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ABSTRACT

Whole bovine posterlor pituitary glands were homogenized

and extracted with O"L N HCl. The protein component of the extract,

neurophysin, was isolated by successive gel filtration on Sephadex

G-25 and G-75. Only one component (estimated mol wt I3,OOO) was re-

solved, by chromatography of the crude neurophysin on Sephadex G-5O

at pH 23. Chromatography of neurophysin on Sephadex G-5O at pH 9.6,

resolved three subfractions of estimated mo} wt > 4,OOO, < 4,OOO, and

< 2rOOO, respectively. The high mol wt components have been discussed

as polymorphic forms of neurophysin which rnay aggregate by means of non-

covalent bondÍng (LaBeÌ1a, Ì97L). The Lowest mol wt subfraction con-

tained material which induced contraction of the isolated rat uterus.

The actÍve material from this subfraction was further purified by ge1

filtration on Sephadex G-lO, paper chromatographyr and ion-exchange

chrornatography on carboxy-methyl cellulose and QAE-Sephadex.

The active materj-al was estimated, on the basis of ninhydrin

reaction of the fraction, to be approximatel-y one-third as potent as

synthetic oxytocin on the rat uterus.

Amino acid analysis of an acid hydrolysate of the active

fraction indicated the presence of aspartic acid, glutamic acid, glycine,

alanj.ne, valine, serine, threonine, as welI as low concentrations of

Ieucine, Ìysine, and histidine. The mol wt of the active material

was estimated, by gel filtration on Sephadex G-lO, to be 7OO-l-,2@. A

value of 4r5OO mol wt was calculated from the amino acid composition.



Homogeneity of the active material was indicated by thj.n Ìayer

chromatography, high voltage paper electrophoresis, and ion-exchange

chromatography, and thus, did not favor consideration of the active

materia-l as being composed of a peptide mlxture" The discrepancy in

mol wt estimations was considered, therefore, in terms of a possible

contamination (by amino acj-d residue(s)) of the actj-ve materiaÌ, and/or

the existence of heteroallelomorphic forms of the active peptide. If

an amino acid residue is not a normal constituent of the peptide in

question, then, the presence of that amino acid, in Ìow concentrati-ont

could result in an erroneous high estimation of the mol wt of the pep-

tide. The low concentrations of leucine, lysine, and histidine (detected

in the initial amino acid analysis) were consldered ln the above

context and a second calculation of the amino acid composltion of the

active substance was made.

The two possibÌe amino acid compositions of the active

material differ in mol wt, i.e. 4,5OO and 1OÌ2. A calculated mol wt

of lOl-2 for the active materiaÌ was consistent with that of 7OO-12OO,

estimated by gel filtration. As evidence does not permit a clea:c choice

as to which amino acid composition is representative of the true situation

(¿rSOO or 1r@O mol wt), comparisons were made with respect to both

possible compositions.

In terms of chromatographic characteristics and amino acid

composition, the active substance j-s apparently distlnct from oxytocin,

vasopressin, angiotensln, bradykinin, substance P, and from oxytocic

peptides isolated from the hypothalamus and posterior pituitary by

other workers
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INTRODUCTION

The pltuitary gland, or hypophysis cerebri, Iies at the base

of the brain in the reglon of the diencephalon, and is connected to the

brain by the hypophysea-l or infundibular stalk. It is a compound organ

situated in the sella turcica, a depression in the basal portlon of the

sphenoid bone (basisphenoid). The pituitary gland is composed of three

main lobes, namely, the anterior, the intermediate and the posterior

lobe. A fourth component, the pars tuberalis, is a modified portion of

the anterior lobe.

The posterior lobe (neurohypophysis or pars nervosa) consists

of three maÍn parts, the infundibular process (neuraL Lobe), the

infundibular stalk, and the median eminence of the tuber cinereum.

These take embryonic origin from the infundibulur.n, a ventral evagination

of the embryonic diencephalon. The neurohypophysis remains attached to

the brain via the infundibular stalk and median eminence.

A dorsal evaginatÍon called Rathkers pocket arises from the

ectodermal epithelium of the stomodaeum (primitive mouth cavity).

Rathkers pocket constricts off the stomodaeum becoming a closed vesicle

in contact with the neurohypophysis. The anterior portion of Rathkets

pocket is enlarged and modified to form the anterior lobe (adenohypophysls

or pars distalis), from which the pars tuberalis is derived. The post-

erior portion of Rathkers pocket enlarges to a lesser extent to become

the intermediate lobe (païs intermedia). The original cavity of Rathkers

pocket remains as the hypophyseal cleft (lYeichert, 1958; Harris, 1960).

While nerve supply to the anterior pltuitary is virtually

negli-gible (Green, l95l-, 1966), and while the function of such inner-

vation as exists does not seem to be concerned with direct regulation of
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anterior pituitary hormonal output (Green, L966), the nerve supply to

the posterior pituitary is extensive and is intimately concerned with

the hormonal output of the posterior lobe.

The innervation of the neurohypophysis is by way of the hypo-

thalamohypophyseal nerve ttact. The soma of this nerve tract lie in

the supraoptic and paraventricular nuclei of the hypothalamus (Chrj-st,

1966) " Nerve fibers from these soma run to all three divisions of the

neurohypophysis (Rasmussen, 1940). Section of the hypothalamohypophyseal

tract in the region of the infundibular stalk (between the median emi-

nence and neurat lobe) results in atrophy and hypercellularity of the

neural lobe and consequently, a loss of nerve fibers and of pressort

antidiuretic and oxytocic substances from the neural lobe (Fisher et aI. ,

L938; Magoun et a}., 1939). Above the Ìevel of the section however,

there is an increase in Gomori stainable material in the infundibular

stalk and median eminence (Stutinsky, 1951; HiLd and Zett\er, 1953a;

Billenstein, 1955), as well as an increase in extractable antidiuretic

and oxytocic substances in the hypothaì-up¡5 (Lloyd et al., Ì955; Sato,

L949; Moreno et al., 1955). The amount of material that was stainable

with the chrome-alum haematoxylin stain of Gomori was shown to be

correlated with antidiuretic content (Ortmann, 1951; Hi-}d and Zettler,

19S3 a,b). When the hypothalamohypophyseal tract is sectioned above

the leveL of the median eminence (between the hypothalamus and the

median eminence) neurohypophyseal activity ceases entirely (Harris,

1e60).

It is generally accepted that the neurohypophyseal hormones

are synthesized by the cells of the supraoptic and paraventricular

nuclei of the hypothalamus. The hormones then traveÌ along the hypo-
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thalamohypophyseal neïve tract into the neural lobe where the hormones

are stored in granules ln association with a carrier protein ttneuro-

physin" (Bargmann and Schaïrer, 1951; Scharrer and Scharrer, L954i

Bargmann, 1960). Van Dyke and coworkers (1942) first isolated vaso-

pressin and oxytocin from bovine posterior pituitaries in the form of

a hormone-protein complex which came to be known aS the "van Dyke

protein". The protein portion of the van Dyke protein r,vas termed

"neurophysin" (Chauvet, Lenci and Acher, 1960). With regard to the

synthesis of the neurohypophyseal hormones and neuïophysin' Sachs (1960)

oÃ.

infused o"S-cysteine into the third ventricle of the dog and isolated

Iabeled vasopressin from the hypothalamus and posterior pituita-ry.

Sachs observed that the incorporation of 35S-.y"t.ine into vasopressin

was approximately three times greater in the hypothalamus than in the

posterior pituitary. Sachs also found (1963) that after 3-6 hours of

continuous infusiol of 35s-cysteine into the third ventricLe of the dog,

the protein in the hypothalamic neurosecretory granule (NSG) fractlon

possessed the highest radioactive specific activity, while vasopressin

associated with these hypothalamic NSGs had the lorvest radioactive

specific activity. Highly labeled vasopressin was not associated with

the ribosomal fraction, but rather with the hypothalamic nuclear

fraction, a large granule fractlon and a ¡nicrosomal membranous component.

Sachs therefore hypothesized that vasopressin is synthesized on ribo-

somal RNA as a biologically inactlve macromolecule, rvhich is incorporated

into the neurosecretory granuÌe. It rvas proposed by Sachs that bio-

logicalty active vasopressin is forned from the macromolecule during

formation and maturation of the neurosecretory granule' and the active

hormone is then associated with neurophysin rvithin the granule. The
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neurosecretory granules aÍe transported along the nerve axons to the

posterior pltuitary. Further experiments conducted by Sachs (I968a)

involving lnfusion of labeled amino acids into the third ventricle of

the dog provided addltional support for his hypothesis. Hypothalamic

neurophysin was found to be labeled extensively immediatel-y follorvlng

infusion, while at the same time the posterior pituitary contained only

minimal quantities of radioactivity. However, 10-21 days follovring the

infusion of labeled amino acids the posterior pituitaries of experi-

mental animals were found to contain significant quantities of labeled

protein and hormones. The labeled protein, when examined, was found to

. possesssolubility, gel filtration, electrophoretic, and hormone binding

properties similar to bovine neurophysin. In addition, the labeled

protein was immunologically ídentical to bovine neurophysin.

Studies demonstrating a similar distribution of neurophysln

and the neurohypophyseal hormones in the posterior pituitary, favour

the proposal that neurohypophyseal hormones are stored in the neuro-

secretory granule bound to, or associated rvith, neurophysin (LaBeLIa,

1963, 1967, Ì968; Ginsburg, 1965, Ì966; Dean, 1968 a,b; Holl-enberg'

1963). The investigations of Hope and his coworkers indicate that there

axe at least two neurohypophyseal hormone bJ-nding neurophysins, namely

neurophysin-I and neurophysin-II (Dean, 1968 a,b; Hollenberg, 1968).

Aì-though both neurophysin-I and neurophysin-II are capable of binding

both oxytocin and vasopressin (Hollenberg, 1968; Dean, 1968 b,c),

evidence has been presented (Dean, 1968 brc) suggesting a natural

storage of oxytocin in association rvith neurophysin-I and of vasopressin

in association rvith neurophysin-II. Evidence for the existence of a

third neurophysin, neurophysin-III, has been presented by Hope and his



coworkers (Rauch, 1968, 1969; Uttenthal, 1970). These workers suggest

that the presence of the third neurophysin may indicate that in addition

to oxytocin and vasopressin, there exists a third neurohypophyseal pep-

tide which 1s associated with neurophysin-III. The molecular weights

of the neurophysins isolated by Hope and coworkers have been estimated

to be; ]-9,OOO mol wt for neurophysin-Ii 2L,OOO moÌ wt for neurophysin-Il;

and 2O,OOO mol wt for neurophysin-IlI.

Tlre findings of other r¡vorkers in the field support the multiple

neurophysin concept, but there is no agreement as to the number, the

molecuLar weíghts, or the binding capacities of the neurophysins. Breslow

and Abrash (1966) resolved bovine neurophysin into four components. One

of these components of estlmated mol wt 25rOOO was found to bind 2 moles

of oxytocin per mole neurophysin. Pickering (1968) subfractionated

neurophysin isolated from cod posterior pituitary into four maJor com-

ponents. One of these components (estlmated mol wt 14'OOO) bound 2.2

moles of oxytocin per mole of neurophysin. A low moÌ wt neurophysin

(9,lZO mol wt) isolated from porcine posterior pituitary by lÏuu and

Saffran (1969) was found to have a binding capacity of O.87 moles of

oxytoein per more neurophysin' srrin (1969) and LaBella et aÌ' (1971)

found that neurophysln (bovine posterior pituitary) could be repro-

ducibly resolved by anion exchange chromatography into six maJor com-

ponents. Rechromatography of each of the individuaì. components gave

rise to several of the other components. These results were inter-

preted to indicate the existence of an equilibriuln state due to dis-

socation and associatlon of the vaïious species of protein. Burford

et aÌ. (1969) also reported on the behavior of porcine neurophysin as

a "rapidly polymerizing equilibrium system". LaBetla (l-97L) estimated,
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by gel filtratlon, that the molecular weights of neurophysin I to 4

ranged from IO,O@ to 12,OOO, and that neurophysins 5 and 6 were approxi-

mately 2OTOOO mo1 wt. The six polymorphs v/ere found to have an identical

maximum binding capacity of LOO Unj-ts oxytocin per mg protein (Shin,

1969). In additlon, LaBella et al. (1971) and Shin (1969) observed that

a large number of peptides were associated with bovine neurophysin.

These peptides, partially fractÍonated by ion exchange chromatography'

included two fractions dlstinct from vasopressin and oxytocin which

exhibited uterus-stimulating activity, as well as several other fractions

which selectively promoted the release of certaÍn trophic hormones from

the bovine anterior pituitary (in vitro). All of these peptides could

be extracted from the neurohypophyseaÌ granule fraction, and were shown

to be complexed with the protein contained within the granules. On the

basis of their experimentaÌ results, LaBella and col,vorkers concluded

that the hypothesis of three neurohypophyseal neurophysins binding three

hormones in speciflc granules was attraetive br¡t incomplete. LaBella

considers the existence of multi-hormonal neurosecretory granule and its

physiological significance to be a possibility worthy of further

investigation.

NEI]ROIIYPOPHYSEAL HORMONES AND PEPTIDES

i. History

The vasoconstrictive and hypertenslve effects of mammalian

pituitary extracts were first demonstrated by Oliver and Schäfer (1895).

Holell (Ì898) localized this vasopressor activity in the neurohypophysis"

The uterine contracting activity of neurohypophyseal extract was first

observed by DaIe (1906, I9O9), who proposed that the action resulted

from a direct stimulation of the uterine smooth muscle rather than by
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way of nervous activity" Two years fotlowing the observations by Ott

and Scott (lgfo) of the milk eJecting effect of neurohypophyseal extract

on the lactating maflÌmary gland, trYank (1912), Farmi (1913), and Van den

VeIden reported the antidiuretic effects of extracts of the neuro-

hypophysis. The observations of oxytocic, vasopressor, and antidiuretic

activities were not confined to mammalian pituitary extracts. Herring

(ÌgO8, Igl3) found vasopressor or milk eJecting activity present in the

extracts of the pituitaries taken from cyclostomes, teleosts, reptiÌes

and birds. Subsequently, oxytocic and antidiuretic activities were

detected in pituitary extracts taken from representatives of these

species.

It¡ith the discovery of three maJor physiological activities

(antidi-uretic, vasopressor and oxytoclc) in extracts of the mammalian

posterior pituitary, it became a matter of contention amongst workers

in the field as to whether the neurohypophysis contained a single com-

ponent responsible for all the observed activities, or whether the

neurohypophysis contained several components each responsible for a

single activitY.

The idea of a unitary hormone with multipte activity is based

upon the ability to isolate from the neurohypophysis, bY means of mild

conditions of extraction and purÍficatlon, a pure product possessing

oxytocic, antidiuretic, and vasopressor activities in the same proportion

as exist in the gland itself. AbeI and his coworkers (Abel et aI' ' 
L923i

AbeI, I93O) were proponents of this unitaf.y hormone theory and persisted

in their belief Iong after'oxytocic and vasopressor activities had been

separated. Abel claimed that excessively violent extraction methods

could split the multiactive hormone into fragments, each possessing one
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of ilre activitics" Rosenfeld (194O), aLso a supporter of the unitary

hormone theory, subJected the press Juice of pi.tuitaries to ultra-

centrifugation and cl.aimed that the active principle sedinented at rates

suggestive of a mol wt oî. 2O,OOO. If the press Juice was then treated

with acetic acid, boiled and centrifuged, biol-ogically active substances

of much Ìower moL wt were observed. Rosenfeld suggested that these were

fragments cleaved from the natural hormone. Van Dyke and his col-leagues

(1952) added further support to the theory of a unitary hormone by iso-

lating a homogeneous biologicaÌ1y active protein with an estimated mol

wt of 30,OOO. Van Dykers purified proteln possessed the three maJor

biological activities in the same ratio as occurred in the standard

U.S.P" porvder. The oxytocic, vasopressor and antidiuretj-c activities of

the protej-n were equal (17 units per mg) " On the basis of behaviour

during extraction, etectrophoretic and centrif,ugation characteristics

and homogeneity of solubiì-ity, van DSrke proposed that these three bio-

logical actÍvitÍes Ìvere contained ln a singì-e protein.

In opposition to the unitary hormone theory was the theory

which maintained that a number of hormones, with individual actions,

were responslble for the multiplicity of actions sholn by posterior

pituitary extracts. The basis for this theory was the work of Dudì-ey

(1919). Dudì.ey rvas able to separate the oxytocic and vasopressor

substances and slrow that they differed in chemicaL properties. Kamm

and coworkers (Kamm et al., 1"928) were also able to obtain tlto prepara-

tions from the """"";;ysis, one possessing oxytocic activity, the

othcr vasopressor activity. Horvever, as Kamnìrs extraction procedure

involved the use of O.25 lrl acetic acid rvith heating, the possibi)-ity of

cleavage of the otrue' hormone was not ruled out. Du Vigneaud (L954-55)
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was able to isol-ate in pure form oxytocin having a mol wt of about

lrOOO. The main actions of this preparation were to promote uterine

contraction and milk e3ection. Vasopressin was also isolated, and

showecl simil.ar mol wt. The main actions, however, were vasopressor and

antidiuretic. The point at issue was ultimately decided by the work of

Acher et a1. (L953, 1956, 1958) whj-ch negated the existence of a pure

protein possessing several activities and demonstrated the existence of

a compLex formed in part by an inactive protein neurophysin, to which

the neurohypophyseal hormones oxytocin and vasopressin were non-

covalently bound.

ii. Distribution and species differences

The neurophysin-hormone complex has been found in all species

of mammals that have been studied (Acher, L963). The neurohypophyseal

hormones have been isolated not only from the posterior pltuitaries of

mammals but also from the gì-ands of Lower vertebrates. AII of these

hormones contain eight amino acids, and a ring is formed in each through

a disulfide bridge between the cysteine molecule in position I and the

cysteine in position 6 (numbering system of Konzett and Berde, 1959;

Bodanszky and du Vigneaud, 1959). The hormones of the vafious species

are structurally dissimilar by virtue of a difference in amino acids in

positions 3, 4 and 8 (TABLE I).

A)-though hormones possessing oxytocic activity but differing

in structure from mam¡raLian oxytocì.n have been isol-ated from non-

mammalian species, the term toxytocint is reserved for a specific

chemical structure. The use of the term ¡oxytocinr is confined to the

hormone of mammals that promotes contractiotr of the uterus.

The term tvasopressinr ariSeS from a more pharmacological
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activlty of the hormone as opposed to its truer hormonal antidiuretic

activity" It is usual to differentiate between ì-ysine-vasopressin (tne

vasopressor hormone isolated from pÍg), and arginine-vasopressin (tne

vasopressor hormone isolated from most animal species).

iii. Chemical ProPerties
]

(l) Oxvtocin:

The amino-acid composltion and structure of oxytocin was

determined independently by du Vigneaud (L954-l-955) and Tuppy and lt{ichl 
:

(f953)" Tbe mol- wt of oxytocin is 1,OO7 and the Ísoelectric point is 7,7. '

The ampholytic behaviour of oxytocin, detected by electrophoresi.s, indi- :

cates the presence of both acidic and basic groups in the hormone. Oxy-

tociu contains no basic amino acids, so that the basic group assumed :

to be a free amino group. Ana1ysj.s after acid hydrolysis lndicates the

presence of three molecuLes of ammonia which originate from amide gtþups

of glutamic acid, aspartic acid, and carboxy-terminal glycine amide'(-TABLE I).

The acidic groups of the component amino acids of oxytocin are ca:'boxylic

and phenolic groups. Horvever, the isoeLectric point of 7.7 lndicates an

absence of free carboxylic groups in the hormone and impl-ies an invoÌve-

ment of the phenolic group in creating the ampholytic properties of the

hormone.

Q> l@:
The structure of arginine-vasopressin was determined by du

vigneaud (I954-1955), T\¡rner et al. (r951), Acher and chauvet (1953, 1954), 
',,

du Vigneaud et al" (l-953) and Popenoe and due Vigneaud (1953, 1954).

Vasopressin has a mol wt of I,O84 and an isoelectric point of 1O.9" It

ls an octapeptide (TABLE I).
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OTHM NEUROIIYPOPTTYSEAL PEPTIDES

AbeI and Pincoff (1917) demonstrated that the neurohypophysis

contains high concentrations of ttproteosestt and "peptones". while the

peptide hormones oxytocin and vasopressin are thought to be the naJor

physiological products of the posterlor pituitaty, examination of other

components contained in the neurohypophyseaL peptide pooL has provided,

ln more recent years, information suggesting further posslbilities as

to the function of the neurohypophysis.

lYinnick et aI (1953) examined the amino acids and peptides of

bovine and porcine posterior pituitary" The extracts of fresh glands

wêre fractionated by cbarcoal adsorption and ionophoresis" Peptides

were quantitated by both the ninhydrin and biuret reactions. The peptide

concentration contained in the bovine and porcj.ne posterlor pituitaries

was found to be four to eight times greater than the peptide concen-

tration attributabl-e to the knorvn peptide hormones. lVinnick estimated

that peptides comprj-se three to four percent of the dry weight of the

neuiohypophysis 
"

Ramachandran and 'lVinnick (1957) continued the systematic

exanination of the Large peptide pool of the neurohypophysis. These

v/orkers extracted acetone dried porcine posterior pitultaries rvith dilute

acetic acid and precipitated the protein from the extract wlth trichlor-

acetic acid. The peptides of the deproteinized solution rvere fraction-

ated and char:acterized as to mobility on paper eì.ectrophoresis, amino

acld composition, molecular si.ze, earboxyl and amino terminals and

abundance in the original tissue. The most abundant amino acids found

were glutamic acid, glycine, alanine, aspartic acid, serine, threonine'

valine and leucine"
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Isolation from the neurohypophyseal peptide pool of both

biological).y active peptides and peptldes of unknown biological signifJ.-

cance has been achleved. However, the physiologicaì significance of the

extensive peptide pool and the function of the maJority of peptides

contained therein remains unknown.

Releaslng factors

The connectÍon between hypothalamus and posterior pituitary

has been described earlier in this report as consisting mainì-y of nerve

tracts. In the case of the anterior pituitary, physiological communi-

eation with the hypothalamus is by way of a vascular network. Harris

(1948) reviewed the hypothalamic control of anterÍor pitui-tary hormone

secretion. In the hypothalamus, neurohumoraL transmitters (releasing

factors) are synthesized and released into portal vessels which run

tbrough the pituitary staì-k and suppì.y blood to the anterior pituitary.

The releasing factors controL the rate of release of anterior pitultary

hormones (I{eites and Nicoll, 1966; Martini, 1966; McCann and Dharirval ,

1966; Guillemin, 1967; McCann et al., l-968)" To date, study of the

reÌeasing factors has concentrated in the area of the hypothalamus,

however, there exists the possibility of an involvement of the peptide

pool of the neurohypophysis in control of anterior pituitary hormone

secretion (Martini, 1966).

Saffran et al" (1955) isolated from posterior pj.tuitary extract

a component capable of stimulating the release of adrenocorticotrophi-n

(ACTH) at doses as low as 1 nanogram. This component, named "cortico-

trophin Re]-easing Factor (CrìF)", *t, shotvn to be a peptide distinct

from vasopressin and oxytocin. The discovery of this reLeasing factor

ln the neurohypophysis prompted the suggestion that the posterior

1.
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pltuitary could form an important link between the hypothalanic nuclei

and the anterlor pltuitary for the storage and secretlon of CRF as well

as the hormones oxytocin and vasopressin (Saffran and SchalIy, 1955 a,b)"

The purified CRF contained the amino acids cystine' aspartic acid'

glutamic acid, glycine, proline, lysine, phenylalanine' serine) and

histidine (Schally et. al.' 1958).

Guillemin et aI. (1957) isotated another cRF from a 90%

methanol extract of commercial posterior pituitary preparatÍon (koto-
Tpituitrinr, Pa¡ke Davis). This active peptide was shorvn to differ from

oxytocin, vasopressin and ACTH by paper chromatography'

schally et al. (]-962) isolated from porcine neur.ohypophysis

yet another CRF which differed from the compounds isolated by Guillemin

et a.l. (L957) and Schal}y et al. (1958)"

subsequent Ínvestigation (Guillemin et al., l960 a,b; scha).ly

et al. , 1960; Schally and Guillemin, L963; Guillemin, 1964; Schaì-Iy and

Bowers, 1964) demonstrated the existence of two distinct peptides or

families of peptldes contained in the neurohypophysÍs possessing ACTH-

re).easing activity.

The first is a potent ACTH-releasing peptide related structurally

to lysine vasopressin and containing cystine, serine, gLycine, lysine,

histidine, tyrosine, valine, phenylalanine, pro).ine, aspartic and glutamic

acid but no methionine" This peptide has been designated "beta-CRF".

The N-terminal and C-terminal amino acid sequences of thi-s peptide shol

sequential simiLarities to those of alpha-melanocyte stimulating hormone

(al pha-ltf SH ) '.

TÌre second familv of ACTH-releasing peptides is also reLated

structuralì-y to alpha-IlSH but contain methionine (¡eta-Cnf contains no
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methionine). These peptides have been classified as "alpha-CRFs".

Alphar-CRF (GuilLemin gt al., 1960; Gros and Privat de Garithe,

1959; Privat de Garilhe, 1960) contains all the amino acids of alpha-MSH

plus threonine, alanine, and leucine. AIphar-CRF contains a hepta-

peptide sequence which also appears Ín ACTH" This sequence probably

accounts for the MSH-Iike and ACTH-Ìike activities shown by alphl-CRF"

Alphar-CRF (SchaIIy et al. , l-962) has identlcal melanophoretic

activity and reduced ACIH-}ike activity as compared with alpha-MSH. The

amino acid sequence of alphar-CRF is identicaÌ to alpha-MSH with the

exception of a difference at the terminal amino group. It is postulated 
:

that the structural difference at the terminaL nitrogen of alphar-CRF

may be responsible for the CRF activity (Schalty et ¿. , 1962).

The release of melanocyte-stimulating hormone (MSH) from the

intermediate lobe of the pituitary gland is mediated by a hypothalamic

neurohumoral substance, MSH-release inhibiting hormone (MRIH) (Scha}ly

et al., 1968). Most recently, Nair, Kastin and Schally (197I) success-

fully lsolated and determined the structure of a bovine hypothalamic

MRlH-active peptide. The amino acid sequence of this MRlH-active

peptide was shown to be prolyl-ÌeucyÌ-glycine amide. this sequence
..

determined by the combined Edman degradataion and dansyl method was 
,,

confirmed by mass spectrometry. The MRIH-active peptide was shown to

be similar to synthetic L-Pro-L-Leu-glycine amide in terms of biological

activity, chromatographic and electrophoretic mobilÍty and mass spectraÌ 
.'

fragmentation pattern. On the basis of these observations, Nair, Kastin

and Schally conclude that the structure of bovine Ir{RIH is : Pro-Leu-GIV-NHr.

It is of particular interest that the tripeptide Pro-Leu-GIycine

amidealsoformsthesidechainoftheneurohypophysealhormoneoxytocin.

Celis et aL. (1971) report that microsomal preparations of rat hypothalmi
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contain an enzyme which may be concerned with the release of i\4RIH. It

is suggested that the action of this enzyme is to cleave the side chain

from oxytocin, with the result that the tripeptide acts to inhibit the

release of PituítarY MSH"

Addi.tional evidence, indicating a possible role of the

posterior pituitary in the control of secretion of anterior pituitary

hornones, has been provided by trYanchimont and Legros (1969). The

administration of total neurohypophyseal extracts to man was followed

by an increase of serum levels of the trophic hormones, prolactin (LH),

gpowth hormone (GH), and folicle stimulating hormone (FSH) (Franchimont

and Legros, 1969)" The administration of lysine-vasopressin had no

effect on the serum levels of the trophic hormones, while oxytocin raised

only the FSH ìevels"

continued examination of the neurohypophyseal peptide pool as

a source of releaslng factors may serve to clarify the as yet un-

established physiological relationship between the anterior and posterior

pituit ary 
"

ii" Other PePtides

a) inactive

ll¡itter et al. (1964) demonstrated that in addition to the

peptide hormones oxytocin and vasopressin, many ami-no acids and peptides

can be dissociated from ttvan Dyke protein" prepared from dessicated

porclne neurohyophysls powder" The distribution of amino acids dissoci-

ated from the "van þke protein" was in agreement with the findings of

Winnick et al. (1955). However, Witter did not attempt to assÍgn any

biologicaÌ signiflcance to the large number of peptides which were

obtained by his dissociation procedure'
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More recently several peptides, also of unknown biological

significance, have been isolated from the posterior pituitary (Penders

and Arens, 1966; SchaÌly and Barrett, 1968). These investigators

suggest that although the isolated structures Iack demonstrable bio-

togical activity, they may prove significant as the precursors or

metabolites of important molecules and provide useful information as

to the function of the hypophyseal complex.

b) aetive

The investigations of several workers have resulted in the

cliscovery of lipolytic substances contained in the hypothalamus and

pituitary, thyroid, pineal and parotid glands (Li et gt., 190S, 1966;

chretien and Li, L967 arb; Lohmar and Li, 1967; Redding and schally,

L97O; Rudman et aI., 1970; Gilardeau and Chretien, 1970). Although

the activity of a hypothalamic f-ipid mobilizing factor, isolated by

Redding and Scha}ly (l-97O), has been attributed to ACTH or an ACTH

analogue, Li and coworkers have determined the amino acid sequences

of two sheep hypophyseal lipolytic peptides (Li É gl., 1965, 1966;

Chretien and Li, 1967 arb). These peptides have been ca}led sheep

beta- and gamma-lipolytic hormones (LPH). Lohmar and Li (]-967 ) also

report the isolation of a bovine hypophyseaÌ Iipolytic peptide identical

to sheep beta-LPH. More recently, Graf and Cseh (Ì968) and Gilardeau

and Chretien (I97O) have isolated and determined the amino acid

composition of a porcine hypophyseaÌ LPH. The mol wt, as determined

from ttre amino acid composition of porcine LPH (997L) is similar to

that determined for sheep beta-LPH (9958). The sheep and porcine

beta-LPHrs differ somewhat in amino acid composition as well as in

electrophoretic mobility in polyacrylamide geÌ at pH 8.3. The
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isoelectric points of porcine and ovine beta-LPH were determined by

electrofocusing studies to be 6.43 and 8.30 respectively. On the basis

of the differences in amino acid compositions and isoelectric points,

Gilardeau and Chretien suggest that the prinary structure of porcine

beta-LPH should be at least partially different from that of sheep beta-

tPH.

Smith and Rosenfeld (1962) isolated a peptide possessing oxy-

tocin-like activity from an extract of bovine posterior pitultary. The

pituitary extract, chromatographed on carboxymethyl cellulose, was

resolved into three distinct peaks of oxytocic activity. lwo of these

peaks were found to correspond to protein bound and free oxytocin, while

the third peak differed from the hormone oxytocin in terms of eLution

pattern from Clt{-cellulose and ultrafiltration characteristics. The

molecular size of the unknown peptide was estimated (by comparison of

uLtrafiLtration rates) to be intermediate between oxytocin (mol rvt l,OOO)

and ribonucl-ease (mol wt 13,7OO). Smith asserted that the complete

removal of the peptide from the gì-and extract in the first passage

through -the Ctvf-cellul-ose column, and the subsequent failure to generate

additional peptide with rechromatography of the large proteln component

of the extract was evidence that the oxytocin-Iike peptide was a natural

constituent in the gland. Smith and Rosenfeld suggested that such a

constituent might serve as an intermediate in the pathways concerned

with synthesis, transport from Èpothalamic centers, or in release of

hormonal activity into the blood.

A large biologically active polypeptide was isolated from

bovine posterior pituitary by Preddie and Saffran (1965). The oxytocic

activity was described as minimal and the peptide was devoid of
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detectable pressor or adrenocorticotrophic hormone re)-easing activities.

Structurally (Preddie, L965) the peptide consists of 48 amino acids

including 5 cystein residues, 5 lysine and arginine and 9 aspartic plus

glutamic acids" Histidine, tyrosine and methionine are not present in

the molecule. The polypeptide with an estimated moL wt of 5,5OO is

approximately six times as large as the known neurohypophyseal hormones,

and the same order of size as the polypeptides ACTH, insulln and parîa-

thyroid hormone" The carboxyl-terminal portion of the polypeptide

includes a cyclic octapeptide which resembles in form the structure of

oxytocin. It is suggested that this cyclic structure might account for

the .observed oxytocin-l-ike activity of the peptide. Preddie, on the

basis of the carboxyl-termj-nal structure, also suggests the possibility

that the polypeptide may be a naturally occurring analogue of the hypo-

thetical precursor of the neurohypophyseaì. hormones.

A small peptide, possessing oxytocin-l-ike activity, has

recentÌy been isolated from ox hypothalamus (North et al., 1968). The

isolated substance, tested on three smooth muscle preparatlons, rat

uterus, guinea pig ileum and hen rectal caecum, was found to be equi-

potent in stÍmulating contraction in each of the preparations (Harvker

et al., i.969). Tbeatment of the peptlde with thioglycolate, a procedure

which abolishes the effect of oxytocin on the rat uterus, did not affect

the activity of the unknown peptide in that smooth muscle preparation.

Atropine, phenoxybenzamine.and mepyramine also failed to block the

smooth muscle actions of the peptide. Examination of geL-filtration

characteristics, drug action, relative potency and log dose-response

relationships has differentiated the peptide from 5-hydroxytryptamine,

acetylchoLine, oxytocin, vasopressilr, angiotensj.n amide, bradyl<inin and
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purified preparations of substance P. Hawker and coworkers believe that

a single low mol wt peptide is responsible for the observed activity of

their lsolated substance" To date, isolation of the peptide in quantities

sufficient for chemical characterization and physiotogical evaluation has

not been achieved.

The polypeptide hormones of the neurohypophysis can readity be

dissociated from the neurophysins and separated from each other by

Sephadex G-25 chromatography (Fbankland, Hollenberg, Hope and Schacter,

f966). ll,hile the vasopressj-n that is obtained by this procedure is

relatively pure, the oxytocin is coniaminated with other materials. Hope

and Watkins (1969) found that rechromatography of this impure oxytocin

preparation on Sephadex G-25 resulted in the separation of an oxytocic

peptide, the mol wt of which \ryas estimated by amino acid analysls to be

3,OOO. Uterlne stirnul-ating activity was not abolished by incubation of

the peptide in thioglycollate, nor was the action of the peptide antag-

onized by phenoxybenzamine or atroplne. The peptide was found to possess

both pressor and antidiuretic activities. Comparison of elution volume

on Sephadex G-25 distinguished the peptide from angiotensin, acetyl-

choline, oxytocin, vasopressin and bradykinin. ACTH and CRF activities

were considered to be minimal, as intravenous administration of the

peptide to the rat did not result in signlficant depletion of adrenal

ascorbic acid, nor did it cause a rise in plasma corticoid levels.

In comparison to the hypothalamic oxytocic material isolated

by Hawker et al. (1969), Hope (1969) has drawn attention to similar

characteristics demonstrated by the oxytocic peptÍde isolated from the

neurohypophysis (Hope and 'lYatkins, l-969). Both oxytocic substances were

separable from oxytocin by geì- filtration on Sephadex G-25 and the
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elution volumes of the oxytocic materials on Sephadex G-25 were Less than

that of oxytocin. The ratio of the elution volume (on sephadex G-25) of

oxytocin to the elution volume of the hypothalamic oxytocic materlal

(Hawker et aÌ., 1969) was 1:12. The ratio of the elution volume of oxy-

tocin to the elution volume of the neurohypophyseal peptide isolated by

Hope and lÏatkins (1969), has a similar value of l:I7. Another property

conmon to both oxytocic materials is thelr resistance to inactivation

by thioglycollate.

Ttre biological complexities of the neurohypophysis remain to

date largely unexplained and the seemingly limitless wealth of material,

proteín and peptide contained therein, has rested relatively untouched

aS a source of scientific information. There is no doubt as to the

coincident importance of biologicaì.Iy active and inactive substances in

dellneating a total concept of pituitary function. Both are areas of

study and research that only in more recent times have received the

attention that will be necessary to elucidate the fulL physiological

significance of the neurohypophysis. The present report is concerned

with oxytocic activity of the neurohypophysis, in particular, that

oxytocic actÍvity which is attributable to a peptide distinct from the

hormone oxytocÍn.
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MATERIALS AND METHODS

Bovine posterior pituitary glands

Whole bovine pituitary glands were obtained from the slaughter-

house and transported to the laboratory in ice bathed vessels. The

posterior pi-tuitary glands were separated from the anterior pituitary

lobes, and stored in the deep freeze at-Z}oC. The time elapsing from the

death of the animals to tissue freezing was approximately 2 hours'

. Fifty posterior pituitary lobes (L2.5 g) were'colIæted in this fashlon

daily for one week, so that 25O glands (62.5 g) served as starting

material for a given extraction.

Extraction Procedure

TheposteriorlobesweremincedwithscisSors.Thetissue

mj-nce was suspended in O.1 N NCI (pH I.5) that had been precooled to 4oC,

and homogenized in a glass tube with a motor driven teflon pestle

(l,a¡etta et al., 1963), The homogenate suspended in O.L N HCÌ (IOO mL,/4g

whote tissue) rvas stirred for 36 hours at 4oC. The suspension was allowed

to settle and the supernatant r,vas decanted and centrifuged at LSrOOO "G"

for 30 min in an International B-2O Refrlgerated centrifuge. The result-

ant peL}et, consisting of nuclei and cell debris, was discarded. The pH

of the supernatant was adJusted to pH 2.O with sodium hydroxide and

eoncentrated under reduced pressure at 35oc to a volume of approxlmately

40 mL in a rotary evaporator (Buchler Instruments, N.J.). The concentrate

was centrifuged at loo,ooo G for 30 min in an International lrfodel 8-6O

Preparative ultracentrifuge to remove the particulate fraction' The

pellet fron this centrifugation was discarded and the supernatant

retained.
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Gel filtration

Columns of Sephadex G-l-O, G-25 superfine, G-5O fire and G-25

fine (Pharmacia, Uppsala, Srveden) were prepa¡ed in accordance wlth the

manufacturerrs specifications. "Fines" were removed from the gels by

decantation and the sediments rvere resuspended 1n distiÌ1ed rvater.

12 hours later this water was repl-aced with; l-.O l\{ acetic acj.d pH 2.3

(G-25, G-5O and G-75), O.2 M acetic acid pH 2.5 (c-IO), or O.O25 M

sodium carbonate-bicarbonate buffer pH 9.6 (G-5o). The respective gels

subsequently were eluted with these same eluants. rn preparing the

column for use, a small amount of eruant was poured into the empty glass

column. The glass column was then fiLled with the geL slurry. column

dimensions werei 2.25 x SL cm for G-ro, 3.5 x 90 cm for G-25, 2.5 x l@ cm

for G-5o (pH 2.3), 4.o x 80 cm for G-75, and 2.s x loo cm for G-5o (pH 9.6).

Sarnples rvere dissolved in a minimum amount (within Limits speclfied by

ma:rufacturer) of column eluant and applied to the Sephadex columns without

disturbing the gel" The respective eluant for the ge). column rvas then

applied and fractions were collected sequentiaJ-ty. The volume per fraction

was; 6.0 mL for G-Lo, 12 mL for G-25, 12 ml for G-25, and 6.0 ml for G-5o.

The floiv rate was; 50 rnl,/hr for G-lO, 50 mL,/hr for G-25, 40 nt/hr for G-5O

(pH 2.3)¡ 50 mllhr for G-75, and 40 nl/hr for G-5O (pn).6).

Ion exchange chromatography

cM-ceÌÌulose (Bio-Rad, caLi-f). and eAE-sephadex A-25 (pharmacia,

Uppsala, Siveden) columns were prepared, packed and regenerated according

to the specificati-ons of the manufacturers, or in accordance rvith the

method of Schroeder et aI . (f-962)" CoLumn dimensions for Clrl-cel-Lulose

were I.5 x 36 cm, ad for QAE-Sephadex I.b x 16 cm. Samptes to be

chromatographed were evaporated at 35oC to dryness on a rotary evaporator
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under reduced pressure. Samples to be chromatographed on QAE-Sephadex

were redissolved in 2 mt of pyridine:cotlidine:acetic acid (glacial):

water buffer (+Oz+O:1.5:3918.5 by volume) pH 8.3 (Schroeder et {", 1962)"

Samples to be chromatographed on CM-ceÌlu1ose were redissolved in 2 mL of

O.Ol M sodium acetate pH 4.5. Dissolved samples were applied to the

respective column and washed on to the coLumn with a small portion of

the same buffer in which they had been dissolved.

Etution from QAE-Sephadex was carried out using a nine chamber

Technicon Autograd (Technicon Instrument Corp., New York) as a gradient

device. Elution was continuous, starting with pyridine:collidine:acetic

acid:water buffer, followed by O.1 M, O.5 M, l.O M, au.d 2,O M acetic acid

(TABLE II).

Elution from CM-cellulose was carried out using a two chamber

linear gradient device (Kontes Glass Co., N.J.). Elution was continuous,

starting with O.OI M sodium acetate (pH 4.5) to O.2 M sodium acetate

(pH ?.O) (IABLE II). Following completÍon of the gradient, a further

quantityofo.2Msodiumacetate(pH7.o)wasappl.iedtotheCM-cellu}ose

column"

The flow rate for the QAE-Sephadex column was 24 rlù/llr and 4 ml

fractions were collected. The flow rate for the CM-cellulose column was

3ot mI/hr and 3 mI fractions were collected. Fractions were reacted with

ninhydrin (Cadavid and Paladini, L964), or with standard protein reagent

(Lowry et al., 1951) in a Technicon Autoanalyser (Technicon Instrument

Corp., N.Y. ).

Bioassay

. Uterus-contracting activity of chromatographic fractions was

determined with the isolated rat uterus (Holten, l-948). Syntocinon-r
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TABLE II

GRADIENT SYSTEI{S FOR ION-EXCHANGE CI]ROMATOGRAPTry

QAE SEPTIADEX

Chamber
No,

Chamber
No.

50

o

o

o

o

o

o

o

o

I
2

3

4

5

6

7

8

I

pyridine :co}1 idine :

acetic acid:water
(¿O:¿o:1.5 :3918)
pH 8.3

pH 4.5

150

o

acetic acid (M)

o.t o.5 I.o 2.o

oooo
50000
50000
o5000
o5000
oo500
oo500
ooo50
ooo50

pH 7"O

o

I50

Figures above represent the number of
ml in each chamber of the nine chamber
Technicon Autograd.

CM-CeIlulose

O.OIM sodium acetate O.IM sodium acetate

A two chamber Iinear gradient device
was used with CM-Ce1Ìulose.
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(Sandoz, Quebec) was used as a standard for the assay of this ocytocin-

Like activity. The usual dose of Syntocinon given to produce the standard

contraction was 1O mU. The uterus-contracting activity of chromato-

graphic fractions will be referred to in this text as such, or as

"oxytoci-n-l ike activity".

Amino acid analYsis

Purified peptides were hydrolyzed for 24 hours at llOoC in 6 N

HCI under nitrogen in sealed glass vials.

Analysis of amino acids was performed with a Technicon amino

acid analyser (Technicon Instrument Corp., N"Y. ) as described by LaBeÌIa

et aI. (1967). The values determined for the amino acids were not

corrected for the destruction that occurred during hydrolysis.

Thin layer chromatography and electrophoresis

As an estimation of homogeneity and purity, peptides were

examined by aseending thin Layer chromatography (TT,C) on MN-polygram

eeÌlulose 3OO/UVZS4 (Macherey-Nagel and Co., Dueren, Germany). The

solvent systems used \.vere; t-butanol:acetlc acid (glacial) :water (4:1 :I ,

by volume), n-propanoÌ :ammonium hydroxide (conc. ) :water (lOO:I :5O, by

volume), and ethyl ¿cetate:t-butanol :acetic acid (glaciaÌ) :water (1 :l :1 :1,

by volume).

peptides were examined as well by paper (Whatman Chromatography

paper #L, 1{.R. Ba}ston Ld., Eng}and) electrophoresis (Camac, MuLenz/

Schweiz). Electrophoresis was caïried out on paper strips (O x +S cm) in;

o.l M di-sodium hydrogen phosphate buffer (pH 7;OO) at 3,ooo v,/15 min,

O.1 M sodium carbonate-bicarbonate buffer (pH 9.6) at 4,OOO V,/IO min, and

formic acid:acetic acid:water (f5.6 229.6:455, by volume) (pH 1'99) at
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4,æO V/Ì5 min.

Ninhydrin Aerosol spray NIN-3 (Sigma ChemicaÌ Co., St. Louis,

Mo. ) was used to visualize the peptides.

Paper chromatography

The purification procedure included the use of descending

paper chromatography to achieve a partial separation of peptide mixtures.

Samples were applied to the paper as strips perpendicular to the direc-

tion of soÌvent flow and eluted with t-butanol:acetic acid:water (4:1:1,

by volume). 18 x 45 cm sheets of Whatman Chromatography paper # 3 (W"R.

Balston Ltd., England) were used as the stationary phase.

The separation peptide bands were visua)i-zed by development

with ninhydrin of I x 45 em strips of chromatography paper cut from both

lateral edges of the main sheet. Paper strips containing the correspond-

ing separated peptide bands were cut from the main paper, and homogenized

in a Virtis Homogenizer (The Virtis Co. Inc., N"Y. ) in the presence of

O.1 M acetic acid to extract the peptides. Extracts were concentrated

under reduced pressure in a rotary evaporator.



III. RESI]LTS
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RESULTS

A flow chart outlining the purification procedure is shown

in Figure t. The concentrated acid extract of posterior pltuitary was

separated by chromatography on Sephadex G-25 into three ninhydrin-

positive peaks (Figure 2) " fYaction I was eluted in the exclusion

volume, whereas Fractions II and III were retarded. Molecular rileights

of the components contained in Fractions I, II and III have been esti-

mated (shin and La3elta, 1970). Fraction I was shown to contain

components of estimated mol wt greater than 4'OOO. trYaction II in-

cluded components of estimated mot wt less than 4,OOO and Fraction IÏI

contained components of mol wt less t]nan 2,OOO. Shin and LaBella (1970)

subfractionated and charactetízed extensively the low mo1 wt components

contained in Fraction III. The work described in this report is con-

cerned with components derived from the higher mol wt constituents of

Fraction I, specificatly a component possessing oxytocln-Ìike activity'

ChromatograPhY on SePhadex G-75

Fraction I from sephadex G-25 was concentrated and chromato-

graphed on sephadex G-75. Ninhydrin analysis of the fraction collected

from sephadex G-75 showed resolution of Fraction I from sephadex G-25

into two maJor peaks (Figure 3). The strongly retarded second peak

eluted from Sephadex G-75 composed the "total neurophysin" fractlon

described by Hollenberg and Hope (1967). The fractions included in

this peak rvere pooled, concentrated and chromatographed on sephadex G-5O'

ChromatograPhY on

ChromatograPhY of

on Sephadex G-5O with l.O M

Sephadex G-5O at PH 2.3 and PH 9' 6

the second peak obtained from Sephadex G-75

acetic acid as eluant discLosed one
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Figure 1.

-to -

Flow chart of purification of
uterus-stimulating peptide B2b2
from bovine posterrlor pituitary
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Figure 2.
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Elution profiLe from Sephadex G-25
(3.5 x 90 cm), 25oc, of an acid extract
of bovine posterior pituitary. FIow
rate was 50 rù/hr and 12 mI fractions
were collected. Each fraction was
measured after reaction with ninhydrin.
The eluant was 1.O M acetic acid.
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Figure 3.
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Elution profile of Fraction I from
Sephadex G-25 (Figure 2) on Sephadex
G-75 (4.O x 80 cm). Flow rate was
50 Íù,/hr and 12 ml fractions were
collected. Each fraction was measured
after reaction with ninhydrin. The
eluant was l"O M acetic acid.
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ninhydrin positive peak (Figure 4). However, chromatography of the

second peak obtained from Sephadex G-75 on Sephadex G-bO rvith O.O25 M

sodium carbonate-bicarbonate buffer (pH 9.6) as eLuant, resurted in

separation of the peak into three incompletely resolved fractions

(Figure 5)" Shin and LaBella (1970) observed a similar. phenomenon

using O.I M cholj.ne in acetic acid to dissociate the "total neurophysin"

peak obtained from Sephadex G-75. The range of the molecul-ar weights

of the components of the separated peaks was estimated to be from

15,ooo for the components of the Least retarded pe*, to less than

4,OOO for the components of the most retarded peak eLuted from Sephadex

G-5o. Peaks r and rr (Figure 5) were thought to be polymeric forms of

neurophysin which are normally non-covalentJ-y bound to each other. peak

rrr (Figure 5) was found to be composed of a mixture of peptides, of

which at least one possessed the ability to stimul-ate contraction of the

rat uterus" The isolation of the uterus-stimurating substance(s) con-

tained in peak rrr Ís the concern of this investigation.

ïn order to isolate the peptide(s) with uterus_contracting

activity, it was necessarry at each purification step to examine each

peptide subfractÍon with respect to this activity. Uterus-stimtrlating

activity was determi-ned as described in the Methods section of this

report.

Chromatography on Sephadex G-lO

GeL filtration on Sephadex G-LO resuLted in a subfractionation

of peak III obtained from Sephadex G-5O into two ninhydrln positive peaks

(Figure 6)" The first of the two peaks obtalned from Sephadex G-lO rvas

contained in a volume corresponding approxJ-mately to the elution volume

of a substa¡Lce of mol- wt lr3oo. The estimation of mol wt for the second
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Figure 4. El-utlon profil-e of second peak of
Figure 3 on Sephadex G-5O (Z.S x LOO cm)
with 1.O M acetic acld as eluant. Ftow
rate was 40 'l;.ì/hr and 6 m.L fractions
were collected. Each fraction was
measured after reaction with ninhydrin.
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Figure 5.

-38-

Elution profile of second peak of
Figure 3 on Sephadex G-5O (Z.S x lOO cm)
with sodium carbonate-bicarbonate buffer
pH 9.6 as eluant. Flow rate was 40 nt /br
and 6 rnL fractions were collected. Each
fraction was measured after reaction with
ninhydrin.
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Figure 6.
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Elution profile of peak III of
Figure 5 on Sephadex G-l-O
(2"25 x 51 cn) with O.2 M acetic
acid as eluant. Flow rate was
5O m]/hr and 6 mI fractions were
colLected. Each fraction was
measured after reaction with
ninhydrin.
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peak was 7OO. The mol wt estimations were based upon the elution

volumes of substances of known moÌ wt on the same colunn (Figure 6).

Paper chromatography

Peaks I and II obtained from Sephadex G-IO both demonstrated

uterus-stimulating activÍty. Both peal<s were rechromatographed separ-

atei-y on Sephadex G-IO to reduce cross contamination and applied to

Whatman Chromatography paper /f 3. Descending paper chromatography was

carrj-ed out, developing both peak I and peak II with t-butanol:acetic

acid:water (4:1 :ì-, by volume) for 18 to 24 hours. Peak I from Sephadex

G-lO was resolved into 5 bands by paper chromatography (see flow chart

Fígure 1)" Each of these bands, when extracted from the paper and

concentrated, showed uterus stimulating activity as indicated by the

in vltro bioassay. Although further purification of the peptides ob-

tained from peak I from Sephadex has been done, that work will not be

described further in this report.

Peak II obtained from Sephadex G-IO was resolved into 2

ninhydrin positlve bands by paper chromatography on lThatman Chromato-

graphy paper J¿ 3" Whereas both the slower migrating band (A), and the

faster migrating band (B) showed uterus-stimulating activity, the faster

migrating band (B) was Judged to be more potent in producing a uterine

contraction in the isolated rat uterus when A and B were tested in

equimolar quantities (as estlmated by ninhydrin)"

Ion-exchange chromatograPhY

Band B obtained from paper chromatography was chromatographed

by cation-exchange on CM-cellulose to yield three ninhydrin positive

peaks 81, B,2 and 83 (Figure 7). Peak 82 was shown to possess uterus-



Figure 7.
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Elution profile of band B (from paper
chromatography of peak II from Sephadex
G-lO, Flgure 1) on CM-cellulose (I.s x 36 cm).
Flow rate was 30 nù/br and 3 mL fractions
were col-lected" Each fraction r,vas measured
after reastlcn with ninhydrin. The cross-
hatched bar indicates those fractions
showing oxytocic-Iike activity.
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stimulating activity, while peaks BI and 83 were inactive. 82 was

rechromatographed by cation-exchange chromatography and resolved into

two ninhydrin positive peaks, B2a and B2b (Figure 8). Uterus-

stimulating activity was confi.ned to peak B2b. High voltage paper

electrophoresis of a sampl-e of concentrated peak B2b. (O.l- M di-sodium

hydrogen phosphate-sodium dihydrogen phosphate buffer pH 7.O, at 3,O@

V/l-5 min) resolved B2b into two ninhydrin positive sports which migrated

in opposite directions from the central- poi-nt of sampì-e application.

Peak B2b was resolved into two ninhydrin positive fractions

B2bl- and B2b2 by anion-exchange chromatography on QAE Sephadex (Figure

9)" Uterus-stimulating activity was concentrated in the retarded peak

B2bZ obtained from QAE Sephadex. Peak B2b1 showed only slight uterus-

stimulating activity.

Uterus-stimulating activity of peptide B2b2

In order to gauge the potency of B2b2 an "activity coeffici-ent"

was defined as: the nanomoles (expressed as norleucine equivaì-ents of

lntact peptide) of B2b2 a'equired to produce a uterine contraction equivalent

to the uterine contraction produced by a knorvn dose of slmthetic oxytocin,

divided by the nanomoles of synthetic oxytocin in the standard dose.

B2b2 and. the synthetic oxytocin rvere tested in the same rat uterus. The

standard dose of synthetic oxytocin used was O.2 nanomoles (1O mU). It

was found that O.625 nanomoles of B2b2 were equivalent to lO mU oxytocin"

The "activity coefficient" of B2b2 was therefore calculated to be 3.5,

indicating that B2b2 was approxlmateì-y one third as potent as oxytocin

in ability to stimul-ate contraction of the rat uterus.
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Elution profile of peak 82 of Figure 7
on CM-cellulose (t"S x 36 cm). Flow
rate was 30 mlrlhr and 3 ml fraetions
were collected. Each fraction was
measured after reaction with ninhydrin.
The cross-hatched bar indicates those
fractions showing oxytocic-like activity.
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Figure 9. Elution profile of peak B2b of Figure 8
on QAE-Sephadex (t.S x 16 cm). FIow rate
was 24 nù/hy and 4 ml fractions were
collected. Each fraction was measured
after reaction with ninhydrin. The cross-
hatched bar indicates those fractions
showing oxytocic-like activity.
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Thin layer chromatography, paper electrophoresis and ami-no

acid composition of peptide B2b2

Thin layer chromatography in three buffer systems was caÍried

out on Peak 82b2, and R, values of B2b2 in each of the systems were

calculated (Figure )-O). B2b2 mj-grated as a single ninhydrin positive

spot in each of three buffer systems used.

Peak B2b2 lvas examined by high voltage paper electrophoresis.

In all buffer systems (Figure r.L) BzbZ migrated as a single ninhydrin

positive spot.

In all systems B2b2 was spotted at a concentration fJ-fty times

the minimum concentration of B2b2 detected by ninhydrin reaction.

On. the basis of the results of ion-exchange chromatography,

thin layer chromatography, and high voltage paper electrophoresis, peak

B2b2 was Judged to be homogeneous. B2b2 was hydrolysed and amino acld

composition was determined (TABLE III). TABLE III also compares the

amino acld composition of B2b2 with that of oxytocln and vasopressin.



Figure 10.

-5I-

Thin layer chromatography (ascending)
of B2b2 in three buffer systems: Plates A,
B and C are tracings of the original developed
thin layer chromatogrphy plates. The three
buffer systems used were:

plate A: ethyl acetate:water:t-butanol :acetic
acid (t:1-:l:L)

plate B: t-butanol :water:acetic acid (4:1 :1)

plate C: ammonium hydroxide:n-propanol :water
(1 :1OO:5O)

Samples of B2b2 were applied to each Tï,C plate
as single spots (P). The direction of buffer
flow is indicated by the arrows adJacent to
the }ine denoting the final position of the
solvent front (S F).

R, values were calculated using the formula;
R* = distance migrated by B2b2 (cm)*t 

ã-rrce migrated by solvent front (cm)**

measured from the origin (P) to the leading
edge of the migrating sample (M S).

measurred from the origin (P) to the final
position of the solvent front.

*r<
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Figure 10.

THIN I,AYDN, CI{P,OI'IÂ1QGR.åPHY OF 32b2 IIi THTTEE Buf''tr.iiì $Ys'Tilis

plate A,r ethyl

plate' B: t-butanol :water:acetic Er..= o.-Ø

acetate:r¿ater:t-butanol¡acetic acid(I:1rl :1) &f-= 0.1é

acld({r1:1)

Bf = 0.69þlate C: anrnon-ium \ydroxide:n-propanol rxater(1 :100r !0)
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Figure 11. High voltage paper electrophoresis of. B2b2
at three different pHs. Papers A, B and C

a:re traeíngs of the original developed
electrophoresis papers. The three buffer
systems used were:
paper A: formic acid:water:acetic acid

(r5.6:455,Or29,6)

paper B: di-sodium hydrogen phosphate-
sodium dihydrogen phosphate O.1 M.

paper C: sodium carbonate-sodium bicarbonate
o.1 M.

P indicates the point of application of samples
of 82b2.

- and * denote the positions of the anode and
cathode respectively.
kV = applied voltage in kilovolts.
T = duration of applied voltage in minutes.

DVI* = distance (cm) migrated by the sample from
the origin (P).

{<

The sign (- or +) prefixed to this figure
denotes directional migration of the sample
towards the anode (-) or cathode (+).
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Figure 11.

H.IGH V0LTá,GE PTIPER ll[EC[A0P]i0REsIS 0I' 3202

Dl
pE = 1.!! I = l5r U,,1 = -5"7 cû

paper 3 1.4 cm

+ P.

pap-er'B¡ pE = J.01 kY=5 T = 15' }liI = -).! cm

paper Cr pE = p.60 I = ]0r n¡l = *6.0 cro
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TABLE III.

AMINO ACID COMPOSITION OF B2b2 COMPARED WITH

OXYTOCIN AND VASOPRESSIN**

Amlno acid Residues,/ÌO0O No. of residues per minimum molecular weight
B2b2 Oxytocin Vasopressin

ASP

GLU

GLY

ALA

VAI,

LEU

TLE

mo

LYS

HIS

ARG

CYS

SM

TIIR

TYR

PHE

78

178

172

87

70

22

1 (ASN)

r (GLN)

1

I (ASN)

1 (GLN)

I8

4

D

t Ì

Ì

I 't

I (porcine )I

I

Ðo

27

191

69

I

3

I (bovine )

2

*determined from absence of cysteic acid

**not corrected for destructi.on that occurred
during hydro).ysis.

L

I

TOTAT 42
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DISCUSSION

The posterior pituitary gland contains an extensive concen-

tration and variety of peptides (l4linnick et at., L955). In addition to

the peptide hormones oxytocin and vasopressin, other peptides have been

found to be associated with the neurosecretory granules and the protein

neurophysin contained therein. Evidence has been presented suggesting

storage of oxytoein and vasopressin in separate granules and neurons

(LaBelIa et a}., L963; Bindler et al. , L967), possibly associated witb

different neurophysin components (Dean et al-., 1968).

The concern of the present investigation is with the isolatlon

and identification of a neurohypophyseal peptide distinct from oxytocin

and vasopressin, yet possessing uterus-stimul-ating activity, and which

is associated with the neurophysin component of the neurosecretory

granul- e.

Molecular weight and amino acid composition of peptide B2b2

The amino acid composition of peptide B2b2 is indicated in

TABLE III of the results sectÍon. The approximate mol wt of peptide

B2b2 as estimated from this amino acid composition is 45OO" Although

ion-exchange chromatography, thÍn layer chromatogr4phy and high voltage

electrophoresis are techniques often used to demonstrate the ful-f1LÌ-

ment of the criteria of homogeneity, and 1n the case of peptide 82b2,

did indicate a homogeneous peptide fraction, positive results obtained

with these techniques do not necessarily constitute absolute proof that

the substance in question is indeed homogeneous. Other results obtained

in this study are not consistent with the mol wt of peptide B2b2 as

estimated from its amino acid composition. The amino acÍd composition
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of peptide B2b2 (TABLE III) índicates that peptide B2b2 is composed of

forty-one amino acid residues and has an approximate mol wt of 45OO.

In contrast, the mol wt of B2b2 was estimated by gel filtration chroma-

tography on Sephadex G-IO to be between 7OO and 12OO mol wt. The

apparent inconsistency between the moÌ wt estimations may be the result

of several considerations.

Estimation of molecular welght by gel fil-tratÍon

The reliability of gel filtration techniques as a means of

estimation of mol wt is in many instances questionable. The presence

of aromatic amino acid residues in proteins and peptides can result in

'Ëhe retardation of movement of these substances through the geÌ

filtration column. The result is an erroneously undervalued estimate

of the substancers true mol wt. The importance of the above consider-

ation in explaining the discrepancy in mo1 wt estimation of peptide

B2b2 would appear to be negligibì-e in view of the absence of the

aromatic amino acid residues in peptide BZbz.

Peptide B2b2 as a peptide mixture

The possibility exists that peptide fraction B2b2 is composed

of a mixture of peptides of similar mol- wt" These peptides could con-

ceivably move as a single band during gel filtration, with the differ-

ences in the molecula:c compositions becoming apparent with the deter-

mination of the amino acid composition of indivldual bands. With

respect to peptide P2b2, the occurrence of a mixture could reconcile

the Ìow mol-ecular weight estimation by gel filtration with the Iarge

moLecular size indicated by the amino acid composition. It is, however,

unlikely that such a situation couLd occur and remain undetected
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throughout the procedures anci varied conditions of thin layer chroma-

tography, electrophoresis and ion-exchange chromatography. As well,

under the above conditions the compLete formation of a singì-e peptide

aggregate from a mixture of peptides is improbable.

Interpretation of amino acid composition

The amino acid composition of peptide B2b2 shown in TABLE III

is expressed in terms of amino acid residues per minimum mol wt. When

initiaÌ analysis of the amj-no acid composition of a peptide is performed,

the concentrations of the indlvidual amino acids are expressed in terms

of amino acid residues present per thousand total amino acid residues

examined. The amino acid, which is detected as having the Ìeast number

of resldues present, forms the base for the calculation of the number of

residues of any given amino acid present ln one molecuLe of the unknown

peptide. One molecule of the unknown peptide is assumed to contain only

one residue of this chosen amino acid. The concentration (g residuås/

Ì,OOO total amino acids) of this amino acid is compared to the concen-

trations of the other amino acids and the number of residues of each

amino acid present in one peptide molecule is determined by proportion"

It is evident, then, that the amino aciO, present in the peptide hydroly-

sate in minimurn concentration, is critical in the determination of total

amino acid composition. The presence of trace contaminations of amino

acids in the peptlde hydrolysate, or in the analysis system can result

in misinterpretation of amino acid analysis and lead to a distorted

concept of the peptiders amino acid composition. The sources of con-

tamination in preparatj.ve procedures and amino acid analysis systems

can b minimized, but are seldom entirely eLiminated. It is, therefore,

necessary that criticaL decisions be made as to whether an amino acid,
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that is detected in small quantities, is a contamination, or is a true

constituent of the peptide in question. In situations where the investl-

gator must work with only Iimited quantities of material, the problem is

magnified.

ïn the analysis of the amino acid composition of peptide 82b2,

the amino acids Ieucine, lysine, and histidine were detectable 1n small

concentrations. The amino acid composition shown in TABLE III was calcu-

lated assuming that these amino acids (lys, Ìeu, his) were true con-

stituents of a singLe B2b2 peptide. However, the minimal concentrations

of the amino acids leucine, lysine and histidine that were detected,

indicate the distinct possibiì.ity that these amlno acids represent con-

tamination. This interpretation j.s questionable, as it is not unreason-

able to assume that the presence of these amino acids in the B2b2

fraction, prior to the determination of amino acid composition, would

have been detected by ion-exchange chromatography, thin layer chroma-

tography, or paper electrophoresis. However, the possibi)-ity remains

that contamination of peptide B2r-2 was introduced during the actuaÌ

process of amino acid determination"

Alternate to the eonsideration that contamination is respon-

sible for the observed discrepant results which preclude a singì-e definÍte

estimation of moÌ wt, is the suggestion that the amino acids l-ysine,

leucine and histidine are contained by only a proportion of the peptides

in the peptide fraction 82b2" The peptide fraction B2b2 would be com-

posed of a single species of peptide, and a proportion of that pepti-de

species would contai-n in addition, or as substitutions the amino acids

leucine, Iysine and/or histidine. Such addition and/or substitution
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would not necessarlly alter the chromatographic or electrophoretic

behaviour of the peptide. Heterogeneity in a species of peptide may

be produced by processess involved wlth peptide activation, cleavage

of peptlde from a precursor, or peptide synthesis. For example, until

an attempt was made to determine the amino acid sequence of the enzyme

carboxypeptidase, it was not appreciated that this enzyme exists in

several forms within a given animaÌ species (Bargetzi et aI. , L964i

Cox et al., 1964; Kuma¡ et aÌ., Lg64 arb, L964). These enzymes, differ-

ing only sì.ightly in length at the N-terminal- are produced by unequaÌ

cLeavage during activation from the precuïsor procarboxypeptidase. In

addition, the sequence studies revealed that genetic differences wlthin

one animal were responsibLe for the production of heterogeneous forms of

carboxypeptidase (het,eroaLleì-omorphism). Any preparation of natural

carboxypeptidase is proportioned into forms of the enzyme in which the

antipenultimate carboxy-terminal- residue is either leucine or valine"

This conservative substitution of amino acid residues doe not modify

biologicaÌ activity and has LittLe apparent effect on the physical

properties of the enzyme. While the mol wt of carboxypeptidase exceeds

that of peptide 82b2, the enzyme seïves to illustrate the natural occur-

rence of the above descrlbed process.

Confirmation of the existence of heteroallelomorphic forms of

peptide B2b2 would require an extensive study involving amino acid

sequence determination and peptide synthesis. Inspection of the amino

acid composition of 82b2, neverthel-ess, provides at least an indication

as to the feasibility of such an occurrence. In those peptides where

conservative substitution of amino acids has been detected or accomplished

synthetically, the conservation of the biological and physicaÌ properties
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of the peptide ha's been attributed to the fact that, the amlno acids

which act as conservative substitutes possess a coÍÌmon property. This

property is either, essential to the functional activity of the peptide,

or does not distort the conformation of the peptide. The amino acid

composition of peptide B2b2 provides ample margin wherein the amino acids

leucine, lysine and histidine conceivably could act as conservative sub-

stitutes. For example, the amino acids leucine, and valine are both

neutrai. hydrophobic amino acids and may be exchanged on this basis" The

properties required of a particular residue may be highly specific¡ or

of a generaf nature. The function served by an amino acÍd residue in

the peptide sequence is not readily predictable. Therefore, the above

examples do not attempt to exhaust the possibilities for the conservative

substitution of amino acid residues in peptide 82b2.

The determination of end-group amino acids could provide

decisive evidence as to the true solution to the above discussed problem.

At this time, however, limited quantities of purified material prevent

such a determinatÍon.

Recalculation of amino acld composition"

Reca-l-culation of the amino acid composition of peptide B2b2 is

Justified in consideration of the possibility that the amino acids tysine,

histidine and leucine are contained only in a minor proportlon of the

peptide 82b2, or represent contami-nation of the B2b2 peptide fraction.

The trvo calculated amino acid compositions for B2b2 are shorvn in TABLE IV.

Comparlson of B2b2 (4I) and B2b2 (IO)

To faciLitate the discussion that is to follow, the tlo

possible amino acid compositions of B2b2 rvill be referred to as "P2b2(41)"

and "82b2(1O)." BZb2(41) Oenotes the peptide for which the amÍno acid

composition was derived on the basis of the inclusion of the amino acids
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1eu, Iys and his as true constituents in the structure of B2bZ. B2b2(lO)
denotes the peptide for which the amino acid composition was derived in
consideration of leu, rys and his as contaminants, oï as present in a

smal_l proportion of F.2b2. The numbers in parenthesis (41_ and lO) refer
to the number of amino acid residues contained in BÌIZ(41) and, B2b2(1O),
respectivery' Bzb2(4L) contains forty-one amino acid residues and has
an approximate mol wt of 45OO (TABLE IV). BZ'Z(:rO) contains ten amino
acids and the mor wt of B2b2(r.o) as estimated from the ami-no acld com_
position (TABLE rv) is approximatery rrooo. rn contrast to B2b2(4r),
the mol wt of Bzbz(Lo) (rrooo), as calculated from its amino acid com_
positlon, is consistent with the mol wt of peptlde BzbZ (TOO_12OO) as
estimated by geì. filtration.

The recarcuLation of amino acid composition effects a marked
change in mor wt estimation of peptide B2bz. Much of the folrowing
discussion is valld in terms of both BZn2(LO) arLd, BÌbz(+f¡. As evldence
does not permit a clear choice as to which amino acid composition is
representative of the true situation, the remaining discussion wi]L be
in terms of B2b2(ro), with appropriate distinction being made as regards
B2b2(4r) " where discussion is pertinent to both, the peptide wirr be
referred to as BZbz.

peptide B2b2 as distinct from oxytocin, vasopressin, angiotensin,
bardykinin and substance p.

peptide B2b2 considered as either BÌbz( t) or B2b2(fO¡ i"
distinct from the hormones oxytocin, vasopressin, angiotensin, bradykini_n
and substance p. The estimated mo1 rvt of BìiZ( I) (45OO) exceeds that of
B2b2(1O) (IOOO) by a factor of four. Atthough the mol wt of peptlde
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B2b2(lO) is sirnj.Iar to that of the above hormones, amino acid com-

position differentiates botlt B2b2(lO) and B2b2(4I) from these hormones

as is shown in TABLE IV"

It must be noted at this point, that the absence of the amino

acid cysteine from B2b2 was assumed in consideration of the absence of

a detectable cysteic acid component in the acid hydrolysate of peptide

B2b2. The productlon of cysteic acid occurs during acid hydrolysis of

peptide, prior to the determination of amino acid composition. Cysteine

residues contained in the peptide are oxidized (non-quantiatively) to

form cysteic acid"

The uterus-stimulating activity of the peptide fraction is

attributed to peptíde B2b2 on the assumption that the procedures in-

volved in the purification of B2b2 eliminate the possibility that,

oxytocin and,/or vasopressin, present in undetectable quantities, are

responsible for the observed uterus-contracting activity. Synthetic

vasopressin is eLuted fron Sephadex G-lO we}l in advance of the fraction

containing peptide 82b2, and is clearly separated from peptide B2b2

(FiS. 6, Results). In as much as the mo1 wt of oxytocin is al-most

identical to that of vasopressin, and oxytocin contains fewer a¡omatic

amino acid residues than does vasopressin, one woul'd expect the elution

volume of oxytocin on Sephadex G-ÌO to be the same as, if not Ìess than

that of vasopressin. Separation of peptíde B2b2 from vasopressin there-

fore implies at least as clear a separatlon of the peptide fraction from

the hormone oxytocin. If the assumption is made that oxytocin or vaso-

pressin contamination is responsible for the observed uterus-stimulating

activity of peptide 82b2, then at the concentration indicated by the

rat-uterus bioassay, these hormones would be detected by ninhydrin
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reaction. the results of thin layer chromatography and paper electro-

phoresis did not indicate the presence of more than one ninhydrin posi-

tive substance. Furthermore, aùino acid residues of the hormones oxy-

tocin and vasopressin were not contained in amino acid composition of

B2b2 (TABLE IV). It was, therefore, assumed that the observed uterus-

stimulating activity of peptide B2b2 could not be attríbuted to con-

tamination by these hormones.

Peptide B2b2 as compared to other oxytocic peptides isolated

from the posterior pituitary

Oxytocic substances have been isolated from the posterior

pituitary and hypothalamus by other investigators (Smith and Rosenfeld,

L962; Preddie and Saffran, Ì965 a,b; Hawker gt a1., 1969; Hope and

Watkins, 1969). To date, however, the pråperties of these oxytocic

substances pubì.ished in the Iiterature, indicate little similarity to

the oxytocÍc peptide discussed in the present report.

Smith and Rosenfeld (1962) reported the presence of an oxytocic

com¡ronent in press Juice prepared from bovine posterior pituitary. ThÍs

oxytocic substance was differentiated from both free and neurophysin

bound oxytocin. T?re molecular size of the oxytocic substance was esti-

mated to be intermediate between LOOO and 13r7OO nol wt. The mol wt of

peptide B2b2(1O) (IOf2) certainly fits into this range, however, Smith

and Rosenfeld subsequent to their initial publication, have provided no

fr.rrther information on their oxytocic substance.

A targe polypeptide (mol wt 55OO) isolated from bovine

posterior pltuitary by Preddie and Saffran (I965) is worthy of some

discussion. Structurally their peptide consists of forty-eight amino

acids and "the carboxyl-terminal portion is characterized by a cyclic
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octapeptide resembt ing in form the structure of oxytocin". preddie

suggests that this cyclic structure, and the minimal detectable oxytocic

activity of the large polypeptide may indicate that the large peptide is

a precursor to a smaller oxytocin-Iike substance. The amino acid com-

positions of peptide B2b2(1O) and that of the carboxyl-terminal octa-

peptide of Preddie's rarge polypeptide have some features in common.

Both peptides contain the amino acids alanine, varine, grycine, serine,

glutamic acid and aspartie acid. However, peptide B2b2(LO) contains the

a¡nino acid threoni-ne, and does not contaj-n the cystine and leucine pres-

ent in PreddÍets carboxyl-terminal peptide. Another dissimit arity between

the two peptides is that while both contain serine and gLutamic acid,

peptide B2b2(1O) contains two each of serine and glutamic acid and the

carboxyl-terminar octapeptide contaÍns only one of each amino acid.

Perhaps the greatest dissimilarity between the two peptides is the

apparent absence of the cystine disuLfide bridge in peptide B2bZ.

Less similarity is found between B2b2(4I) and the large poty-

peptide isoÌated by PreddÍe. Preddie?s polypeptide contains the arnino

acids, agrinine, proline, isoleucine, phenylalanine and cysteine. These

five a¡nino acids, not contained in the amino acid composition of B2b2(4J-),

account for a total difference of fifteen amino acid residues between the

two peptides.

In terms of biological activi.ty, the "minimal oxytocic activity"

(Qrantitation of activity not provided) of Preddie's Large polypeptide j-s

in contrast to that of peptide 82b2,

Hawker et al. (1969) and Hope and Watkins (1969) have lsolated

a peptide with oxytocic activity from bovine hypothalamus and posterior

pituitary, respectively. WhiLe Hawker et al. (L969) have not as yet
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accumulated sufficient material for chemical characterization of their

peptide, Hope and Watkins (1969) have pointed out simllarities between

the peptide studied by Hawker et aI. (1969) and that peptide isolated in

Hopets own laboratory. A preliminary amino acid analysis estimated the

molecurar weight of Hopers oxytocic peptide to 3,ooo (Hcpe and watkins,

1-969). The amino acid composition (on which the mot wt estimation was

based) was not pubtished with the mol wt estimation. On the basj-s of

mol wt aÌone, it wourd seem unlikely that Hopets oxytocic peptide and

peptides B2b2(IO) and B2b2(41) are similar.

Significance of B2b2 in the neurohypophysis

The production of artifactual proteins and peptides in tissue

preparations as a result of the actions of the catheptic enzymes which

are contained in the tissues is of great concern. Dean, Hollenberg and

Hope (1967) provided evidence that extraction of bovine neurophysin with

O.1 N HCI irreversibly destroyed catheptic activity in neurohypophyseaì.

homogenates. LaBeIla (1971) has shown that the properties and multiple

eomponents of bovine neurophysin \¡/ere essentially identical for neuro-

hypophyseal extracts prepared with either o.2 M acetic acid or O.1 N HCI.

Nevertheì.ess, in order to minimize t}ae possibÍlity of an artifactual

production of peptide 82b2, neurophysin was prepared (for the present

study) from a neurohypophyseaÌ homogenate which was extracted at 4oC

with O.1- N HCI" Separation of a fraction containing peptide 82b2, from

neurophysin prepared as above, was effected by gel fiLtration of the

neurophysi-n on Sephadex G-5O at pH 9.6. Rechromatography of the neuro-

physin preparation on the basic Sephadex column d1d not result in a

further yield of fractions containing the peptide 82b2. Chromatography

of the original neurophysÍn preparation on the Sephadex G-5O column at
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pH 2.3 did not afford a separation of the fraction containing peptide

B2b2 from neurophysin, as had occurred when gel filtration was caried

out at pH 9.6. Once achieved, the dissociation of peptide B2b2 from

neurophysin could be reversed by recombinatlon of the fractions col-

lected from the basic (pH 9.6) Sephadex column, followed by readJust-

ment of the pH of these pooled fractlons from pH 9"6 to pH 2.3.

The association of peptide B2b2 with the extracted neuro-

physin implies a form of storage of peptide B2b2 within the neurohypo-

physeal neurosecretory granule not unlike that of the hormones oxytocin

and vasopressj-n. It is worthy of note, that peptide B2b2 in its associa-

tion with neurophysin differs from oxytocin and vasopressin. The

association between peptide B2b2 and neurophysin is subJect to dis-

ruption in basic medium while oxytocin and vasopressin are dissociated

from neurophysin in more acidic conditions. WhiIe lirnited quantities of

material have excluded extensive study of the binding of peptide B2b2

with neurophysin, the observatÍon of a pH Ìabile bond indicates a loose

association of peptide B2b2 wLün neurophysin consistent with current

theories of neurohypophyseaÌ hormone storage and release. It is not

unreasonable to consider that such an association of neurophysin and

peptide B2b2 could be formed during the extraction'of neurophysin from

the tissue homogenate. More conclusive evidence for storage of peptide

B2b2 within the neurosecretory granule requires isolation of the peptide

from a pure neurosecretory granule preparation.

Regardless of the storage form of B2b2 in the posterior

pituitary, the presence of the peptide in that gland must be explained

in terms of function and physiological significance. The storage or

non-storage of a physiologically active peptide in the neurosecretory
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granuLe neither confiTms, nor negates a hormonal roÌe for the peptide

in question. The associations formed with neurophysin by peptide B2b2

and the neurohypophyseal hormones are similar in that they do not appear

to involve covalent bonding, yet they differ in that the associations

a¡e disrupted under completely opposite pH conditj-ons. The present

state of knowledge of the mechanisms governing the reÌease of the neuro-

hypophysea"l hormones would allow little more than inaginative specu-

Iation as to the interpretation of the observation that, under conditions

which are not duplicated physiologicaÌIy in the neurohypophysis, the

associati.ons formed between the protein neurophysin and neurohypophyseal

peptides may be reversibly disrupted.

Uterus-stimul.ating activity and an apparent ability to form

reversible complexes with the protein neurophysin are properties pos-

sessed by the peptide B2b2 and are shared by the known neurohypophyseal

hormones oxytocin and vasopressin. Consideratlon of the properties

courmon to peptide B2b2 and the neurohypophyseal hormones strongly suggest

the possibility of a hormonal role of peptide B2b2 in the posterior

pituitary. However, such evidence considered alone is purely circum-

stantial, and acceptance of B2b2 in a hormonal capacity on that basis

would be scientifically unfounded and premature. A more comprehensive

examination of the peptide in terms of its physical and chemical prop-

erties as well as lts distribution in the pitultary gland is required

to establish conclusively peptide B2b2 as a native component of the

neurohypophys i s .
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SUMMARY

1. Whole bovine posterior pltuitary glands were homogenized

ând extracted wlth o.1 N Hcl. The protein component of the extract,

neurophysin, was isoLated by geÌ flltration successively on Sephadex G-25

and G-75.

2. Chromatography of neurophysin on Sephadex G-5O at pH 9.6,

resolved the protein into three subfractions of estimated mor wt ¡

4,OOO, < 4,OOO, and ( 2,OOO, respectÍvely. OnIy one component of

estimated mol wt l3rooo was resolved at pH 2.3. A component, contained

in the lowest mol wt subfraction induced contraction of the isolated

rat uterus"

3" The active component was further purified by geÌ fittration

Sephadex G-LO, paper chromatography, and ion-exchange chromatography

carboxy-methyl cellulose and QAE-Sephadex.

4" The active material is presumed to be a peptÍde on the

basis of reaction of the purified fraction with ninhydrln, and is

estimated to be approxj-mately one-third as potent as synthetic oxytocin

in producing contraction of the rat uterus.

5. Amino acid analysis indicated that the peptide contained

aspartic acj-d, glutamic acid, gLycine, alanine, valine, serine, threonine,

as weLl as low concentrations of leucÍne, lyclne, and histidine. The

mol wt estimated from this composition was 415OO, as opposed to the

estimate by gel filtration on Sephadex G-lO of 7OO-12OO"

on

on
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6. Homogeneity of the peptide was lndicated by thin layer

chromatography, high voltage paper electrophoresis, and ion-exchange

cbromatography, and thus did not favor consideration of the active

fraction as a peptÍde mixture.

7. A second calculation of the amino acid composition of the

peptide was made in consideration of the discrepancy in mol wt estÍmations

and the l-ow concentrations of leucine, ì.ysine, and histidine detected

in the amino acid analysis. The calculated mol wt of ÌrO12, estimated

from the recalculated amino acid composition, was consistent with that

of 7OO-1r2OO mol wt, estimated by gel. filtration.

8. The two possible amino acid compositÍons of the active

material differ only in mol wt, i.e. 4r5OO and irrC)l2. and there is

little variation in terms of constituent amino acid residues.

9. In terms of chromatographic characteristics and amino

acid composition, the active substance is apparently distinct from

oxytocin, vasopressin, angiotensin, bradykinin, substance P, and from

oxytocic peptides isolated from the hypothal-amus and posterior pituitary

by other workers.

10. Physiological significance and a possible hormonal roLe of

the peptide has been discussed at length in this thesis. Positive con-

cLusions in this respect, must await a more comprehensive examination

of the peptide in terms of its physicaL and chemlcal properties, as well

âs¡ distribution in the neurohypophysis, biosynthesis, and secretion"
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