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SUMMARY

Native bovine imeuropimysin II Imas one binding site per monmomer for lysinme-vasopressiim at
physiological pH (pH 7.38), as revealed by equilibrium dialysis. Oxytocin is bound to neu-

rophysin II with the same or slightly greater affinity timamn vasopressin, but binding of the two
imormones is competitive. Tine affinities of vasopressin and oxytocin for neurophiysins I and II

are essentially the same. Substitution of the asparagine (position 5) and glyeinamide (posi-

tion 9) residues in oxytocirn by valine and glycine, respectively, has no substantial effect oni
binding of the resulting analogues to neurophysin; substitution of the glutamine residue by
ornithine in position 4 of oxytocin slightly increases the affinity of the analogue for nmeuro-
physin II. The results are in agreement with the contention that the specific association of
neurophysin I with oxytocin and of neurophysin II with vasopressin in neuroseeretory
granules is a result of compartmentalization during the biosynthesis of time neurohypophysial
hormones and neurophysin proteins. The relatively low binding constants of neurohypo-
physial hormones to neurophysin proteins at physiological pH assure complete dissociation
of the hormone-protein complexes after their release into the blood. Our observations also

show timat the specificity of the inormone-binding site of neurophysin proteins for the neuro-
hypophysial inormones differs from that of time imormone receptors.

INTRODUCTION

Time nmeuropinysinms are a family of related

proteins which functionn physiologically as
“carriers” (1) of the hormoines oxytocin arid
vasopressin within the secretory neurons of
time hypothalamo-neurohypophysial system.
Of the two principal neuropimysins found in
time ox, neurophysinm I appears to be asso-

ciated principally witim oxytocin in frac-
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tiOlnate(l neuroseeret ory granules, wiiile

ineurophmvsinn II is fouimd in associationi with
vasopressinn (2, 3). It is desirable to know time
imumber of hormone-binding sites mm nmeuro-
piiysin, to determiine the strength of lion-
mone-nmeurophysin interaetionm, amnd to eluci-
date time sites of both hormonne amnd protein

involved inn binding as well as time nature of

this interactionn. Inn addition, possible speci-

fleity differences bet weenn nneuropimysins I

and II for different nieurohvpoplmysial lion-

monnes are clearly relevant to time pimysiology

of timese pnoteinis.

Ilnterpnctation of previoums neuropinysin
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Unpublished observations amid proc�ec1imres.

studies is connplicated by time fact tim�mt i)ri)tt-

rationis were used which are now kimowim
citimer to have beeni inmpune (4) aind/or to
have urndengonme I)artial proteolysis (4, 5).

Xevertimeless the following conclusionns ap-
pear secure at timis time : bovine neurophysin

C (6) annd partially degraded neuroplmysinms
(4, 7) bind approximately 1 molecule of

hnormonne pen monomer of proteini (10,000
mol wt). Botin native arid partially degraded
bovine neuropimysins interact principally
with positions 1-3 of time hormones (4, 7),

but time participation of otiner residues of
the hormones is not excluded. Different

fractions of partially degraded neurophysiins,
wimich are mow’ kniownm to have beenn noin-
homogenneous, show nmo significant differ-

ennees inn timeir relative affinmities for oxytocin

and vasopressimm (4, 7).

Time l)U�l)0SC of the present study was to

determine time stnenigth of time interaction

between Imormones annd native bovinne neuro-

�)hysinis, I)artieullarly at pimysiological pH,
and to detenmi ne wimetimer neuropimysins I
ainol II differ mm timeir specificity arid/or

affinmitv for the two imormonnes. \Ve also cx-

plored time ancillary problem of time role of

positionms 4, 5, atid 9 of time imormonmes inn
binndinmg to nieuropimysins by exanninniimg

hmormonmal analogues witin limited struet ural

nmodificationns mm timese 1)ositiOnms. Time tech-

nique cimoseni for thmese studies m�’as thinm-film

ttiuilibniumnm dialysis usinng ‘4C-labeled lysinme-
vasopnessinm on’ 14(1-labeled oxytocin. Binndimmg
of labeled imormonmes was measured directly;
i)inndinmg of unnlabeled oxytocin amid oxytocinn

annalogues was nneasured by competition

with labeled lysi mie-vasopressin.

MATERIALS AND METHODS

Horin ones and It orm one analoques. Time

followinng peptides were used: [9-glycinainide-

1 -‘4Cllysine-vasopressinn and [9-glycinamide-

1-14C]oxytocinn (5, 9) witim sj)eCifiC activities

of 25 arid 30 Ci/mole, respectively; synmthnetic

unlabeled [S-lysine}vasopressin (10), [4-orn i-

/hinejoxytocinn (11), [5-valine�oxytocimm (12),

oxytociim (13), and oxytocinoic acid (14).

Time two latter compounds were resyntime-

sized by Dr. B. T. Havran, Department of

Physiology, _\Iounmt Sinmai Scimool of Medicine,

aecordinmg to time genmen’al sohid-pimase proce-

dut’e of .\lerrifield (15). Unlabeled peptides

\\.(1�� stoi’ed as lvopimihized ijowolers, wimile the

labeled imormonne was kept inn anil)oules at
a eoncenntration of 0.01 mg/mi inn either

0.9 % NaC1 or 0.25 % acetic acid eointaining
0.5 % chlorobutanol. Prior to use tine com-
pounmds were tested for timeir avian vaso-
depressor or rat pressor activities (16) ; timeir

potenncies were found to correspond to time
values reported in the referenmces cited

above.

Preparation of \reui.ophysiins Neurophy-

sins I and II were isolated from acetone-
dried bovinne posterior pituitary powder

(gennerously supplied by Parke, Davis and
Company) . First the crude hormone-neuro-

physin complex was prepared by the metimod
of Holhenmberg and Hope (17). The imormones
were cimromatographically separated from

time proteimm, and the resultant crude neuro-
physin was resolved by ion-excimange chro-

matography into the individual species, I
and II, as described elsewhere (7, 18) . Some

samples were subjected to an additional

punificatiorn step by preparative gel dee-
trophoresis.1 The isolated neurophysins were
homogeneous on analytical polyacrylamide

gel electrophoresis at pH 9.5 and 7.5 (7) and
gave amino acid analyses in agreement with
those reported elsewhere (7, 18).

Equilibrium dialysis. Tlminn-film equihib-
rium dialysis was performed as follows. A

I)iece of 18/32 Visking tubing was soaked
inn water, equilibrated witim buffer, and

blotted to remove excess liquid. Time tubing

was tied at time bottom around a 13-mm

(outer diameter) Imollow glass rod, and 0.5

ml of the pm’otein-containirmg solutionn (“in-

mmer” solutioim) w’as inmserted througim the top,
which ms-as then tied off. Time rod and its

sunrounmding membnanme were attached to a
motor-dnivenn plunnger ammd immersed inn a

test tube [16 mm (mimer diameter) X 150

nnm] containming 4.5 ml of buffen’ and lion-

mone. Stinn’ing was acco)mphsiued by driving

time plunmger w’itim 25 ven’tical strokes/mm

of 1-inch amplitude. The tempenature wnms

maintained at 24 ± 10 with a water bath

sunrounmdiing time test tube.

Time time imecessary to attain equilil)nium

conmcenmtm’ationis of imonmonmc on both sides of



time mennbi’anne was first determined mm time pnessinm binding constanmt measun’ed inn time

absence of I)rotein. Labeled lvsinie-vaso- absence of unlabeled peptide (K#{176}mvm’) annd to

pressiin \sTtts placed inside time membnanne (inn the inntninnsic binndinmg constant (K#{176})of pep-

the absenmee of protein), annd time outer solu- tides other timamn lvsinme-vasopressin by time

tiomn was sanipled until the “inner” arid reiationmship

“outer” imormonme coneenntrations were equiv-

alent or remained uncimanged. By these crite-
na, an approximate equilibrium of 95 % was

K � = � IVP ( 1)
� 1 + Kpeptide [free peptidel

attainned within 90 mm. Therefore, for cx-
perirnemnts involving a combination of both

protein and hormone, a dialysis time of
2 hr ms’as chosen in order to ensure equilibra-
. . . . .

tionn and minimize protein leakage timnougn

Froni time ‘fin’st approximation” value of
K’L\�P , an innitial estimate of time number of

nioles of peptide bound per mole (10 000 g)
� . � ., . L � �

01 protein 1.Ppeptide) W I15 or)tamnmeu mom

the membrane. I’on’ direct binding studies
with labeled oxytoein, 4-mr equilibration
. . . . . .

times were used with mo significant protein

�LVP [K�epti(hi.1 [free peptide]
Ppeptide � i�- T �TD1 (2)

1�-LVP 1�nee v I

leakage. A single 2-hr experiment witim mvimene �L\�P is time initial estimate of moles of

labeled oxytocin gave results witiminn time lysine-vasopressin bound pen niole of pnoteini
range of experimental error of time 4-inn data. arid time term [K�eptjde (free peptide comm-

For dinect hormone-neurophysin binding eentnation)j is calculated from Eq. 1 . From

studies, time innier solution contained 2-4 values of �peptide 50 calculated, time free
mg of protein in 0.5 ml of buffer. Time outer peptide coneenmtration was then corrected

solution contained various initial conneentra- for time amounnt of peptide removed by bind-

tions of labeled hormone diluted with un- inig, annd all calculations ms-crc repeated using
labeled inormoine to a specific activity of the revised free I)ePtide concentration. Unmder

3 X 10�-6 X 10� dpm1/mg. After equilibra-
tion, aliquots of the “innner” and “outer”

the experimental conditions used, values of

K��1’ Kgeptide’ �LVP, annd �peptide were nmot

solutions were assayed for radioactivity changed by more than 7 % by this first eon-

and for total protein content according to rection, and furtimen refinement was timere-

Lowry et al. (19) ; a standard neuro�)hysini- fore held unwarranted. [Intninnsie to the

Folin curve was always obtainned along with above calculatioins is the assuniption that mo

time unknnown solutions. Protein determinna- signnificant amount of I)ePtide is lost by bind-

tions of time outer solution were used as a ing to the membrane. Thus assumption tip-

cheek oim proteinn leakage, wimichm was always pears valid ; we have observed no signmificanmt

negligible relative to free honmonnc concen- binding of labeled lysinne-vasopnessinm or

tnations. Protein concenmtnationns in the inner labeled oxytocin (4) to time membn’anme.l

solutionn wen’e connected for time contribution Reaqents and other methods. Radioactivity

of “inmien” imonmonne; caleulationms of tine was measured ivitim a Unilux II liquid scm-

amount of bound hormone were made as tillation system (Nuclear-Chicago), using a

PreviouslY descn’ibed (4). I$j
stock scintillation mixture containinmg 50 nng

Conipetitive bindiing studies witim other’ of 1 ,4-bis[2-(5-pimennyloxazolvl)]benzene anmd
neunohvpopimysial analogues were l)erformmied 4 g of 2 ,5-dipimemnyloxazole dissolved inn 1 liter

using 0.5 nig of labeled lysine-vasopressin of toluene and metimyl cehlosol (2: 1). Effi-

(3 x io� dpm/mg) in time presence of 0.5 cienicies on all samples ms-crc determined

amnd/on 1 rug of unmlabeled analogue. mm this addinmg 10,000 dpm of [tm4Cltoluenme aiid re-

series aim apparent lysine-vasopressinn binnd- counting; timey averaged 80 ± 2 %. All

inmg constannt, K’LVP , was first calculated as cimemicals wen’e reagent grade or its equiva-

if rio unlabeled competitor had been added, lenmt except as nmoted, and deionmized w’aten was

(‘Xc(’j)t that tue “innner” total proteimm con- used throughout.

centrationn was corrected for unnlabeled
conipetitor assuming free distm’ibutionm of

. ..

ItESUI 1�

timis peptide on both sides of time menibrane. Time results of direct binmdinmg studies of

K�’L\.p is related to the inmtninmsic lvsinme-vaso- lah)eled imornionie to neun’opimysimm II at iH
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7,

FIG. 1. Binding of oxytocin and lysine-vasopres-

sin to neurophysin II at pH 7.38 (in 0.06 .mi Tris-
HCI buffer containing 0.10 �mrKC1)

j; is defined as the number of moles of hormonme

bound per 10,000 g of neurophysin. Lines through
data points, where evident, represent spread of
values in i� due to poor agreement between differ-
ent estimates of protein concentration or different
estimates of counting efficiency.

7.38 are showim iii 1’ig. 1. Time data for both
oxytocinm ammd vasopressin fall on almost the

same binding curve, bunt allow a shigimtly
greater binding constant for oxytocin than

for lysine-vasopressin. Assuming one bindinmg

site per monomer, time calculated lysinme-
vasopressirn bindinng conmst ant is 8.4 X 10� ±

1.1 X 10� (standard deviation), while that

for oxytoeinn is 1.21 X 10� ± 0.35 X 10g.

The presence of one binding site for time

hormomme pen monmomen of neuropimysini is

demonstrated inn Fig. 2; imere time lysinne-

vasopressinn binding data are plotted accord-

ing to time metimod of Scatchand and Black

(20) and extrapolate linearly to � = 1. It is

relevant that time data simown eniconipassed a

2.5-fold range of total protein and of final

protein concentration; time hniearity of time

plot in l’ig. 2 inmdicates that potential effects

of proteinn eonmcenmtratiomn were either absenit

or undetectable umnder the conditions

used.
Lysinme-vasopressin binmding studies \VCI’(�

also conducted at pH 6.2, but at this pH the

data simowed a marked scatter in three
different buffer systems. The seattem’ is

tentatively attributed to time insolubility
of the nneuroplmysin Il-hormone complex

below- pH 6.2 (7).
Time apparently siniple lysinme-vasopnessimm

binding pattern observed at pH 7.38 per-
nutted cxplorationn of the relative biniding

affinities of diffeneint ineurophysin prepara-
tions for lysinme-vasopressin, usinmg only one
eoncenmtration of the latter. Time simple
binidinig patternn also I)ermittedl am evalua-

tion of time birmding of unnlabeled ineun’oinypo-

pimysial hormones and analogues by compe-
t ition with labeled lysine-vasopressimn, usinmg
tine staumdard concentrationn of time latter’.

This standard concentration (see MATERIALS

AND METHODS) w’as selected to give �Lv1’

values of about 0.6 inn the absence of com-
peting peptide. Time results of these studies,
summarized inn Table 1, inndicate the follow-
inmg: first, three differemnt preparations of

mmeuropimvsinm II, one of which had beemm sub-

0,

5x

V

FnG. 2. Bin.ding of lysine-vasopressin (LYP) to

neurophysirm II (A P-il) at pH 7.38, plotted accord-

ing to Scatchard and Black (20)

Data, symbols, and lines through data poimits

are same as in Fig. 1. The line through the poinmts
is drawmi to intercept the abscissa at i = 1.0. A

least-squares amialysis of the data gives a value for

the intercept of i’ = 0.95, with a standard deviatiomi

of ±0.15.



A Lysi mie -vasopressi n
B Lysimme-vasopressin

C Lysimme-vasopressimi

A ()xytocin

A Lysine-vasopressin

A ()xytocin

A 5-Valimme-oxytocin

4 -Orn it himie -oxytocimm

B 4-Ormmithmimme-oxytocimmm

B Oxytocinoic acide

-o A and B refer to mieurophysin saniples Prepared immdepeimdent lv accordimig to Breslow et at. (7).

Sample C was prepared according to Walter et al. (18) followed by preparative gel electrophoresism.

The affinity of mieurophysin II for 4-ornithimie-oxytocimi was also determined at pH 7.38 by competi-
tionm with labeled oxytocin. A comistant of 4.4 X 10� � obtaimmed, whelm is to be compared with a value

of 1.2 X 10� for oxytocin at this pH.

Onmly a single binding experimemit was perfornned by equilibrium dialysis. The approxinmate binmding

constant so determined was corroborated by optical rotatory dispersion studies, as in ref. 7.
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TABLE 1

Binding of neurohypophysial hormones an(l analogues to neurophysin proteins

Equilibriunn dialysis studies were performed in 0.06 ii Tris-IIC1 buffer comitaimmimig 0.10 im KC1, pH

7.18, for a total of 2 hr. Results are averages of two (leterlimimmatiOmmS, except where the standard error of

the mearm is not reported.

Protein Preparation” Peptide K#{176}

‘i (± SE)

Neurophysin II

Neurophysin II

Neurophysin II

Neurophysin II

Neurophysin I

Neurophysirm I

Neurophysin I

Neurophysin II
Neurophysimi II

2.5 x
1.9X

2.0 X
3.0 X

2.6 x
3.7 X

3.6 X

4.9 X

1.8 X

1.2 X

l0� ± 0.9 X i0�

10�
10� ± 0.5 X 10�

i0� ± 0.5 X 10�

l0� ± 0.2 X i0�

10� ± 0.4 X 10�

10� ± 0.7 X 10�

i0�

i0�

10�

jected to preparative gel elect rophoresis,

give inudistinguisimable lysirme-vasoj)n’essi mm

binding constants. These data indicate that
neurophysin II is stable enough to resist
random differennees in imandling, and suggest
timat time observed binding constant is
chmanaetenistic for time pure proteinm. However,
time magnitude of binmdinng eonmstanmts (for

1)0th lysine-vasopressinn and oxytociim) re-

ported in Table 1 are 2-3 times timose ob-
tainned from the data iii Fig. 1. Tlmis diffenennee

appears to be due largely to time difference of
0.2 pH unmit in time two studies (see DISCUS-

SION). Seeoind, Table 1 confirms that time

affinity of neurophysinn II for oxytocinn is
essenntially indistinguishable from or j inst

slightly greater tinan its affinity for lysine-
vasopressin. Moreover, nmeuropimysin I biimds

oxytoeinn and lysine-vasopressin with affini-
ties of time same order of magnitude as does
neunopimysin II. It is of interest inn this con-

text that previous studies of the conupetitioin
between unlabeled lysine-vasopressin and
labeled oxytocin for crude preparations of
nneuropimysins also suggested a slight prefer-
ence by neuropimysins for oxytocin relative

to lysine-vasopressin (4).

I’�inmally, time data shiosv that replacemenit
of the asparaginne residue inn position 5 of
oxvtocin by vahinne is w-itimout effect onm bind-

ing of the amimilogue to neurophysini, svhmile

substitution at position 4 by ornitiminme

actually increases binmdinmg to neumropimysiim II.
Replacement of time carboxyl-terminal can-

boxamide moiety by a free carboxyl group in
oxytocimn (oxytocinoie acid) does nmot prevenmt

binding, but niav slighmtly reduce time binmdinmg
eonmstant.

DISCUSSION

The lysinme-vasopressini bindinmg data at
pH 7.38 clearly inndicate time presenmee of onme

hinndinng site pen nneuropimysinm II monomer.
That timis same neurophmysin site is involved
in the binding of botin hormones is supported

by time similarity in relative oxvtoeinm anmd
lysine-vasopressinn binding const ant s as
measured by two metimods: direct binmding

studies and competitioni studies. Tine agree-
ment betw’een tinese two types of studies
indicates timat mio site on neuropimysinm can

bind one hormonme and mmot time otimer witii
any signnificant affinity.

Time calculated oxytoeinn binding constannt
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at pH 7.35 (1 .21 X 10�) caim he compan’ed
w’ithm time value of 1.8 X 1O� previously found
for the binding of oxytoeimm to partially

degraded neuropimysi nn preparations at pH
5.8 (4). TIne latter’ value, winch simould be
revised downward to approximately 1.4 X

10� to aeeomniodate time revised niolecular
weigimt for neunophysinm (6, 7, 18), is un good

agreemenmt with time pH 7.38 data wimen a

decline inn binmdirmg proportional to the
extent of deprotomiatioin of time hornionme
a-aminno group (pI�0 = 6.3) (7, 21) is allosved
fon. A change inn time state of Protommation of

time hormone a-aniino group probably also

aceounnts lan’gely for time diffenenmces between
binding eonmstannts observed at 1)H 7.18 and

those at 1)H 7.38 inn time present sturdy. Time
rel)ort by Ginmsburg aimd Inelammd (21) anmd our
ownn circular dicimn’oism studies’ support time

thesis thiat innteraction of time hiormonnes with
imeurophysin rapidly declines above pH 7.

A surpnisinng feature of nieurophmysinn-
imormonme interaction at pH 7.3S, however, is

timat time lysimne-vasopnessin data (Fig. 2) are
eimamaetenized by a single binmdinmg constammt

over a substanntial range of saturatiomm. Time
nmeurophmysimms time self-aggregating ; bovinne

neimnopimysini II inns recently beeni shmowni to
eonmsist of ann approximately 2 : 1 nnolar

mixture of mononner arid dinner at pH 8.1 at

time proteinn conmcenmtrationns used here (7),
timid timene is sonic indication timat time equi-
lihnium of poncinme neurophmysini is simifted

toward ohigomers at lower pH values (22).

Inn such self-aggregating systems, single

binmding constants simould nmot be founmd

unless time different protein species pncsennt
(e.g., monomer anmd dinner) do riot differ
signnifieantly inn timeir affinmities for time lion-
mone, or unless time equilibrium inn time ab-

senmce of hmormonme is highly inn favor of the

species wit ii time st nonmger imormonne-binidinig
affinmity. Clearly, more detailed studies of

nmonnomer-aggregate N iuilibnia inn neuro-

pimysirm are necessary to dist i imguishm bet weemm
these possibilities. However, if it is tenmta-
lively assumed that time monnomen does riot
binmd nmone strongly than the dinner-ann

assunmptioim supponted by cimnoniatograpimie
studies (23) anmd by earlier molecular iveigint

st indies of ti me neun’ophmysinm-hmonmone complex

(24)-timenm time hiimdinmg conmstnmnmts observed

here nmt 1)H 7.38 inndicate timat, at time low

imeurophmvsini anid hmonnmonie levels found inn

I)lnmsnna (well below 10� � in lmormonmc), thm(’
“cannier” and imornioine should be totally
tlissociated.2 This conclusion is of inntcrest imn
the light of recent studies whicim suggest that
imeuropimysin and hormone are released
sinnultanmeously from time pituitary (26-28).

Time lack of a major differernee inn specificity

on’ binding affinity betweein neunophmysinms I

amm(l II with respect to oxytocin and vase-

I)nessinm I)Imrall(�l5 results obtained mvitim differ-
(‘nt fn’actionms of partially degrnmded neuro-

pimysin (4). These data strongly suggest that

time n’eported association of oxyt ocimn wit ii

nmeuropimvsinm I and of vasopressinm witim
nmeunopimysin II in neurosecretory granmumles
(2, 3) is a direct consequence of time differ-

ennee iii time biosynthesis of timese hmonmommes

[i.e . , i nmvolvemennt of differenmt nmeuroseeneton’v
cells at different loci of time hypothmalannus,

1)nobably via different precurson’ niolecules
(29) m’atimer timann a selective association Of

neurol)hmvsimn from a mixed prot einm-i nor-
nionie pool followinng release of time hion’nionmal

octapeptides]. Inn addition, time finmdinng that

immodifieatioim d)f positions 4, 5, amid 9 of the

hormones does nnot prevenmt binmdinig indicates

that time carboxanudes play nmo major role in

binding nit these POsitiOnms. fli(’5(’ results

confon’nn with otimen’ data. For exannple, sub-

stitutionn of glycine at positioti 4 of oxytocin
has oimly nmininial effects onm himmding to par-

tiall degraded neuropimysinms (4), ammd receimt
studies have shmowmn thmat time major qual ito-

tire features of neurophmvsinm-imormonme immt(‘1-

action am’e reproduced by nmodel peptides
eonmtainminmg only time fii’st 3 residues of thme
imom’monmes (7). Inn timis i’espect, time inmcm’ease
inn binmding to neurophmysinm II caused by sub-

2 This conmclusion should mmot be altered by time

fact that the present studies were conducted at

240 whereas the physiological temperature is 370�

For most documented intermolecular protein -pro -

tein interactions (26), binding dimimiishes with in-

crease in temperature; i.e., �iH of binding is nega-

tive. In those instances wheim �H of bindimmg is

positive, the magnitude of iXH would not permit

an increase in binding over the temperature inter-

val 24-37#{176}that would be significant in the presemit

conmtext (i.e., an increase mm binding commstant from

10� at 24#{176}to 10� at 37#{176}is highly improbable).
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stitutioim of onnmithminm(’ at I)OsitiOnm 4 is inn-

expeCte(l arid unmexplainmed at present.

It i)(’comes increasingly clean that nmo

parallelism exists between the binndinmg of
iieurohmypopimysial hormones and analogues

to neuroplmysinn proteins. oni time one imanmd,

and to receptor pnoteinms of target tissues, on

time otimen. Illustrative examples are (a) tine

inighmly similar binding properties of oxytocini
and vasopressin to nmeuropimysins conipared

�vitin them niarkedly different imormonnal
activities amnd (b) time critical impon’tainee of

time a-anminno group fom’ binmdinmg to nmeum’o-

physirms n’elative to its nonessenmtiahity for

biological activity (30, 31). Tine present
study furnishes additional examples. [5-
valine] Oxytocinn (12) and, in most systems,

oxytocinoic acid (14) hmave little biological
activit y bunt associate �vitim nmeuropimysin

with a bindinng cormstaint comparable to
nnatural hmon’monnes. Timese n’esults clearly

indicate that time active site of time phmysio-
logical receptor of time hormones beans little
topological on cimemical resemblance to time

binding site of nneunophmysinm.
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