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3H-Oxytocin Binding Sites in the Isolated Frog Skin Epithelium:

Relation tO the Physiological Response
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St’MMA RY

‘���I’1it’ iui-itntke c)f [F1]oxvt-ocin by tiio- isolated frog skin-i e’pitiic’iial layo-r � studiic’el unncler

connclit-ions ti-in-nt po-rnn-iittt-cI simult-ntnn’ous measurc-me’nmt of tho’ biological rc’sponsc’ tc) ti-ne

lnubeiccl iiornote. Pro-linuiniarv o’xperitnenmts s1now�o-cl tiut’ incorpon’ationn of a small aniounnt of

I3F11]tyrosinne into nnc-wly fornnecl protc-inms since this incorporation en-nt-n bo’ biocko’d by first-

iincubnutinng the tissw- witin unilabo-leti tyno)sine-, �-iurc-in-i1ycin-n, or cycloitc-xiniclc. All furt-hc’r cx-

1-no-ri-i-i-ic-n-it-sivo-re l)crforned after th(’ biocknicic (-if [H]tvrosine incc)rpor�ntio)nn. i\fentsuro-nu’nnt of
1111o-ix�tocin-i uptai�� n-is a functionn c-if tint’ concc-ntmationn c-if ti-ic’ labo’led hotmono’ in-i the metlium
sint)wO’tl the’ cxist-(’ncc- c-if two so’ts of binndinng sitc-s. Tine- sc-ts differetl in-i bintlinng capacity mmd
it-n nufhnuit-v for oxvto)cinn n-in-id it-s n-tnuuloguc-s. The sites with ic)w bintlinng capnncity (1-2 j)mc)lc’s/g)

i)re)bnubi� corrc’sponncl to-i ti-nc-’ ro-ceptors involved in ti-ic’ biologicnd ro-sponise (incre-aso- in active
so)dilmnri tranmsl)e)rt), in-i nccordnnuco’ witim tine fohlowinug criteria : (n-i) n-in nti)j)artnt K value for

binditng (2.5 nit) iclc-ntical ivitim ti-in-it do’t-o-rrninne’tl froni tin’ doso’-n’e’sponso- rc-lationsinip obtnutned

for ti-ic sn-in-it’ pro’parationn ; (b) n fnstt’r tin-ic’ course- for bintlinng ti-in-in-i for the biologicnul re’sponse;

(c) [H]oxytocin binidinng iii tine prc’scn-icc’ of arginiinc--S-oxytocin and iysinnc-vasopr-ssinn similar
to what- migint- bo- o’xpo-ctcd fron the ro-lative’ biolc�gicai pot-o’ncic’s of the-sc- t-w’o analc)gues;

nnli(1 (ci) paiail(’l inuiibitioin of time- binding amid bic�logical i.esponse by O-mo-tlmylt-yrosino’-

cnrba-l-oxytocinn, nu competitive inhibitor of oxytocinn on-n the frog skin-i e’pithclium. r#{231}��second

so’t- c-if sites is characto-rized by a lower nffinity (nppntrc’nnt K valuc-, about- 50 nnit annd a imighc’r

binntling capacity (nn�bout 20 j)mOlcs/g).

Aftt-r tine’ Iabc-Ic-cI luormonne’ iuad bt’o’nm w’asiuo-ci fronn ti-ic’ niediun, n significntnt annc)unt of

rnttlioactivitv was st-ill prese’n-it- in the tissue, do’spito’ ti-nc completo- reversal of time biological

respon-ise. This fraction \\‘n-u�s rt’len-ised mm’hen tlithiothrc’itol (10 mit) was added to t-hc- incuba-
tiotn mc’dium during time rinsitng j-io-riod; it might corrc’spond to covalcnt binding cf the hor-

nTnonc to ti-ic’ structure’ through disuificle bonds n-in-id be’ unrelated to time biological effect.

This innterprc-tation is supported by the observation ti-nat O-methyltyrosine-carba- 1 -oxytocin,
nun-i oxvtocin competitor lacking tint’ disulfide bound, did not suppress this nonspecific binding

of [H]oxytocinn.

1NTROt)UCTION c-pithehal cc’lls has rc’co-ntiy do-vo-lopctl on a

Time’ bioche-mienul ap�)roach to tiit- n-ic-cl-i- largo’ scale ; imowo-vc’n, little’ is known about

anism c)f n-ictiotn of nmo’urohvpophysial hor- ti-ne first- Stcj) of hornnonal aetiem on-i the
moines on frog skit-n and toad bladder target t-issuo’, i.c-., innteraction-i w’itim specific

molecular rcccptc-ir sitc’s. Inn a prc’vious paper
linus unvest-ugat non was part uallv supported by

Grant 220 from the Cenmtre National dc Ia Be- (1) mv�’ reported tFit- n-c-suits of o-xpc-rimc’nts in
ciuerche Scientifique. wi-id-i pieces of isoln-ntc’d frog skit-n c’pitho-lium
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were incubated witim [Hjoxytocin of high

specific activity (2).
Evidence’ for specific birndinng of the inon-

mon-ic to ti-nc’ structun-c was obtained or-n the

basis of the following critcn’ia: saturnttion

as a function-i of c’iti-ien- time or oxvtocin

conccntrationn, and reduction-i of binding by
oxytocin analogues of high biological activ-
ity, but not by analogues devoid of activity.

It- was suggested ti-nat ti-ic oxytocin-bindinng
sites observed might be ti-nose’ involvc’d in the’

onset- of the biological reSponse’, in spite- of

the fact that the apparent- K value (conm-

cen-ntration of hormone giving half the maxi-

mal binnding) for [3H]oxytocin bitdinng in
these experiments (20 nut) mm-as son-ncwhat
greater than that previously estimated from
dose-response curves (5 nit). Anoti-net- un-n-

explain-ned observation-n was the fact timat-
lysine-vasopressin, alt hough poorly ntctive in
Ran-a esculenta (3), dcfinitcly reduced [H]-
oxytocin binding in son-ic experimen-its.

These discrepancies led us to re-examinc’

the problem under condition-is in-n which both
hornnone binding an-nt! 1-non-n-ion-nt’ action-n could
be measured on ti-ne same prepan-ation.

MATERIALS ANI) METHODS

The exI)enimc’nnts wero- performeti ot
isolated skin-n epitho-lial intyt’us from frogs (R.

esculen-ta) kept itt tap watc’r. Ti-ne c’pithelium

was separated from t 1-it’ underlying cou-icnm

as follows. Tine isolato-cI vc’nntral skin (about
40 cm2) was first fixed over a glass pipe 5 cnn

in dianmtt’r, with tInt inmto’rnal surface face

downward. Tho- l)iPe \Va5 filled with Hunger’s

solution-n (Xa+, 112 nnt; K+, 3.2 mM; Ca+f’,

1 mM; C1’, 119 mit; HCO.c, 2.5 mit; pH
8.1) eonntainiing 5 mit glucose and 40 units,/

ml of collagennsc, type I. It was immersed

it-i aenated R-inger’s solution-i for 90 mm at

350 ; a h3-’drostatic I)no’ssurc of 15 cm H0

w’as nupplicd to the internial surface of ti-nc

skin. The’ combined c-ffectsof ti-ichydn-ostatic

pressure an-id collagc’nase ensured ti-ne split-

ting of the epithelium fn-om the corium.
In most cases about 15 cm2 of epitinc’lial

layo’r were obtained. Four to six circular
pieces (L3 or 2.5 cm2) w’o’re punched out of

the same epithc’liunn. Each piece was spread
on nnylon mesh, mucosnt-l surface downward,

and mounted hc)rizontall betwc’enn two
cylindrical Lucit’ chnnmhen’s. The epithelium

was bathed on hotim sides witl-i ac’rnted,

buffered Ringer’s soiutionn (Tris-HC1, pH
8, 2.5 mit) contaitming 5 mit glucose. The
transo-’pit-helial poto-ntial differe’ncc wns con-

tinuously necorded t hrougi-i cnulorno-l dcc-
trodes. The men-east- it pote’nntial (liffo’rcnce

caused by neurohypophysial 1-normonws wns
used as a test of ti-nc stimulation of active
Na+ t ransl)ort (n-in-it riferic respctse) . A ft c-i

30 mm of iricnba-tionn in-n Hingc’u”s solution,
the transepitinclial I)oto’tntial diffe’ro’nce Imad
stnnbilized and ti-ne sensitivity to c)xytocinn was

then checked. For each expo-rimeint, we uso’d
fragments J)Imnchctl out- of the sn-mo- o-1)ith(--

hum and exhibiting similar initial POtc-tntinul
differc’nces and respotiscs to a givc’ni dose’ of
e)xvtocinn (5 and/or 11 nii). [3HjOxytocin
mm-as then addo’d to tine’ serosal nc’dium, nunnd

It4CJ inulin was inmtroduccd n-nt-ti-nc’ same tin-i(’

for t ho’ measute-ment of extra-ce! Eu lntn spacc’s.
Tic- pio’ccs of o-piti-no’liun-i were remo)vo-e! from

ti-ne chambe’rs (-itimer n-it ti-ne peak c-if ti-ic
biological rcsponnsc’ or after washing out of

thc’ hornonc an-nd ti-nc conplo’te ro-vc’n’snul of

this responsc-. In ordc’r to n-educe tin’ c-x-
t racc-i lular nnuelioact ivit V , t ho’ sc’rosal mc’clituni
mm’a.s r’nnoved annd tim ci-nnn-ibcr was qinieklv

tiinsc’tl three t-incs mmit-h 1�inmger’s solution,

each i’insc- lasting 10 sec. It wnis cstnuhlisimc’cl

that- in-i ti-ic cour� ‘c- of this rapid washing
proccdun’e most of tine- [14C]innuiin an-id

cxtracei lulnur [11 joxvt oem disap� cnurcei,
whereas intracellular or bounnil H n-nuclio-

activity remaited almost. unncinntnge’d . All
tissue samples wi-n-c blotted on-n filter i)n-n1)t’1

before cout-itin-ng.
Two alternative o-xperinucnntal pno)cc’dltln’o-s

were follow’ed. (a) After w’eighing, the tissue

sample was directly solubilized inn Soluo-ne

(0.5 n-il) at 70#{176}for 20 mum. (b) r#{231}i blotteti
epitheliuni was frozen in-n liquid nmitnog’n,

and tine resulting solid was pulverized and

weighed it tarcd to-st tube-s. Tue pne)tcins

mm’erc then I)rccil)itated with trichioracetic

acid (10 � 0.3 ml). After ccntrifugation, tine.

supernat-ant fluid was sei)arntted fn-om ti-ne
pellet, which then wa.s solubilzo-ol in-i Soliuc-tne

(0.5 n-il) at- 70#{176}.
In both cases time solubilizo’d material was

transferred to counmting vials containinng S n-il
of Bray’s scitntillation medium (methnnnol,
100 ml; nnapht-hnilent’, 60 g; ethylenne glycol,
20 ml; 1 , 4-bis[2- (4-met invl-5-phenyioxntzo-
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lyl)]benzene, 200 mg; and 2 ,5-dipi-nenyloxa-
zole, 4 g, in 1000 ml of dioxane). The super-

natant solution i�’as count-ed in the san-ne
way after removal of the’ trichloracetic acid
with ether. Aliquot-s of incubation media and

the [‘4C}insulin and [H]oxvtoein standards

were subjected to ti-ne same treatment. Con-

trol experiments have si-now-n-i that, when
tracer amounts of [Hloxytocin were added
together with trichloracetic acid to frozen-n,

pulverized epitheium, almost all the radio-
activity w’as recovered in ti-ne supernatant.

fraction.

Counting was performed wit-in a Nuclear-

Chicago spectrometer under condit ion-is
suit-able for discriminating between the tw’o

isotopes. The total radioactivity countcd
was corrected for background an-nd incom-
plete discrimination. The tissue radioactivity

cot-iteint- -n’as correct-ed for extracellular
radioactivity and expressed as picomoles per

gram, fresh -ns’eight-.
Ti-itiateu’l oxytocin.. Synthetic oxyt-ocint w’as

t-ritiato’d n-nt the t-yrosino’ residue by a modified

version-i (1, 2) of ti-nc met-hod described by
Agishi and Dingman (4). The labeled prod-

net 1-in-id a specific activity of 24 Ci/mmole.
IThe j)eptide conccnntration w’as determined

according to Lowry ci al. (5), using pure

svt-iti-nctic oxyt-ocin as ti-ic standard.] Time

biological activity was deduced from avian

d’pressor, uterotonic, and hydrosmot-ie tests,
ard amounted to 440 lU/mg of pure peptide.
Tim radiochemical purity was determined by

ascenmcling ti-nit-n-layer chromatography on

cellulose plates. Tnt iated oxytocin was
spotte’d as a tracer together with 20 nn-noles

of unlabeled oxytocin as a carrier, and the

ci-iromatogram was developed for 15 hr at

4#{176}with buta-nol-nicetic acid-water (4:1:5

by volume). Cellulose powder was scraped

off successive strips (width, 1 cm), and the

pept-ide was eluted with acetic acid (0.5 %).

Radioactivity and avian depressor activity

were measured on the successive eluates.

Figure 1 reveals the absence of labeled

1 Kindly provided by Dr. R.A. Boissonnas,

Sandoz, Basel.
2 We are very much indebted to J. L. Morgat

and ti-ne Service de Biochimie, C.E.N., Saclay
(P. Fromageot), for the trit-iation and purification
of oxytocin.

1- �

0. ‘ F

FIG. 1. Radiochrommnatogram of [‘H]oxytocin

A tracer amount of the tritiated material was

spotted together with 20 mnmoles of pure, unlabeled

oxytocin. #{149},3H radioactivity; 0, avianm depressor

(AD.) activity of ounlabeled oxytocimi (interna-

t-ional units).

impurities and illustrates the identical
behavior of the labeled and unlabeled
molecules. The radiochemical purity of the
labeled peptide was 100 % at the beginning
of our experiments (sc’c Fig. 1). It possessed
only 80 � of its initial biological activity 4
months later, at ti-ne end of the experimental

period. Ti-ne tritiated oxytocin w’as kept at
4#{176}(pH 4.6).

Other chemicals. The unlabeled pept-ides
were obtained as follows : oxytocin (Synto-

cinon) , lysinc-vasopressin, and arginine-8-
oxytocin, from San-idoz ; and 0-methyl-
tyrosine-carba-1-oxytoein, as a gift- from

Drs. S. Jost- and T. Barth of the’ Czccho-
slovak Academy of Sciences. [carboxyl-’4C]-

Inulin (3.6 mCi/mg) was purchased drom

New England Nuclear Corporation ; colla-

genase of Clostridiu-m /iislolyticunn (type I),

from Sigma Chemical Company ; puromycin
dihydrochloride (lot 3027), from Nutritional
Biochemicals Corporation; cycloheximide
(Actidione, U 4527, ST 713,942 gig/mg), from

the Upjohn Company; dithiothreitol (lot
92039), from Calbiochem; and Soluene, from
Packard Instrument Company.

RESULTS

Previous experiments (1) showed uptake

of radioactivity by tissue incubated in the
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prescnmco- of [H]oxytocin. If tine’ tissno- n’nutlio-
activity (inn c’xcess of ti-nat of tine c-xtra-
cellular fluitl) measured at ti-ne po’ntk c-if bio-

logical oxytocin action-i cou-resi)onds to bind-
ing of the labeled i-ion-n-ion-ne’ molecules to

specific receptor sites, this radioactivity
uptake should be n-even-sc-el nuften- removal of

the labeled inormono’ a-nc! nc’turning to tine
biologicn-il control level. The- reversal of
[3H]oxytocin binding to ti-nc’ tissint- wns

studied in prelimi nan-y t-x 1)e!nin-ienmts.
Paire’d e’pitheiiun-i piccc-s we-re incubateti

in the prcsc-’nce of [:uH]ox\.tc)cin- (40 nnii). At
ti-ic peak of ti-ic’ biological response tine’ cot-
trol fragment was removed for countinng as

described a-hewc. At the- same timo’ the

labeled hormone was washeti from the

incubation ncdium contntining the’ o-xpcri-

mental fragment-, winicin was removeti nufter
rinsing ir fre’sh Ringer’s solution for 1 mc,
i.e., after ti-ne biologicntl rt’spornse had be’en
completely rcve’rsed. Time amount of �H

radioactivity corresponded to 15.1 ± 0.35

pmoies of [3H]oxytocitn per gram (n = 3) in

the control tissue, and to 9.3 ± 0.6 pmolcs,-’g
in ti-ne paired, washed tissue.

Under these condition-is more ti-ian half the
radioactivity uptake appeared to be ir-
reversible. This raised the question of oxy-
tocin hydrolysis an-id [3H]tyrosin-ie incorpora-

t-ion into newly syntln(’tizeel protcin-ns, anti
experiments were perfonmcd to check this

possibility. Paired pieces of epitheiial layer

we’re incubated in test media conntaining

eithc-r pun-omycin (200 j.ng--’nl) or unnlnui)c’lcd

tyrosine (1 n-nit) ; con-itrol n-it-din-i contain-ned

neither of the’sc compountls. An inour aind a
half later, both [3H]oxytocin n-it-id [n4Cltyrosinc
were added te) all ti-ic mc’dia, up to a fin-in-il

concentration of 40 i-nit, annd after 20 mm ti-ic
radioactivity was wasined out and tint’

ej)ithelia were cit-iso-el with inormal Hitngc’r’s

solution-i for 1 mr. The 14(1 an-nd H radioactivi-
ties foun-nd in-n tin’ te’st pic-ce’s were expressed
a�s percc’ntagc’s of tinose measured it the

eorrespc)nding conntrol pieces. As shown in
Table 1, nmearly all ‘4C uptake by tine tissue

was inninibited by eithc’r puromycin or dilin-

tion-i with nonn-adioactive tyrosine, indicating

that tyrosine incorporation in-itt-i l)rotcinms was
efficierntly blocked; unntlcr ti-ne’ same con-idi-

tions, a significannt amount of H radio-
activity was still presenmt. Similar rc’sults were

T.tnn�E 1

EfJect of p utroutu ycimi aml(i n a labeled tyruts but c on

imuuorpduratiu)m of m4(,’ (171(1 3JJ after ineul)(ut ion

with {tmmCltyrosimuc an(l [!Ijoxytocin

Pnmi re(l fragments ( uf t Inc sntmumc epi I hc-l i al I aver

were used. Test fragnnemmts were treated with

puron-nycimn or ummlahelc’el tyrosinie for 1 .5 hr crud

t hemm imcuhated for 20) mnirn mu t he Presc-nm(e of

Im4(�Jt3.n.,usjmie ammd [11]oxvtocimi (enuch 40 muM) . Afteu

rinsing for 1 hr in-i fresh Hinmgers solut iomm, hot h

fragnienuts were renmoved for rntdioactivit y nmieas-

iuren�emmts. Ilesults are the tmmt-anis ± stamudard

deviat i()fl5 (If four sel-iarnute 1)nuirs (if t issuc’ frag-

ments.

Residual radioactivity imm

�1’reatnient test PieCe

[‘4(’]Tyrosimme [H1()xvtocimn

(, ( to,iIru�l � � onilrol

Puromvcimn (200 13 ± 4 26 ± 18
� ml)

tjnmlntbeled t vrosine

(1 Imucu)

obt-ain-ic’d whc’n cvcloiic-xin-iide (20 �.ng, ml) was

used instenuti of iImron-n-i�’cin-i to-i inhibit l)nc)tt’in
svn-ithesis. Timeso’ oI)setvations suggest ti-in-it

i)ntrt of ti�ic tissuc- ratliontctivity uptake winch
cant-not be reve’nsed by washinng out tine
hormone should correspond to covalent

bindinmg oti-n(’n- than inmcon-pon-ation in-ito pro-

teins.

The e-xistennce of in-nc’vc’nsii)ic [3H]oxvt oem
bindinng to pnotcin-ns is also shownm by the
e’xp-rimo-rnts ele-scnii)ed in-n Tnuble 2. In-i this

sc-ries, tyrosinc incorporationn innto pne)tcinns

�vnls 1)lOcked i)V Previous inncubnttic)nl of tine
epitinehum fon 90 n�in in-i the prcso’nmcc- of
evclohe-ximide (20 j.ng/nnl) nut-nd unlabelc’d

tyrosinme (1 mit). [3H]Oxytocin (11 nun) is-as

then nnel(l(’d, n-it-nt! incubation j)rc)ecedleel until

the l)c’nuk of tine biological nespotisc- vas

rcachetl. On-ic of e-ach i)n-iir of e’pitincimunn

pieces was then c1uiekl� rinsed nncI fn-ozcr-i;
the otino-r piece wncs waslne-tl o-ve’ry 5 iiniu wit in

fresh itncubation solutionn, frc-im which only

the hon-mone’ ivas omit-tee!, inn-itil connplcte

reversal of tine biological response. In-itinree

experiments, 10 nut dithiot-hreitol was mudded

to this washing-out- solution, annd the washed

pieces wc-rc also frozc’nn. It-n all these c-xperi-

ments the prott-ins were I)reciPitatc(I with

triehlon-acetic acid as ele-scribcd un-neler



(�vcloIneximmmicle +

I vruusimue

0.59

0.59

1.10

0.64
1.90

1 .76

1 .26

1.71

2.80

1 .58

1 .24

0.18

0.16

0.40
0.27

0.36

0.90

0.67

0.95

1 .07

0.40

0.63

68

73

64

58

81

50

47

45

64

75

50

61 ± 12�

1.19 0.13 93

2.20 0.14 94

1.80 0.10 94

pnzoles,’,g %

94±1�

:#{176}i

i:-��#{176} 0

� I
�i: � � � 0 -‘#{176}-‘

A . i . i . I . i . i . 1 .

FIG. 2. Time course of H}oxytocin tlp((lke afl(I

‘- ‘cleam ± si ammclarel deviat iomu .

MA’rERIALs ANt) METHODS, anne! the radio-

activity it-i ti-ic- supe’rnatanit fraction-is and [‘4C]tyrosine incorporation in the presence and

pellets was counntc-d separately. 1e)r the a�sencc of purounycin

Pic-c(-S rennoved at ti�ue pc-ak of the i)iOlogieal
response, tia- radioactivity recovered it the

supo’rnatannt fluid ro’prc’se’ntee! 10-50 � of
. T �tinnu-t measured in-n ti-nc- pc’llt’t. No residual

. . . .

raduoactnvnty wa-s foiinmd inn #{149}tint’sup-rnatant
fraction of tine ivasined pio-cc-s, whnchevc’r
rinsinng solution wnts used. Tine rc-sults

obtained for the acid-precipitated protein-n

For each of ti-ne two experimeuits, several pieces

of epitimeliunn fromru the sn-nm-n-neanimimal were used.
The 1)rePntrationus were incubated for 90 nmnitm inn

1tinQ�er’s solutiomu e-ouitainuimg eit-iuer no addntuomi
.

(upper) or puromnvcin (2()0 �.ug/ml) . [3HjOxytocun

(11 ruin) and ‘tC]tvrosine (11 nect) were added

to the internal incubation-i medinum. After 5, 10,

20, and 6() nnin, fragnnemnt-s were remmnoved amid total

nonextracelluinmr H at-nd “C were meastured as

fractionn of hoti-n pie-cc-s of c’acin pair ate’ listed described under MATEnnt.�Ls .�ND METHc)DS.
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T.mmtj� 2

lIcver.�il)ility Of I3lljoxqtociui l)iFl(/i�ty to proteiuis

(1/tel blockadc’ of t!/rosiuu C incorporat bout

Pai rc’cl fragmmuenut s �vere i mucubnn ed f )r 90 mimimu i mu

t he l)nesc’m-ice of cvc-loheximniele (20 .ug -nut) amid
tunulaheled t vrosinue ( I IruM) [�l1 j( )xvt ocirt (1 1 ncct)

wncs t hemu added t (I I im- i mcubat iomi mnec1iun� . Twemui v

mmMnuIlI(-S later. t Ime (omit ml fragmneuut of each pair

was (ui(klv rinused amid frozen . Tlu- rntclioncct ivit V

l-irescmut mu t he t ric-lilorac-et id acid Pellet was
nueasturc-d as inclic’nted umuden i.t�n’�unn.�n.s .tND

Mn-:rnl(,uo. The exl)erimmnenmt nil fragmnenmt wa-s wasined,

utnut il reversnil of t imc- biolugicnd respu)muse cvas c,on-

plet c’ . i mu a mnedi nun - m t n-ii mui mg ci I hem rycl )lmexi -

nnide am-id tvrc)snme or (-vclohc’ximnidc’, t vrosine, nmd

dit hot hreit ol ( 10 mint) . The raelionnct ivit v mm I he

I rivhhurnucet ic acid 1)ellet wns menc.sured nus des-
t-rihed aln)ve.

RadioaCtivity in

pellet
I’reatrnent . -- -� �- Reversibility

- 1xperi-C ontrol
mental

(vcloheximmmiclt-,

tvmosimne, amn(1

dii hot Inreitol

ill Tntblt’ 2. 1)o’spit- a lncugo’ scatte-r in-nthe (Inn-ta

from pair to pnnir, it. mnty be concluded that-

when inncorporation it-ito proteins is blocked,

a-ijotnt 60 (:-;� of tine’ ra(lic)act-ivit-v prc’cipitated
w-iti-i ti-ic’ protein fraction n-it time’ pe’ak of

inornionnal action nav be rcnnovcd by washing
out tiuc’ i-non-n-nt-tnt-. Thc- greatc-r part of the
u-emaining 40 9 may ho’ released during ti-ne
wasininng-out pc-nod if 10 n-nM dithioti-ireitol is
present in-i tine- n-insing solutionn. Timis la-st

oi)se-nvatie)nn stugg-sts cc)valent- bindinng of
[Hjoxyt ocinm t iirough disu ifiele’ i)onds.

‘i’i-ne� tin-ic co-i-in-se of ec-liular uptake- c-if 3H

aften’ ti-ic’ addition of lab#{128}’ledoxvtocin wa-s
stueliet! both with at-nt! witimout inmhihition of

I)rote-in svnth(’sis. In-n tine’ al)sence’ of 1�nro-
nnvcinu (Fig. 2, tlI)l)et) th(’ tissue’ uptake’ of
3H may i)t’ elividet! into t-wc-i conl)c-iulennts,

on-nc c-if which increase’s linearly witim time

0 30
Time in minutes
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at-id tine other of winich is nntpidlv sat U-

rated. \\The’nm puromycin was usc-d time linnc’ar
component disappeared, n-is wc-ll us the

linear incorporation of {1C]tyn’osinnc (Fig. 2,

lower). In ti-nc- latter case, H uptake was

maximal aftci’r 5 mm c-if connta-ct. In-i n-ill
further eXl)crimcnts, t he inncorl)e)ration of

radioactivity into pu-otcins was blocked by

the addition of inhibitors of puotcin synthesis

arid unlabc’led tvrosinne- to time ineubnUionm
medium. Thus tie so-called nonc’xt racellular
radioactivity or cellular uptake corrcspontlcd
tc) reversibly bout-it! [H]oxytocin plus
labeled oxyt c)cin bounmd t hrough disuifide

hotds. Figur(’ 3 shows tint- rc’sults of an
o’xperime’tnt using cycloi-icximidc’ (20 �ng/ml)

l)lus unlabeled tyrosinc- (1 mu), in-n which time
time course’s of radionictivity uptake and tine

biological ro’sponse (judge’d from the change
in-n transepit india! potc’ntial di ffcrence) wi-re

compared after the addition of [3H]oxytoein
(11 nit). After 2 mum ti-nc; binding was already

70 % of ti-in-nt mcasinni’t! after 20 mm. Corn-
parison with ti-nc tin-nt’ course of ti-ic’ biological
n(’spe)nnsc clo’arly iint!icntt’s that bine!inng

pr(-ceded tine’ c)tset of tine rcspe)tnsc’.

Ftc; . 3 . Ti inc �ouct.se of [�II Io.rytouin ulpt(lke (0111 -
pared with. biological re.spon se

F�tur pieces of t lie samime c’pit helicummn w-r’ first-

inctubated in t lie presenmce of c-yclcheximiele (20

�g/miil) ntnid munulabelc’d tvrosimu- (1 rmnml) for 90 nmim.

The transepit hclial potential differemnce (P.1).)
was minomnitored c-ommt iniuocuslv as a fuunmetioni of time.

At zero titmne, lljoxytocinu (11 miii) was nmdded.

The four fragmnents were remioved 0.75, 2, 10, anid

20 nninn later, respectively. Nouiext-rnccellular radio-

activity was mumencsuured as t he stumun of t lie act ivit ies

in t he trichioracet ic acid pellet n-in-id supermuct mint

fraction (see�t.\T1.:ntn�tLs�Nm�mm.;TuoDs).

Fne;. 4. Dose dependence of radioactivity ttJ)t(ihe

(�lfl(I biological rc’spofl.se Of isol(lte(i epilheliuiutu in -
(ulbate(/ -with- s un�. uutaxiunal conceit I 1(1 (ions of {�!! }Ox�j -
tocin

(‘oumclitions for inmit ial inucul)ationu anti radio-

activity imeasunremmunmt wert- t lie same as desc-rihc’d

for Fig. 3. 1)iffere’nt l)iece� -i-if t lit’ sanne epitheliunn

were incubated in-i thie presenu-c’ of �3Hloxytocin-i

for 20 nun. P.1 )., potenmtial clifferenice (a). [ulll_
OXVtOcifl uptake (.).

Inn anotin’t st’iies of expen-imenits, hinnding
to tic- tissue- was analyzc’d n-is n-i funnction (-if

I3H]oxvtocinm cc)ncc’nnt-rat ic-in-i. The dost -s of
lntbe’lc’d inornnonuc’ were chosc’nm to fail wit hinn

the range’ of sitbmntximal hit-logical c’flo-cts.
Incuhationn ivas �)enfc)rmc�el inn the put-so-n-ice’

..�- of cycloinexirnitlc (20 ,.ng/rnl) n-in-nd Unnlnti)t’lO’(!

�: tyuosino’ (1 n-nit),and was stopped ivint-nntie-
biologicnul t�e’sponsc vas co)rnpletc (after

about- 20 mm), assuminng, as indicnutc’d l)y
1”igs. 2 annd 3, thntt tine eqtuilibium stato’ for

-. ti-it- i)iological ncsponse corresponded to) an

c-quilil)riun stato’ for bir�liing. 1igUr(- 4

shows that both tine’ radionuctivity uptnukc- n-in-id

hiologiend re’spc)nmse wert’ elo’t(-cted fnonn the

atnu’ thrc-shcjleI cotncent-rnution, t-imat 1)0th
dun__vt-s ho-en-in-nc’ satttratcel al)tvc ti-ic’ sn-n-n-n-ic
conncc-ntrnutiot-n, annd, finally, tinat- a sinuilar
valuc’ (about 2.5 nnit) was foutmd for time’

hormonnul concent rat ion producing inaif tine

maximum biological responnsc and ft-in- thmt
producing half the maxinmrn binding of
[Hjoxytoein (K value). (1omparablt’ ob-

servations were’ made in-i n-ill these c’xpc-ri-
ment s, although somewhat- different nnbsolute

values were founme! from frog to frog. In c’ach

experiment, K values for 1)inding a-intl bio-
logic-i-il response fell �viti-nin the same’ ranmgc

(Table 3).
In I-nrevio�s c-xpcriments (1) pc’rfonnnc’d
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TABLE 3

Comparison of K ialiie.� (leternuined front (lose-

re.�’pouise relat ion-n/tips (marl binding c tunes

The experitnents were similar to those for Fig.

4. The K valiue was (it’finned as tine horn-nd-inc con-

temtratiom givimig half the maximal biological

response (i nc rease i n t ransel)it hel i al Pot e unt ia-I

dlifferemmce) or half the maximal himmding.

K values

l�Xl)t. 1tu)logiCal Bindling of

response [3HJ-oxytocin

ii.-! ii.)!

3.6 3.1

2.0 2.6

9.7 4.4

7.7 5.5

without measunitng the biological response to
the labeled hormone, S-shaped binding
cur-is were found, wit-i-i an apparent K value
for hindinng ranginng from 20 to 50 nut ; these
values were- inigher than those found from

dose-rc’sponnsc relnt-ionships in the frog skin.
Sin-icc they atc also light-n’ than ti-nose ob-
serv(-(l in-n the isolated c’pithelium in-n the

prese’nt series, further experiment-s were

perfon-med using a wide range of oxytocin
conec-ntrations. As exemplified by Fig. 5,
the 1)inding cenrvc obt-ainc’d showed two

steps. Ti-nc first Plateau was observed for

I3H]oxyt t)Crn concentrations rangin-ng from
5 to 20 flM ; maximum biological responses

were already preset-it with these relatively

low concentrations. A second plateau -is-as
obseu-ved for higher i-iormone concentration

(50-60 nit) ; both the binding capacity cor-

responding to this second set of sites (10

pmoles/g or more) at-nd their apparent K

value (about 55 nit) lie within the range
previously described (1). These experiments
simow ti-in-it- tic’ frog skin epitheial layer appa-

rently contain-is two sets of oxytocin-binding
sites, which differ both in ti-neirbinding

capacity and in their affinity for ti-ne hor-
motnc-.

Inn order to test the specificity of oxyt-ocin
binding to the high-affinity sites, two series
of experiments were conducted. In the first

series, {3H]oxyt-ocin uptake was measured in

the preset-ice of equimolar amounts of Un-
labeled pept-ide; for the test piece of each

l)ntul tine’ Pt’Ptitlt’ \\�n:-is eit-hcn arginine-S-
oxytocin or lysinni--vasopressin, an-id for ti-ne

control j�iece it ivnts oxytocin. The n-iatrifcn-ic

activitic-s of these peptides -is-crc’ 1100 units/
rng for arginine-S-oxvtocin (3), S units/mg

for lysine-vnusopressin (3), an-id 450 units/mg
for oxvtcicin. Aftt’r incubationm with cyclo-

heximidc (20 .ng/ml) an-nd i.nnlabcled tyrosine

( 1 nun), en-tel-n piece was trcatc’d with ti-ne
unlabeled analogue (final cotcent ratiorn,

3.5 i-u) ; 20 mm later, when the absence of

biological effect- (lysitne-vasoprc’ssin) and ti-ne
maximum rc’sponse (oxytocin an-id arginine-

S-oxvtocin) had been checked (preparations

poon-ly responsiv(’ to oxyt-ocini were dis-

carded), [Hjoxytocin was added to all
preparnutions (final concentration, 5.5 nit).
After an-nothen- 20 minn tin’ pieces of d’pit-hciilnm
were removed aind tnt-ated for radioactivity
measurement. In order to calculate the

amount of oxytocin bound to the tissue, the

radioactivity pen- gn’am, fresh weight, was

divided by the spd’cillc nnctivit-y of oxytocin in
the medium (ti-ic specific activity of the

tritiated hormone for experiments in which
angininc--S-oxytocin or lysine-vasopressin was

eused, n-in-id half this specific activity inn control

FIG. 5. Dose dependence of radioactivity uptake

and biological response of isolated epithelinun in-

ciubated with .s �b- and s npiaunaxiunal concentration8

of [H}oxytoein
Pieces of two epit.inelia exhibit ing the same

sensitivity to oxytocinm were used. Experimental

conditions were similar to those of Fig. 4. [�H]Oxy�
tocin uptake (#{149})was calculated from the sum
of radioactivity recovered in the trichioracetic
acid pellet and supernat ant. fraction-n (see MA-

TERIALS AND METHODS). 0, change in-npotent-ia!
difference (�P.D.).



TABLE 4

cxperime’nts iii orde-u- te) account for the

dilution of [3Hjoxytocinn with -quimolecinlar

amounts of unmlabeied (-ixvtocin-i).
Table 4 gives ti-nc re-suits of eight- such

experiments. Despite son-ic scatter of time

data, ti-nc amoun-it of c-ixytocin bound to time
controls (0.6-1 6 pn-n(-iics, -‘g) fe-li within tine
rangc- observe-d svinen i)tte [H]oxytocin was

used in-n the san-n-nc’ final conce-tt-ration (Table’
2) ; there was no diffo-re-nee in-n total oxytociri
uptake’, svhetino-r on- n-not- the tritinnte’d hormonne

was diluted witin Pt’t’\iOUslY added, nn-

labeled hormonne. It may be concludc’tI that

free e-xchange (lid tn-ike l)lace on binndinng site-s
betwc’c-n bound , un-nlabe-led molecules n-it-id

addc’d, free, labeled molecule-s. Wine-n lysinne-

vasopressin was used, the amoun-it of oxyto-

Bindinq of oxylocin in the presence of lysine-

va.sopuessin on argin me -8 -oxytocin

Paired pieces of epithelium were used. mu-

corporation of �u1I�tyrosimne was blocked by prior

t reatnnemt- with cvcloheximnide (20j.zg,-mI) at-id prior

unlabeled tyrosine (1 nun). Conntrol pieces were
incubnmted for 20 minim-iwith oxvtocimm (5.5 immut), audi

experimenmtal pieces, with the san-ne concentratiomi

of either lysite-vasopressin (experiments 1-4) or

arginime-8-oxytocimu (experiments 5-8). All prep-

aration-is were then inucubat-ed with i3llloxytocinn
for an additiomal 20 mum. Total nnonextracellular

radioactivity wnts measured as described ummder

MATERnALS AND mETHODs. Inn the controls that
received unlabeled oxyt oem, the radioactivity

per gram, fresh weight, was divided by tine final
specific radioactivity of [H]oxytocin (= half the

imdt in-ni specific act ivit �.)

______________________________ Ratio of
experimentan to

control

1.10

1.10

0.70

1.35

1.06 ± 0.27a

0.88 0.44 0.50

0.98 0.48 0.49

1.60 0.82 0.51

0.98 0.58 0.59

0.52 ± #{216}#{216}5a

cm ho-inn-nd to the stnucttin-c- svn-i�s tint’ sanc- nus

that of tine iiaired conntrol ; in-n nntlelition, the

dose of iysine-vasc)prd-ssin-n used did not- affect

the transei)it.helial poten-it in-il diffcrennce. \Vhcn
arginine-8-oxytocinm was used, the amount of

oxytocin bound to the structure was r-duced

by about- inaif, as comparc-d with-n the cotntrol;
mc)I’cover, the dose of hormonne analogue

USe(! produced a maximum increase in the-
trannsepithc’lial potcnntial differen-nce. Tinns ti-ic
biologically active nualogue, argininc-S-

oxytocin definutc’iy inhibitc-tI oxytocin binnd-

ing, wi-nere’as ti-ic’ itmactive nnaloguo’, lysinic--

vasopressitn, mad nno effect. These observnt-
t-ions singgest that binding of the inormonc to
high-affinity sites is rc-lated to its biological

act ion-n , alt hough t inc i uhibit ion observc’tI

with arginine-S-oxytocin was less ti-nan
expe-ctc’d.

It-n tie seconnd se-rics of e-xp-uiments, 0-

methyltyrosine-carba- 1 -oxy tocin was used.

This a-nalogue ss.-i-is si-iowtn to inave no bio-
logical activity jx-r se on-n ti-ne frog skin, n-nt-id

to act as n-n competitive- inhibitor of ti-ic
oxytocin nat-riferic effect.3 The control

1)icce of each experimental pair was treated
with [3H}oxytoein at a con-neentration de-
signed to produce the mnximum increase inn
potcn-it-ial diffc-rcnmce; this concentration

ranged from 4.4 to 11 n-nit, dc-pending on each
frog’s scnnsitivity to ti-ic hormone. Ti-ic other

piece was treated with ti-ic same amount of
[3H]oxvtoein plus a dose of 0-methyltyrosine-

earba-1-oxytocinn (1-5 �uit) calculated to
obtain n-n concen-itration ratio ranging from
200 to 900, dcpe-nding on tic experimennt.

Both jiecc-s of c-acm Pair ie�re quickly rinsed

20 min after tiB addition of the horn-ion-nc’,

and the radioactivity was counted. All tis-
sues we’re ineubntted in the presenc(’ c-if

cyclohc-ximide (20 pg/nul) and unlabele’d

tvrosine (1 mmi).
Both the biological effe-et of [3Hjoxytocin

and the tissue radioactivity uptake svc-uo’

reduced fr-i the preset-nec of 0-met-hyltyrosinne’-

carba-1-oxytocin as compared to the conntrol;

the percentage of inhibition by ti-nc nunaloguo-

� calculated for each effect in-n every pair,

and mean values have bc-c-n-i plotto-d iii Fig. 6

against ti-ne 0-mt-thy ltyrosine--carba- I -oxy-
tocin to [3H]oxytocin concc-ntu-ationn ratios. It
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T. Barth, unpublished results.

Bound radioactivity Bound oxytocin

Ex1a. -

Control � �‘�n

cpm/g - pmoles/g

1 2,872 6,485 0.62 0.70

2 7,133 15,748 1.54 1.70

3 3,520 4,817 0.76 0.52

4 2,686 - 7,133 - 0.58 0.77

5 4,076 4,076

6 4,540 4,446

7 - 7,411 7,596

8 - 4,446 5,373

a Meani ± stamudard deviatiom.
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Fiu. 6. lnhi�i1ion. b!J O-inethyllyro.sine-earba-1 -

oxyto(in of radioactivity uptake and 1)iological

response to [tmHjoxytoein

Paired l)ieces c-if time san-ne epithelitum were

treated as described in-n Fig. 4 to inhibit lmHltyro-

sine incorporat ioni . �Fhe conmt rol piece of each

pair � t rented wit h i:iii J()XYtO(inl at a (‘Onn(enit ra-

t iomm givimug muearly t he mmiaximal imicrentse in po-

tenntial differemice. The experimiwnmtal piece also
was treat-ed with various amc)lmnits of ()-mmiethvl-

t yrosine-carba-1 -oxytocinu simniult anneouuslv . I mu-

ctubatiomm in-i the presem-ice (-if the labeled hormimone

was carried otut for 20 nuiinu. Total nuomiext nacelliular

radioactivity was mueasiured as described in-i thc

t ext . For each 1)mtir t he perc’enut ages of i nihibit ion

c)f uptake (0 ) amid liologital response (�) were

calctulumt ed an-id l)lot t ed n-is a funict ion-i of t he

0-n-net hvlt ��o’c� ne-carba-1 -oxvt OCi mu t 0 oxVt ocini

comicenit rat ion-i ratio. Values n-ire mean-is ± st ammdard

deviat iomms; n = niummiber of experitnenits.

is do-nun- ti-in-it both kinds of inninibition inn-

crc’nuc-d with ti-ic’ concc-nutratio)nn ratio, n-it-id
tiat inalf-nnaxinnul inhii)ition was obtnuitnt-d
for a similar itilnibiton to oxvtocin concentra-

tionis ratio (about 400). l)e-spitc- in-in-go’ varint-
tiotms, inhibition-i c)f the biological c’ffo’ct at

t he highest doses of 0-methyltyrosine-carba- 1-
oxvtocinn used was tlo-firdtely larger (S5--90 #{182}�

than ti-ic cornesponneling inhibitionn of radio-

activity binding (50-60 � ). This discncpancy

can be ciuntnntitativc’lv accounntc-d for if it is
assumed t-inat the fraction-i of tissue- rntdio-

nuct-ivity wi-iicim could nnot ho- released by

washitng out ti-ic inormoune corno-spotds to a
disulfide covalc-nt bitndinng pnocess nnot in-

idbito-d h)y 0-m-t hyltyrosine-cntrha- 1 -oxyto-

cinn.

DtSCUSSION

Tint- expeniments described in-i this lai�-r

were performed at lowc-r [H]oxyt ocinn con-

cenntn-ntiotns than thoso- prc-viouslv nt-ponto-d

(1). )-iIuuch of tine- unidiomtctivitv jrc-st-Int it the

tisstuo- n-it tiic’ pcnk of tine biological rc’sponnsc
tt-i c)xytocinm could nnot i)t’ rc-le-nuso-d by washinng
out tIne’ hormot(’. A lntngc’ fnntct-ionn of this

irrc-vc-rsil)it- bindinng eorrc-sponds to-i t mc’ mi-
coul)orntic)n of [H]t�’nt-isinne- inito nc’wlv sy nm-
thetized j)note-in-ns, sit-icc- it- mny ho- i)lockt’d
i)V nn(ldinig eithen innhibitors of prote-in syn-

thc-sis t)1 unnlabo’led tvrosino-. Altimougim this

itworporationn it-ito protc-inns could be’ nuc-
counte-d for by less ti-nm-in-n0.1 �2�- contaminationm
of tint- [Hloxytocin with [Hjt-yrosinc-, such
cc)nnt ntminnt ion-n nuppears improbable in vio-w

t)f tine pnocediirc’ use’el for preparinng the

lahele’d hormono- . Ann n-nitc-mat-i vc cxplanat ion
could he- n-in-iundc-tcctabic- d-grec of hydrolysis

of tint’ inormono- t-itine-r 1w radiolysis or by
t-I-nzyn-io’ do-gradnut ion-i (luring t he inciubat it-inn

perie)d. Ia-i any east-, this cause of error cain
be almost complc-telv supprc’sscd by using
uniabc-lc-d tvrosin- ntnnei or jnnron�’cit or

cycloho-ximidc, a puocc-tIinno� winich ap-

l)ntrtnt ly did n-not flo(li fy c-it ho-r i-iornnonal
hitmeling to mon-(- spt-cific Sit(’s or its I)iOlogicnll

ro-sponms(-. How evc-r, thc- radioactivity uptake

no-nsuro-d nU low [H]oxvt ocitn ec)ncc-nt rationns

mnuv have- repro-sentc-d ti-nc’ sum of at least

t \\.t ) e!ifft’utnt binmdiung i -iroce-sso-s e’vc’n svlncn

Proto’it-i synthesis wa-s blocked, sir-ice a signif-
icaint fraction of ti-ne naelionu-ctivit.v 11)1-c-sc-n-it lfl

the- tissue at the po-nuk of the biological
rt’si)t)IlISd’ was not- renle)ve-el by wasi-ninng with
nmormai Ringer’s solution for 1 hn. \Vh-nn 10
mm tlithiothreitol was ae!tlo’tl to tine wntslminng

solution, the greater ran’t c-if this boun-id

radionctivity was rc’leased, sugge-st inng t innut

some- oxytocin was ce)vale’ntly bound to the
structure as a result- of a disulfidc-suifhvdi-vl

exchange neact ion between oxytocin nuolc-

cult-s and free sulfhydn-vl groups c-if puoto-inns.

Sucim atm t-xchntnge re-actionn has been sung-

gc-sted by Sclnwantz et al. (6). An inportaint

quo-stiotn is �vlnc-tine-r this nc-a-ii�tion is innvolved

it-i time’ noiecuiar nc-cinnnnisn of hornonnal

action. line- obse-nvnutiou-i tinut 0-nc-thvl-

tvrosin-ic--cnurba- 1 -ox� tocin (nun-i anmaiogut- that

lacks the t!isufidc’ l)oflel ) mnuv nulmost corn-

i)l(’ttlY Stnj)�)tt�s5 the -fIect of tX� tocinn i)y
compe-titivo- inniuil)itiolmt st re)ngly suggc-sts

that rui)turc- of the t!isulfit!o--oxvtocitn bonid

is nnct ro-qitirc-t! fon its nctionn (7-9). _\lone’-

ove-r, ommly 60 cf tint- i)e-iunmt! radionuctivity
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cnn he’ disl)laccd h)v tint’ nunalogue, suggt-sting

ti-nat the remainming 40 #{182}�is not related to the

meci-nanism of ti-ne hornuonal action and could
corn-espont! to t i-nc’ disulfide-bound fraction.

Ti-ne previously described presence in-n this

structure- of a set c-if binding sites for oxytocin
with a K value rntnnging from lO� to 10� ii

has been-i conflrme-d. By simultatmously

mcasurinng both-n tint’ biological n-t’sponsc to

tine hormone and its h)inding to the stu-ucture,

it imas nilso bc-en possible, to prove- that- bind-

ing of the hormone to these sites cannot. he
related to it-s physiological effect, sinc- the

full biological responsc- was obscn-vc-eI a-t

hormonal concen-itrations too le)w to l)rOducc

any detectable binding to these sitc-s. The

possible role of the low-affinity sites is nnot

clean-. It is difficult to assume ti-nat time’ large
number of these sites could constitute the
Sparc’ receptors wlnosc existence has been
post ulated on pharmacological grounds,
since span-c receptors should not have a

diffe’re’nt affinity for the horn-ion-ne from tinat
of othnc-r rcccptot-s. The existence of spare
rec-ptors may simply indicate that- incom-

I)lete- saturation of n-i single set of receptor
sites is sufficient to l)roduCe the maximum

hornnona! responses (10-12).

One could argue ti-nat low-affinity sites

in-i ti-ic frog skin-i n-nigh-nt be oxytocin rcec’ptors
whose physiological action is i-not yet knosvnn.
Howc’ver, the low affinity of these site-s fot
both-n oxyt-ocin an-id arginine-8-oxytocin (1)
make-s this assumption improbable-, sit-ice
occupancy of the sites would be n-nearly zero

at arginine-8-oxytocin concentrations rn(-as-
ured in the frog’s blood under physiological
conditions. TI-ic over-all saturation curve
(Fig. 5) can-in-not- be described simply as ti-ic

sun-i of two Langrnuin- absorption isotherms
corresponding to high- and low-affinmity
receptor sit-e’s, as just discussed. It migint,

however, indicate highly cooperative- binnding

to low-affinity sites.

Interactions of peptidic hormones with

two sets of sites-one of high and one of low

affinity-were also reported in ti-nc action of

iodinatcd adrennocot-ticotropin on ti-ne adrc-nnal
gIant! (13) and in that of [3H]angiotensin on

ti-ic isolated n-ahhit aorta (14). W’hateve-r ti-ne
syste’m studied, it is n-not yet- possible to draw

any conclusionn about- ti-ic i-ole’ of these low-

affinity sites.

Biindinng curves showc-d two succo-ssivc-

saturation plateaus when ti-nc hormone con-
centration in ti-ne medium was increased. The

bound radioactivity conresponding to ti-ne

first- 1)latcau might partly represent oxyt-ocin
molecules bout-nd to spd-cific rc’cept-or sites
(ic’., sites inivoived in-n tine initiation of the

biological response). Thus these sites proved
to be saturable as a fun-net-ion of time, at-nd

the tin-ic course of binding -is-as faster tinan
that of the biological uesponsc. HaIf-satura-

tion of tint- sites an-nc! half the biological
response were obtain-nc-ti at noughly ti-ne san-ic

oxytocin concentrations. i’inally , lysinc-

vasopre’ssinn, svhieh is inactive on-n ti-ne frog
skin, die! niot coml)c-te with oxytocin for
binding; on-n the otime-r hand, argininc-S-

oxytocin an agonmist analogue, definnite.ly

reduced {tmHloxy toci n-i hi tiding, althougin nnot
as mud-n as expected from its i-nigh-i activity.

As far as the high-affinity binding sites are-
con-nccrn-ied, ti-ic very small amount- of rev(’rs-
ibly bound radioactivity did not- make it

possible to identify tinis fraction as tin-

modified [3H]oxvtocin. In any case, ti-ne

hormone in ti-ne medium was i-not modified by

tine incubation procedure, as judged from
thin-layer chromatographny profiles. Taking
it-ito accounnt- the- above limitations, it- was
i-not possible’ to deduce- from the binding
curves precise values cithe-r for the affinity
constant- of oxyt-ocin-i for its specific rc’ceptor

sites (sites binding oxytocin reversibly at low

concentrations) or for ti-ic binding capacity
of these sites. A rough-i estin-iate of ti-ne K value

for the binding of oxytocin to it-s specific
receptor sites is a-bout 2-5 mu. Tine’ binding
capacity of these sit-es would be in ti-ne range

of 0.5-2 pmoles/g. It car-n be calculated from
this last value that- if these sites were uni-

forn-ihy distributc-d over all the epithnehial

cells, each cell would contain about 1000

sites; if, on tine contrary, the location-i of
these sites were restrict-cd to ti-ic serosa!

border in cot-it-act wit-h the basemenmt mo-rn-

brane, the density of sites in this membrntne

ivould i)e about 30’.�.
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