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1)o n-c--re’spcommsc cumvo-s of t ime- mio-t ioni 0 of -y-miniii nie obtitvmie- ac-id t e o inc-nc -misc - t lie ‘ c-c onmdue-ttmtoc-e - o

pOStS�’tmttl)tie nme-hlibmmthie- \�e’IO’ Ifle-asllho-dl ill fibers of the- flc-xeor t ihiaiis nmusc-le- e of time- nio-t-a-

t iicnac-io- ic -g 0 of �I�.�o(-u.sla no igiatoija . ‘Fioo - signie oici simmij oe- eof t i me- c-titm’e -s is i mmt c-rpme -t e-cl iii t c-rums

cof time- cocopermit ive bitidimig oof tmioon.o’ t imami I -y-tmniiitieobutynic- tic-ic! mimooio-c-uie- t o t he- neco-pto on.

‘Iii ‘fuimcticomm ef stmite-,’’ \\iDc-im c!c-se-tibc-s tue ptimtic-ular c-misc- imm wimi-ii mo-e-e-pt on tic-tivaticon is

imiducc-d oonml� mifte-rthe- bimmciimmgof nmmouc-tiimeii1 ligmimielnmieoic-e-uie-,is e-oonipmmrc-e!ivith sonic’ otimc-r

feonniulmmticomms c)f eeoeopcntitivc’ binding, mimic! is sim(owmi to) giVe’ a be-tte-t fit too time’ e-xjoc-ninio-tital

datmm . ‘Fiiis fumme-t ioomi untie iuo -iv pro-eliot s t immit t tic- linuit ung I I ii i sic ope- mit smimall ce niee-nit rmmtio ns

eciiitils ii, time- mmurimb-n cot nieoio-e-ule-s nco1uiro-e! tco mmc-tivmmt- me re’oc’i)toon. mi time- puc-so-tit o-xpo-m-i-

nic-nts mc appcmmns teo be- 3.

I NTROI)UCTiON

‘Time-nc- is nmucim c-vidc-mic-o- t limit �‘-mmnmine-

but \-nic- tic-id is a mme-urot rammsnmi t t c-n imme-climitim ig

1)e-miI)imeral inmhibitiomi iii time- mmo-urenmuse-ulmmr
systems of tintimno)j)ods ( 1-3). ( AIL�m acts by

sc-leetiveby unc-ne-asinmg time- pc-nnme-mmbiiit-y o)f

t lie pc)stsymmaptic- mo-nibrmmmio- t 0) ohIo nielc- ie)ns

(4). The effect on pc-nnme-mmbiiity c-tin be- nie-mi-

suneci expe-nimno-nmtalby as atm itme-no-aso- iii me-ni-

hi-ammo- commduc-tanc-c-. It � feoumieb that time-

dose--ne-spouse- c-unve- foot- this mme-tioon of ( ABA

eli crayfish miiusclc- fibers is signioid in

appcmmranmc-e (5) , and is moot dc-sc,nibc-d, time-no--

fore, by a Langmuin iseotimc-nni or )lic-imae-lis-

\Iemitemm ecp�ititieomi feon 1 : 1 bimme!immg (of (Al��

t-o receptor.

1 ‘Fhio Iobl)rc-viatidono cisc-cl is : � ABA, -� -amiiino)-

bnntvric- tic-id.
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I nm to hi-ic-f re -toe ort e of eoirt rc -stilt s wit ii b ocust-

mmiuse-ie-fmbo-rs (6) � �neopeoso-dl timmmt-nic)ne

t-imamm 2 nicole-c-tile-s of (A13A nmiiist immto-nact-

i��itim mm mc-ce-l)te)m in oom-d!c-m t( 0 tictivmito it.

Tl1tmkouoimi mono! ‘Fmikc’imc-imi (7) ronoioose-d that

time- oonmbunatiomm cof 2 tmiobe-culo-s oof GABA is

mme-e-e-ssminv too moot ivmit-o- time rece-ptor iii c-mtiy-

fish, but tin-v did rmoot e-nte-n inteo timc e-eonsid!-

c-mmit nomis be-mmninog ‘oh this imitc’mj)netatiomi eof

time-in elmitmi.

1mm this �omipc-r � jone-semit- iii c!etmiil time

no-salts ef coun eiuamititative- study of the

mio-tion eof ( AJ�A iomm time’ j)ostsymmmmptic- mime-ni-

bnmmnoe- cof lcoetmst niitiscle fibers. Amm c-ffoont �

mmie!e- too mumo-tisure dose-ne-spouse- curve-s ovc-r

time- wide-st poossible’ ne-spo)mmsc- range. \\�‘ cx-

tin-mimic- SO)flio’ eof time’ pno)�)ertio’s of time- oqutmtion

ivimic-im e!o-s-t-ihc-s time’ pmintie-imltmn c-misc- iii ivimicim
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ne-e-c-lotc)n act ivmmt icon eoccurs cotiiv mitten time

bimieiimmg ed nmmc)ro- thmmni 1 ligmumel nmeic-o-ubc-.

‘Time c-c�utit ie oti is sue oivlm to 0 be- dist imiguisimable-

fneomim time- scoiuo’titimil biimeliimg futic-ticomi (8, 9),

tilol)t_e olonimit e- t 0 0 t lie- c-misc’ iii which rc-c-o-ptor

mie-t ivtit ic oti 0 occurs comi bimmelinmg 0 of O’ti(lm ligand

mimeole-c-tile-, mimic! is also o site owmi to o fit t lie- con-

dtmetammco- e!titmm rneonc tic!c-eiuate-lv.

‘Time- interpno’tmitioomm of time-se-fiiie!imigs ole--

io-niols impe oil t imo’ ro-lmmt ie)nsimi1) ho-twe-cmm nc-c-c-p-

t-O)m mmc-tivmit ie 0mmmmmc! c-conioluctmiimce- inme-remise. 1 f
timo- mtssunmpt-ieoti cot a iimic-mmn nc-imitio)misimip (sc-c-

1’ig. I ) is justified!, our n-c-stilts �vootmleI immdi-

cmmtc- thmmt time’ e-eocope-nmitive- bitmciimig eof mit be-mist

3 nmmooleetiies cot ( ABA is ro-eiuiroe! too tmc-tivato-

a mece-pte or mm time’ loocust nmuscic’ Iomc-lotinmit ieoui

ummelor sttie!v.

Iii time- l(oll(owilmg jomije-n (10) wo- dc-sc-nbc-

time- kinmct ic-s mimic! t-e-nmpo-mmitmmro- o!o-joo-uieh-umce of

r(-speoums(-s too (�A13A.

METHODS

‘Time’ nmuscle stuc!ie’d � time’ flexor tibiabis

of the- nme-tmetimconmieic (junmpimmg) leg of Locust a-

ntifpatom-ia. lime fe-nmur eof time- junmping leg is

largc-ly fillot! ii-itii time- bti!ky cxtemiscor t-ibiabis

mmmuse-lc-. Time o-imtiro- o-xtc-nse)r, togc-thc-r ivitim

T__Eeq �:i- Er

In

F’mo; . 1 . 11�ip�Iio Ct 1 ((II (4’/ 16 il(1l( ml ( �i re 01 ii of /)LOi( -

s//Ic(1p(l( omoemmobramie

�!m’, anooh �/, mono- thic- ro-stimog i)ote-iotial amid ro-stimog

-onochonct alice, n(-sl)o-(-t ive’iv, amid L’� is t lie’ oo1tiiiiho-

l-iuniolote-mo(itchof tlit’c-hilon-idc--hanomoels (openoeci Oil)

h� rc-cept oon toot nvmot ion 0. (hosi mg etooho (of C lie

s�vit (hio’5 _\� I , .\� �2 � � � -\�T o-eonm-c-sl)oonoels too tot ivat 1(010

O)f omoc’ mO’c�c.l)tOOm anoci adds itoh ‘omoelmuetamoce’ q� too

thoc’ovc’m-ali miienioh)nanoc’comochout alocc. (I’conochioo’tamoce

inoo-l-o’aso- is thins chinc’otlv Pn�loeort iomoal to tlmo noonmio-

hoe-n- cd i-e-o-epton-s moot ivato’d.

its stmrrctiioo!imig e-utie-le-, � c-ut miwtiv too

e’xpe)sc- time’ nmuc-h snimmilc-r fle-xcon tibialis nitise’bc’

no-sting migtinist conic- re-nitmitiing fmie-o- eof time

cuticle-. Tiuc- fibers oof the- flo-xeor niuscle- tine�

mobeout 7 nmrmm ioommg mmmcl 20 50 � mi dianmc’to-n.

‘Time- Pre-Iommratioomi ii mis nicoumite-ci iii ti small

I ‘e-rspo-x Olimo nmbe-r fe or sujoe-nfusie oni . The- stump

oof t ho- tibia ��as c-lmmnipe-e! fully cxteuided too

fix tlmc- fle-xor nmuse-le- mit its mtiximunm jo1m�si�-

icogietml lo-ngtim.

‘Time- nic-nibratmo- c-commohme-ttmnmc-e-of superficial

muse-bc- fibons wmis nmo-tisuno-d usimug commve-mi-

tioonal c-c�uipmc-nt mimic! to-chmiieiues. A fibc-r

was inmjoaic-el with tweo glass niic’rcopipettes

ti�)pr(oximato-lv conic- o-e-bl clianie-ten apmmnt . A

linic-mir nmmnijo cof immwmmnd e-tmnno-nit wtis pmissc-d

tie-nc )55 t ime- mo-nibnmitie - t iwo otigim 0 onie mie-neo-

j)ij)ettc, tmuid time’ no-suitmmmmt pcotemitial c-immingc-

� nc-c-condo-el by time- sc-c-comid micnc)pipette-.

‘The- cunremit- nanmps we-nc- sloow cimougim fcon time

joot ential always to) nc-nmtiium in c-quibibniunm
is-it ii time immst tmtit ant-c otis current across t lie

mc-nmbnamme-. (1urre-umt mmmd peote-mmt ia I wenc’ tip-

plied micross time’ imoonizeommtal and vertical

J)ltite’S cof mmii oscilbooscoojoc- mi time- .iy mode, timid
((Omiductailde- ��as (obtainmeel fnom time’ slope o)f

time’ lame dlisl)itiVed o)ii time- se-nec-ni. There was

usually mmo c!e-viatieomm fnoni iine-anitv iii time

came-nt -veol t migo ‘ nc-bat ieonsimip o f t lie- mom-

brmmne- cove-n time- range- studic-d (0-10-mV

imvpc-npc)!anizmit io oui) . Neo o-vidc-nce cof nect ificti-

ticoto \vtis se-cmi rim timc- nmimige- of 1)e)!anizmmticotm

st ache-el.

\1ie-rcopi�oe-tte-s ���itii tip c!iamc-tc-ns of less

t-imaim 1 i.i mimic! no-sistminc-o-s mm tho- 20-100

nmegohm rmmimge- i\o-rc- usc-cl. Iime)sc- feon j)tis��ig

c-urre-nit we-no- fillo-cl ivitim 1 ii i)cotmissium c-it nmmte

nc-ut raiizc-c! tc I�F1 7 i�-i1 ii citric acid, minid

timoose feon l)eoteiititil nio-asure-me-nt i�enc fille-d

�vitim 0.6 �n potassium stiliolititc-. Time nc-corded

ne-sting j)ootc’ntitiis eof tho- fihors we-ne go-ne-n-

milly immtime- ramigo- 40-60 mV, but these value-s

mino- umice)rne-c-tc-el feor time- t ‘P pctc-mmtial cf timc-

nmio-neopi�oe-ttes. All cof time’ uibo-ns inmpaled ��e-re

eoui time- eXi)OOsedl inmnc-n sunfmmc-e- cof time- flcxcon

tibialis muse-ic-. ‘Tho-se’ fibe-rs milways no--

spoommele-d tc til)J)iicmiticOmls eof (�\B�� ivitli mmmi

inc-re-misc- mi nio-nmbrmiiie o-comiciue-tance, and this

imme-ro-ase ccouie! ho- do-tee-to-el umiifoornmly cove-n

time- fiber sunfmie-o-

At- mm t-3’J)idtii rc-stimmg imiptit o-onductanic-e-

(imijout co)midue-tamle-o- is ho-rc-miftor nefenno-c! to)

mis e-eomiductamme-e-) oof 2.7 )< 10� miuo timc



ic-ngtim o-comistammt m�as feoumic! too be- 4.5 nmini,

assumimmg imifimiite c-able- lorol)e-ntie’s (1 1 ). it

cami be siicowmm timmi-t mmc-gligibie- ennoon is imitneo-

duce-d by this assunmptie)mm if time- fibc-r lc-nigtim

is merc timami about 1.5 time-s gre-mite-n timani the

length e-c)mmstant. Timu.s, witim time’ tips of time-

micropip(-tte-s plaec-d not nmcorc- timan .�5O ,.�

apart-, time overestimate- oof time- true nmc-m-

branme- c-otieluctammcc- was le-ss timan 2 � c-ye-nm

whc-nm c-one!ue-tance- wtis inicro-ase-ci by mmfmie-toon

[�4 1”

y - � 4:-TA-iA.�_1 + Ion)

AX - - - A-c 1.V is c-fTc-ctive- ; (b) tiio- fconnma-

tiomm of � is misseoeimito-el with timo- -opo-c-ific

cimange mi e-o)mmfeonnititiooum.

If time- elissooe-iation ceonmstatits km

I��::�:m - - � , fer 0-mid-li stc’1) iii time- iimtc-ractiomm,

mine- cbc-fimme-d e-onmve-titioonmillv, tame! !J� time- fnac-

ticon oof total r(-Cept(or tlctiVate-{l to) thu effec-
tivc- eoommfonniatieonm, is Pttt c-o�titii to) [A ,,XJ, it

folleuvs that at c-ciuilibniunm in the- pne�c-nmo-o-

eof c-ootie-e-mmtnatieomm [�1 ] of iigaimcl

(1)

wime-re- h-1 = J�:,-c , � = K,K,, i

h-3 = � 1K,� � , etc.

Simice Ec1. 1 e-xpno-sso-s time- vtiniatieon ivitim

o-c)mic-c-titrmitidonm eof tho- co)flil)leX A,,.�V, maid

simico- time fonnimatiomm cot _-I,V is associmitod!

i�ith a sI)ecifid c-(ouifeonnimitioomimml statc-, ivo- unay

oomisider Ee1. 1 ti ‘funme-tioni O)f stmitc-.” lime

e-eorne-speomiclitmg �binchimig futmctiotm’’ is timmit

foormulatc’d by Ae!miin (8) tonic! by Koshlammd

ci al. (9), milieu nmav be- e-xpro-sscd as fe-olloows:

(-0)

+ [�1]k,_1 + k,,) -

cof 2 on 3 imi the- pro-se-lice- ef imigimo-r c-conic-c-nm-

tnatieomms ef GABA.

Time muscle� was i�upc-rfused ceonmtimmueously

��-ith bathing seolutioonmflowing at 20 ml - nmimm

timnougim mm5-mi bath. Thc- batimimmg seoluticoni

was mimi umibuffc-ro-d salimme- ( ‘d-hionid(- smi-

hue”) e-onmtaitiinmg NaCl (140 ni�t), KCI (10

mit), (‘aCl2 (2 mm), and \lgCb2 (2 nyu) at

rc)oom tc-nmpo-natune- (20-25#{176}). Time-sc- c-eumchi-

tions we-nc- suitable’ emily for flit- me-asunc--

ii’ =

-n-([A �“ + [A ]�mh1

mvimc-ic- y’ is time- fnmie-tiommtml smttutatiooum oof bind-

inmg sites. Time- funmctioomi cof stmito’ (Ee1. 1 ) de--

scribe-s time smitunmmtieomi curve- eof fonnimitieon of

time- mie-tivmitc-d nc-cc-l)teoi c-cotifonnimitioui, ivhile-

time- biniclitig fummc-tiomi (l-oi. 2) ole-scribes timo-

stmtttnmmtiooti c-unvc- cof ligmmmme! biimclimig too time-

nc-ce-pt or.

Time- niost use-fim! Pncopc-rtY of Eq. 1 (12)

timmit e!istitmguishc-s it fneonm l’oi. 2 is that

(1 bog y
lim = ii
.-o-0o (I log [A]

(3)

It femiloivs that tiic- Hill s!opc-,

�(l log [y�/(1 - u)fl - (d bog [A])

also) mmppnommo-imes mmiiniititig value equal to n

mms -ooimce-mitnmitiootm eleo-retisc-s. I’en Ec1. 2, time

funme-tionis developed by 1\Ieonmod et al. (13),

amid feormuimitioonms bascd upoum timem (14, 15),

time- slOl)os cof thmc- Hill Plots (bog [y/(l -

vs. bog [A]) all approacim 1 eon 0 as ligammd

c-oomic-o-ntrmmt it ommmmppnoommo-ime-s 0, i nne-spc-ctive of

time- value of ii. Thus time- mi�)j)licabiIity eof

Ec1. 1 can be- tc-sto-c! if we- eobtaiii miccurmitc-

e-xpo-ninie-mmtmil clmitmi mit time- beottooni cof time

cunvo- ro-ltmt inig t0’cej)tc n tict ivmmt l0)ii too ligaiicl

e-c)nie-o-Imtltitio)n. \.ll timc futic-tieoiis mnc-nmtieonic-d,
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-n[A ]“ -I- (�it - 1 )[-1 jn__i��.� f . f. [4 ]/-,�

+

nic-tit 0 of resl)OiiSes to) snimil 1 c-eine-e-mmt nat iomms

eof GAB;�. Timo nimiximum re-spoommsc- mvtis mini

appa-neimt 5-fold on gne-atc-n inmcrommse mm e-oomm-

ductance, amid full recovc-ny too thc- c-ooiitreo!

value of resting comiductatice was rarely se-eni

aft-en such responses. Replacenment of a lange

pant of time NaCi contemmt cof thmc- saline by
sodium pre)pionatc brought aboout aIm “mit-

tenuatiomm” of the nespoumsc-s to) GABA amid

an extenmsion of time- rammgc over wimicim timey

were ro-versibbo-. Time ce)mposition cof time ____________

“propiommate salimmo-” ivas C2H1COONti ( 1 12
m�i), NaCI (28 mM), KC1 (10 m�i), CaC12

(2 m�t), amid )oigCi� (2 m�i). Be-e-ausc- cof tIme’

alkalinity introduced by the- l)ne)pie)miate, time-

solutiomi was adjust-ed to) pH 6.5 by mie!c!itioim
of pnopionic acid.

THEORY

\Ve deal witi-i time case imm which to nmei!e--

cubes of bigand, A, must bitic! to) time ro-cc’pte)r,

A’�, mi corder to pneoducc- the ccotmfconmmit-iooimtil

change niediating time spe-(-ihc c-ffc-ct otm meni-

brane penmeabilit�. Time- ceomditioiis may be’

summarized as folbonvs : (mm) miomnie- cof time pos-

sible confonmatioms (of X on of the- eeonmpic-xe-s



(4�)

(�5)

J�k

=2H�

� � _11 � �

Log 4

Fm o . 2. (‘IoararIo-ri.�tic ho ii slope olo.s(ribu(ioomcs

(/10(10 by (llfler(-o( .‘O((j(O (0 0(/ I)imc(liO(/ fn actions u’iuoc

�0� = 4
(�iimve a , l-:(� . 4, t he mit li-corder meactioto ; to , lci. 1.

the funoct ieomo eof St tote- (K1 = K� = K� = 100 >( K�)

(., loi. 2, t ha’ .-\dtoi r-1’�oshilaiod hi mmdinog fomnict iono

(K1 = K2 = li:1 101) X I��4) ; (1. ioi. 5, zero co-

oope-rativitv.

igmi eof ole-sc-nsitizmmt ie on mm time e-eont inmuc-el

l�’#{176}-��-t’#{176}-�-of ( L\BA. Time’ iiienmbnamie- lootc’ml-

t imil gc-mmo-rmilly ne-spe omiele-c! wit ii t namisicimt hy-

ioo-rpeoiminizmmtieomi , ft oilo owe-c! by dc-poiminiztmt-iomm
teo be-bow time- iimitiai no-stimig li-vel. Time- imypen-

peimmnizatioim \\.tis timbre’ nitinked imm 1)nopiomiate
stilimmc timid wmis fmc-e�uo-ntly tibse-nt iii (-imionide

smibimic’. Time- clove-h Oj)flm( -mmt eof t ime c-oumdue-ttiimce

imicmemmsc- mippe-mirs too J)m( oeoeci immde-pc-mmdc-mmtly

0)f tin- assoe-imitc-eI stiimmll o-immimmgo-siii me-nmbrtmmic

l)olanizmmtiomi (10).
limo- c!etmmiiee! immmic-nvmmtiomm eof time’ flexor

tibiahis muscle- hums miot to) cur kmmeavlc-dge

be-c-n stuclied since- time- immitial work of Hoyle

( 19) . Time- f( oblowimig e-x1)e�niumic-mit a! c-vidence

suggo-sts that time- nme-mmsune-d no-spouse-s were

time re-stilt eof mm e!irc-c-t inumibitorv micuro-

trammsniittc-r-like- mic-tieomm omi the’ I)osts�miaptic

niembrano-. (a) Sc-mmsitivit�- too thc- action of

(iABA is conmpanablc to�o that feoumid iii ot-imer

mm-nthnopood muse-ic-s fen ivimich timere is good

evidemice oof I oeostsymimipt ic imiimibitiooim by a

GABA-like- transmitter. (b) Time increase- in

ooommductmmnce is si)ccific too chloride’ ions. Be--

I)lace-mnemlt- cof cimloonide by a large anioommic

sj)c-cies sue-u mis prc)piolmate largely elimiimated
tho- comme!uctmiumeo- imicrease-. (c) The resting

commductmimice is no)t affectc-d by addition of

0.1 mM loienc)tooxium I a sj)eoifiC antagonist of

(��;ABA amid of penipimo-nal inhibition in the
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includumig I:ci. I , give a limimitimig Hill sbcope-

of I mit imigii smiturmit-icomi.

limo- timc-ore-tic-mmhlv hiniitiiig fonnm oof leh. 1

mit inifimiitc c-c a 0100-nativity , wime-mm the mite-n-

nic-eliate- sjoe-c-io-s _-1_1t�� - - - _-1,,- i-.’ mine- no-gli-

gible-, is tue smmnmo- as foor Eel. 2. Both reduce

to) time- mmiss mio-ticomm e-xpressioonm foon ami iotim-

cne!en re-mictioomm

, [_,l_j!I LI = [�-t]� + K

\\ ii(’nitime’ fit-c-c-mio-rgy tof intenmie-ticonmbe--

t\V(’eii hitiduimg site-s is Zc’lc), o-mmc-imsite- is in-

elepc-mme!c-mit mimic! himis time- sanio- intnimisic- elis-

se oe-iat ic oIl c-c oust mmmit , K’. Time’ mmmeroscc opic’ dis-

seoeimmtieomm e-commstmitmts tim_c- mmea\ io-lated to) time-

immtriimsie- e-oomistments b� siniple- statistical fat--

toons ( 16). \Vimo-re-mis the- binding function (Ec1.

2) miea� n-c-chine-c-s teo time- �1ie-iimic-lis- \lc-mitc-mi

(-xjonc-ssioomm ( 16), time- tumme-tioomi oof stmite- (l�ei. I)

ne-due-cs too

I F_-li t’-
!/ UA] + k�

i-:c � tito t i ‘ )ti .5 is t ioo ‘ to ornmm use-cl by I ) odge - uric!

Rmiimtimiiimiiioff ( 17) to o (10-scribe- the into-ractioon

of (‘tii 4- witim mi nc-e-e-pte)n mit- time- pnesynmmpt�c

t C nmniiimo I imi Ire og nmiisc-be - ( 1 8)

1-’reuim time’ mobove’ liniitimmg fonnis it nimmy be

miimt iOii)tmted! t limit t lie’ biiicfimig amid state func-

ticomis will be- (!ifhc-Ult- too distiimguisim for imigimly

O-o)cq)o-nmitiVe imitenmictieomis mimic! niost- obvioously

e!ist-imiguishmmblo- iviic-mm doe oponmit ivit-y is low.

F’igune- 2 siiO)\V5 how time slope- of time Hill

I olct vmirie-s oove-n- t ime cxpenimne-mmtaiiv accessible
rmmmmge-mi foun specific inisttmmmc-o-s ivitim n = 4.
Time slopo- givo-n by the- bimmclimig fumiction (c)

is sc-c-ti too tmpj)neotmc-im 1 mis rc-sl000miso-s gc-t smaller,

while- time- 51001)0’ give-mm by the fumie-tiommcofstat-c

(b) ap�on-ommc-imc-s 4. ‘Floe- elisseoe-imitieomm e-ommstant-s

substitute-mi mmbooth fumme-tieomis arc- time’ same

(K1 = K2 = K, = 1(X) X K4) amid were

e-imoso-mm t ej immt re oehimo’c- to imigim cle-gie-e- oof ce-

eopenmitivitv.

aEsui;rs

Vature ()j I(S/)O)lSC to (L4 ILl. . \Vheim a

scolutic)mi c-eilmtmmimiiimg (‘�ABA wtms immtre)dluced

imiteo time- ehammibe-m-, time’ mmmernbnmine- ceondue-t-

mimic-c- eof time- mu oti Ic-cl f ibc-r ine-ne-ased slowly

cove-n mi po-nicoel oof niimiutes too reach amm equilib-

niuni vabuc- ( 10) . ‘l’imis no-spouse- showc-d no
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COOn’E IIATIVITY OF GABA ACTIOX ;) t -)

ioocust- (2, 20)]. Timis inmdictitc-s timat timenc- is mio

tonic re-Ic-use of aim emmdogemmous GA BA-like

inimibit tory t ransmitten amid , timen(-fc)ne , t imat

the measure(l responises are imot nmc)difie-(i by
a pro-synaptic actioim to modulate sue-u no’-

louse’.

Dose-response c-aries. Time- log-log plots cof

averaged resl)otises vs. GABA cone-emit ntm-

tion were- foummd to) be linicar in each exl)c-ni-

ment fcon ceoncent-rationis bobeow 0.1 mits. limo-in

mean slope (10 expeninme-imts) was 2.77 ± 0.15

( stammdand ennc)n).

Tim� cc)tice-ntnat iomm of GABA was c-ha ngc-d

in stops with rico immtenme-diate washout . No

attempt was mtide te) nanidomize- tim- e�c)fl-

centnations, sine-c- time use-ful lifc- of mimi inmpale-d

fiber (2-3 hr) was mmot very lonmg iii relation

to the- 9e-niod of equilibration (7-8 mini). It

Was d-o)mmeonbv obse-rvcd timmit the o-e1uiiib-

rium cc miductatic-e- inicne-ase-s, g’ , we-ne- largc-r

0)11 desccmit through timc- conie-eimtratieonms timmtmm

con asccnt. The- data we-nc- time-neforc- divided

inte) ascenidimig” amid ‘dc-sce-ndimig” cunyc-s

amid rcpicmt-ted as simoown mi Fig. 3.

The- rc-gre-ssio)mm line- thnougim time me-an

asce-nmding e-unve- ( nmimme c-xpc-ninie-nts) simown

in Fig. 3 has a slcopc c)f 3.15 ± 0.06 (stamidmind

c-nror c�of estimmmtc). Timc- slope- c)f time nme-amm

de-scc!ndinmg curve- ( 10 e-xpc-ninments) imme-rc-aso-s

soomc-what as conce-ntnatieomm dee-no-usc-s (time-

slope of time regnessiomi line- through time peoirmts
is 2.45 ± 0.11). Time inidiemited nmaxirnum

response [1.40 (±0.21) X 10� nmimo] mm Fig.

3 was e-st-imatc-d by avo-ragimmg booth c-Xpe-ni-

meat ally ebservc-d maxima mimic! e-xt nape olmit o-d

maxima (the mo-timed of o-xtnmipedmmtiomm is

described be-how).

F’igure 3 simcO\V5 timtit for re-spoiisc-s eloowim to)

abcut 1 % of time’ maximunm timc-ne- is nmo sign

that- the log-log plot- turns towards mmlimit-

ing slope of 1, mis ne-cininc-di by time’ binding

funiction (Eq. 2). Time- plot beimmmvc-s, nmitimc-n,

mi tho- nmanmmmc-t m-o-quinc-cl by tin- fune-tieoni (of

statc- (Eq. 1). Givc-n time- mmssunmi)tio)mm of a

lame-an rebut iomisimip bet wee-nm mc-cc-j)t eon act ivmi-

tieni and conductaume-c- imocre-am-oe- (sc-c- ems-

CUSsnON), we would inifen freonm tim- binmitimig

SlO)l)e’ that 3 or moore nmodeculc-s cof GABA

arc- necessany too activmite- time- rc-c-e-ptoon.

Chloonide salinmc- (sc-c’ �lE’rHoes) was usc-cl

in-i time- above expc-ninio-imts, tmnni tipmirt frornm

effconts to detcnminc- mmixinimm, the- lminge-st

cliauigo-s me-asunc-cl e-oonnc-spoommde-el too mini up-

Fm cm. 3. E.rperc mmoemolal limmoit n mog slope of log-/cog plot

of -o cc(/0101(0 mc(0? 0 mo(���(j5() , f/I , (�qO� i most G_-l 1L4 c.o mo(�f 10 -

I rat ion (do lOTi(10 .�ili moo

0 , noic-an l)ooinmts (± stanodtird error, mimic experi-

miienots) miieasum-ed on cumoiuiative usc-emit eof the coono-

cenot ratieonis ; S. mneano boeoinots (± standard (-rreor,

10 experinienots ) noieasomred oono (he-scent t hir(oongho e he’

conoc-enotratioonos. The Si(OJJC oof the regressiono limit- is

:3. 15 ± 0.0(-o (sO anoclard erreor (of c-st mimic t . -- , os-

tiniated noootono nooaxinioommii ne&qoonose.

prooxinmato- ole nibhiimg of time- nc-st imig c-conduct-
ammce- [nib-mimi fir 2.67 (±0.17) X 10_c mime)].

Lange-n nc-speomisc-s eoftc’n \\.o-i-e- uieot fully n-e-vc-ns-

iblc-. limo- ro-speoniso- too GABA can ho- nmmic!o-

sniimillc-n b� re-pimicinig chmloonido- with mm. iargo

tiIiio)ii sue-li mis pne)piouimmte- (.5, 10). Prompiconate

salinmo- (sc-c- ilEmoes) was uso-e! in time ne-nmmiini-

imig e-xpc-ninme-nits mi oondc-r too nimeasunc- no’-

51)0)uiseS at iiigiicn ( A13;\. c-c nmc-c-tmtnmitieonms. In
this sabinm- time- nc-sting c-comidue-tammcc- [nmc-mmmm

f/r 3.57 ( ±0.30) X I 0-#{176}niiimeo] wmis inc-nemised
o)mmiv by a fmie-tion 0)f 2 on 3 mit full saturation

�vitim (ABA. I(c-ve-nsibility appc-ans tc de-

1)0-mid! mono- tipoti time- size- of time ncspo�mise than
llI)doIi time- ceotieenmtnaticni cot ( ;Ai3��.
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Tfime-coto-t ie-tiii:\-. if suhstitutiomi cot lone 0l)i(olimite-

nime’me’lv t( -chico -s t ho- ummit c_c omiduotmmnice c-immmngc-,

(Jzt ( b’ig. I ) , it simeoulc! be- possible- to muse’ time-
I-ime’misul-e’c! nimoxiniti mm ioiooiiconmmite-smilimic-too

o-stinitmte mm nmtmxinimtinii hor o-hmbomioic-smilimie-.

��nmmmil m(--tl)(onmse’siii time’ t\VO) smoiinie-seliffcr

by mini mipj)m�e)xinimitc’ Immo-teot cof .;5.;5. \\‘hmcmi time

mile-tonie-xioe’niniio’mitmoinimmixinmtmmim iii I0t�00l)i0)1immt0’

smibimic’ [3.76 ( ±0.40) X 10#{176} niimco] is nmul-

til)liO’el by this limo-tom-, time’ re-suIt (3.2 X 10-s

mimimo) is iiiote’ timtonm deouble time- vmmltme do-ten-

miminm-elmi ehloomic!e’smohitme-(1.4 )c( 10� niimo;

se-c’ aboove’). it tm�opo-mmrs timmit time’ meolo- oof time

tmiiiootm tmmmov imoot be- c-nmtiie-bv passiVd’.

liii! plot. i’igtmro- 4 oiieo�vs time’ e!iffo-re-nmee’

1)(’t\Ve(’im hog eleoso--re-spoonise curve-s nme-mmsune-d

comm misc-c-nit mmmcl c!o-sc- -nit 0 of time cc onmc-c’nmtratiomis.

It- simenile! be- mioote’cl timmit- iii thus j)mmrticiiimmr

e-xpeminic’imt , eiesce’mmdimig c-e)mme-c-nitnmotieonis ‘OVc’t�o�

use(l first, but timmit time- effect was time- smmnie

wime-um timo- e)tdlOn wmis nc-verse-el. Although

time-no’ is a simift aioong time’ conce-ntrat-ion axis,

time cumvc’s tire ‘ a�ojonooxinimtite-ly I)tmmti!10’b , ammt!

timis is e-onifirniio-c!by time- slope-s cof time-Hill

1)10t5 (bog 1!) ( 1 - !J)1 vs. log [A]), ivimic-imtim-c’

nieot- ce)misist-O’IitlV c!iff-no-nit . hums t( 0 eeoiistniie’t

2

0

� i C

O#{149}5 1 2 5

[GABA�xiO4M

Ft cm. 4 . ‘ ‘A � 10(11 0 (/ ‘ ‘ (I mO(l ‘ ‘(/05(000 (lill� ‘ ‘ loq (lose-

rcspomo-.sc curVes cof GA BA (leliomo (propiomoalo .s(zlimoe)

.�\_noexanoiple of the shift oioso-rvech betweeno p01 mots

nmocmosimred on c,mmmiioilat ive- asc’mot t hreougim Clie- (dOn-

ce’nmt raticonos (0 ) anoch cono descenot (�) in the- samue

experinoio-not.

time- nmeami Hill ple)t (mime- c-xjoo-mimemmts) simen� mm

mm 1’ig. .5, misc-o-nmdumig tub! e!c-sc-o-mmc!imig e-iimves

ive-m-o- 1)0010-el.

limo- miimmxinimtmnm sloojoe’ eof time- Hill plot i�mms

ttike-im as the’ slopo- ed time’ negne-ssionm hue

timieaigim time- loo\\�cr fiv- locoitits. l’iiis slc)})(- is

2.78 ::E 0.05 (st mimmclmmre! em-noon of c-st inmate-).
‘fimo- funotionm ef stmmtc- nc-claire-s timat timo- 5l01)e
0 of time Hill ploot simmmlb mieoivime-re- be- stce’pe-r timmimi

time- linut-ing 51001)0’ mit snima-il Oc)iioeflti�mmtiOmis,

timid this e-comme!it ie onm is timc-ie-forc- fuifilic-ol. ( )mm

time- other immimmc!, time- binie!immg fuimct-ioomm m�ill in

ge-nme-nal give- to mmmximmiumim Hill 51(01)0- mi time

ro-gicon of immthf-smitunmitiomi (21).

C’urre flttiotq. There is e-xpeninmo-mmtmml j ust-i-

fication (Fig. 3) for exte-miolimig time limie’mmr p�on-

tieomm of time’ Hill Pleot (l’ig. 5) doowum to

!I (1 - y) � 0.01. Thus Hill pleot e-min be

tmppnoxiniiate-lv fitte’d by Fi:eh. 1 wimc-mm it = 3
mimie!K1 = .5 X K2 = 25 X K3 . \Vimc-n to = 4,

�. � �

[GABA] xmO�M

Fme;. 5. E.o-perimocemctal Hill 1)1001 for GA BA (pro-

pl(1000lo’ saline)

The regressiolo hue was conoputed fronim the

io)w(-r five- points (slope = 2.78 ± 0.05). These are

the- nie-ami results cof nine experiments (± stamiclard

error of the muoeami).



COOPERATIV1TY OF GABA ACTiON .)� ‘

it appears too be ne-ce-ssmmnv that the affinity for

time first GABA moic-cule- be high in relation

to the affinity for the second (negative co-
openativity) in ondc-n to fit Eq. 1 to time

curve.

Time timno-e- mc)st useful quantities for cimar-

actenizing the dose-response curve tine (a)

time maximum response, (/nsax ; (b) thmc- oomm-

centration at half-maximum respemse, [A]0.3
timid (c) the Hill 510)1)0’. It would be advan-

tageous to c-st-imatc- time-se- \Vitimeout- time necc-s-

sity of mc-asuning maximum ne-sponses since-,

as already mentiommed, such responses ciuite

often are- not fully ne-vensible. Wc- therefore

examined time errors involved in assuming

that the doose-nespommse curve is described

by Eq. 4 (nt-h-order reaction), w-imich may be

�vnittemm in the folboowing form:

f/F (Jiioax \. [4]7o (6)

The value of a was cemputed which mini-

mizes the sum of square-s of deviations fronm

linearity il-i the double-reciprocal plot of

1/g’ vs. 1/[A]”. The data treated were t-imose

used to construct Fig. 5, but excluding point-s

above 0.24 m� GABA. Values of gniax amid

[A]0.5 were obtained frenm the immtercepts O)n

time axc-s of the limmeanize-c! doublo--recipreoeal

plot. Time statistical weight of time points is

not edlual in time doublo-necipnocal plot, amid

this is a 1)ossible seourco’ of error. Aim intenmmal

check 0mm the metime)d was affonde-ci by usimmg

the estimated goziax to commstnuct- mi Hill Plot

and establishing bet-im that time Hill sloope-

did not deviate from time computed valuo- of

U and that the standmmrd ernc)r of estimate

of time Hill slope- was small. 1mm Table 1 are

shown time mean vmiluc-s of Hill slope, [A]0.1

amid giioax cobtaimmed from e-ighmt c-xpenime-imts

treated iii timms \Vt1V. A further timno-e c-xpe-ni-

ments yielded absurd values (i.c-., � either
less than submaxinmal ncspoonsc-s o)n, mi omme

case, more thmin 10 times gre-mit-c-n thmin time

usual maxima). Time- nmeaim c-c)nmpute-d vmmluo-

O)f to WaS 2.90 ± 0.23, wimich is sufficiemmtlv

close- tO) time- me-aim Hill slope- (2.�0 ± 0.24),

and time mean stamidand ennoor e)f o-stinmatc- cof

time Hill slcopc-swas oommbv 3.9

By o-c)mpanisc)nm i�-ithm t imc’ o-xpc-ninie-mmt al

value-s also shown iii Table 1, time’ above 1no-

cedure is seen to give- nease)mmably goed c-s-

t-iniates of the- Hill slope anmd of [A]#{176}.5, but

to undeno-stiniate’ sonmewimmmt time- niaximunm

nesponsc-. Use is made of this proocedune mm
time folloiwing paper (10), iii wimicim it is

shmowmm that there- is mmsharp c!e-pemideimce cof

[A]o.:j �Oii tc-nmperatune-.

DIS(USSION

If, as has oftemi beemm suggested, receptons

are multi-subummit proteins (15, 22, 23), hmca�-

munch can one info-n mibeut timc- nme-ciiammisrn of

re-cepteon mict ivat iconi fnonm thmc- c-c juilibniuni no--

lmit ic)nmsimi1) bctwecmm ac-t ivmmt 10)11 mmmd ligtmnmd

conme-e’mmtratioim aleonme-? \Ve- simoow that comic- cmiii
Imope- to) cle-cido- wimc-timem rc-e-e-ptor mictivmtticoni

is immduco-d eonmlv miftc-r binidinig too mono- thmimm

O)IiO’ site. This is pe)ssibbo- be-cause- time- mmppnoo-

ionimito- c-qumition ftor this emiso- ( lei. 1 ) uniic�ino-ly
pm�e’ciicts timat time- s!oope of time- J)beot cd log !J vs.

leg [�-11 (mimic! o)f time Hill ploot) ivill inc-nc-misc-

nmconmotc)nically toowmmncls mm linmitimig integnmil

vmiitic gre-mite-n timmiii 1 mis [A I c!e’creasc-s ( 1 2).
Figaro- 6 allows mmo-eonmpmmnisoon of time Hill

plots give-ni by 1:0!. 1 , wimioim wo- immive- e’mtllc-c!

ii fummc-tiomm e)f stmmto-, mimic! time’ Adam- Keosimlamid

bimmehing fumicticnm ( iel. 2) , i�imc-mm ii = 3 mimic!

T�neI.E 1

Commoparisomo of e.rperimmoemotal (110(1 extrapolal((l cubes of oooo.rimmooommo respomose, g, , c-001(-(-,olrali(omo at

h a lf-mmiaximo- 04 100- response , A ] � � , (1 00(1 II ill .slope (propiomoate so limo e

value g,�io�x Li o. � [hill slope

700//OS )( 1O� .11 X 1(J�

Ixperinienital 5.701 ± 0.4t) 1 . 1M#{176} 2. 75’
Fxt rapcolatecle 4 . 99 ± 0 . 43’ 1 .05 ± 0 . 10-’ 2 so ± 0 . 24-’

,‘ Stanmdard error of six experiroienmts.
0 These values were take-u frotii time regressioono line shoownm in Fig. 5.
C \Iet hood of extrapeolat ion is described ito t he text.

d �t-anoclard error of eight experinienots.
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Concn., arbitrary units

I’m c. - 6. � i mm,i to oq liii! ..l(opes of .st(ito- a 01(1 6mb mig

1,1 I,,1ic�)H.’�

�Vlic n hoc on-c-I i � I o-oii�ve-s �vp m�c’ OOi)t a i med hv 1)001 t i mog

i,-=3anoehls..1 =:1xK2= 1()OXK3inoiois.lmiimd

2. 1-:vo-no at t lois hugh degree (of ccocopc-rtot ivitv the

hitochirog fonnoe-t ioto (b) curve-s teowamels imnoitv slope-

\vi t lii no t he e-xi)d-rimoie-iit ally :oc�essihlc- riologe.

t lie- olisse ocimot ie oh c-onstanits imitn oo!uc-o- mi imigh

ole-gre-c- of c-c o opo-nmitivitv (K1 = 3 x K2 =

100 X I#{176}:o). It c-mimi be’ se-c-nm timmit time’ Hill

sic 01)0’ give-mi by t lie- binidimmg funmc-t ic oii eli-c tps

visibly tcowmiro!s ummitv fca smmill 1c-sj)oniso-s

mvitiiiii time’ e-xpo-nimc-nta! rmmmmge- (curve- b).

Figune- 6 aisco ShmO)WS timmit- if time- fuumc-t-iconm oof

stmite is imi fact mipphicabbe-, time-mm time- c-onmco-n-

tnmitiomi [_4]o .m , mit immi-lf-niaxinimml re-spoonse- will

be’ gre-mite-n timaim time e-ommcentntmtieomm at- half-

satunat-ieomm 0 of bimmding site-s. Time- c-conicc-mmtnmm-

ticonm mit imtmlf-stitunmmtiomi is mi wiclc-Iv uso-d

n-umc-tismin.e- 0 of cove-i--till ligmimme! afhnmity, mimic! it

will be- cvc-nc-stinmato-d if use’ is nmmm-e!o- cof

[-I]�.� rii its ste-tic!. Time- twoo value-s commvc-nge
m�hic-mm o-o)oope-rmitivitv is imigim mind time ce)mmc-en-

tmtiticoni of immte-inmo-c!iatc- c-ooml)bc-xc’s falls.

( )un c-xpc-ninio-nitmml nc-stilts �vitim GAB;� calm

be- tmiko-mm to immc!ie-atc that 3 nimole-eules of

GAI3A minc- re-quint-el too mictivate the ne-co’pte)r.

Hoowc’ver, this hit e-rpno-t mit iomm raises t lie’ climes-

tioim of time o-xte-nit to wimicim immcn-aso-s iii

o-oonmdtmo-tmmnmce- arc- a clinc-et nmeasune of re--

(-cpto)r activation mmmcl, t uris, ��ime-the-r the-

time-ooretical e-cjummticoums considered hi this pmipc-r
mine- mipl)licabbc- too time c:-xpe-nimnental close-

nospon�e- curves.
A sinmplc’ view eof (ABA receptors is timat

time-v mire- idemitic-mil nmc-nmbramme--bouimd prooteimi

nmmo!e-o-ube-s which, c)ii imitermiction witlm GABA,

immde-pc-mmcle-mit by ummc!e-ngo mi e-imaract enistic

c-immimmge- iii o-oonmfomnimitiomm to 1)noducc- anieomm-

sl)e-c-ifie- e-imanne-ls iii time’ nme-nmbrane. Ace-cord-
immg too this view time o-e�uivalemmt- circuit illus-

trmmte-oi iii iig. 1 is mi�)j)neopnimmtc- to time- -hammgcs

iii nmmc’nmmbrano- o-ooncluc-tammcc- commtime e-oommditicons

timmit (a) mmct mimoovcnmc-nmts of iomms deo not alte-r

time’ ummit e-o)mmducttmlme-o- (q() timid (b) small

o-immimogo-s iii nio-nibn-minmo- pc olmmnizmmtionm do mmot

affc-o-t j)c-mnme-mibilit�. l#{176}vic!e-mie-ethat thes c con-

clitionis mine- fulfilled iii time’ pnese-mmt c-xpc-m-i-

nmmo-nmtsis o!ise-ussccl in the- foollowimig PmiPe-r (10).

l’vc-mi tiieougim time-re’ is a �oossibihity timmit cumin-

mmcl joc-nnic-ability is iii soon-ic- way dc-pe-ndemit

coil ( �L�BA o-commo-c-nitnaticonm (24) , it is nioore

likely ( 12, 25) tlmmmt , mnmme!e-mfmmvommmblc’ c-eonmdi-

tie onis, c-c onmc!uo’t mimic-c- inc-ic-misc- mimav ho- me-iatod

hue -miilv t c 0 noccpt cor mict i\/’tit �0 Oil.

Iii time- icocust- nmuscbo- stiiclied we’ cobso’rved

mmcomio-cf time’ eie-so’nmsitizmit-iconm pimenmooniie-nimi feoumid

mm o-rustmie-o-mmnm muso-be- (26, 27). Too time- e-omm-

trtmnv, seom-mie’ tij)j)tiicuit miic’tasttmbihitv iii the

mo’speomisc’s tco (�i3;� \VtiS eobscnvee! (F’ig. 4).

l’untime-m- pc ossibbo- c-viclo-mie-e- cd nme-tmmstmibiiity is

nb otc-cl iii t lie- fe olbeowimmg lOmil)o’l (10).

Timc- study of (IABA rc-c-o-pte)rs is mit an

o’tmrlv stmmgc-, but time’ mmpjorcuie-im misc-cl lie-re’ may

iimivo- sconie’ gc-mme-rmil be-mining c omm came-ut at-

tenmpts mit- timo- isolatic)n mmmd c-imarmictenizat-ioim

oA m-e-o-c-iotoon prc)te-imm (2�4, 29). Our re-suits

suggc-st timmit bindimmg dimitmi cbtmmimic-d with

isoobmmto-c! ro-c-e’pteor simo)ubd micot mmc-o-c-ssmmnily

nimitcim time- e-ommco-imtnaticomm dc-pc-mmcio-mmoo- cof re-

e-e-ptcor tic-tivatioui in sit-ct . Aim irnpc ortammt test

cf time- iscolatiomi cof fumme-tioonmmili00e’1)tooi ‘OVill

invoolve time’ imme-onpconmitiomm cf time’ Purified

nimito-nimil inmt c o artificial bile-aflet nmo-mnbnaiie-s

( 12, 30). )�lc-misunc-nmo-mits of nic-mbnminie- o-eomm-

e!iie-tminio-o- e-hmmnige-s mis mm fumictioni oof higammd

c-comice-nmtrmitiomm camm t-lmen be made fcon coompani-

so mmwit h c-e)nne-spo oiicling data cobtaine-cI from

immtmmct cc-ils.



COOPERATIVITY OF GAJIA ACTION 579

REFERENCES

1. 3. W. Kuiller amid C. Edwards, J. Neurophysiol.

21, 589-610 (1958).

2. P. N. R. Usherwood and H. Grtmndfest, J.

�\enrophysiol. 28, 497-518 (1965).
3. M. Otsuka, L. L. Iversen, Z. W. Hall, and

E. A. Kravitz, Proc. j�c�( Acad. Sci. U. S. A.

56, 1110-1115 (1966).

4. A. Takeuchi amid N. Takeuchi, J. Physiol.

(London) 177, 225-238 (1965).

5. A. Takeuchi amid N. Takeuchi, J. Physiol.

(London) 191, 575-590 (1967).
6. 11. Wernian amid N. Brookes, Fed. Proc. 28, 831

(1969).
7. A. Takeuchi amid N. Takeuchi, J. Physiol.

(London) 205, 377-391 (1969).
8. G. S. Adair, Proc. Roy. Soc. Ser. A 109, 292-

300 (1925).
9. D. E. Koshlamid, Jr., (1. Nemnethy, and D.

Filmer, Bioehemmoisotry 5, 365-385 (1966).

10. N. Brookes, M. Blatik, and R. Wermimamm, Mol.

Pharmacol. 9, 580-589 (1973).
11. J. Bures, M. Petran, amid J. Zachar, in “1lec-

trophysiological Met hoods in Biological I�e-

search,” p. 350. Academnic Press, New �ork,
1967.

12. it. Wermato, Commop. Biochemmo. Physiol. 30, 997-
1017 (1969).

13. J. MotiO)d, J. Wymimani, amid J.-P. Chamigeux, J.

Mo!. Biol. 12, 88-118 (1965).

14. J. -P. Chamigeux, J. Thi#{233}ry. ‘iV. Tunig, amid C.
Kittel, Proc. Xal. Acad. Sd. U. S. A. 37,
335-341 (1967).

15. A. Karhirm, J. Theor. Rio!. 16, 306-320 (1967).

16. IE. J. Anotonoinoi timid \I . Brunoori . imo ‘ ‘lle-nouo-

globium amid 1\Iye)globinm 1mmTheir Reacticomomo

with Liganids,’’ p. 158. North Heollanmd Ptolo-
lishing Coniparoy, Amiiste-rdamii, 1971.

17. F. A. 1)odge, Jr., amid 11. llahianiiiniieoff, .1.

Physiol. (Lomodomo ) 193 , 419-432 (1967).

18. 11. Werman, Commop. Gemo-. Pharmooaeol. 2, 129 137

(1971).

19. ( . Hoyle-, Proc. I?o��. Soc. S’or. B Rio!. �Sei. 1-13,

281-292 (1955).

20. J. ilobbinos and W. U. Vamo der Kloot , .1.

Physiol. (Lomodomo-) 143, 541-552 (1958).

21. J. Wymani, Advamo-. Proteimo (‘hemmo. 19, 223--286

(1964).

22. F. H. C. Crick, imo- “�NIoolectilar Preope-rt ic-s eof

1)rug 1�eceptors” (11. Poorter amid �i1. tt’Cooni-

moor, eds.), pp. 192. Churchill, Lunodeomi,

1970.

23. N. V. Khromuov-Borisov amid M. J. Michelseoni,

Phariioaeol. lIen. 18, 1051-1090 (1966).
24. A. Takeuchi anod N. Takeuchi, J. Physiol.

(London) 217, 341-358 (1971).

25. A. Karlin, Proc. ?s’at. Acad. Sri. C. S. A. 38,

1162-1167 (1967).

26. II. Fpsteino amid H. (roonodfest, J. Gemo. Phmjsiol.

56, 33-45 (1970).

27. A. Felts, J. Physiol. (Lomodomo ) 216, 391-401

(1971).

28. J. L. La Torre, ( �. S. Lunot , amid l. I )e- llc)bertis,

Proc. .\al. Acacl. &i. I �. �S. .4 . 63, 716-72()

(1970).

29. J.-P. Chanigeiix, J.-C. i#{176}mleunoier, timid M.

Huchet , Jib!. Pharmmoaeol. 7 , 538-553 (1971).
30. M. Parisi, E. Hivas, amid l. J)e- lhobe-riis,

�S’ciemoee 172, 56-57 (1971).




