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Ãdrenocorticotropin

characterized at levels

A,BSTRACT

(ACII{) receptors in

of specific bi-rdjry

Ítre higùr affility bindj¡g of 12sr-acrr1_rn

adrenaf cortex r¡ras irhibited by vasoaståve

qrcnlrth hornuone releasi¡q fastor (æF) ard @@r_r, (DYN) , buL not by

oEher peptides tested" These sane peptides eacÏr entraraed stercidogenesis

ix isotated bcvine adrenal cortical cells i¡ a dose-deperrdent nnnner,

AqIr{ conpeted fot 1251-vJP birdirg in ne¡rrbr:anes from rat brain a¡rd bovi¡e

adrernl corte><. The combi¡r,ation of \IJP arxl ACIII, each at subrnaximalJ-y

effective concentration, was additive in stitnul-atÍrq cortisol production,

qilrereas eactr ccr¡nbined at a nnxi¡nally effective concentration caused no

additive response. These results, in conjuncÈion wittr previous findirqs

that tlre hidr affinity birdirq of L2sl-eclttr.,n to menùcrane frorn rat
b::aj¡r was potently inhibited by VfP, cRF ard DYN, i¡dicate ttrat tìese

¡æptides ixtet:act, with a e¡Írrrxrn q>ecies of receptor for ACTII.

Mæ<irnally effestive concentrations of Affit_to and Acrr{ ar_24 each

elicited cortisol sesretion i¡ isolated or crrltured bovi¡re adrenocortical

cells ttrat r¡¡as only about one-half that hy Affit_z¿. The combination of

Affif-tO ard ACIÍÍ.,.L_Z4 pronxcted cortisol release to tJ-e maxj¡al- level

elicited by ACIHr-rn" Uaxinal cortisol release by ACIHTT_2^, but not by

Affi\-fO ot 4ffi1_24, r¡ras enhanced by forskolin" Vanadil¡'n in a dose-

deperdent fashion j-nhibited cortisol secretion elicited by ACIHr_t_o and

4ffi1_z+, hrt not by ACIHTT_,^. rn bcrvixe adrenal rnembr:anes, bth Aerfll_

10 and Affit-Z¿ i.rduced cAl'fP formation, whereas Affitt_Z¿ was inastive.

These obsen¡ations irdicate that there are at least two classes of

recepEors rcdiatirg Affit_z¿ deperdent steroid secretion, one r-ecogniziry

brai¡r and adrenal r¡{ere

ard ¡rcst-receptor events"

to Íembrane from bovi¡re

i¡rtesti¡al peptide (\IlP),

Affi:_-tO ard cotpled with the cAÌ,IP messerger pathrnray, and tlre other



reco$izirq Affiff_Z¿ ard li.nl<d to a non-cAt"lP ruesserqer system"

l4axi¡rnJ- cortisol prduction il res¡rcnse to VlP, GRF arxl Dlß{ was only

abdrt one-half that by Affit_Z¿. There lras an additive sta:oidogenic

effect. of VIP plus ACiHt-tO brt not VIP plus ACffIII_,4" Specific birdirg

of 125t-ecm¡ 
IL-24 i¡r adrenal ne¡nl¡ranes Lras inhibited by unlabelled VlP,

GRF ard DYI{, tnrt. not by Affit_to, peptide T (Pæ T) ard ot}rer ¡reptides,

e.g. üyrtropin :elea-.irg horn¡cne (TRI{), c-nelanoclte sti-lrurlatirq

hornor¡e (a-lßH) ard p-erdorphins (P-B.ID) " ltrese bi-rdiry ard functional

sLrrdies, togettrer with ttre ecistence of hcnxclogor:s arni¡ro acid sequences,

irdicate that VIP, cRF ard DYN conpete for a subpoptrlation of ACm

receptors ttrat recogurizês a rnoietlr within the l-l--24 sequence of the ACIÍI

nolecul-e"

11



Introduct.ion

Tlre pr"evior:s firdirq i¡r ttris labor:atory that high affinity specific

ni:uirg of Dsl-Acttt 
I-z+ to rat brai¡r ræ:rùl=ne was ¡:otently intribited by

VfP, GRF ard DYI{ raisd tlre question as to vitret}rer Lhrese bi¡dirq sites

represerrt ::eceptors for AOIH?. Tro resolve this question, and as an

otrension of tlre first successful den¡cnstration achieved by our

labor-atory of high affinity qpecific 1251 ¡CüI birdi-rq sites in rat

brain, ttre ACIH receptor has been fr¡rÌfrer irvestigated in tet:rs of 1)

jnteraction of ACrH bi¡dfug sits with otTrer ner:ropeptides nentioned

above, and 2) tÌe ce1lular effects nediated by ACIfi birdirtg sites.

fnteraction of ACTH, VIP, GRF and DYN for binding sites

Altlrough higr affinity bi¡diry sites have been described i¡r brai¡r for

rrucst of neu:rcpeptides, those for ACIÍI bird'irrg j¡ brain have been elusive,

probably due to an extt:aorìùinar1l pr.operty of AC'IH to adhere to surfaces

ard tlre loss of biolqica]. activiþz ctri¡lg idj¡ration of ACIH nplecule"

After siliconizirg all labnrare wittr Surfasil, addilg RSA to Aq[fi

prepa::ations, ard usirg a biologically astive radioligard, t'Ut-

[Fhe2,N1e41actHr-24, two specific higr affi:rity 125t-ecnt birìdirr€r sites

!'¡ere ren¡eaJ-d with dissociation equili-briun constants (K¡) of 0.65 ! O"47

rM ard nnxfunal birdirg capacity (o,rJ of 2I t L4 tnøl-/rqi ard lcn¡

affinity site with Ib of 97 J 48 nM ard Br** of 3.6 + l-"8 ¡xrxcl/ûq

(IIr¡atcráricù et al-., in pre.ss) .

VIP was disccn¡ered irr V" Ituttrs laboratory i¡ Stocldrolm from one of

tlre peprtide fi:actions v¡Lrictr rernai¡red afEer tJ:e pr:rification of secr:eti¡r

fr.cnr hog Wper intestinal tissue (Said ard Mrtt, L97o, L972) " Porcine

VIP is a highly basic peptide t¡ith 28 anirþ acid residr¡es ard belorçe to



a fanily of ¡reptides ccnpæ of secætin, glucagon, gastric intribitory

pptide (GIP), gtîcm,rttr horrncne reJ-easirq horr¡¡cne (æF), peptide with ¡l-

terini¡al hi-sEidine ard C-tenni¡nl isoleucine anide (F[ü), hrman peptide

wittr N-tenni¡a-L histidi¡re arxi c-tenni¡n1 nethioni¡re (FEM), corticotropil-

releasirg fastor (CRF), sauvagine, r:rotensin Í.t and heloderrnin (Said,

l-986) " \IIP has been paid nxcre attsrtion i¡ this strrdy because of its
sti¡ru.ûation of steioidogenic arxl cêû{P forrration" eirnjrq of VfP to brain

rsnbrar¡es was fi::st, r'e¡nrtd jx gnfuueå pig bV Robberech.t, et al. (l-978) "

Tv¡o classes of birdirg sites were strcn¿n, oræ witl. an apparent Ib of 36 rM

M 
"uo* 

of   pmol/mg protein ard a secord witl- an apparent i{¡ of 285 rM

ard R*^-- of 20 pmolrznq protein. Ihe specificity of the VIP receptor wasnìax

e:{arnfuied by tlre sare gïolp in 1979" Anxcrq tlre ni¡re peptide-s tested, only

VIP, lclngrAsnl5] #h5-22, tval-sl secreti¡r ard secretin were slrcr'¡n

to irù.ibit tlre birxfÍrq of 125I-VIP, ard \ItP was at least 1oOo-fold nrore

poterrt than tlre th:¡ee other peptides. Birdirq of 1251-vlP to rnernbrane

f:¡crn rat brai¡ ard ttre distrjbution of the birdìrq site.s i:r the rat brain

were reported by Taylor ard PeÉ. (1979) " A sirgle class of VIP bi-rd'irg

was suggesbed wittr a I{¡ of l-"0 rM a¡d a of 2"2 pnal-/g of wet tissue"

Staun{Lsen et aI. (19g2) r'eported t}re spcific bi:dirq of 1251-vlP to

isolated syrnpb.oscnes fr"on rat ceræbr:al cortec" 1|\¿o classes of \IfP

bfurdirg sites were revealed. Kp values rrere 4"1 ard 45 rM, vfiicùr we¡:e

snal-Ier üran ráñat Robberectrt, et al-" re¡:orted" Ttris discrepanq/ nny be

due to tJ:e differerce in ani¡nal species. eirdirg sites for VJP were al-so

dta:acterized i¡r aisperseA pineal glard cells (IGlfli et a1., l-983) .

GRF was discovered in pancreatic tr¡¡rrs obrtained from two patients

(Qrillsnin et aJ.. , L982; River et al. , L982') " It is of interest tlrat cRF

i¡tel:acts wittr VIP rece¡rLor j¡ r:at ard hruran i:rtesti¡at epitlrelial cell

B
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nsnbranes (Iabur{he et al-", l-983) , guinea pig pancreatice acini (Pardol

et aJ-" , 1984), rat pancreatic plasna nernbt:anes (Waelbroeck et a1., l-985) ,

ard, lil<e \IJP, stj¡¡ul-ates aderrylate q¿c1ase acLivitlr in tlrese

pre¡n::ations" Ttrere are no re¡nrts on an interaction of DIN with

AgIf{/\ttP receptors

There are sevq:al ways to analyse nirC.i:lg ùh, suctr as ScatchanrC,

Rosentlnl, dorble-reciprrocal (arnlogous to ttre Li¡er¡eaver-B-rrk plot) and

Itill plots" With these plots, the bird.i-rq pa::aneters (I(¡ urd *,^*) are

obtaj¡rd" A n¡cre so¡ùristicated, although conceptually sfun-ilar, nethod is

tlre nonl-i¡rear cuwe-fitting progr¿m, LIGAI{D, v¡hich !üas developed by

llurson ard. Rodbant (l-984) " Itris prcglr:an resolves trrcre corplo< q¿stens by

iter^atively deterrninirg two or n¡cre fits to tlre prirnaq¿ birdirq data"

One first assur€s a sirgle higþ-affi¡iQr receptor site model ard. allcn¡¡s

the pr.og::an to fird tÏre best fit. Tlren one assunÌes a two receptor site

ncdel ard allcn¡s tlre congrter to attenpt to fit" Irdicator^s of goodness

of fit, ircludirq residr:al variance and a ru¡s test, aJie calcr.rlated þr

the prrcgran" E\¡errtually the 'right¡ nx¡de1 will be judged accord.irg to

tl.ese statistical- irdicators. The LIGAND prrcgr:arn can readily resolve a

sirgle hiø affinity bird.irq site, a birdjrg q¿stem containirlg tr,¡o

binùirg sites, ard nnrltiple bird-irq conponents.

Steroidogenesis and dual Ä,qfH receptor

The key prrcprty of a birdirg site r^ùric}r defines it as a r.eceptor is

its association with physiological effecE, i"e" only a birdirq site vtrictr

is corryled to a re-sponse rrrry be conside¡:ed a receptor (Büt, 1978ì

Hollenlcerg & Gnb:ecasas , 1979) " At tlre present tj:rre tlrere are no

spific ass¿ty q¡stans for e¡<ani¡ation of asEion of neurrcpe¡fide i¡ the



central r€rycn;s system, prcbabfy þcause r€ua€Fptide.s usuaLly cause a

broad spcUrun of effecÈ i¡ CÎqs (see revie** þr laBel-la et a1", 1985) " In

contrasL, Àcm has been firmly established to stjrm:late stelrcid secretion

from adrenal cortex" fn vitro q¿stems, ilechter (1949) first. reporLd

ACIT{ stirûuLated corticosteroid release fr.cm prfused adrenal- glands of

hef ard' streep" Itraynes ard Savari (1952) first. reported tlrat ACIII

irducd stercid secr:etion frun ad::enal slices. Saffran et aJ.. (L952)

r^e¡rcrfd tbat. prdr.rction of corticoids was ilduced by ACIH fr.crn rat

adrernJ- halves" Fì:om late 60rs, tÏre astion of ACIÍI have been extensively

sttrdied on ttre isolated adrenal ce1ls. Itrese isolated cells !ùere

pr:e¡nred by eitlrer coì-laganase (Ktoppnlcorg et al. , !968; HaniJg et' a1",

A97Oí Rivkin & Cf¡a.sin, 1-:971-i RicùnrrCon & Schulter^s, I972i Moyle et a1.,

1973ì FaII<e et aJ-. , 1975", Goverde et a1., l-980; C.cn¡e¿rle & Srna1s, 1-984) or

tqæsjrr treabl€nt (Sayers et aJ-" I 3:977; scfiwyzer et aI. , L97Iì See1ig &

Sayers, 1971-ì Kitabchi & Sharnn, 1971-, Nakann¡::a & Tanaka, I97lì lrnrr4r et

a'l , L973î FeLrm et a1", 1973ì C-ewi:tz et aI. , L974ì Liotta ard. I(ri-eger,

L977) or botTr (Firni et aI, 1976) " Effeds of ACIÍI on steroidogenesis

have been strcn¡n in bc¡¡ine adrenal cells in prùnary cultLrre (Hornsby &

cill, 1978ì GooQrer et al" , A976ì l0aner et a1", 1983) " Iherefore tlre

sterrcidogenic activiþr can be used to irrvestiqat€ the posE-receptor

er¡ents by ileasurirg corEisol content i¡ tlre rdir¡n fr¡om isoLated or

o¡ltr¡¡ed bcwine adrenocortical cells v¡ith rue"

\IJP ercerts ster.oidogenic acbiviEr in culüJred nn:rine adrernl tr¡rpr

cells (I(cÃ^ral et al", 1977ì Morera et a1., L979), rat cnrarian gr:anulosa

cel1s (Þvoren ard' ¡Isueh, l-985) , testicular cells (I€sson et a1., L986)

ard i:r rat (}üussdorfer ard l.{azzocctri, 1987; Q.rnniryhan ard Holzwarth,

L988) ard anphibian (IÆculerger et a1., L984) adrenal glards. In qrr



hard, VfP sLi.mùates steroidogeræsis jn isolatd ard cultured bvine

ad¡enærtical- ceIIs, althougÏr tåe naximaL restrÐnse is onJ.y about hal-f

tÌtat, by ACIH" One of thre oplarations for this lcrn¡er efficary of \IIP i¡
stiuJ-ati::lg sterpid sesretion is that \IIP birds to only one class of ACIÍ{

rece¡for^s.

A fss stuåies have propd tlre e><isterce of two cl-asses of ACIII

receptors" Early bird.i::g stuùies ca:-id drt i:n rabbit ad::enal glards,

nca.rse ad::enocortical tt¡ßcr cell usnbrar¡es ard isolated rat adrrenocortical

cells derxrnst¡:ated two classes of birdirg sites for ACIfi (Lefkor/ritz et

al", L977i tr^Io1fsen et aI, 1972î Ìbllhirrrey ard Schulster, 1975) " later,

Moyle et aJ." (l-973) reported that tlre effect of ACIH on cAI4P forrnation,

buL. not on steroidogenesis, was irihibitæd by an O-nitrophenyl suJ.fenyl

derivative of ÀCIH, NPS-ACT{, irdicatirg two Qrpes of receptor^s on the

adrenal cell-s r¡rere irn¡oIved i¡r t}le effect. of ACtfI on cAMP forination ard

steroidogenesis. Yarngl-basÌri et, al. (l-978) de¡rx¡nstrated two bi-rdi-rlg

sites for ACIH in isolated adrernl cortical cel-Is ard fowd I(¡ value of

ACIH effect on sterrcidogenesis in the presence of Ca++ t ¿rs al¡ost

identical to that for tlre higt¡ affinity ÀCIÍI bfudirq sites, vÈrile t-fte Ib

value of ACIH effesE, on cAI4P formati.on !{as vell¡ close to that for tlre lcn¡

affinity ACII{ bird.irg sites. fhey suggesEed that sLeroidogenesis or cAl"IP

fornation was liJù<ed to either cnre class of ACIÍI recæptor. kistcnr¡ et

al" (l-980) esen¡ed that ÀCTI{6_24 inhibitd tlre action of ACIH'_39 ar'}d

its ftill agoni.st, 4ffi5_25, to different. e)trents, ard pointed out that

t$¡o different receptor types niøÈ be i¡¡volved in the ster.oidogenic

action of tlrese two agonists. Sdrvryzer (L980) proposed ûrat tlre

steroidogenic acÈion of ACIH was ldiated by two receptor^s: rece¡rEor A

v¡trich vns lined to cAl,fP patlnuay ard neceptor B !,rhich was ccnpled wittr

Ê



rþn-cÀl'ÍP trEt¡k¡ay. Ræntly, tTre dr¡a1 ACIII rieceptor concept was confir:¡d

ard e>cLe¡dd by l(ojirra et al- (l-985) ard Rasnussen et aJ-" (1986) " They

prcnridd s¡idence Lo support. tJ:e concept ürat both t1¡pes of ACIH

æptors (type I ard typ II) on adrenal cortical ceII ne¡bmne nediate

s't€toid prrcduction via different ¡secord rcsserger pathrrrayt, i"e"

receptor I was linl<d to cal-cir¡n influx ard receptor II was corpled with

cAFIP resserq'er q¿stern"

fhe r.el-ationstrip þtween ACTÍI strrsh¡re ard tvio classes of receptors

has not been clarified" ACTI{ n¡clecule has 39 ani¡o acids" Ttre 1-24

sequerrce is tlre astive site of ACTI{ (frit1 agonist for al-l effects of ACIÍI

in vitro ard i:r vivo) ard the 25-39 sequence contai¡s i¡fonnation about

stability ard tlre species label (Scùrvryzzer, l-980). Within the L-24

sequerce, Sctlryrzer (1980) suggested there are three nìessage sequences ard

two auxilia4r sites (address site ard potentiator site). Ilre address

site (tìe 1l--18 sequence) adds receptor-specific affinitlr, ard tJre

¡rcterrtiator (the L-3 seqtrerrce) enhances pterq¿ ard jntrinsic activity"

Ttre three û€ssage sequerces acbir¡ate diffe¿.ent receptors. Message I is

located witÌ¡ N-tenninal r.egion (pr"obably t)te 4/6-9 sequence, depending on

ani¡nal- species), kihiclh triggers receptors i¡ adipoqfte.s, adrenal cortex

celIs, nvelancgùrores ard centr:al rerü.ons; rr€ssage II is l-ocated i¡ tlre

centre of ACIH npl-ecr.rle (the 1L-13 sequence), vhj-ch triEgers tlre

nelano¡trrore receptor only; ard nes,sage IfI is located in the 20-23 region

ard. trigger-s a subtf of receptor on the rat aåipoc.1te. Anurrq three

Es9s, only ressage I appears to be rrelated to stelrcidogerresis" He

correlated message I witJ. tlrJo classes of receptor rruediatirq

sÈer.oidogenesis such that rcssage I pr.ovides signal infonnation for

act.iwatirq rece¡rtor B, ard ressage I in conjurction with tlre adjacent



rrettrioni¡e residtre rny contril¡-ute to activation of i:eceptor A. In

contl=tst,, two distj¡pÈ centres in tlre ACTH nx¡Iec:¡Ie for steroidqenesis

are pdicEd by dr:aL adrenal receptor concept. Gcn¡errCe ard S¡nals (1984)

rryrf-ed the 11-24 sequence of ACIH nuclecuJ-e possesses thre stsrcidcgenic

effect., tttus p::ovidilq evidence to sr-pporE, the existence of the secord

ster.oidqenic cer¡t¡e j.tr ACIH nuclecrrle" In this study we tested ÀffifO

ard Atrlf_Z¿ on steroidogenesis via different receptor uectrranisns"

n:rfhenrucre, we have test-d t*retåer \IIP, GRF ard DYN conpete for one þ4e
or bottr types of ACIfi receptors as well.

Second Þfessenger and DuaI AgfH Receptors

TSre j¡te¡:action of ACIÍI with adrenærtical ceII receptor^s results jx

an acÈivation of int¡:acell-ular sigal nediators (secord nesserger),

includirq cAIIP arrd ca++.

l-. Calcium

Calciun has been diverseJ-y inplicated j¡¡ tlre nyectranisn of acÈion of

ACIH on stercidogenesis: (a) ACE{-rr€diated sterrcid pr.odr:cÈion r"equir.es

ca++. Airmirgtam et al. (l-953) reprfd that j¡sreased st€roid

production ty Agffi in rat adrrenal halves v¡as abolistred wtren calciun was

absent fi:cun the ir¡a:bation redir¡n" Later, otlrer studies s}rcn¡¡ed tlÌat AgIfI

failed to sLiJnulate steroidogenesi-s i¡¡ ttre absence of ca+ fr.qn sestioned

rat ad::ernl- (Pérrcn ard lbritz, LgsB), isolated rat adrenal cells (saye.::s

et aI" , 1972) ard isoratd pernsea cat adrernls (Jaanr:s et, al. , L97o) "

(b) ACIH enhances cLacir¡n trytal€. Leier ard Jr:rgrnann (L973) ard Kojfuna

et al. (1985) dsrpnstr:atæd an enhancd wtal€ of 45ca by rat ad¡enal-

slices ard isolatd calf ad¡re¡n1 celts i¡s:bated in ttre preserlce of ACIH;



(c) caJ-cirm can replace eCfff i¡ tuiggeri:ng sEer^oidogenesis i¡ isolatd

i:at adrenal cortical cells (Neher ard ¡'ti-Iani, 1978) ard in r-at ad:¡enal-

hcnucgenates (Koritz ard' Párcn, 1959); (d) Activation of adenylate c,yclase

bry ACIH requi.ïes the presence of Ca+ (eir ard Hetcfiter, lt969, Lefkct¡üitz

et 41", 1970) ," (e) Calcir¡n at l- nM concent::ation, sti¡nulates t'l.e

conve¡:sion of cÙroleste:ol to pregnenolone, !ùhiù is the r:ate-lùnitirq

sÈee of adrena-l- steroidogenesis, frcm ttre rat adrenal- nitæhordria

prrepa:=rtions (Sinpson et al ., L978'); ard (f) Calnndtrlin, a cal.cirmr

bi:d'ing prorteÍa, plays a r:o1e in tlre regulation of ster"oid pr-oduction.

Iïall et 41. (1981) slrcn¡ed that rûrer¡ trifluoperazile (an inhibitor of

calnx¡dulin) was added to tt¡e nredirm, the AC[H-nediated steroidogenesis

fi:cmr nrcr:se aùe¡ral- tr¡r¡cr cells (y-1 ceII) was irhibited" Carsia et aI.

(l-982) reported that AClÏ{-fuduced sterroidcgenesis in isolated rat adrernl

cortical ceLls !,ras iúribited by ar¡ottrer cal¡cdulin irihibitor,

dr-lorpr.cnazire" In tJ:e Iigttt of tlre for-egoirg facts, calciun has been

suEgestd as a tseco¡d, il€ssergert ix ACm-rd.iatd steroidogenesis"

2. cAffP

Ilaynes ard Battret (l-957) first, ::eportd that Actfl caused a r:apid ard

s¡æcific actir¡ation of phosphorylase in st€er ad¡enal slices. Ilaynes

(L958) strcÃ¡d tìat r¡ihen ACIH is added t¡ i:e.¡bation nedir¡n of bovine

adrernJ. corte¡< slices, cAl"IP accr¡nulates with the tissue, ard. vil¡er¡ cÀtrvlP is

added to the i:'rcr:bation nedium, pùrospùrorylase acEiviQ' is ircreased,

irdicatirg that tlre actirration of ad¡enal cortical pfrosphorylase þr ACIH

is rd.iatd t}rtn$ cAl{P. Later, Ifalræ et a}. (L959) dqnonst¡ated t}at
adition of cAlllP to an irs:bation of slices of rat adrernt coÉe:<



sti¡rulatd sÈerrcidogenesis, rrtrereas addition of substances closely

rel-atd to cAMP had r¡o effest,. It rdas prysd that ACßI asts to

irsseas,e tlre content of cAMP within tlre adrrermrtical- cell-s ard that

CAMP, as thre i¡traceLlular nædiator of ACIH, elicits sterrcidogenesis.

Si-nce ttren rnany stuòies denucnstrate tlre r¡ole of cAI,fP on ACIII-irduced

steroidqenesis (G::ahane-$rLith et âl . , L967 ì Taunton et al. , ]1969ì

ScÙlr:lster et al" , a97O) ard sr,ryort. the abc¡¿e concept" Recently, Jotur et

al" (L986) usirg clbG, specific for enzyr€s of tlre sta:oidogenic ¡nthway

i¡dicatd that .AcTIl sti-nml-ates steroid h1dro4¡1ase gene opression

ttr:ot-qtt thre acbion of cAl4P. Hcr,rever, it is gener:ally recognized that

tlrere is no cor¡sister¡t association betlr¡ee¡r AC[H-irduced steroidogenesis

ard CAMP forrnation (Beall ard sayer, L972; t{aclcie et a1., rg72i Boq/er

ard Kitabchi, L974 | sllan:rìa et a1., 1976ì Horur ard ctr,avil, rg77 i

Ranachard::an et al-. I L987). lhe concentr:ation of ACIÍI required for hal-f-

rrnxiJnal actir¡ation of sLeroid prrcduction is snaller than that needed for

halfqrrucimaL activation of adenylate q¡cIase in rat adrernl corEical

celIs" To elplain thi-s discrepanqz, several hlpothresis have been

prrcposed" Ranancùard::an et al" (l-987) srygested ttre receptor-resenre

rÐdel tìat only a snalt fr:action of ard cAI,IP forned in response to Aqm{

is r¡eeded for steroidogenesis. Another suggestion is ttre conpa:trent

guidarpe corce¡rt that an acrrte action of ACIÍI at, Icn¡ concent¡:ation is
tn::cn$t a necbanisn utilizirg pre-oristirg baclqrourd amor.:nts of cAI4P

(Schulster ard Sctrvryrzer, L98O) " kistcn¡ et al_. (LggO) pro¡rcsed that ACIH

sEi:rulated steroidogenesis by a ¡nttrway i¡volved cA¡,IP ard another pathvray

corpletely irdçrdent, of cAIUP forrnation (dual receptor concept) "

EVidence hâs accr¡rnrlated to ird.icate tt,r¡o types of ACTI{ rreceptor.s on

ad¡.erpcoft,ical ceIIs, one ccn4pled to Ca{+ ard one to cAlllp.

9



In this stlrll¡, cAl'IP fonation fuduced by ACm fragnents has b
reasud to detenni¡e the cor::elaLion witJl s¡æcific t]æes of ACIÍI

receptor^s" Ttre fornation of cAI4P fr¡csn .AIP nny be assayed in vitro by

reasurirq tlre prrcdrcEion of radioactively labIed q¿clic AMP fr.om ttre

sr:bsErate ¡o-32e1are. Difficxilty i¡ ttris assay results from ttre fact,

tìat only a ni¡lrte fi:action, usuaJ-ly les,s tha¡r 0"053 of tlre substr:ate,

.AgP, is convertd to cAIuP" Assay sensitiviþr ard ::eliabiliþr are

thetæforre larrgely aeeernent r4rcn ard pr:oprtioral to ttre efficienclz wit¡
lrttric¡¡ CAI{P is sepa::atd frcmr t}re labeled AIP ard its brea}<doq¡n prrcdtrcts.

Krisf¡ra et aI. (1968) reporEed that tlre sepa::ation of cAtlp frrcm Afp rnay

be acccnplistred by erçloying ducrrìatography on Dcn¡¡ex cation e>(charlge

resir, follcr¡¡ed bY teâtrent with ZrSO4 - Ba(OH) 2 to remcve nost of the

rernainirg AfP ard its bre¡]<dcn¡n prrcducts" White ard Zenser (1971) have

shcn¡n that tlre btilk of AfP rnay be sqarrted fi:om cAllp by cttonatogr"aphy

on aluninr¡n oxide. Hcruãrer, neitl¡er of ttrese netJ:ods resulted in the

ccnplete eU¡i¡ation of 32p i¡r tìe assay btanks. Iater, Solomon et al-.

(1974) shcn¡ed that a ccunbination of chronatography on bothr Dcn¡¡oc cation

e)(charge resin ard a}¡nin¡n oxide petlútt€d the nearly ccnplete

elfuni¡ration of r:adioactiviþr i¡ the assay blanks. Therefore, the

squerrLial hr¡e<-Ðr¡ni.nn¡r oxide c¡rromtography j-s used i¡r ttris str:$z to

eJ{arnine cAl{P fonnation in reqponse to ACIH fi:agrrents"

l_o
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FOOTNOTES

Abbrq¡iations: Aqltl, adrenocorticotncpin; ATI, argiotensin II; BSA,

bovine serum altn¡ni¡; NS, j¡suIin; ¡,!et-trl<, tettrio¡ri¡e enl<ephalini SP,

substarce P; TRF, thla.obrcpin releasing horrcne"
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ÃBSTR"AET

Affif_fO ard ACIïL'_Z¿ *ó elicit cortisol secretion subina:¿i¡nl-Iy i¡
freshly disprsd or qùturd beef adrernl cortical ceIIs.

cctnbixation of Affit_tO ard ACII{11_24 pr.curÐtes cortisol release to tlle

nrucinal leve.l elicitd by ACiHr_r*" laaxi¡nal- cortisol rel-ease by ACIHTT-

was enharcd þr forskolin. Ca'lcir¡n24, W not, bV Affir_z¿ ot Affit__1',

d¡anr¡el blækers, nifdipiæ ard veraparnil, i¡tribitæd coÉ,isol- release þz

Affi!_fO, Affit_Z¿ or AffiLr_Z¿, suggestirqr caLciun i¡rflux to þ
essential for steroid secretion i:reqpective of thre secretogogue.

Varndirrn in a dosedeperderrt ntrrurer irhibited cortisol secretion elicited

Ð Affii_Z¿ ard ÀCiHt_tO brt not by Affitt_Z¿" Ttrese resul-ts suggest

t¡at tlrere are at least two receptors rediatirg AC[ÍI1_24- deperdent

steroid sesretion. Ore class of receptor recognizes Affit_tO but not

Affitt-Z¿ ard is thked to tl:e cAl,IP nresserqer patÌlway.
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ÏMIRODUqTTON

ACEI sLi:ru1-ates steroidcgenesis in adrenørtical cells by at. least

t!üo distinct, necf¡anisrs: both aptrEar to i¡n¡oIve specific cel-I nernbra¡re

ræpEors, txrt onfy one class of receptor recrruits the fornratj-on of

q¿c1ic A¡,IP i:r tlre sigrnl t¡:ansdr¡ction process (1-6). Several

Iaboratories have proped that r*iIízation of jxtmcellul-ar ca'lciun

rd.iates steroidogeræsis j¡ res¡nnse to a neceptor species not ti¡il<d to

adenlrl q¡cl-ase (4,5J-9). F\rrftrenrucne, an arnirn acid sequence containiJrg

tlre N-tenni¡n:s see¡ns to be essential for evokirg sta:oidogenesis (10-12),

ard. kistcn¡ et aJ.. (1) concluded that tTrere are at least two different

seçJuences irnrolved, eachr utilizi:rg a disti¡rct receptoy'effesbor

rechani"sn" tr{e ncll¡ present evide¡rce ttrat t}re N-terminr¡s sequence ACIfh-1g

sEi¡rn¡lates sÈeroidogenesis tlr:rcugh tlre cAllP-linked receptor and ACIH11-24

th',cnr$ activation of a receptor linked to another effector q¡sten.

EXPERIT{ENTAL

Materials" Äffit_Z¿ ard ACIHI_'O were generously pr-cnrided by Oqanon (W"

ol:ange, M), Affi!_f_Z¿ vias en:rcnasea fr-crn Badrem (Torrence, CÀ);

Collagenase Ia frun SiEna (St. I.ouis, W), DNase from Boehrirger I{anrùrei¡n

Oorp" (Dotrral, Auebec), corti-sol arrtisen¡n fr.cm Mocri¡re Science

(Tarzara, G), 3H-cortisol fr.crn Nsr¡ Fglard ìü.rcl-ear (Boston, ¡,ß) ard

Il,amrs F-L2 nedir¡n ard. RrLbeco¡s rcdified Eagle redir¡n frqn F1cnr¡

I-aboratories (I,bI€ån, \¿A) .

Preparation of dispersed adrenocortical- celJ-s. Fìæsh bo/ixe adrrenal

glards werre &tai¡red fi¡cnn a local slar-rghtertrcuse ard placed j¡ ltrarkts

Balanced Salt SoluEion GßS) , FI 7 "4, containirq penicillin c L000
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N/ù, str:eptsqfcin 1 nq/nù ard gentamycin 40 ug/nl. IJpn arriwal- at ttre

laboratory tlre nd.ir¡n was charqd. .Mrenal glards weæ stri¡4d of fat,

bi.sected lorqitudina-t1y, ttre Mul-Ia rsrør¡d ard tlre cortical- portion

di-ssæiatd frcsn the capsule" cortical ti-ssre v¡as ni¡rced with scissors,

wastrd orpe with HBSS ard i¡¡q-rbatd i:r HNS contajnirq sodir¡n

bicarJcornte (2,O g/I) , HEP6 (6"51- g/L), NA (5 g/I) , collagenase (2

ry/nl) ard Dlüase (25 uq1/nù) for 60 rrLin at 37'C on a g1a:atory sha]<er. The

urdigestd fi:agrrents !'¡ere allcnud to settle ard tlre ni:dtre decanted

tnrcn$t fo:r laya:s of sterile cheesecloth" lhe cells we¡¡e cbtaird by

centrifugation at l-00 x g for l-0 mín ard røastred 3 tiræs. fhe final.

pellet was resusperded in a nixbure of Harnrs F-l-2 nrediun ard h¡-Lbeccots

rncdified Eagles nedir¡n (1:1) contaìnirg fetal- calf sen¡n (fG) (10å),

penicillin G (L00 fulnl) , streptomycir¡ (l-00 uglml), gentamlzcin (l-O uglm1)

ard' furqizoræ (0"25 ug/nI) ard preinorba.ted overnight i:n a hnúd

irs¡bator at 37'C"

G/ernight prre-irc:bated cell sus¡ursions v¡ere rrnstrd twice with

q.¡lture redir¡n withcut, FG ard antibiotics. The fi¡a1 pllet, !,ias

ræsusperneA wiÛt cultr:re nedir¡n containirg mA (0"5?). Viability of free

cells lrras determind ttith try¡nn blue ard' celt rn¡rrber countd witJ: a

hancc¡¡Ecureter" Aliquots of ceII sr:s¡ursion containi:g abqrt 0.5 x i-06

cells/nù werre irs¡bated j¡ tlre preserrce or abse¡æ of ACIH f:ragnents or

other t¡eaÈrent for l- hcur at 37'c urder 952 o2zs? q. rhe ceII

cultr¡res !üere ri¡lsed thïee tiJr€s with tlre sane nedir¡n ard incubated

wit|/witlrouÈ treatnent for 3 ho.rrs at 37'C in tJ:e æ2 irn:bator" Aft€r

i¡rcr¡bation, tlre cell suspension was collected ard centriñrged at

i-000 x g for l-0 nin" Aì-iquots of the spematant trüelre anallzed for
cortisol by raùioirmrn:rnassay.
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Adrenal ael-L culture" In order to rrnJ<e use of tlre d.ispersd cell
sus¡ænsion efficienLly, aliquots were platd i¡¡ S cm ¡ætri dishes to give

atr{¡roxirnately L0 x 106 cells/plate for i¡rcubation. The nedir¡n vras

aspi::atd 3-4 days after platirq ard frestr redir¡n with Fcs and

arrtil¡iotics was added. firseafLer, ndir-un was replaced everlr 4g h for 5-

L4 days"

Radíoimmunoassay of cortåsol-" Eactr centriñqe tr:be (1 nI) containd SO

uI of sætrtatant ndir.m frcm i¡s¡bation, O.2O nl of the labelled

antigerlzantisen¡n mixtu:¡e G2 ÍLl of bor:ate buffer, o.os¡d, pH g.0,

L,2oo,ooo @n of 1-,2-3H-co*ti-so1, o.3o nl of 2.5? hr¡rnn g-arma globulin,

o"24 ml of 10å BSA, ard 0.10 mr of gentfy but well ÍLixed stock

antisen-un), nixed well ard incubated for 1.5 hou::s at 37.c.

Altæmatively, the incubates rtrerre Ìcept at rccr¡¡ te¡rper-ature. To

each tr¡be O"25 nl of satr:::atd (NH¿)ZSO¿ v¡as added, mixed thorroughly in a

vorte>< shaker, ard ceuÈrifuged at 3ooo rgn for 10 nin at rrcorn

tarpr:ature" A 0.40 nI aliquot of sæernatant $ras transferzed to a

ccnrnbirg vial containirg 4 mI of scintillation ffuid ard nixed

tlrorcn$rþ. Unbo¡rrl t,z-fu-cortisol was counted wittr a Beclcnan Liquid

Sci¡¡tillation p-ccn:nter añl cortisol calculated by weighted lj¡ear
:ieg:ression"

ffiUEIS

cortisol rerease frcun di.qpersed cells ericited by ÀcrHr_l_', Affitt_z¿

ard Affit-Z¿ !,ras ccrçar* I^¡ith that fisn cultured celIs (Table 1).

Takirg cortisol release irdrced by ÀcII{l_ 24 æ 100 per cent, there were

tæ sigarificaÍt ùiffer"erces bet$Jeen ttte tr¡o cell preparations in respor¡se
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to the ACIH fragents.

TÍ:e dæerynse cur\,/es for ACTïI_'., ACIÎIaI_Z4 ard AgIÏ{1_rn-irducd

stee'oidogenesis a¡e slrcr¡¡n in Fig. 1. A sti:nulatory effect. of AC\_Z+ i=

detegÈd at 0"1 rM" For ACIÍI'-'. and Affitt_Z¿, cortisol pr.oducLion was

noÈ significarrtly enhanced even at 1- uM pptide, but a req)onse peak was

achiq¡d at l-o uM" The rnaxi¡ral restrnnses to ACIÍ{'_I-O ad Affilt_Z¿ **
52"7 arxl 47"8 ¡ær cent, respecÈ,ively, of that to Affif-Z¿" CoÉisol

release was estj¡at-ecl ix restrlonse b Affil__24, Affif_fO ot AtrLf_Z¿

alor¡e or in ccflbjxation (Fig. 2) " The cc¡mbi¡ation of ACIH'_'O ard

Affitt_z¿ significantly increased cortisol release conpared to eittrer

pptide alone, ard reached the sar€ nnxirmnn as wittr Affit_Z+"' Ttre

ccnnbirration of Affi'_Z+ plus eitlrer Affif_tO or Affitt_Z¿, hcrr/ã/er,

resulted i¡r an irjhibition of cortisol release ccneareA to that by ACftir_

,n aIone.

SeveJ:al pe¡rtides, NI, SP, lfet-tìk, TRF, NS, 4ffi1_10, Affiif_Z¿,

(Fig" 3) " OnIy Affit_Z¿ arld its fragrrents4ffi1_Z¿, were tæsted at l-0 r¡M

irduced steroidogenesis sigrrif icantty i¡r adrernÌ ce1I suspensions "

Forsl<o1i¡ irxi:ces ster"oidogenesis iri a dose-de¡:endent nanrìer, nâxfunn

response oco:rirg with a 1 nM co¡rcentration (Fig" 4) " Cortisol rrelease

bty ACIÍI vns neasu:¡ed in the presence ard absence of forskoli¡r (1 trM)

(Fig" 5) " ForsJ<olin potentiatd tlre ster¡oidogerric effects of a rnaxirnally

effective coræ¡rt¡:ation of Affitt_Z¿ tÂrt not of raxi:nalIy effecAive

corcerrt::ations of ACITIT_Z4 oE Affit_tO"

Varndir¡n is re¡rcrted to blod< ACTI{-, but not cAFlFnrediated

sÈeloidogerresi.s (13). As sÌrcn¡n in Fig" 6, 'r¡anadir¡n ir'ìhibited Àffi!_fO

or Affi!__Z¿ tnrE, not. Aq\f_Z¿-irñrced cortisol release i:r a dose-

deærdenb, naruEr" An intribitory effect. of r¡arladir¡n was deterted at 0.L
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r-rM"

To qral-uate tlre role of calcir¡n on tlre ACtÍ{-irúrcd steroid release,

the effæLs of veraparnil ard' nifedipine were ocami¡d" Both classes of

calciun antagonist ixhibitd starcidogenesis q¡ol<d. by Affit_to, Actfll-

24t or Atr\'_z¿ (Table 2).

DrscussroN

The present study confirrs ard erEe¡rds tJ:e hlpothesis of a dual

rr€ssergier ñ¡rcEion in ACIT{ action on adrrenal sLe:oidogenesis. The

resutts denu¡nsÈ,rate that ACIH1-19 ard Ag[fill-24 eadr possesses

stercidogenic activity, altlrough eitlrer is ¡m.rctr less potent ülân

Aqmll-24 ard elicits only a fr-action of tlre Affit_Z¿ response. Àlso, the

additive effect. of rnaxfunally effestive corcentrrations of ACIIII-19 ard

AqEIll-24 on sto:oidogenesis suggests that tlre effects of the tr,¡o

fragrrerrts are neåiated via sepa::ate receptor^s"

If asLions of ACIHI-1g ard ÀCIÍI11-24, irdeed, arîe nediated via

s€parate r€ceptors, different secord æsserqer ¡nttrways rrury be

resrtited. Rasrn:ssen et aJ-" (5) prrcposed that ACIÍ{ i-nteracts witJ: two

s¡æcies of receptors j-n ttre r^at adrenocortical cell ne.:nbrane"

Actir¡ation of one receptor evo]<es steroidogerresis tÌu:ougr cN,fP prrcduction

ard of ttre other ttrrou*l calcir¡n nx¡bil-izatior¡. I{e srrggest tbat t}rese two

sEeroidogenically r.esponsive receptors for ACIH cor.::es¡:ord to AC${11-24

ard AeIHI-1g recognition sites"

ForskolÍn at 1 ÍM stirm:tates cA¡,IP for¡nation rrucirnally i:r adrenal

nembrane pre¡nrations. Ítrus, enha¡rcement, by forskoli:r of nrucinal

AC[Hl1-24-irñrced cortisot nelease i:dicates t¡at, ACTI!I-_24 site is not

lirtl<ed to cAl'{P fonnation" Corversely, tìat forskolin does not, potentiate
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mxi¡ral ACIfII-16-ilducd ster"oidcEereis suggests that this receptor site
i.s linl<d to cn¡{P prduction"

vanadir¡n i¡hibits steroid release bv ACTSIT_,  or Affi1_10, but not

Affiff_Z¿ in a dose-deperdent nËtnner. Acconlirq to }layashi ard Ki¡ru::a

(13), ¡¡arndir¡n irhibits AC[fl-sti¡rulated fonnation of cAMp" Therefore,

tlre differerrtial- effecfs of r¡anaùir¡n rpon ACIHI-16 ard Ac[Hll-24-irxì¡ced

sÈeroidogenesi.s are consi.sterrt erith tlre hl4ntlresis thât ACIÍI1-16

sti¡tu¡Iate stosidogenesis via cAI'IP prodtrction ard ACITIII-24 t¡rcx¡4:r

another necñanisn"

ca'lcirrn cù¡annel blocJ<ers, nifedipine arxl verapamil, irùribit tlre
sEelrcidogenesis by ACIÍII-19' Actflll-24 or AcIrIl-24, suggestirg that

calciun is re+Li::ed for release of steroid frsm adrernl- c-lrs
ive of the receptor/effector Í€chanisn.

Studies on tlre bi¡di-rg of tus-actu jn adrenal ce1ls have i¡dicatæd

tt^¡o ¡loputations of receptors (t-4,15). kistcr¡/ et al" (1), utirizirq
AqE{1-39 ard two an{-ques, ACIfI5-24r a ñil-1 agonist ard ACTH6-24' a

ccnqetitive infribitor, rqnrted that Aqlfk-24 antagonized to d.iffs:ent

e:<tents ttre actions of ACIHI-39 ard ACIÍI5-24, ird.icatirq that tlre

steroidogenic action of ttre tuo agonists i.s rpt rediated thrcu$ ttre sane

¡rcçrulation of ræceptor^s. Sct*ryrzer (3) prroposed tlrat the birdirg of ACIH

to one species of adrenal receptor (receptor A) elicits ster^oidogenesis

tnrcn$¡ the i¡n¡olvqrent, of cAtr"IP prrcducÈion atxl to a secord species of

receptor (receptor B) tnro.$r another rcchânisn" ACIHI-39 prresroably

irrEeJracts with both rrece¡ltors, r*trereas ACIH5-24 would terd to act, at one

recepfor only" Rasnussen et al" (5) confinræd ard e><terded the en¡iderrce

in stryort of ttre dual npsserq'er furstion of ACIH on adrænal

sÈercidogenesis" They dørnnstr:ated tìat calciun plays a messergier role



i-n Aglff acÈion ard proped tLrat ttre Ulrxfirq of ACIÍI to its recepto::s

i¡ritiates at least tvJo events" A pr-olçt atd sustained insrease irt

calciun influx via receptor 1 a¡rd asLivation of adenylate q¿cIase via

receptor 2 gives rise to two j¡tracellul-ar rcsserqers" ltrey did not test

rritretlrer or r¡ot specific ACIH fragnrents astiirate sepanate ard distixct,

receptor/effector q¿sterus" orr firding t¡rat ACIH stinulates cortisol

release tn::cn$r at least two classes of recepLors is in agrearcnt. with

the dual. receptor concept.

Sctttaryzer (3) p:opsed three nessage sequences withi¡ tlre ACIII

n¡clecr¡Ie: ÍF-ssage I triggers receptors in adipoc.ytes, adrenal corte>r

celIs, nelano¡ùrores ard. central- neurons; message II triggers ttre

relano¡ùore t=ceptors only; ard rcssage III triggers a sLrbt)¡pe of

receptor on tlre rat adipoqte. h¡t only ressagre I a¡pears to be U¡ked

to ster"oidogenesis. Ivþssage I prcnrides sigrnl i¡fonnation for actiwatirg

adrernl receptor B; arxl nressage I plus the adjacent u¡ethionine r.esidue

nay þ re$ired for acEivation of adrenal ::ecepEor A" Hcnraner, fisn cnrr

cbsenrations, tt¡o rcssage sequences for sLer.oidogenesis appear to be

located nx¡re distant one frun tlre otlrer, ard are sitrrated in tlre 1-10

ard Ll--24 sequerpes, req)ectively" Ttrese two sequences a¡e not restrictræd

to the rcssage f region of Sctrvryrzer" The rcssage sequerìce !'rhidr

actir¡ate rreceptor A seems to be located in tlre 1-10 region ard nay

cn¡erlap rvit]l nessage I, rfiereas qrr resu]-ts i¡dicate that tìe uessage

sequerre wfr.idr activates receptor B seerts to be located i¡r tlre IL-24

region" Tt¡e ociste¡ce of a secord center with-i¡ tlre ÀCIÍI nplecrrle

ca¡nble of i:rducirg ster.oidogenesis was proposed þr Goverde arxl Snals

(16) " TTrey fcurd a barely nueasurable ster.oidogenic acÈiviþ' of

ACIÍI11-24 or.ACIfIll-19, ard tlre ptencies were ccxrearaUe to that of the



ACIHI-16 f::agnent, ttre latter fir:dirg þírq in agreørent wittr us" They

re¡nrtd tlnt ACTI{IL-24 i-rduced stercidcgenesis witJl an equal efficacy

to ACIH1-39, vùtereas, irr our hards, ACIfill-24 evoked a partial response

only" Hcnogrer, otlrers faild to obss¡¡e ster.oidqenic actriviQr røith

Affit]_z¿ (l_7-l-e).

With respt to sÈeroidoger¡ic actriviþr of ÄCfl_1g, here again ther"e

is corrtraverq¿. In early str¡dies by Schr,yzer et al" (12), Affit_tO *
said to elicit rnæ<inal steroid gerær=rtion equirralent to that, W Affir_z¿,

knrt, with less poterre1z. Hcnvever, in aga:eanent wittr our results, Hi¡son

ard Birmirqhan (19) reported Affit_fO to elicit only a frastion of tlre
Affit_Z+ resporrse"
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Tbhl-e l-. Cortisol release fi:cm adrer¡ærticaL cell suspensions atd cell

crilfures"

ffit--ro ffiL-r-z¿

(å of naximun)

CelI suspnsion 5L"7 + 4"6 47"O + 3"5

(n : 1-3)

Cell caúb¡re 54"5 + 6"0 45"9 + 7"O

(n:5)

Ðrepa::ation of cell sus¡ænsions ard cell cr¡ltures are a.="ri¡n¿ in
rll,lethodsr¡. ResuLts are elpressed as per cerrt of naxirnal acÈiviQz

elicited bfy ACIHI- 24 at L ul,l. Peptide concentration was 10 uD{. l,fean t
S"E"M. the rnmber of eçerinerrts prforned in triplicate is strcn¡n i¡
parertneses.
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Täble 2" Inhibitory effæts of calcir¡n channeJ- blocl<ei:s on

ster^oidogeræsis i¡dud b[¡ ACIH"

Affit-to

Affirr-z¿

Affit-z¿

Ccs'rbp]- Vera¡mi-l- ffiol- Ìqifdipire

(rg coÉ,isoL/tube)

o"5o t o"o7 0.1? + 0.04** 0.45 + o.o1 0.32 + o.o5*

0.52 + O.O9 0"0S t O.O3** O.4l- + O.O3 0.2g + O.O4*

0.75 + o.o5 0.23 + o.o4*** o.z3 + o"o3 o.57 + o.o3**

AcÏ\_ro (10 W), Afr\r_z¿ (10 uM) d Affir_z¿ (r- uM) " rtre ce1l

sus¡ænsions !.r€rê incr:batæd r^¡itå AgIfl_l', Affitt_Z¿ ard ACTfI_rn in the

preserrce of eitlrer ver-apanil (1 rrM) or nifedipixe (l- uM) " Þta are strcnn

as tlre npan + S.D" of three ræplicates in a sirgle eçerinent"
* P < o.o5 ccmearea with ccrrErcl.
¿&

P < O"0l- ccn'rearea witJ. cor¡broI"
***

P < 0"0OL ccnpared with co¡rh¡ol" (t tÆE)
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Ï,EGE}TDS

Fig" 1. Cor¡cent¡:ation-res¡rcnse cun¡es for cortisol release fi:crn cell
sus¡ænsions by Affif_Z¿, Affif_fO ar:d. AglHl L_24. Data are opressd as

tlte nea¡r + S"E.M" of three operinents each i¡ triplicate"

Fig" 2. Steroidogenic response of ceIl srspensions to ACTIT fr-agnents.

corcer¡t¡:ation of Affit_z+ was l- u},f, ard of Aclf\_t_o and Affitt_z¿, Lo utt.

liþan + S"E"M" of tt¡ree determinations ¡eforned in triplicate"
(a) vs ^AqIrL_24, NS;

(a) vs Affit_tO or ACIHTT_24, p < O.O1;

(b) vs 4ffi1_24, P < 0.01;

(c) vs AffiL_Z4, P < 0"01 (fì:key's rmrltiple ccnparison) "

Fig. 3" Stæroidogenic response of ce1l suspensions to several peptides

at 1-O t¡Þt e>cce{vt Atrt__z¿ ard ACII{1_39(1 uM). Þta are strq,¡n as t}re nean

+ S.E"M. h:ad<ets a:¡e tlre ntnnbers of sepa::ate e4erfurents.

fig. 4" bs+response cr.lwe of forskoli¡-irduced steroidogenesis fr-om

adrenal celt caùtures. Ihe data are oçresd as tlre trlean + S"E.M. of

trc e>çrinerrts, each in triplicate"
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Fig. 5" Effect of forskoli¡ on steroidogenesis pronuctd by ACIH.

.M:iermrtical ceIl cultures \,{ere incr:batd with Affit_to (10 w),
Affitt-z¿ (10 uM) d Affi\.-z¿ (1 uM) , each al-one (open baï), or i¡ the

preserÐe of for^skolix (1 nM) (hatdhd bar) " The results are e4lressd as

the nean + S"E"M" of three eryrinents each ¡nrfonrd in triplicate.
(b) vs (a), P < 0"01;

(b) vs Actrl_rn, t*s;

(c) vs (a), NS;

(d) vs (a) P < o.oi_t

(d) vs Affitt-z¿, P ( o.or- (Tukey's muttipre cürpari=on).

fig. 6" Effest, of sodir.m vanadate on stelrcidogenesis. @I1 cul-tures

were incr-lbated with AcrI\-24, ÀctH1-10 and Affitt_z¿ i¡r the pr:esence of
r¡aricn¡s concentrations of sodiun vanadate. yfean t s.E.M. of tl'¡o

oçerÍrcnts, each in triplicate"
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TN BRÀTII AldÐ ADRENAI
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Abbreviations used: ACTH: adrenocorticotropin; Vfp:
vasoactive intestinal polypeptide; GRF: growth hormone
releas i ng fact.or; DYN: dynorphin., _1 ? ,. CRF: corticotropin
releasing factor; BSA: bovine serufrr-ålbumin; pEp T: peptide
T; MET-ENK: methionine-enkephalin; INS: insulini AIf:
angiotensin If, SP: substance Pt RIA: radioinmunoassay;
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A&STRA,CT

rt was prsriously shcn¿n in ttris labor^aÈory t¡at higÈr affi¡iez bi:djrg
of 125t-Acnt 

-rn to nernbmnes frcsn rat br-ai¡ was inhibited by vrp, @F

ard Dlll{,

peptides

corteN.

ktrL not by ottrer pptides testd" úIe ncr¡¡ shcn^¡ that. threse sane

ccrçete for l2st-acnrr-rn bi-rdiry ix nernbr:ane.s frrc.m adrenal

The high affiniþr sites for U5f-aC:n1 
_24 h the r-at br-ain ard

bvíne ad:¡ernl had l$ts (rM) of 0.5i- t 0"41 ard 3.9 + l-.3, respecEively;

ard the Klts (rü{) for vrP of 5.4 + 4"2 ard l-"4 + 0.51, respectivery" rhe

high affinity sites fot 125r-vIP i¡ r'at brain ard bovi¡e adrenal had I{¡'s
(n¡{) of 2"9 + l-"7 ard 0.5 + 0.8, res¡rcbively; and K1's (rM) for ACftI

of 23.6 + l-4"0 arÈ' 22.2 J 33.0, respectively. CorLiso1 sesretj-on fi:om

isolated bcwixe adrer¡al cortical- ceIls rsas significantly stinmlated by

l-o-10 M of eittrer ACTII or vrP, ard a nnximal response occurred for eac¡
-oat L0 I{. Hcnraner, naxi¡al cortisol prroduction in response to VJp was

only abcnrt one-half that try Afr\_z¿" rTre ccurùri¡ation of both peptides,

eac:l. at lo-lqtf, was additive i¡ sti:rulatirg cortisol prodtrction, vitrereas

each cccrbi¡red at, tO-81¡ caused no greater Llesponse tlnn AqftI al-one. There

viE¡s an additive steroidogenic effect, of \Ifp plus ACIHT_'o b*t not vIp

Éus aCTf\ I-24" In adrenal- @F ard DYII ccnpeted for bird.íng of labelled

ACIH arxt eac:l. enharced ster-oidogenesis at fo-l%; rnaxirnally effegtive

levels of GRF or DYN sti¡rul-ated cortisol proùrcLion to only about half
thât by Affir_Z¿" specific birdj¡g of 125¡ rctu 

Lr_24 in adre¡:aL

remb¡:anes was iùibited by urùabelled Acï1L_24, Affit_z¿, vrp, @F ard

Dlll{ }xIE not, by Affif-fO, PEP T ard ott¡er ¡æ¡rÈides, e.g. TRH, a-tvtSH ard p-

srD; ttrerre vra.s no specific birdirg or u5r-acrt1_ro. kevious functional

strxLies arxl tÌre present, birdirq &Þ, in conjr:rN:tion wittr tJre ocistence

of trcurologctts ami¡ro acid s€quetæ, irdicate t¡at \Ilp, RF ard Dlf¡[

5L



i¡te'act. at, a wþrcqxrlation of ACITI receptors tllat recogrLizes a uucietlz

lo¡ithi¡r tlre l-L-24 squence of the ACIH nuclecr,¡Le"
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ÏMTRODUCTÏO¡ü

we fcnrd that spific birdirg of 125r-act1 
-24 

b braj¡r nembranes is

irhibitd hv WP, @F ard D]î{ br¡t not þr ss¡er-al othrer pptides tested

Gülatcffidr et aL", in press) " Fì:rtJ:enncr.e, we crbtai¡ed evidence t¡at ix

the ad¡enal corto< tJ:e ACIÍI'_I_O s€quence acAir¡ates a receptor li¡ked to

adenflate c.lzc1ase ard Affitt-Z¿ intæ¡:acts çritþ a receptor coqrled to

arrcrther s,ryd lr€sserqer systen (Li et a1., in pr.ess) ; botb receptors

ld.iate steroidogenesis" The present, irnrestigation rüa.s designed to

elucidate the sr:btype(s) of ACIH receptor:s tlrat r^ecogrnize VfP, cRF ard

DlßI" The adrenal t¡ras selesbed for these shrdies because steroidogenesis

r.epresents a fursEiornl cellular consequerce of receptor activation by

ACMI"

FIATERIAI,S AND MEÏÏODS

Materials

Affif_Z¿ ard ACIHI_'O \n¡ere generously provided by OrrEanon Inc" (West

O:ange, lËl) t ACAÏLL_24: RF, CRF, ard' Dil{ rclæ p:rchased f:sm Bactrem Inc.

(Torr:arce, cA); \IIP (porcine) ard [Phe?,Nle4]Affif-z¿ fi:cm

Bioclrmicals (La\¡a]-, Auebec); Collageræse/di-spase arü1 DhBse

BoeTrrirger Mannhei¡n Corporation (Don¡al-, grebec) " f,25I frcnr Anerst¡am

Corpor:ation (Oalsri11e, Ontario); 3H-cortisol fisn Nevu Fgtard ltuclear

(Boston, Iß); Cortisol antiseirrm frcsn Motrir¡e Science (Tbrzara, CÀ); SP

fr^ccn Àbbott I-aboratories (N. Chicago, I1I.); ßFO G-32 fr"om Philadelphia

ALIaÉz (Phi1ade1¡*ria, PA); PEP T fisn Feni¡suJ-a Iaboratories Inc"

(Belnont, câ) ; BSA, MEr-EuK, Arr (hman), nus, tRH, a*ÍsH fi¡cnr signa

Cf,rsrúcal Ccgrpany (St" Iouis, rc); ard Surfasi-L frun Pierce Cherlical Co.

$ocfcford, I11) "

IAF

frrcgn
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Preparation of brain and adrenal membranes"

TSre cer¡ebraf corte¡< !üas dissectd fr.cm decapitated adult rnal-e

Spr-ague-Dawley rats (about 200-300 x g) arn Íenjryes careñ:-L1y renpved"

Ihe adrernl corte>< was dissectd fi:cnr frrestr bc,viJle glards obtai¡red fi:om a

Iæal. slaughterhouse" Äd::enaL corte:r ard brai¡ corto< were homogenizd

i.n l-08 (w/v) sucrose by 5 b¡::sts r.¡ith a ki:rlsnann Polytron arxl

centritugd (600 x 9, l-5 nin) at O-4oC. Ihe ¡eIIet (nuclei ard celI

debris) was discarrtd, ard ttre srprmatant suspeøea in 300 nM NaCI a¡d

centrifugd at 25rOoO x g for L5 nin at O-4oC" The sqper:ntant !ìËs

discarrted ard tÌre pellet resus¡rerded in sodir¡n ptrosphate buffer (300 nM,

FüI 7"4) " Ðoteix concentration of the suspension was determined by the

nethod of Lcnrrqz et a]-" (l-951-) u,sirq BSA as tlre st¡rda¡d, ard the rernbr-ane

strspensions diluted in buffer to give L ry pr:otei4/mf .

Iodination of [Phe2 , Nle4 ]Affir_z¿ .

Affit_z¿ possesses biological acÈivitY equiwalent to tlìat of ttre

natuu:al honruene, Affit-¡g (E\rdns et a1", 19661. Iodi¡ation of Affit_Z¿

causes loss of biologricaL activiQr dtre to iodj¡ration of tyrrcsine at tlre 2

¡rcsition ard oxidation of n¡ethionine at ttre 4 ¡rcsition (Hoûnann et a1",

1-986; Lcrr¡qf et al. , Lg73). ITre [Hte2rNle4]AtrL_Z¿ derivative retajns

bioJ-ogical activiQr rpon iodì¡ation of tyrÐsjrc at position 23 (Hoûnann

et, al-", l-986) , ard is a practical radiolabel for birdirg strrdies.

[Phe2,u1e41Acttt]--24 !ùas iodi¡ated follcruirg t]re net]rod of Mcllhinney

ard SchuJ-ster (1-971-) " In order to reùrce tlre loss of ACIH tì:rcugh

adsor¡rtion, dl latnnre !ùas briefly e:æosure¿ to 10å Surfasil i¡ N-

hexale, ri¡sed with nethanol then water, a¡rit airdried. To a siliconized

pllpncpltlene Lube, 50 Ì¡t of soditun pf¡ospnate Ènrffer (0"05 M, H{ 7.0),
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lPhe2,Nrealecnl_rn (5-10 r,rg), hcaqFroxidas,e (4 ug) , u'ut (2 rci)

HZOZ (0"003å) were added ard vortexd frequently at lrcom tenperature"

ard

An

additiorlal l-o uL of H2o2 (0.003å) was addd at 2 nr-i¡ ard 0"5 ml- of sodir¡n

phosphate bn¡ffer at 4 lrd¡r to stop the iodination reaction" Ttre

idi¡:ation rniJûtr'ìe was transferd to 10 rnl of ttre sane buffer containÍrq

Quso cr32 Lo rrq, reA 10 nq ard rcrcaptætlrarml 50 ul-, vorto<d for 30

min, ttren centrifugd at l-700 g for 1-O mi¡. the srpr:ratant was aryÍ::atd

arxl ttre ¡nllet wastred twice wittr srater to rgt¡¡¡e free D5l. f:e DSr

labe1led ACIÍI v¡as o<t¡:acted frun SJSO wittr 0.5 mI of acetone: H20: acetic

acid (40:59:1-), sbored at 4"c ard used withi¡r two weeks. The specific

activitlz of ¡rucnoiodi¡rated ¡Phe2,nle4lactnr-r4 i= appr.oxirnatery l-600

Cirznurole. Approxirnately 35å of the added D5I *." recc¡¡ered as labelled

peptide"

ÞiIy, l-00 ul of t.tre iodination nù<ture r,ras applied to a uBciNDAPÀK

reverse phase Cfg m columr equilibr^ated witl. sodir¡n phosphate Ìxrffer

(O"l- M, EfI 2"1) containirg 23å acetonitril-e. Ttre salrple !,ias el¡ted wittr

the sane hrffer at a flcn¡ rate of 0.5 nL/nin, aliquots of O.7 ml were

collected ard r:adioactiviQr detennined wittr a LKB Universal Ganuna

Cannter. One or tuo fi:actions r^¡ere colleded fr.cm ttre rni@rtion of tlre

unjor Iæåk (I), Iiùrich has been assigrd to nonoiodinated AffiL_Z¿

(Irrâkrdricù et a1., in press) . th" D5t-Acm was r:sed on the sane day or

stoH at 4'C for use no lorger than 24 hcu::s 1ater"

Iodination of VfP.

VIP was iodi¡ated foIløvirq tlre nettrod descrj-bed for ACIH occept, tÌlat

tlre elr¡tirg solution applied to HPI.C coh¡rn contained 25? acetonitrile"

Aft€r HPrc ¡rurification three najor ¡æaks ra¡ere ùtahd, in agreørent
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s¡ith ctlre¿s (¡4artin et a1", 1986) . Unl-aÞ1ld \IIP at 0"5 uM ixhibitd
di-rylaceable birdir:g of 125t-vtp f::cnn each peak by 67.22, 62"42 ard

60"42, respEively. The first rnajor peak was collecÈed for :rcuti¡re

birdilq sh-ldies i¡r vieiu of tlre larr¡er yield ccnreard to that, of the other
r21trl¡o trEa$s. tI-VfP was stord. at 4'C for r4> to 7 days ard yielded

consi.stent bird.irq prrcperties. Itre specific activiþr of PsI-vlp is

am).in*efy ].500 Cirznurole"

Iodination of Affit_tO and. ACIH LL_24"
Iodj¡ation of ACIIIT-'O arxl AcII{ I..-24 witt 1251 ard t}re re¡ncn¡al of

^ L25_fi¡ee *--f were done as dessribed abcwe, but the iodi¡ated rni:<tures'were

rrcrE, ¡rurified further"

Radioligand binding assay

Eþrdorf centriñrge trlbes contained l-25I pepÈide i¡r 2oo ul-, 50 ul
qe-¡nbmlæ suspension (1 ry/nl) , 1O ul untabeled peptide dissolved ard

dilt¡td to designed concent¡:ation wittr 0"5å EA (Vv), ard sodir¡n

phosptrate Ì¡rffer (300 rrM, f*I 7 "4) to 500 uI" All latn^¡a:= !üa.s

siliconizd" Itre fi¡aJ- BSÀ corcenb:ation in i-rstbate is O"O1-? (w/v) 
"

Ãft€r i:u.¡bation at 0'C for L hr, ttre irtcrrbates were centriñrged

(8000 x g, 15 nin at O-4oC) " Itre srryernatants were a$>irated ard the

¡nIlet surfaces ard assay tube rá¡al-Is gently r"rastred twice with ice-cold

0.9å salir€. The tips of tJ-e centrifuge blbes were e¡8, off ard 1251

dete¿mi¡red in a ganuna-counter"

Isol-ation of adrenal cortical cells
FTesh bctt/ine ad:ænal glards !ì¡ere dai¡d f¡s[ tlre loaal



slatEhterho:s,e and l<epÈ in IOZ sucrose at roon t€rrprabJa€" After

sLrippi:lg off tlre fat, tlre cortical- ¡nrtions of the adrenal hrere

ðissectd ard slicd in }&flwain Tissue cf'ropper" Tt¡e slices rdere

i¡cr:batd with ltuebs bicarJcornte lruffer (f*I 7 "4) containi:rg 6A O"5Z

(w/v), collagenase (Z W/rù), arld t8ißs,e (25 q/nù) on a gyr-atory shaker

for 30 nin at 37oC urxler an abrns¡Arere of 95å O2z5Z, {Ð2. The ti-ssue r¡¡as

ais¡ærsA by repated pipettirg Uucnrgr plastic pipettes of decreasirg

dianeters" Ttre r-rdigesEed fr^agrrents v¡el:e allcm¡ed to settle ard the

digested fragn€rÊs decanted tlror@ nyton rcst¡ (l-60 ¡ar ¡nre) " The cells

were collected by centrifugation at l-00 x g for 5 rnin, ard tlre pellets

washd twice ard wt in ar¡ aüncsphere of 02:@2 (95:5) " The urdigested

fi:agrents were aglàirt epea to tlre sane prrccedr:re ard tlre Aispersd

cells nixed ard r'Jashed with l(rebs/BsÀ. Viabiliþr of free cel1s was

detenni¡red with t:rlqnn blue (Tennant, L964). CêIl nr¡rber was detenni¡red

with a hennc¡¡toreter"

Measurement of steroid release fron adrenal cells
Ihe i¡cr.rbate contai-rpd ad¡ernl ceII sr:spension in 0"99 nI I(rebs/BSA

(l--6 X tO6 æ11s) ard peptides were addd i¡ O.Ot- nt. After irs:bation

at 37" for t hr, i-rstbates s¡ere centriñrged (l-000 x g, l-0 rnirr) atrt

aliquots of the sryerratant anaÌyzed for ste¡pids by radioinurn:noassay"

triefly, O"O5 nI of sryer"rætant !üas nixed wittr O.2O nl of 3H-

cor{isolrzantisenm Íú<hlïe (l-,2OOrOoo *xn of 3H-cortisol-, o.3o nI of 2.SZ

hr¡nan garnna glcÈnilin, o"24 nl of L0å BSA, o"Lo nI of arrti-cortisot

antiserr¡n, ard, l-2 mt of boraLe hrffer, O"O5 M, FfI 8.0) ard incr:bated for

L.5 hcurs at 37qc. Bourd 3H-cortisol was pr.ecipitatd with addition of

0"25 nI of sab.¡rated (NH¿) zÐa. Unbcurrct 3H-cortisol- r¿as courrted v¡ittr a



Sci¡rtillation p-counter ard cortisol calcr:l-atd by weightd li¡rear

ryression.

RESULTS

Spific birdfuÌg of Pst-actn to rernbranes frtm both br-ai¡r ard

adrelæl was ixhibitd by eitlrer unJ-abeld ACAH or unlabeled VIP in a

dæedeprç1ent, fftrìner (Fis" 1-) " ei:dirg data fi¡csn rultiple oçrfuuents

rdêre pld ard arulyzed with tlre ccngrtær prcgpan ttGAND Ommson ard

Rodba:rå, l-9go). For AcIT{ in brain a two-site nÐde1 wit}r a high affinitlz'

Icn¡ ca¡ncitlr site ar¡! a lcn¡ affinity, }¡iø ca¡ncity site vJas

statisEically a better rrfitrr of data than a onesite r¡cdel (p < 0.05) "

In t¡re adrernl a one-cornponent birdirq nÐdel was statistical-Iy a better

rrfit¡¡ of t]e data than a b¡rurponent mcdel"

Similarly, specific bi:diJq of 1251-vtP to n€Jnbr:ane preparations frcm

br-ai¡r ard adrenal was inhibited bty both unLabelled \IIP ard ACIÍI jn a

dose-deperdent fastrion (Fig. f) " A ttio-site l(lcdel for \rIP bjrdil}q

pr.cvided a sigrificantly i¡rpr.cn¡d r¡fit!¡ ccneare¿ to a one-site rndel (p <

O"O5) in b6rth ti-ssues. the birdirq pa:laneters are suûIÊrized in Tab1e l-"

Unlabelted \6p, Agn{ arrt ss¡er:al- other peptides were tesùed at 1 r¡M

agaixst, DSI-Vtp bjrrlirg i¡ braj¡r. Às strcnvn in Fiqure 2, bü \IIP ard

ASIH di.splad Dst-vtp bird.irq, vitrereas INS ard ATI were irlact'ive ard

MEIuÐIK, SP and CRf. insiqificantly i¡o¡eased birdinq of 1251-VtP (P >

0"05).

AcIIfI ard \rLP eacùr enharced steroidogenesis il:l a dosedeperdent naru]er

(Fig. g). For either peptide sigurificant stimulation of cortisol

occa¿?ed at to-lÛ M ard a rnaxinal resporìse at 1o-8 lt. l¿axi¡aI cortisol

prrcducÈion i:d¡ced bty \IIP was abcn¡t 40å of üat bY Actfl.



To determi:e if vIP sLi¡ulates coÉical cel1s via the sane receptor

as ACçEI, sutxræCi¡al Or nnxi-rnally effætive coraerrt¡:ations of vlP ard ACTI{

wer€ ccgîbfud. As slrcnrn i¡r Tabte 2, 10-10 M of VJP plus to-10 m of actn

siqrificantly ir¡c,::eased cortisol prdpcÈion cn¡er either alone' vñereas

t11e ccsnbfuEtion of peptides each at l-o-8 M corperrt¿-ation led to no

greater effect' than AciH alorre at that corrcerrt¡:ation.

eactr sti-nulatæs

uM (Ë, Park ard

\IfP (1- uM) was

r

i

corrcenb:ation of

steloidogeresis

10

by

As we have strcnrn, Affif-fo or Affirf-Z¿

steroidogeræis mxinallY at a

IaBelIa, in Pre-ss). l¿axi¡ral

siqrificantly enrranced by tlre addition of l-0 tM Ac:IHl-to but not by l-0 ul'l

of Affirr-z¿ (Fig. ¿)

GRF ard DYN also stimul-atæd steroidogenesis ix a dose-deperdent

fastrion (Fig. 5), altlrough, a9ah, rnaxi¡al cortisol release by either

peptidewasabcutha].ftllatiJ'ducedbVAglHl-24'Cortisolreleasefi:om

adrenal cells was sti¡nulated by as lcnr as l-O-10 M of eacÌr peptide'

es st¡cnim jn ri@re o, GìF ard DyN at L uM significantly inhibited

1-251 agr*f_Z¿ bffij* to adre'aL nsrbla¡es, trtrereas PEl T' B-END, a-I4SH

ard TRH we¡:e i¡effegtive.

Ficrur.e 7 strcnr¡s tÌ¡at the specific birdiJqt of 1251-ecrH 
Ll-24 i¡r ad::erlal

nenbranes in¡as irùribited', at L uM, bry Ûtlabelled AcrIH:lL-24' Affit-24' VIP'

eF ard DltI, b1r 63, 69, AOt 50, ard B3%, res¡æcAively' Affit-tO ard PP T

vrere i¡actrive. ottrer i¡active peptides tesÈed i¡ sirgle eperi:rent'

irrclrded TRF, o*I'SH ard P-B{D'

DISCT'SSION

In ttris s¡.trfy VJP v¡as a ¡ntent ccxçetitor of 125t-eCfr bi:d'irq' ard

AS1IH a poterrt ccnpetitor of 1251-tnp bird.i-ng, bcrth i'' br^aj¡r ard adrenal'



of narry ¡æpEidæ tested. j¡r an 1251-vtp birdirq assay on brai¡r næmbr=nes,

ACIÎI ruas a po'tent coçetitor, soreral- peptides weæ i¡rasbive ard three

peprt.ides acfi:alIy i¡c:reasd 125t-v¡p bindjrg slighLty; the nechnnisn of

ttre enlrarad affinity is urilsrcn'¡n" Brt tlre use of n¡eunbl=ne pr-eparations

ard an i¡s:bation teryerature of 0oC, ruIes otrt netabolic rmt¡anigns. I¡le

fc*.rrd a large wariability in tlre esEirates of parareters of ACIH UirOing

ùÞ, prúably dr¡e in tarrge par{, to t}re entraordinailr prrynsity of ACIÍI

to adhere to sr¡rfaces. AlthcÂrgtr all latn¡a:¡e h,Ers siliconized with

S\rrfasil to minimize adsorption, it is r¡ct possible to abolish it

ccnpletely"

The rLi$r affinity bi-rdirg of 125t-actnr-rn to nenrbrzres fi:om r^at

brain i-s potently irhibited by VfP, cRF ard D!ll{ (}tratcnvictr et a1",

Lrpbfished). I{e ncn¡ strcnr tlrat VIP, cRF ard DYlit also conpete for high

affinity bi-rdirq of 125t-ectgr-24 h nre¡nbr=nes frqn adrenal corto<. rhese

thr€e peptides shrcn¡ a¡uino acid sequerce hcrnologies with ACIH (Fiq. 8) "

\IIP is re¡nrted to stfuruJ-ate stsrcidogeræi-s in cultured adrenal- trmour

cells (IGr/üal et aI" , L977; Morera et aJ-" , L979), orarian granulosa ce11s

(Þvoren ard lfsueh, 1985) , testicular cells ftfasson et a1", l-986) arxl ix

¡:at (In:ssdorfer ard l4azzodri, 1987; O:nnfu$ram ard Holzwarth, 1988) ard

aryhibian (Lebo:lerger et a1", 1984) ad:¡er¡al glards" GRF is reported to

inf€r=tct, with a VfP receptor in rat ard hr¡nan intestirnl epitleì-ia1 ceII

rsrbra¡e (falrur{he et a1., L983; Iabr:r{lre et a1", l-986), gui:rea pig

¡nrmea.tic acini (Pardol et a1", L984), rat pano:eatic plasna rcnbranes

(Waelbroed< et a1., L985) , ard., Ii-ke \IfP, to stiJru¡late adenylate q¡clase

acÈiviþr in ttrese pr:epa::ations" @ioid peptides i¡fluence corticoid

slntlresis hV isolated rat adrenocorticaL cells; e.g" B-erdorphin

sÈi¡a¡latd corticosLerone production tn¡t tlre ccsbiration of nrærirnally
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steroidqenic corcentrations of ACIH ard B-erdorphin gave no ñ¡rttrer

irË:rease (G:aza et al-., 1986; Shanlcer ard St¡ar¡nat L979) " Szalay ard

SÈark (l-981) reported ttnt p-erdorSr-in elicited a u-straped dose-res¡rcnse

pattern in i-solatd zor¡a fasciculata cel-ls: lcn¿ concenü=tions degreased

ard higür cor¡cent¡'atíons irffieased sLeroid production" Ðror¡l}rhr__rZ

enhârd steroidogeræis þr a lcn¿ oorcent¡:ations of ACIÍI but did r¡ot

affect, the res¡rcnse to a ¡nxi¡nally effecÈive dose of ACIÍI (G:aza et a1",

L986). Ihese cbsenraËions suggest, that \I[P, D]nt ard cRF ard ACIÍI ccrçete

for at Ieåst, one ¡ntrrulation of rece¡Èor^s j¡ tlre adre¡nl ceII ard elicit
ster.oidogenesis, br¡t naxi-rnal hyd:rccortisone sesretion nrediated th:rcugh

that species of receptor acconmpdatiryg VIP, Diß{ ard GRF is onJ-y about

on+half tàat q¡olaed by ACIHr_rn.

In a previo.rs sttr'Cy (Li et a1., in pr.ess) we found that the 1-10 or

IL-24 anino acid fi:agnrents of ACIH elicited stercidogenesis, each by a

sepa::ate receetor q¿stem, ard that tlre l--10 tn¡t not tJ:e 1l--24-astivated

receptor was li:d<ed to adenylate cyclase" Irxliviùrally, each of the

fi:agnents en¡oked a stercid response tt¡at was only one half ttnt of ACIH'_

z't lNrE, the trro fi:agnents togrettrer elicited a response apprroximately

er¡n1 to t¡at to tlre rr¡trole nplecrrle" VIP enharced stelrcidogenesis by

Affit_ro, ÌxrÈ, noE t¡at by Affi!-r_z¿" eirdirg of usr-aclnlr-rn !'ias

i-nhibitd W Affitt_Z¿, ard by VlP, cRF ard DlN, Ì¡¡t not by ACIII'_'O atd

PEP T. fhe latter peptide was tested because its ani¡ro acid sequence is

contaired withi¡ tlre sequerce of VfP ard was ¡rcsürlated to i¡teract, with

VIP r.eceptors (Rtff et al-" , L987). Ihe anirþ acid ho¡rplogies anorg ttre

pepEides appear to ccnprise the 1-1--24 negion of Àq[fi" lrle failed to
dsrucnsb:ate displaceable birdiry of 125r-acn1-ro, prrcbably b€cause

iodi¡ration ot 2f1p in the peptide yields a biologically i¡act^ive pe¡rtide,
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pretlnably bæause of the failu:¡e of tJ:e r.ece¡for to recÐgnize Ule

id.i¡atd s¡æies, as was denonstratd fot L25r-{2tyr)acnrr-rn (rcnn¡¿ et

ã] ., 1973) "

I{cÃ,ü41 et al-. (1977) re¡nrtd that \IIP sti¡rn:lated sterroidogenesis i¡
culfud nn¡rj:e adrenal- tr¡rucr cells (with less potenq¿ hrE. tJee same

efficaq¡ a.s AffiL_Z¿) " Grr results ind-icate thât trIP sLim¡latd

co¡tiooid prrcduction in adrenocortical cells with tlre sanre poterqr hrE,

üJ:ith less efficaq¡ than does Äffif_Z¿. The appa:rent inconsiste¡cies nay

be e4llaird by differences in ceII t]¡pes or i¡ steroid assay rethods"

Kcnì¡al et aI" reasured 2Oa-dihlal:rcprrcgesterone (20-OFñ,) ard 11p-

h1nùrc>q¿r20o-dihyd:rcprrcgesterorre in the supernatant fi:om cilltured rm:ri¡e

L1nnlr cells usirlg a fluor-oretric nethod (I(crá,a1 ard Fiedler, 1968) " I{e

neasur.ed cortisol levels in supernatant fi:on bovine adrenocortical cells

þz radioinununoassay. In cnrr hards, a1so, tÏ¡e fluorrcmetric netlrod strcn¡ed

\ffP to sb,imr:late steroid prodrction wittr tJ:e sane efficaq¿ ard potenqr as

ACIH (data not shcram). ltre reason(s) for the lcn¡er staoidogenic

acÈiviþr of VIP, as i:dicated by tlre lrþre specific r^adioirmnurnassay, nury

reflect,: (1) lou¡er jntrinsic activitlz of \Ifp, (2) rmrltiple intr-acellular

pathwale irvolved in stæroid bioslmttresis tlrat \IJP ard Aclfi affect.

d:ifferænt1yr oE (3) activation þr Vfp of fer.¡er receptors that nediate

steroid producÈion. ltre data accr¡nulated i¡r tl.is paper seem to favor tl¡e

last r¡ction that VIP (also, DYN ard GRF) i¡ter-acts witlr only a oertain

sutrþ¿pe of ÀCIÍI receptor that r"ecognizes ACIÍI, a_24"
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TãbIe l-. Birdi¡}9 Par-a¡etsrs for ACIIÍ ard VrP in l@nbr.anes frqn H¡ajn ard ^âdrenal cortÐ{.

ADRENAL

b
rM

D5t-vrp

2"9 ! I"7 r21 t 81
167 + 112 6,450 ! 4,390

23.6 + r4"O
5,240 + Lor600

KD, KI arlC R,..,r. !,Íelie determined usirq the ccnputer prrcg:.arn LICåND (see Materials ard l,fethods). Þta a:re

or¡lressd as Lhe Mean t SEM fi¡cnr tlre salre oprinents strcn¡n in figure. f .

0.5 È 0.8 257 ! 367
I4.3 f 6"6 ].2,2OO + 4,75A

22"2 t 33,O
not resolved

RnÐ(
(ftole^tq) b

n¡,I

125r-AcrII

5"4 + 4"2
61000 t 91800

0.51 t 0"41
87t40

3"9 + 1"3

Enæc
(ûrofe/uq)

1"4 + 0.51

13.5 + 9.3
2,78O t 11340

2t82O + 929

oo
\C)



IåEIæ 2" sceeoidoqenic effest of wp ard ActÍf fr-crn adrern]- ceIl
sus¡ænsions"

Oontrcl

Cortisol release
(rg/106 cellsþor:r
nean + SE)

0"15 + O"O1_

\ILP O" l- nM

l-00 rM

0"32 + O"O2

0"59 + 0"10

ACIH O"1 rM

l-OO rM

o"77 + O"25

1.37 + 0.03

\IfP 0"]- rM
+

ACIH 0.1 rM
1-.22 + O.l-l-**

Væ 1-00 rM
+

ACIH 100 rM
L.47 + o.oz(t)

** p < O.OL vs ACIH 0.1 rM
p < 0"01- vs VIP 0.L rM

(t) *" vs AcIH 1oo rM (Tukey¡s multiple ccngnrison)
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LEGENDS

triE" L. Di.T:lacenent of 125r-acnt or D5r-vrp by unrabelred AgrH ard

\rtP frcrn brai¡r ard adreral ne¡¡brz¡res. panels À ard. B represent

trre displacenent of 125t-vrp and 125t-ecru, respectively, from

brai¡ nernbl:anes" panel-s c ard D represent their d.isplacement

frsn adrenal- nernbrares. Þçeri¡ental data r^rere pooled ard

arnÌ1zd usirg tlre corprter prog[ran LrcA]ID (see ldaterials ard

}Þüods) to gener=rte dispracanent crur/es. Eactr rigarrdderivd
displacenerrt cuffe is basd on data poled fir.m rrn:ltipIe

erçerinents (n) . Àffi!--z¿ (soIid rine) rét4,3,2, in paners

ArBrC,D, respectively. \Ifp (dashed li¡re), re1-0,2t2,2 in panels

ArBrc'D, respectivery" Eadr poiat, represents tlte Mean t sEM

f::crn operinrerrts perfonred ix 5 repricates. rn e1çeri:rents

wtrere a pa:ÈicuJ-ar dose was used onry once (5 repricates), no

stardarrC en:or ba::s are strcn¡n.

Fig- 2- Inhibition of r125-\[P bi:dirg to rat br-ai¡ msnbr:anes by

¡æptides at L uM concentration. Tota1 125t-vlp birKiiryg i¡ the

abserce of urrraþlred peptides is tal<.en as l-ooå. Each bar

represents percentage of tJ:e total bjJdjrlg. Mean J SB{ of two

eryerinents, eacùr witlr 4 replicates"

(a) vs qlRL, p < 0"01-;

(b) vs qlRL, p < O"O1;

(c) vs CÏRL, NS;

(d) vs CTRL, NS;

(e) vs qlRL, NS;

(a) vs (b), NS (TUkey¡s rnrltiple test)
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riE" s.

FiE. &"

Fig" s"

Stær'oidogenic acLiviþr of ACItfIr_24 ard VlP" Adrenal- cortical

ce1l suspnsions were i¡¡cr:batd in the preænce of inc:reasirq

corrcer¡trations of ACIÍI ard VlP. Eachr point represents the Mean

+ Sm{ of three operinents prfornd. in triplicate. O AgtTI,

@ vlP,

Effect. of addition of VfP rpn Affit_rO ard ACffilr_Z¿-Jrdtrced

sLercidogenesis" \IfP (1 uM), ACIÍI fragrrerrts (]-0 uM), C[RL, no

¡æptides"

(a) vs \IIP, p < 0"01-;

(a) vs 4ffi1_10, p < 0"01;

(b) vs \¿tP, NS;

(b) vs Affitt_z¿, NS; (TuJ<ey's multiple test).

Steroidogenic effest, of peptides. Þta are elq)ressed as the

percentage of the nærimal ster"oidogenic activiþr elicited by

Affit_Z¿. Each pojnt represents n€an t SEM of tlu:ee

e>çerircnts perfornred in triplicate"

[]RF, @ VrP.

c ACTI{, A Dlf}l,

Fig. 6. Irihibition of u5r-acn1-24 bjrrding to adrenal rembranes by 1-

uM \IJP, DW, æF, TRH, P-END, c-l'lSH ard PP T. Ihe specific

bidinq r{ras obtai¡red by sulsb:acting the birdirg in t}re

pr€sence of l- W Affif_Z¿ from ttre total birdirq. Eactt bar

ræpresents tt¡e liÍean t SEM for three operiments of five

replicates each. ** p < 0.01 vs CIRL (Drnnett's test) "

rig. 7. ccmpetition for 12sr-acul-z¿ bjrdirq to adrenal nernbr:anes by

Affitt-Z¿r Affif_f.r AffiL_24, æ, DYN, \IIP ard PEP T, all at

l- uM. Ihe specific birdirg is tlre difference between total

bird'irq ard birdirq in the pl€sence of 5 uM of ACIHTT_,^. Eactr

71,



bar r^epresenfs tlre Mean + SB,f of th¡ee oçerinerrts, eachr with

five replícates" ** p < O"OL ccnqpared to CIRL (D:nnett's test).

riE. 8" Anino acid sequence hcrmlogies amcrq Affiff_Z¿, VIp, RF ard

Dln¡. fhe enclosed are identical ani¡ro acid :residues, whri_ì_e tlre

anixo acid residues within tlre sâr€ classification (basic,

relrtraln acidic, etc" ) a:¡e urderljxd.
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AtrH/VrP RECEmORS MEDTATE CYCLIe AlfP GEI{ERATION

Ï}ü BR.êJ}T ÄND A,DRENAL. DTFFERENTT.AL EFFECTS OF

Affir.-to AldD Affitt-z¿'

Zhen-guo Li and Frank S. LaBella

Department of Pharmacology and Therapeuti-cs
University of Manj-toba, Faculty of Medj-cine

77O Bannatyne Avenue
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8t



.åbbreviatíons

ACIII: adrerærticotrrcrpin, AfP: adenosire s¡-triphosphate, KA: bovi¡e

serum altnuni::, cAtfP: aderpsire 3 ¡ 15¡-c.ycU-c nonopùrosphate, DfI:

dithiothreitol, GTP: guanosire 5 t-triphosphate, VIP: r¡asoactive

i¡¡testirnl ¡æptide"
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M
Grr prerricn:s sh¡dies ir,dicatd that ACIH ard \IIP share a comncn

s¡æies of ræptor ix botJr brain arxl adrenal. In this sturfy ACIH arul

\IfP aæ strcnpn to stirfiuJ.ate cAMP prrcduction in br^ai¡ in a dosedeperdent

rnnner. In adre¡ul bü M!__Z¿ (1 uM) d Affit_ro (10 uM) mxi:nalIy

i¡duce cAt{P fornntion, r,ihereas Affitt_Z¿ is i¡active" ltrese res.¡Its ncnrr

provide di¡ect, evide¡ce for qrr earlier corclusion that prcurotion of

ad:¡enal sterrcidogenesis bV Àffit_tO is nediated tì¡ouør a æce¡rtor

ccnpled to aderryrlate q¿clase ard by Affiff_Z¿ th:rcugh a receptor lfu]<ed

to another secord nesserq'er q¿stem.
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Introduct,ion

Ttrere i,s srbsEantiaJ- q¡idence for a r:ole of cAMP jn tfre prcess

wherehy Aclff *i¡ulates ster"oidogeræsis (1-4) " fie i¡rterastion of ACIH

i,¡ith ræmbmre ræceptors gives rjse to activation of adenylate q¿clase,

ard ttre consequent j¡rsrease in int¡:acelluJ-ar cAI,fP leve1 activates

stæroidogeresis acrrtely, and i.tr the lorg-term i¡duces ster"oidogenic

enzl¡rr€s t}trcn¡gù¡ the action of cAl{P-deprdent prrcÈein ki¡ase (5) " It has

been ræcqnizd gerær:ally that r¡ot al.l ACIH receptors are liJi<ed to

adenylate q¿cIase" Rasrussen ard Ba:rett (6) proposed that there are at

least two þpes of ACTH receptors on adrenal corLical cells, one li¡rl<ed

to cAl4P ard ttre otlrer to calcir¡n i¡rfh¡c.

G:r previcn:s work j¡dicatæd iøl¡ectly tlrat there are at least ttio

types of ACtfI receptors, one recognizirg tlre sequence Affit_tO ard

coqrled to cAI\tP fonnation, ttre other accormnodat& O*rr_rn Q). In tJ:e

ad:renal, \IfP ard ceÉail otlrer steroidogenic peptides ag)ear to acÈ

thrsrdì the ACTItl_24 r.eceptor" In this stuly v/e present direct. data on

cAl,fP fonnation in rernbr=ne pre¡n:rations fr"cm brain ard adrernl coÉ,sr

tpon e>æosure to AffiL_24, Affil_L', Affitt_Z¿ ard \IfP that pr:ovide

additional sryort for tlre e>ciste¡ce of two þ4pes of ACIH receptors"

Experinental-

Haterials

AgP, cAl'lP, gfP, Uff, ner¡t¡:aL alrlrli¡a (t)æe VtN-3), creatire

pùrosphokinase, ard imidazole were ùtai¡d fr.cn¡ SiEra che¡rLical Ccrrpany

(SE. I-cN.ris, lÐ); a-3zp-ATP fisn ICN Radioctrsnicals (Il¡¡i¡e, cÀ), 3H-cAMP

frqn À¡rer*ran Oor¡nr:ation (OalsdJle, O:Ë); creati¡e phosphate frqn

Bæìrirger ÌÊr¡nltei¡n Corpor:ation (Dotrrål, @ebec); Dcñ'¡Ð( ÀG 50Wt-X4 frcrr
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Bio-Rad labratori-es (Ric}urÐrd, Calif . ) ; plastic æh¡nns (L75 x 7 nn

i¡termal- diameter) witlr fr-tnne-ls fi:cm l(ontes Scientific (Vinelard, lüJ) i

\ÆP ard Affiff_Z¿ frcrn Bachqn Ir¡c. (Torr=rce, eÃ); ard Affit-Z¿ ard

Affit_tO trere generously prcnridd by O¡qanon (!d" Oranqe, M).

Isolat'íon of cAMP.

fsolation ard neasure¡e¡t of 32FcAì4P was ¡ærforæd by tlre sequential

c*rcxmatog:apnic netlrod of Solcnucn (8), r*rith sccre d.ification. h¡¡e>r

^M5OV[-X4 (100-400 rr€str) luas wastred wit]r deionized water until t]re

effluer¡t i¿as colour-free. A l:L slurry (h,.ro<:water) (2"5 mI) was added

to tlre glass wool-stoppered coh¡nns to form the fir:sE, coh¡nn. Neutral-

al-r-urLirn (VüN-3) (0.55 g) was added to each coh,mrr, ç¡astred. wit¡r fO nrl of

imidazole b¡ffer (l-"0 M, FÈI 7"3) to form the secord col-unn, follcnred by

20 mI of imidazole buffer (0.1 M, pII 7.3). Ilre coh.nms were placed on a

special r'acl< const¡r-rcted to fit, i::to eadr other i:.r ¡ni::s, witl the

coh¡rr¡s in tlre Wper ard lcn¡er racks verEically aligrcd" 'Stop solutionl

(1 nI) contaÍnirq 1or0oo c¡* c-32¡-atf ard LOTOOO wr 3H-cAMP r,,¡as added

to each coh¡rrr ard al-Icrued to drain conpletely i¡rto tbre vials containi-rg

4 nl of scj¡rtillation f1uid. Ttren, cor¡sec¡rtive 0.5 ml r¡¡ater effluents

fr.cm eactr coh¡tn were collected into vials øÊainirg 4 mI of

scintillation ftuid for a total of L4 fractions" To a]-l tlre vial-s v¡hietr

received 0.5 nt effluent, 0.5 nl H2O was added ard. counted for 3H ard
32p. rtre ccunts j¡ 3H ard 32p ctrar¡rels were plotted against the elution

volure (nf) " tstop solution' (1 mI) contaínirg 1o,ooo cpm 3H-cAl'IP was

loaded into k¿o< colunns" Effluent allcn¡ed to ù:aix colçIete1y ard

Idashed witlt 2 nl of water. Ttre racl< containing tIæ h¿o< colurms was

placd on tcp of a racl< containirq ttre alurúna coh¡rrs" Eacf¡ Dcn¡¡oc

colurrr was el:ted w'ith 3.5 ml of water ard tìe effluenÈ was allcn¡ed to
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pass üa'cn-t$ Mh coh¡ru'rs i¡rto sci¡rtillation vial-s containirg 14 ml of

scintillation fluid" ftre Lpper racl< containing h^/Ð( co1r¡nr¡s was reÍsJved

ard al-r:nnirn coh¡rrls were elutd witlt consecr¡tive l-0 x 0"5 mt aliquots of

0"L M i¡nidazole hrffer (trI 7.3) i:rto vials containirq 4 mI of

sci¡rti]-lation f1uid" 0"5 mt of imidazole r.¡as added to al-I tlre via.l-s ard

ccn-urtd i:r 3H arn 32p cfranrpl=. lhe cor:nts were plotted against tkre

e.luÈion voh.ure (mI) ard tlre eluLion pnofiles detenni¡ed.

Measurement, of 32p-"Amp formation from 32p-erp

on tlre day of oçerilent, 2-6 x l-06 .4* o-32e-am was added to l- mI

of reacÈion rnb<ture containirg q:eatine pùrosphate 25 mM, sreatine

phosphokinase (250 u), Ttis acetate brrffer (ph 7.6, L25 ÍM), rnagnesiun

acetate (25 ffi), .ATP (2.5 nM), cAl,IP (0.25 mM), UIT (5.0 nM), BSA (0.5 ry)

ard qtP (0.L uM) " Into plastic centrifr-qe h:be (1-.5 nI) hetd i:r an ice

htr, l-O ìú of reaction mi:dlrre, l-0 ul peptides ard l-0 uJ- ttreophyline ( 

nM) rrrere added" TSre rreaction was initiatæd by addirq 20 uJ- of frestt

ad::enal. or brain ne.¡nbr:ane pr-epa:=rtion (15 ug pr"otei4,zassay tube), mixed

t¡¡elI ard. i:u:bated at 30"C for l-5-30 mi¡" Ihe tr:bes were placed i¡ an

ice bath ard 1-.0 nl of ¡stop sol¡tion¡ containirg 0"2 ng of AÍP ard 0"1-

¡rE of cAIrlP ard 50 ul of 3H-cAl,IP (1-0,000 ryn) was added to eacjh assay

tube" Ttre tr:bes were centrifugd at 8000 g for l-5 minutes. Aliquots of

0" 9 nI sqpernatants $/ere collected ard applied to sequential

ch::crnatography on h,üe>( colurms ard alt.urLina colunrs. Itre elutes from

alr.unixa coh¡ms wer:e counted in bot¡ 3g ard 32p 
"trr,r,"ls 

and the grross

amclmt of cAl'fP is e¡'lculated as follcn¡s:

H -- (Sf -Br-F) x l-,000: S^ RspxE

Hr represent the wn for 3H--cAl{P stardarrt in 3H ard 32p

cAT{P
gÈoss

H ald
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charïìeJ-, respsEively; P ard P' for the 32*onP stardarC, S ard S' for

the sanple ard B ard B¡ for tlre bacþrcn:nd i¡ the 3H ard 32p cfnnnels

res¡æcLively" E is rrsrùrrane pr.otein (ug/per assay tube). F, tlre

corr:estion for 3H cor¡nts i¡ tÏre 32ed¡annet is Hr-Bl
HxS

Rsp, tlæ specific r.ad-ioactivitlr of *-32p¡lp * *o Gpúp nole) ,

rr¡t¡e¡:e A repæsents .AÍP (prole/assay trrþ) " The blarn< val-ue (Z) is
caÌcu]-atd sÍrnilarly, ard the r¡et cAt'fP for¡nation cAt'IP_^-: cAtfP_-^__ - Z"netr gross

Preparation of membranes

H¡esh bcn¡i¡e adrenal glards were cbtai¡red frcrn a local slaughterhouse

ard. kept iJI LOZ sucr:o€e at rrccrn tøreerature" After renrovirg fat, tlre

adrer¡al-s were bissecÈed ard corLical portior¡s collesLed. Idal-e Sþr-ague-

Daw1ey rats (wei$rirg 150-2OO g) were decapitated ard br-ains rer¡¡cved

rapidly ard strip@ of nenirges. Tissues were rni:rced with scissors ard

hcnngenized usirg 5 sb:ol€s of a glass-teflon honogerrizer" Tfie

hcnrxcgenate !ìras centriflrged for 15 ni¡ at 1OOO g (4'C), anC the

s'æernatant, centriftrged for 30 ni¡ at 201000 x g (4'c). Ttre r.esulti:rg

peIIet, vras resusperded i¡ ttis-acetate tx¡ffer (O"OL M, pH 7.4) containirq

ÐIA (0.8 rM), ttreophylline (4 nM). Prcteirr concentration was deter¡ni¡ed

by tJle nethod of fcnrry et al. (9) ard prrctei¡ content i¡¡ eactr assay tube

ivas a¡prrcximately 1-5 ug.

Resu]-ts

A typical eh¡Eion pr"ofile of the h^¡e>c col¡nn is strcrr,n at Figure 1-.

G¡er 99"98 of ^AfP added was eh¡ted i¡ the first l-.5 mI voltue, ard cA¡.fP

after ttre 2.5 ml elution volure. 32*qlp was sepa::ated fr.om tlre 32¡r-cAl"Ip
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uv wasrriry t}re coh¡wr i,rit}r 2 ml, tlren bV 4 mr of water to elute trr. 32p

cnMP into tlre altunira cohnn"

Firy::e 2 strcn¡s tåe typical elution pr:ofile of an al-rmLirn col¡nn.

cAllP was not elutd r¡rrtiI 1-"0 mI elution vol-ure of i¡ddazole l¡uffer was

afplid. 32p-cAMP ms p:rifid by washirq the col¡rn rdith 0.s nI of

imidazole (to elininate resídr-ral 32e-are¡ follcn¡ed by 3.5 mI of tlre sanue

kn¡ffer i¡to tÏre co[ecÈirq via1s" with this elution pr.ofile, ncr.e than

80å of cAMP was recoverd.

\IIP at r-o-1%l i¡duces detectable cAI'IP production fron brain

rernbranes, ard. at ro-fu is naxfuraIly effective (Fig. 3). fhe dæe of vJp

requird to stilurate maxi¡ar cÀtIP prrcdu.ction by 50? (Ecso) is 7 x l-o-10

M. Sirnilarly, ACIÍI sti¡m¡lates adenylate q¡clase acÈivity frrccn br:ajn

nernbrane jJr a dosedependerrt natìner (Fig:re 4). Þtestable cA¡4p

fonnation was stimll-ated by ÀCIH at l-O-10 M, ard maxfunal- cAI,IP generation

at 10 'M.

effective"

Ihe ECUO is abcnrt L.2 x to-91t. At lo-qr{ ACIÍI seerns to be less

In adrenal cortical nembr:anes, ACII{ (1 uM) irduces cAMP for¡nation in

a ti¡e-t¡elated mar¡ner (Fig" 5) " In tlre pr.eserce of tlre phoqphodiesterase

irùribitor thecpùrylire (4 W), a lixear rrelationstrip between cAIrtP

fonnation arxi i¡rubation ti-ne r-p to 60 rnin r¿as fourd. Both Aql__ro d
4tr1_Z+ entrance cAI,IP fonnation (l_483 ard 23BZ of basal level,

respectively), vitrer:eas Atrlf_Z¿ was i¡effective (Fig. 6).

Discussion

ACIH augnents cAMP ler¡e1s i¡r ren¡cn¡s tissue, includirg q¡naptosornal

plasna ngnbl=¡e frm rat brain (10), crrlturd rn:rire braj¡r cells (L1)

arxt crrlturd mcl¡se cortical neurrns (L2') " Birdirq of VJP to its rieceptor



sit€s is ccrupld to actir¡ation of an adenylate q¿clase (13), e.g" irl

plasna næcnbrane præpamtions fi:csn rat fat ce1Is (l-4rl-5), heart' (16) ard

lurg (17); i¡ isolated rat ard. ctrid(en adipose ceIls (l-8,1-9), grrinea pig

paræatic acirnr ceIls (2o), epitlrelial cel-Is of rat verrt¡:al prcstate

(21-) ard horizontal cells of ttre teleost retina (22); ard i:r cultud

bvine choroid plocus epithefial cells (23) " In the cenb:al- neryous

s!¡stsri, \f,LP sEilulates cåù,fP for:mtion in g'.lixea pig br^ai¡r (24) ard

r¡ario-rs äegions of rat brain (25-29') " @rr r"esuLts confirm thât \IIP ard

ACITI sti¡rn-rtate adenylate q¡c1ase acÈivity i¡ rat brain" FTom tì:e study on

tj¡re-ccr¡::se of cAtfP gener:ation to AgE{, cAl,IP generation insreases cn¡er 0-

60 rnix. The i¡¡cubation ti¡es ix al"I ttre operinÊnts were l-5-30 rni:ì $¡hidl

is witJli¡r ttre lj-rreår ¡rcrtion of tlre curye" These obsen¡ations al-so

ird.icate tJ:at ttre tr¡¡o coh¡rn separation nettrod for cAMP is sensitive ard

reliabte.

Sixce tTre classic report of llaynes a¡d Berttret (1) j:tplicati¡g cAIUP

in ad:¡erual steroidogenesis, rnany sb¡dies have related ttre acÈion of ACIII

that there is not, a consistent association between ACIH irdtlced

sÈer.oidogenesis a¡ri cAl,IP fonnation (30-34) " For er<anp1e, lcnv

concent¡:ations of ÀfiH er¡oÌçe sberoidogenic rcs¡nnse without evokirg

detectable chargas in cAl,IP lq¡els" Tto e:p1ain ttris discre¡nnry, seve:aJ-

hlpotheses have been prcposed, e.g" the ¡receptor-reserr/e rx¡delt b,y

Ranacharxi:an (35) arxf the ¡ccnpartrent guidance concept¡ þr Sdrulster ard

Sctrqzer (36) " EViderce has sirce accr¡nul-ated to i¡dicate üarc types of

AqmI r:eceptor^s on adrenocoÉ,ical cells, only one of li,trich is cor4lled wittr

cAl"fP fonnation"

Early birxlirlg sÈrilies dsrnnst¡:atd two classes of bird'irq sites for
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ACEI in rabbit adrer¡al- glards (37), mcx.rse ad::enænLical- tu@.lr ceLl

tsrb¿'ares (38) and isolatd r-aÈ adrenocortical cel-Is (39) " læIlhianey and

Sclu1sLer (39) correlatd tlreir bird'iJq data to previcn:s neasureuents of

cAMP prducÈion ix æsponse to i¡crcasirg concent¡:ation of ACIÍI (31).

fhe I(¡ r¡alr¡e of tlre Icru affinity site (l- x 1o-fo) was consistent with an

ECUO value of ACIH action on cAl"fP fonnatíon 1f x fO-8lt¡. trey s-u3gestd

that thi.s lcw affiniþr high capacity bi:dirg site was ccnpled to ttre cê,llP

st/sÈstr" Later, lbyle et aL" (40) ryr{d tlrat an O-nibrcgùeny1 sulfenyl

derir¡ative of ACIH, NPS-ACIH, appead to irùribit, jrr a ccmqetitive

fastrion, tlre effect of ACIH on cAl'IP prrcô-rction, Ìrut not starcid

production, irdicati-rg tÌ¡at tlre effects of ACIH on cAl"IP fonnation a¡d

sta:oidogenesis j¡¡volved an i¡rte¡:action of the hornone with trn¡o Qpes of

receptors on the ad::ernl ceIIs. YanagiJrasFr-i (41) identified two disti¡ct
ACIH receptors in r^at adrenocortical cells ard correlated birdi-rq data to

ster"oidogenesis, calcir¡n i¡f1ux ard cAIIP slmthesis ilduced by ACIfIT_rn"

nsn dqrble reciprrccal plots analysi-s, tlre appa::ent dissociation constant

(Ib) of ACIÍI effect, on steroidogenesis, 2.6 x 1-0-1% in ttre presence of

ca++, was j¡ good agreørent with tÏ¡e Iþ rral-ue for tlre higr affiaiþr acur

rece¡rtor, r,¡tr.i-le the apparent dissociation constant (Ib) of tJ:e AgIfI

effecÈ on eål{P forrnation, 5.4 x l-O-gM, was verlr close to I(D value of t}re

lcnraffinitlr r¡eceptor, thus irdicatirg that the hi$ affiniþr ÀCTH

rece¡rEor tns linl<ed to ster.oidogenesis ard the 1cn¡ affiniQr r:eceptor to

cAl,IP fortnation" ki.sEcñ¡/ et aI. (42) fourd that the action of either

Affir_gg or AtrL_zS (a flÍtI agonist of Affir-rs¡ r rizrs idribited by

Affig_Z¿ to different e>Èentsr irdicatirq tl¡at tt¡e sterroidogen-ic astion

of tlrese ttm agonists rnight be nediated by tr^io different receptor tlzpes"

Recent\r, Kojina et aJ-, (43) provided evideræ to sryort tle ùra1
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rytor theory ard propd that Mh tt/¡æs of ACIH rece¡Èors on ad::enal

cortical plasra nsnbrane elicit stercidogenesis" ACIH birds to one t14:e

of receptor to acÈir¡ate adenylate c,1rcIase ard bi-rds to ttre otlrer type of

recePtor to pr.cutucte calcir¡n i¡flux" Ircreases j¡¡ both cAtIP forrnation ard

calcir¡n i¡f1ux ast. synergistically to i¡duce a cellular steroidogenic

respns,e"

Olr pr€sent r€¡nrt agrees with l{ojirna et al" (43') ard i¡d.icated that

of two classes of ACITI r^eceptors æcliatirg sterrcidogenesis, or€

reco$aizes tlre ACIHr_ro fragrent ard i-s lir¡l<ed to cAlup q¿stem, u¡treæas

tlre otlrer or€ recognizes ACIÍI'f_Z¿ fugitent a¡d is corryled with another

secord messerq'er q¿stenr (7). rn this shlrry we strcnr directly that

Affit_to ard Affit_z¿ ericit cAMp fonnation, uitrereas Affitt_z¿ is
i¡,effecÈive. Differential effects of ACtflr_ro arxt AcrÍ{ rr_24 on cAl,tp

prrcducÈion direcily confirrns cor¡clusions d::awn in our previous stu{z ard

sryprt, tJre concept of two types of .ãCIH r-eceptors.
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Iegernd.s

Ï'iE" 3-. ELuLion profile of h*ex co1twT.

10,000 c4m

coh¡rrr" bnsecr¡Live

1 ml ustop solutiont

-32*'ATP ard l-o,ooo ecm 3H-caetp was applied to tlre

0"5 nl volures of ç¡ater fr"crn the col-urn was

collectd ard ccn¡ntd (see }4aterials ard ¡,!eMs) " Each pint represents

the radioactivity i-n 0"5 nI of effluerrE, irr a typicaJ- e:çeri:rent"

Fig" 2" trh¡tion pr:ofile of Alr.urdxa coh,mr" l- nI tstop solutionl

contai:rirg I-OTOOO qxn 3H-cAl4P was a¡plid to altlnina columr ard eluted as

descri-bed urder ttre l4aterials ard l,fethods" Eaù point represents ttre

radioastivity jrr 0"5 mI of effluent i¡ or¡e tltpical- sepa::ation

Fig. 3. Þse-response crua/e for VIFsti¡rn¡lated cAMP forrnation from brain

nerbrane pr.e¡nrations. Ircr-¡bation corditicr¡s ard elution profiles were

detennined âs descri-bed abcn¡e (see I'tateriaJ-s afil Ì,fethods) " Þta are

e>çressed as the l,Iean + SEM of two eçerinents pooled in dqlicates"

Fig. 4" Dose response caur/e for ACIfI_Z¿.-stimrlated cAl'IP gener^ation fi:cnn

brain rerùcrane pr:epa::ations" Data are opressed as the ljþan + SEM of

poled two eryeriJrprrts perfornæd in dqplicates.

I'ig- 5" Tfur€ course of ACTH-irñrcd cA!,fP fonnation fr"cm adrenal

nsnlcranes" Ãdrenal nembranes (15 uq/üJbe) !üere i¡cr:bated with

theopfryIine (4 il['l), ACIH (L uM) for 0-60 nirutes. Eadr point represents

tìe nean r¡alue of dtplicates fisn ore eçeriwrt.
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Fí9" 6" cåü4P gereration þr Affit-_fO, Affiff_Z¿ ard ACIH'_24. Adrernl

cortical nsrrbra¡æ was ir¡q:batÆ in the piieserce of Affit_Z¿ (1 uM) or

Affii_fO (l-0 uM) or Affit_t__24 (l-0 uM) " Eadr bar represents the nean t

SBf of tvro e*perinüents, eadr jn duplicate"
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Genera]- Discussion and O'seral-1" Concl-usion

P:rs¡iccrs sLr¡l.ies i:r tl¡-is laboratory strcnød t¡at. f¡-i$r affinitlr birdirg

of usr-acn1 
-24 

b nernbra¡es fi:cm rat blraín i-s potently hhibited by the

¡æptides, \IfP, cRF ard DYN. We rrcw pr:ovide evidence that a]-l four

tides al-so ccmqæte for tlre higr affinity bidiry of 125t-Acr^H''_z+ b
nsnbrares fäcm bc¡¡ir¡e adrenal- coïte>(, ard of Dst-vtp to næmbl=nes frrcm

rat br:ain ard bvine ad::enal corte><" In a&ition, \IfP, GRF ard D]ll{

sti¡n¡late cortisol prrcduction i¡ isolatd bri¡æ adrenocortical ceÌIs,

sLlyEes;tirq t¡at ^ACIH, WP, GRF ard Dil¡I inter:act, witTr a comnlcn species of

receptor that Í€diates steroidogenesis.

T5rel:e has been no reporb. descriJcirq the interaction of VIP, (GRF.,DYN)

witlr ttre ÀCIÍI receptor. I(cn¡a1 et al. G977) reporÈed that VfP stimul-ated

st.ercid prrcduction i¡r m¡rine tunor ceII cultr:res. ftre rnaxi¡na]- steroid

secretion in r"esponse to VIP was alnucsÈ identical to that by ACIÍÍ, but

wittr nnrdr less poterq¿. ûrr results strcr¡ tt¡at VIP elicits cortisol

prodtrd,ion in jsolatect bCI/i¡e ad:rernl corte>< cells with ttre sane ¡:otenq¿,

tnrt, rârit¡ less efficaq¿ ttran does ACIÍIr_rn. fhe apparent irconsistenq¿

nEy þ caused by d.ifferences ix ceI} t1æes atÃ/or in assay n¡ettrod for

ster':oids" I(cñ,,¡al et al. neasud stercids represented by z}c'-

dihydtryrrcEes{erone (20-ûIA) ard f$-hydirc4¡, 2oo-dih1rfuo¡nrcgesterrone

fäcm anltrred ¡rnrj:æ ad¡enal tr¡r¡cr cells usirg a f]-uorcnretric ret]rod. $Ie

reasurred cortisol IeveIs fiun dispersed bovine adrenocortical cells usirg

r:adioirmru:noassalr. With tlre fluorotetric netlrod we have obse¡¡¡ed t}lat \rIP

elicited st€tþid secr¡etion with tlre sane efficaq¿ and potenq¿ as does

ACIH" The reason for ¡rcn¡erestirnationrr of steroid level_s þr fluor:cnretric

¡rethod is r:rclear"

Ihe Ìcnæn steroidogenic activity of \IIP (æF ard DlnÐ nray r.ef1ect,



that, ttpse rytides f-) have Icn*er i¡trinsic activity, 2) affest.

differently the rnultiple intracellular pathways irn¡o1vd ix
sLelrcidogenesis frqn AqlH, or 3) @ry!¡ fer,¡er ::eceptors nd.iatirg steroid

prcduction" Ttre finùi-rq that threre a¡e tl¡o classes of ACTÍI receptors

rdiatirg steroidogenesis in adrenal favor:s the last notion" Sckrwyzer

(l-980); Ra$u.ssen et al. (l-986) prysed tÏ¡e ù¡a]- receptor mcdel of ACIti

action in steroidogenesís" Hcn'rever, t¡e relation between tlre two

receptors ard. ACEI strrrcù¡rîe has r¡ot Þen clear" !,Ie de¡ncnst¡:ated that

Affit_tO ard ACIÍLI_24 each sti¡rmtates cortisol release i¡r isolated ard

cultud bclvi¡e adrer¡ocortical cells to abert one-half ttre extent by

Affif_Z¿. The corrlcination of ACIH'_'O d Affitt_Z¿ elicits cortisol-

sesretion to tlre maxi¡al level pruructed by Affit-r¿"

cortisol sesietion by Affiff_rn is erihanced by for-skolin,

mæcinal cortisol prrcducLion fV aC\_l_O or Àffit_Z¿ is not pronoted by

forskolin" ot tlre ottrer hard, var¡adir¡u i-n a dosedeperdent rrEmner

inhibits corf.i-sol release elicited by ACIft_l' and AffiL_z4, but not by

Affitf_z¿. cAl,IP prcduction was indud i:r bovi-ne adrenocortical rernbrar¡e

prepa:ation by Àffit_tO ard Aml_Z¿, lrut not by Affitt_Z¿ " Itrese

obse¡¡¡ations sr:ggest, tlrat ttrere a:¡e tr¡¡o classes of ACIH receptor sites

rdiatirq AClH-fuduced steroid secretion, ore recognizirg Affit_tO ard

co-p1ed witÌr tlre cA¡,IP lresserqer q¿stal, ard tlre ottrer recognizirg Affitt_

24 ard Iid<ed to a rpn-cN"fP resserg'er pathvJay"

With r.especE, to tlre steloidogenic activiQr of ACIÍIT_I' arld AffiL'_24,

there is corrtnoverslr in tlre literaþre" In an early stullz, S<:}rvryzzer et

al. (L971) re¡rcrted that Affif-fO sti:rulated tÌ¡e maxi¡aI steroid

sesr.etion equivalent, to tìat by ACTïL_24, LRÊ with less potenc,y" Hcn¡er¡er

Ihe naxirnal

v¡hereas the

in a recent sttxfy bry Hinsm ard Binnir$ram, Affif_f' was reported to



elicit only a fraction of tlre ACIH rrerynse ard. with a less potenqr as

t¡eII" G]r res.uJ-ts a¡e irt agresr€nt with ffi¡son ard niruirg'ran" As

rqdading Affitt_z¿, rrËrny have re¡rcrtd' that 
^ffitr_r* 

was i¡active in
steroidogenic activity, eccept for c,cn¡erri ard s¡nls (j-984), wtro reporLd

trrat Aclrtl_24 ster:oidogerlic poterq¡ r^¡as ccfipar:abre to that of ASIÍLl--

10. Thi.s l-atter ffudir€r is @tsistent with or:::s. Gor¡enle ard ft¡al-Is

(l-984) also reported tbat Acml1-24 ptrilìctd steroid sesr.etion with an

eqml efficaq¡ to ACIII_39, tu we fcnrd that AqIHlf_Z¿ dy irducd
a naximal steroid synthesis corr.esprd.ing to about one-hal_f tlat by

Aq1.-z¿'

specific bird.irg ot 125t-acrn, 
L-24 b ad::er¡ar nernbranes is fuhibit€d

bv wP, cRF ard Dlî'I, but not þ 4trL_ro arxl otrrer peptides tested"

l"taxi¡al corti-so1 producÈion in ræsponse to \IJP, RF arxl DYII is only about

or¡e-haLf t¡at bY Affif-Z¿. An additive steroidogenic effect of VIp plus

Affit_ro hrt rpt plus Àffitr_z¿ has b€en strcnr¡,n" rtrese bjrùi¡q ard

ñr}ctional stlldies, in conjr:rrction witJl ttre e>ciste¡ce of st¡n¡chr¡al

hornlogy alruorg VfP, @F, DIN ard ACffLf_Z¿, ind.icate that a ccnmn ACIH

receFEor site, prrcbably the ACTf\f_Z¿ reco9rlftion site acccururndates Vfp,

GRF, Dlfl¡ ard rædiates their ster-oidogenic actior¡s.

schrnryzer (1980) pncposd tåat one crass of ad::enal ACtrI rece¡Èor,

rece[}tor A, elicitæd steroidogenesis t¡::cn$r cAlfP pattn€y, r;herreas a

secorxl species of receptor, rrece¡:tor B, sti¡rn¡lated steroidogenesis

t¡trq$t ar¡ctlrer nectranisn(s) " He also sEated that tlre N-termi¡al region

of AqfH n¡cles.ûe contair:ed all the rnessagle sequences r"esponsible for
activatirg bcrtl. receptor A ard B" In cur strnly v¡e agree v¡ith the ù¡al

recepEor ætæpt,. Hcnvever tTre uessage sequences within ACIH rcIeqrle for
acÈivatirg recepbor A ard B a¡4æar rst be rrestrictecl to the ¡l-temi¡al

l_08



Iâqion as pæd þr Schvryzzer. In cont::ast, the træ r¡pssage seque¡æ

aryar to be sitrratd n¡cre distant orÌe frqn t¡e oÈtrer. The r€ssage

squence for actiwatirg receptor A, sesns to be sitr:atd in tlre j_-10

ryion, vitrerreas t¡at for ræetrÈor B sesr¡s to be locatd in the :tI-24

ryion" @r€er et al" (l-978) r'e¡nrtd t¡at ActrI11_24 irdtrcd riporysis

in mt adip¡¡tes. crs/en et al. (1977) rre{nrted t¡at Affi'_z¿
cor¡tai¡d a ressage s€quence for activity i"lr tlre cent¿a1 rerycRls sysfm.

nx üis cont€xt' it i.s rreasonable fut AffiLr_z¿ conbai-ns a rressage

sequerce for actÍvatirg receptor A ard ster.oidogeræsis"

Ttre work ín this study e>rterds ttre prievicn:s denpnstr-ation of high

affinity specific birdi-r€r of 1251-octtl in rat brai¡. rt constitutes

birdiJq arxl ñ¡nctiornl str¡d.ies ts¡¡arrCs ñuftrer characterizi¡g AqIfI

recepbors in brain ard adrenal, denucnstlãtirg tÌ¡e Ð<istence of two

classes of ACIÍI receptors, identiffirq specific regions within tlre ACI1I

n¡clecrrle for activatirq eactr tyfpe of receptor, ard elucidatirq tlre
¡secorrl lf€sserqrer q¡stemt activated by ocoapanq¡ of these receptor-s. I{e

feel we have contrila¡ted to urderstardirg tlre rechanisn of action of ACIII

i¡ stercidogenesis ard pr.orided an ecarple of trcrs ser¡eral stmcùu:ally

related neurcpeptides ilEìy intenact at ote coilrrlrrt rrecoEnition site to
elicit a coürrÐn physiological_ response"
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