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Abstract

Adrenocorticotropic hormone (ACTH) is synthesized in the

pituitary gland as part of a 1arggr precursor molecule. This
precursor is characterizqg by the fact that it contains within its
structure multiple chemical messengers with. quite different biolo-
gical activities. Among them are included the° melanotropins
(MSH), the beta-lipotropin (B-LPH) and the endorphins. To account
for the major' biological activities of its components, the name
pro-opiomeianocortin (POMC) has been proposed for this common

precursor. Characterization of this molecule in pituitary tissues

including both the anterior and intermediate lobes as well as the

mouse anterioy pituitary tumour cell line AtT-20/D16v, established .~

its apparent mo]ecﬁ1ar wéigh; (Mr) to be around 30 000 Dal'cons:‘~
with the presence of carbohydrate sidé chains atfached to a pep-
tide backbone.  This latter aspec£ is considered part1y respon-
sible for the heterogeneity observed in both the molecular weight
and the charge of the molecule. Nucleotide sequencing of the cDNA
coding for POMC has predicted the whole primary structure. ACTH

and B-LPH together account for only half the size of the precur-
P

.sor, the other half being located on the amino-terminal side.

This cryp?ic segment as ACTH and B-LPH contains an MSH-like
sequence called v -MSH. Pulse and pulse-chase experiments indica-
tedkthat this cryptic segment of the POMC has an apparent molecu-
lar weight of 16 000 to 19 000 Daltons and that it is an important

~

maturation product.
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In order to comﬁ1ete1y characterize this éryptic segment
we dissected porgine pituitary glands into both the anterior and
neurointermediate lobes. Our'objective was to determine the mole-
cular form of the amino terminal segment of the porcine POMC (pNT)
in the anterior lobe using a chemical approach. We extracted the
peptides from the anterior 1lobes and chromatographed them on
various .systems including molecular sieving?‘fon-exchange and high
p:;formance liquid chromatography. 'Comp]eée primary structure of
the pNT revealed that .the major form is a glycopeptide of 80 amino
acid residues with at least two glycosylation sj;qs."T o other
peptides of 107 and 61 amino acid residues weke isol ted.“ Wé

o

proposed that they are members of thehganéalogic tree of the pNT,

the 107 residue being the whole cryptic segment preceding ACTH and

the amidated 61 residue being a maturation product of the major

"secretory form. We also isolated a peptide which Jinks the 80

residue glycopeptide to the ACTH in the POMC;/it will be called

the joining peptidé (pdP).
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I1 est matntenant bien établi que 1'hormone adrénocorti-
cotrope (ACTH) est biosynthétisée a parf%r d'un précurseur de haut
poids moléculaire. Des approches chimiques et immunologiques ont
permis d'étab%ir que ce précurseur contient a 1'intérieur de sa

structure plusieurs peptides candidats a diverses fonctions endo-

‘criniennes. Parmi ces peptides, mentionnons outre 1'ACTH, les:-

mélanotropines (MSH), les lipotropines (LPH) et les endorphines.
Le nom pro-opiomelanocortine (POMC) est employé pour souligner la
diversité des actions biologiques des composants du précurseur
commun. La structure primaire du POMC dédu1£e7§ partir de 1la
séquence de nucléotides d'un ADNc a permis d'établir que 1'ACTH et
la B-LPH ne représentent que la maitiéldu précurseur. Un segment
cryptique situé a la partie amino-terminale de la molécule repré-
sente l'autre moitié. Des kxpériences de cinétique de marquage
ont permis d'établir que ce segment cfypﬁique représente un impor-
tant produit de maturation du POMC dans le lobe intermédiaire du
rat et dans une Yignéé’tumora1e de cellules adénohypophysaires’de

souris. Pour ce travail, nous avons utilisé des lobes antérieurs

d'hypophyses de porc pour cargctériser les peptides de la portion

cryptigue du POMC. A 1'aide de technigues chromatographiques .

incluant les tamis moléculaires, les échangeurs d'ions, le chroma-

tographe a haute performance en phase liquide et 1'électrophoreése-

¢

2 une et deux dimensions, nous avons isolé et purifié quatre

v
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deptides associés au segmeht amino-terminal du POMC. La structure
primaire de chacun d'eux a été déterminéé par séquence selon le
pr;qédé d'Edman. Le princ;;;H peptide iso]é‘eég_composé de 80
résidus d'acide§ aminés avec au moins deux sites de g1ycb;y1§l
tion. De par sa localisation & la partie amino-terminale du POMC,
nous 1'av6ns nQEmé le "porcjne N-terminal™ (pNT). ‘Deux autres
peptides respectivement Qe'107 et 61 réSidus ont été isolés,. en
quantité mineure, et seraient reliés géﬁéﬁ]@giquement au pNT. -
Enfin, un gquatrieme peptide de 25 résidus:\représentant le lien

entre le pNT et 1'ACTH a été isolé et séquencé, i1 sert a relienr.

le pNT a 1'ACTH eff i1 a été dénommé "Joining pepti&e" (pJP).
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The pituitary hormones corticotropin (ACTH) and B-lipo-
tropin (B-LPH) have been shown to be synthesized from a common
precursor glycoprotein in mouse pituitary tumor cells (24, 152)

and in rat pars intermedia cells (165), called pro-opiomelano-

cortin (159). The mRNA for this precursor has been isolated from

bovine pituitary intermediate lobes and its cDNA copy has been

cloned in Escher?cﬁia coli and sequenced (18). Th'is study revea-

led the complete primary structure of the common precursor. It

4
o

appears that the peptide consists of three repetitive units each
containing a homologous melanotropin-like (MSH). heptapeptide. The
-MSH and B-MSH are in ACTH and B-LPH respectively whereas y-MSH

—

is located in the cryptic portidﬁ\gf the POMC. Each repetitive
unit, as we11'as the core heptapept%des, is f]anke& by pairs of
basic amino acid residues which have been proposed to be cleavage
sites for matgration enzyme(s) (12, 13). More recently, investi-
gations on the genomic pNA structure of human (185), bovine (187)
and rat (104) POMC were published confirming the findings of
Nakanishi et al.. (18). The glycopeptide nature of the POMC was
demonstrated in mouse ATt-20/Dl6v cells by incorporation of
radioactive glucosamine into the 31K common precursor (56, 60).
The length of the signal peptide of the PO%F was determined to be

\Zé amino acid residues (182). The deduced amino acid sequence of

7
NV

.
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tde bovine POMC revealed that the non-ACTH, nontLPH segment
accountsfor almost half the molecule.

Pulse and pulse-chase experiments in rat pars intermedia

(176, 177) have shown t aturation of POMC the

processing of the POMC gQes further than in\the aQ;erior Tobe and
yields B-endorphin \and® -melanotropin 1nstead-3?fEtLPH and ACTH,
Also in the .intermediate lobe there is evidence tﬁat the same
maturation protess yields two additiong] ghd maturation peptides
with apparent molecular weights of 17 000 and 19 000 Daltons
(165), respectively. Such peptides are considered to be homolo-
gous with the 16 000 Da{toﬁ glycopeptide corresponding‘ to the
amino-terminal segment of the precursor molecule (149). These
results suggest that the N-terminal portion of the POMC,*or.a very
Jagge( fragment of 1it, would be a major maturation product.

s A

However the exact’ size has never been accurately determined and

" there are some discrepancies among the different reports (202,

204, 208, 210).

Preliminary characterization of this N-terminal fragment
isolated from whole pitu}tary glands of several species including
man (210) indiéated that it could represent the segment” from the
N-terminal tryptophan, after removal of thg signal peptide, -up to’
almost the ACTH molecuie. It was found that considerable sequence
homology- is maintained between species and in all of thém an
MSH-1ike structure is present (210).

The existence of new potentially active peptides in the

structure of the POMC is the subject of much 5nterest. In order

Z
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to obtain 1nf0r&ation about the nature of the pep;ides related to
the N-te?mina]fportion of the POMC, we dissected fresh porcine
pituitary glands into the anterior and neuro%ntermediate lobes,
and characterized these molecules in the former tissue, hoping to
c]a;ify the controversies. .

In_;his work we present the complete chemical characteriza-
tion of three forms of %he N-terfinal fragment of the porcine POMC
and of a peptide obtained after maturation of the N-terminal. It
was also possible for us to identify two sites of g1ycosy1ation

within the amino terminal one being an N-glycosylation type and

the other an-0O-glycosylation. The three forms of the amino-termi-

nal are composed of 107, 80 and 61 amino acid -residues with

respecfive apparent Mr of 21 000, 17 000 and 13 000 Daltons. as

determined on SDS-PAGE., The 1a§ﬁercis an amidated peptide and
represents the smallest N-terminal we were able tq isolate so far
from the anterior"pig pituitary. The 107 amino acid residue
N-terminal probably represents the whole qryptic segment of the
POMC up to the putative pair of basic residues sequence preceeding
the ACTﬁ sequence (18, 104, 185). Based on primary structure we
proposed thét this 107 residues molecule is processed into an 80
amino écid residues g]yébpeptidé plus a 25 residues joinjng
peptide with the removal of the pair of pagic residues -LYS - ARG
located between them. This 86 residues may then be processed to a

61 residues amidated glycopeptide.

é
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Biosynthesis of proteins and polypeptides

k3

%

- R “ -

MuchLof our kno#ledqe of sec}etory proteins is based on

their pr1mary structure as determ1ned by their am1no-ac1d sequen-

A -

) ce. The chem1ca1 structure of the secreted prote%n is then dedu-

#
ced but we cannot tell if this prote1n is the initial translation
product or if a precursor of the . secreted form is7iinitially

’synthesized.
;? Many proteins undergo a variety of specific post-transla-

' tional modifications as they acquire bio]ogic§1-activjty”Within

a

" the living organism. Such modifications include }he cleavage of

peptide bonds to convert long-chain generally inqctive precursors

<

into shorter and sometimes activé peptides (I,VQ, 3, 4). Many-

i° other mofi@igations such ds glycosylation, amidation, phosphoryla-

& -

tion and sulfation may occur on a peptide chain before the secre-
Q A" - %,

itiéﬁ of the maturation- product. )
| The maturation of peptide hormones is character1zed by the
fact that these hormones: are processed. w1tﬁ1n thewr “cells "of
origin. The prefix "Pre? has been reserved for the whole pgxm]-
tive ribosémal_ttrans]ation product which includes the signal
peptide original}y proposed by Blobel ‘and Dobberstein (5, 6).
In the signal hypothesis (5, 6) it was proposed that the initial
event 1?ading in trans]oc}fioh was interaction :éf zthe signal
sequence with a signal recognition protein (SRP) (7) present in

. the cytoplasm and may be attached to _the ribosgme (8).  When

T R
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b&top]as%iq SRP recognizes the signal sequenfe further"trans1a-
tion is prevented. This block persists untii_the nascent chain-
SRP-ribosomal compSex\reqéhes'and binds to the RER. Only then ca;
trans]atiop continue and transfer through the membrane commences.
Binding to the’ RERﬂ Eemgrane jnvolQes the- interaction of the
¢omplex with an erdoplasmic reticulum-specific SRP receptor, the

docking protein (DP) (9). .Then the b[ock is removed, translation //&

P

. .
resumes and translbcation commences. As a result of this interac-

K

tion'a functional ribosome-membrane junction is formed re§u1ting
in the formation of‘a pore through which the nascent peptide chain
passes into the qi%terna] sgace. The cleavage of prepeptides has
been postulated to occur as a cotranstational event as the nascent
peptide thaifi enters the cisternae of the RER_(}O). Many indica-
tions accumulated so far inc]dding primary and tertiary st:ucture
of the;signa] and the absence of the siéna] in the ovalbumin argue
against thg’ ssibi1ity that highly specffﬁc' converting enzymes

exist for each presecretory protein (119, ) .

- ~
3

Once the signal peptide has been removed, the remainder of

_ the molecule which may ‘undergo some modifications is designated as

the pro-pept{de. One remar;éble fact emerges from the susey of

the structures of some of(the pro-peptides characterized so far. .

"Most. contain pai¥ed .amino acid basic residues at the sites’ of

cleavage (12) and it seems that arginine rather than lysine is
preferred on the “carboxyl side of the pair (13). This hypothesis

is confirmed in the case of the pro-insulin (14), pro-gastrin .

v
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(41.

(15), pro-somatostatin (16), pro-glucagon (17), pro-opiomelano-
cortin (18), pro-enkephalin (19), pro-parathyroid hormone (20) and
pro-albumin (21).

Some of the conversion of »the pro-hormone to the active

form of the molecule seems to occur into the cysternal space of

the RER in its transport to the Golgi apparatus (22, 23, 24)., The

nature of processes involved in the pro-hormone conversion is far

from fully resolved. During the biosynthesis of functional

proteins stepwise modification of the, primary translation products

‘often occur such as proteolytic cleavage, glycosylation and

hydroxylation which must be carried out by enzymatic systems
Tocated near the ribo§9me membrane( junction (25-29). Other

modifications such as removal of -peptide ségments, addition of
7 \\Mv -

—

peripheral sugars to the oligosaccharide core added contransla-
tionally, phospﬁory]at?on or sulfatation can follow (30-35). Two
such modifications are of particular interest for this work:
covalent addition of oligosaccharide residues and their subsequent
ﬁaturation (36) and the proteolytic cleavage of the polypeptide
backbone pf a protein (37).

The, dolichol-bound oligosaccharide core }s located in the
endoplasmic reticulum (38). This initial oligosaccharide core is
rich in mannose and undergoes one or more obligatory trimming
reactions before further coupling of sugars unique tolspecific
g]ycaproteins (39) is seen. Presumably these reactions occur
later in the secretory pathway through thq smooth endoplasmic

s -
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,réiicu1um and qud% fractions. Dunpgy;gg_gl. detected q1pha-1.2-
mannogidase activity, an enzyme involved in"o]igosaccharidé
trimming, 1in .Golgi-like membranes (40). A trypéin-]ike b;afease
activity wasﬁ?ound in ﬁhe nascent granuies iﬁcthe Golgi apparatus
(41). A chymptrypsin-]ike~activity was also described in some
graﬁu]es (42). So Within the mature granu]és a mixture of fully
processed, partialiy-processed and eventually non-processed

precursors _ekists. The mixture will be released into the

£

extra-cellular fluid where, in some cases, maturation of the

peptide may continue.

Chemistry of ACTH and related peptides

7

; . .
‘Adrenocorticotropic hormone (ACTH)

\

The pituitary ﬁﬁand contains a complex mixture of cell:

types synthesizing aqd secreting_various peptide hormones. Adre-
nocort{cotropic hormon (ACTH), a linear nonatriacontapeptide,
carries vital biologic information from the anterior lobe of the
pituitary to the adrenal ;Lrtex and the other parts of the mamma-
lian body. f%is peptide, in all species studied, présentsz a

highly conserved amino-terminal sequence with species differences

in the carbOfy-terminal (43-47). ' The amino terminal portion of

the molecule contains the essential information for corticotropic
effects while the carboxy terminal is responsible for its stabili-

zation in the body (48; 49). o
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Molecular forms of ACTH

- !
s J

Evidence that ACfH is synthesized from a larger préEUFsor
has come _indirectly from radioimmunoassays of gel filtration
d.by Orth et al. (50)

¥

who showed that a cloned, functional murine pituitary adenocarci- k\\\*\fi

fractions. MTheyfirst evidence was reporte
noma ce11q1ine, AtT-ZO/D-lﬁéecreted two biologically active ACTH,
molecular forms by gel exclusion chromatographic analysis. One of
thése eluted in the same fraction as highly purified human bitui-
tqry ACTH while the larger appeared to have a molecular weight
(Mr) of about 7 800 Daltons. These two forms were immunologically

indistinguishable from human ACTH in a radioimmunoassay employing

-an antibody directed against the ACTH 1-24 sequence (51). They
\ e .

were designated "Little" and "Intermediate" ACTH by Coslovsky et

al. (52) who also described a "Big" ACTH that eluted in the void

volume of the Sephadex G-50 column and, thus, appeared to have a

Mr of” around 20 000 Daltons or more.,‘Both "Big" and "Interme-

~diate" ACTH maintained their apparent Mr when rechromatographed in

8M urea. The "Intevmédiate" ACTH was found to be the major ACTH

D W

form in at least three specjes (mouse, rat and rabbit) in which 4
by
corticosterone is the major glucocorticoid (53). . 2\

Using, the D-16v clonal line of the AtT-20 tumor cells

~Herbert et al. (54-55) confirmed that the "Intermediate" ACTH is

the predominant molecular form in tissue culture medium and that
it is 510#6qica11y active. They used a dual approach consisting

of the classica?l immunological characterization of the secretory .
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products coupled with the translational studies of the correspon-

ding mRNA in a heterologous system. In addition to.‘_,mo1ecu1ar'*"

‘'sieving, they performed a further separation with sodium dodecy

s-u1fate polyacrylamide gel electrophoresis (SDS-PAGE) and found\
three forms of ACTH, one 4,5-5,0 K- (Kilodalton) unit which was
biologically active -and another two, 6,5-9,0 K and 20-30 K which
were on‘!); mildly active. Subsequently they were able to find q
forms having ap'parent Mr on SDS-PAGE of 4,5 K, 13 K, 23 K and 31 K
respectively whén the material studied was obtained following

N

jincorporation with radioactive amino acids. Using incorporation

‘of tritiated glucosamine Eipper and Mains found that the larger

') 7
molecules, are glyco-proteins (56-60).

Alpha-melanocytes stimulating hormone (a-MSH)

. This molecule, .first isolated in 1955 (61), is composed of
the first 13 repsidues of ACTH. The primary structure of the
porc;ne molecule was determined by Harris aﬁnc:i Lerner in 1957
(62). It was later found in other species to be chemically iden-
tica]l] to the porcine molecule (63-65). The ACTH 1-39 molecule
cleaves into a-MSH 1-13 and a corticotropin-like intermediate

peptide or ACTH 18-39 that are primarily products of the interme- |

‘diate pituitary (66). Further chemical characterisaﬁion /of the’

a-MSH revealed that the amino-terminal of the molecule/ may be
either mono,>di-acety1ated or non-acetylated (67). The |acetyla-

tion of the serine portion affects the melanophore-stimulating

activity or may have other functional sianificance (67).

—~
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~  Corticotropin-1ike intermediate /1obe peptide (CLIP) /

/ /

.
This peptide consisting 'of residues 18/29 of ACTH (68) was
/
first isolated in 1974 by Scptt et al. (69)./ Based only on prima-

ry structure analysis, At was suggested that both o-MSH and CLIP

are maturation peptides of ACTH (66). ./ Immunocytologic studies

have demonstrated thaf ost of the cells of the intermediate lobe
/

étained sf}onq1y yit antisera{ crossreacting 'with the 17-39
portion, of the molecyle but much less so with an anti-ACTﬁ 1-24
j[antiserum (705. Physiological studies demonstrated marked discre-
/ pancies in bioactive versus immunoreactive ACTH content of the
neﬁrointermgdiate lobe with much Tlower bioactive content (71).
From these studies it is suggested that the processing of the ACTH
molecule in the anterior lobe differs from that in the interme-

diate Tobe (66). It was proposed that in the intermediate lobe,
ACTH was cleaved into CLIP and a-MSH whilé no such cleavage occu-
red in the anterior lobe. In support of this last hypothesis, one
can point‘out that o-MSH and CLIP are found only in very small
amounts ;n the adult human pituitary which lacks an intermediate
lobe (72). Pulse and pulse-chase experiments however have not
proven inconclusively that CLIP is produced from such a cleavage,
nor that it is formed as a separate entity and in 1érge amounts in
the intermediate lobe of the rat pituitary (73). Many chemical
g forms of CLIP have been iso]atgd by high performance 1liquid

chromatography (HPLE) by Bennett and coworkers (74). These forms °
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include post-translational /modifications as. phaosphorylation and
glycosylation of the molecule.

Thé human fetal pituitary, which has a pars intermedia,

contains, in addition to ACTH, 1large concentrations of material
resembling u—MSH~and CLIP (75). The ratio of a-MSH and CLIP to
ACTH seems to be related to the onset of parturition, for at this
point, there is a dramatic decrease in the ‘relative amounts of
CLIP and a-MSH with a concomitant increase in ACTH. These authors
associate this switch in peptidé;synthesis in the fetal pituitary
at term with a functionally related metamorpho§is of the human
fetal adrenal gland, CLIP and/or o-MSH being the tropic hormone

for the fetal zone of the adrenal cortex. Another potential

.biological activity for CLIP has been reported whjch involves the

porcine molecule or synthetic ACTH 17-39,. in the genesis of hyper-

insulinaemia in obese mice (76).

Beta—]%potropin, gamma—]ipoiropin and B-melanotropin

s

Preliminary indications that the pituitary gland contains
lipolytic supS{;;:;; were found in the early thirties (77). The
complete chemical characterization of two of these factors was
first done in ovine pituitaries by Li et al.-in 1965 (78),
Chrétien and Li in 1967 (79), and later reviewed by Graf and Li in
1973 (80). These mo]ecuies were calied beta- and gamma-1ipo-

tropin. The former consists of 91 amino-acid residues of which

2
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the first 58 residues comprise the sequence of gamma-lipotropin

-(79). Gamma-LPH contains at its COOH-terminal the complete struc-

ture of beta-melanotropin (B-MSH), a substance isolated from the
pituitary in a number of species. The first primary structure -of
this molecule was published in 1956 (81-82). A11 non-human B-MSH
iso]até;rto date have 18 residueg? which correspond to the sequen-
ce 41-58 of  their homo]oéous B-LﬁH's (81-87). Human,B-MéH seems
to have 22 amino-acid residues which corresponds to resjgues 37-58
of human B-LPH (88-89). It is however still difficult to deter-
mine whether this 22-residue peptide is a natural or a dégraded
product. Extraction procedures of human pituijary using diluted

acetic acid generated B-MSH immunoreactivity with elution charac-

teristics on gel filtration consistent with molecular forms the

"size of B-MSH and a concomitant decrease in LPH fractions (90-

91), These authors thus concluded that human B-MSH found in
earlier studies had been an artefact formed during extraction® at
pH values which aid not abolish enzymatic activity. This
hypothesis was mﬁ1ed out by Chrétien and Gilardeau (92) when they
showed that B—L?H is not broken down chemically or én}ymaiica11y
during fhe isolation process used for the isolation of B-MSH,

The complete primary structure of human B-LPH was published
in 1972 (93) four years after its isolation (94). Some revision
of its structure was done by Li and Chung in 1976 (95). Compari-
son of the structure of LPH revea1ed.that the 35-residue amino-
terminal shows greater heterpgeneity among species than the %er-
boxy-termina]. This observation indirectly suggests that fhé

NHo-terminal region may not carry a specific biological function.

N
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Based on the pximar& structure of these molecules, Chrétien
and Liﬁgroposed that the two smaller peptides y-LPH -and B-MSH are
formed from B-LPH by a specific proteolytic cleavage\(i?).w They
proposed the theory that B-MSH could be derived from B§LPH“ by
enzymatic cleavage with the i%itia] production of y-LPH as an
intermediary. To strengthen this hypofhesisl Chrétien's Qgroup
startedla series of in vitro labelling experiment! in fresh whole
bovine pgtuitary glands (96-99). These experiments showed the de
novo bioéynthesis of B-and vy-LPH but the authors were unqb]e to
1so1éte newly synthesized B-MSH. ' Chrétien stated that it might
well be itrue that human B-MSH contains 18 residues and that the 22
amino-acid molecule is -either an intermediate in the maturation
brocess or else an artefac;\of purificationA(Bl). Inzorporation
studies in human fresh pituitary glands VWith complete chemical
chracterisation of immuno-precipitable material with a speci%ic
antibody will be needed to solve this problem. Seidah et al.
klOl) have shown that rat B-MSH is different from other mammalian
ﬁfMSH because it lacks methibnine7. Some further characterisation
carried by Robert et al. (54) has shown that Lys6-Met7 sequence is
replaced in the rat by Arg5-Va17. Still in the same species
Seidah et al. (101) and Gianoulakis et al. (102-103) have demons-
trated that the amino terminal of the rft y-LPH is different from

that of other species. Complete nuc]eofide sequencing of the rat

gﬁnomic DNA coding for the common precursor of the ACTH/LPH

‘carried out by Drouin and Goodman (104) have shown that: the
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predicted rat B-MSH‘sequence is similar to that of bovine B-MSH
but it does not have the pair of basic residues that precedes the
bovine sequence. These authors concluded that unless a different
type of processing {s involved in the rat, the only B-MSH sequence

that could be produced would be the amino-terminal fragment of 38

residues (v -LPH) -and the B-LPH,  as it was proposed in man by

Bloomfield et al. (91). As related to the biologic properiies of
B-LPH, it has been 'kriown for a long time that the melanecyte
stimulating and lipolytic activities of the parent molecule are
due to the B-MSH region (residues 41, 58) of its structure (105,
106). Lipolytic activity was estimated by the -release of free
fatty agid from perirenal adipose tdssuei;of rabbi}, in Xilﬁgz
exposed to different fragments ofathe B-LPH ﬁo]ec&]e (94). Amoﬁg
other biological activities of beta-and gamma-LPH Qhere }gz %ndqc-
tion of hypocalcemia (107), hypercoagilability (1QB); qlucose
oxidation (109, 110) and ;timu]ation of stretching anﬂ yawninqr

(111). In most ¥nstances PB-MSH was 50-100 times more .active than

either of the LﬁH's. .- -

B-LPH precursor hypothesis

The isolation of y -LPH by Chrétien and Li (79) provided .a
molecule possessing the structure of -an intermediate product

between two other known substances, B-LPH and B-MSH. At the time
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they proposéd that a larger mother molecule, in this case B-LPH,
is synthesized and Tlater enzymatically sp]ita into smaller
fragments in the pituitary cefls. This hypothesis was based on
primary structure evidence® Concomitant wifh this observation,

3 o

Steiher et al. working on the biosynthesis of insulin, another

peptidic hormone, published that the active insulin was synthe-‘\

sized from a larger and relatively inactive precursor (112) they
calfed pro-insulin. This latter molecule was compﬁéte]y sequenced
in 1968 (114, 113). Comparison of the structure at the postulated
sites of cleavage in B-LPH and in pro-insulin added strong support
to Chrétien's working hypothesis, namely that a pair of basic
amino acids is p;esent at each side of the cleavage. Such strong
leads directed Chrétien's group to concentrate their efforts on

the biosynthetic processing of‘B-}PH in bovine pituitary and in

rat pars intermedia cells. .

Endorphins

The fact that morphine produces  analgesia in animals by

' binding to a specific receptor led to the searchj&of endogenous

morphine-like substances in mammalian brain extracts. Criteria
essential to the demonstration of specific binding to opiate
receptors in neuronal membranes was proposed by Goldstein et al.

in 1971 (114). .Two years later Pert et al. {115) and Terenius et

e
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al. (116) succeésfu]Iy demoristrated the pfesence of stereoséecific -
opiate binding sites in brain tissue. Late im 1975, Hughes et
al. (11?) workiqg on pig brain, isolated, characterized and
synthesized two opiate-like pentapeptides which they named Meto-
enkephalin and Leud-enkephalin respectively. These peptides were
acfive in the opiate receptor assay and caused inhibition of— the
contraction of the electrically stimulated longitudidal muscle of

guinea pig ileum (118) amd of the mouse vas deferens (119).

Hughes et al. also noted that the structure of methionine-enkepha-

1in is identical with residue sequence 61-65 of ovine B-Lipotropin

(117, 78). In search of B-LPH from camel (Camaleus bactrianus)

pituitaries, Li and Chung (120) reported the isolation, chafacte-
rization and amino acid sequence of an untr}akontapeptide which
they named B-endorphin (B-END). [ts structure corresponds to
séquence 61-91 of B-LPH. This newly isolated peptide however wys
not-tested in opiate assay before the strucgyre of the enkephalins
became known. B-END was then rapidly obtained from porcine (121,
122), ovine (123), bovine (124), rat (125) ang human pituitaries
(123, 126).

Guillemin's group have successfully isolated and completely

‘characterized several endorpﬁin-]ike substances from pig hypotha-

Tamus-neurohypophysis extracts. These molecules were designated
a1pha-end?rphin, which are homologous with sequence 61-76 of B-
LPH, and gamma-endorphin, homologous with sequence 61-77 of B-LPH

(127-129). Smyth's group, searching for B-LPH maturation products,

4
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isolated two suhstances, one corresponding to segment 6i£87 of B-

LPH and named C'-peptides (121, 130, 131). This C'-peptide was

also iso1ated by Guillemin's group (129) and named delta-endor-
phin. - .

When the primary structure of all the opiate peptides was
aVai]ah{e; it soon became obvious that B-LPH could be the putative

precurser of many types of molecules including the B-MSH's, y-LPH,

endorphins and enkephh]ins. Structure alone could?not account to

‘explain a maturation process. Sequence homology between a smaller
peptide and’its possible parent molecule is like a still picture
from which it is.difficult to extrapolate a movie of the matura-
tion process. Other types of experiment are nébessary to prove a

causal-effect relationship in a biosynthetic pathway.

.
9

The ACTH/LPH common precursor

Before the discovery of methionine-enkephafin and the
/

endorphins, interest "in the LPH-related molecules centered on

their precurso? role since the lipolytic activity was doubtful
4

(105-111) while the melanotropic activity has ,little biological

importance. With the discovery of endorphins and their possible

role in the pain control mechanism and drug addiction, much inte- =

rest in B-LPH developed among many research groups. Careful
jmmunohistochemical studies with specific antisera to various ACTH
and LPH family of pepfides indicated ‘that scattered cells in the

pars distalis and almost all the cells in the pars intermedia of
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the pituitary contained both ACTH-related .and LPH-reTated peptides

(132, 133). Some other groups have confirmed that B-END is also

located in these same cells (134, 136). At the electron micro-
scopy;ﬂgve1, immunochemical studies indicate that ACTH and LPH are

. el -
found in the ~Same secretory granules (132). Studies on the

release of both ACTH and LPH related peptides have always indica-

ted -equimolar reaease of these peptides from normat pituitary,
pituitary tumors and ectopic ACTH produéind tumors (137-141).
Given these observations it was tentative to conclyde that the two
peptides, ACTH and LPH mu;t be synthet%zed'aé part of the same
parent molecule. This hypothes{; was presented by- the group of
Herbert in Oregon (142-144). : % \ -

- - \ h
Biosynthesis of the ACTH/LPH precursor J

[

Studies on the biosynthesis of eCTH were heavily influenced
by priorﬂﬁork defining éhe biosynthetic pathways for insulin (145)
and Bar;thyroid hormone (23, 146). PQE]iminary studies suggested
that some ACTH forms were substantially larger than ' the product
peptide. By 1973 Scott et al. (66)wsuggested that processing of
the ACTH moigsu]e differed %n the anterior and 1ntérmediate

lobes. It wa§ proposed that in the intermediate 1cobe ACTH was

cleaved to CLiPOand a~MSH while no sucﬁ&cleavage occured in the
‘anterﬁor lobe. Differential processing of B-LPH in the two. lobes

zﬁﬁas also been suggested.-by studies in whiéﬁ'B-MSH has been identi-

° -h’/(
fied in the intermediate but not in anterior lobe (72). The ratio
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of B-LPH to B-END is quite different in the two lobes, B-LPH being

predominant\in the anterior lobe whereas B-END is more important
W " T 4n the intermedi'ate (86, 125, 147, 148), S

’ — .f"‘ N .

«n

J ‘ tumour cell line AtT 20/016v-were used to.‘confirm and expand the
concept of the same precursor. High molecular weight forms of -
ACTH in these cells had been® reported (51, 52). ‘Eipper an@Maﬁ'ns
*('57)‘ using reducing agents ar;d denaturants such ’:s sodium d6decy1
Y é‘uh"ate (SDS) and 'guam'dine hydr"och’loride es-tablishe'd that these
(& ( high molecular weight forms of ACTH were not™ artlfacts
The experimental procedure of both mode1s involved radio-
active amino-acid 1ncorporat1on';fo1lowed by Jimmunoprecipitation
’ with antisera directe;i,again_st some specific region of the puta-
tijve precursor. Eipper and Mains (56, 60, 14‘8, 149) and Mains &nd
E.fpper (24, 142, 1%0 151)“havé shown by radioimmunoasg,ay (RIA)
gusing a middle ACTH antibody that four forms of ACTH- re/lated mate-
rial cou'ld be detected in AtT-20 »-ce’Hs extracts. Then- apparent
‘ molecular weight on‘SDS PRGE were; 31' 000 Daltons (31 K, 22 K, 13
' K and 435 K - this last form havmg the same apparentu:o1ecu1ar
- weight as ACTH1-39. By incorporating tritiated g]u?osamme@mto
‘ the 31 K precursor they also gstab]ished the /g1ycovi’wtein nature
’ - of this molecule (56, 60). An 8-hours pulse with tritiated gluco-
samme followed by an 1mmunoprec1p1tat1on and molecular weight
determination showed that all three high molecular weight forms of

ACTH were labeled with the radioactive carbohydrate. The 4,5 K
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y  Two /approaches both usmq the ;gouse anterior pituitary’
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ACTH gas not labeled. The three high molecular *weight forms of

JH were also labeled with radioactive mannose, fucose or galac-

_tose (149) and showed the same congistent results. The same

conclusion holds true for normal mquse andsrat pifuitary cells
(151). Further analysis based on the tt:yptic and “chymotryptic
peptides of 13 K ACTH 1.abe1ed w,ith a number of dif'ferent amino
acids and sugars, compared with both chymotrypti'c and tryptic
peptides. of 4,5 K ACTH, demonstrated that 13 K ACTH is simply a
giycoswated form of 4,5 K ACTH or ACTH!-39 and no extension
beyond ACTH1-39 could be found-(60). , .

Roberts and Herbert (133) using an mRNA-dependent reticu-

1ocyte cell-free system under the direction of mRNA from AtT-20/ (

J

Dle cells successquy isolated the 1n1t1a1 gene product contai- w

ning ACTH and LPH immunoreactivities of apparent molecular weight

"of 28 500 Daltons. A similarly sized ACTH-containing cell-free

product was observed on'translal:'ion directed by mRNA isolated from
bovine anterior, and neurointerr?ediat_e }?be‘s (153 Robserts and
Herbert (144) immunoprecipitated theirN 28'3500-Dalton precursor
with both an anti 1-24 gor§icotropin and an~¢ant1 -B- endorphm ant1-
body. Tryphc analysis of these 28 500 K corticotropinyand B-
lipotropin molecules demonstrgted the same lysine, methionine and
tryptophan peptigfs They concluded that the cell-free product
contains the sequen;:es of both ACTH and BLPH and that there is
on]_y‘lone copy of each sequénce present. The re]ative position of

the B-LPH .and ACTH in the common precursor was determilned by a

Y
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po1ysoji)runoff experiment in which<the poﬁ%&omes wére incubated

with l1abeled amino acids in the reticulocyte system in the presen-
. ,

ce Of aurintricarboxylic acid-at Otgﬁmm to inhibit chain initia-

tion (148). Results from this experiment suggest that B-LPH is

Tocated at the carboxyl teﬁﬁina1 reqién/of the brecursor andrthat

"
Vg

ACTH is .located somewhere near the middle. A1l the non ACTH non

LPH peptides appear to be located at the N-terminal to ACTH. The

spacer peptide between the ACTH and the LPH icould have a length

from O'fo less than 20 amino acids. The difﬁ%rence in the molecu-

e

lar weight of the common precursor as determined by Roberts and

Hefbert and Eipper and Mains may be due to the glycosylation of .

the molecule in the Tatter group's experimental procedure. P

-

0 This common precursor was first called 31 K precursor (54,
57), the ACTH/B-LPH precursor (18, - 142, 143, 152-156), Propio-
cortin (157, 158) and Pro-opiome1ano%atin (159) (POMC), names

which account for the structural organization of the molecule.

i

<Bdosynthesis of ACTH and related peptides

Although structural studies indicated that the POMC could

'serve as a biasynthetic precursor for ACTH and related peptides,

including B-LPH, endorphins and MSH's, kénetic‘studf%s were needed

to demonstratg more directly the role of this precursor. Tager et

al. (160) and Chrétien and Seidah (100) proposed a number of

criteria needed to be met before the existence of a biosynthetic

precursor can be established with certainty. Among these the
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intermedia (73, 163-166). .

précqrsor-product're]ationship must be established by pulse-1abe?

ling and pulse-chase. experiments, immunoprecipitation by the same

- antibody of the higher and lower molecular weights of the pepti-

des, peptide mapping of the precursor in which the fragments of

. the precursor must be found in some of the lower molecular weight

molecu]e%gnd fina]f}, and most important, the analysis of the
putative.;recursor through amino acid or nucleotider sequencing.
The fact that sets of molecules are related because of similarity
in their primary structure.or because immunostaining occurs on the

same cells. and even in the same secretory granules does not

necessarily imply that they are synthesized as part of the same

precursor (161, 162). Exberiments to determine the maturation of”

ACTH and ré]ated peptides were done in the mouse pituitary tumor

cellg” AtT-20/D16v (24, 56, 60, 148, 151) and in the .rat pars

1 k]

Processing of POMC in mouse AtT-20/D16v cells

4
- . \.. '

When mRNA from AtT-20/D16v cells is translated in an mRNA
dependant reticulocyte cell-free system the 28 500-Dalton precur-
sor containing a single copy of each ACTH and B-LPH is synthesized
(152).. Roberts et al. used an approach which‘determingd the order
of proteolytic cleavage events and the order oﬁ/aaaition of sugars
to the carbohydrate side chain. In summary, the protocol consists
of labeling the AtT-20/D16v with radioactive amino acid or sugar

followed by.an immunoprecipitation with antiserum specific to:the

¢ gy

s
s i”
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proteins further characterized by pepti e mapping.

With results from pulse Tabeling and pulse-chase studies
considered together with peptide mapping of the ACTH and its rela-
ted peptide Roberts et al. (167) were fable to describe the initial
events of the Lrans]ation and detected three forms of the precur-
sor with apparent Mr of 29 K, 32 K apd 34 K all having a similqr
peptide backbone. They also showed thal the smallest Mr transla-

.- tional form of the precursor, the 2% Kf is glycosylated. Taking
! -
f into account that the'cell-free tr

I R
; L'f%u]ar weight of 28,5 K with th

ational product has a mole-
signal peptide the 29 K glyco-

protein could represent t firsit translational product with

--excision of the signal peptide dnd addition of a ssugar side

"chain. Evidence was insufficient to conclude that the 32 K and 34

K forms are generated from the 29 K form by the addition ofgone or

two sugar side chains or by the gddition of peripheral sugars to

the pre-existing side chain in the 29 K.. These authors ‘also

raised the hypothesis that three [different precursor pr te%ns are

made each with a different amino pcid sequence (168). Proteolytic

!

/processing of>these glycoprotein leads to the formation of B-LPH

intermediates are then processed to a qlycosylated and unglycosy-
lated form of ACTH1-39 of 13 K and 4,5 K apparent Mr respectively

and two forms of the amino terminal segment of the precursor(s)
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with apparent Mr of 16 K and 18 K. ‘In pituitary cell cultures
B-LPH is then processed tb B-endorphin. This processing scheme is
valid for the muridae only since in other mammalian species such
as bovine, porcipe, ovine and human no giycosylated form of ACTH
has yet been found (18, 169, 170).

When At%—ZO cells are incubated with radioactive sugars in
presence of tunicamycin, an antibiotic that blocks the synthesis
of the Tipid-linked carbohydraéé‘ intermediate involved ijn the
glycosylation process of asparagine residues ({171<174), the
precursor proteins have an apparent Mr of 25 to 26 K. This latter

form does not pontain glucosamine be; has the same labeled tryptic

peptides as the 29 K, The mo]eculér weight difference between the
1 '

28,5 K cell-free product and the 25-26 K form made in tunicamycin
treated cells is 2,5-3,0 K and could be an indicatiion that the
size of the sianal peptide is around 25 amino-acid redidues long.
Maturation of POMC into active hormones is achieved
through proteolytic processing of the precursor which lead to

\

the format%on of B-LPH an? several different glycosylated- ACTH
intermediates. These %ntermediates are then processed to 13 K and
4,5 K ACTH and to two or more N-terminal glycopeptides. B-LPH‘is
further processed to B-END. There was no evidence that the Met-
enkephalin 1is produced through processing of the B-END in the
mousé pituitary tumor cells (55, 150,'137). Herbert et al. (168)
have demonstrated that the conversion of the POMC into ACTH and
B-LPH js not appreciably altered by b1ockinq'd1ycosy1ati;n of tWﬁ

; /
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precursor although the processing appears slower in the tunica-

mycin treated cells. In the intermediate lobe of the frog, Xeno-
pus leavis, the processing of POMC 1is altered by tunicamycin

treatment (175).

\
v

Biosynthesis of B-END in m&use pituitary tumor cells AtT-20/D16v

Eipper and Mains de%onstra?ed that ACTH 1s ‘synthesized in
the mouse pituitary tumor cells through a complex zbiosynthetic
pathway beginning with the synthesis of a 31 K Mr precursor (24).
Using the same experimental approach p;evious1y described they
later found evidence ithat f011oQinq a 15-minute pulse, cell
extragts contain only the ACTH/END common precursor. Following a_
30lm$%hte chase, an 11,7 ngndorphin molecule began to appear.
A labeled B-END-Tlike material appeared in the cell extract afté;
a 60 and before a 240 minute chase (150). Using a concomitant
1mmunoprec155téfﬁon with both antii ACTH and anti- B-END, they
showea that 23 K ACTH and 11,7 K B-END appears simu]taneous]y\and-
that following this first proteolytic cleavage step the ACTH and
B-END regions are produced. Further characterization 0% the 11,7
K fragment indicates that the B-END like material is situated as

expected at the COOH-terminal of the molecule and that the peptide

-derived from the amino terminal of ‘the 11,7 K is shorter than

B-LPH 1-65 peptide (60, 14&, 148-150). As mentioned earlier the
4,5 K" and 13 K represents the non-glycosylated and glycosylated
forms of ACTH 1-39 (60, 149)a ‘K;When all ithe ACTH and B-END

f
i
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‘ cont;Tning molecules aré\removed from samples of culture medium by
immunopr%cipitation; a glycopeptide with an apparent Mr of 16 K on
SDS-PAGE is found which should account for the non-ACTH region of
the biosynthetic intermediate or the non-ACTH, non- B-LPH 1like
region of the 31 K (149), ' , .

This peptide with a.mass of 16 K plus the mass of the 4,5 K
or 13 K fully accounts for the mass of the biosynthetic ACTH
intermediate. Ané1ysis of thgs 23 K with carboxypéptidase A and
chymotrypsin or with cyanogen bromide indicated that its carboxys
terminal region is identical to ACTH 1-39, Teaving the 16 K at the
amino terminal of the 23 K (149). By analysing a mipor cleavage
product of the POMC, the 17 K segment, they determined that the
B-LPH should be located at the COOH-terminal of the POMC and that
no sizeable peptide’extension separates the 23 K from the 11,7 K
(149).

After all components of the precursor have been put toge-
ther a working model for the processing of the POMC was proposed
maintaining that at least two proteolytic cleavages are réﬁuired
to excise an ACTH-1like peptide from POMC and that a B—END-]ike
molecule could be released from the common precursor in a single
step. However a B-LPH-like molecule appears to be an obligatory
biosynthetic intermediate in the productiﬁn of B-END in the AtT-
20/D16v. From these experiments, they also observed that the 16 K

fragment glycopeptide is secreted in large amounts by the tumor

ce]i.
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Biosynthesis 6f B-END in normal pituitary cells

Crine et _al. (176, 177) were the first to show the active
biosynthesis of B-EN%}in the bovine pituitary. Because of the
heterogeneity of the peptide families in the anterior pituitary,
the intermediate lobe, where all the cells seem to be able to
synthesize ACTH, was preferable for carrying out further characte-
rization of .the maturation p}ocess.

In a preliminary series of experiments (163) with a chase
up to 120 minutes it was shown that B-END is released preferen-
tially while B-LPH remains at a Tlow concentration. In this
paper the authors also observed that the 30 K precursor was degra-
ded into several smaller peptides including B-END and B-LPH and a
18 K peptide tentatively identified as a large molecular form of
ACTH. It.was conc]udedkin this paper that the 30 K gives rise to

the 18 K and B-LPH, this latter being subsequently cleaved almost

4 ~

'comp1ete]y into B-END.

In the same tissue Crine et al. (73) were able to charac-
terize two forms of the $ommon precursor. These molecules were
resolved by SDS-PAGE andftheir apparent molecular weight deter-
mined to be 34 K an9,36 KTrespective]y. When biosynthetic studies
were performed in the presence of tunicamycin both the 34 K and 36
K forms were replaced by a single peptide with an apparent Mr of

32 K. Analysis of the 34 K and 36 K reveals that each contains

within its sequence the antigenic determinants and tryptic cleava-

" ge fragments characteristic of both ACTH andB-LPH. It was there-

»
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fore concluded that these two forms represent two glycoprotein

variabts ;f simi1a; po1ypep£i§es differing in the number of aspa-
raginé-11nked ctarbohydrate moietigs. ,  Chase incubations also
released peptides with apparent Mr of-16 K to 20 K which were not
ﬁufther characterized. Two otger major end péoducts of the matu-
ration process héve been ch%&acterized. They have apparent Mr of
19 5 aad 17 K and correspond to the/d1ycoprote1n variants of the
amino-termiqa] fragment of the precursor.

The lower molecular weight precursor and precursor synthe-

sized in the presence of tunicamycin have a shorter half-live

(73, 175) suggesting that the carbohydrate moieties may protect

‘the precursor from proteolytic enzymes.

Futher characterisation of these two precursors’by Crine

and co-workers (165) showed that their forms are similar or iden-

" tical polypeptides differing mainly\in the number of linked carbo-

hydrate side chains. However results from these\EXperiménts did
not completely exclude the possibility that the 34 K fgrquf the
precursor lacks a polypeptide fragment present in the 36 K form.

Intracellular processing of these two precursors is very similar

giving the same non glycosylated end products, chemically charac- -

terized as being a-MSH, v-LPH and B-END.
Glycosylated peptides which appear during the processing
are the 27 K and 25 K, two "big corticotropins", produced respec-

tively from the 36 K and 34 K: These "big corticotropins" give

N
N



o

two large glycopeptide with & pargot Mr of 19 K and 17K which are

stable even after a chase qf up to 4 hours.

A

Structure of Bfe-Pro-opiomelanocortin

3

The complete structure of the common precursor was tentati-
vely determined using the protein characterizat{ﬁn approacﬁ by
Udenf;iend and co-workers (178). From camel pituitaries,‘ they
isolated two protein;, one wigh An apparent Mr of 33 K ;nd a minor
£6mponent with an apﬁarent Mr of 35 K. _ »

. Chemical charatterization of the 33 K consisting of amino

acid analysis, and trypt1c pept1de mappic indicated that - this . .

pept1de conta1ns about 245 amino ac1d ‘residues and contains the

B-LPH 61-69 tryptic fragment.

Studying the incorporation of radiolabeled ;mjno acids by

L

rat pars “intermedia cells, Gossard et a]f (160) determined the

_identity of 19 of the first "30 amino-tefminal residues of the

*

<
Ly

precyrsor.
*7‘ Another' approach us1nq mouse mRNA encod1ng for the precur—

sof’ 1so]ated fhom mouse AtT-20/Dlév tumor cell Yine as a probe for :;

in vitro incorporation studies allowed the isolation of. a transla-

tional product from which 12 of the first-26 residues were identi-

fied (168). . ‘ ‘ - ;

\ The mRNA that encodes the precursor was also purified from v )
™ , ad r

the anterior and neurointermediate lobes of bovine” pituitaries N

o

. .
(153). In both tissues it directs the synthesis of a 31 000 Mr
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Qroduct containing Qgth the ACTH and the B-END sequence (153).

From this mRNA a doubBle-stranded c-DNA was synthesized and c}oned

in Escherichia coli (154):

The nucleotide sequences coding .for

ACTH and partial]} for B-LPH reveal that on the -C-DNA a 6-base-
pair sequence coding for Tysine and ardinine 1inks the carboxy-
terminal of ACTH.'to the amino terminal of B-LPH (154). -This

experiment also indicated that B-LPH is_ located at the carboxy-

terminal of the precursor. A few months later the same research..

¥

group reported the complete nucléotide sequence of a cloned c-DNA

_ for the bovine ACTH/B-LPH pfécqﬁsor (18).

+ Fprom this sequence it was proposed that the bovine B-LPH

Fhould be 93 amino acid residues instead of 91, that there is no
peptide extension beyond the carboxy-terminal of B-LPH, that the

amino-terminal of ACTH, like the carboxy-terminal, is connected to

3 »

the adjacent peptide by the pair of basic lysine-arginine residues

and finally that a third MSH sequence is present in the cryptic

segment of the precursor. Because of the primary structure

homology between a-MSH, B-MSH and this new sequence, Nakaniski et

al. (18) proposed to name this peptide YLMSH. This tatter puta-

tive peptide- shares with- the known MSH,Ltyrosine and methionine

residues as well as the characteristic tetrapeptide sequence HIS-

PHE -ARG-TRP. These results however did not determine the exact

translational initiation site of this mRNA. Because the initia-

tion of a protein must start with a methionine, the cryptic

portion of the molecule could be 53, 110 or 131 amino acid

<
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residues, including the signal peptide, based on'the methioni;e

position determined by the mRNA sequence. The authors decided to

-;consider the methionine 110.-as the most probable initiation site.

This will give a precursor with a Mr of 29,259 Daltons including
the signal peptidg, which accor{ing to the literature should be
around 20 amino acid residues (161, 130-182). The complete puri-
ficatioé procedure™ of this mRNA was published later (183). It
consists approximately of 1360 nucleéiides with a Mr of around

450,000 and qutains a polyadenylate sequence with an average

« length of 68 nucleotides.

Within the bovine pituitary, this messenger is located both
in the anterior and the intermediate lobes and is essentially non-
detectable in eithgr\ the neural -lobe or in the stalk (184).
Results have demonstrated that the sbecific activity?of this mRNA

,is 20-fold higher in the intermediate lobe than in the anterior
giving a total activitylz-fold higher 1nlthe intermediate 1lobe
(184). )

Roberts et al. (54) isolated from mouse pituitary tumor
cells, AtT-20/Dl6v, a messenger from which a cDNA fragment was
synthesized. It is about 1200 bases, of which approximately 450
bases are not translated. The nucleotide sequence of this
fragment corre;ponds to B-LPH 44-90. These data showed that the
linkage between B-MSH and B-END is a lysine=arginine sequence.

Studies of the genomic DNA 1library for rat and human

species have led to.the complete characterization of the precursor
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in these two species. The structural organization of. the human ;:/,f

genomic DNA encoding the POMC peptide -was carried out by Cohen's

group (185).
The predicted amino actg sequence for human POMC extends

92 residues before ACTH to the last amino acid of the 5-LbH. This |

i

partial sequence has enabled identification of ‘interspecies diver-

-

. gence and conservation within the POMC. fhe length of the peptide

encéded by the POMC DNA segment extending from the 3' ‘end of a
possible 1ntgrvening sequence to the poly-A is similar in the
bovine and human species (18, 185) < 1 .

The few base substitutions that do occur fail to alter
dramatically the protein sequence. There was however some diffe-
rence found between the reported human B-LPH (95) sequence and the
predicteq\fequénce from the nugleotide. Owerbach et _al. (158)
demonstratea that the POMC gene is 1oca}ed in the distal region\qifijij>
the short arm of the chromosome Z‘in’man.

The rat genomic DNA encoding POMC was sequenced by-Drouin

and Goodman (104). The rat POMC DNA has the same overall organj-

"~ zation as the' bovine cDNA (18). "By comparing the rat sequence o

o

with those of the\bgnge and the human, they concluded that in the ‘

human and the rat, the CONA" starts encoding at the 19th codon of
thé precursor and there must be '‘an intervening sequence between B

the .amino acids 18 and 19. In these three species three domaims

of the POMC are highly conserved. They are the y-MSH, the ApTH

and the B-MSH-B-END domains.

~




“ASN-GLU-SER is h’k\eﬂy to be the site of glycosylation (148, 167).

“a_l. (187, 188) isolated- and characterized bovine

%

* . 3
M i

s l‘?ﬁcleotide saqhencjng defim‘f:e]y praved tr}at Yn the rat

A

_ACTH an .asparagine "at position 29 included within ¥he sequence

Two .;egions of POMC, ‘those preceding and following ACTH, have
diverged considerably between the rat- and bovme sequences.- In\)
the first region, the rat sequence is 8 amino ac1ds less than the
bovine with no pair of basic amino acid that dehmates —MSH, in
the secondethe rat y-LPH is-22 amaino acids shorter than ‘it/‘/s bovine
homologue (186). As in the huma‘% , mpst of the codmg regwn of
the rat POMC has only one intervening sequence (104 185)f

To complete the knowledge about this p?ecursor one needs to

-

1nvest1‘gate the protein coding sequence in its gene Nakanishi Q

i
genomic DNA .

fragments en_Qding this precursor protein and demon\s\frated that

the protein seqnence is\encoded by two _non- consécutwe DNA :
segments. An 1ntron of approx1mate1y 2 2 kilobase pa1rs separates
an exen encodmg mostly for the amino termma] 44 ammo acids i
including the signal pept1de from a second exon which ¢onta1ns the

gene sequence for most of the protein structure mc]udmg. ACTH,

B-LPH, the - amino-terminal segment of the POMC.; gmd}I the poly-A

at

tail. The larger exon is homologous in the bovAPe (1;87, 188) rat .-

. {104) and human (185) species. Structural organization of the Y

Ty

bovine precursor gene ‘revealed by nucleotide sequencing of the -
whole m-RNA-coding segments established that this precursor gene

is approximately 7300 base pairs Tong and codes for the mature

>
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RNA of 1098 nucleotides (188, 189). -The different domains of .

this mRNA codiﬁé sequence are éﬁstributed as follows: two large
introns divided the sequence inta three exons. Exon 1l encodes.for
all but the distal 20 nucleotides of the 5"untr5ns1ated sequence
and is separated from exon 2 by intron A of around 4000 base
pairs; exon 2 is separated from exon 3 by intron B of approxima-
ée]y 2200 base pairs, Most of the precursér protein is encoded by

©

exon 3 (188).

Studies i a human ectopic ACTH producing thymic carcinoid
tumor led to the identification of an mRNA coding for the POMC
" with around 1100 nucleotides length which directs the synthesis of

"+ a 38,000 Mr peptide that was reactive both with antibody to ACTH

and with antibody to B-END (156). Miller et al. (190) have
reported that the POMC eﬁgoded by “the mRNA from a pancreatic

carcinoma is indisfﬁnguish@b1e from that synthesized in a

pituifary adenoma in organ CU]tuwi

ey

Presence of a signal peptide

/

o The amino acid sequence predicted from the’ nucleotide

sequence of the cDNA coding for the bovine intermediate pituitary

<

v

precursor molecule (18) also indicates that a signal peptide - a

hypothesis proposed by Blobel (5) - is bresent;K Even though the_

- N \
complete structure of the precursor is known, it is 'impossible
to establish the exact length of the s{gnal peptide from "the

predicted amino-acids sequence alone.” This pre-sequence,* an

v

we? g
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extension of 15 to 30 amino acids that is repeved during synthesis

¥ ' of the secretory protein in the cell has a characteristic arrange-

!
ment of hydrophobic and hydrophylic amino acids (191).
The bovine intermediate pituitary, the mousée tumor- and the

& rat pars intermedia precursors are similar enough to predici° the”

signal peptidase cleavage site. In the raf: qn'automatic Edman
deqrad‘ation of the two forms of the ~common‘préc5rsor gave a
\partia1 amino acid sequence of the N-terminal segment of the
molecule (179, .1‘92). Comparison with the predicted l_)ovibe _p_zﬁg_
intermedia precursor indicates the presence of a signal peptide of
26 amino acjds (179, 192). In the mouse AtT-20/Dl6v cell 1line,
comparison of the gut'or:latic Edman degradation pf _the RNA directed
cell-free form of - the precursor radiolabeled wuith various amino
Iacids wit‘h the amino acid squcfnce of the 29 K obtained via pulse
and pulse-chase expeﬁimentsikféd to the conclusion that there
exists a pre-sequerﬁce of at least 25 residues ‘(168). Based on
this affirmation thé bovine signal peptide fits t";le usual pattern
of a hydrophilic amino-terminal region,a hydrophobic middle region
and a hydrophilic carboxy-terminal region (193-194). As in the
é;ése of the plarathyroid hormone (195) the signal peptide is

cTeaved very rapidly after or even during translation in the rat

pars intermedia where it is released withiﬂn minutes (73, 163,

-
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The amino-terminal segment of POMC

~
-

As it 1is clearly established that ACTH and B;LPH account

for only part of the mass of the precursor, a sizeable peptide

‘shouls be- present ranging from amino acid-residue number 1, after

excision oftthe signal, to the ACTH. Such a peptide, comprising
the non-ACTH noq—BJLPH portion of POMC, has been previously iden-
tified in mousé pituitary tumor’cells and in culture medium (148-
149) and its pature as a glycosylated peptide has béen establi-
shed. ™ Crine et al. (144) have also identified an 18 000 Mr pepfi-

de generated 'after a 20-minute chase in rat pars intermedia

cells., A]tﬁbuqh this peptide was not comp1ete1y.characterized it
wéé considered to be a high mnlecular weight forﬁ of ACTH because
ofiits cross reactivity with anti-ACTH antibody. Eipper and M;ins
raised an aptibody against the cryptic portion of the POMC by
injecting crude mouse tumor cell secretory products from which all
the ACTH and endorphin related material was removed by immuno-

precipitation (148-149). Material immunoprecipitable with this

antibody during pulse experiments- has an apparent Mr of 16 K andy

has been_féal]ed<”thé 16 K fragment (151). TIts real molecular |

weight as determined by gel filtration in the presence of guani-

dine‘hydkochloride is between 10 000 and 12 000 Daltons (149).
\

Basal secretion of the 16 K fragment-related material is equiva-

lent to secretion_of molecular forms of ACTH in mouse AtT-20/Dl6v

o~
~

tumour cells (150).

k\

N

¥

|

\

v

1

1



Vi

- In the early 1970s Hakanson et al. '(196-198) reported that

.the pituitary corticotropic cells contain large amounts of at

olypeptides having tryptophan in the

least three differen
amino-terminal position %h an apparent Mr of 14 000 Daltons.

J'/lée peptides are stored in the same secretory graﬁu1es '§§ ACTH

(198) and are released /with som%]ated peptides. such as

B-LPH (199),

i

Processing of the amino terminal segment of POMC _/

Pulse-chase experiments using both rat and mouse pi'&uitary
cells showed the \gradua]ﬂ maturation of the common precursor to
proceed via the initial cleavage of the carboxy-terminal B-LPH
followed by the release of ACTH, 1(=;aving an amino-terminal extgn-
sion which does not seem to undergo further maturation (102, 142,
144, 163). Further characterization in the rat intermediate lobe
has shown that during maturation of the POMC, the N-términal
portion of the molecule'is released a':; two glycosylated peptides
with apparent Mr of 17 000 and 19 000 Daltons (73, 165, 179,
200). Gossard et al. (179) repo;ted sequence heterogeneity at
posi‘tion 1 of the rat POMC g]ycopept“;'de where both tryptophan and
arginine were found (179). Results from this 1as\t experiment also
favor the hypothesis of one peptide backbone or a;fgr least a common
amino-terminal region for both previously iso1a\ted precursors.

Chretien and Seidah proposed that the presence of two different

-amino acids at position 1 suggesi:s that the rat pituitary might-

have two genes encoding for the POMC (201). Crine et al.| (200)
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proposed that the 17 K and 19 K are the N-terminal segments of the

34_and 36 K forms, respectively, of the precursor and that they
pe 3
22222?¢%i¢:ijsent end products of the maturation process in thé rat inter-

mediate 1obe.' These peptides are considered to be homologous

.with the 16 K peptide of Eipper and Mains (151). The heteroge-
neity in their selective masses is thought to be due to differen-
tial glycosylation of very similar peptides and to the poor reso-
lution by polyacrylamide gel electrophoresis for determination of
mollecular mass (73, 177, 200). Pulse experiments followed by a
2-hour chase demonstrated the metabolic stability of these N-ter--
miua]s and showed that these molecules and not the y-MSH hepta-
peptide (200) are the true biologically active species released by

the rat intermediate lobe.

Preliminary results of the structure of the N-terminal

( k\\ o Even though Nakanishi et al. predicted the complete primary
structure of bov1ﬁe POMC (18), data tdét compare whole N-terminals
between different species are lacking. In the humanﬂ(185), rat
\\04 and mouse (168) species, genomic work predicted the primary
structure of the N-terminal from the 19th amindé acid. Autometic
Edman degradation of radioactive peptides obtained from mRNA
directed synthesis in mouse AtT-20/D16v (168) and from rat inter-
mediate lobe labeled peptides (179) allowed a comparison of these \
peptides with the predicted bovine sequence (18).  Sequence data

showed that good homology between the three structures begins at
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positisn 27 i.e. the first residue after removal of the‘signal
peptide (179). Some of the difference between the bovine and the
rat N-terminals are non-conservative such as substitution of
phenylalanine for glutamjc qcid at residue 3 and tyrosine for
glutamic acid at residue 14 (179). Nevertheless there is a great
homology between the three species studied so far.

Preparation of milligram “amounts of 16 K related material
was performed by Keutmann et al. (202). They found that this 16 K
fragment when chromatographed on G-75 Sephadex in 6'M’quanidine
HC1 was resolved into two proteins with molecular weights of
12 500 and 10 200 Daltons. FEach protein has an apparent Mr of
19,8 K and 17 K on SDS-PAGE. Based on analysis of trypfic
fragments obtain;d ffom tﬁe separated 17 K and 19,8 K, they
concluded that these ‘peptides are indistinguishable. The cause
for size and charge heterogeneity may be engained by differénces
in carbohydrate side chains and/or micro-ﬂeterogeneity within the
peptide backbone (202). A preparation of a 16 K fragment was
labeled with tritiated iodoacetic acid and the peptide submitted
to automatic Edman degradation for 29 cycles. Counts were
released at cycles 2, 8, 20, 24 as predicted by the bovine cDNA
sequence (18). In this same experiment tumor cells were incubated
with tritiated tryptophan and the labeled 16 K peptide submitted
to sequencing. ﬁesu]ts.c1ear1y indicated the presence of trypto-
phan at cycle 1 only for the 19 cycles performed.

k3

Further characterization of the non-ACTH, non-LPH segment of
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the POMC was performed by Hakanson et al. (203) from fresh pig
whole pituitaries. This group had already isolated and purified a
family of peptides having the common feature of a tryptophan at
tﬁg amino-terminal (186-189). Automatic Edman degradation of one
of these peptides with an {11 000 Dalton apparent Mr peptjde as
determined by gel filtratilon, which had not been recognized by

antisera either to ACTH 1-24 or to o-MSH, gave the sequence for 33

out of the 35 first amino|acid. residues of the molecule (203).

The amino acid composition of this peptide established that it is
made up of 103 residues and clearly demons;rated the presence of
glucosamine and galactosamine. Sequence homology between the
predicted sequence of bovine cONA and that of this peptide showed
it to correspond almost exactly to the amino-terminal of the
bovine POMC. The differences may be ascribed to the fact that two
animal species are in consideration. The apparent Mr of this 103
residue peptide on SDS-PAGE is a little over 15 000 Daltons.
Praliminary characterization of the human homologous pep-
tide was carried by Chrétien's group (2045. From whole pituitaries
they isolated a peptide with an apparent Mr of 18 K. Automated
microsequencing of this peptide labeled with 14c-jodoacetamide
allowed the identification of cysteine residues at cycles 2, 8, 20
: énd 24. These are exactly the cysteine positions that would be
expected for the bovine POMC (18). The total amino acid composi-
tion of 'the purified peptide gives a totgl of 103 aminv acid resi-

dues (204). As in the case of the porcine N-terminal, the human
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" N-terminal does not cross-react with antibody to ACTH 1-24. Amino
acid q%mposition of tr&ptic and chymotryptic fragments of the
human N-terminal, cross-reactivity with the bovine synthetic y-MSH
raised antibody and co-elution of somel tryptic fragments and
synthetic v -MSH on HPLC indicated that this 18 K Mr peptide
contains within its structure the v-MSH (203). A more advanced
characterization of this peptﬁde was performed by Seidah et al.

- (205). Direct sequencing o% the first 40 residues showed only 2
substitutions with the bovine homologue and about 95% sequence
- - homology (4 variations) within the first 70 residues between the

.two species. The majority of species differences occurs within

'the C-terminal 24 amino aci1d residues. The authors also concluded
that the y-MSH sequence is maintained, and proposed the asparagine
65 as a probable site for glycesylation (205). Af the same time
Guillemin et al. (206) isolated from bovine pituitaries, three

" peptides which cross-reacted with y-MSH antibody with apparent Mr
of 13 000, 8 800 and 4 500 Daltons. They proposed that the native
y-MSH-11ke peptides contain carbohydrgte which can be linked to
the asparagine at site 65 and and/or at the serines 67, 68, 69, 70
(206).

Amino acid sequence of a crude preparation ;f 16 K from

mouse AtT-20/D16v cells allowed the assignment of 27 of the first

29 residues as %éll as threonine 32 and alanine 34 (207). The

{
presence of metvﬂonine at site 27 as proposed by HeBbert et al.

(168) was not confirmed (207).
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. " Purification and characterization of the _peptide

/{SN-termina1 isolated from the anterior lobe of porcine pituitaries

v A ",
\ -
\\\

(208) estimates an amino acid composition of 103 residues, with

3

the presence of glucosamine and galactosamine. Based on the -
tryptic digest of this peptide, two glycosylation sites.
were proposed, one at threonine 45 and a seéond at asparagine 65

(208). The complete sequence of the y-MSH is also present within

- the molecule.

Complete primarylsequence of the N-terminal segment of POMC

>

Complete chemical characterization of the :amino-terminal
segment of POMC was achieved in the human and porcine species. In
the human pituitaries the major secretory peptide of the cryptic
portion of the POMC consists of 76 amino acid residues (209).
Within this peptipe there are two sites of glycosylation, an
0-g1ycosy1at16n at threonine'45 and an N-glycosylation at aspara-
gine 65 (210). There are also two disulfide bridges, one between
cysteine residues 2 and 8 and another between cysteine residues 20
and é4 (210). ,These works clearly demonstrated the presence of
v-MSH sequence within the human N-terminal (209-210).

4 In the porcine species the N-terminal is a slightly longer
glycopeptide with 80 amino acids an%, again, 2 sites of glycosy-
lation (208, 211). In this species the y-MSH sequence 1is also

present within the N-terminal.
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Presence of a joining peptide between the N-terminal and ACTH
within POMC

Based on the nucleotide sequence of the human genomic DNA
encoding for POMC (185) and on primary structures obtained from
Edman degradation of the N-terminal (210-211), it was deduced that
the segment ranging from tryﬁtophan residue number one to the
expected glycine located befo;e the LYS-ARG dibasic residues and
preceding ACTH should be 109 amino acid residues. The isolation
of a 76 residue g]ycopept%de which according to the predicted gDNA
sequence is followed By a LYS-ARG sequence in. the POMC molecule
indicates the presence of a peptide which s:§L1d be 31 residues
;ong after removal of the dibasic residues préceding and following
it (12, 13). Such a peptide wag)isolated from human pituitaries

(212). Because of its location within the whole cryptic fragment

of the POMC, it was named the "Joining peptide" (212). An

* homologous peptide was isolated from porcine anterior pituitaries

(213). It consists of 25 amino acid residues and its identity is

based on sequence homology- between bovine (18), human (195, 209,

210, 212) and murine species (104),

Characterization of mu1t1p1e forms of;LbEﬁpquIne anter1or
pituitary POMC N-terminal glycopep}ide

, Chromatography on a molecular sieve column of the porcine

N-terminal glycopeptide resulted in the isolation of three forms

of the molecule with respective apparent Mr of 21 K, 17,5 K and
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13,5 K on SDS-PAGE (214). Determination of the amino acid
composition of each peptide revealed that the f;,é K corresponds
to the PNT 1-80 (211). The forms with’Mk of 21 K and 13,5 K
cérrespond respectively to Tlonger aﬁé_ shorter forms of the’
N-terminal glycopeptide. The high molecular weight form contains
107 amino acid residues. Sequencing of the fragments obtained

after cleavage of the 21 K with Myxobacter Lys-C protease

indicated that an extension of 27 amino acid residues is linked to

‘the 17,5 K throuah a LYS-ARG seqdence. The 13,5 K corresponds to

the first 61 residues of the 17,5 K. Pronase digestion of the
peptide and dansylation of the digest revealed the presence of

phenylalanine amide at position 61 (214).

Biological aéfivity of the cryptic seqment‘of POMC

Now that it has been clearly established that the ACTH

related family of peptiaés is biclogically processed from a common

> 2
g

rBrétursor and that many of thesgp peptides have a specialized

biological activity, it is of interest to consider a possib]e
fbnction for the amino—termina1 segment of POMC. Sequence homolo-
gy of the N-terminal between species (18, 104, 155, 210, 211) and
conservation of the y-MSH sequence (18, 104, 155, 204, 210, 211)
cauld indicate a possible Qbio]ogica] funcfion as a chemical
messenger wiﬁhjn mammalian species studied so far.

Preliminary reports show a correlation between the occu-

rence of immunoreactive calcitonin and immunoreactive ACTH in
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hormone prgduciﬁg tJmors (215, , 216). Immuno-histochemical

staiqing/ﬁas shown the co-existencé:of these two hormones in the

~

same cells of the anterior and intermediate pituitary (217, 218).

" These observations suggest that the sequence of calcitonin is part

of the common precursor to ACTH énd B-END (142, 149, 150). Weber
et al. (219) demonstrated that neither the 16 K fragment nor its
tryptic fragments contain antigenic determinants against calci-
tonin-antiserum and they concluded that calcitonin is not contai-
ned within POMC. =

It has been proposed that the fahns of ACTH secreted by the
pitﬁitary determines the type of glucocorticoid produced by the
adrenal glands (220). To verify this hypothesis Gasson )(221)

incubated cortical adrenal cells in the presence of high molecular

‘weight ACTH and ACTH1-39. A11 high Mr ACTH, including 31 K, 23 K

e

t
‘

and 13,5 K are capable of stimulating the same maximal level of

sterQTdogenesis as human ACTH1-39. Nevertheless the 31 K and 23 K

forms are respectively 300 and 100 fold less potent than native,

ACTH, Glycosylated ACTH is equipotent with non-glycosylated

ACTH. A1l of %the dififerent forms of ACTH stimulate the synthesis

of corticosterone and related steroids without significant produc-
tion of cortisol or aldosterone. This author also observed that

the 16 K did not stimulate or interfere with steroidogenesis.

i0ther in vitro observations on fetal sheep adrenal cells show that

A

o <

figh Mr forms of ACTH block the action of ACTHL-39 (222, 223).
: N
Guillemin's group (224) chemically Synthesized four possi-

kble y -MSH peptides derived from the proposed bovine nucleotide

i1

-
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sequence (18) named acetylated-y]-MSH, y1-MSH, y2-MSH and y3-MSH.
¥

! . Bioactivity of these peptides determined in-an in vitro MSH assay

was very weak compared to that of the vy —=MSH. None of these

v

peptides was able to release anterior p1tu1tar_y glycoprotein, FSH

WH% at e a-dose as high as 100 ng. An ant1bod_y

I

was raised against y3-MSH-— Q\Ml?wed the - 1dent1-*F1cat1gn

*of three~ immunoreactive y-MSH peptides in bov1n\hvi\e~pituiry

extract with apparent molecular weights of 15 K, 8 K and 4,5 K.

The presence of y-MSH in plasma was not reported by these iaufhors.

o Pedersen and Brownie (226-227) uséd 16 K .isplated from
mouse AtT-ZOQ/’\D?16v and 16 EK ’tryp'éic fragment and observed ‘that

// b tr;ptic fragments, more than the native peptide, potentiate,the
/7 “ - action of ACTH 1-24 which results in an increase in serum corti-
* costerone concentratior‘w. Using purified porcine N-terminal 1-80
glycopeptide from Chrétien"s group, Lis (228) demonstrated the

release of aldosterone by a human adrenal adenoma in vitro. The

human homologue was ev*aluated under the same experimental

conditions by Chrétien et al. and showed to be equipotent with

porcine Ne<terminal and ACTH in stimulating the re’leasé of aldoste-

rone from a human aidosteronoma in vitro (229). The possibility

.that primary hypera1dqsteron1'sm could be 3\re'la ed to q\pituitary

* adrenal dysfunction was raised following these observatior\l\s\\5230).
E The human N-terminalj_7e glycopeptide which is inacti?/e in

i . . .
b I . 3
maintaining adrenal weight and possesses weak melanotropic activi-

* ° ty (231) has recently been found to potentiate the ACTH-induced

.
~%

&

© e e e v
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sécre{ion 6’"1": gluc‘ocgrticons ;nd mi'n'era1ocort1"con:§‘ from the
édyena] cortex by%né\r;easing RNA synthesis (232, ‘233);'““Estivar1'z
iﬂ.- (234) described) the situation where thé N-terminal regign
- of the POMC and ACTH, provides a variety of peptiides capable of
affecting different- aspects of the adrenal cortex. Human N-termi-
na11_243, _hN- term'ma]z 59 and ACTH stimilate DNA sy:thes1s, hN-
termma]l 75 potentvates tbe action of ACTH by increasing RNA
-synthes1s (232-233), 1hN term1na151 76 activates cholesterol ester’

[l

hydro]ase (227) requw&for the initiation of cort1coster01do-

7 proteolytic cleavage of the circulating inactive precursor~-{(hN-
terminall-76) at the adrenal gland is the major mechanism of

{ / control of compensatory growth. '
*

~

" As mentioned earlier, POMC re1ated peptldes are synthesized

C botf; from the anterijor and intermediate 1obe give r1se to a var1e-

N 2

» ty of corticotropin and me]anotropm-related peptides- (236) but

the N-terminal -unlike the rest of the POMC is only. partially
. ‘ S
processed, at least in the rat (166). Bromocriptine and dexame-

"+ thasone were used to respectively inhibit secretion from the pars

“intermedia and pars distalis to determine the source of peptides

cs

. involved in compensatory adrenal growth after unilateral adreno-
lectomy (235). Results obtained in this experiment suggests that

the N-terminal and ACTH related peptides :o‘f the pars intermedia
/

are mitogenic in the adrenal whereas that the pars distalis

corticotrope is the pfimary source of peptides <involved in adrenal .

— N L
a, -

ppe— . o

genes1s Lowry et al. (235) reported that neur/a’ﬁ_y mediated Vv



' parallel with plasma ACTH (237). Similar results were sui:quen-—
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w
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hypertrophy and hyperplasia (235). These authors suggest that

‘allrenal hypértrophy and adrenal hyperplasia are - mediated by
|

neural activation of proteolytic activity, which cleaves the

-

N-terminalj.74 to give rise locally to N-terminall-48 49, an
adrenal mitogenic hormone, ',“and N-termina]so-m an adrenal
hypertrophic :hormnone. The whole N-terminali-74 is considéred as

b

being an adrena] grogth factor (235).

Measurement of N-terminal of POMC in p]a'sma

A radioimmunoassay developed against mouse 16 K . proved
suitable to detect 5th1's jmmunoreactivity in humq‘n piasmd and was
used to demonstrate that a pep'tide sim’i}ar to 16 K varied in
tly obtained by Hope et al. (238) using a radioimmunoassay Wirec~
ted toward purified human N-terminal. Other groups reported that
IR-Y3-MSH, us’inq a radioimmunoassay developed against chemically

synthesized Y3-MSH .was p}‘esent in human plasma but neither its

1 exact nature nor the possible cross-reactivity of the human N-

terminal was adequately dssessed (239-241). Bertagna et al. (237)

using three different radioimmunoassays directed toward Y3-MSH,

. hN-terminal, and ml6K, showed that immunoreactive Y3-MSH is indeed

identical to hN-terminal in pituitary-derived materials.

" Chrétien et al. (242) using a sensitive and specific homologous

radioimmunoassay for hN-terminal demonstrated a strong correlation

between IR-hN-terminal and IR-ACTH. in plasma of normal subjects

Ve
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during 3nsu1in—induced hypoglycemia as well as in plasma of
patients with various disorders of pituitary-adrenal axis. Their

-résults also indicates that hN-Qgrmdna11_j5 is the predominant
a ll

circulating form in human plasma (242). Mépn basal immunoreactive

.

thtermina1‘in normal subjects was less than or equal to 100 pg/ml

(242),
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\\\ Porcine pituitaries

’

' Fresh porcine pituitary glands were obtained from a local
abattoir during the months of June, July and August. The animals
éonsistinq of females and castrated males in equal ratio were
between 5 and 6 months old and weighed %3nund 100 kilos. They
were killed by electric shock or narcosis with carbon dioxide,

followed by exsanguination through the anterior vena cava. Within

30 minutes after death, the animal was decapitated and the head
was cut either sagitally (fig. '1A) or frontally (fig. 1B) to
expose a large part of the brain atf adjacent structures. The

encephalon was removed leaving the pituitary in the sella turcica

on the floor of thg §ku11. The whole pituitary was then easily
removed with a smafl‘dissection spatula. The pituitaries were
immediately dissected into the anterior and neurocintermediate
“lobes (fig. 2) and frozen either on dry ice or in liquid nitrogen
when avai1ab1é. This material was kept at -60°C until extraction
of the proteins, which usually took place within one week after

collection.

\
¢ Histologic examination of tissues
4 o

Aop

Some freshly dissected anterior and neurointermediate<lobes
were immediately fixed in 10% formaldehyde for 72;h66rs. The

tissue was then embedded in wax, cut in 6 i;)g'ces and stained

~* with hematoxyline, ~ //////

~

"

X
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Figure 1.

Schematic representation of the section of the pig's
jacent st \uctures
3

head used to- expose the brain and a

1.

lex.
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«_Intermediate ., o
lobe

Schematic Representation of the Pig Pituitary.

Figure 2.

a

Schematic representation of.the pig pituitary.
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Protein extraction procedure

A
i
i

~“ The preliminary steps of this technique were maih]y perfor-
med according to the procedure developed by C.H. Li and co-workers
for the purification of ACTH and B-LPH (49). The anterio} Tobe
was extracted in €,2 M HC1 at 4°C in the ratio of 7 mL acid to one
gram of frozen tissﬁe. The mixture was homogenized with a "poly-
tron" for, ten to fifteen minutes, until it took on the appearance
of a rich pink cream. No enzymatic inhibitor was used. The homo-
genate was then diluted in technical grade acetone containing 25
mL HC1/L at 4°C in the ratio of 3 mL acetone by mL of homogenate.
The ﬁixture was kept stirring for one hour, then centrifuged for

30 minutes at 10,000 rpm. The supernatant was then poured into

=y

five times its volume of -20° C technical grade acetone. The
.

s
ki

proteins were left té precipitate for 16 hours at 4°C without any
stirring. The proteins settled to the bottom of the jar, and
after aspiration of the supernatant, were solubilized in water.
The pH of the solution was adjusted to 3,0 with 5,0 N sodium
hydroxide. Then a first precipitation in 6% sodium chloride
solution was performed. The ;eaqtion was left to continue for 12
to 16 hours at 4°C and the mixture was centrifuged for 30 minutes

at 8 000 rpm. The precipitate, called the "Prolactin Fraction",

r
H

was separated from the supernatant and then saturated with crysta-
Tine NaCl at the concentration of 360 g NaC1/liter of the superna-
tant. This reaction was also left to continue for 12 to 16 hours

at 4°C.

Vi
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The mixtureAwas then centrifuged for’ 30 minutes at 8 000
rpm, the supernatant was discarded and the precipitate, which®
contains many of the ACTH refated peptides, was desalted by ultra-
filtration through a 500 Mr cutoff dialysis membrane. The retai-
ned material in the ultrafiltration cell will be designated

throughout this work as "fraction D". \

1

Carboxymethylcellulose chromatography

v

The material already defined as "fraction D" was chromato-

graphed on a cation exchange resin, carboxymethylcellulose CM-23

from Whatman Scientific., The resin was equilibrated in 0,01 M

ammonium acetate pH 4,6 and filled in a chromatographic column of
16 ecm x 100 c¢cm. A1l chromatography was performed at 4°C. Wek
usually poured 10 mg of°"fraction‘D" per milliliter of resin. The
proteins were dissolved in the starting buffer to a concentration
of 25 mg/mL. The column was eluted with ammonium acetate in a
gradient of salt from 0,01 td 0,2 M and a gradignt of pH from 4,6
to 6,7. The mixing flask filled with the starticé\buffer was
equal to ten times the volume of the resin.

The first step of the chromatography consisted of elution
of the proteins with ammonium acetate 0,01 M, pH 4,6, for 2 times
the bed volume. The unretained material was identified as "Peak
A", The elution gradient was then started ang consisted of ammo-

0 .

nium acetate 0,1 M, pH 6,7 for six times the volume of the resin.

In the third étqge the elution gradient was finally increased by
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adding ammonium acetate 0,2 M, pH 6,7 to the mixing flask, for|six

1

times the bed volume. Fina]1y the resin was washed in 1 M a#ﬁo-

" nium acetate pH 6,7. The volume of the collected tube was equal

, i .
to 0,075 times the bed volume. Absorbance was usually read-at 280

nm. Fractions corresponding to elution peaks were collected ang

lyophilized three to four tjimes.

Molecular sieving

H

Most of our molecular weight separation procedure was per-
formed on a Sephadex G-75 superfine dextran gel .from Pharmacia.
The column was 160 cm long by 1,25 cm diameter filled with 180 mL

resin swollen in 1 M acetic acid. The calibration kit from Phar-

. macia suitable as standards for molecular weight determinations of

globular proteins b& gel filtration contain the following markers:
Dextran 2000, Ribonuclease A (Mr 13 700), chymotrypsinogen A (Mr
25 000), Ovalbumin (Mr 43 000), Albumin (Mr 67 000) and finally
radioactive jodine as a salt marker for determination of the total
volume of the filtration bed. The eluent buffer was 1 M acetic
acid and the volume of the fractions was 0,5% the volume of thé
fi]trngon bed. The absorbance of each tube was read at a wave-
length '280 nm. The experiments were performed etther at room

temperature or at 4°C.
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‘High performance 1iquid chromatography

°

-~r

High performance liquid chromatography (HPLC) was| used for
determination of phenylthiohydantoins (PTH) and for purﬁffcation
procedures of many peptides throughout this work.

We had at our disposal two systems, one from Waters Scien-
tifjc and the other from Beckman. The Waters model 204 1liquid
chromatograph included: two model- 6000A pumps, a Model UBK injec-
tor, a waters intelligent sample processor (WISP), a‘Watgrs 720
system controller, a Model 450 variable-wavelength detector and a
Mode]l 730{data module. The Beckman system consisted of two Model
100A Preparative pumps, a Model 155-40 variable-wavelength detec-
tor, a Model 421 CRT controller, a'Model 210 samp}e injector and a
Qaters Model 730 data module. Two types of co]um;s were used, one

for PTH determination, an Altex 5 p ultrasphere ODS column kept at
[+

45°C in a water jacket, and one for peptide purification, a Waters

u~-Bondapak C18 (30 cm x 4 mm) analytical column run at room tempe-

rature.

HPLC solvents for peptide purification

Triethylamine phosphate buffer (TEAP) was obtained by
bringing the pH of 0,2 N phosphoric acid to.3,0 with triethylamine
(Pierce). The aqueous buffer, consisted of 0,02 M TEAP pH 3,0

obtained by diluting the stock solution ten times. The organic

Iy )
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phases consist‘ed of 90% acetonitrile or 90% 2-propanol (Burdick
and Jacksqn Labs) and 10% 0,2 N TEAP pH 3. The water used in
these preparations was first distilled, rdh through a Millipore
system, redistilled, passed through an-ion;ékchange resin and then
stored at 4°C in a glass cdn}ainer. In our resylts the gradient

will always be indicated as ihe percentagé of the organic phase.

”, v

Reduction and a]ky]ation of peptides

In order to’ppen disulfide bridges ahd to detect the pre-
sence of S-canboxymethylgagé cysteine onbthe amino acid analyser
protein reduction and alkylation had to be pérforﬁed. The reduc-
tion was performed in 10 mL of 0,1 M trismabase pH 8,2 to which we
added 5 uL of B-Mercaptoethanol plus 4,8 g of ultrapure urea, The

solution was flushed under nitrogen for 5 minutes. Then 600 uL of

this solution was added to 100 ug of peptide to be reduced. The

reaction was left to occur for at least 4 hours, in the dark, at
rogm temperature. The alkylation was performed by reaction of the
reduced material with iodoacetic acid (Kokak) in the ratio of q7:1
(W/W) with the peptide’ or with c14 jodoacetamide (New England
Nuclear) in the ratio of ZQQ_uL/IOO ug of peptide. After 2 to 4
hours of reaction the mikfﬁ}e was desalted in Sephadex G-15 using

1M acetic acid as the{é1uent buffer. The peptide (hot or cold)

was lyophilized and kept under vacuum.

+
D
v ’
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Enzymatic and chemical cleavages

e

i

In 7order to achieve the complete sequence of the newly .

isolated high molecular weight peptides, we had to perform c¢leava-

- ge of the molecule: Many enzymes were used including trypsin

-

(Miles 1aboratories), Myxobacter Lys-C protease (Mannheim-
Boehringer), and V8 "kindly provided by Dr. G. Drapeau). The
chemical cleavage involved a cyanogen bromide Eepctjon (Kodak

laboratories). Almost all the“.digestions wereperformed on a

reduced and alkylated peptide.

Tryptic digest and mapping using HPLC

'Tryptic digest was performed at 37°C in- ammonium bicarbo-
nate 0,1 M buffer, pH 8,0. We used DCC-treated trypsin in a final
weight to weight ratio of enzyme to substréte“ of 1:200. The
reaction was performed in a reaction vial, containing 1 mL of the
buffer. First we added ha]f’the required dose of the enzyme and H

'al]owea.the reaction to proceed for 2. hours at 37°C in the dark, ™

Then we added the other half of the enzyme and again left the —
'"reaction to occur for another 12 hours. After that period of time
Ifhe‘content of the reaction vial was #njected in the HPLC without

\any 1yophilization and dissolution in the starting buffer for the
I, v
HPLC run. ) ‘ . ' . —

- 1
f‘ The peptide mixture was analyzed by HPLC using 90% double-
| | :

distilled water and 10% 0,2 N TEAP pH3 as the inorganic phase

and 90% 2-propanolf(vfiacetonitri1e) and 10% 0,2 N TEAP pH3 as the
- o0

organic phase. Chromatography was performed on a Waters u-Bonda-

pak C18 (30 cm x 4 mm) analytical columm, at room temperature.

s
v



- Absorbance was read at a wavelength 210 ‘nanometers. The
] dhromatographic program consisted of elution 5f the column at a
) ’ 4

_flow rate of .1 mL/min. The percentage of the organic solvent was

C, : kept at 0% for ten minutes then raised to 50%7w1thin 160 minutes.
Each peak was collected, repurified- under the samg conditions and

N submitted to acid hydrolysis in 5,6 N HC1 at 110°C for 24, 48 and

] 72 hours. : o / ’ :-““““‘---*,_‘___*ﬁ

Myxobacter Lys-C protease cleavage and mapping using HPLC
¥ ! x

Myxobacter Lys -C protease was added in a.ratio of substrate. .

to eﬁzyme of 50 to 1 (W/W)., The ngest1on was carried out at 40° C
u‘ inol mL of 20 mM TRIS HC1, pH 8,8 for 6 hours. The resulting
peptides were ;purified using HPLC with the same .solvents and
column .as desc:dbed in the‘previbus section for tryptic dige§t.
The following elution pfdgram was used} flow rate of 1-mL/min and

5% organic solvent for 5 minutes then raised .to 65% within 60

[ ) 7
- minutes. Absorbancé was read -at a wavelength 235 nanometers.

‘*H‘\‘H~‘§~fk““ﬁ‘“_Eﬁth“peak-waﬁ‘cd]]ected,rébﬁrified,fhydrpiyEEd and submitted to

amino acid analysis. . I

] —— ' .
Tt !

’ Cyanogen bromide cleavage and mapping usinq HPLC

Peptides to be cleaved were reacted with cyanogen bromide
(CNBr) in 1 mL of 70% Iorm?c acid and a md]arﬂratio of lbOO:l
(CNBr:peptide). Thd reaction proceeded in the dark at room tempe-
(’ rature for 18 hours. The fragments obtained were purified us?ng

HPLC with the same solvents 53 described for tryptic mapping. T?é
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program ‘consisted of a-1 mL/min flow rate and the percentage of

‘Z-prdﬁanol was maintained at 5% forxg‘Finutes then raised to 95%

within 90 minutes.  Absorbance was read at a wavelength of 235

. tions, lyophilized,” hydrolyzed and submitted to amino acid analy- :

IS ) ° -

sis.
;7 ¥ [ ]
. ® . o -
V8 cleavage and ‘mapping using HPLC.
.. o - _ , .
. Digestion with “protease from Staphylococcus aureus was

performed in 1 mL 0,05 M ammonium acetate buffer, pH adjusted to

4,0 with 1 M acetic acid. The reaction was left to take place

o

at 37°C for 18 hours in a ratio of eniyme To -substrate (W/W) of
1;50. The purification of the fragments obtained using HRRC was

done as for the tryptic fragments.

© ©

{
Digestion with pronase .

o

An aliquot (100 yg9) of'1§e peptide to. be digested was dis-

solved in 400 uL of .0,1'M ammonium acetate pH 7,5 conta1n1nq 10 mM

CaClz. Pronase (Ca1b1ochem -Behring Cbrp ) was added in a rat1o of

enzyme:subgtrate of 1:10 and the:digestion performed at 37°C. for

48 hours. The digest was dried b{ evapordtion. o
S R

Radioimmunoassay

Iodination procedure

s .}

Peptides were radioiodinated by the chloramine "T" method

(243). Radioactive iddﬁne was purchased from Nequngland Nuclear
N N » N

n®

'u'nm. Each peak-was collected, repurified under the same condi- ;

°
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or ;from Union Carbide, Usuaﬁy 10 ug of peptide was iodinated
' L |

a

with 1 mCi of 125-iodine in 0,5 M Nap HPOg * THp buffer in the .
presence of 10 ug. of chloramine T (Kodak Laboratories) for 30
seconds. The (eacgion‘was stopped with 100 pg of sodium metabi-
su]fite. Separation of iodinated peptide from 125-iodine was
perf;rmed on G-25 Eephadex (Pharmacia) in a disposable 10 mbL
plastic. pipette eluted with 0,5 M:.Nap HPOg .7Hp, pH 7,6. The.l
column and the resin were coated with 20 mg of bovine.serum albu- B
mine.diluted in the .elution buffer. The fractions/co1iected were
eou;ted usi%g a Beckman gamma counter. Radioiodinated peptides

were kept at 4°C in 0,5 M Nap HPOg- 7Hp, pH 7,6.

Competitive binding agsay

Q

D)

/”Antibody buffer and non radiocactive antigen were mixed and
rédioactive antigen ~added after a slight delay, giving the unla-
belled antigen an opportunity to bind ta the antibody first. The
buffer -consisted of 0,5 M Nap HPO3 7Hp, pH 7,6 inpthe presence of
15% NaCl 1 M, 25% EDTA 0,1 M and 1% 1 M sodium azide. Bovine
serum albumin was -added to reach a concentration of 1 g/100 mL
buffer. All assays were perfdrmedlat 4°C with an incubation time
of 72 houril Separation of antibody-bound and free antigen was
also performed at 4°C by successive addition of bovine y-globulins
and 30% poly-ethylene-glycol. Each tube was vigourously shaken,
left to réﬁt for one hour, then centrifuged in an Eppendorf for 15

minutes at 10 000 rpm. The supernatant was aspirated and the

. i +
precipitate counted using a Beckman gamma counter,

©
Al
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Immunization procedure for antibody production

» Native peptidic, antigens were used for the production of

specific antibodies.  Highly .purified peptides, both used for

N s amino acid analysis and sequence determination wére injected
intrqdermaﬂy in New Zealand white rabbits, weighing around 2-3

kilos. A1l injections were done on the back of the animal, we did

A
Pz

animal.  The initial injection was with aritigen in co%p]ete

- -

’(_,1:? injected per rabbit. The antigen and the Freund's complete or
incomplete adjuvant were mixed direct]}, in the syringe with a
sonicator, this procedure gave excellent homogenisation without

any major lgss of the antigen. /

!

{
The intradermal injections were done with a 25 gauge

needle. Booster injections contained incomplete Freund's]/ adjuvant

-

Yand were done at 2-week intervals. Each rabbit received with the
three booster injections the following quantities of antigen: .200
| ug, 120 pyg, 100 nug. Before the experiment and before every antigen

injection 1 mL of blood was removed from the raBbit' ear, The

blood was left to coagulate, then centrifuged to separjate the clot
from the serum. This latter was aspirated and kept.,at -60°C i1
titer determination. When antibody titer was better than 1:
‘10,000, booster inject%‘on was given every 8 weeks with 40 mL

bleedings taken every two '‘months, Bleeding . was | done through

-

~ cardiac puncture with a 20 nL syringe and a 22 gaug ,’2-1'nch Tong

needle. Serum was kept in l-mL fractions at -180°C in liquid

not use toe \pad;injections because they caused. discomf"ort to the

Freund's adjuvant (Difco Laboratories); 400 ug of antigen were .

N '\I
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nitrogen. The serum was used as such without any antibody purifi-

3

cation for all radioimmunoassay. Titer was determined for- each

bleeding and specificity determined when titer was -judged satis-

factory. Dl e

Antibody specificity
R

LS

Antibodies raised against the amino-terminal segment of the
POMC were characterized to determine ;heir specificity. Antigens
used were from the ACTH related péptides and included ﬁCTH 1-24,
Y-MSH, B-MSH, B-endorphin, B-LPH, «-MSH, CLIP, PNT 1-80, HNT 1-
76. lodinated PNT 1-80 was used as a tracer, .

Amino acid and hexosamine analysis

For amino acid analysis the native peptide was first redu-.

ced and carboxymethylated. Triplicate analysis of the 5,7 N HCI
hydrolysates (for 24, 48 and 72 hpurs hydrolysis at 105°C) was
performed with an updated Beckman 120 C amino acid analyser modi-
fied to allow up to 0,5 nmol detection sensitivity, equiped with a
mode} 126 computing integrator. The separation of the amino acids
was done on é W3 resin (Beckman) which allows the separation of
all amino acids and the hexosamines, glucosamine (G1eN) and gatac-
tosamine (GalN). Deierminé&ion‘of these sugars was no£ corrected
for hydro]ysis loss at 24 hours. Determination of tryptophan
residues were done by sequencing because they areedestroyed upon

)

5,7 N HC1 hydrolysis. Cysteine Tesidues were determined as

©

<
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S-carboxymethylcysteine after reduction with meycaptoethanol and

alkylation with {odoacetic acid. .

3

', _..Sequence determination

The sequence determination was performed in a Beckman 890B
‘sequanator e}hiped wit; a cold trap and a Sequamat P6 auto conver-
ter. gg;uence was performed using 0,3 M Quadrol pH 9,0 as sequen-
ces buffer (Beckman) and adding ; mg polybrene (Pierce) plus 100
nmoles of a dipeptide Leu-Val to thg cup and peﬁforming 7 dummy
cycles. The peptide to be sequenced was theh. added and double
coupling was performed for the first cycle only. The program used
is a Beckman's 0,1 M Quadrol with S1 + S2 wash (12.11.78). ‘

A1l conversion was done automatically immédiat§1y following
the ‘ cleavage step wusing 1,5 HC1/MeOH at 65°C. The
phenylthiohydantoin amino acids (PTH) were separated by HPLC
following the procedure published by Somack C.J. (58). Separation
was performed on an Altex 5 u ultrasphere 0DS column (0,46 x 25
cm) run at 45°C{ using a 18 mM sodium acetate/tetrahydrofuran
(THF) pH 4,73 as the aqueous phase and acetonitrile as the organic
phase. This technique allowed the separation of all PTH amino
acids (fig. 3) as previously reported except that PTH-Glu, PTH-Asp
and PTH-S-carboxymethyl cysteine were detecfé% as their respective

3

methylesters ‘and PTH-Nor-leucine was wused as an internal

stéhdard. For all runs the detector was set at a wavelength of

N

269 nanometers,
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sphere 0DS column (0,46 x 25 cm) run at 45°C.

Figure 3.
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Assistance by the members of the laboratory staff

great deal of collaboration was needed to dissect the
somé 30 000 pig pituitaries used in this work. This task was
performed mostly
avacatjonl\. This group\also performed most of the extraction
hoth kthe anterior and ne rointermédiaté lobe. These two steps
were done under my supervision. Igrsona”y made arrangemem’;s
with the slaughter house management; established the procedure for
dissection of the hypothalamic pituitary complex, and acquired
competence in the extraction procedure to guide these students in
,their: work.

I performed all the chromatographic procedures inciudinq
gel filtration, c_ation exchange and high performance liquid
chromatography of pituitary peptides. I also performed al‘] the
c]egiyage of peptides and the pur:ifi(;ation of ;che peptides which
wiﬂi be described, and their use as antigen for rabbit immuniza-
tion. Purificatior'l of the antibodies produced and their characte-
rization are also part of my work.

Hydrolysis of peptides for amino acid énalysis and calibra-
tion of the analyser was done by the staff of the laboratory. 1
personally analyzed all data resulting from these experiments.

Sequence determination was penformed under the guidance of
Dr. Nabil Seidah by the personnel of the laborator)ﬂ'. I was never-
theless ‘alwa_ys a member of the team needed to perform sucﬁ experi-

/

hents.’
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undergraduate students during their summé\
of
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To characterize the multiple forms of the peptides to be
described later, we engaged in very close collaboration with Dr,
Guy Boileau who confirmed my working hypothesis that hetenpgeneity
within the mglecules is caused by differend lengths of the peptide
backbone.

A11 the people who specifically collaborated in the reali-

sation of this work are duly mentioned in the acknowledgement.
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Histblogic examination of tissues

- a

Photomicrographs of pig pars distalis (fig. 4) revealed

that within one hour affér death the tissue is in excellent cyto-
architéﬁtdra] conagiion and there is no evidence of cell lysis.
The coloration af]owed the identification of major antgiior pitui-
tary cell lines, by light microscopy and distinguished the acido-

phils, basophils and chromophobes. Sections indicated that the

. pars distalis, hand dissected, is an homogenous tissue not conta-

minated by cells of either the pars intermedia or the pars tubera-

lis. These two components of the pituitary remain attached to the
pars nervosa as revealed by examination of the.sections of the
neuro-intermediate lobe '(fig. 5). Architectural organization of
cells and staining chatacteristics allowed identification of these

four types of tissues: pars distalis, pars nervosa, pars interme-

dia and pars tuberalis. So the pars distalis is dissected as is;

the pars nervosa with the pars intermedia are grouped into a

I,

tissue we consider to be the neuro-intermediate lobe.

~

Purification and characterization of the Porcine N-Terminal
1-80 glycopeptide

Carboxymethylcellulose chromatography

Carboxymethylcéellulose chromatography, CMC, a cation
exchange resin chrohatography, wias used as a first separation

procedure for the multiple proteins and peptides present in the

“fraction D" of porcine bars distalis. To locate the -amino-

P

-

.,
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Figure 4.

Photomicrograph of pig pars dista]is.f‘
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_ fy homologous peaks. As can be seen in figure 6, where a typical

!
| o ;
|

terminal segment of POMC in the eluent on this type of chromato-

_graphy, we per%ormed a standard elution using a CMC column on. °

which we poured 20 000 CPM of radio-active rat 16 K fragment
! : t

obtained from pulse-chase experiments in rat pars intermedia

material was no? retained by the resin and so was eluted by 0,0I.ﬁ

© -

ammonium acetate pH 4,6 in a fraction already identified as "peak

(Kindly furnished by Dr. Francis Gossard). Almost 90% of the

-

A",

This preliminary indication oriented us in b?eparing']arqe ¥
¢ . .
aflounts of "pe#k A". Although variations exist between CMC

chromatographies| of different "fraction D", one can always identi-

chromatographic |profile on CMC of porcine pars distalis "fraction

D" is presented, the flow through material is always important and:

s

is easily identifiable. In fact: this material represents between S
10 and 40 perqeLt of the material pou%ed on the column. After ) °
repetition of this chfométogr@phic procedure on 4 batches of
“fraction D", 4,89 g of "peak A" was prepared, This material was
ultrafiltered through a 10 000 molecular weight cutoff dialysis
membrane. The material iptained in the dialysis cell was lyophi- ' .y
1ized and kept in a vacuam jar until further purification proce-

dure. ' ‘

rd

\ L
Identification of the amino-terminal of POMC in flow through mate-

rial of CMC

; In our search for the amino terminal segment of POMC we \

used the method of labeling cysteine residues with 14¢ - jodoace-

tamide followed by automatic Edman degradation in order to follow
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the purification procedure.  From the amino acid sequence of the =

" bovine POMC (18)Aif can be deduced that the amino-terminal seament
- .

of the porcine POMC should conté%n cysteine residues at pdgitions‘
2, 8, 20, 24 of the peptidé\ghain. Peptides present“in "peak A"
were labeleds with 14C-iodoacetamide after /éductjon with B-mer-
captoethanol. The labeled material was desalted on a 6-15 Sepha-
dex’co1umn and eluted with 1 M acetic acid. ,The elution was
performed at room temperature, the column being completely covered
with aluminium foil. A sample of each fraction collected was

added to a liquid scintillation medium and counted in a beta

liquid scintillation counter for 1 minute. Results of this expe-

riment are presented in figure 7. Microsequencing of 14 C-iodog:

cetamide %Yabeled porcine material from "peak A" was performed.
Thiazolinones from each sequanator cycle were counted directly. -
The results of the first 30 cycles of this sequence ;re présenteg
in figure 8. These results clearly indicate that peptidé(s) with

cysteine residues at cycle 2, 8, 20, 24 js/are present and.only

z . el -
slightly contaminated at least with peptides cogtaﬁhinq cysteine #

—

residues in their first 30 cycles. In order to study these pepti-

des, several approaches, including high performance liquid chroma-

df“-tbgraphy' (HPLC), gel permeation, and eTectropﬁbresis have been

&

attempted.
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Purification of peptides from "peak A" by HPLC

Crude peptides, obtained,after ultrafiltration of "peak A",
with molecular weights higher than 10 000 Daltons, were resolved
by HPLC on a semi-pr.eparative column (C18 column Waters Scienti-
fic). The TEAP system was used with 2-propanol as the organic
phase. A chromatographic profile is presented in figure 9. Of
the fifteen peaks collected and repurified under the same condi-
tions peaks 5, 6, 6a, 7, and 8 incorporated 14¢_50doacet amide.
Microsequéncing of ea.ch labeled peak was performed. Results
indicated that peak 7 shows; a great enhancement of a peptide with
14¢ 1abe1éd cysteine residues at cycles 2, 8, 20, 24. This pepti-
de w.;s repurified by HPLC on an analytical column with thé same
solvents but with a slower gradient of the or)gam'c phase. We
represent in fiqure 10 the final purﬁfi‘cation on HPLC of a peptide
we considered to be potentially the amino tefmina1 segment of the
porcine POMC. The material collected was 1ybphih‘zed, desalted on
a G-15 Sephadex column, eluted with 1 M acetic acid, 1yophilized :;

second and a third time and kept as a powder ~in a vacuum ja‘r.-

Gel permeation chrdmatography

The material from peak 7 (fig. 9) on a preliminary run on
HPLC was chromatographed on an analytical column (fig. 10) aq:
‘then separated by gel permeation chromatography. This chromato-
graphy was%performed('on/ a 180 mL (160 x 1,2‘:3 cm) column packed

with G-75 Sephadex superfine from Pharmacia, eluted with 2 M
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acetic acid at 4°C. Ten milligrams of material ‘was poured on the
gp]umn.p The size of the fractions was 1 mL and the column had
already been calibrated with standard peptides for a range of 14,5
K to 65 K. Results obtained are presenfed in figure 11. It is
shown that the main product consisted of a peptide with an esti-
mated 17 K molecular weight slightly containing on SDS-PAGE two
contaminants of 20-21 K and 12-13 K estimated molecular weighl.

The 17 K peptide was used for further characterization and will

therefore be named porcine N-terminal (pNT).

Amino acid analysis of pNT

Reduced and alkylated pNT was submitted to acid hydrolysis
in 5,6 N HC1 at 105° for 24, 48 and 72 ‘hours. Results of this
experiment are presented in table 1. Fd} each period of time the
value for each amino acid represents the mean of three analytical
runs. From these results we éonc]uded that the material was
composed of 80 amino acid residues®and was glycosylated. This

peptide was named pNT 1-80.

Tryptic digest of pNT 1-80

. §
One milligram of reduced and alkylated pNT 1-80 (fraction

98-116 from G-75. superfine, fig. 11) was submitted to tryptic
digestion for 16 hours at 37°C. Then the solution was directly
injected into an HPLC column and each Qeak was collected and repu-

rified before hydrolysis and amino acid analysis. The chromato-
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(»’n ‘Table 1
n 24 hrs - 48 hrs  © 72 hrs Mean:  Integer
Lys 2.13 2.40 2.43 2.32 2
> His 0.89 1.30 1.50 1.23 1
Arg 5.90 6.02 5.78 5.90 6
SCMC 3.27 3.14 2.53 - 2.98 (4)1
Asx 7.83 8.12 7.77 7.94 8
’ Thr" 3,00 2.98 2.93 ‘ 2.97 3
' Ser 8.20 7.91 7.38 7.83 8
G1x 7.97 8.05 8.07 8.03 8
Pro 5.19 5.15 5.11 5.15 5
Gly 13.70 13.90 13.20 13.60 14
Ala 5.02 5.15 5.88 5.35 5
' va) 2,04 2.35 2.39 2,26 2
HSL + o+ +
Met 0.39 0.25 _ 0.53 0.39 12
Ile 0.83 1,02 1.06 0.97
Leu 5.87 . 6,23 6.32 6.14
( Tyr 0.3 0.93 0.87 0.89 1
Phe .21 3.09 3.45 3.25; 3
Trp b (2)3
GicN ++ ++ ++
GalN +++ +++ +++
Total 80

@

AMINO ACID COMPOSITION OF the PNT 1-80 as determined after 24, 48
and 72 HOURS HYDROLYSIS IN 5,6 N H(C] at 105°C.

1.
2.
3.
SCM:

GalN:
GlcN:

HSL:

Conf i rmed by sequence of l4C-ipdoacetamide treated PNT 1-80
Represent value for methionine plus homoserine lactone
Determined by sequence
S-carboxymethyl-cysteine
galactosamine
glucosamine

homoserine lactone

T .

s
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graphic_profile of this tryptic digest is presented in figure 12.
0f the numeQBUS“T;ypthw?ragments isolated, nine were identified
‘as compofients of %NT 1-80. Amino acid composition of each
fragment (T1. to Tg) is presented in table 2. These preliminary
/7resufts ,gave two new indications of the stPucture of the pNT
1-30. Firstly, based on sequence homology with the reported
bovine c-DNAﬁﬁtructLre of the POMC (18) we observed a definite
homoTogy between the structure of the N-terminals in, the two
species (fig. 13). Secondly, we noticed that three tryptic
fragments, T3, T4 and Tg are glycosylated. Because T3 and T4

represent almost tbe same segment of pNT 1-80, T3 having one less

residue than T4, there must exist at least two glycosylation sites

on pNT 1-80. Based on sequence homology with bovine POMC thﬁ///////////i
possible sites of glycosylation are on serine 29, threonine 32, 45

for T3 and T4, and on asparagine 65, serine 67, 68, 69 for Tg. On
any of these tryptic fragments the possibility of more than one
glycosylation site exists. The ratio of glucosamine to galacto-
samine in fragment Tg could iﬁdicate that the glycosylation is of
the N-type and therefofe asparagine 65 should be the site of sugar

attachment.

Cyanogen bromide cleavage

The presence of a single methionine in the pNT 1-80 proba-
bly at position 53 (figure 13) made possible the cleavage of the

molecule into two fragments., Chromatographic profile of this

v
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’ A Table2 - - -

1 T2 T3 T4 . Ts Ts T7 ¢ T8 Tg
lys "L10(1) L772) 0.75(1) .
His 0.75(1)  0.94(1) -
Arg 1.21(1)° .00(1) 0.70(1) 0.89(1) 1.00(1) 1.00(1) .1,67(2)
S 2.38(2) 0.58(1) "0.90(1) 1.22(1) ~
Asx  2.34(2) 4.10(4) 4.26(3) 0.92(1). 0.79(1)
e 1.09(1) 2.00(2) 1.91(2) \
Sr 3. 61(4) .10(1) 1.22(1) 2.66(3) »
Gx  4.36(4) 2.70(3) 3.05(3) 0.88(1)-
Pro 5.00(5) 4.70(5) ., , &
Gly 2.10(2) 2.09(2) 1.29(1) 1.39(1) 1.23(1) 10.00(10)
Na 1.30(1) 3.10(3) 2.53(3) ,
Val, ' 0.90(1) 0.96(1) 1.25(1) 1.3%(1) T 1.03(1)
HSL -
Met ~ . 0.3201) 0.85()
dle 1.15(1) . - . .
leu  4.30(4) 2.10(2) 2.09(2) :
Tyr 0.71(1)} 0.94(1) )
Phe ‘ LOL(1) 1.04(1) 0.75(1) 1.09(1) 1.00(1)
Trp ()t ‘ (1)1
GIcN + + ‘ HHH+
GaIN . +H+ ++ ; e

1-18 19-22 23-49 23-50 50-57 51-57 5860 61-64 65-80

AMINO ACID COMPOSITION OF PNT 1-80 AND ITS TRYPTIC FRAGMENTS

<

1 petermined by sequence /
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¥
. : I 5 10 15 20
: Bovine WCLESSQCQDL TESNLLAC
Porcine WCLZSSZ CZBL |S[TZSNLL AC
: ‘ F T «—] T2
o o Coa CNBRI
° el 25 30 35 40
' Bovine IACKPD LSAE TPVFPGNGD
Porcine IIRIAWCKPBLSAZ TPVFPGBGB
T2 T3
. + p———"2CNBRI
‘ ) ’ 41 45 50 55 60 °
Bovine QPLTENPRKY VMGH FRWDR
" Porcine PLTZBPRKY UMGHFRWBR
T3 —p T5 =T 7 =
. T4 ——T6 i
CNBRI } CNBR2—
. 6 65 70 75 80
Bovine F GRRNGS S GV AGGA|
Porcine F GRRBGS SS|G/G/|GGGGGGA|
—T8 —4 T9 —
CNBR2 - -
’ e Figure 13. Homology between the predicted bovine first 77 n
‘ T residues NT and the alignment of pNT 1-80. :
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cleavage is presen%e& in figure 14, As predicted two maJor L

fragments were obtained and were 1d§nt1f1ed as Cyanogen brom1de 1

l' fS

(CNBr 1) and CNBr 2. Amiro acid composition of these fragments is

3

[

. -presented in %ab]e 3. The presenqe and ratio of sugars in each
fragments also 1nd1cated the poss1bu¥1ty of an O- glycosy1at1on in
the CNBr 1 fragment and an N-g]ycosy]atlon in the CNBr 2 fragment.

During the repurwf1cat1on brocedure of CNBr 2 a new fragment
was' 1solated (fwg. 15). This fragment named CNBr 3 Lﬁ homoloqous
with the bovine 54-61 sequence of the amwno ~terminal segment of
POMC (18).. Composition of CNBr 3 is also presénted 3” table 3.

This ﬁragmen¢ is not glycosylated. -~ N

Proposed sequence of pNT 1-80

{

Trypt1c fragments T1 to Tg and gyanogen bromide fraqments were
311gned wﬁth the reported sequence of the first 77 resldues of the
bovine amino-terminal segment of POMC (18) after removal gof the

' 26-re§ﬁgue signal peptide (179). The proposen alignment of these
molecules based only on sequenee~homelegy;js presented in figures

L4

. 13 and 16. Thii prelifiinary structure of PNT 1-80 showed that

-

there could be as much as 88% homology between the porcine and.

s+ bovine homologues. Most of .the differences .between the two
species exist at the C-terminal of the molecule. This observation
is deduced from the great heterogeneity between tryptic fragment
9, corresponding to\PNT 65-80, and the bovine Qg-77homologods
segment (18). The sum of ‘fragments Ts, Ty, Tg has an identical
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Chromatographic prof‘-ﬂe of pNT 1-80 cyanogen bromide-
fragments on a u;Bondapak c-18.
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i gt , | ) Table 3’1 %
CNBr1 CNBr2 ) “ CNBr3 d%
Lys 2.23(2) . g
His: T oes(1) - 0.82(1)"" /‘é/
Arg - - 1.74(2) - 3.95(4) 1.70(2) NG
© SCMC (4)1 . L TN
Asx 5,.61(6) 2.04(2) Lo3(1)y . ;
 Thr 2.87(3) . - ' .
Ser 4.84(5) 2.46(3)
 GIx 6.57(7) 1.45(1) .
] , Pro 5.30(5) ' ' —— ,
' Gly 2.45(2) 11.55(12) -7 0.97(1) -
‘ Ma. - 4.47(4) 1.03(1) | ;
val 2.45(2) , - z “
HSL +4+ ‘E
Met o j
Ile .~ 7,0.85(1) . f
. lew  5.53(6) ( é
. Tyr 0.71(1) : 3
~  Phe 0.92(1) : 2.03(2) - 1.83(2) % .
L O | mr (1)1 3
GlcN 8 +++++ ' j%‘*
GalN +++ . + 3
Fragment 1-53 54-80 54-61 L
AMINO ACID COMPOSITION OF CYANOGEN BROMIDE FRAGMENTS OF PNT 1-80
1 petermined by ,sequence : : . “ % -
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Chromatographic profile on HPLC u-Bondapak C-18 analy-

tical column (Waters Scientific) of the re

of.CNBrZ under isopratic conditions.

purification
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compos?;ion to the reported y-melanotropin segment in bovine (18),
human (185), and rat (104) species (table 2). However, a number
of amino acid substitutions were also observed in fragments T3,
T2, T3, Ta. In agreement with the reported sequence of the
porcine N-terminal 1-103 first 35 cycles (203) we deduced that S%;
12 replaces Thr 12 in the bovine homologue. We also observed thaf

Arg 22 replaces Gly 22. In fragments T3 and T4 a single mutation

exists. It is located at cycle 41 where an.Arg replaces a Glu.

A1l other mutations are located in Tg where because of less than

60%- homology between the ox and the pig, alignment of the

?Eﬁgments was difficult.

Based on the same alignment between the ox and pig homolo-
gous peptides, CNBr 1 showed 94% homology with bovine 1-53 and
CNBr 2 78% with boving 54-77. The third CNBr fragment showed 100%

homg}ogy with bovine 54-61 homologue.

Proposed glycosylation -sites

The ratio of glucosamine to galactosamine in Tg and CNBrp

clearly indicates that the glycosylation in these fragments is an
N-tyﬁe (244, 245). Based on the sequence homology between the ox
and the pig N-terminal the Asn 65 was proposed as a possible site
of N-glycosylation in the pNT 1-80. The ' other site of
glycosylation located in- fragments T3 and T4, i.e. between

residues 22 and 51, should be of the O-type (245) according to the

N
Ry

~
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ratio of glucosamine to ga]actos§mine. This type of glycosylation
occurs only on serine or threonine. In fragments T3 and T4 these
residues appear as follows: Ser 29, Thr 32 and another threonine
possibly located at site 45. So i% is possible that one to three
site(s) of glycosylation exists within this segment of Ehe pNT
1-§Q. Based on the already published sequence of~the first 35

residues of the pNT 1-103 (203) we proposed that the glycosylation

" site should be on the unlocalized threonine probably at site 45;

this will be confirmed later in the sequencing results,

Sequence determination of pNT 1-80 .

. Two milligrams of reduced and alkylated pNT 1-80 was sub-
mitted to direct sequencing. This first run allowed the identifi-
cation of 49 out of the first 52 residues of pNT 1-80. Quantita-
tive determination in micromoles of each amino acid for each cycle
is presented in appendix I. The positive identification of resi-
dues 1-44, 46-48, 51, ég\;és possible leaving blanks for residues
45, 49 and 50. This first sequence confirmed the great homology
between the bovine and porcine homologues, (18, 203). In the first
44 residues only three mutations exist between the ox and the
pig. In this latter species Ser 12 replaces Thr 12, Arg 22
replaces Gly 22 and Ala 41 replaces Glu 41. Based on sequence

homology between the bovine 22-57 sequence and the amino acid

composition of the fragments T3, T4 and T5, the three unidentified



residues could be, Thr 45, Arg 50 and Lys 51. This latter residue

-.is indirectly confirmed by the fact that the difference between T3
.ang‘T4 is one residue and the amino acid composition of these two

ﬂ?agménts (table 2) indicated the presence of one more Lys in Tg.

So-tgis Lys could only be located at site number 50.

To coﬁp]ete the sequence of - pNT 1-80 we séquenced the
fragment CNBr II corresponding to pNT 54-80. Out of the 27
residues present in this fragment 26 were positively identified.
Yields in nanomoles of PTH amino acid as a function of segquanator

cycle number of CNBr Il fragment is presented in figure 17. The

N,

~ s

number above each peak represents the assigned sequence poéitioﬁ
of that particular amino acid residue along the CNBr II sequence.
The only unidentified residue was at site 12, corresponding to
site 65 in the whole pNT 1-80. No PTH was detected at this

cycle. The only amino acid left based on the composition of CNBr

Il is an asparagine or an aspartic acid. Because the only N-

. glycosylatjon site in this fragment could be on an asparagine, we

assumed tha& site 12 was occupied by a glycosylated asparagine,
Out of the 80 residues of the pNT only 4 residues were left
unidentified, They were residues 45, 49, 50 and 53. Résidue 53
was identified as methionine because the‘site,of cleavage with
cyanogen bromide two fragments: 1-53 and 54-80, thus placing
methionine at site 53. Lysine 50 was already identified based on

the amino acid composition of T3, T4, T5 with homologous segment

of bovine N-terminal. With tﬁis lTatter amino acid placed,
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Yields in nanomoles of PTH-amino-acid as a function of

sequanator cycle number of CNBr II fragment.
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methionine in fragment. T5 could only be located at site 53. The'

two residues left were placed as follows: threonine at site 45 and
arginine at site 49, based on sequence h5m01ogy with bovine (18),
human (185) and rat (104)‘homologqps. Alignment of tHe first 52
residues sequence, CNBr II sequence, amino acid composition ;f T3,
T4, T5, CNBr I and CNBr II is presented in figure 16. The propo-

sed sequence of pNT 1-80 is presented in figure 18.

Purification and characterization of the porcine higher molecular

weight N-terminal

e

Chromatography of the 'preparation of porcine N-terminal

-+ 1-80 glycopeptide on Sé@hédex G-75 superfine (fig. 11) resulted in

the purification of pNT 1-80 with an apparent Mr of 17 K and in

the isolation of a fraction enriched with Mr 20-21 K peptide. We

investigated the possibility that the high molecular®weight (HMr)

t

form corresponds to an elongated form of the pNT. .

Tryptic digest of the high molecular weight pNT

w

Five hundred micrograms of reduced and alkylated high mole-
cular weight pNT (HMrpNT) fraction 88-97 from Sephadex G-75 super-
fine (fig. 11) was submitted to tryptic enzymatic cleavage.
Digest was chromatographed on HPLC in the TEAP/acetonitrile system
(fig. 19). A1l previous characterized fragments T1 and Tg (table
2, fig. 12) were isolated plus another minor fragment, T109. Amino
acid composition of thig:.last fragment showed enough homology with
the reported bovine 78-92 amino terminal homologue (18) to consi-

der it an extension of the pNT 1-80 (table 4).
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’. N-Glycosylation
(P-O-Glyco:y!onon OH

Proposed sequence of pNT 1-80 including, two possible

Figure 18.
glycosylation sites.
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Adrenocorticotropic hormone radioimmunoassay

-’

“An ACTH radioimmunoassay was used to determine whether or
not the HMrpNT(igcluded the ACTH sequence. We characterized an
‘anti-ACTH antibody, produced in our laboratory from synthetic pig
-ACTH 1-24, _The specificity of the antibody is directed against
the amino-terminal portion of the ACTH. The cross-reactivity of
that antibody against some ACTH related peptides is presented in

Figure 20. No ACTH structure was detected in the HMrpNT (fig.

20). | ,

Digéstion with cyanogen bromide of HMrpNT

The presence of a single methionine as far as the first 96
amino acid reéidue; of the non determined length HMrpNT gave us
the opportunity to cleave the molecule in a limited number of

- fragments with CNBr. The chromatographic profile of the resﬁ]t of
this reaction is presented in fﬁgure él. Three major peptides
‘were collected and their amino acid composition established.
These analyses revealed that the HMrpNT was around 110 residues
Tong (pNT 1-107) and was cleaved in two fragments, the first one
(CNBr 1) contains 53 residues and corresponds to lthe already
characterized CNBr 1 fragment of pNT 1-80, the second containg 54
residues (CNBr 4) and;showed a high degree of‘homoloéy with the
bovine 54-163 amino-terminal segment of POMC (18). We assumed
that the HMrpNT was 107 residues long based on the addition of
resj&uék in fragments CNBr 1 and CNBr 4. We were unable to give

at the time, the exact composition of the HMrpNT based only on the
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Figure 20. Cross reactivity of the anti-porcine-ACTH 1-24 anti-
body against some pituitary peptides. .
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analysis of the hydrolysis of this repurified peptide. Amino acid
~ ‘ A - .
composition of the CNBr 4 fragment is présented in tablejﬂ. “The

»,/

HMrpNT will now be called pNT 1-107. M

Sequence determination of CNBr 4

Direct sequencing of CNBr 4 allowed the unambiguous identi-

fication of the first 51 residues with the exception of the resi-

N >

dues inlpg;ixion 44 and 46 (corresponding to residues 97 and 99 of
pNT 1-107). No residue could be identjfiéd at position 12
(corresponding to position 65 of pNT 1-80) which we believe to be
an‘N-g1ycosy1ated asparagine residue. This sequence confirmed the
identity of pNT 1-80 and the presence of an extension at its
C-termipal. It was also possible with this sequence to fit the
trypt{c fragment T1p as an extensipn of pNT 1-80, Based on the
amino acid composition of CNBr 4, 6 positions of the CNBr 4
sequence had‘to be filled. At position 65’we assigned an Asn.
Thé??%Qe residues 1ﬁft,had to ,be occupied by the following amino
acids: 2 glycines, l'é;gininé, 1 glutamine (or glutamic acid), 1
asgjraqine (or aspartic acid). VYields of'each pheny1thiohydantoin
amino acid as a function of sequanator cycle number in the sequen=-
ce of CNBr 4 are presented in figure 22. We represent in figune‘
23 the alignment of residues 54-80 from pNT 1-80, the sequence of
CNBré a;d Htﬁo1ogy of fragment Tip to theseﬁ}wo sequenced pepti-

des.

=
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. C]eévage with Myxobacter Lys-C protease

; The enzyme Myxobacter Lys-C protease, which is specific for
lysine, was used to cleave three peptides: pNT 1-80, pNT 1~107 and
CNBr4., PNT 1-80 was digested in order to have further indication
that the indirectly assigned position 50 is a lysine residug. In
the whole molecule only two lysines exist, one at position 25 and
another possibly at position 50 (fig. 18). The lysine at position
25 is fo1f0wed by a proline which should prevent the action of the
enzyme, FPr these reasons we expected pNT 1-80 to be cleaved into

' two fragments. Results of this reaction are presented in the HPLC
chromatographic. profile in figure 24. Amino acid composition of -
the two major pebtides collected, MB3 and MB4, are presented in
table 5. It is clear that the enzyme specifically acted at the
lysine residue on the N-terminal side. Fragment MB3 (pNT 1-49)
and fragment MB4 (pNT 50-80) gave another clear indication that

- position 50 is occupied by a lysine,

" PNT 1-107 was also cleaved. The lysine ;esidues in this mole-
cule are located at positions 25, 50 and 81. As in pNT 1-80, the
peptide was not cleaved at lysine 25. Three peptides were collec-
ted: MB2 (pNT 82-107), MB3 (pNT 1-49), and MB5 (pNT 50-81).- The
chromatographic profile is presented in figure 25 and the amino
acid composit%on of each peptide pnésented in table 5. We noticed

’ that at position 8l the enzyme also cleaved at the amino terminal

side of ‘the lysine. |

{ ) Alignment of MB;, MBZP and MB4 did not allow the identifi-

cation of the amino acid residues at positions 97, 105, 106, "107,
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Alignment of fragment 54-80 of pNT 1-80 with sequence
of CNBr 4 and amino acid composition of T]p.
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Table 5
T10 CNBrg MBI B2 MB3 VB4 MBS

Lys 1.18(1)  0.83(1) 0.85(1)  0.87(1)  1..70(2)
His 1.18(1)  ° 0.97(2) 0.63(1)  0.54(1)
Arg 2.05(2)  7.19(7)  3.87(8)  2.93(3) G.90(1)  3.90(4)  3.57(4)
o - (el
Asx ' 4.07(4)  ‘1.89(2)  L.87(2) 5.57(6)  217(2)  1.67(2)
Thr N . 2.63(3)
Ser 332(3) 7 2.60(3) 4.52(5)  %52(3)  2.51(3)
Gx 1 5.00(5) 670)  1.25(1)  877(6) 6.73(7)  0.92(1)  0.93(1)
Po ' 186(2) 3, 55(4) 3.80(4) 4.11(4) ° .
Gy  3.29(3) 17.63(18) © 11.69(12) 6.33(6) 1.97(2) 1.87(12) 12.15(12)
Na L81(2) 4. 35(4) 1L37(1)  3.40(3) 4.39(4)  1L2a(1)  1.07(1)
Val 1.00(1) (2) 1.69(2) 2.18(2)  L1&(1)  L19(1)
HSL ‘ . .
Met ' /
Ne / ’ 0.74(1)
Leu ) . / - 6.17(6)
Tr . ©0.62(1) 0.70(1)  0.63(1)
Phe 1.98(2)  1.85(2) 0.89(1)  L77(2)  L&(2) .
Trp , (1)L (1l (L)1 (1) (1)1
GIcN +H++ , ++HH +HHH

G -

" Segrent -9  -54-107 54-81  8-107 1-49 50-80 50-81

i

AMINO ACID COMPOSITION OF MYXOBACTER LYS-C PROTEASE FRAGMENTS, TRYPTIC FRAGMENT T AND CYANOGEN

-~ BROMIDE FRAGMENT CNBRg

. 1 Determined by sequence
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Sequencing of fragment MB2 (pNT 82-107) should allow the identifi-

cation of these residues.

To prepare enough material of MB2, fragment CNBr 4 (pNT

A54-1(17) was cleaved with Myxobacter Lys-C protease. This reaction

: éave two fragments: MBl (54-81) and MB2 (82-107). A chromatogra-

phic profile of the results of the reaction is presented in figure
26, A1l MBZ2 peptide collected so far was repurified using HPLC
under the same conditions. When 50(3 ug of 'lyophih'zed MB2 was pre-
pared, it was submitted to automatic Edman degradation in the
sequanator. Yields of each phenylthiohydantoin amino acid as a
function of sequanator cycle number on the sequence of MBZ are
presented in figure 27. This ;equence allowed the jdentificat‘in:;n
of all 26 residues of the molecule. A]ignment of sequenced MB2
with the porcine 82-107 segment of pl\iT 1-107 is presented 1in

figure 28. Alignment of all fragments isolated and submitted to

amino acid analysis'and, in some cases to sequencing, are presen-

ted in figure 29. The primary structure of pNT 1-107 is presented -

in figure 30.

Purification and characterization of the missing fragment
between pNT 1-80 and ACTH

"Fraction D" from porcine pars distalis was chromatoraphed

on carboxymethylcellulose resin. The unretained material (peak A)
was lyophilized and resolved using HPLC without being ultrafil-
tered through a dialysis membrane. This approach allowed the

recovery of small molecular weight peptides. The isolation of two

§
DY
3
*
i
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Figure 28. Alignment of sequenced MB2 fragment with porcine 82-
107 segment of pNT 1-107.
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forms ofdthe amino terminal seément of POMC, one with 107 aasno

3

u§‘_\3i;d residues and the other with 80, 1nd1c?ted the poss1b111ty

that the high Mr form might/be the precurSor “for the low Mr
N-terminal. If this be thf case, 27 residues of the pNT 1-107
would have to be removed to give the 80~-residue pNT glycopeptide.
If this hypothesis was correct and if the extension from res1due
.80 up to carboxy-terminal of the precursor were removed as an
. entity, one should be able to detect a 27 amino acid residue non-
g]yéosy]gted peptide, corresponding somewhat to the MBZ2 fragment
(pNT 82-105).', Because of the localization of such ‘a. putative
pept}de within POMC, it was named the porcine joining peptide .
(pJP) explaining the fact that it is the link between the pNT 1-80

glycopeptide and the adrenocorticotropic hormone,

’ . Identification and purification of the porcine joiniﬁg peptide
’ | using HPLC .

-

q

. ] B graphy was resolved by HPLC under the same elution parameters used
for purification the of MB2 fragmen;. A peptide with the same

‘ retention time as the MB2 fragment (18,35 min) was collected

(fig. 31) and repurified under the same conditions (fig. 32).°

«

Amino acid ébmposition of the pJP after 24 hours hydrolysis in

& - .quadruplicate is presented in table 6. This table included the
% amino acid composition of the sequenced MB2 fragment. Because of
i, the great similarity between pJP and the MB2 fragment it is possi-

! (;’ ble that pJP corresponds to the pNT 83-107 sequence of pNT 1-107.

Two milligrams of undialysed "peak A" fyom CMC chromato- -

)
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Proposed alignment of pJdP against the sequenced MB2 fragment is

presented in figure 33.

¢ Sequence of pJP

v " Direct sequencing of 500 ug of repurified pdP allowed the
‘ identification of all 25 residues. The quantitativé determination
o

in nanomoles of the phenylthiohydantoin amino acid as a function

of sequanator cycle number iQ\Presented in fiqure 34. The propo-

//”_4,sag*sequence of pJP/j;/pvgtﬁﬁt?d in figure 35.
/
%

Characterization of the pNT 1-61 amide

N

L;r'/N\‘ Determination of the amino acid composition of the pNT
cyanogen bromide fragments indicated that the CNBr 3 fragment
(table 3) contains pnly seven amino acid residues. These seven
residues match exacf]y the composition of sequence 54-61 of pNT
except for the tryptophan residue which was JZstroyed during acid
hydrolysis of the peptide. An aI{guot of the fraction 117-130 of

the G-75 superfine chromatography\of pNT (fig. 12) was digested

with pronase and the resulting digest was dansylated. Chromato-
graphy of the dgnsy]ated\djgest on thin Tlayer polyamide plates
revealed the pre;énce of that residue at position 61 of a lower
_molecular weighy form of the amino-terminal of POMC. Results of

the chromatograﬂpy experiments on thin layer polyamide plates are

presented in appendix III.

( \ .
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Table 6

PP MB2 " PNT 83-107

Lys

His

Arg 2.00(2) - 3 2

SCMC ‘

Asx 1.89(2) “ 2 2.

Thr

Ser )

G1x 6.00(6)

Pro 3.93(4)

Gly 6.05(6)
(3)
(2)

N W O b O
N W oY b O

Ala 3.00

Val 1.75 K/
HSL

Met ‘

Ie

Leu

Tyr - / L ' o
Phe

Trp

GlcN
~GalN

AMINO ACID COMPOSITION OF THE PORCINE JOINING PEPTIDE, THE MB;
FRAGMENT AND THE SEGMENT 83-107 of PNT 1-107.
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Figure 33. Pﬁoposed alignment of the PJP against the sequenced
MBZ fragment {residues 82-107 of pNT 1-107),
)
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Figure 35. P}oposed sequence of the porcine joining peptide.
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- Radioimmunoassays for ACTH and pNT on extracts of carboxymethyl
Cé\lgTose chromatography of porcine pars distalis

Fifty microliters of each tube from CMC chromatography of

pars distalis presented in figure 6 were assayed with antibodies
raised against pNT 1-80 and ACTH 1-24 to detect the presence of
these peptides throughout the CMC. This exper%ment’was also set
up to getect a peptide which contained'bofh the Aé}H andcthe pNT
linked together. Such a peptide,appeared in the first step of the
maturation process of POMC immediately after cleavage of B-LPH
from the common"preéursor. Distribution of pNT throughout the CMC
is concentrated in tubes 10 to 20 and also in tubes 65 to 120.
However, ACTH is found in tubes 220 to 250. There is no p;ak
throughout  the CMC where both ACTH and pNT together have been
detected., Results of the radioimmunoassay for quantitative detef-
mination of pNI and ACTH throughout the CMC are presented - in
fiqure 36.

A summary of the purification procedure and of the enzyma-
tic and non-enzymatic cleavage of the.pNT-related material is
presented in figure 37. A diagram of the proposed gtructure of
the four peptides related to the amino-terminal segment of the

©

porcine POMC is presented in figure 38.
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Amino ocid | Tryptic digest (Ti-TIO)
composition | CNBr {CNBr4)

. {

Summary of Purification Procedure

Fresh Porcine Pituitary Glands

Neurointermediate lobes Anterior lobes

¢
Protein extrachion in HCL /acetone
Fraction "D"

Carboxymethyl callulose
chromatogrophy

Flow thru fraction{peak A)
High performance hiquid ’
N chromatography

v
. Portine joining pephdes Peptides with cysteine residues

at positions 2,8,20,24.

- G-75 Superfine molecular sieving

1
v v &
20-2IK 7K |2£|3K

Tryptic digest (TI-T9) CNBr3
CNBr (CNBr1,2,3)

Myxobocter (MBI,MB2) Myxobacter (MB3,MB4 )
CNBr4 PNT 1-80
Sequence [MBZ CNBr 2
PNT I-107 PNT1-80 " PNTI-BI

Figure 37. Summary of the purification procedure.
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Figure 38. Schematic representation of four p‘eptides isolated and
related to the amino terminal segment of the porcine

POMC.

T v —— N
o -
\
\\
a\\ =

130

N
A R e T

- ¢ ':‘:»,{‘5‘;'}1;:@ "

PR

T Tkt s L

Lo

.
Ty St PRI st Lo B BRI S e 4 e s

s N S donda [, vrt -

——
o



- - S ~ - y - i

o , . o . - ., h N
¥
. . )
.
- - 3 s R
- - N AP OU O . . - ; of . %s% -
«ﬂ%ﬁ%%ﬁ%&%% FEADIIAGR TIORGOS e v pe, pan kN g st 4 7 A e o TR e i BT st BB oA . 0 AL e e T =
t - * - . B 4
o A N +
. . .-
. , .
- - N N : . ¥ -
‘s 4 .o~ [ . . ;
. ! “ - * . N . - . i . .
) . . . . . 4 R
. . . T A -
- N @ [ \
. . . \ . ’ . . - }
. ' 2 tow
. b , - . .
— L "y t - . e\
R ™~ N . . Y ’ . - N —
2 — . . .« ~
. . . N - A
- - - b
- - L B -t
* * L : .
e . k4 A , .
R 1
Y . . * N
. RN .
! LI \ s / N . ,
v £y
’ ol . - 1 . . .
. ! o “ . - R i
’ > : - " - v
i \ . . ;
. & i . -
- ! - ’ ~ s, \ M - .
- N o + I3
- 2 - N -
3 . ~ R
. = - - » . -
at - - 1 B
- i . = i I ' -
- .o Tm [«
. - vy \ - .
A N .
) 4 K / » * -
: \ . . ) - oD N 2 . R B,
O \
O B . A\ . - vy . - R 2
- e L] N v
- \ (=] . o . - .
. . .
: N ' . - . . .
- \
- - y B . -
~ o -
R . v ' .
- PO >
- \ (5 \ N . .
- s - . " -
. H e N . .
ks " > he
\ 5o )
Y > ‘w lo . " w -~ - ® ‘ -
* IR ri . s . v
X 1 < ’ - . » - )
a - M 3 . ~
* a J - w \ . .t
N N ‘ T 7 °
§ . 1 : . -
Ja . - - -
- - .. B
. [ ) . ) , -
- 1 -y A < - N ‘
N H ,r., w T . .
. <o . . » B .
R . \ . R ' . - h .
~ - e . , . N . . N ¢ . a'
- » O " N N - . rad
“ N _ R ¥ 4
. ) , )
~ - B - o . ° . °
! . . v - \ M ’ N -



176, 177, 192, 200) are key elements which allowed descriptive

s

f%ggQ.

3 : ‘-

v
- ‘

*, Results presented allow the identification of new pituitary

[ -

’ e o \
peptides of the ACTH and B-LPH family. Preliminary indications

.that ACTH and B-LPH coqldﬂbe issued from a common parent molecule

are based on immunachemical and immuno~histochemical studies

(132+133). The use of antibodies wds also @ starting point in Eﬂe

disgpvery by Orth et al. (50) 6f high molecular weight forms of

j; ACTH; ,qﬁlmmunoprecipitation techniques used , by Jierbert's group

1
e e

(143, 144,~152, 167, 168), Eipper and Mainé'(24, 56-60, 142, 148-
151, “166) and Chrétien et al. 473; 100, 102, 103, 159, 163-165,

identification of the common precursor and of its mat%agsi?n
procéss. « q o "

This p;otedure must be considered a good\Erdterion for the
establishment of .a precursor-product rélationship. The most
important point in this view is to consider the éhemical characte-
rization of a peptide's family, including peptide mapping and
sequence determination to give the final proof to clarify its
maturation process. Such an observation was firsE made by
Chrétien and Li (12) when they Eroposed that B-LPH could be the
precursor of Y-LPH,

Many research groups have clearly dgiérmined that during
the maturation of ACTH from its precursor molecule, an important
additional fragment isigpeduceq. ‘Depending on the technique used,
this molecule was established to have an apparent molecular weight

of 16 000 (148-149) or 17 000 and 19 000 (200) Daltons.
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Comp]ete purification and ‘chemical characterization of this mole-
cule wpu]d have been extremgly difficult without the development
of genetiq engineering. In fact even if this pituitary peptide
was inadvertently isolated and purified in the early seventies by

Hakanson et al. (196-198) ,its relation with the ACTH family of

peptides wés not established.

Nucleotide sequenctng prediéts tﬁe amino acid sequence of
the common precursor. -The comp1e£e structure -of the POMC was
first deduced and established for the boyine species by Nakanishi
et al, (18). 'The approach they used could not deever specify the
exact length of the signal peptide. Once this last problem was
solved by comparing the amino aéid incorporation and seguence

determination of the purified product with its predicted sequence

\ (179, 202), it was clear that in many species the cryptic portion

of POMC contains cysteine residaes at its amino-terminal (18, 104,
185). Reduction and alkylation of thesgfsx;te{;es with jrjtiated
jodoacetic acid would be a simpie way of 1abe1%ng pituitary
pep;ides and then using microsequencing techniques to find those
with cysteines at these precise cycles. From bovine predicted
sequence, those residues should be at cycle 2, 8, 20 and 24 (18).
Assuming a sequence homology betﬁeen species], we purified using
HPLC a fraction 'enriched with labeled cysteings\a{ position 2, 8,

20, 24. This approach was the best compromise céﬁs{derinq that no

specific antibody against this molecule, was then available and

that no biological activity had been described to use a bio-assay.
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Purification of the native 16 K f}ngment was carried out in

the mouse pituitary tumor by Keutmann, Eipper( and Mains (202)."

The material was chromatographed on carboxymethylcellulose and as

in our results most of the material was found in the flow-thfough

' fraction. We must add that material related to the so called 16 K

fragment was also found during the first salt gradient which
corresponds to a 0,04 M ammonium acetate pH 4,8, and in the second
salt gradient,’O,l M ammonium acetate pH 4,8 (202). In our hands,
using the same type of cation exchanger and the same counter-ion
salt, most of the material eluted in 0,01 M ammonium acetate pH
4,6 and an important quantity of immunochemical related pNT
material eluted in 0,1 M ammonium acetate pH 6,7 (fig. 36). No
other immunochemical-related material was found at higher salt

concentration and higher pH through the CMC both in our
experiments and those of Keutmann (202). These results indicate

that there must be some charge heterogeneity within amino terminal
POMC erated peptides. This heterogeneity was also observed by
Hakanson et al. (202) when they chromatographed what they called
the Trp-peptides on a DEAE-SEphadex A-25 column. They further
characterized only one 'fr‘action enriched in Trp-peptide by
chromatography on a Sephadex G-100 \superfine column .and by SDS-

'PAGE according to the method of King and Laemmli ({?46). This

1
M

latter experiment gave an apparent Mr weight of the purified
gpeptide of about 15 000 Daltons compared to the 11 000 Daltons

determined by Sephadex G-100. It was however demonstrated that

4
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SDS-PAGE tends to overestimate the Mr of glycosylated peptide

5
-

(244). s 4/
The presence of sugars in. the amino-terminal segment of
POMC wi's demonstrated earlier by Eipper and Mains (148-149).
Hakanson et al. {203) clearly showed the presence of glucosamine
and galactosamine, in the so-called 11 K trp-peptide, by detection
of these carbohydrétes on the amino acid analyser. The presence
of these sugars explains, at'1east in part, the heterogeneity
observed in the a‘rnino-termina1'and even in the whole POMC. Expe-
riments which allowed the synthesis of such a peptide albeit
without the incorporation of a fc-arbohydrate side chain into the
nascent peptide backbone were an essential step in discriminating
between the two most probable areas of heterogeneity: the carbo-
hydrate -side chain and/or the peptide,backbope. Such experiments

were carried out by Crine et al. (73, 165) who concluded that the
e

two common precursor forms, 34 K and 36 K, are two similar or

identical polypeptides differing mainly in "the number of aspara-
gine-linked carbohydrate side chains. According t9 our ‘results
such a hypothesis cannot be retained/for"thé[;orcine N-terminal,
Within pNT 1280 there-i s/dm/o;le position where an N-glycosyla-
tion can occur, Asparagine 65. The following amino acid sequence
was determined Asparagine®®, G1ycineb6, Serineb?, corresponding to
the general model proposed by Li, Tabas and Kornfeld (244, 245)
for 'N-g1ycosy1ation. So within pNT 1-B0 there is only one

N-glycosylation site. There is however some belief that micro-

1
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heterogeneity is an inherent characteristic of the carbohydrate

moieties of glycoproteins (247). Although studies of the biosyn-

~

thesis of asparagine-linked sugar side chains have revealed that

-

the core portion of these sugar chains is transfered "en bloc" as
a lipid-bound intermédiate and transfered to the nascent polypep-
tide chain (248-250) the elongation step that follows can produce
a more or less complete sugar chain. Such heterogeneity is repor-

ted in two peptides where there is only one N~gfycosy1ation, hen

egg albumin (250) and bovine pancreatic ribonuclease (251)._n;m//

each of these molecules asparagine side-chains were shown to be a
mixture o;‘a series of biosynthetic intermediates. A more detai-
led study of the asparagine—]ink;d sugar chains in a complex
molecule was carried out by Kobata et al. in the human cerufop]as-
min (252) and they demonstrated that within the same molecule
there is a difference between these chains. In fact some sites
are occupied by biantennary and others by triantennary complex
type, asparagine-linked sugar chains. On the human chorionic
gonadotropin the four asparagine loci link sugar chains that are
of different and definite structure (253-254),

These‘ factors considered together should explain vsome
charge or Eossib1y molecular weight heterogeneity within the
amino-terminal of POMC. However according to the predicted amino
acid sequence for the bovine (18), rat (104) and human (185) there
is only one possible asparagine-linked glycosylation site within

the whole amino-terminal segment of POMC. In general, the aspara-

[
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gine re§idue within the amino acid sequence Asn-X-Ser (or Thr) is
the sité to which a caﬁbohydrate chain is linked through an N-ace-
tylqlucosamine (255). Such a sequence is presen¥ at onﬁy one
location within these predicted peptides andnthe sequence is Asn-
Gly-Ser or Asn-Ser-Ser, It is obvious that some heterogeneity
might exist within this 1inked sugar structure but we do not take
it into consideration in explaining the molecular weight differen-
ces reported for the amino-terminal (165, 200, 202-204, 214),
Considering this glycosylation, which in the porcine N-
terminal is possibly located at Asnb> (208), we have never isola-
ted a fragment ihc]uding the sequence Asn85-G1yb6-Ser67 that was
not glycosylated. According to our results fragments T9, CNBr 2,
CNBr 4, MBl, MB4 are glycosylated with a predominance of gluco-
samine over glucosamine, So there must be only one N-glycosyla-
tion site within the porcine N-terminal 1-80 Fnd according to- our
results the Asnbd isuthe most probahle locus where it occurs and
it is always 'glycosylated. We have anothen,indirect’egﬁdence that
the Asn5§,ﬁs g1ycosy1ated. During automatic Edmanﬂdejradation of’
fragments CNBr 4 we observed a blank at cycle 12 which corresponds
to Asnbd in pNT 1-80 (fig. 22). "Based on the amino acid composi-
tion of this f}égment we assume that this site is occupied by an
aspartﬁc or asparagine. Because of homology Qith the predicted
bovine sequence (18) we assigned Asn as the amino acid residue at

cycle 12 of CNBr 4,
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Seidah et al. (209) reported the complete primary sequence
) oflthe“ human homologue amino-terminal with an N-glycosylation at\
Asnb5, Hakanson et al. (203) repor;ted the presence of glucosamir;e/_f\
and galactosamine within their 103-residue porcine amino terminal

' - but did not assign any site for this glycosylation (s) to occur.

‘In the bovine species, all immunologically related Y-MSH peptides

of both the anterior and intermediate lobes were shown to be

gchobeptides because tﬂey wére retarded in the concanavalin A

" (Con A) affinity chromatography (206). Although, this criterion is

somewhat irrjgfutab]e the conformational differ/ence in the sugar

prosthetic groups play an important role to strengthen or weaken

binding to the column (256). So even if a peptide is not retained

by Con A it is not a proof that thi\s peptide is not glycosylated.

In fact a minimum of two interacting mannose r‘esiduesyis required

for binding to Con A (257). Consider’ing' the binding of vy-MSH

related bovine pituitary peptides and the proposed sequenc‘e for

- . these peptides (18), Guillemin (206) suggested that the Asnb5 can

be glycosylated in the bovine POMC and that other glycosylation

site (s) might exist, namely an O-glycosylation type on the serik‘

residue that follows Asnb3,
Our results seem to be more exact and suggest the presence
of only one N-glycosylation site within pNT 1-80 and assign this

glycosylation to occur at the asparagine 65 residue. We therefore

consider. that this type of glycosylation cannot by itself explain
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all the heterogengity observed in the amino-terminal segment of
POMC.

' While analysing tryptic fragments of the pNT 1-80 (fig. 12)
on the amino acid ana]yser,lindtryptic fragments T3 and T4 (which,
baséd on sequence homology with the bovine homologue correspond
respectively to fragments 23-49 and 23-50 of the N-terminal) we
detect the presence of sugars. Galactosamine was predominent over
glucosamine in both of them. Further cleavage with cyanogen
bromide and Myxobacter Lys-C protease'of the pNT 1-80 gave two
other fragments;ECNBr 1 and MB3, which'é1so contain sugars in the
same ratio as T3 and T4 (tables 2 and 3). Both the presence of
large amounts of galactosamine as compared to glucosamine and
the amino acid sequence of the porcine N-terminal 1-80 point to an
argument against an Asn glycosylation site in these fragments
(258).

Tabas and Kornfeld (245) proposed that 0-glycosylation
occurs on either serine or threonine in a proline-rich region and
contains galactosamine as the major hexosamine1 According to this
hypothesis, we observed that within amino acid residues 23 and 49

there is one serine and two threonine with five proline in their

_immediate surrounding. So between one to three 0-glycosylation

site(s) may be present.. Data obtained from Hakanson (259) for the
! .

amibo-termina1 sequence determination of the first 35 residues of

a similar peptide extracted from whole porcine pituitaries clearly

revealed the presedte of Ser 29 and Thr 32 without loss in the PTH

.
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determination. From the§e quantitative results and. our amino acid
compo;ition of fragmentg T3 and T4, we suggest that the Thﬁ 45 s
an O:glycosy1ation site (209).  This hypéthesis was reinforced
when we completely sequenced the first 52 ‘residues of pNT 1-80
(211). During this sequence study, we ebserved a net loss o% PTH
yie]é at cycle 45 which could have been caused by the presence of
sugars on this amino acid. Nevertheless, this is sti]L only an
indiréct evidence.

In the human N-terminal 1-76 homologous glycopeptide,
methionine is substituted for valine at residue 33 (209). The
presence of a methionine residue in the human N-terminal homologus
peptide allowed Seidah et al. (210) to cﬁemical]y cut the human
N-termfna] 1-76 with cyanogen bromide and to obtain three
fragments one of which, CNBr II, includes ;géidues 33 to 52.
According to the ratio of glucosamine/galactosamine, they conclu-
ded that CNBr II contains an O-glycosylation and that the only
possible site is threonine 45. No sugars were detected in
fragment CNB; I (residues 1 to 33) which contains one serine at
position 29 and one threonine at position 3?. So based on homo-
logy between these peptides in the human and porcine species
(220-230) we assumed that there is an 0-glycosylation on Thr 45 of
pNT 1-80. Based on sugar detection on the amino acid analyser,
frégments T3, T?{ CNBr 1, MB3, all of which cantain the Thr 45,

are-always g1ycésy1ated. We therefore conclude that pNT 1-80 is a .,

-
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glycopeptide witﬁ at least two glycosylation sites, an 0-glycosy-

lation on Thr 45 and an N-glycosylation on Asn 65.
Based on the amino acid sequence of these peptides, we
concluded that there are no-other possible sites “for N-glycosyla-

tion whereas other 0-glycosylation sites may potentially exist.

l}“ Guillemin (206) proposed that a likely site is the multiple serine

that follows asparagine in the y3-MSH sequence. In the porcine

pNT. 1-80 asparagine 65 is followed by a glycine then three

L]

serines. Within residues 65 to 80 there is no proline which leave .

some doubt about the presence of 0-glycosidic linked oligosaccha-
LS

rides at one or more of these serines {245). We have nevertheless

no direct evidence of the presence or absence of other glytosyla-

-

tion site(s) within fragment 65-80 of pNT 1-80,

Based on the ami:g\ggid analysis of the tryptic fragments
of ﬁNT 1-80 there is no sugar present between residues 1 and 22
and 50 and 64. So it is only between residues ?g/and 49 that

0-glycosylation could possibly occur. The heterogeneity in the

.l ‘ A
relative masses observed for the common precursor and even in bpe
: N\

non-ACTH non-LPH segment of POMC is, therefore, not essentia119\.

due to differential glycosylation of very similar peptides as

proposed by Crine (73) and Roberts (167). We must however

S
consider heterogeneity between the murine species and the porcine
and human homologous peptides. In fact even with the genomic
nucleotide sequence (104) and the amino acid sequence of the rat

amino-terminal segment of the POMC first 20 residues (179) there

-~



o

’

K L 142

is still the possibﬂ‘it_y that residue number 10 could be ‘an aspa-
ragine instead of an aspartic acid as in the porcine, human and
bovine homologues. Since this wo\l:]d give the sequence AsnlO-
Leull-Thrl2, there is possibly an N-glycosylation on Asn-10. Such
an'observation was made by Ei'pper \a‘r}d Mains (60) for‘thle ACTH
molecule where it was later demonstrateh at Asp 29 found in most
mammalian species is rep1a‘ced by an Asn ir:Xhe\rat (104) and that
N\

this Asn is sometimes glycosylated.

5

hY
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Primary structure of the pNT 1-80

Nucleotide sequence of the genetic material coding for
POMC predicted great homology among mammalian species (18, 104,

185). Detailed analysis of whole and fragments of the purified

.amino-terminal from pig and man pituitaries revealed some hetero-

geneity among these molecules (209, 214). As mentioned in these
two species, glycosylation can be one of the causes of this hete-

rogeneity but the possibility of a peptide backbone mutation

.cannot be excluded. We therefore attempted to verify the possibi-

1ity of elongation or shortening of the peptidic backbone as a
cause for the different apparent Mr of the N-termw‘ng]. Anélysis
of tryptic fragments, cyanogen bromide fragrr;ents and two-dimen-
sjonal polyacrylamide gel electrophoresis of our purified pNT 1-80
isolated from anterior pituitaries revealed heterogeneity in

molecular weight and isoelectric points of this molecule (214).
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Such differences were observed to a lesser degrge in a homologous
peptide prepared from human pituitaries (209).

The major isolated form of pNT was established to be 80
amino acid residues (211) with a 1easfr;Qo glycosylation sites
(208). Based on amino acid analysis and peptide mapping we, in a
preliminary attempt, predicted this peptide to be 103 residues
(208). Hakanson (203) isolated a very similar glycopeptide from

pig whole pituitaries also with an estimated length of 103 resi-

dﬁes. The amino acid sequence of the first 35 residues of this

~ peptide was also reported (203).

We therefore completely sequenced our 17 K appar%nt Mr

\g1ycopeptide'and found that it.is composed of 80 residues. From

\

" Vthese experiments we also concluded that position 4 is occupied by

a Glu instead of an Asp as published by Hakanson (203) and filled
the blanks at positions 15 and 25 where we assigned a serine and a

Tysine respectively. From,our complete sequence it is apparent

that the y-MSH sequence (residues 51-62) is identical to the

predicted bovine (18) human (155, 185, 204, 209, 212) and rat
(104) homologues and that this peﬁtide segment is flanked on both
sides by glycosylation sites‘(208-211). The role of these proste-
tic groups is not yet understood except that their presence seems
to increase the half-life in circulation (260), and, as reported
for other secretory proteins, they protect the molecule from
random intracellular degradation (244, 260-263) or are involved in

guiding the maturation of pro-secretory proteins (168, 274).
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In our preliminary repor‘it (208) our predicted 103 amino
acid residueo amino-terminal was based on amino acid analysis of
tryptic fragments and homology with bovipe cDNA sequence (18).
It is now.clear that tryptic fragment T10 represented only a minor
constituent of the tryptic digest of the purified 17K pNT,
Further analysis by two-dir‘nensional PAGE (appendix 2) also revea-

led three forms of the N-terminal glycopeptide with respéctive

apparent Mr of 21 K, 17,5 K and 13,5 K previously isolated by

chr‘bmatography on Sephadex G-75 superfine, As described earlier, -

the=17 K is an 80 amino acid residue glycopeptide and was comple-

tely sequengefi (211). We also investigated the high molecular
weight (H Mr pNT) and the low molecular weight (L Mr pNT) peptides

and found them to be respectively\‘fo;nger and shorter forms of the °

-porcine amino terminal segment of POMC.

Detéﬁhination of the amino acid composition and amino acid
ﬂgquence ofu fragments CNBr 4 and MB2 after cleavage of the H Mr
pNT with cyanogen bromide or with myxobacte? Lys-C protease
(Mannheim-Boehringer) has shown that the H Mr pNT is a longer form
of the pNT 1-80 containing an extension of 27 amino acid residues
at its C-terminal. The extension is connected to thg pNT 1-80
through a pair of basic residues LYS-ARG at positions 81 and 82
respectively. This pair of, basic residues 1is also present in
bovine  (18), rat (104) and h»uman (155) homologues. In this latter

species the major secretor)y form of the amino=terminal segment of

the POMC contains 76 residues (210) and is the homologue of pNT

7
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1-80. Preliminary results from whole human pituitaries has revea-
led that the major secretory form, hNT 1-76, is slightly contami-
nated by two extra peptides of J;'iﬁ\er appare‘nir'w—lr as shown by

SDS-PAGE and- their/’ism‘l'gc’fric points of 5,0 and 4,9 as compared

to 5,3 for the hNT 1-76 (210, 265).

The presence of the pair of basic amino acid residues at .

positions‘81—82 suggests that the extension peptide can be readily

removed by the same maturation enzyme(s) that released ACTH and -

" B-LPH since the LYS-ARG sequence is also present at the cleavage

sites of these peptides (18, 104, 155). Such a processing of the

N-terminal would yield in- the pig the pNT 1-80 and a 25 amino acid

residue after exc‘ission of the LYS-ARG sequence at position 81-82,
and a putative,ﬁﬁepti'de between the pNT-terminal 1-80 and the
ACTH. Such a peptide was previously ;so1ated from human pituita-
ries and was pamed the "joining peptide" (212). However in man,
th1:s peptide 1is 31 residues long as; compared to 25 in the pig.
This explains the results of: our preliminary . reports (208) in

which tryptic digest had revealed the presence-in minor amounts of

peptides such as fragment T10, related to the C-terminal portion
t - A

of the Hir pNT.

' Such an gbservation was made witjh‘ human material wherl-e two
mRnor tryptic fragments, T15 and Tl6, vepresented only minor
cc)nstituentvs (205) and where 'T16 was not part of”“the hNT/ 1-76
(Zfb). From these results we assumed that the 21 K apparent Mr

form of the amino-terminal segment of POMC in the anterior lobe of
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N >l the pig pituitary consists of 107 amino acid residues and'.may;
represent the whoi\e amino-terminal from the TRP 1 residug- (203

Al

211) to the putative pair of basic re51dues preceding ACTH.
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Chemical characterization of the LMr pNT with an apparent
<Mr~ of 1;}\,5 K on SDS-PAGE was performed on a fractiop enriched with
the peptide obtained from a Sephadex G-75 superiine chromatograéhy’

of pNT 1-80. The fraction was ‘submitted to cyanogen bromide

~

B}

cleavage and HPLC reveal;:d the presence of three fragments . and

showed them to cm}espond respectively to the amino acid comg@sv

— tion of fragments 1-53, 54-80 and 54-61. So we believe that the
R 13,5 K Mr pNT represents the first 61 residues of pNT 1-80. The

-/ loss of 19 amino acid residues including one site of giyk:osji ation

A at Asnb5, is consistent with the loss of around 4 K on SDS-PAGE.
‘ Shibas';:i et al. (266) already suggested the presence of an amida-
N ‘ ted phenylalanine residue at the C-terminal of Y1-MSH (residues

e A‘ . 51 .61 of the bovine N- terminal homo]ogous peptide). This o‘bserva-g
*’ tion is based“on 1mmunochemica1 data con51der1ngé‘vthe s’p’ecificity
of an antibody. The presenée of a phenylalanine amid:e at position

- 61 as reyeaied by  dansylation- (214), suggests that LMr pNt
although féund in low amounts, may be maturation product of the
,\‘QN—t"erminal. Amidation of the penultimate residue 6f~a peptide
often occurs when a glycine residue is at its C-terminal (267-

. 6{ 270). Examination of tii,e' sequence of pNT 1-80 (flig. 18) indicates

' that the phenylalanine residue at position 61 is followed by. the

sequence -G1y62-Arq63-argb3, 1t is proposed that the cleavage of

- - | 146
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the peptide first occurs at the position of the paired basic resi-
dues generating a peptide with a glycine residue at its C-termi-

nal. Removal of this glycine residue by specific enzyme(s)

.

results in the amidation of the phenylalanine rgsidue at position
61. EQe; if in our preparation the LMr pNT is present in small
amguntgk recent studies by Hsi, K.L. et al. (jll).found large
amounts of §ueh/§*meptide in the "“prolactin fraction" extracted
from anterior lobes of porcine pituitaries.

These 'resu1§§ suggest that the N-terminal is partially
processed erther than the 80 residues b]ycopeptide and that

Y

amidation reaction does occur in the anterior lobe of the pitui-

—

tary. '
In the rat pars intermedia, Crine et al. (165, 2% ‘showed

that the N-terminal glycopeptide of POMC accumulates during matu-
ration as two peptiggs with apparent Mr of 19 K and 17 K. Based
on the predicted sequence deduced from rat genomic DNA Tibrary the
whole rat amino terminal should be 95 amino acid residues Tong
with the presence of a LYS-ARGAsequence at position 75-76 (106).
However in the rat species the sequehce ~-ARG-ARG- found at posi-
tion'63-é4 as in most mammalian species is replaced by -PRO-ARG-.
By analogy with the porcine species it can be speculated that
these two rat N-terminal glycopeptides conceivably represent the
1-95 and 1-74 forms of the predicted sequence (106). A 21 amino

acid residue loss can logically account for a 2 K diminution on

———
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'SDS-PAGE.  However further chemical chracterization of both 17 K
and 19 K is needed to confifm this assumption.

Chemica} chéracteri;;fion of peptides .related to the amino
terminal segment of POMC ?rom'the anterior lobe of pig pituitaries
has revealed that the smallest peptide isolated so far is 61 aming

_acid residues long. We must however keep in consideration that
;11 these peptides-were iso]gted from the flow-through fraction on
carg;xymethylce11u1ose chromataography fo11oﬁed by ultrafiltration
through a 10 000 Mr cutoff dialysis membrane. Radioimmunoassay
with én antibody raised against the pNT 1-80 has revealed the
presence of an N-terminal related material in the second elution
step of the CMC. We,uhowever, did not characteri;? this mate-

rial. Crine (165) has isolated the 17 K and 19 K fragments from

rat pars intermedia cells chased for up.to 4 hours with thé same

yield as after 2 hours chése. Considering thig‘ﬁétabo1ic stabi-
Hity, he proposed that the entire glycosylated N-terminal
fragment, and not the Y—me]anotropip heptapeptide (18), might be
‘The true biologically active specje; (165, 200)-. ),,
Shibasaki (206) working onignterior and intermediate lobes -°

of bovine pituitaries proposed a different maturation process of
the y-melanotropin re]ated‘peptides in these two tissues. In the
anterior lobe the Y-MSH 1ike peptides have apparent Mr of 13 K and
8,8 K whereas in the intermediate lobe a third peptide with an

apparent Mr of 4,5 K was found. A]] these peptides cross-react

with an anti y3-MSH antiserum. He proposed that the N-terminal is
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further processed to smaller peptides and e;en to y-MSH., We have,
to date, no evidence of such -a procesé‘and have never found the
native peptide in the pig antef%or pituitary.

‘ Working in the same tissue as Crine, Browne et al. (272)

\
chemically characterized a peptide related to the N-terminal which
extends from the first residue of y-MSH (106) to beyond the site
of amidation at Phebl (214), These data, in addition to those
from the bovine pituitary and ours from the pig pituitary are
sufficient to consider a more detailed characterization of the
maturation praductg{gf the N-termimal. We proonsed that a numhar
of neptides and— éfigépeptides are produced from the whole
N-terminal POMC and that differences may be due to composition of

the peptide chain, glycosylation and even some post-translational

modiﬁication such as qlycosylation and phosphorylation as reported
for the CLIP in the rat pars intermedia (74).

Even if. primary structure alone cannot be used to determine

the maturation process of a peptide, our finding of the HMr pNT

and of what we consider its maturation product, pNT 1-80, LMr pNT .

and the "joining peptide", gave further indication of the rog7 of
the pair of basic residues -LYS-ARG- in the enzymatic processing
of some precursor molecules. As was proposed by Chrétien (12),
based on the LPH model, all precursor peptides contain paired
aminb acid hasic residues at the site of cleavage. Steiner later
observed that arginine rather than lysine seems to be preferred on

the carboxyl side of the pair (13). Such a sequence is present at

4 . ;
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only one place in the whole N~terminal and in all species studied

_so far. Our finding of a 107 residues pNT (HMr pNT) and of the

pNT 1-80 plus a 25-residue "joining peptide" indicates a step in
the maturation process of the N-terminal. We proposed that such a
step occurs in the anterior lobe and tgat the -LYSB1-ARGB2- s the
site of cleavage. The pair of basic residues -ARGD3-ARGO4- is
also cleaved, to further yield the pNT 1-61 amide but our results
did not allowed quantitative evaluation of this reaction. How-
ever this pair of basic residues is not present in the rat (106).
There-is still some controversy about the role of the -ARG49-
LYS50- found in all species studied so far. Browne (272) has some
clear evidence of a further processing of the rat N-terminal
including a cleavage at this precise site. We however did not
isolate such a peptide from the anterior lobe of the pig
pituitaryz Based on our sequence data, we proposed a tentative
model (shown in fig. 39) for the maturation of the N-termina)

peptide of the porcine POMC in the anterior lobe.

It was proposed for the proces “ng of the POMC in the human
/\*(209-210) that the maturation enzyme sponsible for the
=%,

generation of, all ACTH-related peptides is very selective, sincq
it cleaves exclusively, at the pair of basic resi&hes-Lys-ARG.
fﬁis pair of basic residues occurs in both the human (209) and
porcine species (214) after the N-terminal of respectively 76 and
80 amino acid residues and furnishes the opportunity for the

release of 'the "joining peptide". Such a peptide has been
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isolated in the human species (212) and now in swine but in small
amount. Explanations for such a Tlow recovery include a 108s
during the extraction and purification procedure, the destruction y
of the peptide by protease(s), or its ekistence in other forms
such as found in ACTH. Such other forms have not been isolated as
yet. It is clear from nucleotide sequencing in other species that
this "joining Eeptide" shows more heterogeneity than other
segments of the common precursor, making more unlikely the possi-
bility of & biological function.

| No higher molecular weight peptidé (above 21 K) was ‘isola-
ted from material re]aEed to pNT. We believe this is due to the
fact that we dissected pituitary gland }nto anterior and neuro-

intermediate lobes approx%mate1y one hour after death of the

animal. Pulse-chase experiments in rat pars intermedia have shown

that about 30 minutes are necessary to process the common precur-
sor into a 25 or 27 K fragment and B-LPH and that within two hours
the 17 K and 19 K fragments are released (165). If the synthesis
of POMC is arrested at the time of death, it is conceivable that
after 60 minutes there 1is no common precursor and & very 3§kt1e
amount of the peptide containing HMrpNT and ACTH.

Since no labelling of cysteine residues occurred upon (14¢C)

iodoacetamide derivatization in the absence of a reducing agent,
L 1:\

.
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the four cysteine residues at positions 2, 8, 20 and 24 must be
_ involved in disulfide bridging. Theoretically only three possible
linkages exist. In order to differentiate between the three
possibilities “we used the staphylococcal V8 protease (273), a
glutamic acid specific endopeptidase theoretically capable of
cleaving between the Cys bridges at Glu 4 and 14. Unfortunately,
even if such a cleavage. occurred (unpublished data), wé were
unable to characterize bi amino acid analysis the fragments obtai-

ned and therefore could not assign a definite location for the

cysteine bridges. However in the human (210) homb1ggous peptide

N

the two disulfide bridges were assigned to a position between the
cysteine residues 2-8 and 20-24, The first bridge contributes
further to the homo?og& between the sequence of the known N-termi-
nals and all the known.calcitonins (274). This type of homology
raises the possibility that the immunochemical approach u§ed to
detect the presence of calcitonins .within the anterior and inter-
mediate 10525 of the rat pituitary (267) might cause cross reacti-
vity with the amino terminal segment of the ﬁOMC.

. Most of the conclusions drawn from this work are based on

~

chemical characterization of native peptides extracted from fresh

///#__‘\\\\Eorcine pituitaries. The quality of the tissue-we used is, we
' _ elieve, the best available if we consider that the amount of time .
spent between the slauéhterinq of the animq} and the preservation

of its pituitary in liquid nitrogen was less than one hour. Befo-

re collecting pituitaties on a large scale we perform the follow-

e
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ing experiment on Kat to eva]qate the viability of the gland after
death., We killed rats by decapitation and wait 15, 30, 60 and
120 minutes before dissecting the pituitary. At each time period,
we carriéd a typical pulse experiment in the intermediate lobe ana
we observed thaﬁ even iZO minutes after death this tissue is still
able to synthes§ze ACTH related peptides (unpublished results).
So we believe that the peptides we characterized should not repre-
sent artifacts or post-mortem degradation products. As published
%n results the cyto-architectdra1 organization of tbe gland is
well preserved one hour after death and no cell lysis was obser-
ved. “

Most of our knowledge about the POMC model is based on
pulse-chase ,experiments in the rat intermediate lobe or in a tumor
type cell line, ébuse ATt-20/D16v, from nucleotide sequence deter-
mination and from whole pituitary extract. We concentrated our
effort on an homogenous tissue, the porcine anterior pituitary,
and were able to isolate by chemical approach, multiple forms of
the amino terminal segment of the POMC. From our results we
concluded that the whole amino-tgrmina1 segment of POMC in the
porcine anterior pituitary is 107 amino acid residues an& it
contains within its primary structure three pairs‘of basic resi-
dues, -ARGH9-LYSS0-, -ARGE3-ARGE4-, and -LYSB1-ARG8Z,  Of these

Eﬂﬁee pair;'the latter is enzymatica!1y cleaved to give pNT 1-80

and pdP. Both of these peptides were isolated and their comple-

te structures determined. PNT 1-80" is a glycopeptide with at

v
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least two sites of g]yc%sylation, one N-glycosylation on* ASN65, a’}rd.;

at least one O-glycosylation on THR45; we cannot exclude the .

possibility that other O0-glycosylation sites could be “pre;ent.
There is no glycosylation within pJP and this peptide shows great
heterogeneity with homologues from other species. In the rat,
considered a model for studying the maturation of POMC, there is
same mufation in the dibasic residues. These dibasic residues are
~ARGA9.1 ys50-: and -ARG75-ARG76-. According to Crine's wgrk where
the 19 K and 17 K represent the maturation products .o‘% the rat
POMC (200), it-is conceivable that the whole 95-residue amino-
terminal ™does not mature further as in the porcine homologue.
Based on amino acid composition and two dimensional gel
eﬁectrophoresis (appendix 11), we isolated a third form of the
amino terminal composed of only 61 amino-acid residues with an
amidation of the phenylalanine residue at position 61. We believe
that such post-translational modification ;ould not occur in fhe
rat because of the lack of the dibasic residues -ARG63-ARG64-

which is replaced by -PRO63-ARGE4 (104). This 61 residue amida-

- ted glycopeptide is the smallest form of the N-terminal we have

. isolated so far. We did not succeed in our efforts to isolate

y-MSH as such (unpublished results) even if a pair of basic resi-

dues -ARGA9-LYS50 immediately preceded it in all species studied

- (18, 104, 185, 210).

Other post-translational and/or co-translational modifica-

tions of the POMC family of peptides have been reported. Among

r

L
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them, Browne et al. (74, 276, 277) reported that about half of the
ACTH 1-39 in the rat anterior pituitary and two thirds of the CLIP
in- the rat intermediate pituitary are phosphorylated on Ser3i.
Eipper and Mains. (278) reported that abolit 5% of the 16 K fragment
molecules in rat pituita;y contain phosphoserine and that SerZ;
present in all known 16 K fragment (18, 104, 204, 211) is part of

L4

the sequence Ser-X-Glu found in most phosphorylated proteins

(279-280), The incorporation of [32P] in glycosylated and nongly--

cosylated forms of ACTH and CLIP argues against the suggestion
"that phosphorylation at Ser3] prevents g1yt65y1ation (276-277).
~ However the physiological role of phosphorylation of ACTH and CLIP
and 16 K remains to be elucidated (279).

The role of sugars in synthesis, processing and secretion
of POMC related peptides was studied by Budarf and Herbert (281)
and they concluded that glycosylation is not an essential step for
correct cleavage of secretion of POMC or its broduct;: A more
essential role was assigned to the arginine residues when Crine
and Lemieux (282)°using canavanine, an ;halog of arginine, found
that its incorporation into rat's neurointermediate lobe considg-
rably slows down the conversionlof POMC into its different end
producfs. )

It is believed that nascent POMC molecule follow’the gene-
ral pattern o’r‘3 most secretory proteins studied so fér in its
prave] through the cell's compartments. In a first stepaphe POMC

. ' »
is inserted into the lumen of the RER where removal of the 26
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residues signal peptide and addition of high mannose oligosac-
charide side chains occur (5, 6, 25-29, 30-36, 38, 39). Then all
the subsequent cleavages presumahly occur while the molecule
travels from the RER to the Golgi and into the secretion granules
(283). Trimming of the high mannose and addition of terminal
sugars occurred during this journey especially at the Golgi Tevel
where alpha-1,2-mannosidase and glycosyl transferases activites
are reported (40, 284, 285). In the secretion.granules, where
protease(s) involved in the processing of the POMC are located
some maturation enzymes have been partially éurified from rat
intermediate and anterior 1lobes (286-287). Crine et al. (288)

using Monensin which has been shown to slow down the intracellar
4

transport of newly synthesizéd proteins demonstrated that the POMC

leaves the Golgi intact and is then packaged into secretory granu-

————

les where the first cleavage occurs. It has been suggested that

B
5

the enzymes invp]ved into the maturation shbu]d have trypsinand
carboxypeptidase B-like specificities (289, 290) but very little
is known about whether the processing of "the POMC is catalysed by
a single enzyme or a group of enzymes. However the primary struc-
ture of the arginine Jhsopressin-neurophyrin Il precursor as defi-
ned by cDNA sequence (291) which 15/;150 processed into several
functional polypeptides is gut at a double basic residues
LYS11-ARG1y whereas the ARG 108 is{kut instead of the pair of
basic residues ARGlo5-ARGlos. In the case of the pro-enkepha]in a

40-50 K. Mr precursor synthesized in the adrenal medulla which

by

o

\\

i
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%
the enkephalins are immediately bounded on the C-terminal side by-

a pair of basic amino-acid residues and all the seven enkephalins*

in the precursor is preceded immediately by this processing signal

—

- (292). Other hormones and active peptides have been found to be

contained within the sequence of a larger precursor protein and
are released by limited proteolytic cleavage (13-21). In the
majority of these structures, the cleavage mechanism "is clearly.
directed towards pairs of basic amino acids which act truly as
"markers" directing the release of sometimes bio1o§ica11y active
products (290). However, the presence of such "markers" cannotvbe
thought as a prerequisite for maturation since for propressophysin
(291), prosomatostatin (293-294), chicken proalbumin (21, 295) and
preprorelaxin it has been proposed that conformation around the

cleavage site couldalter the normal processing (297). It also

has been found that basic pairs, which are recognized, are located °

in structureless region whereas most unrecognized ones are locali-
zed in highly structured regions (298). Nevertheless, it seems
regsonab1e to consider taht the basic pair is clearly not the sole
requirement for recognition during the maturation process and that
factors such as glycosylation, phosphorylation, sulfation . and
factors influencing the conformation around the recognixion'site
are participating.
v

We present in figure 39 a tentative model for the maturation of

the N-terminal peptide of porcine POMC in the anterior lobe of the

) s
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. e pituitary gland. The N-terminal portion of POMC is first released

‘as a glycopeptide of 107 residues by enzymatic cleavage ag the

: & site of the putative pair’ of basic- residues BO-Fesidue
glycopeptide which was identified as a major form of the -

N-terminal b;se on, extraction recovery. This peptiQe can further

be broc%?sed into # 6l-residue glycopeptide by enzymatic cleavage

’ ﬂ at the -ARG63-ARG64 site with concomitant removal of the ?1ycine

residue at position 62 and xémiqatjon of the’ phenylalanine at

position 61. We have no evidence so ‘far for further processing of

the N-terminal in the anterior lobe.
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Figure 39.

»
Proposed maturation pathway of the aminno termfnal
segment of the porcine POMC in the anterior and. inter-
mediate lobes of the pituitary.
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welaims to originality

G«

\ 1- In all domestic mammals the pituitary complex is characterized
. N A " ) 1 “ .~
by the presence of the anterior, intermediate and posterior .

3
e ¢

1;bes. In olr experimental procedure we separated the ante-

) rior’ from the neurgin?eymediate Tobe to study the amino-termi- o ﬁ

/ nal” segment of the POMC- in an homogeneous tissue. Because -
“ both the intermediate and anterior lobes are able tg synthe-
s~1’ze ACTH and’its related fémﬂy of peptides we were interes-
- te& in the fate of the ;min,o—temﬁnﬂ segment of the POMC in a

tissue where pulse-chase expérimeq}s are difflicult to cérry °

“out.- This is why we have chosen to isolate fBom the anterior

lobe multiple forms of “an homologous peptide ‘whief may repre-

!

g N

- sent different steps in the maturation of the am%no—ter‘mina]

ofi th‘e POMC.

2- 'Using & chemical approach we presented further -evidence .of the
glycopeptidic natu’re 00f the pNT. LWe were the first to propo- O
se that at least two glycosylation sites are present within

//—ﬁNan\N\chosy]atmn on\Asparaq%he Gmn 0 q]ycosy]a-
tion probably on threonine 45. There is the ,,possmﬂ:ty of
other 0- g1ycosy1at10n s1tes within the mo1ecu1e but the prima-"

. ry structure of HMrpNT does not aHow for the presence of
) othet N-glycosylation s1tes. \ !

3- Our results give some inf‘ormation about the role of pair basic

residues in the processing of POMC itself which is also found

)

in most of the péptide models,

* - i
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£ Appendix Table 3.4.3. Analysis~pf variance for ) - g
primary: secondary seed weirght ratio, Macdonalz// - o]

Source ' d_f value » ;'%‘:

Model pt- I 6.87" , ¥

rep ; S 0.27 J Y/ g

genotype 5 7,43 %

errar . 105 |

b corrected total 143 t i 4
R-square 00,7131 s

C.V. 2.0402 - N

J &

* PR:O.OS . ) S

e PRO.01 " y

Appendix Table 3.48.4. Analysis of variance for :
primary:secondary seed weight ratio, 'Fz and Fs generation at

Jaliette and Macdonald. s

Joliette'

F= generation Fageneration .
( i
Source.- e df F_value df F_value "
Model 17 5.97% 17 4.36%~ ok
rep 3 9. 10"~ 3 1.64 by
genaotype 14 b. 16" 14 4, 4% %
. error 42 42 ’ %
corrected total 59 S9 i
/ e
- Macdonald .
F=z generation ' Fs generation
.Somrce gﬁq F value df F value ey
Model 17 \ 5.3 17 S.91==
rep 3 0.27 3 0.462 TR
genotype 14 | b.45% 14, 7.04%w i
errar 42 2\ %
corrected total 59 a . Q" . "

* PR»0.01
= PR>Q.01

. N .

= g

- o B AL R TR rae e he@eB it heda
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ieed weight
Spurce

gca

sca T

error

* PR}0.05
- ** PRI0D.0O1

»

ratio.
df 85 -

“ - —— .
S 1.68310'2"
9 &0 10—
42

L}

.Bagcn ' .35 10—=
e 4.473410—=
. gca S8 0.97
total genetic S5
N.S. heritability 0.71
heritability ND.91 ~

B.S.

1
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Appendix Table 3.4.5. Analysis of variance for gca and sca
effects in the Fz generation at Macdonald, primary:secondary

o MS F_value
Z.40%10°F 15,475
6.867%10°° 0.30

2.20x10—4

Appendix Table 3.4.46. Analysis of variance for gca and sca

effects in the F= generation at Macdonald,

primary:secondary

Tt S Bl G R, QERATE Y 1

Zeed weight ratio.
ource df gs’ N MS F _wvalue
gca 5 2.34x10=2 4.68x10-S  17.08%*
sca. - ‘Q *5.54%10—= b. 165104 2,24
error 42 2.73%10—=
. * PR}0.05
** PRX0O.O1
Rgea . ° 1.02%10—=
s o 3.41010—+
gca S8 0.81
total genetic S8
N.S. heritability 0.77 .
B.S5. heritability Q.90
v
. S
PR
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Appendix Table 3.4.7. Analysis of variance for gca and sca
effects 1n the Faz generation at Joliette, primary:secondary
seed weight ratio. ’

&
Source . df 88 M5 F_value
gca S 2.49¢10—= 4,.98%x10—= 15.31%~ '
s5Ca /. 9 2.08%10—= 2.28:110—4 0.70
error 42 3.25%10—=
. ) f
* PRX0.05 :
** PRX0.01
%ac - . 1.19%10-% - ' ‘ .
% e 0.00
. &
gca 58 0.92 .
total génetic SS )
N.S. heritability 0.88
B.S. heritability 0.88 /o2 ’

Appendix Table 3.4.8. Analysis of wvariance for gca and sca
effects 1n the Fx generation at Joliette, primary:secondary i
seed weight ratiag. . b

Source df sS MS F_value
! M ) f J
gca 5 2. 40%10—= 4,.80x10-= 10. §9%*
sCa ? 7.00:210—= B8.00x10—% 1.73 :
error ’ 42 4,50x10-4 \ X
- PR:0.05 ;
-* PR:0,01 ¥
3
- 3
= NN ’ 1.0010~= . “i
- SR 3.50110% ;
;
. gca 85 0.77 g

total genetic SS

N.S. heritability 0.71
B.S. heritability 0.84 p
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c Appendix Table 3.4.9. Analysis of variance for secondary o
seed weight, Joliette. . .
Source ' ’ df F value
« Model 38 10,73 '
rep ’ ) 3 1.90
genatype 35 . 11,49%~
error 105 :
" corrected total k 143
R-square 0.7932
C.V. S5.0649
* PR.O.0S A
e PR‘:O.71 . . ’
" ]
h Appendix Table 3.4.10. Analysis of variance -Fol secondary .
\ seed weight, Macdonald. - -
Source af F_value
Model o 38 13,53
. rep 3 ' T 1.65
( genotype 35 14,55~
error . 105
corrected total 143
‘ R~square 0.8305
c.V. 4,7700 -
. . . , ’ i
* PR.0D.05 ‘
e PR>0.01
{
__ i
-
i
- l;l G :
- y
,\"7‘1 §
) ‘ '
o 3
., i
v i
o 1
i
H
v : 1
/
//
r | B
-
1 »
. |
' . P ot Wi« ssos. 5 AT AT Mt

YRR T e 7 B e T



§
A

<

”

Appendix Table 3.4.11. Analysis of variance for secon&éry
seed weight, pooled over locations.

Source - df F°value
Model : ‘ " 74 . 12.89%= -
rep . it .49
genaotype 35 24, 48"~
location i 23. 62"
genotype#*location 3 . 1.59-
error . 213
corrected total ) : 287

\ . .
R-square 0.8174 ’ ’ -
£.V. 4.88%2 .

» IPR:D.0S
== PR»).01 ¥

<

Appendix Table 3.4.12. Analysis of variance for se;éndary
seed wgight, F2 and F3 generation at Joliette and Macdonald.

Joliette
F= generation Fs generation
Source df F value df F _value
Model 17 8.1 17 7. DT
rep Z 1.15 3 0.18
r-genotype 14 10.57% 14 8.755’
error 42 42 ’
corrected total S% o9
o Macdonald
F='generation Fs generation
Source df F value £ F value.
2gurce cr g vatrue g T yalue
. Madel 17 10,46 17 . 65%*
EP, s 1.42 3 0.29
genotype 14 12,39n» 14 10.44"~
error 42 42
corrected total =9 s

»* PR}0.01 N
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Appendix Table 3.4.13. Analysis of variance for gca and sca
effects 1n the F; generation at Macdonald, secondary seed

weight.

Source df

gca 5

sca 2

error . 422

* PR.0.OS

=" PR.0.O0O1

a-2°=. " 4- 76
gca SS 0.94

total genetic 5SS

. N.S. heritability 0.93

B.S. heritability 0.94

Y
AN
v
v

Ss MS F_value
98.84 19.77 " ozn. Sges
6.52 0.72 ) 1.19

0.4&1 ‘

Appendix Table 3.3.14. Apalysis of variance fop-gca and sca
effects in the Fxz generation at Macdonald, secondary sged

weight.
}
Source df
gca g S
sca : Q
error ! ‘ 42
= PR.0.0S
= PR D.O%
B aca .69
m-c- ' 1 - 20
gca SS 0.80
total genetic 58S
N.S. hefFlhtability 0.76

E.5. heritability 0.92

-85 MS F value
/
6£2.358 12.48 2040w
13.34 1.73 . T.D4me
0.55
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Appendix Table 3.4.15f Analysis of variance for gca and sca

effects 1n the Fz generation at Joliette, secondary seed
weight.

v

Source df SS MS F value '
. v
gca 7 66.52 % 13.30 28.83%*
sca ‘ i ? 1.48 0.19 Q.40
error 42 Q.46
*  PR>0.05 :
»* PRZ0O.0O1 ’ X . .
Bzgc- Z.2
B2 nca 0,00
gca 85 0.23
total genet1chS
N.S. heritability  0.93 ) ’
B.S. heri1tability 0.93 P
o

v

Appendix Table 3.4.14. Analysis of variance for gca and sca
effects 1n the Fx generation at Joliette, secondary seed

we1ght: e

Source df Ss MS F _value
gca S 74.99 15.00 20.95" X
sca 9 12.90 1.43 ; 2.00
error 42 0.72 .
* PR,O.035
Tee PR:0O.OL
' a A -
s o 3.39
m-c- (:)- 71 N
gea 58 0.85
total genetic 88
N.S. heritability 0.83 . ‘
B.S. heritability 0.91 ¢
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