinue flit’ Hill tom-

c’ffic’it’nmf ouf tl’so’ hindimig o’urvo’ loom’ mmo’o’t�’lc’lsom-

limit’ do’c’m’o’moso’s ( Figs. 15 msmmol I 6) . I �nili oo’tuimio’

houtli inso’ro’misc’s flit’ tiffimmify loom’ muo’o’tvlo’l’sulimio’

timm#{128}!clmmumsgo’s time sh’sapo’ oil thio’ i)immdinug o’unvo’

froum’s’s signu’suid tom hmypo’nhuolio’. ��gmmiui flit’ smmmmmo’

n’sinmim’s’stul vt’sIue oil flJ� (1.05) wous founsd with

flue prt’jumirmutio)mss o’xhmibitimig o’t-otmj)t’rmtti\’ity.

Simmo’e the o’ffo’o’t of iinilox’muino’ pn’o’so’nifs

sfnikimsg mummmulomgio’swit ii flit’ uvo’iI -do oo’uniso’mot o’d

o’muse ol allostc’rio’ act ivmutors o!’ typical ro’gu-

latoorv pnouto’ms (33), it was muustilyzo’diii sinisi-

Ian fo’nm’s’ss. A ploot oil flit’ bimmdimog dmitti in
which, loin o’muo’l’spooismtool tie b)imi(himog o’um’vo’, ti

pho’umoutiit’umolougio’mul dissoucia-tious to omssf timit,

is o’aio’ulmuted o usu tl’se bmusis 0)1 tO I oims’sooio’cuian’

rt’act it umu with’s mi Isooni’sougo‘suet-otispt opulat it omm 0

sift’s is sit-own its Fig. I �. Is’s flit’ ahso’noo’o’ tot

pnilooo’muiuso’ Kd do’o’no’aso’s mm’smurko’dlv wit Is mi-
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3 mM pritmcaine.

OH:O.OS

IS].

\IIO

10

09

#{163} ____-___________�5_

0 I 2 3 0. 5 94

5 (0

free [3H3 ocetylcimline nM

20 50

920

I

COHEN ET AL.

0

Fit,. 15. Bin ding of ]:olllao.o1 yleholine to noembra moe froigmoimots: effects of priloea one and diva lent cat ion

#{149}-#{149}, Torpedo mnenubratue fragmuuents (preparation A of Table 3; 1.0MM .\ajoi a-tomxito bimidinsg sitess

0.5 g omf proutein per liter) were diluted 50-fold in physiohogical sahinsesolutioin suppletnemuted with 0.1 n’sum
Tetrmsms’s. 0--0 , dilutiomm ins the satume tuuediunm plus 3 msmui prilot’aimme; A-A, dilutiouts in Com�’4- am’sd

Mg’’-free buffer supplenu’semited with 0.1 aiM Tetrarn. In each cmise extrapoolation oof a dcotohle-reo’iprocal

plot oof the dat-a gave a value of 17.S nut for the totisi miutsil)er of [‘shI]ao’etylcholitoe bimsding sites. The

ccunmcenstrationu oof ]:oH]a_toiXifl luinding sites was 20 nun.

Fnu. 16. Binding of [3H]acetylcholine to noem-

brane fragnoents: Hill plot

13 is the cono’entratiion of bound iucetylchuohimie;

B,,, the tmtal (‘oncentratiomu of its biniding sites

determined by extrapolatioms of a double reo�’ipromcal

plot. The data are froo’ss Fig. 15. The straight linses

are a least-squares fit of the data.

o’retusing muco’fyicl’sohim it’ to usit’em’sf nmif io n. Pt osi -

five to oo.opo’rmit ive into’nacf aiim four acet ylch’sou-

lint’ bimsding tako’s phmuco’. 1mm flit’ prest’nso’o’ of
3 nuM Pniltut’muinieAd Iso lousgen varies with

FnG. 17. Effect of prilocaiioe oio position. and

i’bO(ipe mf bimuoling clone of [3I1’]aeetyleholimoo� to

reeeptoi’-rich menibo’a,o e fragmen ts

Metu’sbrane preparation B oif Table 3 (0.8 MM

Aaja a-toxin bindinmg sites; 0.45 g of protein per
liter) was diluted 80-fold its phmysicological sahimue

s(ulutiomn supplen’sented with 0.1 mum Tetram and

the indicated concemmtrations of prilocaine. F112

is the o’ouncentrations oof free ]3H]ao’etvlc’hohine
giving half-saturatioomo oof the binding sites. Also)

imudicated is t he Hill index, nj�, at 0, 0.3, 1, anid 3

mum l)riloo’aine.

act’tvlo’i’solinio’ c’oim’sco’m’sfnafioom’s : at all commco’is-

tratiomnus of aco’tylciohis’se tt’sted, Kr1 has tic’

sm-in’s-so’value as that iooum’sd in flit’ mubst’mso’t’ of
pnilomt’muiu’so’at saturating lo’vels uf mio’c’fylt’ho-

limit’. Is’s ofho’n wounds, flit’ smun’se liigiu affiniity

oil flit’ choulinmo’ngic nt’cepf tin site appo’msrs fou 1)0’

ro’ac’ho’d is’stie pneso’umc’c’oil c’itho’n pnilout’aimut’

ton ugh o’ouico’nuf rat it muss cii acc’tylci’sohne.

Four still unkm’soiw’nm netusoos’ss,sommm’so’mu’so’ni’s-

hrmumut’prepanafiouns dou noof o’xhibit t’ooopo’na-



I

30

r

acet-ylcl’soliiie amid on’s its eoopermut ive hindinig

are thus entirely reversible.

Tom ascertmuin’s th’stuf flit’ ohusenvt’d ensh’smimoo’o’-

uiienit oil muco’t�’lcl’soohinio’ miffiniitv was asso oo’imit to!

w�itii flit’ ph’sarnmaeoulomgio’mul ao’tioumi ooi pniltu-

t’muim’se mis mu It-utah anuo’sthmo’fic, the t’ffecf oil tins-

of lien hoc’mui anmest I’set it’, dinimo’t lust mquin, \\.�5

studied. \%t’ alsoo fo’sto’d SKI’ 525-A, a t’ommm-

1)outmtidkn’souwnitom inmt’ro’miso’ timo’ nmute of do’so’nmsi-
fizmutit)nm oil flit’ mm’soifoor o’m’sdplato’ too ao’etylo’h’so-

limit’ (34). When’s mupplied tom Elecirop/mnrus

o’lo’t’tromplax, SKI” 525-A hlomcks flit’ ro’spommise

too canhmuniylcho uhinso’ mu a sutincompetitive

miianmio’r, hahi-ro’duo’t it in oil the nm’saximuiai ne-

�pc�ns�’ tou cmurban’svlo’hmohinic’ takinmg plmut’o’ mit. 1
.o�i SKF 525-A. Iii mugno’o’mimo’nmf with’s flit’ oobso’r-

vmufioumu oil Frmumsklinm mummdPootto’n (35), this coons’s-

pomunid do’cneaso’s flit’ immitimul i’mito’ oil [#{176}H]a-
touxim’s I)imodimsg to Torpedo m’sienmmbm’mumse irag-

nm’sents by 40 #{176} at 1 rmni, mu consco’imtrafiomnu

1000 fin’sio’s largo’r thamu that mit- wh’sit’h’s it

bloicks tic’ Ph�’5i0mlt ugical ro’spomm’sso’. By t-Iio’sc’

o’nifo’nimu SI1l” 525-A. ho’l’smives mis mu lcmo’al mimso’s-

fht’fic (iS).

A.s shou’os’ns in I”ig. 19, pnmlomo’aimmo’, dimsuo’t lii-

souquiss, amid SKI’ 525-A incro’ase the binuding

ouf ac’o’t�’lt’l’soiliiso’ too miin’sousf flit’ saint’ exto’mit

in’s the ramsge tol t’oinsco’nsf rmtfio ins �vhmo’ro’ thuo’�’

0 10 20 30 40 50

free [3H) acet,IcOol,re ,M

Ftc;. 18. lariatio,o of K00 as (0 fnioctioio oof free

[2H]acetijlcholine

I )at a are froinum Fig. 15. Kd was tabulated by

the foortssulaK,1 = (B,,, - B)/B X F, where B

(or F) is time conscenstrati(uns of bounud (our free) ]3H]-

acetylt’holitse, atod B,, � the toutuhier of hitodimsg;

acetylchmohine, amid B,,, is the imunnber of bimsdioog

sites. #{149}-#{149},Toorpedo pluysiological salitie;

0- - -0 , Torpedo phvsiologioi’aI sahinue supple-

n’setoted with 3 nuni prilocaitoe.

fivo’ ao’o’tylclmoihinso’ himudimog. \Vifi’s such’s pno’ji-

anmutio mis, h’souwo’vo’r, pnilo mcmuino’ still o’muust’s mu

niminko’tl inso’no’aso’ ol muffinsitv loin muo’efvlc’h’soihinit’

( Tablo’ 3). Although mi sfnoimsg (‘ounnt’lafio)nu

exists bet’s�’t’t’um flit’ buss of cooipo’nmufivo’ immft’r-

action’s munit! flit’ t’smh’sanuco’ni’so’nuf oil aco’fyho’liooiimso’

affinity, this fim’sding suggo’sfs that flit’ twoo

pncopo’rtit’semuni lit’unmcomuplo’d, pnesummibly as

a t’onuso’o�uo’m’so’o’ oul atm alt t’rat iou’s oil nmo’nm’sbn’mmmoo’

sfnuef tine.

Tou to’st flit’ ro’vensihilifv oil flit’ o’ffeo’f oil

pnilouct’smmuo’ outs flit’ himmdimmg oil [� Hjaco’tylcho-
limit’, mu ni’so’ml’sb)raui(’suspt’umsiom’s ‘s�’musfirst imscu-

hafo’d four 30 mimi with 3 nnn pniltucaino’ ins

Cmt�- timid �Ig±4�.froooo b)uffo’r. Time suspemisiouns

u�’as fh’so’nm diluted mu flit’santo’ mo’dius’n with-

tout pnihoo’aino’, givimog a fimumul loucal minuo’sfhuo’tic

eonit’o’nmtnatio�ummoil 0.2 tinm. After 1 hr flit’

1)isidilig oil [3HJact’tylo’l’sohino’ was nit’musutnt’d.

Unider th’so’se o’ommiditioiuus flit’ bim’sdimmg t’urvo’ is

exat’t ly sumpo’nin’spoosable ton t hat ouhf ammo

wlit’n’s 0.2 minn jinilimt’aimiewas addo’d direc’tly

too flit’ susspemisioun (F,. = 15 muM, flH = 1.31),

amid clearly diffo’ns mourn tiaf- omhtaino’d with

3 mini pnilomcaim’se (F,2 = 9 inn, n11 = 1.15).

The effects oil pnilot’aimie on the affinuity four

20

0 0.1 I 10 000 100C

local anesthetIc] 6M

Fo o. 19. .Effccts (of ta ruins inca 1 a nost loot ocx on

binding of [3H]aeeti�leholine to receptor-rich imiemmo-

brane fragments

A nm’setimbramme suspemusion (0.3 Mum .Vaja a-tuxito

binding sites; 0.6 g of prcoteins per lit-er) was di

listed 1.5-fold imm piuysiooloogio’al saline solut iommi

supplenuented with 0.1 mum Tetratu’s anol the indi-

cated commo’emst roil ions of looo’ai anmesthuetio’s. Bitsdinsg

was no’seastmred in the l)resemi(’e (of 20 nun total thfi]_

acetvlchooline. Ito t iso’absemmo’e oof loocal amsest lid ir

the concemmtrat ions oof hioounud ligand was 11 ± 1 nun.
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bit mck t ho ‘ ro’sposmso’ oml LIe(’lro/)/oorus o’leet n’om-

pltux tom o’minban’s’sylt’h’st-uhinio’. At niuch’s l’sigi’sc’r

c(onmc’t’ustnmitiounms (50-1000 timi’ses their apparem’st

dissociatiomni cosistmuu’sts -ii,- o’io’o) a deenc’aso’ oil

muct’tylt’htuhisoe binsdimsg tmuko’s j)Im’st’t’. ‘That do’-

cno’must#{176}j)tm-ra-Ilt’ls fit’ do’cneaso’ ool flit’ imiitial m’mifo’

ooi [31I]co-ftuxims bisiclinig too tho’ saint’ msio’niibnmusso’

lnmugn’so’nsfs. Tho’ effo’o’ts ot’o’unning mit high coos’s-

co’mitnatiommus have ho’o’su inmterpnt’fo’d on fit’

htusis tmf mu diro’ct im’sfenmuo’tioisi oil the lcmcmul

miist’stimo’tit’s with’s t lit’ o’h’somhimio’ngic ro’o’eptoun sift’

(18).

\Ve alsom o’xmimiiinmo’d flit’ o’ffect cmi I)XS-chioml

tin flit’ bimmdinsg oil mio’o’tylo’houhisio’ toi flit’ msio’mmi-

hnamme-hound ro’o’o’ptoir. N’oo inucno’ase oof muct’fyl-

eh’scihimmo’ binudimmg wmus ombso’rvo’d for J)�cS-cimool

o’onceuifnmitioosis Iouwo’n thimunsflitiso’ t’ausinug mu-

do’o’nemuso’ of fl’st’ mimiutuumif of muo’o’fvlt’lioohimso’

boiumid. This no’suhf was suit umio’xpo’cfed, sinmo’e

sluet’tro)st’oupio’ studio’s h’smuvo’ sh’souwn (20) thmu-t
I)NS-clioi luin’sdswith’s greoufo’n muffim’sity tou the

ro’o’o’ptoun sift’ fh’smun’s tom its so’t’oom’sdary sift’s.

.\‘a,ja [#{176}Hjet -1o.i’in- bin (1mg. \Vo’bo’r aumd

(‘hmtinmgeux (15) siomwo’d fiat loical amso’st hot it’s

thou nut of inio’no’must’ the iu’sitimul rate of [mHJa-toxin’s

binidimug at ti’so)st’eoonmco’mitrmutionswieno’ fio’�’

sf no’ngt ho’ms flit’ musso ucimif ioumi oil aco’tyleh’so ohmoe

mumsol do’caniuo’ti’soiimiun’s’swith fit’ no’co’ptoin sift’.

Tlio ‘y funf I’so’n do’s’s’soummsfrat o’d t hat, I�’ foil -

loowimig flit’ do’o’reaso’ oil the ismitial na-fe oil [3H]-

tu-fooximi hinmdinmg mis a lus’sc’fiomnu of t’i’sohimuo’rgit’

ligansci coonmo’o’nitnmutiooms, one cams (‘sfimafo’ flit’

dissouo’imufiommi coommsttunmt oil fhio’st’ ligammds loon flit’

c’h’somlimmo’ngio’ no’o’ept our sift’. This rneth’somd might-

th’so’no’iono’ ho’ used tom mounif on f lie o’lianges of

binsdimsg h)noupt’ntio’s oil flit’ no’o’o’pttmn sift’ ion

O’ho)hiuit’s’git’ Iigauids us nation iumdirc’o’f liuf

t�uito’ no’hiahle fashiconi.

1”iguno’ 20 coumfinuims thimit 3 mini l)niloo(’mummlt’

hmus iittho’ o’ffo’t’t tom’s flit’ inifimul m’mito’ oil [3H]ci-

tooxin Iuinsdinmg in’s fit’ mubsemso’e oof effo’t’tomrs but

shifts flit’ hinomto’t’tiommu o’urvo’ hu� do’o’anmso’ti’scm-

usiummi toward hmwo’n o’ommit’o’mstnafions, as o’x-

j)(’O’ft’d four miss immcneasec! affinity oil flit’ no’co’p-

foul’ sift’ ion tins agomuist. Figuno’ 20 a-lsoi

shmoows that this is flit’ t’t’sso’ loin m’susasmtagoiumist,

(l-fuhuout’unmun’inuo’. Pnilcucamsuo’ mulso) int’i’o’asc’s flit’

muj)pmurt’tsf muffimmify oof flit’ o’houlin’so’ngio’ rt’t’o’j)t o on

sift’ foot’ amicoflio’m’ tismtmugo unsist , gahhamriinio’ (nout

sh’soowns).

E/J’ect oil’ (‘a+ (Jfl Iii te,’aetinto of (‘/i ouinerg ic

Ligands a-nd Local :1 aesthetics tnt/i Receptor-

R io’/i if eon bran e Fragments

W ith’snm’smummyplimurs’sstuo’ooloogioi’alpn’epmun’mitioumss,

louo’al mutso’stht’tit’s imofo’m’io’no’with’s t’vt’msts mo’-

c�uininmg Ca�� (low revio’w so’e no’!’. 25). 0mm

Llectrop/o urns o’lt’t’t no iplax Cmu-� (but nit it

\Ig1+) ptmto’mifimito’sflit’ ro’spoumiso’ too o’anl)muniyl-

ch’solimso’(36). We thus inuvo’stigatt’d flit’o’ffo’t’t

cii (‘a� oil’s flit’ binudinsg l)roul)o’rf it’s ooi flit’ m’o’-

co’ptoum’ pnooto’inm ins u’o’hmutioom’s too flit’ efft’c’t ool

ltit’al mumoo’stimo’fio’s. Both fluoono’st’o’mst’t’ and cli-

no’ct l)imhdiiig n’so’t buds wt’no’ ust’d.

Fluorescence assay cit/i DX�-c/i oil. Time

m’sieu’s’sl)ram ie fragmih ‘sits takems irtmrn fist’ stunt use

grmudio’nsf were no’suspo’siclo’d is’s a luuffo’ro’d

salinic’ solutioin fro’e ooi divmulo’umt o’atioomus (250

mini NouCi, 1 m�oi EGTA, and 5 nini sodiunn

phouspimuto’, pH 6.S), amid flit’ effo’o’tsof Ca4±
ton pnilo o(’miiiit’ tuum ti’so’ flucmm’o’so’euico’ hurt opo’rf it’s

of I)NS-o’lioml iuifo’nacting witi flit’mmio’m’s’sl)nause

.20

Fit;. 20. lmoitial rate of .Vaja [3Hla-toxin binding to Torpedo membrane fragments: effect of priloeaimo-e on

protect ion by ehouo moergic liga mods

I)ata are expressed aS a pero’cmitage of the inoitial route ms’seossun’ed imu hue absetuce of huooth priloucaimue amud

cholitsergic ligands.



5 00 00 02 0.4

[DNS-chmI�101 pM 0/ [DNS-chol)303 MM’

n2tuo ,t i� .t N t’�S’it-1 m’�’rmo‘s, (‘oo , .t N) ‘to uIum’En)o 0 ‘nnou.n x Enono REt En’n’t on 923

!‘n’migmsio’nts\vo’n’t’s!udio’oi ins this o’n�’in’oomomsmo’mit

( I’ig. 2 1 �\..) . ..:\_ do otil mlo’-m’o’o’ii mo oo’mil � mit ot- o of’ t ho’

fluoui’o’so’enoo’o’imito’nssitmo’sni’so’mistii’o’dmit \‘min’ioous

1.)NS-o’hsoml ooinioo’nitn’mitiomis slitows that Cmu f±,

li1�’ hui’ilomo’mtinit’, inei’eases tho’ mtjupmun’o’msttuffinsity

t)f I)NS-cho ol loom’tiso’ ro’o’o’ptoom’sito’ (Fig. 21 B)

withit mut o’lmmunmgimog t iso’ o’xto’apo olmutt’d nsimuxins’smul

flumono’so’o’noo’o’ signial. mi Tahlo’ 4 mint’ list o’cI flit’

� vmuluo’s dot o’s’msmismo’dh�-’ this miit’fl’sod,

Ins flit’ jro’so’moo’o’oof mini o’xo’o’ss(1 mini) oil

o’an’bmim’smylo’hohimio’, mu o’omidifio ons unido’r which

I)NS-chool fluoon’est’o’moo’o’ no’sulfs fnonu its iii-

to’nmut’tio ins with flit’ so’o’omsidmurv sift’s, Ctu�,

lii�’ looctil mun’sesthetics, c’muuse mu (lecrease of

flumoon’eso’o’nsco’imstenssify.

As loon’ tIme hooo’almum’sesfl’so’tics,flit’ imscm’emuso’o.i

affinsity omi DNS-o’h’soml four flit’ cliomhinergic no’-

cepfoon’ sift’ is tsoot act’oti’spamsied hiy any

chiamigo’ of f lie �va�’o’1o’ssgf l’s tml n’siaxiniumi’so’m’s’sis-

S�tit’s (Of DNS�o’iioul (Xo,iax = 537 ± 3 mmmii).

Filooivo’vo’r, umnsliko’ flit’ mumuo’stl’set it’s, flit’ decremuso’

oil fluo oneso’o’msc’e (if DNS-o’hmol 1)0 mmmd fou flit’

so’o’oumsdam’y sift’s is nut of accomn’spmunsied by a

chmunigo’ ins flit’ ivavo’lo’nsgth ti! nimixiniumi’s enmis-

sioon whets flit’ n’o’ct’pfton’ sift’s mint’ ooo’cupit’d by

o’an’bmumsivho’huolimso’.rfhio, hluo’ shift oof DXS-clmo ml

o’nsissio oti Ito iso I lit’ too oniolmomv sit os coimnso’ol 1m�

migo onsists t’xist 5 �iI t lit’ mu oso’nio’o’ 0 on hmn’o’so’lot’o’oof

(‘mi � � (X,,� = 523 + :3 minis ). Simsuiloin’lv, floe

tiluso’mio’o’(on’lmi’o’so’noo’eoof ( ‘ml� � clooo’snoooto’limimigo’

A,,,:,,. iviio’mi mill moot’ jut omm’ ‘it os mint’ o00001)10 ‘d I o�’

gmullmunisinio’ (X,0 = 532 ± 3 sins’s). W it hi no’-

shut’o’ttoo ho otiso’lmisso’soof sift’s, smittmn’mit inog hovels
oof (‘mu�4 mippo’mun’ lo’ss �uo oto’mit I hsmims high iun’iloo-

o’ainie to omio’o’nstrmtf iotss. loon’ mist minso’o’, 5 hiM

(‘mu�� givo’s muhmoout hal!’ thso’ o’!I’ect oil’ 5 nsM

pnilo(’aisio’at I hue lo’vel of ho otho o’lasso’soufsift’s.
\ It one ovo’n’, t iso’ o‘ffo’o’ts ool’ pn’ilo ca-moo’ tumid (‘mu�4

ins flit’ m’o’o’o’pt ton’ sift’ mutt’ msoml st mitt lv titiohit ivo’.

.\.ddifioons to! 5 nun pm’ilooo’mtinio’ ins flit’ i�n’o’��’nio’o’

oof 5 �M (‘m’s� inso’m’o’ascs fist’ o’fI’o’ct o ohso’n’yo’d
ivith’s (a� alt omit’, hut tip too list’ stimsso’ lo’vo’l mis

him’ilt)o’mimmit’ ins flit’ mihso’nio’o’ oof (‘mi ‘�. .\.oioiitiooni

to!’ S ssuui ( ‘mi�� too a noso’misi un’mimso’ susjuo’mssio on

wi’sio’h’s alro’midv o’oomsfainos5 mis�n iurilooo’miimoo’hmis

omnily mu slight o’fl’o’cttmni I)NS-o’ioo oh insto’n’:io’tiosn

with’s its twoo o’lmusso’soof silt’s.

Figuno’ 22 slit ows tue tom oo’o’nst mat it is do’-

pemsdo’muo’t’ oof flit’ o’!I’o’c’t 0 o!’ ( ‘mi’ ous I )�N�S-chuo oh
flum un’t’sco’msco’ ins ii ufi’s t hit’ it’t’st’mio’t’ amid ai o-

so’mmo’o’ o of pn’ilo oo’muinoo’.‘Fist’ fluo on’o’so’o’tso’o’ i iso’m’o’mtso’

tusso)t’imlto’d ivitis 1)c5-o’lso ml I iomusic! too flit’ 1’(’-

Fno;. 21. LI/oct of Ca� amod prilocaine 010 fiuoreseeroco� of D.VS-cbool loonmod to viii p/or-vie/i ,nemloro,moo fruq-

meats

TIme suspemosiomi o’omst ained 1.0 MM 1Vaja a-t oixito sites and 0.8 g ouf Pt’oot eito P#{176}’�’litem’ ito 250 msoun NaCi , 1

msouo E( TA, amool S tout sooditttssl)i000sphlate, pIT 6.8. Tbse indio’at eti cootso’emmt rat ioomis 0 f. (‘oo��, prilo oo’outie, ami(l

cam’loamsivlo’hoolinse wo’m’e presemot prioor too t lie addi t io tm oof I )NS-chol . X. = 287 momos; X . ,� = 5Sf.) ntis. ‘Floe pm’t�s-

emso’e oof 1 mssun carhatssyh’hoohimse ensured t host all receptor sites woottld hoe ooo’o’topied by t’:srhuaiiuylchuoline

onmsdo’r list’ co otodit�O Otis oof these experiments. A. I )in’eo’t ploit of’ I hoe dat ou. II. I)o ooololo’-ro’riprooo’:oI liloot. ‘l’hoo9

reo’ilum’o toil oof I hoe flooo oreScenoce (leo’rease (‘nosed by 1 nsuumcosrhamsoylchso oh toe is plo ott o’ol agai must t hot’ t’o’o’i 1010 n’al

of t hit’ t (it oil 1)NS-o’hcml (‘OOtO(’t3t5 t tat ioti.



ct’ptour sito’ no’mut’hmo’s a nssmuxin’siunis mis’omummd 3 so’t’ommsdmit’v o’lmuss ooi 1IN�S-t’hiooI sift’s (ins the

mu’s�i Ca++ (etmnvo’ �l 1 ) . A.s ft inn so! ft in’ �m’iio o- um’o‘so ‘nito ‘ oml o’munb)tinnvIo’i’so ohimmo‘) !‘omlit o�vs el oiso’I\’

t’ttiime, the t’t mmoco’nitnmtt it its (Io’po’nsdo’Ioo’c’ oif I he f limit omluso’m’vo ‘ci mit f iso’ ho‘vo’l oml’ t iso ‘ m’o’o’o’pfo on

o’ffect of (‘a4 � ssuonsitoino’d mut flit’ io’vo’l oil flue sift’ (o’um’ve Ri ). Atidinig juniltoo’ainso’ tom flue

‘

r�uion.F. 4
. . .

t:i..oflo-pariso�o. oof c/Joe/s oof C oz�� au il � 10(0 0 mo-c ton
. . . , .

bonding of 1).\ oS-chout (110(1 oarbamn ojie/oo/zmoo’ too
. . .

noemorane-000170oi ti’oOtlnergm(’ receptor
�-.--_--�- --_-�_ - - ---.---------- -_ -

sansso’ msso’msuhn’minut’ susl)t’nisiooms mit mi flit’ miii-
. I ‘ .

50’lit’O’ 0 of ( mi1�, gmvo’s t Iso’ o’xpo’o’to’(I tnic’m’o’miso’ o of
#{149}-,

I)\ �“-o’hso oh fi uouro ‘sot ‘nott’ mit t hut ‘ hoyt ‘1 oof fuit’
, . .

m’o’c’o’pto.mr sift’ (cunvo’ 2) whinlo’ tid(lmtig pnmhou-
. ‘ ‘

o’mu-msoo’ nmi tIme pno’st’nso’o’ to! 5 musun ( ,a++ gi�res a
Ca#{176}�#{176}’Prilo- DNS-chol Kfi,,,,” Carhamylchohine

caine (550,

fumnfh’so’n imio’no’muse ooi fluoono’scemuo’o’ ivluio’h’s is oossly

slightly lmirgo’r (15 #{176}) thmmisi fhsmut oolust’rved iii

?flAt oil.)!
flit’ Pi’t’st’mmo’t’ omi jmn’iltmo’aimio’ mulonit’. ‘[lie vam’imu-

0 0 33 of: 3 3.0 :1: 0..5

5 0 18 :1: 3 1 .5 ± 0. 1

0 5 7.5 ± 0.3 0.95 ± 0.1

fioni omi this Imist tiftot mis mi fumio’fiomns ouf �riloo-

caimio’ o’oonict’sstrat-tomti 55 tuhti’stist flit’ saint’ as

that omhso’rvo’d in flit’ ai)st’Iit’t’ oil (1ti�”�.

5 5 7,4 ± 0.3 1.1 ± 0.1 Additioonm ool � itt the pno’so’nico’ cii safu-

0 15 0.9 ± 0.1 natinug lo’vo’ls oil pnilcmcmu-imue (curvo’ AS) gives a
5 15 0.7 ± 0.1 slight funtlio’r immeremiso’ of I)XS-chol flumom-

- ----- � � � - - � - � �
a Kfo spe(’tm’os(’o)pie dissoiciatiomi o’onstant .

b Cu., is the o’oomucenotrat-ioio 0)f chooltmuergtc ligand
‘

msecessary tou o’ause a lsalf-n’saxtnual decrease oof

l)NS-o�hiol (7.2 MM) flitoorescetso’e. The isuem’s’sioramse

snispemssiooms is tlescribed imi tise legend to Fig. 21.

no’st’o’nst’o’. This effo’t’t tmiko’s l)ltut’t’ iii flit’ samiut’
nango’ oil Cmu � ‘ o’ommio’o’nsfrmitiomns mis flit’ niajoun

4

o’ffecf oof (-mi � omluso’nvo’d mi flit’ mii)st’nit’e oil
.

pnulomo’mimmio’. Ins toth’so’n wounds, mulfh’soough booth’s
(1mu�� amid Pnihomo’m’simso’ o’nshmasio’o’ ]I)NS-o’lmoml

I)inmdimmg tm flue I’(’co’ptoon site, thmo’no’ is situ o’vi-
[ca�l mM do’mit’o’ oil mini effect oof pniiomt’muint’ tin’s Cmu++

.o__o_..._o ._ I’O
05 �,o’ A30�0&.0,,,,,,_�#{149}”...�,___�#{149}_______#{149}

! ,#{176}‘#{176} �
� 0 ‘_“_____“.-.“%

00 ( o�

1 u�
“As �A2

5�

0 5

0 (Ca’ImM

0 5 00 05

[prilocaine) mM

i)imidimsg timid, convenso’ly, mi (1a�� tom’s pnilo-

(‘muimso’ hinsdimsg.

Time omhservo’d o’ffo’o’t omf Ca++ tom’s flit’ no’-
o’o’ptomr sift’ is nuout hin’soifo’d toi 1)XS-chmoul

i)imsdinig. (1mu�� muisom imscro’aso’s flit’ affinmity ool

flit’ ro’t’o’jtor sift’ loin canba-n’sylchmohine mus

mi’so’asuno’d by flit’ I)NS-o’h’soul fluoono’sco’mmo’e

assay (Tmiblo’ 4).

Bi-n(hing of [‘sIl]a’etylcbioline. l’io’ i)inding

dmufmu omhttuimio’ci with �3Hjmuo’o’tylo’hmom1iiso’ in’s the

r�no’so’mic’c’ oof Tt’tnatii coummfinm’si amid iunth’so’n o’x-

to’mid ti’suso’ tmi)ttiim’st’tI buy fluono’so’o’msco’ spo’c-

tr(usc’oml)v. ‘Fist’ himsdimsg t’urvt’s omi muco’tylch’soo-

hinme in’s flit’ Iino’so’m’sc’o’ oil Ca++_ ammd i\lg++_fno�t.

b)uffo’n asud in flit’ Iino’st’nst’�� oil uionnimul pl’s\’sit)-

lougical sahisme soulutiomn mint’ t’oniparo’cI it’s l”ig.

15. ‘Flit’ smusiiher oil at’etylc’liolin’se siuomlo’t’ules

btmund at saturatioim does m’sot change, hut
haif-safunaticun occurs at a higit’n t’oncen-

trmit-ion oil free mucetvlch’soulimie iii tie muhst’mico’

oil divaio’nt catiou’ss (F = 17 inn) than’s in

fhio’ir preso’no’o’ (F,2 = 10 inn). 0mm flit’ tufho’n

lias’sd, thc’ o’ffo’cf on flit’ shape oil tie binding

curve is rmutien srnmill: = I .53 is’s Ca++_

tumid Mg+4_fno�t� huffo’r and 1 .47 iti piysio-

lougical scuhmtiooim.

Tie conc’o’n’stnatiooni depem’sdo’nco’ oil the

CaC� effo’ct ivmus followed at a fixo’d t(utmi-l comu-

Fit;. 22. Cono’entration dependemoce of effect of

Ca or prilocaine on fluorescence of DNS-choi

(7.2 Mi!) in siisp�’tosion of receptor-rich menobrane

fragments in buffered saline soloition- free of divalent

cations

The suspensioon was the same as tisat of Fig. 21.

Curve Al, Ca#{176}�added up to 5 mmm (+----+),

then priloucaine too 15 msmun (O----O); A2, in the
absemsee ouf Cou4� priboocaine was added tip too 15 ms’sM;

AS in the presemso’e of 4.8 tusmi pniloocaimoe Cot was

added sip to 10 nuiM; Bl, its the preseisce of 1 mum
carbamyk’hol;mue Ca�#{176} was added up tom 5 numum;

B2, then prilooo’muine to 12 muM. In the presence of
1 t5’sM o’arbatsuylchuolimse, 14 msm iirilouootitse was

assoo’iated wit-h time same l)NS-choh fluooreso’ence

intensity in the presence amsd absence ouf 5mM Ca�.
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o’o’ntnmuf it oni 0 of mio’o’tvlo’lso ohinit’. (‘mu � � imsci’o’miso’s

ti(’O’t\’lo’h’st ohmic l)mmmdinsg, ivimit’h i’o’tio’hmo’s mu

iulmuft’atm mit 5 nsi:in (1a�� , half oil flit’ nmsmuxinsmumsm
t’f-I’o’t’t tmtkinmg I)ltit’t’ mit 1 nnn (ii�t (1”ig. 23).

Tl’so’ mi’smixins’smul eniimunso’o’nsuo’sst o of’ ao’o’tvlo’huo ohmic

mufhumity is alsoo snimahlo’r fhsanu that ro’muo’iio’d

with’s looo’mul munso’stlio’fio’s, munid flit’ o’fl’eo’ts oof

(‘mu+� tumid jum’iltuo’tuinie toni mico’tylt’hitmhinso’ hiindinsg

muro’ sit it st i’io’t 1:t�� mtddit ivo’ : tucidif it ons 0 of 5 iii ii

(�tti�. Iii.t oduco’s littlt’ o ii. nit i enuhiansco’ni’so’nit o of

ao’o’tylt’i’somhiiso’ muffinuitv iii flit’ huro’so’noo’o’ o of’ 3

nsmn pt’ilo mcmuimuo’. \‘miryimig )o I � co onco’nst n’mufio onu

mi the muluso’nso’o’ tot’ (1mu#{176}#{176}has miom signsificamst of’-

foot oumi ao’o’fylo’houhinso’ hinmdinsg. Ins middit itoms,

5 nmnn \lg�’�� dooes isoot msuoodiiv fimo’ pomto’mitiatimsg

o’fft’t’ts oosu at’o’fvhci’so ohinst’ hinidinsg oof 5 mmun

Cmu�� ton’ 3 mini pn’ilo oo’muino’ (mit of slut owns ). Ito

agn’o’o’nsso’nst wit is flit’ iiluan’nsimucoolo mgio’al o’xpo’n’i-

miuo’n’stsiii mien (‘a* o’ammnstot hit’ m’o’iulmuo’o’d lu�

Mg�.

(‘ouusequen (es oil o”�OlUl) ilization OH I a t(’l’a(’tion

oJ’ Chiol inerq ic 12 igan d.s’, J2oea-l .1 a ost/i (‘ties, (Pm (1

(‘a� O(’itbi Receptor J�,’otei,m

Eldo’in’muwi et a-I. (37) timid l”rminikhins amid

Pt if to’n’ (35) no‘juoom’to’d tlimit so oluiiihizat it oni to!’

ti’oi’�n’doro’t’o’l)tomrj)rooto’iniiu� msuihcldot o’n’go’nsts

Mg”+ 5mM Ca”

1550 ithifit’s t ho’ i)imsdinsg Pr� opo’m’t it’s oof’ I Iso’ ohio iii-

nlo’rgio’ n’o’o’o’ptoor sito’. It ��.mis tluo’n’o’l’oon’o’ to!’ mu-
lit orttinst’t’ to 0 tio’ft’n’misimot’ ivhso’fh’so’i’ to oo’tui mimso’s-
tii(’tio’s mutot�I (‘�i -�--�- ioomss still o’oonsfrooi tho’ affinsitv

of flit’ cliomhinmo’n’gic r’o’o’o’ptomr ins flit’ somhtii)lt’

ft urn’s.
J�’Ioo��,’e,sc�,u (‘(‘ assai, mci//i J).VS-eliol. Tnt ‘at -

nut nt 0 o!’ 7’om’pedo nsso’ns’si)m’mimso’irmignsso’nt s ��it Ii

so odiuniu o’iit ulmufo’ unsdo’n’ time o’oonsdifio omis givo’ns

ins MA’rEHnA LS A Ni) M ETHO)I)S vit’ids a pro’pa-

i’mitiomn omf’ ro’co’hiton’ pn’ooto’ins �vh’sio’lm domo’s nsomt-

�‘duniso’nmt mif’to’ro’o’nstz’i!’ugmutioomumit 100,0(X) X

q loin’ I un amsd whio’hm I iinsds 1-3 .tmuiomb’s oof’

.Va,ja [#{176}HJa-tooxins pt’r gn’minss oil pt’tmft’mms. ‘Flit’

co unuco’nstrmmt it oms to!’ moo’o’essiiuio’ sift’s is lmin’go’

o’niouugls (nmio’noonimoolmo.n’) too f’olhow tlmo’ imsto’n’mio’-

lit ons oof’ I)’S-o’iuo oh ivifhi t iso’ so oiuluihizo’cl no’-

co’pto 01’ hurt ott ‘ins iu� flint oreso’o’noo’o’ shut’ct t’o sot ohuv.

Ito flit’ jum’o’so’nso’o’ of’ 7 u’sn l)NS-o’huoi I mum

o’miri)mimiiyht’hit ohimso’ o’muuso’s a signsificanst (20 #{176} )

60
/....___Aex:330nm

a (±ImMCarb)

I / -
- #{176} Xex-.28?nm

� 2:0��l��mM ca

tONS-chat),0, pM

t

ulO

� ,.-�“�0

� ‘-S

� �I_____,/::2 ..�. � t__,,___ Fmo� . 24 . KjJeo#{149}/of cur/on mu!/iob000iimo(’ 010 I).V,S-chooi

�‘ � .11 iitiit’.s�tnc�’ 0 Ii (/(�t(�m’s�/t�,o t -.s’oum,b oii zo(/ /)ro/)(I toot 1(010 of

i� � 1#{149} iecop/or-ricbo mmoem,obramoo fraymmoemots
a - �I SOOhOii)ihiZOotiOOts %%055 ao’o’oomsupliSiseoi boy adohinig

soohi�omsu o’isoolate (too t).7�� , �v/v) too a soispt’mosiootooof

t’eo’t’pt oom’-n’io’is tuietuul)n’Oimie fragns’seno I s iii piovsio oh og-

tonl sahitso’. A.ftet’ 20 tsuimo of St � rIm nig at 20#{176},t iso’

0 . . . , , so ohtnt io mu %%.ols (‘(‘tO I ri finged at 95,()(X) X g fo or

0 I 2 3 4 5 0 � tssims, atoil tlio’ soipo’t’toatatot soolmititolo (1.2 M51

EM”l mM ro-tooXiti sites; o.:�s g of prooteino per hitt’r) was

F’n o; . 23 . EJJ’o’cts oof ( ‘a � a 10(1 JIg’ � on toimodimog oof ttse(I fo or t hoe 6 no oreso’o’ hoe o’xperituuets t s . ‘Flue so ohii-

� 811 J(ico’t qieholimo t to m(co’ptor -i ic/o mooeno bra too fray- hi I t Zc(I reo’ept 0 0� sool it I i mo �ots aolole(h I o 0 boo0 t ii t hue

mnemots satsiple mood t’efem’emoo’e tells , amid I )NS-o’ioo oh, I 0 o I hoe

A isiensbn’ani(’ suspetosio to (0.4 M51 .Voi,ja a-tooXito soitsitule o’o’hh oomsly. I’xo’i t at 000to at 2�I7 motso : #{149}-- �

sites ; 0.6 g oof proot(’i to �er Ii ter) was olilooted its imitetiSit ies oobserveol wisemo o’ooriuanssvho’lsoohimse clsloo-

Ca’”�- oimsd Mg#{176}�-free bullet’ suppletsuemsted wills I he ride woms liresetst imo buoot ii (‘ebbs prior too I ise

i modio’oited oitsuootnmsts oof divalemst coot ioiti . The fitoooh addi I ioomi oof I )NS-clso oh. Exo’i toot ioon oil 33() minsu : 4

o’ouno’o’to t t’ost io oto oof a-I 0 oXI ts si to’s woos 20 tist. , 2.5 tiM i mit o’tos; ties 0 obmsem’ved its boot ii list’ preseno’e and

toot oil ‘II Jao’etvlo’lio oh no’ ; , 12 tiM toot oil ‘UI - absence oof 1 moist o’oorhuoitsmvlcloohitoe (Ca m’bu) ;

ooo’et vIe hoohi toe. its I ise absence ootoh�’.
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decrease ool fluomrescemmt’e imitt’misif�’ om’sly for

eXcitati(uii at 2S7 sin’s (miof at 3:30 mini) (Fig.

24). The interactioon oif DNS-t’lioil uvith the

r(’ct’pfor pro)f(’in imi solution’s cam’s fho’ro’fture ho’

followed by emiergv tramislo’r.

R = ‘287/1330 deo’neases froini 0.59 at 7 ,umi

DNS-t’hol in the al)sen(’(’ oof carbamyhcholis’so’

to) 0.44 ± 0.03 in the pro’senct’ of 1 mmi can-

banu’sylchohine (F’ig. 24). I”oir X� = 2S7 nni,

DNS-chol o’missiouns has X,,� = 533 tim pritor

tt�u the addifiosi ouf (‘houlino’rgi(’ Iigands our

wheni all rt’cepfor sit(’S are ooc(’upied iv an

agonist (c’arbanin’lehohino’) 0 in .‘#{176}.ajaa-f oxiss.

Four X,.,� = 330 tin’s, DNS-chol en’s’sissioni has

xliii,, = 543 nni. I”omr fret’ DXS-choih in the

prest’neo’ oof 0.7 % ‘ooodiun’s t’hooiafe in physiom-

logical saline sooluti(in, R = 0.44 amid X,,,�,, =

542 nm for X,.� = 2S7 mini our 330 nm. Hem’sco’

with this prt’paratioun there is miomo’videmmt’o’ four

the t’xistent’t’ of so’condary sito’s four i)NS-

cho ml characterized by preferential excif at it )m’s

by t’m’sengy transfer mum pnoteinms. Tho’re is

no o’videnmct’ four sec’oundarv sites whouse spec-

tral propt’rfies distinguish between cholinen-

gic necepf-oor sit-es omccupied by agoum’sists ton

antagonists. Homwever, fie origins of tht’ dii-

lerent- t’missioumi maxin’sa four 2M7 tumid 330 �

excitatitin’s is nuof (‘Io’an.

The fraction oil DNS-chol fluounescenmce

seflsitiV(’ to) carbanmylchoAim’se, htiwevt’r, is

too) snuiahl to) Permit accurate do’ft’rminatiomni

of a disscociafiomi constanit- umiden flit’ pro’so’n’st

o’xpeninio’m’st al conmdit ioii’ss. A doublo’-nt’cipno meal

analysis 0)1 th(’ available flutono’seeneo’ data

sliouws that Kfn,,,, four DNS-choul must- he

banger thai’s 20 �ni. In any cast’, the affinity

oil tho’ receptoum protein iii solutit)mi Ion I)NS-

chml is certainly not higho’r fiat’s that foiund

for t ho’ mensbrane-ho uund reeo’pt our.

As o’xpecfed, the .Va,ja a-touxins and a Va-

niefv of choilinergic higands cause the same

maximum decrease oof fluo ort’st’o’ru(’o’ into’nsity

as carbanmyicholine (I#{176}’ig.25). As ms’it-h the

mo’nihrant’-hound neco’ptour, the a-touxin, be-

cause of ifs ugh affimuitv, givo’s a linear

fitratioumi o’urve. With flit’ tither higands flit’

displaco’ment curves ant’ miti longer fitted by a

hyperbola and appt’ar rather t’oasiplt’x. Their

shape indicates that fh(� soulubilizt’d rect’pttur

poussesses multiplo’ affinitit’s loon higands suc’h

as a(’o’tylch(uhimue 0or t’arhani’sylclio ohint’ . Start -

ing fro urn nu’st’n’shnamut’ fragments c’lianaet enizo’d

by a singie affinsity loin o’acli ligand (16),

souluhihizmuf iounm creouft’s a ho’teno ugo’m’so’if oil flit’

affinities four mu single iigamid.

Despit-o’ this t’oimplt’xity, wo’ havo’ again’s

t’ianactenizo’d eao’li cliuhino’rgic ligand by if s

c’oinco’ntnatioums, C,0, i)r� oduo’ing a half-maximal

decno’aso’ oil DNS-t’hoil fluoureseo’ssco’. Alt houugh

this Iaran’st’tt’r doses nsoof have a simple

physical nio’aninug, o’o’rtainm results muro’ clear.

Um’sden tie souluhihizatioun o’oumiditioumms ouf Fig.

25 flit’ C�0 values four all agounists to’sted art’

to mm’ssido’nably higio’r fiats fit’ u’aluo’s ft ound

loon flit’ niemoilmrauit’-iioiuiid nt’co’ptomn: 100-loAd

[cholinergic .ffector]000 (H)

FIG. 2S. Concentration dependence of effect ouf cholinergic ligands on fluorescence of D.\’S-ehol (7.2 MM)

interacting with detergent -solubilized preparation of receptor-rich membrane frag,nents

The intensities determined at 550 nm are expressed as percentages of the intensity (oi)served in the

absence of chohinergic ligands: X,., = 287 nm The re(’ept(ursolubilizati(on was performed as described imu

Fig. 24. The acetyhchohine experiment was performed in the presence of 0.1 msm Tetram.



K,, (borotectioun
against 3Hla-toxin

huinding)”

M.11 /4.11

Acetvh’hohimse 0.8 X 10-2 3 ± 0.5 100

Carbato’svlo’huhimse OS 1.S Sf.) ± 20 2S--SO

h)eo’amuiethoniumum 0.7 1.5 10 ± 2 10
d-Tuboucurari tie 0.2 1 .0 3.5 ± 0.5 4
(1allan’simse 8.0 12.0 22 ± 8 3

Hexan’sethoomsiwss 40 80 260 ± Sf) 4

data frouni Weber ansd Charsgeux (16).

data froomsi (‘ouhems arsd Chaisgeux (20).

for the sooluhilized receptor, the o’onditioomus were thoose of Fig. 24.

‘� Affinity touoo great too he estimated by fluoorescemsce assay. IiNS-o’hool disphacemomenot o’urve is linear

with added acetvlchoohirue.
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four a-c(’fVl(’h’s(ulinit’, 50-ft old four t’anl)tuniiVlt’litO-

lin’so’, and 10-loohd loon decaniio’tliommiiumsi.

The C�,o valuo’s miio’asuno’d hun flit’ mumutmmgou-

msists tuhomt’unanimio’, gallmuniimio’, amid ho’xa-

methoummiun’s ismt’nt’ased oum’sbv slightly (Tahlo’ 5).

Flowever , out ho’n soluhulizat iom’s to unmdit it mis (so’o’

lego’nd four l”ig. 26A) nt’sulted in’s a soolutiounu

chanactt’nizo’d 1)0’ bower C�o vmuiues four mugou-

imisfs : C�0 = 1 .7 �.omn four do’cani’so’thomnuiumii an’sd

4,5 j.tml four t’ani)ami’svlchuoulinme (sot’ l”ig. 27). In’s

order toi (‘lanily fho’so’ results, iii’ nio’musuno’d

tic’ hinmding ouf [:sH1a(�t�f\.lt.i�hjm’so� liv o’tjuihih-

niuno dialysis.

B inding of 1�II ]a.(’et,mjIchioil inc. Aft o‘n s mlii-

i)ilizatiomi oil nt’cepfomn-nich tiit’fl’sb)nmunst’ mug-

n’sem’sts uvith sudiuni cholato’ the bumidimug

curve ooi [3H]act’tvlt’homline tsit’asuned liy

equihih)niuni dialysis in’s flit’ pn�’��’nc�’ oil 1�ef-

ran’s reveals, in’s the nam’sgo’ oil act’tvhchoiinuo’

t’ouncentrafion explooned (0.01-6 jnm), a t’lemin-

cut ho’fo’rcmgt’mit’ify ool bimmding o’omnsfmumsts. As

oobservo’d is’s flit’ fluomno’so’o’i’st’o’ expo’nimenit s,

the shapo’ amid posifious’s oil flit’ curvt’s (ml)-

ta-isied vary with flit’ coumutlit liii’s oil soobuhihizmu-

titun. \Vhemm tht’ sooluhihizafiomni is doosso’ wifh’s

1-4% (w/v) (‘hula-to’ and 5-10 mg oil chouhafo’

pen nuilligramii of pntitt’im’s, flit’ datmu emit’s hit’

interpret-ed it’stennis oil him’sdin’sg too two elmusso’s

of sitt’s. Depending uptiii flit’ sOilUl)ilizafioomi,

from 30 too 50 07 oil tht’rsi himsd aco’fylcliouIim’se

with ml dissooo’imufioomu (‘ounssfamif Kd 0.04-0.07
;.tmn, amid flit’ no’sf with mmI�d cIoso’ toi 0.f’4 pmm.

1limidinsg oil muo’etybo’houlinso’ too booth classes oof

sit(’s is t’ootiiplt’ft’bv hboot’kt’d h�’ j)nioor ins(’lil)tu-

tion ooi flit’ extnao’fs with ,\‘ . n-igrieoulis a-

fooximi, tumid flit’ foutal nsuni’sho’n of [3HJaco’tyh-

chiolimie sift’s is is’s the san’so’ rammge as that oul

F3H]a-touxinu. In mugnt’o’nio’nut w’itli the I)NS-
t’ioml fluonescenmo’o’ assmu�’, tonic’ pnt’paratiomti

o’hanao’to’nizo’d by hoiw � vmuluo’s four agomiuisto’o

o’omntaimst’d ti lango’ lnm-uo’tiouis ouf sites binding

mit’t’tylt’ht�u1it’st’ with higi’s a-ffimuity (50 #{182}�‘�ivifli

K� = 0.04 nn).

Effect of prilocaine a-n(I (‘a��. Pnihocaimso’

bo’twc’t’n 0.01 amid 3 mini has situ sign’sificam’st

o’ffect (iii th’so’ hindimmg oil [3H]aeet-ylchouiise to)

the t’h’soulato’-sculuhilized rt’co’ptor (Fig. 26A)

iii either its high-affinity (revealed at 0.02

�mn fret’ at’o’tylchohino’) our louuv-affimiitv (re-

yea-led at 1 . 1 .umm fret’ tieetvlchoulimmt’) fumn’so’o.

Ins tho’ I)r�’��’nt’�’ oil 10 nun pribocaine a slight

do’cro’ase oilho munmd acetvlclio mIme was noiticed,

mis was f rut’ ion flit’ nio’mhnmim’se-buumsd ro’cep-

tour. Also, Ca� (0.2-5 mM) has flt) effect

(Fig. 26B) tin the hinsding oil aet’tylchohinme

tom the s(oluh)ihzed nt’co’pf our protein insitially

in’s Ca#{176}�- anud Mg�-lro’o’ buffer anid 1 % sou-

diumsi t’holmuto’.

Fbomnest’enuco’ studio’s slituus’ that pniloucaine

(0.01-2 tint) cmuuses situ imio’rt’ase of the fluo-

Tunon�m.: 5

lot teromo’t bmmo of ehool zooergie li#{231},arods ut/h ‘lorpedo receptor presemo t in noemlora roe fragments an (I after

solubilizatio,o- o,’ith 50(!i011l o’holate

Ligand Membrane fragments Soluhihizede (‘s,, sob ‘C:,omenu

C:,o (DNS-chol floiresccnce
(DNS-chob assay)

fluorescence
assay)”
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11. Sugivootssot, Iuet’sootsool comtnnsoomsio’oot ioomu.

0.5

:

0.8

1 0 �

0 00 0 00 0 0.2 0.5 2 5

[prilocaine) mM [Ca’’] mM

Fn o ; . 26 . I�z ro(It ,oq ‘of I fJ boot 1110/moo! in t’ to ole/c o(/emo t -50)1 oh mI mzo’(l /)oop(I 1(1/ U) 105 of mo-cop/on - r ic/i mmoo’mootorn toe

f 1(Igmmoomo/5

.A . I’lTeo’t of prihoo’oiimoo’. .\. tiio’tiihit’OttO(’ sitspetosiooto ( 10 Mit .Va,oi a-I ooXito Si I 0’s ; 6 g 0 of Iit’omt o’imo pet’ Ii I em’) its

iilu�’sio It ogio’otl soohitoe sooloti iooto ‘�vtiS dissoohvo’oI �vi tis :� .:� � (�/v ) so (Ii tttii 0’ hit boil o’ . ��ft o’m’ ceto I ti fugool ioots oil
10(),(XX)X (/ foot’ 1 lit’, oobuoottO :��()#{176},: oof t iso’ a-t 0 OXItO Si to’s reissooi tot’oi ito I lit’ sttpo’i’toost amit soohoit ioomo, whsio’h I liens woos

(hiltot cot v�i I is pisysio ohoogio’oil soihitoe so ohott iooto I 0 0 oo fimooil o’iuoohat o’ o’omso’emo I tool iooto oof O.9� (w/v ) (1 . I MM a-I tuXi to

sit es ) . 1’;ttnihihritnmss dioihvSis juerfoormuseol ots obo’so’t’iheol its �,1 .�‘ro:tmm .in.s .� N to ut o:’nmio otis revo’ale(l ito I hut’ oobsemuo’o’

(Of �ut’ihoot’Otitot’ oil beoist I � o’loisscs oof iuindinog sites foor ‘II Iao’elyho’lsoohitoo’ (K, = 1)04 MM , B,,,:,� 0.44 /4M

K., = t).8 /451, fix = 0.3 -0.S MM). Free H]oto’o’t�loioooIimoe: 0, 1.1 �sn; #{149}, 0.02 M51.

I-i. IfTeo’t of (oo++. .k nssenusbt’oonie sitspetssioots (1 .9 /4\t a-I ooXiti Si I 0’s ; 1 .6 g oof Iut’toto’i to �uet’ hi I ct ) ito (�ot#{176}#{176}-

atsol �I g-fro’e imooffer \VOiS disso ohved sill h 1� � (�v/v ) so odi iota o’ioo oloot e (t.4 toog oof (‘iso ohoil e po’t’ nosilbigrmonsm oof

P�’� 1 t’i to ) . ‘The m’o’o’oovo’t’y 0 of a-I 0 xi moSi to’s woos 85- 1(X)’ oof t hit’ sI oit’t i tog msual o’t’ial . Io � ,oihiht’iootss tlio’slvsis i ts t lie
ooliso’too’e oof (.0-)-f reveooho’d lsigio- (K,1 = 0.086 /4M ; H,,,,� = 0.4 Mum ) amooi how- (K,’ = 0.8 Mmtm; k.. = 0.8

/.LSm) otflitoit :‘� sites. Fro’e (:lfl loto’et vbcisohitse : � , 0.8 MM , � ; 0.1)3 MM.

mumi(l mi hmorgo’ !‘n’ao’tioons oof’ tistot d o’o’n’t’mist’ is due
- to m fist’ ooptio’moi do’nssitv 0 of fist’ pnibo oo’tiine soohti-

tiousm. Also), (�t’s+C (0. 1 --5 mini) has situ o’fI’o’o’t

( nit o nut ott’ t limits 2 ‘:; ) � omi t lie fluoono’sco’nso’o’ in’s-

to’nsitv oul l)NS-o’isool (2-7 j.�ml) imsfo’nmio’tinsg

��‘ithi 1 lie elsomimite-so oitihuihizo’tl i’o’o’o’pto on’ (it’-

60 so’nil o’d ism h”ig. �

�L_1 . , i-_ _ I � \\r0 , must 0 tmso’d fitmo ott ‘st’t’nit’o’ t t’o’limiit lilt’s too
0 10 � ,i-� ii-� �-2 �f udv t lit’ o’f’fo’o’t t of jun’iio oo’mminso ‘ oins t lit’ no’o’o’pt oor-

[1 qand) H nio’li miit’niih)m’m’sisO’ fn’mugmsso’msts 100hul)iiizo’(l luy 2 �

h’niiumlph’soogo’mso’1?(’-720. Ins tlsmuto’muso’tlmo’soolto-

hihizo’d r’o’o’o’pto or is o’ismormuo’to’n’izo’d luy higlm

affimoitv loon moo’o’fvlo’hoo olinso’ (�0 � oof sift’s witim

K,1 = 0.02 o.L\l )4 �uni� In (‘:,,, = 0.3 L.L\l loon

o’mtniumtmsivht’imoohinio’. I.Tpooms mudtlitioois oof junilooo’mun’so’

(0.01 2 nmmn ) noo ino’no’muso’ oil I)NS-o’l’soml (7.2

umn ) fluoneso’o’nsco’ imoto’nssitv wmus ooiuso’nvo’d.

Pm’ihooo’ainso’iiko’�viso’ dooo’s msoot imsct’o’aso’ limo’

miflinsil y ft on’ I )INS-o’lit oh 0 of t hut’ iuurifio’d I’t’t’t’PtOOt

no’so’o’moo’(’ tm! l)N�S-o’huooi into’n’moo’tinog �vifI’s timo’ pn’outo’iis fm’ommssJ�’Ieetrop/ioi’us, muith’stottgii iti tiiti-t-

o’homlmuto’-somluiuihized no’co’pfoon’ (Fig. 27) mind, cast’ tlio’ soolui)ho’ proof o’imi o’xhihifs ninth hmigh’so’n

lio’mit’t’, fbi o’iimmt’sgt’ oul flit’ no’t’o’ptoon mufhniity loon mufIiu’sifm loin flit’ agoossists tlimmmi (lout’s tho’ mo’ni-

b)NS-t’lmool. ‘Flit’tinily o’ffo’o’t ooi l)nih000’muit’st’ is too iunmunso’bomunud foormim (3�).

causo’ mu do’o’no’aso’ ooi 1)NS-t’liol fluoono’sc’o’nst’o’

at pn’iltucaimit’ o’ounsco’msf ratio onus muhoovo’ 2 mini,
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tauunol reco.’jooior ( To’r pc-do’)

.1:,,, (slice) .1:,,,
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Pnevliotms spt’t’trtust’t ohio’ studio’s (20) , utsinsg

no’(’o’pfoun-nichmnsmo’muihnmunso’inmugnuensts ptmn’ifio’ti

lnouni’s ‘I’or/)e(I() o’lo’cf n.io’ oun’gamo n’o’vo’aho’d t �vo

n’sajon o’lasso’s tm! sift’s Ion a o’i’soulinso’m’gio’ fluom-

no’sco’nmt higminud, l)NS-o’htol : flit’ o’h’soohinso’n’gio’ no’-

c’t’ptoun site tumid so’coonsdanv sift’s wl’so’ro’ I)NS-

choul insdicmifo’s a ro’vo’n’sil)lo’ chianugo’ to! nio’nmi-
hm’mimso’ structiono’ muso000cimoto’(l m�ithm timo’ hnmsdinsg

oil migo insists to m th’so’ chsoohinso’n’gic n’o’co’Iift on’ sift’.

IINS-eluoml sisouws to dumul b)iimit’miimuo’oolo ogli’ah

mI(’f iO ins oons t lit’ iso olmuto’d I’]Ie(’Il’O/)/IOl’U.S’ 0‘It ‘o’t no 0-

i)lmtX. �\.t hom� to mnscenst nat it otis oof’ tan omitssvl -

o’l’soohinso’if iioofo’nstimuft’sflit’n’o’sjuoomsso’timid timo’n’o’-

f(uro’ mitts as mo n’t’O’O’lito on’ mogo insist . w: isy f iso’

o’ffo’o’t t of I)N�S-cisoih is motif simsuplv msdditivo’

�vifls tlmat oof’ o’ani)anssvhchsomhinso’ is nso ot unsdo’n’-

sto it 0(1 ; ti sinsuihtut’ jut oft’mif imutio ots limos 1uo’o’mmmooot iO’(’(l

� l’s h/(’Ctl’(O/)/OOl’US’ 0 ‘hoot to ujiitix iit’t � I \VO

agootoists, cmun’iians’so’ho’hsoohinie monsti do’cmunsso’flstm-

iiii.mnsm (39) . At high to omso’emst n’atio omss o of’ tan’-

hmins’sylo’iuomhimso’timo’ isimuxinmal n’o’spoolsso’ott’-

eno’moso’s ins flit’ imn’o’��’noco’ oil I)NS-o’isool. This

(‘ff(’o’t n’o’so’nsshlo’s t limit oof mu hoocmil munso’sthuo ‘t jo ( oni

flit’ o’lo’o’fnooplmix l’o’spoomsso’ too agoonmist, 0115(1 3()

.m1 l)NS-t’h’stoh is mis Iuomtt’no t mus 0.2 nssmn hido oo’miimso’

ton’ j)n’iltit’tu.ilit’.

\Visibo’ hinsdinsg oof’ I )NS-o’iso ol to o fist’ out olins-

o’ngio’ n’o’o’o’huto on’ sifo’ lotus ho’o’ns donut oust t’mito’ct

�vitis iol’/)(’(l() nuo’nsi)n’mumoo’ f’n’agmsso’nits, limo’

n’o’Imitiomnsslsip is too ot mis cio’mu’ ho’two’o’ns t iso’

so’o’(mmsdmunv sift’s st tt(iiO’(l I )\‘ fitmo on’eso’o’iso’o’

tt’o’lmnsioiuo’s mins(i tl’st’ sift’s oof’ mi(’tiOOls 0 of’ 1)NS-
t’iit oh as mu hooctul anso’st iso’t it’ . h”im’st , mmoo 0 � timins t i tmi-

f ivo’ pl’smun’muimu’ooh ogio’tui dmit mu mun’o‘ �‘o’t mivmuilmil ut’

��‘ithi 7’om’pedo elo’o’t nomj)hmix 0 il msuio’no o’omoo’s, mlms(l

500 �\�t’ tul�vays n’o’f’t’m’ iuo’z’o’ too flit’ mio’lions ooi

anso’st imt’tit’s 0 055 I’.�I(’(’11’O/)/0OI’U.S’ 0 ‘loot no ojmlmix.

IAtmcmii mumsost hut ‘fit’s do’cn’o’muso’ flit’ fluio on’o’so’o’nso’o’

oof I )NS-o’lso oh lit ounstb too t Iso’ st’t’t mmithmin’vsift’s

in mi/mo munid al)t ohisim fist’ spoof nooso’o pit’ this-

tino’tioon o’ouuso’dby time l)insotimsgoof’ ago onmistton’

mmnstagoonsist mit flit’ n’o’co’pto on’ sift’. Tins ell’o’o’t

tmuko’s iuhmuct’ mit minso’sti’so’tio’ 00 mnso’o’mstn’mttit mis ins

flit’ t’atmgt’ ooi ti’sooso’ �vi’sio’im lmiooo’k thmo’ n’o’spoonsso’

Oil J!,//’(’(l’O/)/H)I’uS t’lt’t’tt’ oplmux. Ho owo’vo’n’, fun’-

thuo’n studio’s mutt’ nso’o’do’dtoo usuden’stmomsd fist’

msuo’o’lumimsisnss liv wisio’is hooo’muh anoo’st i’so’tio’s

mustodily flit’ spo’o’trmil hun’oopo’n’t it’s of’ 1 )NS-o’imo oh

ho utmsmd too fist’ soot unsdanv sift’s.

��nm o’xto’nssivo’ stuoi�’ to!’ flit’ o’fI’o’o’t ooi ioucmil

anso’sth’so’tio’s oumi flit’ iuinitiimig oo fluoon’o’so’o’nst month

n’:uohioumoo’tivo’ higmimiols tom fist’ out miinso’n’gio’ no’o’o’p-

four’ sito’ hun’o’s(’nst ins 7’om’j�’do nuio’muubn’amso’ f’n’msg-

Is oo’nsts limos slit iwti that t imo’so’ to onsipo ountsds

(‘(olO//’O/ flit’ mufhmuitv ou!’ flit’ muiO’muslunminmt’-l)totini(l

n’o’o’o’pfomr tot o’ounmo’o’mutnmotioonus mit mvisit’hi tl’so’y tort’

iuis�’sio mhtogio’muhhv mto’fivo’ (‘1�tihIe Ci) . All t Iso’
mtmmo’stl’st’fio’s to’sto’d cmouso’ mini inicn’o’muse omf’

m’sflinsitv �vifI’sootmf ciumumsgo’ ins fist’ nsuimuluo’n’ oil

sift’s. Tho’ in’so’n’t’moso’ is t ho ‘ stomsie to on t iso’ dihI’o’n-

o’mst monsesthuo’tio’s sttndio’th, multhuooughm tlso’v tint’

0 ‘fi’o’ct ivo’ mit (hflo’n’o’nst (‘0 oiso’t’nit n’mit it onis. I t is

tthsoo flit’ smimiot’ loon’ a givo’ns amio’sfiso’tio’ tumiti

oil f’ft’n’o’nst o’lmoohii oo’n’gio’ 1igmomsols : aco’tvho’lso ohimio’,

mu smuia I I I oohmtn mogo om5 ist (I”,�,, = I 0 mmii � , oon’ t iso’

oln’o omsimit io’ I )NS-o’luo oh (Is,:,, = 30 �z\l ). ‘Flit’ to oo’mth

monoo’sthso’t it’s inso’m’o’aso’ t hut’ aflinmitv ft on’ I it otis

olsoohiioo’r’gio’ anstmogoonoists minoti mogootsists. Ins-

‘F.�non.o. 6

(‘oormo/)a)m.’omo In’t,i’ot,, /)10//s000I0)(Jl’(lI o’JTo”/.’� oof o’(lr,oo,i..�.

ltoooil (100(sthetlo5 timid thou of/’oot.’ oon loi�oo/i,i�� oof

eiooolooo,quo fo�jamu1s too 011(010101an(-h00001nd �

fin o’rt,Jo 0 ooooptor of’ ‘l’orpodo

I:,, is I hue o’ootoo’o’mol toot ‘ito oof hoo’ool osmoest boo’t to’

,‘,� hs io’ ho olo’o’ mo’aso’s bmy hal 1 1 ito’ dejuo ohotii zoo I I ooto ‘of I boo’

o’o’ho’Io’o’trooboh:oxboy hoot is oohuluhio’oot ioon oof I hoe agoonoist

.1 :.o (sioo’o’) is t hot’ to otoo’o’tot toot 0010 (of a zoo’st hod i

o’aoositog both list’ tosooxitsiothoobmset’vo’oIitoo’to’ooso’of

I )�“o’S-o’boool lloooto’sro’moo’o’ (frotss i’�ig. U). .4:, (loitool-

itig) os Ihoe ootoo’st hoot Ic o’o,too’o’tot toot lots o’:ooosimog half

I hit’ tisoix itsmool too’ reotse (01. 101tOt lit 0 g oof [II mo’ I vI -

o’hmobimoe (fmo otis l’ig. Pt)

.�mso’stbictic In vi:’:
mcmii) oramic
potcmsmial

oof iSt)lal(’(I

elect rouj ola\

I:n

$KI� S2S-A

1 )itsso’I loisoo-

titnits

l�mihno’ooimoe

2 X 10 ‘�

2 X 10

8 X 10-’

I1ioho ,o’ooi moe 2 X 10’ 1 2 >< 10�

I )oot 00 fo tss I isis w ork . Tioo’ t’espo 01050’ woos

followetl ito 1 hoe Iitesetoo’e of .50 MM root’buootiivl-

o’Iso ohI too’.

I )ott a frotos Weboem ootod ( isootogeoix (18). Tioo’

to’s�o omoso’ woos fo ollowo’tl ito Iiso’ pt’eso’too’t’ oof 2 MM

(It’(’oOtoOO’t lootoiootoo.
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diro’cf niethouds liavo’ i)een’s used to sliouw ti’so’

o’fft’cf uvith antagounists, and it cauimiot ho’

do’eided yo’t uvh(’tho’n the im’sc’no’aso’ oil muffinify

is oil exactly tic’ sanno’ mm’sagnmifude with atm-

tagonists as �vifh agornists. Wlio’i’s tint’ uso’s

DNS-cliool to) proobo’ flit’ pnopo’ntit’s oil flit’

nt’eo’pto in sift’ , flit’ speet nouscoupic data slit iii’

that am’so’sflit’tics caust’ mmou t’liango’ mi flit’

maximum fluoino’sco’nco’ sigmial (t iuam’st urn

yio’hd) our in the ‘svavelengfh oil miiaxirnunii

DNS-clioui o’n’s’sissioots. The o’oonfnol of affimmity

ouct’uns ivitliout ehianigo’ oil flit’ no’co’ptomn sift’

en’svironniio’nt as st’nsso’d In’ flit’ spo’o’tral i)n�u�)-

erties oil 1)NS-chool.

\Vifi’s msiost oil flit’ nio’ni’shranmo’ pnepanafioonos

test(’d, tlmo’ hin’sdinsg (‘unvo’ oil acefylt’lioiino’ is

S-shaped, ivitli a Hill couefficiei’sf oil 1.4. Iso

fist’ lno’st’iit’t’ ouf homt’al anso’sfho’tit’s flit’ sl’sape

oil flit’ hiinudinsg cunvo’ four aco’tylcliomhin’st’ is coins-

vo’rfo’d lnomii sigrnouid too imypo’nl)oohic. Tluis

(‘0 unsvensio in’s oof sliapt’ , ‘svhit’lu at’eo oniipmun’sit’s flit’

increase oil afhiiity, is reniinuisco’m’sf tof a cl’sarmuo’-

terisfic j)rt mpo’nty 0 ml negulato mn�’ o’n’szyni’ses (33).

Tl’st’ loieah anuo’sth’so’tit’s �vouuld play a rout’

‘tinmilan too that oil ahloisft’n’ic activatoons such

as vahitut’, in’s flit’ t’muse oil l)iosyntlit’tit’ n1-thuno’o-

nino’ do’aminaso’ (40), our ATP, is’s tho’ cast’ oil

aspantafo’ fnanss(’anl)muni’sylaso’ (41 ). Hoouvevo’n,

ti(’ rt’lafiounsliip I)t’fiVt’o’Ii flit’ inmt’no’muso’ oil

affimsity and flit’ umscouuphim’sg oil cooupo’nafivo’

im’sto’nactiommis is mstut as t’ho’an uviti’s flit’ cl’souhiimen-

gic net’o’j)foun as it is uvithu the ro’gulafomny o’mm-

zylsit’s : iii nio’n’shramso’ Pno’Pmtnatio ins w’Imich

himsd acc’fvlehuomhint’ wifhouut signifiemmnuf tom-

oupt’raf iv(’ o’ffeo’t , pniho memmino’ still causo’s aim

imieneast’ oil affinuity four aeefylch’so music.

Caht’iuni ions causo’, as dou flit’ lomemul ass-
o’sflietit’s, aso inseno’aso’ oof affinuifv oil flit’ nsuo’msi-

brano’-ho iunid Torpedo no’o’o’pf our loin cit ohinso’rgio’

liganuds. Houwo’vo’n, tho’se twoo o’lasso’soil couni-

pounds appear tou act mu mu rat lien differo’nt
n’saisno’r. With 3 tint pnihoueain’so’ flit’ sanmo’

affiuuitv is no’aclio’d wlio’f lien ton smout t’mult’iumm’s is

preso’iit in the mi’sediun’s’s, but this is soot true

for flit’ o’ffo’ct oil cmuhciunii in’s flit’ prt’so’m’sce (in

absem’sco’ oil houtah ano’st het it’s. Ca� also u causes

an iumo’rc’ase tul affim’sifv four ao’efyhcliouhimuo’ with-

oiuf sigriific’anit change oil c’ououpt’rativity.

F’urf h’so’nmt one, f lit’ spo’cf nooscoupit’t’xp(’nitmio’m’sts

indic’ato’ fiat ealciun’s, like loucah amuo’stlio’tics,

causes a do’crt’ase cmi DNS-o’lioul fluoro’sc’o’m’sco’

frtmnm flue so’o’ommsdany sito’s. Huwo’ven, this

clt’cnt’aso’ is sn’sallo’r thu-i’s that o’mnmso’d by flit’

amiesthietics atsd is not acccuni’sI)anio’d by a

(‘hamigt’ is’s flit’ wtuvo’hc’i’sgth omi sima-ximnuni

o’n’siissio in’s.

So mluhihizaf it ui’s (of Torpedo no’(’o’pt #{176}in-rich

nio’mi’sbnam’so’ Inagmemit 5 ITi\’ cliomimuf 0’ 15 acco miii-

panio’(i I)y mu nianked o’hmusigo’ oil tic’ binding
prouperfiols oil flit’ c’homhimiergit’ no’co’ptour site.

Ut’s tho’ nic’niihna-iic’ lnagnit’m’sts a siisgho’ (high’s)

affinity coomusfmum’sf is pno’so’i’st foon each higand

sfudio’d ; a miiarko’d hiefo’noges’so’ity oil hiinudim’sg

c’outmstansfs appo’an afto’n somluhihizafioun (37),

ammd fist’ affinifio’s four flit’ agoutsists do’cno’ase

miiomr(’ signifit’mumufhv fiats foor flit’ amitagoimisfs.

1”unfho’nni’soono’, n’soo evido’no’o’ ha-s Ix’o’nu fomumud

that pnilout’aismt’ ton o’alt’iun’s c’an is’scnt’ast’ the

affim’sifv oil flit’ somluhilizo’d no’co’ptour in’s eitlio’r

its highs- oor loow-affimuity loom’s. Ti’so’ c’ommstnol

oil ro’o’o’ptoin affimsify by tlio’so’ higam’sds appears

cliarac’fenisf it’ oof t ho’ mmio’s’s’sl)nam’so’-i)ouumud ft mm

(if flit’ no’ct’ptor pntmto’ism.

I”insmuhlv, uvo’ ‘svouuld hiko’ too discuss flue

iitmssihlt’ nelafiounship ho’tuvo’o’i’s t lie o’ffo’c’t oil)-
st’i’Vt’(h in m’itro oums flit’ himmdim’sg pnompo’ntio’s ouf

t lit’ nimo’nmibnmum’so’-l� uund no’co’pf our and f ho’ to mi -

fnoul out’ m’sio’mTshnmuno’ pt’nno t’ahihify. At first

glatmc’e tlio’no’ is a parmudoix : bouth’s 1(icm’sh amso’s-

thio’fio’s amid (1a±± c’auso’ ass imscro’ast’ ouf no’t’o’p-

four affinity. Loucal mumuestlic’f-ic’s, h’somwo’vt’r,

uhfinimuto’hy pno’vo’nt flit’ po’nniio’ahihity t’lmassgt’

c’auso’d liv flit’ mugommuists, while c’mihciunm’s domo’s

nout. \Vo’ h’smuvo’ alno’adv nsio’nsfioomso’d so’venmul

o’xpo’niisio’mmtah ro’sults whicl’s suggo’sf that looo’ah

anuo’sthetio’s amid (‘mi*+ insc’nemuso’ flit’ affis’sity omi

flit’ ro’c’o’ptoun sift’ i ia diffo’no’mst sift’s amid miiomst

hikc’ly by diffeno’msf rnec’haniisn’s’ss. Cliaracteni-

zatioumm oil tlit’se diffo’ro’nsco’s niighut lo’ad too

idesitific’mufioau oil flit’ sfnuc’f tint’s imivoohvo’d ins

flit’ (‘omuphitsg ho’tivo’o’ts no’o’o’ptoon mut’sti itoisom-

pit mo’.
St’vo’nmuh t’lo’t’f noophvsio mbogit’al no’sults, h’souw-

evo’n, t’nimph’smisizt’ mi parallel i)t’t\\’t’t’ti flit’ act iomns

oil (‘aI(’iulii and loucal mumuo’sflit’fics. Upomsu

ioomittopliomnt’tic apphicafio 0i5 (of agoom’sists at tho’

mug m’seuro omusc’ular j ummo’tiois, tlio’ mimo’miibnano’

c’ounduc’tam’sco’,aftt’n a naj)id issc’no’aso’,dec’no’aso’s

rapidly. 1)o’so’mssifizafliuss fakes plmuc’e. Maga-

zmunuik tumid Vyskom#{232}il (34) l’smuvc’ sl’souwm’s that

both (1mu muimd louo’al aiso’st lio’f it’s inscreaso’ flit’

nato’ oil do’sensitizmufioun. SKI” 525-A, flit’ moist

t’ffo’cfivo’ compouumud in enhamuc’ing do’so’imsitiza-

tioim’s, ho’hmivo’s iii ouur systo’m in “leo muu’sd in
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vitro as a loucal ano’st-h’setic’ . One oil the t’siodt’hs

proposed by Katz and Theshlo’ff (42) amid

Magazanik and Vysko�il (34) to o’xplaimi

dc’sensitizat iorn po ust-ulafes a t hird sfnuct unmul

state of fit’ no’c’epton, in addition’s to flit’

“resting” and “active” stato’s. Such a sfato’

\VO)Uld liavo’ an affinity four agonisfs higlio’r

than that oil f-lie “active” sfato’. It is flierefouno’

possiblo’ that the high-affinity sfato’ of flit’

ro’ceptor prott’imu oobst’nvc’d it’s flit’ lro’so’m’st’o’ ooi

local anesthetics e(unr(’spoomuds too a ‘ ‘do’so’nssi-

tizc’d” lorn’s oil flit’ nt’c(’pfo)n.

As’s iniportamif (1ut’stio)n coonsco’nnss the pl’sys-

iculogical sigm’sific’ant’o’ oil flit’ afflumitli’s loin

acetylchouhimio’ and out lio’r c’ho ihinergit’ ligmunuds

cl th(� n’senuubratso’-houi’sd buns’s oil fho’ ro’t’o’pf out’

it’s t)ur pno’paratioui’ss oil n’st’nibrano’ fragi’sit’muts

in vitro. Simice flit’ affinity of the nt’cepfoun (‘miii

he (‘c)nfnouhled by its ni’so’nibnanc’ em’svirommmr’s’so’mmt

and since (‘lianges by a fac’tour oil 100 fako’

place U9t)Ii do’fo’ngo’nt sohubihizathun’s , 0 Otit’

cannot l)t’ cenfainu fiat tie highu-affim’sity founts’s

to1 flit’ no’co’ptomn is that oil flit’ rec’epfoon ims ifs

native symiaptic’ o’msvinoinmiio’mut . Jim iao’f , mu

simpit’ calc’uhafioui’s tt’m’sds too suggo’st flit’

oppoisifo’. Kn’soouvinmg flit’ dissouc’iafiomtm coummstanst

col m’sco’fyhch’so mime four flit’ h’sigli-affinsify stafo’

(10 nn) and assuming that flit’ nato’ oil assom-

ciatiounu oil aco’tvh(’liouhn’so’ ivifli flit’ ro’c’o’ptomn sifo’

is binsoulo’cuian mind hin’sito’d by diffusioin (I,’

10� �1-m 5t�t�_t) tii’st, � t’alculato’ mu umii-

n’soho’culmir rat-c’ oil dissouc’iafiomns oil th’st’ aco’fyl-

chohino’-rt’eo’pfour coumioplt’x oil mubtiut 10 so’c��.

In otht’r words, fit’ avenago’ tinie loin which a

singlo’ ao’etylclio mhin’so’n’souio’cuhe uvo ould he 1)0 mund

fti flit’ no’cepfo)r sift’ would 1)0’ Oil’s flit’ omndt’r oil

0. 1 so’c. Evens if flit’ assouc’iafionm nato’ counssfanmt

is 10 finiic’s higl’so’n, fl’s(’ o’xpo’ctt’d fimumo’ ouf

receptour oc’cupafic)nm (0.01 see) woiuld t’xc’o’o’d

the dunatioumi oil flit’ poustsynmaptie poifemstiah

[about 0.005 so’c (43)J. Althoiugl�o suc’h a

situafiom’s is m’stot ini’spossihlt’, it is difficult too

imagine why acefylc’hcuhine would be i)ouUisd

to the nt’ceptoun for as much as 25 tinmo’s the

duratioums oil flit’ cotuductamico’ change. Coum-
panisoim omi the kim’so’tics oil himiding timid oil the

chango’ oil c’oum’sductano’o’ upt umi ioim’stoplio oro’t ic’

apphicaticunm of mu fluoro’scent agounist tom flit’

live cell n’sigl’st ho’lp tom clarify this situafioum’s.
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