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Figura 1. Modo!o del Ciclo de Activación de la Adenllato Ciclasa. 

guanina ~ue partic!pa ~n la estimul~cidn de la &denil3to ciclasa¡ 

e, subunid~d c~tDlitic~ ds la ~d•ni!ato ciclasa; e•. *arma activa 

de Ja ~ubcr.id~~ Cé~~lí~!ca; r-e-c:-ptor; R,.., 
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F!~ura 2. ~odel~ d?l Ciclo de Inhibición de la adenil3to cicla~a. 

gu3n ina cic!asá.; 

R, 

~lta ~•inidad par~ agonistas; 

para a9oni~t~~; T.P. to~ina pertussis. 

17 
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TOXINA DEL COLERA 

cAMP 

ATP 

TOXINA PERTUSSIS 

Figura Modelo de los qui::- par tic: iparo l á. 

es~imulaciGn e inhibici~n hormonal de la ad~nilato c:ic:lasa. Epi, 

ep ine-f r- in&.; subunidad alfa de la proteína Ns¡ 41, Gubunidad 

a1~a de la pro~e1~a Ni; 35, subunidad Seta CP.M. 35,000 Da) de 

la-$ pr-o~e!na-ti. r-Js. >.Ni; 10,, ~utunida.d Qama. CP .. t-1. 10.000 C'A> de- las 

p~o"t~ :i:na'$ t.J~ :..- t..¡i. 
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AGONISTA 

i 
1 l 

OAG PI P2 1 P3 rp· p,í~ ADP ~Pi 
AT P 1 P 2 

AP PIP ~p 
CTP~ p,1 l:===AOP 1 p ' 

ATP ~Pi PP1 

C O P- OG PI 1 

~MP~ l 
F ig•.Jr·a 4. Ciclo de Hidrdlisia ~ SinlQsis d~l Fas~ati~ili~ositol. 

PI• .fo~.fatidil inositcl; P!P, -fos-fo.tidil in-=.r~i'tol 4--fo:=.~a.t.o; PlPa, _ 

I • inc·;.itol; lF, inos.itol 1-

IP 2 , in-osit.ol 1,4 b ifos-f es.to; IP:::.,, ir: os. i tcl 1.4.5-

di~cilgl icero!; Ar. ácid~ ~o~f~tidico; COF-DG, 
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GTP IP3 Interior 

~-P-L-C--... ---'',...t--P-1 -P2----P-l P---P-1 ___ P_K_C-... -_-P_K_c_•_ 

DA G --------------" 

~---------------------~ Exterior 

Epi AcCh 

FiS•.Jrz. Hod<>l e los ccrr.por.er. tE--s que participan en 1 a. 

de i'cs-f'a.t idil i;,os1tol b ii'os.-f!a.to. Epi• 

Ach,. ace-tilcol tna; o<- •• 

r:'-.UAC:~r- tn i-cc.; Nx, proteína. reQuladora dep~ndient~ de nucl~dtidos. 

PLC, -fo~.fol ipa.~a. e; PlP:z,. 

bi-!--=-cTatc; P!P,. -fos-fa!.o; PI• .fos-far.tidil 

P!<C, prot:c-!na k ir.o.sa e; PKCY., -f orrna e.e t. i""ª de la. 

pro~~!n; kinaza e; inos.itol 1,.4,.5-tr-ifos-fa.t.o; RE,. r·etic.ulo 

e.ndcplá-;;mico. 
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Communica.tion 

Diffcrcntial Effcct of Pcrtussis 
Toxin on t.hc Affinity Statc f"or 
Agonists of" Renal a 1 - and a 2 -

Adrcnoccpt ors* 

agnnisth uf rt-ccptt)r..,, cuuplt·d inhibitCJrily t<1 tla· c:-ch1!--C (20. 
21 ). 

(H•·(·~, .. ~-d f.,r pub\11 ;111nn. ,J;¡nuary :n. 1~•~) 
.Jo .. l• l.ui.., Bo:o- t•r+~ •. \.ni.:t•lit·a C.un·int. 
<..-urlo ... ¡>._,.._,utoi ... 1, 01nd .J. /\dolfo C:.1r<·iu-~úin7~ 

Fr\Jn~ th·· tlh·¡.,; ... t,;••io nt<> ,¡,. Eritf,,. r1nulohUJ. ln.,!ICuto 
,'\'ut1orio: d.· Cc;rd1 .. f.,._:ui •/,1·r1,H"lo C/1111o·:-·1;ru! !h•· 
§!),·¡>eor:,1nu·r.t" ,f, /¡¡, .. "' r1•··r .. 01. (',·•~!n• J,· 111< • ,r¡¡_:(H '"n•· .. 
('n f"i.•1"!",_.'Ul (', ¡¡,fdr, l 0

1111 , ... ,,.;",¡d .\.'u• l"TUJf .-\ ¡;:t•fli>f1UJ do• 
.\f,·1i.:o, A¡>nrtuJ1• ¡• .. ,:<il ~(' t>(M/, IJl.~J}O, ,",f,;xiru. /J F., 
,'\f1·x1co 

Thc- t.•fft_•Ct uf pt.•rtu.._._¡.._ tu~in lrt.·alJHl'nt Ctn tht• J.!nan
int.• nuL·lt."Otidc--indth't'<l nlodulati11n of tlu.• affinity of 
renal u 1 - and o;;:-;tdr(.·1u_•rJ.:;ic rt•t·t·;>t1Jr~ '"'ª ... in' 1·-.t igalt•(J. 
Prt._•lrl·atmL·nt of rat~ "'·ith pt.•rtuo..-.is to:>i..in <li.d not in
duce any chan~c in t he nurnlu.·r of or afíinity for antag:
<>nh-•l!-oo of a 1 - or u;i-rl·eeptors ,..tudit•d u!->i ng l :•1t }pra;,o..;.in 
nnd r'll}yohirnbinc. n_·,..;wetivt·ly. Cu:inyl-;;'-yl imido
dipho..,phalt.· indueed 01n .. up-!'>hift'" in tht.• nun1ht·r of a 2 -

adrcnt.·rgic rt."ct.•ptor~; thi!-> up-..,hifl "'·a~ nol oh .... erved 
for a 1 -adrt.•nt•rgic rt.·'-"t.•ptor!'-. l~ertu ... ..,¡.., toxin trt·attnenl 
dt._•crca~t.>d tht.• affinity of t."pint-phrinr for tht." ¡-'ll}yo
himhinl•-hinding !->ilc!o- and r(."lil.H·t.·d t he ahility of guan
inc nuclt.•otidt.•s to n"lodulale <r;.,·:.ulretlt•t.·t.•plor agonist 
.affinity. ·rhe reg-ulation hy J,!uanine nut·IPntid(_•!-> of u 1-
udrenot..·vptor affinity for aµ:onio..l!-- v.·a~ not .altcrcd. 
'rht...'!--l-" n .. "!--Ult~ suggt.·~t that thc rnoclulation of ,,,_ and u::
udrcnuccptur~ hy J.!Unnine nuelt•otidc!-> i~ prohahly ex
erh•d throug:h diff<-r<-·nt tnoh·c..-ular Pnti.tics. 

c;uunine nuclt•utidt>-. n·;~ul;ilt· :idt·n:-·latt.· «:-<"l.to..t· <1Ct1vity an<l 
the affinity !--t.at<• fur a¡_:oni!--1 !-> but not for <t11\¡q.!uni~t~ of 
rcccptors 1inl-..t-d to the ;1dt·11ylatt· cycl1t~t· ( l :-, 1_ 'I"lu·--..t· actinns 
of ~ruaninc nuclt-ntidt·!-> •Ht' nit·diated thruu¡.:h it~ illtt.·r•1t·tion 
'"·ith protc·in._ th:it <·•niplt.• tlll· l"t"Ct.•ptor-. to tla· «yt:la!->(.' .. ·\. \arg:t" 
amount of t..·vidt.·n1·<- indieatt.·!-- that tht· gu-'nira· Il\ll"lt·otii.lt· 
rej!Ulntory p:n•t<-in;:. in .... ·11lvt>d in n·ct·ptor·r111.·di;1h·d !--1 irnul.1tion 
anri inhih1tion <•Í arh·n:- late cycl<1.-..e ill"t." d1fft·rt.·nt lt•·T!nt·d :--.:. 
(!"timulationl and :--.;, 1inhil1itiunll u-,-~1. 

lntert-;:.tingl:--·. n·n-·nt t.•vich·nct· indicatt.•!-> t hat ¡..:uanint.· nu
clt.·otides rno<lulatt• tht• .affinity ~tatt.· of n•ctc•ptors 1101 linkl·d 
t.o udenylate cycla ..... .._. ~uc:h a~ the o 1 -adn•n(>Ct..•ptors (~~. 10). 

Pertus!:oi~ toxin, an exotoxin pro<lucl:"d by f{urcli·tr·lla p•·rtu..'>
sis, abolishe!-'; rcc·l.·ptor-mt.·diatt-<J inhibition of adPnylutc cy
clnse in ~everal ti~!--lH!S (G, 1 l~lü). ~rlw l"fft.·ct of thc toxin 
~t:ems te..> he dltP.to thr AI":>P-rih<1sylation uf .a ,\f, = 41,000 
prot!'in, plltatively N, ( 1 7-19). Ht·ccntly, it ha~ la·t·n rt:portcd 
t.hat the ac-tion of the toxin dt.·c.:rcm-.e!-- t be affinity ~tatt_• for 

• Thi~ rt--.earc-h ""'ª"' "UóJj•OTt~d Ly n ._.:rant fr<>!n tht• Fundo rl..
E~tudin~ t• ln..,,t·"tiptciont-~ -Hi<:ard.o .J. Zt·v.,da.- Thc tn~t,., (>f publi
c;1tion nf thi-. artid1• v.1·re dPfra:-1·d in part by th.,. pa;-nwnt of ¡Jit¡:::ir
char¡.:t-,;. Thi!". article niu,.,t thPrt:furt• he h1·u:by 111arht-<l .. ,u]¡,o'rtu.c
rnrnt'' in accl>rclancl' ""·it h 18 U.S.C. St-<:tion 17:»-1 ~olt•ly lo indicat.e 
thi"' fact. 

R.ut kidncy cortt·x rn1·1nbr;1nt·~ c11ntain u 1 - anrl o.,;·.:icltt'no
cc•ptor~. and hnth of tht.·~e !--lll1typt-o.. r)f o ;idn·:i1•t1·ptur~ ~t·t·m 
tn ht· n1od11l:i1t•ri in th•·ir rtffinit."· .;.tntt· fc1r 01;:<1ni-.t~ hy µuo1nin€.• 
nllclt.·otides ()0). 'fht.• t·fí1-c·t of JH·rtu ...... 1 ... ,.,...__¡n .,t1 tli•· n·gula· 
tion <1f tht· <tffinity ._t~1tr fur ;i¡c.,ni .. :!-- ,,f renal 01 . and 0 ~
a1lrt·n1H·t·ptor~ ""ª<--: :--t1idu·lL lt ,.,,, ... (1~•--t·r"•·d tbat tlu• t<ixin 
due!-- not afft.·C't thP r1111nl..-r of or :1ffi:i1t:o· fr.r .1nt<1;:r•ni<..t~ of 
... -:1dn·111•<""t·pt1•r~ but rn.irk+·dl." d•·l rt ;:'-•·d t la· ir ;ifí1nity ,.,tatto
f11r .q~qni:--t ... ; n<• efft-ct ,,f J>1·rt11"-...I" tci,in t•n ., 1 ;1clr1·n<>ct·ptors 
v. .1:- <•l>-i-r" t·d. 1t ¡ .. '-'n::c:•· .... t•·d t hat t !¡.__. r•-,:111:-.t ;,,n of t lit· affinitv 
'"t•Ht• hy ;..:u:1ninl" :111c\1·1.tid1·-... l¡f ••i- a~1d ,,~ ;1dr•·!ll•t"t.·ptor.s 
fHTur~ t br"ut:h d1ff1·n·nt tnol•·cul.1r 1·nt it i•·"· 

<~i'í'f'."il•p' ;irni l l •·;,:r,,;•1.r.n,. v.o·r•· <•"ht.nr,.-d fru1n ~ 1 ,.:::rna: r"l-l) 

i: ~ ;: :~' ;·~ :1 .! ~;~ 1 ~~r~~: ~;',r,111 :1 ::·;, ~ '; :: ~fl; r ;.'.;!,!·lv.A~~ ;:·;l~;:~:;n~~ ,-;,· ~!.',, ;'. r; ~it ,~.--:, ! };~;:~\r;:~ 
"'ª._a ~:1f1 fr,.n1 C1ha-<;t·1r:y. 

J•,·r:u-.~i ... 7·.,1i11 l'r, ;><1nH1<"1 - I'• nu .. '-1~ t<•,111 '"ª" pllrifie<l from 

~ :: ;.~~:::~:~: \:~l~~~ .~,~~;; ~ .. ~~:~; ~·::\ :;.:~~~-~~ ~~: ~? :;~:1\~ ~ ~·.~; :.~~!rttl~~~:.{ :·:1 ::y::~: 
1nJ.·d1·d 1r:.:r .. ¡.t·r1tnn1·;tll:- v.i:b J>• :-tu._...¡ .. tox1n at ,, do-..(· of !',o .,~/100 
1-'. r,f Ju,d;. v.+·1~ht runtr<>\ !.~t>- V.•·r1· injr>'tt•d \'""itb tlw ;.1·hicJe U'""'·d tO 
d:.._._,.l\,- p•·rn1._-...1 ... 1 .. ,,_1n ·r~w r .• !• "''"fl· k1\\t·d :; r...-1 ... ~ <.Ít•·r trt·:itn1t"nt. 

['u¡><JrG:;•1•1 r•f l.'• •.a! (",,rt1e·(;/ .\f, ·.-,hron··~ - H:;·:ial c--1,rta·al Hltc"m
br;ul'·'- ""'"r•· pn·µ:.rt·d by" Tll'•d.1fic--.1t11•n of tht· r.>('tbod nf Fit.rp;1trick 
• t nl !'2·1 l. In ... hc•r'!. \..H~n•·:- ... v.t-rt· q1iich.I) rt·n1''"<'d und v.¡¡ .. ht·d ""·ith 
..... 1l11w l(l ¡....:-,•·;. ~al.~\l and th1· !1t11 .. r ( <1:1•·1 v.,,~ di·-..o·ctt•d. rnÍ!Ht•d. and 
h• •11"1~:··n1 n·d ¡.:•·nti:- 1n l O" 11\•1n1•· ... • ,f h<,:n"¡:•·r~ :.r...;111•,n l1uff~-r \{"<•ntain
Hq.: in n1'' ·rn ..... 1 11iM EJ1'1"A. 11.~.-. ~, ~1H·r1 ...... , .. pll -;.:.\ ..... ,~h 11 Inc-->t.or
rlrn•·n ¡:~ •• ~-. ¡!\.t-.,>- i'ottt·r-Eho·bJt·fn hnn1np n11<'r Ctv." <..trokt-"~I fol-

~:;::~~j!:;n 11h~ .. ~~:',~:.1n\1~~~1';~;~1r1•1·~·ª~~';;~k::~~ ·i~i~,1!~~~;;~:~::~~~!;;;~.~:::t~~:~ 
iíl~t·f\·rl ~hr••tl~'.h fnur l11v1·r<- of ('h•·+- ... •·1.·loth <J.nd <t ntrifu¡.:o•d 10 n1in at 

~:;-:~ ~:, ~ 1 ;:.: ,,\::; · ~'. ~;;~ ltt ;11 ;~~.t.'~;:::~.~~:'.~ ... ;;:·, '.1 ;!~7n ~~g: :i~~ ;~ª~~-';~~ ·,;~ {~'; ~~\._: 1~-~~ 
lTlltr1fu¡:•·d 111 111in at i;.¡_t1<1n :-. J.' ·1·1;,. ~u;M.·r:1.1:.1nt \'ª"" dd1J1<·d v.ith 
v.;1t•·r 11.h. fin.do:.;:. !'>t ~11cr<···•·I ·•lld •••ntr1fu.:~-d 10 rn1n at H1.0()0 x 
J:. 'l"tw >-up1·ni.1t.a11t and tllt' 1;p¡ .. ·r 1nnk ¡•r<·< q.itau• . ..,t·rt· 1.:.a11·fully 

;::~·:::;:::;~,\::(111\\, :·1;·1r. ;.:: :;:~:·111' ~ :·; 1 ::.~:~ :::~ ;·~:;;{:,~) ;:·nl;'¡: }:~t1\t" :i:1~l i~:::~~:~t~~l~ 
b11!f,.r <·nn~ainin¡.: ;-.o ni!<.! ·rri ..... t•l{ '7.:-,, 10 tn~t :'\1¡.:Cl,. 

UoJ¡,,[;);<Jr1d 1'>1ndi11¡.: A.'-·rl:" ~ - i~111rl1ni: ......... ¡u·rfur11n·d •''"" dt·-.criht·d 
b:- ~ll<l'-t·ly Hnd ln-.t·l (}UJ \1-.111:: !'iIJpr.lN> .. tn lt!HI l'l-l}:-·(•hiinhine. 
ll1,p\,Ht·n1•·nt ltlf~t·-. i11d.u.itt·d th.it tlw b111d.1:1g ... it1•,. •it·tt·t·tt·d """ith 
t)w ... •· ~~;::qid~ di....¡ 0 :.1;-t·d <·lt·.•rly tho· ch;•ntrtt·r1'-tic·<.. t>"'-l•~·Ch·d fur .. 1. or 
u~·adn·11t·r¡.:ic rt'l"t·ptor,.,. i".r. ;1t tht· \ 31-llpra.ro!--lll "-llt.·~. pra.ru,.,1n il'> 
=-:~OO(I fn)<l ITlOrt• pott.•nt than ;:.ohimhine lJC' . .o 0.~ Hnd 1000 nM for 
pr.110-...1n ilfl(l yohnnhinE', rt·l--¡wcti'l.1.·ly),..,.ht-11·1~-. ;it tllt" (="1--l}:-ohimbine 
~lit-~. yt>hirnloin~ is =;'1(1-f<>ld n11>rt• pntrnt thJn prH:;o..-in O\.:.<> 23 and 
li~IO u_M for _:-1.•hin,birw Htid ¡~ra7.1-.in, r~t·tivt•\y). For cc>mp<"tition 
t."),pt·nrtu:-nt,., wliert• tht· affin1tit·~ nf thr nnnrad10<1ctiv~ a¡..:onist epi· 
rwphrintc" v.1·r1· nu·u;-;.tut·d. \ 'H !pr<11u;:.in and l"'H}yohimhint.' cuncent.rn· 
tion~ wt.•rt• 0.2 ttnd '..!O n,,, rt.• ... pt.·ctivt>ly. H1ll nwffici..-nts. or ~1ope 
r.~l"t<•r-- for lll'l\1"dclit1attÍ•t· ;i¡!••ni ... t competin¡::: for thc- ri1diolil!and
b1nd)n:.: ""itl''- V.(·re ral<u1'1tt·d frnm tht' ~lo~ of 11 plot of lo~ l~ B/ 
{]{)() - r; H)] l"•·r ... tL" lo;! lnonnuli1.o;i.rt.j...,._. •1¡.!oni~tJ v.h..-rc 13 is lhe 
¡>t·nt·nt.;i~l· (1f rarli<•l10:.anrl \11n1l1n;: d1~plact:>d hy tht• t·urn¡wtini: .a;!ent. 

bo~-~~:;: 1~:~1J~~1:¡J;T1~:·:;~t~r::~ ;;~;f:(ll1;:·r~1r-:hod nf L<>v.ry rt al. 1:?.~) u1"'in~ 

1 Tlw ¿1hlirt•, iation u .. 1•d i~: ("";ppt~H)"p. l..'1.lanyl-5'-yl imidod1phos
phi1t~. 
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!Jiffcr('nfiul l~ffcc.:t u/ I'crtu~ .. .-.i.., Toxin 8077 
Ht-:su1.Ts A:-01> lltSC\;SSION 

'l"he binding of (''H)pra:t..u ... in and l"H]yohimbirH' to renal 
corti<·nl mcrnhrnn~ v.as !-.aturah1c, and S<:ntch11rd analyi-.io.; of 
the dat .. -. for hoth li1:ancls gavl' straight liru.·~ indicnting :1 ... ingle 
clas5 of norH·ou¡u·rativt• hin<lini-: !'.ill'S (Fig. 1 ). In nw1~1br:u~t·t<o 
ohtaint·d frurn rat .... that had bet•Jl \rl':tl•·d w1th ¡u·rtu ...... 1?- tox1n. 
thc nu1nht•r of hind.ing ?-itt•!" (H., .•• ) and tla· di?- .... t•ci:ition con
~tant (Kv) for n·na1 <""rtica1 01· ;1nd .. _..adn·ru·q~ic rt•ct·ptors 
\.VcTP nt·arlv id~·ntica1 to th••"'l' 01i ... 1·r .... ·1·d in t h1· <"l>ll1 ro\ rat!--, 1.r. 
{31-J)pra:to~in ~itl's: f1.r <"untrol. H..... l:.:S 4 . S f1nol/ru~:.of 
prot.t·in ;1nd l<o ·- o.:.n - (1_(11 n'.,, :1nd r .. r , ... rttl'-'-1 .... tox1n. 
B ...... _, }:?O -l_: 10 fniol/111~: uf 1•r11t1·1n ~.nd Ku (l.'2~\ •_ 0.01 nM; 
l:Jl-t] .... ·uhirnhiiu• .. ltt·:•< f••r c"ntrol. H.., •• :~o-;- ·• :!_f, fni .. l.'tnt~ of 

~;;~t~inl ~11;~!1(~ ','mg ;,~·;:r~•t .~i 1111 ~\·ir¡1 ';~~. f• 'r J ~·_·l~t ~~; l~l ~~·~ :.7.:. ~:¡· .... :·, 
Fi¡::. )). ·ri,t> ... t· rt·-.11h ... iridic.1tt· th;it J•Prt11 ...... j .... t•''-lfl d·11·-.. not 
chanl!:l' t·itht.·r tlH· nurnl·~·r uf '-11.1·'- 11r th•· ulfinit:- for <1T1t:1go
nists of tht· adt·nvlatl' t· .... ·cL1-..1··coui'l··d (.,~) :111d n<111C<•11ph·d 
(o 1 ) :1drerH··q.:ic n·;·t·ptun•-. 

lncul1ati(•n nf r1·nal .-ortical 111~·rnhro11u·-. in tla· pn·!-ot'n<·t• of 
0.1 ni'.'1.1 (~pp(:"}J)p pr11d1Jet.•d a ...,igrHfil·nnt irH n·.:1~t· in tln.:' 
nu1nber of \ 'H]:-·,.hi!nhirw l1i11din¡: !-oilt.•!-. (Fig '2L ~eitlu·r thf" 
nurnh<.·r of {~ll]prazri~1n.bindíng s1tP~ nor tla· •dfln1ty ,,f tia· 
hin<ling ?--ilt•,_ fortht.· radinli¡.:;.nd,.. "';ª" nu•d1fi1-<l by tln• prt·~t·nrc 
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FJG. l. Effccl of pertul".,.is toxin on r'H}pru.z.o..,in und ['"11) 
yohimhine binding to rennl cortical nu·mhrancs. Bindini~ t.•x
~rimE'nts v.·erf' J*rforrnt"<l "'°'"' dt·~c-rib<.·d ~tHi~·r ~:--1.att·rial ... nnd '.\lPth
odJ;." using r'H}prazosin CA) nnd l"ll]yoh1rnh1ne CFJ l. ;\1<'rnln·d1w~ .,.,..,re 
prepared from control «•) Hn~ ¡wr1ussis _tu~in-t_n·utt->d (0) _n1ts. ··rhe 
in....et:s !O>hnw Scatchard ttnalys1~ of the b1nd1n}! l!--Olht-rJn<;. r1w dat..o 
F.ho""·n art• rt•prl'.'St·nt~1tive re"'uhs of tho!-.t- ohtaint.•d in nt least. four 
t-Xpt'TÍITIE'Ot.s. 
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['H] YOHIMBINE (nM) 
Fit:. :!. Efít•ct uf Gpp(:-.;JJ)p on l"ll}pra .... u .. in and r"ll)vohim

hine bindin¡.::; to ro.•nnl <·orticnl n1t.•n1hr.aru~. HindinJ! t·xpt:rimt.'nts 
\.1.-erC' perf.,r1n1·d a'- dt·i.cr1~•t•d undt•r -~101t<·naJ¡.. and ~1t•thc><i.i-- lJ--.in¡;: 
{~HJpnuo'-an (.A) nnd r'HJ:--ohi1nh1rw IH) in rnt•mbrant•,. JH«pnn·d 
from contrul rat.~ in th« :•b'-t:J\ct• 1e¡ c1r pn•i-í>nc.·t> (01 of 0.1 m!l.4 
GppCNHJp. ·rtu· in.M"l!< t-h,,...,. ~ca1chnrd an1olysi,;. of tht• hindin¡::: iso
t}a.·rna. Th•! Jt_•-.ulti- ,...}¡oV.f; olT•' rt·prt·i-.·n':ntiv .. ' 'tpl'rinit·nt" Tl·plic:ltPd 
nt h·:15t í11ur ti1nt·!-o. 

of Gpp(NH lp ( Fi¡::. !!, irtM'l-'). ·r1w guanirw nucleotidt.:"-induccd 
-up-shift .. in th(• nurnl)(·r of r1.·nal .. _-ad.n·ncr~ic n·ccptor~ ""·as 
also oh.;,pn.-t-d nlthou~h to a h·,.,~t.·r l"Xlt•nt in pt.•rtu~!"Ís tcn.:in. 
tn•:itro rat;... i., .. n ~1:1 ::::!::. 1:{'·;: incn·a;..t· in H_ ... by Gpp(::--;H)p 
..... -a~ ob;..t"rvt·d in n111tr1ll nu·1nbrant.•?-, -.. .. h._.rt·a.s only a [°1(1 ::::!::. ;:i~ 
increa..;,e ,, .... a,., ob,..•·r"·t.·d in nn·rnbr.ane~ fnnn toxin-tn.·att·d raLo; 
(p < 0.001). Tlw 11H·c.·hani.::.rn(~l invohrd in thi~ ¡_"'1.1anine 
nucle<Jtide-pr1nnutt•c1 up·~llift it1 tht.· nurnher (lf rt•nal u.:·nd. 
renocc:-ptors is not clt.•ar. Hur¡.::i~,..<.·r et al. (26) havt.· oh~crved 
that gunninp nuc:lt.·otidt·~ n·~ulntC" the affinity st.ate for antag
onisu.. of the rnu~carinic n·ct·ptor!-'. of fro¡.:: heart. Our rcsults 
are diffen·nt. GuaninC" nucleotidt•s ~t.·en1 to alter t he number 
ofsites rnther than tht.·ir affínity for t.he antagonist. The most 
likely explanntion flir our resu1ts ~c<'ms to be n nuclt>Ot ide
promott·d n·lc-a~e of tightly hound cndogenous agonist from a 
hi~h affínity ~tate which t.hen fret.>S up more receptors for 
li¡:and hinding. Howt.·vrr, t•vcn taking into account this up
Rhift.. the total numht.·r of n;;:-adrenocC'ptors is not very differ
ent in cont.ro1 n1vrnhr:-tne~ •t~ c·o111part"d to men1luanes from 
toxin-trt"att·d animal:-. (==~198 ftnol/mg of protcin in <-·ontrol 
tnt'"mbrant.•s a:; compared to =-.'·30 frnol/tng in the pcrtussis 
toxin group). 

Tbe lack of effel"l of i-.·-uanine nudentidt•-induct.•d modulation 
in the numher of o 1 -adn:nergic n•t:eptors ~ms to indicate 
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-LOG [EPINEPHRINE] ( M) 
F1G. 3. E(fl-"ct o( ¡u•rtu,..sio; toxin tn•atnu.·nt on tht• d.i"'plact·

mcnt by epincphrinc c,f ~¡wciíic l"ll]pra.-o .. in bi11dinJ,! in th1._• 
pre~enct._• :and nbi..t•ncc of c;pp(:-..Jl)p. H.•·hal lllMÍc:-al tlll•rnhr.nH·1"
..... ert- prrpar~d ul'- dt-,.,c-rit ... d uralL-r ··~1;1t'·~;.,} ..... ,n,l ,1,·th"d. ... ~ fr1-rn 
control (Al and pt'rt\_p .. -.,¡" tn11t1-tn .. .1t•-d 1 /-{) r;1t ..... :\1t•tnhr.«n••-. ""'t·ro• 
incubutll"d v.·1th 0.2 n~1 { 3 1-l}pra,.u~in 11ntl "ar;.111¡.: c.orut·rnrat1un~ of 
(-)-t•¡.1int•phrint.• in thl'" nb'-t'll(r 1e1 or pn·--•·net• !0) <>f lJ.l mM 
Gpp(l"-:HJp. Thll" dnt.01 ..,}¡own art· tlw ll1t.'.1n~ -! s_r:. of duplicntt_· 
ch-~t·rtnination!- of four ...... p.:.rntt: ._.,,.,·rina·nt"'. 'l"ht.- ir1 .. ,1·U· ~ho...., the 
Hi11 an11ly~¡.., of tht· <'<lIJl¡>t·tition "'tu<l1t'!-

that the r1..•gulation hy 1:-uaninl" nudt--otide is of a differcnt 
nature. 

In ordcr to d(•lt:"rrninc whc:thPr P'-"rtu~siR toxin trt:-atint>nt 
induc(:"d chnnges in thc affinit.y of thc renal a 1 - nnd o~
ndrencrgic n·cL·ptor"' for ¡1gonists or in its modulation by 
h"'Uaninl" nuc1t•otid1·~. displacena•nt of PHlprazo~in and [:il-JJ 
yohirnhint:> hinding hy L'pinephrine was nwa~urt.·d in thl· ah
sence or J>rt•!-cnce ()f 0.1 mM Cpp( SH )p. 

ln mt·n1hranl'S frorn eontrol animal!-., thc cii~plnccrnl:'nt of 
[.-'Hlpr.izosin hinrling by t.·pint'phrinc in thc ahst.•ncl"' of 
Gpp(NH)p ,::ave a i-.hallow curve with a Hill <"OPfficicnl of 0.56 

~ fl.O:\ C Fig. :1 and T;1bll· J), ~ti¡ .. a~(·"'t ing t lu~ prt.·~ence of heter-
• •¡..:t·twou~ híndin¡::; !-.ites. Additi(,n of 0.1 rn~, Cpp(~H)p cnu~es 
a G-f(1ld '-hift t.n th<" 1ight in tht· rli .. plau·riwnt curve of cpi
IH·ph1int•, ª"\\·ellas an irH'rt'ii"-l' in tht• ll1ll e<1effic-ient to 0.91 
~- O o.-. ("l';,bl!· l ). 'rht·<..t· r•·'-"q~• ... indic:itt· tl1at p1nninc: nucleo

tich·"' decn·a,..e thc: nhility <1f t·pirn·phrine to inhibit. ( 11-l}pra-
7.o"'in hindin¡.:. ,..u¡.~~~t·,..ting a ~hift in tht.· rt.•<:eptor:-. t.o a homo
gt·ru•c•\J!-- low affinity hinrling ~latí_· ft.r c;;..::oni!->t!-- (Fi~. =~.·-\ ). 

l't·rtu~¡.,j.., tnxin tn·;¡tnu•nt O.id n<•t altt.·r tht• affinitv !--tate of 
the n1·.1dn:tH•q . .::ic rt·(·l"ptc•r,... fur ;1,¡_:<,nÍ<..1'- nhr it!-- rIH•<h;lation h"<• 
guanint· nucit·ot id!'~ (Fi;..:: .. :;n :111d ~l"ahlt- I l. • 

ln n·n~1l c•1rt i(·.al mt.-1nl1:-.tr11·'- fr• >:-11 e• •l1t r~·l r;11~. t ht.· di ... plnce
Hwnt t1f l 11 J.-.. <Jh:rnhin{· binc!in¡:::: l>y •·pit1t·J•hr11w in t h~ ab::..ence 
uf f>ppt:---:lilp pn•d11Ct•d .a di~pl;1ct·rnt.·nt rqn:p t·c,nsi:-.tt:'nt v..·it.h 
a h~·t(-r<>¡.:1·rH·11u:-. populat ion l1Í .._ju•,.. :i,.. s11¡..::¡.:1-<:.tt:"d by n 1--lill 
t·cu:fíwient of fi_:,:l :!.: 0.0'.2 .. \.11.inint· nuclt-()tidt·~ indtJct•cl a :-:.hift. 
to tlH· ri¡.!ht in tlu· di~pl.rn·t·nn·nt c•1r.·t- uf ::-clf1-fc-,ld. itH..'.n~u~in~ 
ah-<• tht· --t .. t·pI1t·--,.. of tlu_· cur"l' "'•ith .a l-Iill <·ot·fficiiL·nt nt'.'.'ar 1 
IFi¡.: .. ·1A, iri. ...... 1·t. and T;,blt.· li. In n·nal cortical rrit·rnh:-.'.lnes 
frnrn Jn·rttH.;~Ís toxin-trt·att·d rats. tht.• di~plact•nH:•nt of l:'H] 
yohi111l.Hne biu(iin¡.:: h.:_. 1 pirn·phrint· in tht· nh'-Pnce of 
C¡1p(~}l)p ,..hov.(•d a .._¡¡.:n1fic-ant incn·a~{· in the EC~.c, for 
(•piru·phritH· a:- con1part·d to tht· l·ontrr1b (F1g ·1 and 'r."lble l). 

.. \n incrt·.t...,t· in the Hill <'<h._.fCicient frorn O_f,::; ::!: 0.0:2 in 
t••t~trlll" tu o.s:~ ~ 0.07 in u- .. ;itt·d :uli!n¡¡J._ ""ª,.._ (lh,-.t·r.·._.d (Fi¡;. 
·1. 1n.-..1'!·"'· ~11).!;.:t•:-<tin~ tbat ¡>1·rtu ... ,.._i¡... l<1'.'.in irHluc~·!- a ch·crcni:;.e 
in tht· atfinity of the lnu<lin¡.: ,..ltl'" ft•r ;1;.:t>ni:-t5-- pruhahly by 
altt_.ri11g tl1t· ratiu het\.'d.·t.·n rt·u·pt<•r~ in hi¡.:h :1nd lov.• affinity. 
a,.._ (•vidt·nn·d by the slope f.:1ctor;.., 1..1'. fa-.. ur1ng t h(• lo., .. - nffinity 
;..tate for •i: . .:.•)Y\i!-l runforrn;~tion . 

'rhf· ¡,r,. ... 1·rH·1· ,,f :-tu.1nin+· fl'H lt·"tid •. ,.. ¡,rPdt1t.'1•d onlv a fur
t lll·r :1-fohl n.·duction in tlw afC1nity fur t·pírH·phrin; in the 
¡H"rt\l.._ ... ¡~ toxin·tn.'atffi rat~ and a ~n:.all changt:" in the ~tope 
factor (Table 1). 

P1..•rtu"'...;.is toxin hlocks thc: tran...;.ft·r of inhihit(1rv inforrnation 
fro1n rt•('t.·pturs to adenyl01te cycla~e (11 ltll, a-~ wl•ll as tbe 
CTPa~t.· ac:tivity a~.:;.oci.ated with inhihition of adenylate cy
cla!--P (27, 2R). The dimini ... hed. affinity for agoni~ts und tbe 
ch•cn·a...,l•d !-.<:·nsitivity to h'"\1anint!' nuch•ntidt-"' of º=·adn·noccp
tu¡,:. t.•h-.erved in thc JHe .... l:'nt ~tu<ly are con~is:toL-nt wit.h t.he 
findings of C.>thcr author!-> (~O. '21 ). lt is poi::.!->iblc that. t.he 
hlock.ade hy ¡wrtu~is toxin of thc GTPn~t.· activity muy pro
duct.· .n grcat nlln1her of N, prol<•ins to ha .... ·t.· (~'f'P hound.. 
Jl"""L'"·er, if ~o.:-.:, !'-hould lit· in the .. active- form, pruducing 
a const;:1nt inhibition of«yd:l~{·. -.. .. ·hil-h rlot•s- not happen (6, 7 .. 
11- 20, :27· :\O). Guanosint.· trip}w,..phatc· inhihit~ .udt.·nylnt.e cy
daH· (7, 8). and this inhihitiun i~ blockl'rl by pt.·rtussis toxin 
( 14, ~"7. 29, ::\0). The dat.n. ~u; .. :¡..:._.~t that thc toxin. in addition 
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-LOG [EPINEPHRINE] ( M) 
F1G. 4. Effel("t or po.•rtu,_ ... ¡"" toxin lrt•;•t11u·nt on tho.• di .. ¡llH("t"

ment hy o.·¡1int•¡,hrint• of !--Jlo.•C"ifit: l'llh ohin1hino.• bindin¡.: in tho.• 
pr<""~nC"~· Hnd ab,.o.•nc.·t• of C;ppC"••Jl)p. Ht:n.11 <"••n1•·od :-:-1•·rr.~•r.-.r11• ... 

;o~~~r~;r•?~~rt-ndnd'l~••¿~7~._r:;~:l.,~ir~<~~·;t·<:~:;;::;i1 ;~l;a:~.1 ~,{~·1r~.~;~1<~:~ .. ~::~._: 
inc-ubatt·d "'1th ~O n,1 (~l!J ... oh:n1h1n•· •tnd '"ªr:-in¡.:: cn1H•-ntrationc,, qf 

~?¿~~:{rr~.~;~~ ~¡·~;:;~-~·:. ~11;.~~~~I ~~~~· ;~~, ;Fi~':.:, rE~-~~~~:;f.".:~ 1:~~ ~¡~,:~ 1~;~;;6~;: 
for (""<,m¡W"titH>n <.tud11•-.. 

t.o inhibiting thc GTPasl• actlvity of !'-:., il-- prohi"1hly detl•rio
ratini;: the fur1ct1unal intl·r¡1ctiun of :--:. with ;Hh·nyl;1~p cycla'-"r. 

l-lvdrnl ... sil---Tt:l--i~tnnt c.·rp anal<iJ-."'"'llt'!-- al!--o inhibit ¡tdt:nylatt· 
cvcl~sc a~ti ... itv ("";, 27. :!~t :n J. lntt·rt-!"-tindy. tlie inhihitory 
tc·.-ffect of tht·l--t.-an3Jn¡.:ue!>. i~ not <:nrnpl(·tl·ly .ih(,Ji,.,ht-·d hy pt·r· 
tussis toxin HS Jl-- tlu· t·fft·ct of GTJ> t-:, '..,!-;, '...!~•. ~lOJ. l'}w n111st 
likely explanation of th1• cl1!f1·n·nn.'!-- hetv-t·l·n t}H· o.•ffrct~ uf 
GTP and th<1 ..... t' uf Gpp(>:}llp ,a¡.. afft•C"tt·d hy pl'rt11---..i~toxin i~ 
thc pO"-?-.ibll· action of ( ;pp• >:l l )p IJll ~Í\o_.,., l>t':·i(h·~ >:,to inhibit 
adcnvlute <·,..cJa~t.-. 

Gl.~anin(· -n•H·lt>1itnh·,., ¡•1l1:1ti ... ely ac\1n¡..: un a ¡..:uanint::· 1n1<·h·(l
ti(fr• n·gnla\l,ry pro:1..·1n n1<>dulau._• tht· affinity fl•T a¡.::uni!'tl-- of 
n·nal u 1 -adr.·111•cept,,r .... ·r1u.- ab~l·nct• of t•ffl·ct of pl•nu~c;is 
tuxin on tht·'"-t' n .... .:t·pt<Jrl--. t11¡.:l·th1.-r with the iriability of¡.."Uanine 
nuclt·cotides to inducl• an up-,.,hift, !->\Jgge:-.t~ that the rep.ilation 
ofthc s.t.a.tc of afllnity f()r .agonistl-- of <• 1· and nradrenol'"t·ptors 
is throu¡::h difft.-rent rnechani!-.n"l~ prohahly involving diffc-rf="nt 
¡_.'1.1aninc nuclcotide rcgulatory pr<Jteins. 

The functiona1 ~ig-nificance of such pcrtu">si~ toxin·insen
sitive guaninl• nuclt>ntidt· rc¡::ul.atory prutc.-in in tbc nwchanisrn 
of signa) t ransductiun of n 1 +<idrenoceptor!-- Tl·rnain,=. to be t:lu
cidated. 

The effcct of pt•r11Jssi~ t<>xin on a~-adr•:n(•Cl·pt<•rs oh-..l·r ... ed 
in the JHesent !->tud~ pr<Jbi1hly has phy~iolrJgicaJ !"-ignific.-1ncc. 

H.t•rent expcritnt•nts of our g:roup2 hnvc &ho ..... ·n th:n pl;"'rtussis 
t(J>..in indun·s alu.·rations in the a<lrenl·rgic rnodulation of 
n·nin n·lt·a..,l·. ,~his efft·ct ~t·t:m!'. to bt• dut.· to bl<J(""kz1d(• of th~ 
i.nhihitory :icti(ln of renin rc·lt·a~t· nwdiat.t"d through rt.·nal 
l"ort1cnl n_-.:1d.r..·nl•rgic rt·l.·t·¡.tur!>.. 

.-\< J..r¡:.¡.f~-d~";~i.·n!.~-\\"t> thnnk nr,_. r.our...:"1Jt..7.J>achtTU hnd "\,'jlJalba 
for 1hc i::•·1>rt<>l1l'> don11l1t1n of J>t'rt•.J"._¡~ .._H, cine ror1l.t·ntrat.cs. nnd 
(;i; .. d.11'1¡ .. · H...:•r-11irt·:i f•ir ty¡•in¡::. tht• ni;.n11-..cript. 
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EFFECT OF PERTUSSIS TOXI N ON THE HEART MUSCARI NIC-CHOLINERGIC 
RECF.PTORS AND THF.IR FUN=10N • 

.José Luis Boycrª•b. Miguel M;irrÍnPz-C:irc:smob. Antonio !-1onroy-Sánchezb 
- Gustavo Pastcl{nc. Ci1rlos Posndasb and J. Adolfo García-S~inzª•d. 

3neparta..'7lcnto de BioPtH~r¿_t-ticn. Inst.itut.o de Fisiolo~ía C•~lular. Uni
versidad ~acional A11t~nomn de }1~xico. Ap~rli!<lo Postal 70-600. 04510 
Méx.i.co. D.F.; hncp.art.J...-:icnto de Endocrino1oLÍa .'."1nd CDc-p.art:amcnto de 
Farmacología. tnstituto ~:1cion:tl de Cardiolo¿:ía "I¡;n:1cio Chávez". 

Ju<tn Endi.-lno lt I. 14080 ~!.'.=::•deo D.F. 

Admi.nist.. ration of pert uss is to-,.;i n to rats i nduccd a si gni fi.cant 
:incrcasc in hcart rat:.c thnt.. ...:as cvident as soon as 24 hours after 
thc administration oí thc to:--:in and that pcrsist.cd f"or at ]east: 15 
days. Electrica.1 st.imu1<it ion of t.hc v.::igus dc_•cre.:-ssed drarnat:ica11y 
the hcart ratc oí" control :tnir.1.,]s but -...·as unab1e Lo do it: so in 
rats t.rcat.cd with pert_u~~;is t oxin. In cn.rdíac r.10..:.:-!lbranes nuscarinic 
agonists decrc:1sed ;id(?ny1ate cyc1asc act.ivity (::::;20-25:-;); no cfícct 
was obscrvcd in r.icmbrancs oht.n.inPd from t.o:-:in-trc;,ted anim<'lls. 
Agonist displaccmcnt oí" at1t.a¿_;onist binding ([ 3 H)Quinuclidiny1 
benzilatc) indicat(._•<l that_ t:.rcaLr:ien.t \,,.•ith pertu:;~;is to:-:in dccrcased 
the proportion of rt·c<-•ptors in t_he high affinit.y stot.c for .1gonists. 
All this d.1.ta sul__:¿_:est Lh:1t. blocl-:ade of thc parasympathetic tone 
pJnys a key role in t.1-ú.? .incluct.ion of Lachycardia by pürtu~-;sis t.o:x:in .. 

Heart rat.c is dyn.o:ni cal ]y rc¡_;lll.-i.ted by thc .:-sutonom.ic n<.:rvous systcm. 
Thc symp.::it.het:ic br;>nch of Lhe ni·rvo11s !-;y~>tem cxcrt.s positivc chronot.ropic 
effects throui:,h the ncurot.r.:-.n.--.rnit.-t1..·r norepincplu-ine t.hat .activ.-itcs the bct..:i
adrenoccptors prt.~.sent. in thc tnyocyte p1 .:..~~ma mer.-ibrane. Thc par.=-!s)7.1pathetic branch 
exerLs nct.:.ativc chronot.1-0¡-iism thro11eh t.-he relei"!sc of" acet.yJcholinc which 
int.eracts wit.h c3rdiac mnscarinic-cholinerr;ic recept-ors (1.2) .. Tht.•sc recept.ors 
are couplcd in an oppositc fashion t:.o ad~ny)atc cyc1nse~ i.c. hct.a-adrenocept.ors 
act.ivat:.c adcny]3tc cyclasc ""•here.:iG cl1olincreic-muscarinic rccPptors inhibit this 
enzyme (l ,2). Tr..e intcract.ion but\.:een t.hesc reccptors and Lhe cyclase is 
mediat.ed throuGh the gu:inine nucleot idc-binding rcr:.ulat.ory proteins (tcnned N5 
for activation a~d Ni for inhibition) (3.4). 

Pertussis toxin (PT) blocks thc .act:ions of horr!lones and n.curotransmitt:crs 
that inhibit adcnylat.e cyclase by catalyzing t:.he ADP-ribosyl.::it.ion of Ni (5-8) .. 
\.Je have observed t.hat •sdmini~;t.r.-1Lion of pert:ussis v:-iccine (9) or purified 
pertussis toxin to rat.s (10) inLluces a per-sistcnt. t.:::ichyc-3rdia. Such t:.a.chycardia 
can be explaincd on t.he basis of t.hc effect:.s of the toxin on Ni b1ocking t:.he 
actions oí mu.scariníc cholinc.!rgic recept.ors. lt: has already been shown t.hat 
incubation oí heart myucyt.cs wit.h pertussis t.oxin block..s t.hc act:.i.ons of 
mu.scarini.c rcccpLors on :-idcnyl:lt.e cyclasc (11) .. \-..~e have performed a syst.emat:ic 

dTo \.:'hom corrcspondencc should be .'.Jddrcssed .. 



study on t.hc .act.ion.s of pcrtussis toxin :ldrninisLr.ation on thc heart muscar:ln:lc 
receptor funct:ion.s; t.he st.udy includes physio1ogical, ph.armacolo{:ica1 and 
biodhc:nical ~pproachcs and is thc rn~ttcr of thís cor.~unication. 

Cuanyl-5 '-y1 imido diphosphalc, atror'ínc sulfate, dit:hiot.reito1 (OT'r), 
cyclic adcnosinc c10n0phu.:;;ph .. st.e, .,.._!,_.¡1u~;inc l ripl1osphale • guanosinc triphosphat.e, 
phospho~nol pyruv."lt:e:. pyruvctte kin.:-!se. o:-.:ot rcr:;orine ~csquifu:!l.arate, and 
isobut:yl rncthyl :-.a.nt1iir.e (I F .. '!X) ._.L'.rc nbtninc-d from Sit;~a. I 31-i)Quinuclidinyl 
bcnzilat.e ([ '.!H]Q~..;B), (30.2 Ci/:-.:,.101) .... ·..-is obt..-~irH_"'C.i frc_.:n !:e\.1 Ene,land ?;uclear. 

r.crtl1ssis t.o:-:in ·-·n.s purifit·d fro::;. pc·rt1:'._>~>is varcinc roncentr<1tes obt:ained 
frac the ::at:ional 1r:~~titut'~ of Hy:::í(_nc of !'-~exico (St~r.ret..:iría de Salud) ;1s 
described pr.._•viously (12. 13) ur by t.11c 1::.·tho<l of Sekura et al (14); both 
procedurcs resu]t in prc;1ar.:_1:- ion5 .... ·ith íl!entíc~J.l ;1ctivitic-s. ~:ale h'ist.ilr rnt:.s 
(200-250 g) \..'ere injectcd i.p ..... :it_h eitl1t~r PT (50 }.Jg/100 E. of body \.o."'Ci¿;ht) or 
che vehiclc t1~;,~<l t:.o di~~olvc PT. R~ts ~~re tised for che (•x¡1Pri~entill protocols 
2-3 days aftcr lrcilt:rn~nt. 

I~'=-gntiv~ .C:!1_rc:no_t_i=_op_ic:_ r~~r~-::_r:.. _l_n_d_UC(·'!_ ~}~ _El_,~ct.r_i_c_al_ St_~_~'._~_!_~_at_ÍOf! ~-~- t_~-1~ :-'~['~t~: 
Rats l..:cre ancsthct i::Pd \JÍth et.her. a tr"1chenl Cdnn11la -.·as insert:ed ilnd o-D
glucochlor.<llosc .... ·~s ar!:ninistcrcd (SO 1:q:;/kg i.v.). Tlic richt cervical 
va~OS)..-:pathet:.ic trunk ·-·;1s tr3n5cct'--.o<l- E1ectrícal st.i'-lu]i -...·c:rc 3pp1icd to thc 
cardiac cnd of the 01ervc through bipol:1r p1atinu::n c-lect.r-odcs nt 0.5 m scc. 
duration ~•nd intL·nsity of 10 v. t.}1c stir.n1li oht.:tined from a c.-.:-tss S-8 sti:nul<it:.or, 
l...'C!rC de1-iverL·d at. frt_·quvnces fro:n 10 to 50 H.;:• in t rains 1:~!:.;t_íng 2 scc. .. i.:herc 
j_ndicat.t.:"d pru~;ti~~r..inc .:i:t. dL-,~.e oí 0.1 r-ir~/lq:: i.v ....... as ;1rl!71inistered beforc 
elect.rical st.i~1J]~Lion. 

Prcparat.i?n of Hc:trt ~·!_cmbr.1ncs: R<it.s -....·ere !':_>,.crificcd. hcart.s quickly removed and 
~h~.._·i~ icc--C.Oid !;:i-frn-;;---SOlution (o.ss;:;: ?;acl), r.ic;nbrnnes for .:ldeny1at:e 
cyclase act.ivit:.y and binding cxpcri~cnts ~0re prcparcd by a procedurc similar to 
t.hat dc::scribL-<l by BurL,i!':;scr et al (15). Thc pel]ets \o."ere resuspended in 50 m..'1 
Trís, 10 rn!-1 ~lr;.Cl 7 , 1 r.-.. '1 EDTA-..-pl!7.5 for bi.ndinr;. c>:pcri.r.ients or in 50 m_'t Tris. 
5 m!-1 MgC1 2 • 0.1 IT.:-1 EGTA. 1 r.-'-"1 Ill'1X, 100 r..!'-1 NaCl. pH 7.4 for .-i<lcnylate cyclasé 
assays 

Adcnvl~t.e Cv.c1.--1:<:;e /~ctivity: ./',,ft.er ;::~r;,branc~s ,_·1._:re r1._:!...;u:::;pcni.Jcd • 5 m .. '-1 I>TT (final 
~nt:.rat.I~1-l)-.._-:-;_s--;:,-<-f1..fCd:~1ncuh._1t.ion~i '.o."l:r~ in a final volu;ne of 110 µl in t.hc 
prcsencc of SO n~1 Tris, 5 r.i.."-1 ?1gC1 2 • 0.1 ~-1' EGTA. l n.'1 IB.'-1X. 100 r::::..'-1 i;acl, 1.5 m..'1 
ATP, 10 µ!-1 c;rP. 7 .5 r.i.'-1 phos.phocnolpyru-..•.J.te, and 130 wg/ol pyruvatc kinase. 
pH 7 .. 4 íor 10 min. at 37ºC. Cyclic r~·1P -...·.1s quantified by thc ::1L'."thod of Gilman 
(16). 

Bindíng ~xpcri_~c::_nts: Plasr.i.a r.ic-mbrancs (250 lJg/tubc) uere incubatcd \.lith 0.2 ~1 
[ 3H]QNB 50 m.'1 Tris• 10 m.."-1 MgC1 2 • 1 rn.'1 EDTA, pH 7 .4 in a fina1 volw;ie of 1 ml at. 
25ªC fer 60 min in thc presence of diffcrent. conccnt.rations of unlabcled 
o:xot.remorine, whcre indicat.ed. 100 lJM Gpp(?·,;u)p \.."as prcscnt. !.;on specific binding 
·~:as dete.nnined with l iJ!-1 atropine. 

Incubat:ion \.o."'as terminated by rapid íiltration over t .. "h.:ltman GF/C filtcrs. 
and '"1ashc<l with 20 ml icc-cold buffer. Binding c:-:perir.ients \.:ere analyzed by a 
computer vcrsion of the 1-igand program developed by Munson and Rodbard, that 
perfor~s it.erat:ive nor..-linear regrcssion an;Jlysís of the data (17). Prot:ein l...•as 
measured by t.he met.hod of Lowry et. al (18) using bovinc seru:n albumin as 
st•~nd ard. 



'.In agrccment with our previOU{i reports (9 .10) administ rat ion of pertussis 
toxin induccd a significant tachycardia (from 379 + 7 bc~ts per min in the 
controls to 524 + 6 in the pcrtussis toxin-treatcd-group; mean _"t SE!i of 15 
determinations USing diffe.rcnt animals;p < 0 .. 001) .. This was obscrved as ear1y 
as 24 l'ls after trcatment and pcrsistcd for at 1cast 15 days (not shovn) ... 
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Effcct of Elcctrica1 Stimulation 
of the vagus on Hcart Rat:c. 
Plot:t:ed are t:he mcans and vertica1 
1ines represent the S.E .. M .. of 
five animals in cach case. Controls 
(•). rats prcLrcated with atropine 
(O.S mg 1 Kg) ( ó) and pertussis 
t:oxin-trcated rats (O) .. 
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FIG. 2 

Timc-Coursc of thc Effect: of 
Prostigrnine Adrninistration on 
Heart Rate .. Controls (e). pertussis 
t:oxin-tre~ted rats {O) .. 

Adrninistration of chloralosc decreased thc hcart rate of the pertussis 
toxin-treatcd rat.s to va1ucs similar to those observed in contro1 animals (375-
425 beats/min). E1cctrical stir.'lulation of the vagus in control animals produced 
a drar.:iatic Ge.crease in hcart rate (Fig .. 1) .. The decrc.:?se in heart rate was 
rapid and clenrly dependcnt on thc frequency of clectrical stit::1ulation employed 
(Fi.g .. 1) ... Administri1t.ion of alropinc (0 ... 5 mg/kg) blockcd che cffect of 
electrical stimuL1tion (Fig .. 1) .. Administration of prosti¿,..-::iine (0 .. 1 mg/kg) 
dccrcased heart rate in control animals (Fig .. 2) and magnificd the effect of 
ele~trical stimulation. i.e .. the frcquency of sti~ulation-response curve was 
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t1agnificat:ion by Prost:igmine of 
the Effect of Electricai 
Stimulation of the Vagus on Hcart 
Rate. Control (O);pcrtussis toxin
treat:cd rats (O). Plot:ted is the 
average of 3 cxperirncnts in each 
case. 
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FIG. 4 

1;.ffect of Carbachol on Adcnyl~it:e 
Cyclase Activity. Results are 
presented as 7. of basal activity 
which ~as 27 + 2 and 28 + 2 pmo1/ 
min per mg p·rot:ein íor t;'embranes 
from control and pertussis t:oxin
t:reated rats~ respect:.ively. Plot:ted 
are t:hc rncans and vertical lines 
reprcscnt:. t.hc 58-1 of 6 e:-:periments 
using different nembrane prepara-
t:.ions. Cont:. rol t<iembranc..s (e) 
membrancs frorn perttissis 
t:.reatcd rats (O). 

toxin-

clear1y shifted to the left (Fig. 3). Under all this conditions (Figs. 1 - 3) no 
effect on heart rate ~as observed in pert:ussis t:oxin-Lre~ted animals indicating 
that the act:ion of muscarinic receptors was blocked. 

In arder to furt:.her substantiate the findings the ef rect:. of cholinergic 
agents on adenylat:.e cyclase activit:.y -..:as studied. Carba.chal consist:ent:ly induced 
an inhibition of basal ~denylate cyclasc activit:.y of ~20-25% in cardiac rnembrane 
preparations obtained from control ~nimals (Fig. 4). In cont.rast,, no significant 
inhibit:.ion was observcd in we~branes frorn toxin-trc~ted r.:its (Fig. 4). The beta
adrcnerzic agonist,, isoprotercnol,, st:.irnulat.cd 60-707. .LJdenylate cycl.:?se act:.ivit:.y 
in control r.iembr¿¡nes {EC50 =::2 x io- 6 M) (Fig .. 5). The st.imulntion produced by 
isoproterenol in cardi~1.C t<1e::-:br.:ines from t:oxin-t:.rcat:ed rats '--~as bigger t:.han that 
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FIG. 5 

Efíect of Isoprot.C:!reno1 C·n 
Adeny1a.te Cyclasc Act:..ivity. 
Control mc::nbr .anes C•) .. 
mcmbranes obt..ained from pertussis 
toxin-trcat.cd rats (O). Other 
indications as in Fig. 4 
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FIG. 6 

Effcct of Carbachol on Isoprot.üreno1-
st:.imul3t.cd .. -..dcnylat.e Cyc 1 ase .. 
Mc.."Tlbr.:lncs from cent.rol (e) or 
pert:.ussis t.oxin-t.rent.cd rats (O) ~ere 
incubaied in the prescncc o[ 10- 5 M 
isoprot.er0nol ~nt! differcnt 
concenLr~Lions of c~rbnchol.Rcsults 
~re a~prc~sed as % dQCT~asc in 
act. i "'i t.y. Ab~ol \.11-C 1 oo~; V al ues '\...•ere 
45 + 2 ~nd 55 + 4 pmol/min pcr mg 
pro~cin fur r.ie;.;branes obtaincd from 
cent.rol :lnd pcrt~:ssis t.oxin-t.rcatcd 
rat.s .. Ot.1h.:r indic;::it.i0ns .:15 in Fig. l.,.. 

in the contro1s (i.c. 120-130% incrcnse) nnd t..he concentrat.ion-response curve 
was shi.fted to the 1.eft as cor:lparcd to t.hc control curve (ECo;. 0 -3 x io- 7 M). 
Carbachol clear1y diminished isoprot.crcno1-stimu1nt.cd adeny1at.e cyclasc acti.vity 
in control mcmbrancs (Fig. 6) but no cffect ._.as produced by the cholinergi.c 
agonist in r.lembrancs. from tox:in-trcatcd rat.s (Fig. 6). 

[ 3H]QNB binding to cardinc r.ic>:-71bro.ncs ....._."2.S rapid a.nd reversible as shown 
by other authors. No SÍl;ni.fic.:int chanr,e in nur:-,bcr of sites in membrane.s from 
cont.ro1 or pért:ussis t.oxin-t.rcat.ed rat-s ...:as ob~erved (B:".J.aX 194 + S and 211 + ló
frnol/mg prot_ein in ncmbri1ncs from cont..rol and pt=rt.ussis t:o:x.in-t.t='eated rats -
respectively; mean_"±:_ Sr-1: of five dctcrninat:ions in each case). Binding 
compet:.ition c:-:-peri1:H.~nts wit.h the cholinergic abonist:. oxot.rer.iorine indicat:.ed t:.hac. 



TABLE 1. 

Paramct:crs derived from thc compctition CUL~Cs of oxbtrcmorine with 
[3H]QNB in hcart mernbranes from· Contro1 and Pert:ussis Toxin-Treated 
Rats. 

C.Ont rol 
Control Pcrtussis-Treat.ed Pertussis-Treated 

+ Gpp(Nll)p + GppU:H)p 

~ ( n!-1) 8.9+ 2.7 12.6 + 4.4 

~ (n.'l) 967 + 205 840 + 165 632 + 52 885 + 73 

~ (/.:) 60.5 + 2.2 37.5 + 1.0ª 

RL (7.) 39.5 + 2.2 100 62. 5 + 1.0ª 100 

~ < 0.001 c-ompared to control eroup .. 

in control r.iembrane~ t\o:O affini.ty stat:cs íor a.gonif;ts "'-'ere c]early evidenced 
(Table I). TI1c hydrolysi!:>-resistant c""lnaloguc oí GTP,, Cpp(Y..:H)p,, shift:ed t.he 
affinity St:JtC íor ae,onists t.o--·.ards the 10 ..... • c"IÍfinity st:.at:e (Table 1) .. In 
membrancs írom t:o:-:in-t.rcat.ed rat:.s t\..•o st01tes of afí'init.y were also detected but 
the proportion oí site.s in lo·..: affinit:y ~~t<J.tC ..._•ns s:ignificantly incrcnsed; 
Gpp(NH)p shiftc-d t.lw rc:rn:iining r~"ccpt..or in hi[>.h affinity stdtc t.o\.:ards t.he low 
affinity conforrnation (Table T). 

Disct.Jssion 

Thc :-1ction of in vivo :~dminist.ration oí pert:ussis toxin ,.:as studied at 
diffcrent levc1s: who·i-e ;:lnir.ia~ (tachycardia) .. heart:. prr.:paration (electr.ical 
stimulat.ion of t.hc vaBus) .::.incl c.::::irdiac r:H·1:1br:i.nc.s (:-1deny1.:lt e cyc1:i.se :-lctivity and 
binding studies). Al1 thc infonnation obtained is consistent:: with blockade of 
the mu_-=;carinic cholincrgic cflccts in thc hcart by the act.ion of Lhc t:.oxin. On 
the basis of the daLa oí this study and what. is a1re~1dy knovn about the act:ions 
oC the toxin (5., 6) tl1e follo~ing scqL1cncc of vvcnts can be propo~ed for t.hc 
induct:ion of tachycardia: A) thc to:-:in intcrncts -....·it.h thc cardic•t:Jyocytes and 
aftcr a la2, of severnl h0urs (requircd for ::intern.11iz:--it:ion and processing of 
the t:.o>:in) ADP-ribosy1ates l.:i; B) ADP-ribosylation of Ni blocks t.hc formar.ion 
of the high affinity state for aeonist oí rcceptors coup]ed throucl1 it (i.e. 
r~ccptors coup1 ed in an inhibitory f:·1shion) to <1th~nyl.::1te cyc1cse; C) block3de of 
che action of the medi:1tors th:it i1CC t.lirough t.ho!>c receptors. 

Heart: rote is controllcd by two opposing sy~tcrns: the symp:1thet.ic system 
and t.he par:--isyrnp.-it.hetic systcm. Our re.sult.s cle.:irly show that. pertussis toxin
induccd tachycardia is duc to Rn imbalance bctween t.l1ese tvo syste~s .. i.c. the 
t:oxin blocks the action of thc paras)'..-ipathctic action. Furthermore an increase 
in the S)"mpathetic action ·..:,as :1lso observe<l in t_his study. Incre.'.lscd <1ct:ion of 
agents that stimul.1te adenylat:e cyclase has b..:cn obsc1"'\lCd in a variet.y of ::iodcls 
(see refercnces 5 ;ind 6) and possibly results from an alt.ered interplay bct\.:een 
the subunits oí thc euanine nucleotidc rceulatory protcins (:.:'_i .:]nd N 5 ) (19). 

It is \.J'orth r.icnt:ioning that a snall p.:!rccnt.::·q_;e of t.he recept:ors rc~ained 
in the high affinit.y state for a~onist.s in spit.c of t.he trea~ocnt wit.h the 
toxin but activation of thcsc rcccptors did not result in any signiíicant 
decrease in hcart rate _i_r.! ~j._v_~ or adenylate cyc1 :-lSC .~ctivic:y in~~-~~- These 



data can be cx¡J]¡tined by tl1c prcsencc of a srn~ll popul~tion of muscarinic 
rcccpt.ors not coupled to Ni but. t.o anot...i1cr ¡:;uaninc-nuc1cot.idc rct:,ul;it:.ory prot.cin 
(pc:rt:.ussis t:o;.:in-insL~nsitivc). \.Je h~1'::'e prC.!.>C-nt.ed l.!Vidc.:nce of ~•uch protcin for 
the rPgu1ati.on of affinit.y of t"hc renal a1pha 1 -adrcnocc·pt.or (20) and Ev:ins _e:..!:. 
al. (21) for r.iuscarinic rt~cept.ors of cultu1·,~d cells. In cult.ur1:d cliick hc.art 
ce11s pcrt:.ussis t.oxin b1ock.s t..hc ability of r:iu·;carinic ;t¿:_f~nts t:.o inhibit:. 
adenylat.c cycl:.tc.e but not t.hcir .>et.ion on p1H"!spl1oinositidc t.urnov1...~r (22) .. Other 
aut.hors (23) h.o:ivc (Jb!.:;~.-1-vc-t.l t.l1;:1t. treo1t.:11~~nt. of cardiac 1;¡e::1br;i.ne~; wit.h pert:.ussis 
toxin shifts t.he i:n:~.c.u·i.nic r<'C(·:¡..,tf•r~:, to tbc lci·..: nff·init.y ~:;t.;ilc for ·'t;onist:.; 
unfort.un:1t..ely t111·~-.e ;:H1thors dj<l 11'..)t. pr1•!.t·nt. :i. det•li1<:d :ina}y!.i~ of tL.:.•ir binding 
dat:a. 'In a r•""cPnt pa:¡"'H .. 1· it. Wa!.--:. 1·,.;..,t1rtl·d tL.it. in chic-";.:~; trt·dted in vivo with 
pert:."lts.sis toxin thc 11L·.-1rt ;~11:.c.-1riníc It.'c•·¡itor~~ .;1re in t.110 10...: :1ffi-nit.Y st.ate 
f"or a&oni!>lS hllt. that. t11e t.1-P:<t1:1.·i1l. ....,•itli tbe tnxin · .... ·:1!"'> un.·1b1e Lo b1ock thc 
inhibit.ion of <!t~l·ny1:1t.c cyc1.::>t.! i11cl11•·•!d by :-\!:~C"<11·inic "l'.t.'nLs (~/_.). Tl1c re."lson 
for t.hc (liffL·r .. ·ncP l1·:·th"l"l:n. our finc1l11¿~ :inc\ t he :;Lul!y "-'ith rldck hc:irt. (24) is 
.at t.hc pr·t.·~•ent. unc1c:1r. 

Fin-<111y,. it. is i1:•portant. t.o (•;:,p11:1si:;-.e that. our findin[,S 11.-.ivc clinica1 
ioportnncc. Pc..-rt1..1s:;is t.o>:in v•1cri11c.·!~ ct1rr•~11t 1y .-1-...:ai ]:i.b1c c011t;)in .3ctivc 
pcrtussis t.oxín (25). It h.-15 h.:.·L·n n .. ~p1...n·ted t1H~ c.::i.sc of .1 ;:•<ltiPnt t.h;lL dcvcloped 
paroxys::-:011. su;:ir;1v~·nt ri ct11 :-tr t ncl1yc•11-di ü é1ftc~r pert:ussis V3ccine :::1drninist.ration 
(26); int..erest..in~ly,. t.hc .altPr.at..ion in hcart.. rate .... ·.as cunt.rol lt:.•d .._·ith t.he 
admini.st.rat.ion of propr<tnolol (26). Ol.Jvion~:;ly i'c:rtussis v.accincs devoid of such 
sidc cffcct..s are required (.25). 

This rese:irch \..'il.S part· i nl ly ~-.t.1¡Jpt>rt éd by a Grant. frc•m CO~:t'"CyT 

(PCSABNA 22620). J. A. G.-:lrc.í.-:;.-55.inz .is a 1985-19Sb Gur,¿_:,~nhcim Fel low. Thc authors 
thank ?-1s. Guadalupe Ramírcz for typing t.11e mnnti.'..->cript.. 
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ABSTRACT 

.3 • L • 

AND 

BOYER, 

.3 •A. 

M. MARTINEZ-CARCAMO, 3.A. 

GARCIA-SAINZ • o-f 

MONROY-SANCHEZ, C. 

pertussis toxin 

POSADAS 

on t.he 

muscarinic receptor a++inity. 

The eT+ect o+ pertussis t.oxin en the a++inity Ter agonists 

and antagonists o-f the heart muscarinic cholinergic receptor ""'ªs 
studied using the radioJabeled anta~onist quir1uc:l idinyl 

benzylate <t 3 HlQNBl. In cardiac membranes -from control rats the 

two displacement o-f t'"'HJQNB t.a'i t.h 

classes o+ binding si tes: 

by carbachol 

Kd .. 25 ±. 10 

'"'ªs ca ns i st.ent 

r.M and KDL.. 3006 ±. 869 nM; 

the proportion o-f sites in the high and low a-f-finity state -far 

agonists were 55% and 45% respectively. In the presence o-f 100 uM 

Guanyl-5'-yl imido disphosphate <Gpp<NHlpl, only the low a-f-finity 

state -far agonists was observed !Kd~ 3404 ±. 759 nMl. In c:ardiac 

membranes -from pertussis toxin-treated rats, t""'º bindir1g 

with similar a-f-finities to those seen in the controls were 

si tes 

al so 

observed in the a.bsence of guanine nucleotide (KD~s 39 ± 12 

3315 

high 

845 nMl but the proportion o-f sites was 20% and ªº"· 

and 

in 

the and 

remaining 

state <Kd 

dec:rea.sed 

5 pM 

a-f-finity 

pertussis 

1 º""' a-f-finity respectively. Gpp<NHlp shi-fted 

20 percent o-f sites in high a.-f-finity to lo~• a.-f-finity 

4093 ±. 744 nMl. The receptor Kd -fer antagonists was 

by pretreatment with pertussis toxin -from 83 ~ 7 to 56 

<p <O.Di>; GpplNH>p induced a. -further change in the 

Ter the antagonist in membranes ~rom bath control and 

to:.:in-treated ra.ts. The change sug9ested positive 

3 



cooperativity. 

The 

either pe~tu~sis tcxin treatment or guanine nucleotide~. These 

a~e conslst•nt with a ~o~si~le reclprocal modulatioto o+ 

4 
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-H~art Mu~carinic R~c~ptors 

-P~r":.u.ssis Tcxin 

-Guanine Nucleotid~s 

-A9onist 3nd Antagcnist Binding Regulalion 
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1. INTPODL'CT:!ON 

The ~ction of many mediators Ct:crrr:=ni:'~. 

f or-

n~clecttde-~!ndin$ 

.... ith 

¡.;,,,, -f.- or· the-

1<>eo> • 

ol'?''t al .. 

<""Is a.ne! t: i l 

~rc:.'lc-i n i nvol ·.:~d ir. 

in i 1"1 h i bit. i Or"t ~Rodbell,, 

t!.t:- =-.et i · .. i t.> cd' 

pr ot~ i r1s i. e. 

:··c:-sult.s in sig.-1iT ic~.-.t. 

t.h&- bindi1·1g c-f 

t.h~ 

~hich leads to the raturn ci the receptor to 

thrcush Ns> or 

e.ye.la.se. 

cycla.se-ccupled muse.ar in i e 

rece~tor seems to be rather unique. SCJtn&o eviC:e-nc:e 

t:tl:e ;:li3c:e ':iuring t.t':e =~·::le- o-f int.c-r-ac:ticr.. Ni 



Pert•Js~is ene cf tha toains producEd by 

known te blcck the •bility of a lar9e nurr1be-r· 

chol iner g ic 1 F.: i-

D:=-d-:=tp:tmir:ergic, opi.at-::- 1 so:r.3.t:::3-!atin, pr·o;..t.a9ló.r,d1r. 1 

nicotinic C'.C id) 'l:o ~,edi=..te inhibi~ior, c.rf ade::r-1:,..·!~tc: c;,·c.l=..~e-

rT>C?t :.bol ic e e~.~ e-~._,-:=- n =-=-;. ~ .f- ~•Je h in:-. ~?:. i t i e:n <Haz-= k i i..J i • 

1991 !:~rc!a-S~i:--=.,, 19Z ! ; 
1 

!1::.r- t r.ne=.-01:-:.c:do ;,.nd G .:a,. r .=. i ..:.- S: á. i r1 z 1 

1 '?~'3) 

th'? rc:~ .... lls 

r c-cc-ptor =-
IC. ... a. l .• 1?.33) 

?"! !º9'ª; '::?3rc~a.-St..in:. ~': Z=-1 .. , !984; Kurose and Ui 1 19$4).,. 

ar:d '5'Lºf2~P~ted tt-.=.t thi~ ~T-fect C:-f thc ~o;:.;ir1 is due.- t.c. blockc..de c,,-f-

a.1 ... 

tc.x in 1 

us.ing 

c~rdiac ~e~bra~es (~u~csc and Ui, 19aq> blcchs tha ability ~* the 

In 

report the effect cf p~rtussis toxin 
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.·-

Our con-s: ist~nt ~·) i th pos.si ble-

mDdUl?tiDn of the a~fin!ty for agoni~ts and antagoni~ts, and with 

the induc.ti:-n oT ~ositi· ... ·e- c:cope-ro.ti'-. .. it:,• ~or 3.nt3g:oni;.t bir.ding by 

s~~r.i~~ n~cleoti~e~. 



2. MATERIALS ANO METHODS 

2. 1 Materials 

Carbachol chloride. guanyl -5'-yl imido diphospha.te 

<GppCNH>P>. atropine sulfate. oxotremorine sesquiTumarate and GTP 

were obtained from Sigma: 

[""H GINB>, 30.2 Ci/m mole 

< - > - [""H ] 

was -from 

Quinuclidinylbenzylate 

New Engl and Mue l ear 

Corpora't.ion. 

2.2 Pertussis Toxin Preparation 

Pertussis toxin was puriTied Trom whole pertussis v&ccine as 

pr"eviously described <Hartínez-Olmedo a.nd Ga.r·c~a-Sáinz,, 1983),, or 

by the method o+ Sekura et al. (1903), by both procedures the 

toxin was purified approximately 1000-fold with similar pur i ty 

and potency. The second ~ethod was preferred beca.use it is 

simpler and ~aster. 

2.3 Treatment of Rats with Pertussis Toxin. 

Hale l .. Jistar rats were injected intraperitoneally with a 

single dose o+ pertussis toxin <SO ug/100 g body weight>. Control 

rats were injected with the vehicle used to dissolve the tox in. 

The rats were killed 3 days after treatment. 

2. <l Pr·epa.rat ion of Rat Heart Membra.nes. 

9 
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Whole hea.rt. was quickl~ removed and rinsed with ice-cold 

homo9enization buT+er <containing 20 mH Tris-maleic pH 7.4. 5 mM 

M9Cl2, 

minced 

O. 25 M sucrose, 1 mM EDTA, 12. 5 mM B-mercaptoethanol>, 

and homo9eni2ed in 15 volumes o+ hornoger1 i zat i or1 bu-f-fer 

using a polytron <Brinkmann Instruments> two times for 15 seconds 

at. mild speed. The homogenate was filtered t.hrough tour la~ers o+ 

cheesecloth, and centrifuged at 700 x 9 tor 15 min; the resultant. 

superna tan t. was then centrituged at 30,000 x g ter 15 rn i r1 .. 

pellet. ""'ªs resuspended in incubation buffer <containing 50 

The 

mM 

Tris, 10 mM H9Cl 2 , 1 mM EDTA, 

o-f 3 mg/ml. 

pH 7.4) to a prot~in concent.ration 

2.4 Radioligand Binding Assay 

Fer sa.t.uraticn experiments plasma membranes <250 ug/t.ubel 

were incubat.ed wit.h o.ooa t.o 1.0 nM ['"'HJ-QNB in a final volume 

o-f 3.5 ml at. 25~c during 60 .min. The membrane suspensions L-iere 

filtered over Whatman GF/C -filters and t.he -filters washed wit.h 20 

ml o+ ice cold incubation bu~+er. Non speci~ic; binding was 

de-fined as the binding o+ t•HJ-QNB in the pres erice o+ 1 uM 

at.r-opine, and it. was less than 10% o+ the total bir.dirtg .. Where 

indicated GppCNH>p was present at. 100 uM. Compet.ition experiments 

usir.g 

same 

unlabeled carba.chal or oxot.remorine were performed in the 

conditions using 0.2 nM t•HJ-QNB in t.he presence ar absence 

o+ 100 uM Gpp tNH> p. Dat.a Trom saturation c:ornpetit.ion 

ey,:periments were analyzed by a comput.er program that per+orms 

i te,....at i ve non-linear regression analysis <Munson and Rodbard, 

10 
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3. ·. RESULTS 

3.1 Binding A++inity +or Agonists. 

l'.n agreernent with previous reports <B~rrie et a.1 •• J.977; 

Rosemberger et al., 1979; Wei and Sulakhe, 1979; Rosemberger et 

1980; Burgisser et al. 11 1982; Harden et al., 1982; Kurose 

a.nd Ui, 1984; Hartin et al., 1984>, the displacement o+ [•HJ-QNB 

by the agonist carbachol in heart mernbranes +rom control rats 11 

yielded shallow curves <Hill coe++icient 0.50 ~ 0.02> consistent 

with the 

Computer 

presence o+ heterogeneous binding si tes <Fig. 

modelling o+ these data, indicate the presence o-f 

lAl. 

two 

t)'pes 

!Fig. 

o+ binding sites with di-f-Fe-rent a-f-finities +or carba.chal 

1A and Table X>. The dif-ference in a++inity between these 

receptors was o+ approxirnately 100-+old. We +ound that 55% o-f-

the receptors are in the high a++inity state +or agonists and 45% 

in the 

presence 

low a++inity st.ate +or agonists <see Table l>. 

o-f l.00 uM Gpp<MH>p.- the displacement curve ,..,as 

In the 

steepe-r 

and only the low a++inity binding si tes were 

coe++icient 0.79 ~ 0.05>. The Kd o+ these receptors 

-found <Hill 

"""'ªs i dentical· 

to that o+ the receptors in the low a-f-f inity state Ter agonist in 

the absence o-f guanine nucleotides. 

l'.n 

cornputer 

the membranes +rom pertussis toxin-tre-a.ted rats. 

analysis o+ the displacernent curves +or ca.rbachol, 

the 

in, 

the absence oT guanine nucl&otides were less shallow than that in 

the controls <Hi 11 coe'f+icient o. 68 ± 0.002> but a.lso wer-e 

better + i t.t.ed to a two-s i tes model (see Fig. lB and Table I > • 

The a++inities +ar carbachol were ident.ical to those observed in 

12 



control membranes <Tabl& I>. Ha..ve-Jer, the proportion o-f sites in 

the high a-f-f inity state -for agonists, was decreased as compared 

wi th those found in control rats CTable I>. In the presence o-f 

gua.n ine nucteotides the displ St.ce-rr1ent curve was st.eep C Hi l 1 

coe-fTicient 0.04 ± 0.15) and the goodness of the one-s.ta.te fit 

1..rJas not s i gn i -f i e a. n t 1 y improved when the two-st.ates model was 

te~ted <Table I>. 

These re:ul ts indica te that pertussis toxin t reatment 

decreases the -formation o-f t.he high a-fTinity state ~or agonists_ 

as we pr~iously reported Tor alpha2-adrenoceptors in rat k idney 

CBoyer et al., 1984> and hamster -fat cells <Garcíd-Sáinz et al., 

1904> an et.her autho~s have reported -for other models <Kurose et 

al., 1903; Kurose and Ui., 1984; Evans et al., 1985>. 

3.2 Binding A-ffinity for Antagonists. 

Satura.t ion experiments with the a.ntagonist [ "H ]-QNB in 

control membranes were saturable, and the Scatchard analysis o-f 

the data gave straight lines indicating a single class o-f nor1 

coopera t. ive binding s.ites CFig. 2> computer rr1ode-l l ing o-f these 

data were a.lso in agre-ement wit.h thi'5- st.aterr1ent. Pert.uss.is toxin-

treatrnent induced a signi-f icant increase in the receptor affinity 

-for the anta.gen ist Cfrom 83 ~ 7 to 56 ~ 5 pM in control and 

Per-tu~-:is Tox in treated rats respectively mean ~ S.E.M. of 7 

simultaneous ex per imen ts. <p < 0.01) CFig. 2>>. The- number of 

binding sites was not altered by pertussis toxin treatment (171 ± 

4 and 191 ± 9 -fmol/mg protein in the control and Pertussis Toxin-

13 
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GUA.NINE NUCLEOTlOE-lUDUCED t'OSlTIVE COOPERATlVl'l"Y 
1N HUSCARlNlC-CHOLlNEHCJC ANTN;ONlST B1N01NC 

.Josil!: Lui..s Boyerª•b. M1-¡;.uel Mgrt!ncz.-C:t.rcamob. J. Antonio.a ~onroy-Sfincl•ez.~ 
Carla& Posadas and .). Adolfo Carc!a-Sáin~ • 

4nepart.Arncnt.t> de Rlocnurcét ica. 1nst.1t.uto dt-! Fi~iolog{a Celular• 
UniVt..!Tsid-.d N:tcional Aut6noma de México. 

Apartado Postal 70-LOO. 04~10. H~xico. D.F. 

hrl._•p;,rt;u.,,._.nto <le fJ'u,ocr ln0lo1~{a 0 
Instituto ?:;1cional dr C;,rdic:~ln¡:f..,, "Dr. lt:.n,1cio Chá.vcz."; 

.luan E .• di ..... no O 1. ¡t,080. !'1•"':Y.ic:o 0 D.F. 

Received ?:ov1·mbcr 22. lYBS 

The effect. of ¡;ll.u-d.nl.• nuclrotidrs on tl1c l>inding of ( 3 H.)Quinuc11diny1 
~nzilat.e t.o hcart. r.Hc.c~1rinic r••<"rí't_ors ~;is -;t.udit.·d. lt ~as obscrvcd t.l"lat GTP 
.and Cpp(NH)p incrc-ast.-d 01ntagoni~t. bindi.nr,. Sc."ltchard t.1an!".form¡¡t.ion of t.he 
dat.a resultcd in curvi 1 inrar plots (,?n....,n...,.ord cono::,;_,,vit.y) con!>ist.cnt. '-'Ít.h posi
t.ive coopcrat.ivit.y. Grnphic analy~is for coop~1ativit.y indicat.ed t.hnt. E\Jnnine 
nuclcotides: .n) increL-i.s1..•d ~light.ly but cons.i~tcntly t.hc dffinit..y for t.hc an
tag¡nist. (indcpcndcnt of rrccptor occupnncy) ana b) indl1C"e posit.ivc coopcra
tivit.y in t.he binding o{ {3H]QNB (dt."'p ... ndcnt. of rrcC"pt.or occupancy). 
... .- .. de•t< f'r•••• lnc. 

He.ar t. muscilrini c-chol incr¡;ic r<"cl·pt.or~;. are re~pc1n!".i ble of t:iodul at.ing 

heart rat.c. Act.ivat.ion of t.h1•:0.1! reccptorG rt•sult. in inhibition o[ i'tdcnylatc 

cyclase • d ecrcasPd 1 cvcl s of cyc 1 ic A..'1P ,and cl1<tnr,•·!:i in ion .conduct.ance ( l). It 

i& wc11 known t.hat. rcccptors c-0uplc-d to .adeny1.1tc cyclasc l!ltiSt: in two int.cr-

convertible affinit.y st.at.cs for a¡:oni!Ot!;~ Such int-(_·rconvc·n;.i.on oí thc affinity 

st.ate for agonist.s sceos t.o reflcct t.hc int.craction with t.hc guanlnc-nuc1cot:1de 

rcgu1atory prot.eins and t. hf•rcfo1: is modulat.~.d by cuaninc-nuclcotidcs {2). 

Thus • :i.t has becn shawn that. {;U•>ninc nuc1eoot.idc.s shifts t.hc cquil:i.br.iu:n bct"1een 

t.he affinity st.at.es of thc rcccpt.ors t.U'ool'ards t.hc 1 ow affini.ty St.at.e for 

agoni.sts (3 .4). This has al so bccn shown for cl1ol incrgi e muscarin:ic receptors 

(5-9) although the CltiStence of 3 affin:i.ty stat.cs for agonists has been 

proposed {10). lntcresti.ngly. guanine nucleot.idcs seem to rnodula~e not on1y 

•To ~hom correspondence should be addressed. 
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t.he tnU'9Carin1c cho11ncrg1c reccpt.ori& for a¡;onist.s bue 

•lao for ant.agonist.s,. 1n a reciproca} fnGhion (9. 11). \.:e l1ave &t.udicd t.he eí'

fect. of gu.i:Jnine nuclcot.idcs on t.l1e bindin& of 13
H]Quinuclid1nyl bcn.zila.te 

([3H)QNB). a chol1nergic .ant..'lgonist.,. t_o hcart. r.ou~c~'r1nic rrccpt.ors; our re-

... sult.s indic•lt.e that. Cl.laninc- nucleotides ch.an¡;~s t.he 1nt.cract.1on of t.he lig.and 

"'ith t.he receptor in a cumplr.x f.a?.l1ion con•;i~•t.ent. uit.h t.hc tnduction of posit.i.ve 

cooper,qt.ivit.y. 

H.ATU<.1 ALS A:.'l> METHCIDS 

obt.ai~::.;;"~!~!-~! ¡;~:~º~-~ ~ ~~)~~~-"~;7 ~~P~~t;~.!~~;) G~~s .-i~~o~t.;:~..:: 1 ~~1;~ ~:~~.-¡~~e~::;_ 
Hale \.:i~•t.ar r.at.s (200-250 1;) \o/Pre ~.ilcri ficl.-d by decapitation .and 

exanguin."lted. The hc,.rt. \olas quic'kly removt_•d .:lnd .... a!.Olu•d \olft.h icc-cold homo¡:cni.
zat.ion buffer (containing 20 ~~ tri~-malric. 5 ~~ HgC1 2 • 0.25 M $Ucrose. l mM 
FDTA. 12.5 m..'"i 6-mf"rc.;i.pto-•t.l1.-1nol. pH 7.4). r.dncc<l :1nd ho,..,,o¡:.-nl:t..-d in 15 volumes 
of homogt_•niz:ition buffer u.sing •"' po1yt.¡-un (!',rin¡.::,,.rin 1nstr1~:--f'nt!"i) 't\olO rtrncs 
for 15 st•conds at. ~ild spr~d. Thc hnmoccnarc \olan filtcrcd tllrouEh four layers 
of chees~clot.h., ,and ccnLrifu~cd .-1t 700 Y. E. far 15 ~in; t:'h(' rP-.111r:int. !>upcr
nat..-¡nt \ol,as thcn ccntrifu1::cd at 30.000 x e for 15 min. The pcllct '-'.-is rr-r.us
pendrd in incuh."ltion buffci- (cont..-dnin¡.;, 50 r-'1 Lris • 10 r.¡_~ !'-'!ECl2. l rw~ FJJTA. 
pH 7.4) to a protrin co11cent.rat.ion of 3 rn~:/ol. . 

Pl."ls~a mcmbr.itnt•s (200-250 u¡;/r_uk.c) '-'ere incubat.cd \Jith 0.008 t.o 2.0 n...~ 
( 3 H)Q?:B in a final volt.¡m• .. of 3.5 r:il ;tt. 75•c du!"in& 60 min. Thc r.i<:r::br¡-¡nc suspcn
sions 'l.l'cre filt.t>rt•d ovcr \.:h<ltrean GF/C fi1ro.·rs aind t.hc f11tcr!; '-"a5hed wit.h 20 llll 
of ice cold incubat:ion buffer. t;on ~.;u:•cific binding ,_.as dcfined as t.hc binding 
of [3H]QNB .in t.he prrsc.-ncc of l µ!-1: at.ropit·u .. •, ."lnd it. ,_.as lf.!55 t.han 10% of t.he 
t.ot:al binding. \Jhcre indicaL••d Gpp(?:ll)p or GTP '-'ere prescnt. at:. 100 i.iM. Prot.c1n 
was measu.red by t.hf." mct.hod of 1.ovry et:. al (12) using bovinc scrun:: albumin as 
st.and.ard. Analysis of thr dar.a '-'as pt~rfort!lcd by thc met:.hc>d of Sc.at.chard (13) 
and the possibility of coop..-rar.ivity by t.he gr01;:ihic analysir. of De ~cyts .and 
Roth (14). 

RESULTS 

( 3 H)QNB bin<ls rapidly and revPr!>lh1c t.o c-..rdiac u.embranc5. A saturation 

1.sot:herm is_ pr~!.c~tcd in Fir;r.. l .itnd 2 panel A. Scat.chard analys.is of t:.he d.at:.a 

(Figs. l and 2 p.ancl B) indicat.cd that:. t.he Y'D '-'ªs 63 ± .3 pM and t.hc·Bmax 

196 .± 14 fmol/mg of protcin (mean± S.E.M. of 6 cxperiaents in dupl1cate i.n 

each case). Linear regrcssion analysis '-'ª!> cons:lst"ent vit:h :i straight. line 

(p < 0.001) and correlat:.ion cocfficicnt.s of 0.98-0.99. lnterest.ingly • .addítion 

of GTP (Fig. 1) or t.hc hydrolysis rcsist:.ant. .analogue Cpp(hlt)p (Fig. 2) m~rked1y 

affect ~he ligand receptor interact.ion; in both cases guanine nucleotides 

i.ncreased ( 3 H]QNB blnding and e.he asccndin~ part. of the sat.uration curves 

becamc much st.eeper. Similar resu1ts have been observed by Burgi.sser ~ ~ 

(9). In ni::>ne of these cases. e.he Scat.chard t.ransformat.lon of the data gave 
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Fig_ul'e l. SATURATIOS 1SOTHFJU1 (A) A:'ffi SCATCHARD PLOT (B) OF ( 3 H]Q~HI BltmtNC 
To CARDIAC ~'"!.B?...ANlS IN THE. AE.5ESCE (O) A!·':> i'fl.l.5E?"OCE (e) OF CTP. J'lot.trd ia 
a rep1'"C'5rnt<1tive rY.prri...-nt. out. of 10 utth id<-ntical rcsults. r_..ch pcint. :la 

""..• t.hc avc-rage of duplic•n_~ d<"terniinalions ui th lrt>:'i. t t, • ..,n JO: variat:ion. 

_!'.!_lCJ_!_!_h SATL-ri.ATlON lS.OTPER.'1 (A) A!".-0 SCATCi-·ARD J'LOT (B) OF [
3

H]QKB Blh.'DlNC 
TO CARDlAC HI:!'iffk.A!'lfS IN THE ABSC~CE (O)>....~ PJ.'LSi-~•CE <•> OF Gpp(t...•H)p. Ot.her 
1nd1cat.1on.s as in Fli:ur~ l. 

straight:. 11nc!> bllt. '\Jr.rc- clc<1rly curvilinear., 1.~. do._.n...,.ard conca.ve (Fi.gs. 1 

and 2 panel B). suF,gesting thc existence of positive cooperat:ivit:y in the 

Vol. 134 

J .. 

of t.he 

fo11ow 

preser. 

consi.:s 

presence o{ guanine nuclPot.idc..·s (15). '1 

In ordcr to overcomc tlle problems duc to t.l1c pu~~ible exi~t.encc of sit:.e-

site interact.ions ~nd to obt:ain mcaningful informat.ion t:hc da.ta werc replott:.ed 

using t:.hc graphic analysis of De M.._-yt:s and Rot.h (14). In t:.hi~- .ana·TySis th~ 

average affinity (°K) ca1culat:cd as (Bound/frce)/(Dcax-B) is plotted as a 

f'unct:.1on of the factiona.1 occup.ancy (B/D:Dax). Using this graphica.J. analysi.s 

the diffcrcnces scen in this Scat:.chard plot:.s '-'Cre more c1carly observable. In 

t:.he absencc of guaninc nucleotidcs thc K "'ªs con~t.."lnt:. lndicating t:hc absence 

of cooperativity (Fig. 3). On the contrary i.n the prcsence of CTP (Fig. 3. 

pane1 A) or Cpp(?lH)p (Fi.g. 3 panel B) the .average affinity v.aricd mar'kedly 

(from 20 t.o 100 n..~-l i..e. the J<Ds varied betYeen 50 to 10 pM) ns a function of 

receptor oc:cupancy. As shown i.n Fi.g. 3. i.u the presence of guanine nucleoC:ides • 

as the receptor occupancy i.ncreased the average af'finity incre.ased. Ca1c:ul.at.:lon 
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fRAC llONAL OCCUPANCY 

Figui:-e 3 .. CRAPHIC ASALYSlS FOR COOPERATIVJT)' OF THE DATA PRE.SO."TlD lH ne .. 1 
(A) ANO n.c. 2 (B). o...-n symhol~ 1nd1c~t.e t.he .ahsenr.e o! &unn1ne nuclt!!:ot..1des 

~;:(~~~:~P:;::i'°i~-1n~~c:~~t.:l:r~:~·.o;;~f)ºf 100 W1 GTI' (pa,_.J A) or 100 µH 

of t.ñe Hi.11 coefficicnt.s nH .-.s indic.-u.cd by De Le.-10 .'lnd Rodb.-.rd (15) gave the 

fo1l.owing rcsul"IC.s: }.0 in th<! il.b~encc of ¡;uaninc-nuclcot.ides. 1.46 in the 

presence of GTP a.nd 1.50 in t. he pr~:i••ncc of Cpp(NH)p. Th<.•sc rcsult.s clea:rly 

consist.ent \Jft.h c,uanine nuclcot..iC.c-induccd posit.ive coopcrativity .. 

DISCUSSION 

The main finding of our studics is t..hc cffcc"IC. of guanine nucleot:idcs on 

t:.he bi.nding of a cho1_incrEiC ant.agonist:. [
3

H]QNB. t:o t:he hcart. musc.arinic-

chol1.ncrgic recept.ors. Our rc!>ul t.s clcarly sho\J a doi..•n\Jard concavit:y in the 

Scatch.ard otnalysis of the ~.,.t.urat..iÓn isot.hcrr.i -consistcnt: 'l.Jit.h posit.iv_e coop~ra

t:.1.vi.t:y. Prcviously et.her nut:hors had st.udicd t:hc action of c~anine nuclcot::ides 

c1n antagonist binding t.o mu~ocarinic cholincrgic receptor (5. 7-9. 11. 16). In 

instances an incrc~~c in ant.agonist. affinit:y by Euanine nuclcotidcs has 

been report:ed wit..hout. detcct:íng changes in t.he shapc of t:he Scatchard plots 

(probably duc to a small range_of radioligand concentrations used in their 

assays). However. 1.n some cases in \Jhich straight. Scat.chard plot:s 

present.ed. cáreful inspcct:ion of the data evidenced down\Jard concavity (17.18). 

A graphic analysis (14) \Jas successfu11y used to further document the 

under1y1.ng phenomenon responsible for t:.he curvili.nearity of the Scatchard 
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plot.s. The data are marK~dly simil~r t.o t.he t.heoretical p1ots for posit.ive 

cooperativity (14). ~t should he mcnt.ioned t.hAt. as cxpect.rd. thc procesa of 

posit.1.ve coopcrat.ivtty is depcndent. on rcc(~ptor occupancy (scc Fig. 3) and noc. 

just an increane in receptor affinit.y for .ant.agoni~ts. Bur&isser ~ al (9) 

havc propo~rd tha.t r:uaninc nucl(•otidt'"'S mc>dul.at:e in an oppe>!>1t.c f'asllion t.hc 

affinity of muscar1nic r~crptor& for a&onist.s and ant.ngonlsts. 1.r. <l(•crra~e 

t.hc affinity for aE.oni~t~ ,,ihero.·.as incrc.-1~-.•~ t..h~~t for ant ac,onlst.. This ph(_•no~c-

non does not. dt.•pt•nd on r'"c1•pt_or occup.ulcy. Our r1•<oult.s do not. ;4110'l.I' ur.: to di~card 

the proposÑ rt•ciproc-al c>o(\ulat: ion o! a{ftnit.y. On tl•e contrary. \JC con!Oistcntly 

abscnce. Thc ch.~nGc in af{init.y <h1r t.o r:.u.-inine nucl~·ot.idcs wns !:.ma11 (i.e. 

from a "u of 60 ¡.;?'-!. t..o a ~ of ~O ;>H in t.hc 01\~sencc <11nd prcsrncc of cuanine 

nuc,eot..ides. rc5p(•c:tivcly). Ot'h("r .aut.hor!>. li.-ivc "ma1n1y interprct.ed t.hcir data 

00 t.he cffec:t o{ E\.1<."l.ninc nuc1rotidc~ .ils t:.hc rr!.>Ult.s of an incr,.:t.sc in affini.ty. 

in affinit.y and posit.ivc coopC"Tntivit.y) may c<:>cxist:.. 

The effects of guanine nuclcot.ides on t.hc affini.ty of rccr.?tors seem to 

takc place -c.hrough thc guani.nc nuclc-ot.idc -re¡.~ulat.ory protcins (Ni• Ns and Nx) 

(2). Current.. ideas indi C.ilt.e t:.l1at. t.hc reccpt: or-N ( rcgulat:.ory prot.cin) complex 

is the fon:i:i of t.hc rPcrpt.or 'Wit:.h high affinit.y foi· agonis'C.s (and 10"' affin1.,,ty 

for ant..agonist. i'n t..he c~"lsc o{ t.hc muscarinic: reccpt..ors). Cuaninc nuc:leotides 

seem to di.ssoci .. -ite t.hc rcccptor-N coroplcx and dccreas·e the affi.ni.~y for 

agonist (and incrcasc that for nnt.agonist.s in rouscarinic reccpt.ors). ~t is 

possib1e t.hat t.he induction of positivc coopcrativity by gu.ilninc nuclcotidcs 

obser-vcd in t.he prescnt st.udy may rcsult from receptor dissociat1on of the 

guanine nucleotide regulat.ory protein. Ho'Wevcr. more direct approaches 

required to address this possib~lity. 

After t.hi.s researc'h Yas !inished. a paper appeared descri.bi.ng si..m.i..1ar 

effects o[ guan~ne nuc1eotides on antagonist bindi.ng (19). 
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