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Abstract 

Adrenocortic?tropic hormone (ACTH) is synthesized ;n the \ 

pitui'tary gland as part of a larger precursor molecule. This 
o 

precursor i s cbaracteri zed by the fact 'that i t contai ns wi thi n its 
f/ 

structure multiple chemical messenqers with. quite di.fferent biolo-

gîcal activities. Among, them are included the melanotropins 

(MSH), the beta-lipotropin (B-LPH) and the endorphins. Ta account 

for the major' biological activities of its 2omponents, the name 
. 

pro-opiomelanocorti~ (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 anterior pi1tuitary tumour cell line AtT-20/D16v, established " 

its apparent molec'~lar wéight (Mr) to be around"30 000 Daltons 

with the presence of carbohydrate snf.e chains attached to a pep­

tide backbone.' This latter aspect is considered partly respon-. 
sible for the heterogeneity observed in both the molecular weight 

and the charqe of the molecule. Nucleotide sequencinq of the cDNA 

coding for POMC has predicted the whole primary structure. ACTH 

and S-LPH together account for only half the size of the precur­
.... 

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

This cryptic segment as ACTH and S-LPH contains an MSH-like 

sequence called '( -MSH. Pulse and pulse-chase experiments indica-

ted that 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 completely characterize this cryptic segment 

we dissected porcine pituitary Qlands into both the anterior and 

neurointermediate lobes. Our objective was to determine the mole­

cular form of the amine terminal segment of the porcine POMC (pNT) 

in the anterior lobe using a chemical approach. We extracted the ~ 

peptides' f'rom tlle anterior lobes and chromatographed them on 

various ,sjstems including molecular sieving,'ion-exchange and high 
..... 

performance liquid chromatography. 'Complete primary structure of 
l ' 

the pNT revealed that,the major form is a glycopeptide of 80 amino . . , 

acid residues with at least two glycosylation sites. 
,/' . 

peptides of 107 and 61 amine acid residues were isol 

proposed that they are membe~s of the g~nèalogic tree 0 

the 107 residue being the whole cryptic segm~nt precedi 

the amidated 61 residue being a maturation product 

secretory form. We .150 isolate~ • 'peptide jhiCh 

residue glycopeptide to the ACTH in the POMC; it w 

the joining peptide (~JP). 
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G Résumé 

Il est malntenant bien établi que l'hormone adrénocorti­

cotrope (ACTH) est biosynthétisée ~ pariir d'un précurseur de haut 

poids moléculaire. Des approches chimiques et immunologiques ont 
" permis d'établir que ce précurseur contienl ~ l'intérieur de sa 

structure plusieurs peptides candidats ~ diverses fonctioQs endo- \ ~J 

criniennes. Parmi ces peptides, mentionnons outre l'ACTH, lesr- '--' ..... "'0 
mélanotropines (MSH), les lipotropines (LPH) et les endorphines. 

Le nom pro-opiome1anocortine (POMC) est employé pour souligner la 
'; 

diversité des actions biologiques des composants, du précurseur 

commun. La structure primaire du POMe déduite',à partir de la 

séquence de nucléotides d'un ADNc a permis d'jtab1ir que l'ACTH et 

la a~LPH ne représentent que la moitié du précurseur. Un segment 

cryptique situé à la partie tm;tno-terminale de la molécule' re~ré­

sente l'autre moitié. Des ~ériences de cinétique de marquage 

ont permis d'établir que ce segment crypfique représente un impor­

tant produit de maturation du POMC dans le lobe intermédiaire du 
; 

rat et dans une 1igné~ tumorale de cellules adénohypophysaires de 

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

• 

/, ~'hypophyses de porc pour car~ctériser les peptides de la portion 

cryptique du POMC. A l'aide de techniques chromatographiques 

incluant les tamis molécu,laires, les échangeurs d'ions, le chroma-

tographe ~ haute performance en phase liquide et l'électrophor~se~ 

à une et dellx dimensions, nous avons isolé et purifié quatre 
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~eptides a5soci~s au segment amino-terminal du POMC. La structure 

prima.ire de chacun d'eux a été déterminée par séquence selon le 

pro~dé d'Edman. Le princ~ peptide isolé e~~_ composé d~ 80 

r'ésidus d'acides aminés avec au moins deux sites de glyciosyla.!. 

tion. De par sa localisation à la partie amino-terminale du PO,MC, 

nous " avons n~ê le "porci,ne N-terminal" (pNT). Deux autres 

peptides respectivement de '107 et 61 ré~dus ont ét~ isolés" en 

quantité mineure, et seraient reliés généalegiquement au pNT. 
~., 

Enfin, un quatrième peptide de 25 résidus: \représentant le lien 

entre 1 e pNT et l'ACTH a été i sol é et séquencé, il sert' à rel i ~'r." .-" 

le pNT à l'ACTH et 'il a été dénommé "Joininq, peptide" (pJP). 
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The pituitary hormones corticotropin (ACTH) and ~-lipo­

tropin (~-LPH) have been shown to be synthesized from a common 

precursor glycoprotein in mouse pituitary' tumor cells (24, 152) 

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

cortin (159). The mRNA for this precursor has been isolat~d from 

bovine pituitary intermediate lobes and its cDNA copy has been 

cloned in Escher'ichia coli and sequenc!'?d (18). Thïs study revea-

l'ed the complete primary structure of the common precursor. It 
~ 1. 

appears that the peptide consists of three repetitive units each 

containing a homologous melanotropin-like (MSH) heptapeptide. The 

-MSH and ~-MSH are in ACTH and ~-LPH respect i ve l y whereas y-MSH 
,- ----. 

is loc~ted in the cryptic portio~~f the paMC. Each repetitive 

unit, as well as the core heptapeptfdes, is flanked by pairs of 
, 

basic amino acid residues which have been proposed to be cleavage 

sites for maturation enzyme(s) (12, 13). More recently, investi­

gations on the genomic DNA structure of human (185), bovine (187) 

and rat (104) paMe were published confirming the findings of 

Nakanishi et aL (18), The glycopeptide nature of the paMC was 

demonstrated in mouse ATt-20/D16v cells by incorporation of 

radioactive glucosamine into the 31K common precursor (56, 60). 

The length of the signal peptide of the PO~C was determined to be . ~ 
,26 amine acid residue,s (182). The deduced amino acid sequence of 

T J 

.V 

F 
" l, 

.f 
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t~e bovine POMe revealed that the non-ACTH, no~LPH segment 

accountsfor almost half the molecule. 
, 

Pulse and pulse-chase experiments in rat .Q.!Œ. intermedia 

(176, 177) have ~L4-~te-..[lIaturat lon of POMe the 

further than in the anterior lobe and 
~, -

yields ~-endorphin i nstead of ~-LPH and ACTH. 

Also in the .intermediate lobe there is evidence that the same 

maturation pro'tess yields two additional ~d maturation peptides , 
..... \~ ... 

with apparent molecular weights of -17 000 and 19 000 Daltons , 
(165), respect i ve 1 y. S uch pept i des are cons i dered ta be homo 10-

gous wi th the 16 000 Dalton gl ycopept i de correspondi ng to the 

arl]ino-terminal segment of the precursor molecule (149). These 

results suggest that the N-terminal portion of the PûMC" or a very 

,laf:,ge/ fragment of it, would be a major maturation product. 
..,..~.. 1ft ~ , 

HovJ~ve;" 'the exact- size has never -been accurately determined iind 

there are some discrepancies among the different reports (202, 

204, 208, 210). 

Prel iminary characteri 0it i on of this N-termi na 1 fragment 

isolated from whole pituitary glands of several species including 

man (210) indicated that it could represent the segment" frol)1 the 

N-terminal tryptophan, after removal of the signal peptide, -up to' 
. 

almost the ACTH molecu'le. It was found that considerab"le sequence 

homology' is maintained between species and in all,of thém an 

MSH-like structure is present (210). 

The ex i s tence of new patent i a 11 y act ive pept ides in the 

structure Of the POMC ;s the subject of much interest. In order 

'-
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to obtain infor~ation about the nature of the peptides relateâ to 

the N-termi naJ~ port i on of the POMC, we di ssected fresh porcine 
o 

pituitary glands into the anterior and neurointermediate lobes, 

and characterized these molecu1es in the former tissue, hoping to 
• 

clarify the controversies. 

In this work we present the complete che~ical characteri~a-

.... -
tion of three forms of the N-termlnal fragment of the porcine POM'C 

and of a peptide obtained after matùration' of the N-terminal. It 

was a1so possible for us to identify two sites of glycosylation 
" 

within the amine terminal one bein'g an N-glycosylation type and 

the other an~0-glycosy1ation. The three forms of the amino-termi­

na1 are composed of 107, 80 'and 61 amine acid rresidues with 

respective apparent Mr of 21 000, 17 000 and ~3 000 Daltons. as 

determi ned on SOS-PAGE.. The latter i s an ami dated pept i de and 
o ' 

represents the smal1est N-terminal we were able to isolate so far 

from the anterior W pig pituitary. The 107 amine acid residue 

t N-termi na,l probab l y represents the who le crypt i c segment of the 

POMC up to the putative pair of basic residues sequençe preceeding 
~ 

the ACTH sequence (18, 104,' 185). Based on primary structure we 

proposed that this '107 residues mo1ecu1e is processed int'o an 80 

" . amine acid residues glycopeptidé plus a 25 residues joining 

peptide with the removal of the pair of ~a~ic residues -LYS - ARG 

located between them. This 80 residues may then be processed to a 

61 residues amidated glycopeptide. 

, ' 
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Biosynthesis of proteijns and polypeptides 

Much ~ of our knowledge of sectetory proteins i s based on 

their primary struc'ture as determined by their àmino-acid sequen-
1 _ '\ 

ce. The chemical structure of the secrèted protéln is th en dedu-

ced but ~ c~n~ot tell if thls protein is the initial translation 

prod~,c;t or if a precursor of the ,seereted form t$-'~initially 

synthesized. 

,--'" Many protei ns undergo a var; et y of specifie post-trans l a­

tional modiffcations as th~y' aequire biologic~l, activJty"Within 

. the living organisme Such modifications 'i~clude ~he ~leava~e of 

peptide bonds to convert long-chain generally inactive ~recursor~ 

into shorter and sometimes activ~ peptides (1, \"~, 3, 4). Many-
. 

l' other mofidications such às glycosyla~jon, amidation', 'phosphoryla-
, ..!),( 

Q 

tion and sulfation may occur on a pept;de chain before the secre-
'" - " ", 

i~iO~ of the maturation'product. 

The maturation of peptide hormones is characterized by the 
',-

fact that these hormones' are processed. wit"hin 'their 'cells 'of 

origine Th'e prefix "Pre" has been reserved for the whole primi-.,. , 

tive ribosomal 'translation product which includes' the signal 

peptide originally proposed by Blobel "and Dobberstein (5, 6). 

In the siqnal hypothesis (5, 6) it was' proposed that the initial 
, ;, 

, . 
event leading in translocati.oh was interaction 'Of :>the signal 

, ,,~ 

sequence..;,with a signal recognition protein (SRP) (7) present in 

the cytop 1 asm and may be at t aehed tè_ the ri bQsQme (8). W~en 
"'ti~ 
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'cytop l as~c" SRP recogni zes the s iogn al sequeny-e f.urther trans 1 a .. 

tion is prevented. This block p~rsists untl1 the nascent chain-
-

SRP -ri bosoma 1 compl ex. rea.êhes' and bi nds to the RER. On l y th en can 

translation continue and transfer through the membran'e commences. 
'. 

Binding to the' RER ~embrane involves the- interaction of the 
", 0 

tomplex wit~ an 

docking protein 

endoplasmic reticulum-specifie SRP receptor, the ) 

(OP) (9) •. Then the bl,ock is removed, translation 
/"'-- ~ 

resumes and translbcation commences. As a result of this i'lterac-
) 

tion 'a functional ribosome-membrane junction is formed re\sulting 

in the formation of a pore through which the nascent peptide chain 

passe~s into the ci'sternal s~ace. The cleavage of prepeptides has 

been postulated to occur as a cotranslational event as the nascent 

peptide thairi enteTs the cisternae of the RER (10). Many indica­

tions accumulated so far including primary and te[tiary structure 

of the, -s i gna l a~d the absence of the signal in the ova l bumi ~ argue 

against the .,JSibi 1 ity that highly specif-ic converting enzymes --
exist for each presecretory protein (1lj~ 

. 
Once the ~iQnal peptide has been removed, the remainder of 

the moleculewhich may'undergo sorne modifications is designated as 
" 

the pro-peptide. One remar~'&ble fact emerges from the sur~ey of 

the structures oT sorne of\~he pro-peptides characterized so far. 
- ~"'''''r;> ", .. "r~-
Most. cont-a.in paited ,amino acid basic residues at the sites' of 

cleavage (12) and it seems that arginine rather than lysine is 

preferred on the'carboxyl side cif the pair (13). This hypothesis 

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

-. . 

-, 

., 
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(15), pro-somatostatin (16), pro-glucagon (17), pro-opiomelano- rl 

cortin (l8)', pro-enkephalin (19); pro-p'arathyroïd hormone (20Land 

pro-albumin (21), 

Sorne' [of the convers i on of, the pro-hormone to 'the acti ve 

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 proteol Y tic cl eavage, glycosyl at i on and 

hydroxylation which must be carried out by enzymatic systems 

located near the ribosome membrane junction (25-29). Other 

modifications such as removal of.peptide segments, addition of ---peripheral sugars to the oligosaccharide core added contransla-

tionally, p'hospnorylation or sulfatation can follow (30-35). Two 

such modifications are of particular interest for this work: 

covalent addition of oligosaccharid~ residues "and their subsequent 

maturation (36) and the proteolytic cleavage of the polypeptide 

bac kbone J?f a prote in (37). 

The, dolichol-bound <?ligosaccharide core is located in the 

endoplasmic reticulum (38). This initial oligosaccharide core is 

rich in mannose and undergoes one or more obligatory trill1llil1g 

reactions before further coupling of sugars unique to specific 
, 

glycoproteins (39) is seen. Presumably these reactions occur 

1 ater in the secretory pathway through the smooth endop 1 asmi c 
r 

; 
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.ret i cul um and Golgi fractions', Dunp~.:et a,l. detected alpha-l. 2-

mannos i dase acti vit y, an ,enzyme involved in ~ oligosaccharide 
\ j'\ . ........ ~_. 

trimming, in .Golgi-like membranes (40). A trypsin-like protease 
.' 

act ivity was found in the nascent granules in', the Golgi apparatus 

(41). A chymÇltrypsin-like activity was also described in sorne 
. 

granules (42), 50 ~ithin the mature granules a:mixture of fully 

processed, parti ally-processed and eventually non-processed 

precursors exists. The mixture will be released into the 

extra-cellular flu'id where, in sorne case~, 

pept ide may cont l'nue. 

maturat i on of the 

Chemistry of ACTH and related peptides 

,,1 
) 

'A1frenocort i cotrop i c hormone (ACTH) 

'k. 
The pituitary gland contains a complex mixture of cell· 

types synthesizing and secreting_ various peptide hormones. Adre-
t 

nocorticotropic hormone (ACTH), a linear nonatriacontapeptide, 

carries vital biologie ~ormation from the anterior lobe of the 

" pituitary to the adrenal cortex and the oÙ'er parts of the mamma-

lian body . Thîs peptide, in all speeies stvdied,' presents. 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 êorticotropic 
\ 

. ' 
~ffects while the carbox~ terminal is responsible for its stabili-

-: ; 

zation in the body (48; 49) • 

.. 

1 
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Molecular forms of ACTH 

" 

. Ev i dence t<h at ACTH i s synthe s i zed from a 1 arger prêêlirsor 

has come jndirectly from radioimmunoassays of gel filtration 

fractions. The first evidence was reporte}by Orth et ai. (50) 

who showed that a cloned, funCtional murine pituitary adenocarci­

noma ce" line, AtT-20/D-l secreted two biologically active ACTH, 
,& 

molecular forms by qel exclusion chromatographie analysis. One of 

thêse eluted in the same fraction as highly purified human pitui- . 

tary ACTH while the larger 
/-

appeared ta have a moleeular weight 
1 

(~r) of about 7 800 Daltons. 

inoistinguishable from human 

These two forms were immunologica11y 

ACTH in a radioimmunoassay emp'loyinq 

-an antibody directed against the ACTA 1~24 sequence (51). They 
\ 

'< 

were des i gnated IlL itt 1 eU and "Intermedi ate" ACTH by Cos1 ovsky ~ 

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

volume of the Sephadex G-50 calumn and, thus, appeared ta have a 
,f < 

Mr of' around 20 000 Daltons or more .. Both "Big" and "Interme-

diate" ACTH maintained their apparent Mr when rechromatographed in 
. , i / 

8M urea. The" l nter;medi ate" ACTH was found ta be the major ACTH 

form in at least three specjes (mou~se, rat and rabbit) in which 

corticosterone is the major glucocorticoid (53). 

USil'l9, the D-16v clonal line of the AtT-20 tumor cells 

~erbert ~. (54-55) confirmed that the "Intermediate" ACTH is 

the predominant molecular form in tissue culture medium and that 

it is DitJ:r~qically active. They used a dual approdch consisting 

of the classical' immunological characteriiation of the secret ory 

f " .' 

'j' 
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products coupled with the translational studies of the correspon-

ding mRNA in a het'froloqous system. In addition to""molecular~h 
. " 
g~ 

'si-eving, they performed a further separation with sodium dodec'o/l 

sulfate polyacrylamide gel electrophoresis (SOS-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 on1y mi,ldly active. Sub~equently they were able to find 4 

forms h"aving apparent Mr on SDS-PAGE of 4,5 K~ 13 K, 23 K and 31 K 

respectively when the material studied was obtained followinq 

incorporation with radioactive amine acids. Using incorporation 

'of tritiated qlucosamine Eipper and Mains found that the larger 

molecyles, are qlyco-proteins (56-60). 

,Alpha-melanocytes stirnulating hormone (a-MSH) 
• 

This molecule, .first isolated in 1955 (61), is composed of . 
the fi rst 13 res idues of ACTH. The primary structure of the 

, 
porcine molecule was determined by Harris and Lerner in 1957 

" (62). It was later found in other species to be chemically iden-

tical 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 chernic,al characterisation lof the' 

a.-MSH revealed that the amino-terminal of the molecule may be 

.. either mono,')di-acetylated or non-acetylated (67). The acetyla-

tion of the serine portion affects the melanophore-st"rnulating 

activity or may have other functional siqnificance (67). 

1 
1 

"\ 
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portioR~, of the molec le but much les's so with an anti-ll.CTH 1-24 

f antiserum (70j. Physiological studles demonstrated marked discre-, 

pancies in bioactlve vers,us irrmunoreactive ACTH content of the 

neûrointerm~diate lobe with much lower bioactive content (71). 

From these studies it is suggested that the processinq of the ACTH 

molecule in the anterior lobe differs from that in the interme-

diate lobe (66). It was proposed that in the intermed1iate lobe, 

ACTH was cleaved into CLIP and a-MSH whilè no such ,cleavage occu-

red in the anterior lobe. In support of this last hypothesis, one 

.. can point out that a-MSH and CLIP are found on1y in very small 

amounts in the adult numan pituitary which lacks an intermediate 

lobe (72). Pul se and pul se-chase experiments ho,wever have not 

proven inconclusively that CLIP is produced from such a cleavaqe, 

nor that it is formed as a separate entity and in large amounts in 

the intermediate lobe of the rat pituitary (73). Many chemical 

l' ,forms of CLIP have been isolated by high performance liquid 

chromatography (HPLe) by Bennett and coworkers (74). These forms 

[ 
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include post-translationa1 Imodifications as. phosphorylation and 

glycosylation of the molecule. 

The human fétal pituitary, which has a pars intermedia, 

contains, in addition to ACTH, large concentrations of material 

resembling o,-MSH and CLIP (75). The ratio of o,-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 peptide synthesis in the fetal pituitary 

at term with a functionally related metamorpho,s;s of the human 

fetal adrenal gland. CLIP and/or o,-MSH being the tropic hormqne 

for the fetal zone of the adren'a1 cortex. Another potent i al 

"biologica1 activity for CLIP has been reported whjch invol~es the 

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

insulinaemia in obese mice (76). 

, . 
Beta-lipotropin. gamma-lipotropin and S-melanotropin 

Prel iminary indications that the pituitary qland contains 

lipolytic su~ were found in the early thirties (77). The 

complete chemical characterization of two of these factors was 

f,irst done in ovine pituitaries by Li et al.' in ·1965 (78). 

Chr~tien and Li in 1967 (79)~ and later reviewed by Graf and Li in 

1973 (80). These molecules were called beta- and gamma-lipo-

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

~ l, 

r 
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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 (S-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). An non-human S-MSH 
~ 

isolated to date have 18 residue~ which correspond to the sequen-
~" ( 

ce 41-58 of',their homologous (3-LPH's (81-87). Human-(3-MSH seems 
. \ 

to have '22 amino-acid residues which corresponds to resiûues 37-58 

of human (3-LPH (88 ..... 89). It is however still difficult ta deter­

mine whether this 22-residue peptide is a n'àtural or a d~graded 

product. Extraction procedures of human pitui_tary using diluted 

acetic acid generated (3-MSH immunoreactivity with elution charac-

teristics on gel filtration co_nsistent with molecular forms the 

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

91). These authors thus contl uded that human (3-MSH found in 

earlier studies had been an artefact formed during extraction' at 

pH values which aid not abolish enzyma~ic activity. This 

hypothesis was ~uled out by Chritien and Gilarde~u (921 when they 
. , 

showed that S-LPH is not broken down chemically or enzymatically 
\ 

during the isolation process used for the isolation of S-MSH. 

The complete primary structure'of human (3-LPH was published 

in 1972 (93) four ye'CIrs after its isolation (94). Sorne revision 

of its structure was done by Li and Chung in 1976 (95). Compari­

son of the structure of LPH revealed that the 35-residue ami no-

terminal sho\'{s greater h-ete~geneity among species than the car­
l'", 1 

boxy-terminal. This observation indirectly suggests that the 
~ 

NH2-terminal region may not carry a specifie biological function. 
~\. 

" 
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Based on the primary stnucture of these molecules, Chrétien 
'1 ' 

':j'" 
and Li proposed that the two smaller pep,tides y-LPH 'and B-MSH are 

" 

formed from 8-LPH by a speci"fic proteolytic cleavage (12). They 
~' 

proposed the theo"ry that B-MSH coul d be deri ved from S-LPH" by 

enzymatic cleavaqe with the initial production of y-LPH as an 

; nterm~di ary. 

started \ a seri es 

bovine p~tuitary 
\ 

, , \ 

To str,engthen this hypothesis, Chrétien's :qro,up 

of .i.!:!. vitro l abell ing experiments
l 

in fresh whole 

glands (96-99). These experime~ts showed the ~ 

!!.Q.iQ. bio1synthesis of B-and y-LPH but the authors were unable to 

isolate newly synthesized B-MSH. ' Chrétien stated that it might 

wèll be ,hue that human B-MSH contai ns 18 res i dues and th at the 22 

amino,...acid molecule is 'either an intermediate in the maturation 
"'-

process or elSe an artefact of purification (81). Incorporation 

studies in human fresh pituitary glands with complete chemical 

chracterisation of immuno-preeipitable material with a specifie 

antibody will be needed to solve this problem. Sei dah et al. 
1 

(101) have shawn that rat S-MSH is differe'nt from othèr mammalian 

S-MSH because it lacks methi:onine7• Some further characterisation 

carried by. Robert ~. (54) ~s shown that Lys6-Met 7 sequence is 

replaced in the rat by Arg 6-Va1 7. Still ;n the same species 

Seidah et al. (101) and Gianoulakis et al. (102-103) have demons-
., 

trated that the amino terminal of the rat y-LPH is different from 
i 

that of ot her spec i es. Complete nucleotide sequencing of the rat 

9,enom; c DNA coding for the common precursor of the ACTH/LPH 

carri ed out by Drouin and Goodman (104 ) have shown that ' the ) 



( 

predicted rat S-MSH sequence is similar to tnat of bovine I3-MSH 

\ but it does not have the pair of basic, residues tnat precedes the 

bovine sequence. Thesè authors concluded that unless a different 

type of processin~ ~s involved in the rat t the only S-MSH s€quence 
, 

that could be produced would be the ami no-terminal frag~ent of 38 

'residues (y -LPH) . ând the S-LPH.' as it was proposed in man by 

Bloomfield~. (91). As related to 'the bioloqie properties of 
, 

S-LPH. it has been !known for a long time that the mel anocyte 

stimulating and lipolytlC activities of the parent molecule are 

due to the S-MSH region (resldues 41, ~8) of its structure (105 t . 
, ~ " 

106)'. Lipolytic activity was estimated by the 'release of free .< 

fatty a~id from perirenal adipose t·issue"of rabbit t ~ vitro, 
" 

exposed to different fraqments of the ~-LPH molecule (94). Among 

other biological activities of beta-and gamma-LPH there is: induc­

tion of hypocal'cemia (107), hypercoagülapility (l08); qiucose 

oxidation (l09, 110) and stimulation of stretchlng and yawninq 

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

either of the LPH's. 
" 

S-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 I3-MSH. At- the time 
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they proposed that a larger fnother molecule, in this case J3-LPH, 

is synthesized and later enzymatically split into smaller 
4 

fragments in the pituitary cells. This hypothesis was based on 

primary structure evidence:" Concomitant with this observation, 

Steiner 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 
A 

called pro-insulin. This latter molecule was comp~ètely sequenced 

in 1968 (114, 113). Comparison of the structure at the postulated 

sites of cleavage iry B-LPH and in pro-insulin added strong support -

to Chrétien''s working hypothesis, namely that a' pair of basic 

amine acids is present at each side of the cleavage. Suçh strong 

leads directed Chréti'en's qroup' to concentrat~ their efforts on 

the biosynthetic processing of a-,LPH in bovine pituitary and in 

rat ~ intermedia cells. 

Endorphi ns 

The fact that morphine produces. analgesia in animals by 

binding to a specifie receptor led to the searchjor' endogenous 
• 

morphine-like substances in mammalian brain extracts. Criteria 

essential to the demonstration of specifie binding to opiate 

recep\ors in neuronal membranes was proposed by Goldstein et al. 

in 1971 (114). ,Two years later Pert et al. {US) 'and Terenius et 
, -

17 
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. , 
.!!,.. (116) successf'ully demonstrated the presence of stereospecific 

opiate binding sites in brain tissue. L'ate in- 1975, Hughes et 

al. (117) working on pig brain, isolated, characterized and 

synthesized two opiate-like pentapeptides which they nàmed Met 5-

enkephalin and Leu 5-enkephalin respectively. These peptides were 

active in the opiat{:! receptor assay and caused inhibition of~the 

contraction of the electrically stimulated longitudi~) muscle of 

guinea pig ileum (118) am:! of the mouse vas deferens (119). 

Hughes~. also noted that the structure of methionine-enkepha­

lin ;s identical with residue sequence 61-65 of ovine a-Lipotropin 
• 

(117, 78). In se arch of l3-LPH from camel (Camaleus bactrianus) 

pituitaries, Li and Chunq (120) reported the isolation, cha~acte-
. 

rization and amino acid sequence of an untriakontapeptide which 

they named a-endorphi n (a-END). Its st.ructure corresponds to 

sequence 61-91 of l3-LPH. This newly isolated peptide however w~ 

~ot tested in opiate assay before the struc~re of the enkePhalins~ 

became known. S-END was then rapidly obtained from porcine (121, 

122), ovine (123), bovine (124), rat (125) and human pituitaries 

(123,125). 

Guillemin's group have successfully isolated and completely 

characterized several endorphin-like substances from pig hypotha-

lamus-neurohypophysis extracts. These molecules were designated 

alpha-endfrphin, which are homologous with sequence 61-76 of l3-

LPH, and gamma-endorphin, homologous with sequence 61-77 of l3-LPH 

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

" 
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isolated two substances, one corresponding to segment 6l.~7 of' S­

lPH and ~amed Ci-peptides (121,130,131). This CI-peptide was 

also isolated by Guillemi'1.ls group (i29) and named delta-endor-

phin. 
, , 

When the primary structure of all the opiate peptides was 
1 

av'ailahle, it soon beè~me obvious that S-lPH could be the putative 

precursor of many types of molecules including the ~-MSHIS, Y-lPH, 
. 

endorphins and enkephalins. <f Structure alone coul~·not account to 

~xplai~ a maturation process. Sequence homology between a smalJer 

pep,tide and its possible parent molecule is like a stiLl picture 

from which it is, difficult to extrapolate a movie of the matura-

tion protess.. Other types of experiment are necessary to prove a 

causal-effect relationship in a biosynthetic pathway. 
1 

The ACTH/LPH common precursor 

Before the discovery of methionine-enkephalin and the 
1 

endorph i ns, i nteres tin the LPH-re 1 ated mo 1 ecu"l es centered on 

their precursor role since the lipolytic activity was doubtful 
; 

(105-111) while the melanotropic activity has 6litt1e biological 
D 

importance. With the discovery of endorphins and their possible 

. 
19 

" 

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

rest in S-LPH deve 1 op~d among many res~arch gr_O·ups. Careful 

immunohistochemical studies with specifie antisera to various ACTH 

and LPH family of peptides indicated,that scattered cells in the 

pars distalis and almost all the cells in the pars intermedia of 

If" , 

, " 
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the pituitary contained both ACTH-rel ated ,and LPH-reTated peptides 

(132,133). Sorne other-groups have confirmed that ~-END is also 
c 

located in these seme cells (1~4, 136). At the electron micro-

scopy-Jevel, irrmunochemical studies indicate that ACTH and LPH are 
... '\ 0 J ~ 

./ 

found in th~ 'same secretory granules (132). Studies on the ., . 
rel.ease of both ACTH and LPH related peptjdes have always indica- , 

ted 'equimolar release of these peptides from normal pituitary, 

pituitary tumors and ectopie ACTH producinq tumors (137-141). 

Given these observations it was tent.ativ~ to ,c~nc~de that the two 

peptides, ACTH and LPH must be synthetized as part of the same 

parent molecule. This hypothesjs was presented by- the group of 
,/} ... 

Herbert in Oregon (142-144). 

Biosynthesis of the ACTH/LPH precursor 

Studies on the biosynthesis of ACTH were heavily influenced 

by prior-work defining the biosynthetic pathways for insulin (145) 
d < J 

and parathyroid hormone (23, 146). Preliminary studies sugqested 

that sorne AC TH forms were substanti ally larqer th>an' the product 1 

peptide. By 1973 Scott et al. (661'0. sugge,sted that tirocessing of 
J 

the ACTH molecul€ differed in the anterior and intermediate 
, :"1 

'. 
lobes. It was proposed that in the i ntermedi ate lobe A.CTH was , 

cleaved to CLIpoand a.-MSH while RO such< cleavage occured in the 

anter'i or lobe. Differential processing of ~-LPH in the two· lobes 

_~~,as also been suggëstecJ."by studies in whicttr3-M
Q

SH has been identi-
( ~) ~~) 

fied in the intermediate but not in an~er;or lobe (72). The ratio 

:' 
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, 
of J3-lPH to J3-END is quite different in the two lobes, ·a-LPH being 

, 
predomi nant \ in the anteri or lobe whereas \3-END j s - more import ant 

in the inter.medi~ate (86, 125, 147, 148rt~ '--.~ ... 

Two ;appr,oaches bo~ ',using the )ouse anterior pituitary 
. ", . 

tllmour cell linè AtT 20/D16v'were used to,lconfirm anl expand the 

concept of the same precursor. High molecular weight forms of' 

ACTH in these cells had been° reported (51, 52). Eipper and-Ma'ins 
~ 

(57) us i ng reduc i ng agents and denaturants such as sodi um dôdecyl 
""'''.:' " 

~ulfate (SOS) and 'guanidine hydrochloride establishe'd that tnese 

high mo-lecular weight forms of ACTH were not'artifacts. 

'T~e experimental procedure of both. models involVëd radio": 

active amino-:"'acid incorporation,' followed by immunoprecipitation 

with antisera directed ,against some specific region of the puta­

tive precursor. Eipper ,and Mains (56, 60, 148, 149) and Mains ~d 

E'fpper (24, 1~2, fs:o, 151) 'hav~ shown b.y radioimmunoa.s~ay (RIA) 
;/ 

'f'using a middle ACTH antibody that four fonns of ACTH-rel1ated mate-
,r. 

rial could be detected in AtT-20::-cells extracts. Their apparent 

. - " !1lo1ecular weight on SDS-P'~GE wer~b 31' 000 Daltons (~l K~".,22 K, 13 
I!::J 1t.' Ij~,;~';'{'Ù 

4, 

• K and 4 j 5 K - this last form having the same apparent molecular 

... . weight as ACTHl-39. By incorporating ·tritiated. 91U~Sami~e~ into 

.. 

the 31 K pr,ecursor they al so ~stabl i shed the ,glycop'~J)tei n nature 

of this molecule (56, 60). A~ 8-hours pulse with tritiated gluco­
( 

samine followed by an immunopre~i,pitation and molecular weight 

.. 

determjnation showed that all three high molecular weight forms of .~ 

J, 

t , 

ACTH were labeled with the radioactjve carbohydrate. The 4,5 K 
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The three high molecular ;weight forms of 

~ were also labeleà w1th radioactive mannose, fueose or galoe- ~ 
::..~ose _)(149), and showed the same co[tstent resu lts. The same"-

conclusion holds true for normal m se and',rat pituitary ce11s 
, , 

(151). Further ana1ysis based on the tryptic and "chymotryptic 

peptides of 13 K ACTH 1abeled with a number of different amino --­

aci ds and sugars, compared with both chymotrypt i c and trypti c 

peptides. of 4,5 K ACTH, demonstrated that 13 K ACTH is simply a 

gl ycosyl ated form of 4,5 K ACTH or ACTHl-39 and no extens i on 

beyond ACTHl-39 could be found-(60). 

Roberts and Herbert (133) using an mR~~-dependent reticu­

locyte ce ll-free system under the direct i on of mRNA from AtT -20 1 

D16v cells successfully isolated the initial gene product contai-

ning ACTI'l and LPH immunoreactjvities of apparent malecular weight 

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

product was observed on"translation directed by mRNA isalated from 
'w 

bovine anterior û and neurointermediate :~bes (1,53f~ -Ra~erts and 

Herbert (144) i nmunoprec i pitated the; r 28';. SOO-Da lton', precursor 

with bath an anti 1-24 co~icotropin ànd an~~nti-S-endorphia anti­

body. TTyptic analysis of these 28 500 K corticotropin;.a.nd S­

lipotropin molecules demons'trated the same lysine, methionine and 

tryptophan pePt~~: They conc1 uded that the ce ll-free product 

contains the sequences of both ACTH and S-LPH and that there is 

on1y one copy of e,ach sequénce present. T~e relative position of 
'/ 

the S-LPH .and ACTH in the common precursor was determined by a 
1 

( 

1 

, 

" . 
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POlyso~'è)runoff experiment in which', the pol.omes wère inéubated 

Wit~~led amine acids in the reticu~OCyte system in the presen­

ce , f aU~,i~tricarbOXYliC acid',at o;~!:~~ to inhibit chain initia­

tion (14). Results fram this expe.riment suggest that ~-LPH is 

located at the carb0xyl te~;minal reqfbn/ of the precursor 'and 'that 
... 1 r ~j .. '" _ _ 

ACTH is .locatt=d somewhere i~ear the midèl1;. All the non ACTH non 

LPH peptides appear ta be located at the N-terminal to ACTH. The 
'J Il'' 

spacer ~eptide between the ACTH and the LPH Icould have a lenqth 

from 0 to less thpn 20 amino acids. The dif(~rence in the molecu-
~ ~:~~~ 

l ar wei ght of the common precursor as determi ned by Roberts, and 

Herbert and Etp.per_ and Mains may be due to the qlycosylation of l 

~ 

the molecule in the latter group's experimental procedure. 

Thi5 common precursor was first called 31 K precursor (54, 

57), the ACTH/~-LPI;I precursor (18,. 142, 143, 152-156), Propio­

cortin (157, 158) an'd Pro-opiomelano~atin (159) (POMC), names 
'. ' 

which account for the structural organization of thé molecule. 

~osynthesis of AC TH and rel~!ed peptides 

"Although structural studies indicated that the POMC could 

'ser:ve as a b i osynthet i c precursor for ACTH and rel ated pept ides, 

including S-LPH, endorphins and MSH's, ~netic' stud,~s were needed 

to demonstra'te more directly the role of this precursor. Tager ~ 

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

criteria needed to be met before the existence pf a biosynthetic 

precursor can be established with certainty. Among these the 

. 
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prec~rsor-product 'relationship must be established by pulse-labe-

ling and pulse-chaseeexperiments, immunoprecipitation by the ~ame 

antibodyof the higher and lower molecular weiqhts of the pepti­

âes, peptide mapping of the precursor in which the fra~ments of 

,the precursor must be found in sorne of the lower molecular weight , 
moleculg.eand finally, and most important, the analysis of the 

V "'. 
putative precursor ,through amine acid or nucleotide'sequencing. 

The fact that sets of molecules are related because of' similarity 

in their primary structur~eor because immunostaining occurs on the 

same cell~ and even in the same secretory granules does not 

necessarily imply that they are synthesized as part of the same 

precursor (161,162). Experiments to determine the maturation of" 

ACTH and related peptides' were done in the mouse pituitary tumor 

cell?:'fotT-20/D16v (24, 56, 60,. 148, 1~1) an) in the .rat pars 
"­
~ , 

i ntermedi a (7,3, 163-166) . 

. ! 

Processing of POMC in mouse AtT-20/D16v cells 

, \',. 

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 eopy of each ACTH and B-LPH is synthesized 

-(152) .• Roberts~. used an approach which determined the order . . 
of proteolytic cleavaqe events and the order of/addition of sugars 

to the carbohydrate side chain. In summary, the protocol consists 

of labeling the AtT-20/D16v with radioactive amine acid or sugar 
l , ~ ~ 

followed by.an immunoprecipitation with antiserum' specifie to'the 

...... 
i 

J 
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'ACTH, ~-endorphin or the non-ACTH, non-LPH 'region of the precur-

sor, the irrmunoprecipitate was separat d on SDS-PAGE 

proteins further characterized by pepti ~ mapping~ , , 

With results from pulse labeli 9 and pulse-chase studies 

considered together with peptide mappi 9 of the ACTH and its rela-

ted peptide Roberts et al. (167) 

events of the translation and 

sor with apparent Mr of 

initial 

forms of the pr~cur­

all having a similar 
o 

peptide backbone. They also showed smallest Mr transla-

. t i onal form of the precursor, the is glyco~ylated. ,Taking 

into account that the!cell-free tr a mole-

cftular weight of 28,5 ('with signal peptide the 29 K glyco-

protein could represent translational product with 

":'excision of the sjgnal peptide nd addition of a fsugar side ", 

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

K forms are generated from the 29 form by the addition of one or 

two sugar side chains or Iby the peripheral suqars to 
" 

the pre-existinq side chain in he 29 K., These au10~s 'also 

raised the hypothesis that three different precursor p~~ns are 

made each with a different amino cid sequence (168l. Proteo'lytic 

processing of'these glycoprotein 
( 

ieads ~o the formation of a-LPH 
1 ~ 

and sever al different glycosyla ed ACTH intermediates. The ACTH 

intermediates are then processe to a qlycosylated and unglycosy­

lated form of ACTHl-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 

~-LPH is then'processed to ~-endorphin. This processing scheme is 

valid for the muridae only since in other mammalian species such 

,,' _~ as bovine, porcine, oVl'ne and human no glycosyl ated form of ACTH 

has yet been found (18, 169, 170). 

When AtT-20 cells are incubated with radio~ctive sugars in 

presence of tunicamycin, an antibiotic that blocks the synthesis 

of the lipid-linked carbohydrate' intermediat~ involved jn the 

gJycosylation process of asparaqine residues (171.:17M, the 

precursor protelns have an apparent Mr of 25 ta 26 K. This latter\ 

form does not contain glucosamine b~ has the same labeled tryptic 

peptides as the 29 K. The molecul&r weiqht difference between the, 
i 

28,5 K cell-free product ~nd the 25-26 K form made in tunicamycin 

treated cells is 2,5-3,0 K and could be an indicatlion that the 

size of the sional peptide is aroûnd 25 amino-acid re\idUeS long. 

Maturation of POMC into active hormones is achieved 

through proteolytic processing of the precursor which lead to 

the formation of S-LPH and several different glycosylated' ACTH 

i ntermedi ates. These 1; nter~edi ates ~e then processed to 13 KI and 
\ 

4,5 K ACTH and to two or more N-terminal glycopeptides. S-LPH is 

further processed to S-END. There was no evidence that the Met­

enkephalin is produced through processing of the S-END in the 
\ ' ' / 

mousè pituitary tumor cells (55, 150, 167). Herbert~. (168) 

ha'le demonstrated that the conversion of the POMC into ACTH and 

~-LPH is not appreciably altered by blockinq qlycosylation of 

_\- - -- \ . 
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preeursor although the processing appears slower in the tunica-

myein treated cells. In the intermediate lobe of the frog, Xen~­

~ leavis, the processing of POMC ;s altered by tunicamycin 

treatment (175). 

Bios nthesis of B-END in tumor cells AtT-20/D16v 

Eipper and, Mains de~onstrated that ACTH lS /synthesized in 

the mouse pituitary tumor cells throuqh a complex 17biosynthetic 

pathway beginning with the synthesis of a 31 K Mr precursor (24). 

Using the same experimental approach previously described they 

, ater found evi dence ~hat fo 11 owi nq a 15-mi nute pu' se. ce 11 

extracts contain only the ACTH/END common precursor. Following a 
\ - f ...... 

<> ~ 

30-m1~nute chase, an 11,7 K endorphin molecule began to, app,ear. 
-\ 

A labeled B-END-like material appeared in the cell extract after 

a 60 and before a 240 minute chase (150). Using a ,concomitant 
, 

immunoprecfpitat-i on with both anti - ACTH and anti - B-END, they 

showe~ that 23 K ACtH and i1,7 Ka-END appears simultaneously an~-

that following thïs first protealytic cleavage step the ACTH and 

B-END regions are produced. Further characterization of the 11,7 

K fragment indicates that the B-END like material is situated as 

expeeted at the COOH-terminai'~f the molecule and that the peptide 

'derived fram the amine terminal of 'the l1,7 K is shorter than 

13-LPH 1-65 peptide (60, 142, 148-150). As mentioned earlier the 

4,5 K" and 13 K represents the non':'glycosyl ated and glycosyl ated 

farms of AqH 1-39 (60, 149 h r,;'When al l' ,the APH and a-END 

\ 
1 , 
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. cont~\Qing molecules ar~removed from samples of culture medium by 
\ 

immunopreçipitation, a glycopeptide with an apparent Mr of 16 K on 

SDS-PAGE is found which should account for the non-ACTH region of 

the b i osynth et ici ntermed i ate or the non -ACTH, non - B-LPH 1 i k e 

region of the 31 K (149). 

This peptide wlth 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. Analysis of this 23 K with carboxypèptidase A and 
~ 

chymotrypsln or wHh cyanogen bromide indicated th'at its carboxy-

terminal region is identical to ACTH 1-39, l~avin~ t~e 16 K at the 

amino terminal of the 23 K (149). By analysing a miflor cleavage 

product of the POMe, 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 th~ 23 K from the Il,7 K 

(149) . 

After a 11 components of the precursor have been put toge-
, ' 

ther a working model for the processing of the POMC was proposed 

main~aining ~hat at least two proteolytic cleavages are required 

ta excise an ACTH-like peptide from POMe and that a B-END-like 

molecule could be released fram the common precursor in a single 

step. However a I3-LPH-like molecule appears to be an obligatory 

biosynthetic intermediate in the production of B-END in the AtT-

20/D16v. From these experiments, they also observed that the 16 K 

fragment gl ycopept i de i s se'creted in 1 arge amounts by the tumor 

cel 1. 
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Biosynthesis.Pf ~-END in' normal pituitary cells'" 

Crine lit al. (176, 177) were the first to show the active 

biosynthesis of I3-ENQ in the bovine pituitary. Because of the 
J ... ,J 

heteroqeneityof 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 maturatio~ process. 

In a preliminary series of experiments (163) with a chase 

up ta 120 mi nutes it was shawn th'at I3-END i s rel eased preferen-

tially while I3-LPH remains at a low concentration. In this 

paper the authors also observed that the 30 K precursor was degra­

ded into several smaller peptides including a-END and I3-LPH and a 

18 K peptide tentatively identified as a large molecular form of 

ACTH. It was cancluded in this paper that the 30 K gives rise to 

the 18 K and I3-LPH, thÎ5 latter being subsequently cleaved almost 

completely into a-END. 

in the same tissue Crine et al.' (73) were able to charac-

terize two forms of the' common precursor. These molecules were 
i 
1 

reso l ved by SOS-PAGE and thei r apparent mo lecu l ar wei qht deter-

mined to be 34 K and,36 K Irespectively. When biosynthetic studies 
, 1 

were performed in the presence of tunicamycin bath the 34 K and 36 

K forms were replaced by a single peptide with an apparent Mr of 

32 K. Analysis of the 3~ K and 36 K reveals that each contains 

within its sequence the antigenic determinants and tryptic cleava-

ge fraqments characteristic of both ACTH onde 
,.' 

It was there-

", 
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fore conc 1 uded that these two forms represent two gl ycoprotei n 

variant~ of similar polypepti~es differing in the nu~ber of aspa­

ragine-linked carbohydrate moieties. ~ Chase incubatlons also 

released peptides with apparent Mr of-16 K to 20 K which were not 

~urther characterized. Two other major end products of the matu­
':l 

ration process have been characterized. They have apparent Mr ~f 
- , 

19 K and 17 K and correspond to the ql ycoprotei n vari ants of the 

ami no-termi na 1 fr.agment of the precursor. 

T~e lower molecular weiqht precursop and precursor synthe-

sized i,n the presence of tunicamycin have a shorter half-live 

(73, 175) sugqesting that the carbohydrate moieties max protect 

the precursor from'proteolytic enzymes. 

Futher characteri s at i on of these two precursors by Cri ne 

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

tical polypeptides differinq mainly in the number of linked carbo-

hydrate side chains. 
~ . 

However results from these experiments did 

not completely exclude the possibility that the 34 K form,of the' , ,,-"r precursor lacks a polypeptide fragment present in the 36 ~ form. 

Intracellular processing of these two precursors is very similar 

qiving the same non glycosylated end products, chemically charac-

terized as being a-MSH, y-L~H and S-END. 

Glycosylated peptides which appear during the processing 

are the 27 K' and 25 K, two "biq corticotropins", produced respec-

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

'. 
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two large glycopeptide a par~t Mr of 19 K and 17K which are 
, 

stable even after a chase of up to 4 hours. 
1 • 

Structure >of !? e-Pro-opiomelanocortin 
OC> 

The c9mplete struc~ure of the common precursor was tentati­

vely determined using the protein characterization approach by 

Udenfriend and co-workers (178). From camel pituitaries, they . 
" 

isolated two proteins, one with ~n apparent Mr of 33 K and a minor 

component with an apparent Mr,of 35 K. 

Ch'emical char.acte.rizat'ion of the 33 i( consisting of amino 

acid anaJysis, and tTyptic_p'eptide ma~g indicated th'at· this 
A"" 

peptide contains, 'about 245 amino acid "residues and contains the 

S-LPH '61-69 tryptic fragment. 

", . Studying "the incorpor.ation of radiolabeled ëlf!l.ino âcids by . , 
rat ~i4r'ltermedia cells, Gossard et al. (160) determined the 

idèntity,'of 19 of the first '30 amino-terminal residues of the 

preclJrs or . 
\ 

) Another" approach using mouse mRNA encoding for the precur-. 
t ~ .. ' 

sor'1'isolated. fr-Om mouse AtT-20/D16v tumor cel1 line as a probe for 

i!!. vitro incorporation studies alTowed the isolation of a transla­

tiona1 product from which 12 of the first"26 residues w~re identi-

fi ed ,(168). 

The mRNA that encodes the precursor was also purified from 

the 'anterior and neur:ointermediate lobes ôf hovi'1e' pituitaries 
r " 

(153). In Doth tissues it directs the synthesis of a 31 000 Mr 

;:. 

, 
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eroduct containing ~,~th the ACTH and the S-END sequence (153), 
" 

From this mRNA a double-stranded c-DNA was synthesized and chmed 

in Escherichia coli (154)_, The nucleotide sequences codinq ._for 
// 

ACTH and partially' for I3-LPH reveal that on the--{~'DNA a 6-base-

pair sequence coding for lysine and arginine links the carboxy-

termi-n'al of ACTH ... ··to th.e amino terminal of S-LPH (154), ,This 

experîment also :i.ndicated that ~-LPH is located at .the carboxy-

terminal of the precursor. A few months 1 ater the same research., 
...~ 

group reported the complete nucléotide sequence of a cloned ç-DNA , 

for the bovine ACTH/S-LPH p~c~sor (18). 

FY"om this sequence it was proposed that the bovine I3-LPH 

'h'ould be 93 amino àcid residues instead of 91, that there is no 

peptide extension beyond the carboxy-terminal of ~-LPH, that the 

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

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 

homoloqy between a-MSH, S~MSH and this new sequence, Nakaniski et 

21. (lS) proposed ta name this peptide l'°_MSH. This latter puta­

tive peptide~ shares with- the known MSH, tyrosine 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 malecule could be 53~ 110 or 131 amino acid 

1 . 
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. 
residues, ;nclu~;ng the signal peptide, based on'the methionine 

position determined by the mRNA sequence. The authors decided to 

,<consider the methionine 1l0,'qs the most probable initiation site. 
" . 

This will give a precursor with a Mr of 29,259 Daltons including 

the signal peptide, which according to the literature should be 

around 20 amine acid r,esi,dues (161, 180-182). The complete puri-
'Y 

fication procedure
c

, of this mRNA was published later (183). It 

consists approximately of 1360 nucleotides wHh a Mr of around 

450,000 and con,tai ns a pol ya(}e-nyl ate sequence with an averaqe 

~ length of 68 nucleotides. 

Within the bovine pituitary, this messenger is located both v 

in the anterior and the intermediate lobes and is essentially non-

detect~ble in either the neural 'lobe or in the stalk (184). . . 
, 

" Results have demonstrated that the specifi c acti viti of this mRNA 
/ 

,.. 

,is 20-fold higher in the intermediate lobe than in the anterior 

giving a total activity 2-fold higher in the intermediate lobe 

q84) . 

Roberts et al. (54) isolated from mouse pituitary tumor 

cells, AtT-20/D16v, a messenger from which a cDNA fraqment was 

synthesized. It is about 1200 bases, of which approximately 450 

bases are Qot translated. The nucleotide sequence of this 
'. 

fragment corresponds to ~~LPH 44-90. These data showed that the 

linkage between ~-MSH and ~-END is a lysine~arginine sequence. 

Studies of the genomic DNA library for rat and human 

species have led tO.the complete characterization of the precursor 

~r 
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in these two species. The structural organization of- the human. 

genomic DNA encoding the POMC peptide -was carried- out by Cohenls 

/ group (185). 

The predicted ami no aci",d sequence for human POMC extends 
-.~ 

fi' 92 residues before ACTH to the last amino acid 9f the a.-LPH. Thls. 

partial sequence has enabled identification of interspecies diver­

gence and conservatio~ within the POMC. The length of the peptide 

encoded by the POMC DNA segment e.xtending from the 3 1 'end of a 

possible intervening sequen'ce to the poly-A is similar in the 

bovine and human species (18, 185)"-:'·', 

The few base 'substitutions that do oecur fail to alter 
, 

dramatically the protein sequence. There was h~wever sorne diffe-

rence found between the reported human 6-LPH (95) sequence and the 

" predict~_equence from the nU.f1eo.tide. Owerbach et al. (158) ) 

demonstrated thpt the POMC gene i~ loca:ed in the distal regiOn~o. 

the short arm of'the chromosome 2 in· man. 

The rat genomic DNA encoding ~OMC was sequenced by~broutn 

and' Goodm-an (104). :The rat POMC D~~ has ~he same overall orqani­

zatton as the' bovine cDNA (18). . By comparing the rat sequence 
( , . 

1 0 

with those of t~~bovine and the human, they concluded that in tbe ---- ' 

human and the rat, th~ cDNA' starts encodinq at the 19th codon of 

thé precursor and there must be' an î nterven; ng sequence between 
. . 

the "amino acids 18 and 19. In these t~ree species t,hree domai~s 

of the POMC are hiqhly conserved. They are the y-MSH, the ACTH 
,\ 

and the a~MSH-a-END domains. 

#, 
--------~'-- -- -~----~--

t' 

, -. 



.. 

... ' , 

L 
~) 

35 

, 

lu~leotide saquenc,ing definitely praved t?at :in the rat 
" 

ACTH an ,aspara'gin~ at position 29 inc,luded within the sequence 
;., 

ASN-GLU-SER is like'ly to be the site of glycosylation (148, 167). 
,~, ........ '" 

Two regions of POMC, 'those preceding and following: ACTH, have 

diverged considerably between th€ rat- and bov; ne sequences.' In J 
the first region, the rat sequence is 8 amino acids less ~han the 

! 
bovine with no pair of basic amino acid that deliniate's i-MSH; in 

the secorroühe rat y-LPH is' 22 am'ino acids shorte~ than 'iJs bovine 
1 

homologue (186): As in the humcfh'~ m9St of the coding ~egion of 
, 1 

the rat PqMC has only D'ne i nterveni ng sequ~nce (104, 18~ )!. 
'" -<, ___ .J" - 1 

To complete the knowledge about this précursor, one needs to 

·invest~9ate the protein codinq sequence in it-~ gene. Na~a~iShi n 
Co 1 t 

.!L. (187, 188) isolated' and characterized ~ovine\g:enomic DNA 
'\, 

fra9ments e~ding this precursor protein and demonsrrated that 

the protein 

segments. An 

sequence !s encoded by two non-consJcutive DNA 
o \ • ~:> 

i~tron ~,f approximately 2,2 kilobase pai~s separates 

an exon encoding mostly for the amino terminal 44 lamino ac+ids 
1 
t 

includin'g the signal peptide from a second exon which çontàlns the 

gene sequence for most of the protéin structure including. ACTH, 
J 

- 1 

~-LPH, the· amino-terminal segment of the POMC' andl the poly-A 
~.. Ii 1 c-
~! ,1/ 

JI' ~ tail. The larger exon is homologous in the.bo~e (lf87, 188) rat 

(104) and human (185) speci es. Structural organizat i on of the 
." ~ - , 1 

f , 

bovine precursor gene revealed by nucleotide sequencing -Gf t'he 

whole m-RNA-codi ng segments estab 1; shed that th; s precursor gene 

; s approximately 7300 bast pairs long and codes for the mature 

v 
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il 
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~ 

mRN-A of 1098 nucl~otides '(188, 189) • -The different domai ns of 

this mRNA codi n9 sequence are distributed 
·li 

as follows: two 1 arge 

introns divided the sequence into three exons. Exon 1 encodes.for 

all but the distal 20 riucleotides of the 51 'untrànslated sequence 

and i s separated from exon 2 by i ntron A of around 4000 base 

pairs; exon 2 is separated from exon 3 by intron B of approxima-
d 

tely 2200 base pairs. 'Most of the preeursor prot'ei n i s eneoded by 

exan 3 (188). 

Studies i1i a human ectopie ACTH produeing thymie careinoid 

tumor led to th& identification of an mRNA coding for the POMe 

with around 1100 nucleot~des length which directs the synthesis of 

a 38,OQO Mr peptide that was reactive both with antibody to ACTH 

and w; th 

reported 
, 

carcinoma 
, 
\ 

pituitary 

ant 1 body to a-END (156). Mill er 

that the POMC 1 by .~ the mRNA . el1Foded , . 
i s i nd i s t-i ngui s h'ab 1 e fram 

adenoma in organ CUltu, 

Presence of a si gnal 

/ 

that 

peptide 

et al. (190) have 

from a pancreatic 
~ 

synth~si zed in a 

ri The ami,no acid sequence predicted from the!' nucleotide ... 
sequence of the cONA coding for the bovine intermediate pituitary 

precursor molecule {lB) also indieat~s" that a.siq{al peptide - a 

hypot~h€SiS praposed by Blobel (5) - is presel1t.\ Even though tna_ 
- \ \ . ,~ 

complete structure of the precursor is known, it 'is_impossible 

to estab 1 i sh the exact lengt~ of the signal peptide from 'the 
p 

predieted ami no-aci ds sequence alone.- This pre-sequence,~ an 

. -
; 

l) _I~''::>I. ~~...---- ... ~ 

---'. . ...... .'; 

\ 
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(, 

extension of 15 to 30 amine aeids that ;s re~ed during syn~hèsis 

, 'of the secretory protein in the cell has a characteristie arrange-, ' ' 

ment of hydrophobie and hydrophy~ic amine acids (191). 
1 

The bovine intermediate pituitary, the mousé tulTlorc
, and the 

IJ' rat pars i ntermedi a precursors are simil ar enouqh t~ predi et th'e' 

signal peptidase eleavage site. In the rat an - automatic Edman 
... \~ 

deqradation of the two forms of thè '-common 'precursor ga've a 

\ parti al amine aeid sequence of the N-terminal segment of the 
• 

" 

molecule (179, 192). Comparison with the predjetec;l ~ovibe pa~\s 

intermedia precursor indicat~s the presence of a signal peptide of 

26 amine acjds (179, 192). In the mouse AtT-20/D16v cell line, 
/ 

comparison of the automatic Edman degradation pf ,the RNA directed 
/ 

cell-free form of,the precursor radiolabeled with various amino 

acids with the amine aeid sequenee of the 29 K obtained via pulse 
l , _ 

....... '\ .... 

and pulse-chase experiments led to the conclusJon that there 

exists a pre-sequence of at least 25 residues (168). Based on 

this affirmatiQn the bovi"ne signal peptide fits the usual pattern 

of a hydrophilie amino-terminal "region,a hydrophobie middle, region 

and a hydrophi1~c earboxy-terminal region' (193-194). As in the 

case of the parathyroid hormone (195) the signal peptide is 

eTe~ved very rapidly after or even during translation in the rat 
d 

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

.' 17~ .• 
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The ami no-terminal segment of POMe 

As it is clearly establish~d that ACTH and ~-LPH account , 
for 'o'nb part of the mass of the precursor t a sizeable peptide 

'should be-present rang~ing from amino acid#residue number It after 
i \l 

excision of the signal, to the ACTH. Such a peptide, comprising 

the non-ACTH no~-~-LPH portion of POMC, has been previously iden­

tified in mouse pituitary tumor' cells a~d in culture medium (148-

149) and. its llature as a glycosylated peptide has been establi­

shed. - Crine et al. t144) have also identified an 18 000 Mr pepti­

de generated' after a 20-minute chase in rat ~ i ntermedi a 

cells. Althouqh this peptide was not completely characterized it 
" 

was cons i dered to be a hi gh mol ecu hr we i ght form of ACTH because / 
~ 

of its cross reactivity with anti-ACTH antibody. Eipper and Mains 

raised an afltibody against the cryptic portion of the POMC by 

injecting cxude mouse tumor cell secretory products from which a11 

the ACTH and enqorphi n re l ated materi al was removed by immuno-

precipitation (148-149). Material immunoprecdpitable with t~is 

antibod)i d'~~ing pu!se experiments- hasan apparent Mr of 16 K and, 

h.as been caUeEl--Uîe 16 K fragment (151). Its real molecular 

weight as determined by gel filtration in the presence of guani­

dine hydrochloride ;s between 10 000 and 12 000 Daltons (149). 
\ 

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

lent to secretio~f molecular forms of ACTH in mouse AtT-20/DI6v 

tumour cells (150). 
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: In the early 1970s 

.the pituitary co ticotro 

least three differen 

ami no-term; na 1 pos it; on 

~e peptides are stor 

(198) and are rel eased 

~-LPH (199).' 

39 

et al. '(196-198) reported that 

contain 1 arge amounts of at 

olypeptides having tryptophan in th-e 
1 

an apparent Mr of ~4 000 Daltons. 
.. , 

the same secretory granules .~~ ACTH 

som~l ated pept ides. such as 

Processing Dt the amino terminal segment of POMC 

Pulse-chase experiments using both rat and mouse pituitary 

cells showed the gradual maturation of the common precursor to '" , , 

proceed v;~ the initial cleavaqe of the carboxy-terminal S-LPH 

followed by the release of ACTH, leaving an amino-terminal exten­

sion which does not seem to undergo further maturation (102, 142, 

144, 163). Further characterization in the rat intermedi ate lobe 
1 

has shown .that during maturation of the POMC, the N-terminal 

portion of the molecule' is released as two glycosylated peptides 

with apparent Mr of 17 000 and 19 000 Daltons (73, 165, 179, 

200). Gos sard et aL (179) repo~ted sequence heterogéneity at 
" 

position 1 of the rat POMC glycopeptide where both tryptophan and 
1 

arginine were found (179). Re?ults from this last experiment also 

f avor the hypothes i s of one pept ide back bone or ~t' 1 eas t a common 
\ 

amino-terminal region for both previously ;sol~ted precursors. 
\ 

Chrét i en and Sei dah proposed tha: the presence of two di\,uerent 

'amino acids at position 1 suggests that the rat pituitar might' 

have two genes encoding for the POMC (201). Crine et al. (200) 

'. 1 

\ 
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proposed that'the 17 K and 19 K are thé N-terminal segments of the 
\ \ 

/~d 36 K forms, respectively, of the precursor and that they 

,/' , r~present e~d products of the maturation process in the rat inter-

m~cfiate lobe. These peptides are considered ta be homaloqous 

\ 

,wjth,the 16 K' peptide of Eipper and Mains (151). The heteroge­

n~itY in their selective masses is thought to be due to differen­

ti\al glycosylation of very similar peptides and to the poor reso­

lUfion by polyacrylamide gel electrophoresis for determination of 

mOrecular mass {73, 177, 200). Pulse experiments followed by a 

2-hour chase demonstrated the metabolic stability of these N-ter-' 

mi nal 5 and showed th at these mol ecul es and not the y -MSH hepta-
1 

peptide (200) are the true biologically active species released by , 

the rat intermediate lobe. 

Preliminary results of the structure of the N-terminal 

"', 

\ 

Even though Nakanlshi et al. pr~dicted the complete primary 

structure of bovi~e POMe (18), data that compare whole N-terminals 

~etween diffr.rent' species are lackjng. In the human (185), rat 

004) and mouse (168) speci es, genomi c work predi cted the primary 

structure of the N-terminal from the 19th aminô acid. Automatic , 
Edman degradatian of. radioactive peptides obtained from mRNA 

directed synthesis in mouse AtT-20/016v (168) and from rat inter­

mediate lobe labeled peptides (179) allowed a cbmparison of these 

peptides with the predicted bovine sequence (18).' Sequence data 

shawed that good homology between the three structures begins at 

( 
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. , 
position 27 i.e. the first residue after remova1 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 glutamic acid at residue 3 and tyrosine for , 

glutamic acid at residue 14 (179). Nevertheless there is a qreat 

homoloqy between the three species studied so far. 

Preparation of milligram 'amounts of 16 K related material 

was performed by Keutmann~. (202). They found that this 16 K 

fragment when chromatographed on G-75 Se'phadex in 6 M' guanidine 

HCl was resolved into twc proteins with molecular weiqhts of 

12500 and 10200 Daltons. Each protein has an apparent Mr of 
, 

19,8 K and 17 K on SOS-PAGE. Based on anal ys i s of trypti c 

fragments 

concluded 

~ . 
obtai ned ftom the sep arated 17 K and 19,8 K, they 

that these ~eptides are indistinquishable. The cause 

for size and charge heterogeneity may be eX8Jained by differences 
- -

in carbohydrate side chains and/or micro-heterogeneity 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 

rel eased at cycles 2, 8, 20, 24 as predi cted by the bovine cONA 

sequence (18). In this same experiment tumor cells were incubated 

with tritiated tryptophan and the labeled 16 K peptide submitted 

to sequencing. Results ,clear1y indicated the presence of trypto-

phan at cycle 1 only for the 19 cycles performed. 

Further characterization of the non-ACTH, non-LPH segment bf 

(. 
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the POMe 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 
~ 

the amino-terminal (186-189). Automatic Edman degradation of one 

of these peptides with an 11 000 Dalton apparent Mr pepti de as 

determined by gel filtration, which had not been recognized by 

antisera either to ACTH 1-2 or ta a-MSH, gave the sequence for 33 

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

The amino' acid composition f this peptide established that lt is 

made up of 103 res 1 dues and cl early demonstrated the presence of . , 

glucosarnine and galactosamine. Sequence homology between the 

pred i cted seq uence of boy i ne cDNA and th at of th i s pept ide showed 

it to correspond almost exactly to the arnino-terminal of the 

bovine POMC. The differences may be ascribed ta the fact that two 

animal speçies are in consideration. The apparent Mr of this 103 

residue peptide on SOS-PAGE is a little ovet 15 000 Daltons. 

Preliminary characterizàtion of the human homologous pep­

tide was carried by Chrétienls group (204). From whole pituitaries 

they isolated a peptide with an apparent Mr of 18 K. Automated 

microsequencing of this peptide labe1ed with 14C-iodoacetamide 

allowed the identification of cysteine residues at cycles 2, 8, 20 

,~ "and 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 total of 103 aminu ac1d resi­

dues (204). As in the case of the porcine N-terminal, the human 
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N-terminal does nof cros~-react with antibody to ACTH 1-24. Amino 
J \ 

acid q'omposition of tryptic and chymotryptic fragments of the 

human N-terminal, cross-reactivity with the bovine synthetic y-MSH 

raised antibody and co-elution of sorne tryptic fragments and 

synthat i c y-MSH on HPLC indicated that this 18 K Mr peptide 

contai ns withi n its structure the y-MSH (203). A more advanced 

characteri zat i on of' thi s pept'lde was performed by Se; dah et al. 

(205). Direct sequencing of the first 40 residues showed only 2 

substitutions with the bovine homologue and about 95% sequenù 

homology (4 variations) within the first 70 residues betwee'n the 

,two species. The majority of ~pecies differences occurs within 

the C-terminal 24 amino aCld residues. The authors also concluded 

that the y-MSH sequence is maintained, and proposed the asparagine 

65 as a probable site for glycosylation (205).- At 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-t~SH-like peptides contain carbohydrate 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 Jf 16 K from 
c 

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

29 residues as wel1 as threonine 32 and alanine 34 (207). The 
J 

1 

presence of met?jlOnine at site 27 as proposed by He~bert et al. 

(168) was not é~nfirmed (207). 
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'~, 
, 'Purification and characterization of the 

)N-terminal isolated 

peptide 

from the ant~rior lobe of porcine pituitaries 
1 ~\, 

(208) estimates an amino acid 2~mposition, of 103 residues, with 

the presence of gl ucosamine and gal actosami ne. Based on the 

tryptic digest of this peptide, two glycosylation sites, 

were propo?ed, one at threoni ne 45 and a second at asparagi ne 65 

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

the molecule. 

Complete primarylseguence of the N-terminal segment of POMC 

Complete chemical characterization of the amino-terminal 

segment of POMC was ftchieved i~ the human and porcine species. In 

the human pituitari es the major secretory pept i de of the cryptic 

portion of the POMC consists of 76 amino acïd residues (209). 

Within this peptide there are two sites of glycosylation, an 

O-glycosylation 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 24 (210). JThese works clearly demonstrated the 'presence of 

y-MSH sequence within the human N-terminal (209-210). 

In the porcine species the N-terminal is a slightly longer 

glycopeptide with 80 amino acids and, again, 2 sites of glycosy­
oit 

lation (208, 211). In this species the y-MSH sequence is also 

present within the N-terminal. 

1 ... 
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Presence of a joining peptide between the N~terminal and ACTH 

withi n POMC 

45 

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 rangi nq fram tryptaphan res i due number one to the 

expec"ted 9'ycine located before the LYS-ARG dibasic residues and 

preceding ACTH should be 109 amino acid residues. The isolation 
o 

of a 76 residue glycopeptide which according to the predicted gDNA 

• 

s,equence is followed by a 

i ncfi c ates the presence of 

L YS-ARG sequence ~ the POMC 

a peptide which Sh?Uld be 31 

molecule 
, 

residues 

long after removal of the dibasic residues preceding and followinq 

it (12, 13). 
o 

Such a pepti de was i 50 l ated from human pituitari es 

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

of the POMC, it was named the IIJoi ni ng p~pt ide" (212). An 

~ homologo~s pertide 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, ~12) and murine species (104). 

rcine anterior 
ide 

Chromatography on,a molecular sieve column of the porcine 

N-termi na l gl ycopept i de resu lted in the i 50 lat i on 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 SOS-PAGE (214). Determination of thé- amino acid 
/ 

composition of each peptide revealed that th~ 17,5 K corresponds 

to the PNT 1-BO (211). The forms with Mr of 21 K and 13,5 K 

correspond respectively to longer antl 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 throuqh ,a tVS-ARG sequence. 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) . 

. 
Biol09ical activity of the cryptic segment of POMC 

Now that it has been clearly eS,tabl i shed that the ACTH 

related family of peptides is biologically processed from a common 
, 

, ! 

,pré'cursor and that many of these peptides have a specialized 

biological activity, it is of interest to consider a possible 

function fo~ the am~no-terminal segment of POMC. Sequence homolo-

9Y of the N-terminal between species (lB, 104, 155, 210, 211) and 

conservat ion of the y-MSH sequence (18, 104, 155, 204, 210, 211) 

could indicate a possible ~biological function as a chemical 

messenger wi~h~n mammalian species studied so far. 
d 

Prel im; nary reports show a correl ati on between the occu-

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

stainin~(has shawn the to-existen(è~of these two hormone's in the 
/, 

// -"' .. 
sarrÎe cells of the anterior aQd intermediate pituitary (217, 218). 

,/ , 

These observations suggest that the sequence of calciton;n i~ part 

of the comman precursor to ACTH and S-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 fo~s of ACTH secreted by the 

pituitary determines the type of gl ucocort i coid produced by the 

adrenal glands (220). To verify this hypothesis Gasson (221) 

inc~bated 'cordcal adrena'l cell s in the presence pof high molecul ar 

weight ACTH and ACTHI-39. All high Mr ACTH, including 31 K, 23 K 

and 13,5 K are capable of stimulat;ng the same maximal level of 

sterJ)ldogenesis as human ACTHl-39. Nevertheless the 31 K and 23 K 

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

ACTH. Glycosyl ated ACTH i s equi potent with non-glycosyl ated 

ACTH. All of ~he di~ferent forms of ACTH stimulate the synthesis 

of corticosterone and related steroids without sign;ficant produc­

tion of cortisol or _aldosterone. This author also observed that 

the 16 K did not stimulate or interfere with steroïdogenesis. 

,Other in vitr6 observations on fetal sheep adrenal cells show that 
),,,l - -- ~~.. ~ 

,f' 

,high Mr forms of ACTH block the action of ACTHl-39 (222, 223). 
~, 

Guillemin's group (224) chemically \ynthesized four possi-
~ \ 

ble y -MSH peptides deri'ved from the proppsed bovine nucleotide 

~( 

f, 

r 



, " 
" ' 

t, ,-
~. ~ 

41 "~'. ~ 

48 

\ 
~, 

(' 
; .. , 

sequence (l8) named acetylated-Yl-MSH, Y1-MStf, Y2-MSH and Y3-MSH. 
'T 

Bioactivity of these peptides determined 'in"an .i!l v'itro MSH assay 

was very weak compared t9 that of the y-MSH. None of these 
, ' 

, peptides was able to release anterior pituitary glycoprotein, FSH, ---------- '--

/ 
/ 

o -'·~~at!:.dose as high as 100 ng. An antibody 
.,.. -- -----==-- ------- ---- ~ - ~ .. ;. 

, . 

was rai sed agai nst Y3-MSH-~) whi cn-aHowed the ·:Jaent;'ficati~n 
---------------:J ( " 

,~of three" immunoreact ive y -MSH pept ides in bovi new1Tol-e-p..it~r y 
'" ' 

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

The presence of y -MSH in pl asma was not reported by these i~thors • . 
Pedersen and Brownie (226-227) used 16 K . i sol ated from 

mouse AtT -201D)6v and 16 K 'trypt i c 'fragment and observed that 
"'- . 

tryptic fragments, more than t~e native peptide, potenti ate, the 

action of ACTH 1-24 which results in an increase in serum corti-
1 

costerone concentrati 011. Us; ng 'purified porcine N-termi nal 1-80 
'. 

glycopept ide from Chrétien' s qroup, lis (228) d'emonstrated the 

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

• human homologue was eval uated under the same experimental 

conditions by Chréti"en .et al. and showed to be equipotent with 

porcine N .. terminal and ACTH in stimul ating the release of aldoste­

rone from a human al dos teronoma in .Yi!!2.. (229~. Tl)e pos s i b il i ty 
,II 

that primary hyperaldosteron; sm coul d be rel a ed tel'- ,~itUitary 

adrenal dysfunction was raised following these observations, (230). 
"\,\ 

The human N-terminall_76 glycopeptide which is inactive in 
il' b 

maintaini ng adrenal wei ght and po~sesses weak mel anotropic activi-

ty (231) has recently been fOj,lnd to potent; ate the ACTH-induced , 
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" -
secretion OT. glucocorticoïds and mfneralocorti'coids' from the 

o ~ 

ad[enal cortex by--i.l'l-è[easing RNA synthesis (232, 233):-"'Estivariz 

et al. (234) de~cribe~)the s'Ùuation where th~ N~terminal regiQn 

of the POMC and ACTH, 'p,rovides a' varie~y of peptides capable of 

affecting different- aspects of the adrenal cortex. Human N-'termi-. " 

na11-2--S, ,hN-termina12-59 and ACTH stimlHate DNA synthesis, hN­

termina11_76 potenti~ates tt:le action of ACTH by increasing RNA 
1 

; synth'es i s 
" 

,hydrol ase .. 

• C232-233)'jhN-termina151_76 activates cholesterol ester 

(227) reqûir~ ~or the initiation ,9f cortico~ter-oido­

Lowry et al. (235) reported that n~uMfÎÎy mediated'~ g~nes i s. -- ~.",,--

proteolytic cle~vage of the circulating inactive precursor:.~'inN-
~ --"'",t-

~ terminall-76) at the adrenal gland is the majnr mechanism o.f 

f.... j control of compensato,ry growth . 

. >,. 
'. ( 

'\ .J 

'" 

, ,As mentioned earlier, POMC,related peptides are synthesized 

both from the anterior and intermediate lobe give rise to a varie-
~ 1 

ty of cQrt i cotropi n and me l anotropi n-re 1 ated pept ides' (236) but 
, 

the N-'terminal 'unl:ike the rest of the POMC is only,partially 
" ' .. f~ 

processed, 'at least in the rat (166), Brpmocriptine and dexame-

" thasone were used to r;espectively inhibit ~ecretion from the pars 

'intermedia and ~ distalis to determine the source of peptides 

involved in compensatory adrenal qrowt.h after unilateral adreno-
• J 

lectomy (235). Results'obtained in thisoexperiment 'suggests tha't 

the N-termi na land' ACTH re' at~d pept i ct:e.s ,'o'f the ~ i nterinedi-a 
1 

/ ' 

are mitog~nic in thce adrenal whereas that the 'p:ar~, distalis 

cQrticotrQpe is the ptimary source of peptides ... i.nvo~ved in adrenal 0 
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hypertrophy and hyperp 1 as i a (235). These ~uthors suggest that 

'aerenal hyp~rtrophy and adrenal hyperpl as i a are' medi ated by 
\ 

neural activation of proteolytic activity,' which cleaves tbe 

N-termi'na11_74 to ,give rise locally to N-terminall-48 49, an 

adrenal mitogenic hormone,. and N-terminalso_it' an adrenal 
. 

hypertropl'lic :hormone. The whole N-termina11-74 is cOl1sidered as 
'~ .. > 

J being an ~qren~~ fac~or (235). 

. 
Measurement of N-terminal of POMe in plasma 

. A r.adioimmunoassay developed against mouse 16 K· proved 

suitable to detect this irrmunoreactivity in huma;' plasmà and was 

used to çlemonstrate that a peptide sim'ltar to 16 K varied in 
-" 

parallel with plasma ACTH (237). Similar results were su~sequen­

tly obtained by Hope et al. (238) u.sing a radioimmunoassay\irec-

ted toward purified human N-terminal. Other groups reported that 

( IR-Y3-MSH, using a rad1oimmunoassay developed against chemically , . 
synthesized Y3-MSH )~-p.s present in human plasma but neither its 

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

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

using three different radioimmunoassays directed toward Y3-MSH, 

, hN-terminal, and m16K, showed that immunoreactive Y3-MSH is indeed 

i dent i cal to hN-terminal in _pituitary-deri ve~ materi al s. 

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

radioimmunoassay'for hN-t~rminal demonstrated a strong correlation 

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

\ 

\ 



J 

\> 
, 
, ' 

" 

(. ~ 

V 
~. 

~ 

51 

during 'insuli,n-induced hypoglycemia as well as in p1as!1la of 

patients with various disorders of pituitary-adrenal axis. Thetr 

cresults also indicates. that; hN-toerm;inall_16 is the predominant 

circulatinq form ,in human pLasrra (,242). Mè~n b,a~al irrrnunoreactive 

hN-.... terminal in normal subjects wa:s less than or equal to 100 pq/ml: ~. '" 

(242) : '. 
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/' 
Porcine pituitaries 

Fresh 'porci ne pituitary gl ands were obtai ned from a local 

abattoir durinq the months C?f June, July and August. The animals 

cons;stinq of female~ and castrated males in equal ratio were 

f.".'> 
between 5 and 6 months old and weighed around 100 kilos. They 

wet'e killed by electric shock or narcosis with carbon dioxi"de, 

followed by exsanguination through the anterior vena~. Within 

30 minut.es after death, t~e animal was decapitated, and the head 

was cut either saqitally (fig. 'lA) or frontally (fi!;!. lB) to 

expose a large pa,rt of the brai n aj adj acent structures. The 

encephalon was removed leavinq the pltuitary in the sella turcica 

on the floor of th.e skull. The whole pituitary was then easily 
\, 

removed with a smal\ dissection spatula. The pituitaries' were 

immediately dissected into the anterior and neurointermediate 

"lobes (fiq. 2) and frozen either on dry ice or in liquid nitrogen 

when available. This material was kept at -60°C until extraction 

of the pr'oteins, which usually took pl ace within one week after 

collect; on. 

.. 

Histologie ex~~ination of :issues , / 

Sorne freshly disseeted anterior and neurointermedi~~es ' 
, ./ 

were inmediately fixed in 10% formaldehyde for 72}l6urs. The 

tissue was then embedded in wax, eut in 6 /,,{.s and st ai ned 

_. with hematoxyline, .,/ 

f 
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Figure 1. Schematic representation of the section of th\e pig's 
head used to< expose the brai n and a . acent str\uc~ures 
including the hypothalamic-pituitary co lex. \ 
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Thi~ventriciè 

0-... Pars tuberolis 

" , 

Posterior lobe 
\ 

~ 

Anterior lobe 
,,-1 ntermed iate 

lobe 

5ehe matie Representation of the Pig Pi~uitary. 

Figure 2. Schematic representation of. the piq pituitary. 
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/ 
" The preliminary s.teps of this technique were mainly perfor-

med according to the procedure developed by C.H~ li and co-workers 

for the purification of ACTH and B-lPH (49). The anterior lobe 

was extracted in ~,2 M HCl at 4°C in the ratio of 7 ml acid to one 
\; 

gram of frozen tissùe. The m'1xture was homogenized with a IIpol y-

tron ll for, ten to fifteen minutes, unti 1 it took on the appearance 

of a rich pink cream. No enzymatic inhibitor was used. The homo-

genate was th en 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 mixture was kept stirring for one hour, then centrifuged for 

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

five times its volume of _20° C technical grade acef~e. The 

proteins were left to precipitate for 16 hours at 49 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 wioth 5,0 N sodium ':. 

hydroxide. Then a first precipitation in 6% sodium ch10ride 

solution was performed. The reac;,tion was 1eft 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 IIProlactin Fraction ll
, 

was separated from the supernatant and then saturated with crysta­

line NaCl at the concentration of 360 9 NaC'l/liter of the superna­

tant~ This reaction was a1so left ta continue for 12 to 16 hours 

\ 
\ 
\ 
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The mixture was then centrifuged for' 30 minutes at 8 000 

rpm, the supernatant was d-iscarded and the precipitate, which' 

contains many of the ~CTH re1ated ~eptides, was desa1ted by ultra­

filtration throuqh a 500 Mr cutoff dialysis membrane. The retai­

ned material in the ultrafiltration eell will be designated 

throughout this work as "fraction 0". 

Carboxymethy1 c,e 11 u1 ose ehromatography 

The material already defined as IIfraction 0 11 was chromato-

graphed on a cation exehange resin, earboxymethylcellulose CM-23 

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

ammonium acetate pH 4,6 and filled in a chromatographie co1umn of 

16 cm x 100 cm. A 11 chromatography was performed at -4°C. We 

usually poured 10 mg ofo "fraction 0" per mil 1 iliter of resin. The 

proteins were disso1ved 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 ta ~,2 M an& a gradient of pH from 4,6 

ta 6,7. The mixing flask filled with the startinq buffer was 
'-

equal to ten times the volume of the resin. 

The first step of the chromatography consisted of elution 

of the protetns with ammonium acetate 0,01 M, pH 4,6, for 2 times 

the bed volume. The unretained material was identified as "Peak 

Ali. The elution gradient was then started and consisted of ammo-

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

In the third stage the e1ution qradient was fina"y increased by 
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\ 

adding ammonium acetate 0,2 M, pH 6,7 to the mixing flask, for\six 

times the bed volume. Final1y the resin was washed in 1 M am~o­
nium acetate pH 6,7. The volume of the collected tube was eq al 

1 

to 0,075 times the bed volume. 
, . 

Absorbance was usually read-fft 

nm. Fractions corresponding to elution peaks were collected 

lyophilized three to four tjmes. 

Molecular sieving 

Most of our molecular weight separation procedure was P~!"- -

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 weiqht determinations of 

globular proteins by 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 iodine as a salt marker for determination of the total 

volume of the filt'ration bed. The eluent buffer was 1 M acetic 
1 

acid and the volume of the fractions was 0,5% the volume of the 

fi ltrat i on bed. The absorbance of each tube was read at a wave-

l ength '280 nm. The experiments were performed efther at room 

t t at 4°C. emper a ure. or 

•• 
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'Hiqh performance liguid chromatography 

Apparatus 

High performance Jiquid chromatography (HPLC) 

determination of phenylthiohydantoins (PTH) and for 

procedures of many peptides throughout this work. 

59 

was\ used for 

purli ii cat i on 

We had at our disposal two systems, one from Waters\ Scien-

tific and the other from Beckman. The Waters model 204 liquid 

chromatograph included: two model· 60DDA pumps, a Model U6K injec­

tor, a Waters intelligent sample processor (WISP), a' Waters 720 

system controller, a Model 450 variable-wavelength detector and a 
i ~. 

Model 730 'data ~odule. The Beckman system'consisted of two Model 

100A Preparative pumps, a Model 155~4D variable-wavelenqt~ detec­

tor, a Model 421 CRT controller, a'Model 210 sampye injector and a 
, , 

Waters Model 730 data module. Two types of columns were used, one 

for PTH determination, an Altex 5 ~ ultrasphere O~S column kept at 
(li 

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

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

rature. 

HPLC sol vents 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 buffe!?, consisted of 0,02 M TEAP pH 3,0 

'obtained by diluting the stock solution ten times. The,organic 
... 

(, 
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,-
phases consisted of 90% acetonitrile or 90% 2-propanol (Burdick 

and Jackson Labs) and 10% 0,2 N TEAP pH 3. The water used in 

these preparations was first distilled, run through a Millipor,'e 

system, redistilled, passed through an 'ion-~xchange resin and then 

stored at 4 Oc in a gl ass contai ner. In our resvlts the gradi ent , 
" will always De indicated as the percentagé of the organic phase. 

Reduction and a)kylation of peptides 

In order to ppen disulfide bridges and to detect the pre-
D 

sence of s-CanbOXymethYl.at&d cysteine on the amin,O acid analyser 

protein reduction and alkylation had ta be performed. The reduc­

tion was perfarmed in la ml of 0,1 M trismabase pH 8,2 ta whftch we 

added 5).lL of S-Mercaptoethanol plus 4,8 9 of ultrapure urea.. The 

solution was flushed un der nitrogen for 5 minutes. Then 6001JL of 
-~. 

this solution was added to 100 1Jg of peptide to be reduced. The 

reaction was left to occur for at least 4 hours, in the, dark, at 
{ 

room temperature. The alkylation was performed by reaction of the 

reduced material with iodoacet;c acîd (Kokak) in the ratio of 67:1 

(W/W) with the p,eptide' or with C14 iOdoacetamide (New England 

Nuclear) in ~he ratio of 20~_l1L/100 1Jg of peptide. After 2 to 4 

'" hours of reaction the mi~tJre was desalted in Sephadex G-15 using 

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

was lyophilized and kept under vacuum. 

J 

• 

.-

.' 



, , 

p 

, , 

,. 

Enzymatic and chemical cleavages 

In or der to' achieve the complete sequence of the newly 

isolated high molecular weight peptides, we had to perform cleava-

ge of the molecule; Many enzy,mes were used including trypsin 

(Mi les laboratori es), Myxobacter Lys-C protease (Mannheim-

Boehr1nger)" and V8 "(kil)dly provided by Dr. G. Drapeau). The 
, " -

chemical cleavaqe involved a cyanogen bromide r'e.act.ion (Kodak 
~ / 

laboratories). Almost all the'\,Aigestions were,performed on a 

reduced and alkylated peptide. 

Tryptic digest and mapping using HPlC 

, 
Tryptic digest was perfor.med at 37°C in~ ammonium bicarbo-

nate 0,1 M buffer, pH 8,0. We used DCC-treated trypsin in a final 

wei~ht to weight ratiQ of enzyme to substrate. of 1:200. The 

reaction was performed in a reaction vial, containing 1 ml of the 

buffer. First we added half the required dO'se of the enzyme and 
, 

" " 

. allowed ,the ~eaction t() proceed for 2, hours at 37°C in the darf. ______ 

, Then we added the other half of the enzyme and aga'in left the -reaction to occur for another 12 hours. After that period of time 
, 

,the' content of the reaction vial was lnjected in the HPlC without 

lany lyophilization and dissolution in the starting buffer for the 
i ' ./ 
iH'PlC run. 
10' 
:' The p,eptide mixture ~as analyzed by HPLC using 90% double':' 

Idistilled water and 10% O,~ N TEAP pH3 as the i,norganic phase 
;" 

and 90% 2-propano~,JJ~~'acetonitri le) and 10% 0,2 N TEA~ pH3 as the 

organic phase. Chromatography was p~rformed on a Waters u-Bonda­

pak C18 (30 cmx 4 mn) analytical column', at room temperature. 
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Absorbance was read at a wavelength 210 'nanometers. The 

chromatogr aph i c program 
l 

cons i sted of el ution Of the col umn at a 
, \ 

'flow rate of.l mL/min~ The percentage of the 0rganic solvent was 

kept at 0% (or ten minutes then raised to 50%Jdthin 160 minutes. 

Each ~eak was collected, repurified~under the same conditions and 

submitted to acid hydrolysis in 5,6 N HCl at 110 Ge for 24, 48 and 

72 hours. 

Myxobacter Lys-C protease cleavage and mapping using HPLC 
'd 

M'y\xobacter LyS -C protease was added in a: rati 0 of substrate .. 
"of .. L,. 

to enzyme of 50 to l (W/W).I The djgestion wa~ carried out at 40·C 
o 

in 1 ml of 20 mM TRIS Hel, pH 8,8 for' 6 hours. The resulting 

peptide~s were .purified using HPLC with the' s'ame .solvents and 
d;~ 

Golumn Jas described in the_ previous section for tryptic digest. 
, , 

The follo~ing elution program was used: flow rate of l'ml/min and . 
5% organi c 50 l vent for 5 mi nutes then rai sed . to 65% within 60 

, > 
minutes. Absor9ance was 

, 
read . at a wavel enqth 235 nanometers. ____ ~ .i 

p:e-a*- wa.s·' co llected, répûrified, .. t hydr9î y~~~d and submitted to 

( 

,. ~ 

amino acid analysis. 

Cyanogen bromide cleavage and mapping usinq HPLC 
i ( 

Peptjdes to be c l e~ved were_re,acted with cyanogen bromide 

(CNBr) in 1 ml of 70% formi-c acid and a molar ratio of 1000:1 

(CNBr:peptide). The reaction proceeded jn the dark at room"tempe-

" rature for 18 hours. The fragments obtained were purified us;ng 
... 
'", 

HPlC with the same solvents as described for tryptic mapping. Tbê 
1 

; , 

" 
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program 'consisted' of ao 1 mL/min flow rate and the percentàqe of 

-2-pr~panol was maintained at 5% for,'P'3 finutes then râised to 95% 

wi'thin 90 minutes.' Absorbance was read at a wavele~gth of 235 

nm. Each peak~w'as colleèted, repurified un der the same condi- ! 

tions, lyophiHzep,o hydrolyzed and submitted to amine acid analy- ' 

sis. 

. ' . 
V8, cleavage and 'mapping us.ing HPLC . 

• 

~ 
Digestiqn with 'p'rote'ase from Staphylococcus aureus was 

o 

performed in 1,ml 0,05.M ammonium acetate buffer'~ ?H adjusted to 

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

at pOC for 18 hours in a ratio~ of enï~e -fo.substrate (loi/loi) of 

1;50. The purification of the fragments obta.ined using H~C wa~ 

1 done as for the tryptic fragments. 

o 
1 , 

Digestion with pronase ,J > 

An aliquat (100 ~g) of \~e peptide ta; be .digested was dis­

solv,ed in 400]JL of cO,l'M ammonium a,cetate, pH ,7,5 containing 10 mM 
, , . 

CaC12. Pronase (Calbiochem-Behring Cbrp.) was added in a ratio ~f " 
\ 

enzyme; sub~tr ate of 1: la and the' d4 ge~ t ion performed at ~7·c' cior 

48 hours. 
'. 

The digest ~as dried br ~vaporation. 
\ 

,) q 

f 

) Radioimmunoassay 
i 

Iodination procedure 

Peptides were radioiodinated by the chloramine "T" method 

(243). 
, 

Radioactive iedine was purchased from New'England Nuclear 
l " "", 
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with 1 mC; of 125-iodine in 0,5 M Na2 HP04· 7H2 buffer in the 

pre~ence of 10 ,~.JL. of chloramine T (Kodak Labbratories) for 30 
...... (~ 

se.conds. The re.action-was stopped with 100 ~g of sodiu'm metabi-

sultite • Separation of iodinated peptide from 125-iodine was 
. oon 1 

performed on G-25 Sephadex (Pharmacia) i!1 a disposable 10 ml 

plastic, pipette elùted with 0,5 M 'Na2 HP04 .7H2, pH 7,6. The.\.' 

column and the resin were coated with 20 mg of bovine.serum albu-, 

mine_diluted in the ,elution buHer. The fractions collected were 

Gou~ted uSihg a Beckman garrma counter. Radioiodinated peptides 

were kept lit 4°C in 0,5 M Na2 HP04' 7H2, pH 7,6. 

Competitive binding assay 
q, 

fAntibody buffer and non radioactive antigen were mixed and 

radioactive antigen°·added after a slight delay, giving the unla-

belledantige~ an opportunity to bind ta the antibody first. The 
, 

o buffer.consisted of 0,5 M Na2 HP04 7HQ, pH 7,6 in the 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/1oo ml , 

buffer. A 11 assays were performed at 4°C with an i ncubat ion time 

of 72 hours. Separation of antibody-bound and free antigen was 

also performed at 4°C by successive addition of bovine y-globulins 

and 39% poly-~thylene-glycol. Each tube was vigourously shaken, 

" left to rest for one hour, then centrifuged in an Eppendorf for 15 

minutes at 10 000 rpm. The supernatant was aspi rated and the 
i 

precipltate counted using a Beckman ga~a counter. 
A' 

~ 
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Immunizat~on procedure for antibody production 

Native peptidici antiqens were used for the production of 

specific antibodies.' Highly,purified peptides, both used for 

J amine acid anâlysis and sequence determination wère injected 

intr~ermally in New Zealand white rabbits, weighing around 2-3 

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

.' not use toe pad .injections b~cause ~hey ,caused. discomfort {o the 

animal. The ,initial injection was with ani,tiqen in con}plete 

Freund's adjuvant (Oifco laboratories); 400 jJg of antigen .were 

injected per rabbit. The antigen and the Freund's comolete or' 

incomplete adjuvant were mixed directly, in the syrinqe with a 
'. .. 

son.i cator, thi s procedure gave excell ent homoge'ni sat~ an y/ithout 

any major lqss of the antigen. 1 
/ 

The intradermal injections were done with a 25 gauge 
1 

needle. Booster injections contained incomplete Freund 'Si adjuvant 
J .• ' 

~ and were done at 2..,week intervals. Each rabbit receivea with''''the 

three booster injections the following guantities of a tigen: .200 

).lg, 120 flg, 100 lJg. Before the ex,periment and before every antigen ,,-

injection 1 ml of blood was removed from the rabbit' ear. The 

blood was left to coagulate, then centrifuqed to separate the clot 

" 
from the serum. Thi s l atter w~s aspjrated and kept, t -60·C t i 11 

titer determfnation. When ant i body t iter was be t'er th an 1:' 

'10,000, booster inj~ction was given every 8 week with 40 ml 

bleedings. taken every two 'months. Bleeding,was done throuqh' 

cardi ac puncture with a 20 ml syringe and a 22 gaug , 2-inch long 

needle. Serum was kept in I-mL fractions at -1 DoC in liquid 
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'. 
nitrogen~ The serum was used as such without any antibody purifi-

cation for a11 radioimmunoassay. Titer was determined for' each 

bleèding and speeificity determined when titer was .judged satis-
'. 

, " f actory. 

, 

, 
Ant\body speeifjcity 

//~ . 
" " " Antibodies raised againsf the amino-termina'l segment of the 

POMC were c~aracterized to determine their speeifieity. Anti~ens 
. 

used wePe from the ACTH related peptides and included ACTH 1-24, 

y-MSH, B-MSH, B-endorph;'n~ B-LPH, a-MSH, CLIP, PNl 1-80, HNT 1-

76. Iodinated PNT 1-80 wa$ 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 Hel 

hydrolysates (for 24, 48, and 72 hours hydrolysis at 105°C) was 

performed with an updated Beckman 120 C amino acid analyser modi-

fied to a1low up to 0,5 nmol deteetion sensitivity, equiped with a 

mode) 126 eomputinq inteqrator. The separation of the amine acids 

was done on a W3 resin (Beckman) which allows the separation of 

al1 amine acids and the hexosamihes, qlucosa~ine (GleN) and ga1ac­

tosamine (GalN). Determin~tion of these sugars was not cOfr.ected 

for hydrol~sis 10ss at 24 hours. Determination of tryptophan 

residues were d,one by s~quencing because they are destroyed upon 
" 

5,7 N Hel hydrolysis. Cysteine 'residues were determined as 

J 
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S-carboxymethyl cystei ne after reduct ion with mercaptoethanol an,d 
". 

alkylation wi,th iodoacetic acid. 

~_Seguence determination 

The sequence determination was performed in a Beckman 8908 

"" IL 
"sequanator equiped with a cold trap and a Sequamat P6 auto conver-

ter. Sequence was performed usinq 0,3 M Quadrol pH 9,0 as sequen­

ces buffer (Beckman) and addinq 3 mg polybrene (Pierce) plus 100 

nmoles of a dipeptide Leu-Val te the cup and perform;ng 7 dummy 
, 

cye l es. The pept; de to be sequenced was then. added and double 

couplinq was performed for thê first cycle only. The proqram used 

is a Beckman:s 0,1 M Quadrol with SI + S2 wash (12.11.78). 
> 

All conversion was done automatically immediately following 
, 

the cleavage step usinq 1,5 HC1/MeOH at 65°C. The 

phenylthiohydantoin amino acids (PTH) wer~ s~parated by HPLC 

following the procedure published by Somack C.J. (58). Sep arat ion 
" 

was performed on an Altex 5 u ultrasphere OOS column (0,46 x 25 

cm) run at 45°C, using a 18 rTM sodium acetate/tetrahydrofuran 

(THF) pH 4,73 as the aqueous phase ,and acetonitri le as the organic 

phase. This technique allowed the separation of all PTH amine 

acids (fig. 3) ai previously reported except that PTH-Glu, PTH-Asp 
fo 

and PTH-S-carboxymethyl cysteine were detected as their respective 

methylesters 'and PfH-Nor-leucine was used as an internal 

standard. For a1l runs the detector was set at a wavelength of , 

269 nanometers. 

'. 
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Figure 3. Phenylthio~dantQ-ins separation on an Altex, 5 ~ ultra­
sphere ODS column (0,46 x 25 cm) run at 45°C. AquJ.~ous 
phase consists of 18 mM sodium acetate-tetrahydrofurane 
pH 4,73. The organic phase consists'of acetonitrile . 
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Assistance by the members of the laborator~ staff 

A eat deal of collaboration was needed ta dissect the 

sorne 30000 p' pituitaries used in this work. This task was 

perfarmed mastly undergraduate students during their summ~ 

vac aUon. Thi s group al 50 performed most of the extracti on Of\ 

both the anterior and ne rointermediatè lohe. These two step,s 
i 

were done - under my supervi sion. 1 l!rsonall y made arrangements 

with the slaughter house managemeni~ established the procedure for 

dissection of the hypothalamic pituitary complex, and acquired 

competence in the extraction procedure to guide these students in 

thei r work. 

1 performed all the chromatographie procedures includinq 

gel filtration, cation exchanqe and high performance liquid 

chromatography of pituitary peptides. 1 also performed al_~ the 

cle~yage of peptides and the purification of the peptides which 

will be described, and their use as antigen for rabbit immuniza-

tion. Purifiçation of the antibodies produced and their characte-

rization are also part of my work. 

Hydrolysis of peptldes for amino acid analysis and calibra­

tion of the ,analyser was done by tbe staff of the laboratory. 

personal1y analyz~d all data resulting fram these experiments. 

Sequence determination was perJormed under the guidance of 

Dr. Nabil Seidah by the personnel of the laboratary. 1 was never­

theless always a member of the team needed to perform such experi-
), 

~ments. < / 
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To characterize the multiple farms of the peptides ta he 

described later, we engaged in very"close collaboration with Drd 

Guy Boileau who confirmed my working hypothesis that heterogeneity 
( 

within the welecules is caused by differendleng-thsof the peptide 

backbone. 

All the people who specifical1y collaborated in the reali-

sation of this work are duly mentioned in the.acknowledgement. 
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H;stblog;c exam;nat;on of tissues 

Photom;crographs of pig pars distal;s (fig. 4) revealed 

that w;thin one hour a/tér death the tissue is in excellent cyto-
r ~ .. ~ 

architectural cond"l'tion- and there is no ev;dence of ce" lysis. 

The coloration allowed the identification of major antJ}ior pitui­

tary cell lines, by light microscopy and distinquished the acido­

phils, basophils and chromophobes. Sections irdicated that the 

.,.E2,Œ distalis, hand dissected, is an homogenous tissue not conta-

minated by cells of either the pars intermedia'or the ~ 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 chafacteristics allowed identification of these 

four types of tissues: ~ distalis, ~ nervosa, ~ interme­

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

the pars nervosa with the pars intermedia are qrouped into a 

tissue we consider to be the neuro-intermediate lobe. 

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

Carboxymethylcellulose chromatography 

Carboxymethylcell ulose chromatography, C~C, a cation 

exchange resin cnromatography, was used as a first separation 

procedure for the multip1e proteins and peptides present in the 

IIfraction 0" of, porcinè pars distalis. Tc locate the ·amino-

/ 

/ 
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Figure 4. Photomicrograph of pig ~ distalis.~ . 

c= Chromophobe~ell . 



74 

Fjgure 5. Photomicrograph 0," pig posterior lobe. 

IL: Pars intermedia 

PI: Processus inf~nd;buli 
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terminal segmenl of POMC in the ~luent on this type of chromato-

. graphy, we per}ormed a standard elution using a CMC column on. 
') 

whi ch w~ pourea 20 000 CPM of radio-act i ve rat, 16 K fragment 
\ , , 

abtained from IPulse-chase experiments in rat pars intermedia 

(K i ndly furni Shrd by Dr. Franci s Gossard): A lmost 90% of the 

material was no retained by the resin and 50 was eluted by 0,01 *M 

arTlllonium acetat pH 4,6 in a fraction already identified as "peak 

Ali. 

This pre iminary indication oriented us in ~~pari~g -large 
1 

a;itounts of "pe~k Ali. Although variations exist between CMC 

chromatographies of different "fraction 0", one can always identi-

fy homologous peaks. As can be seen in figure 6, where a typical 

chromatographie profi le on CMC of porcine ~ distalis "fraction 

, 

0 11 is presented, the flow through material is always important and' ~ 

is easily identifiable. In fact, this material represents between / 

10 and 40 perc .. ~t of the materi"al poured on the column" After 

repetition of this chromatogrç~phic procedure on 4 batche.s of 
, 

, "fraction 0", 4,89 g of "peak A" was pr-4Jpared. ,.. This material was 

ultrafiltered through a 10 000 molecular weight cutoff dialysis 

membrane. The material retained in the dialysis cell was lyophi-
1 

~ lized and kept in a vacu~m jar until further purification proce-

dure. 

"-
Identifica~ion 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 14C-iodoace-

tamide followed by automatic Edman ,degradation in arder ta follow 
" 
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the purificat~on procedure. ' From the amino acid sequenc~. of the 
, , 

bovine POMC (18) it can be deduced that the ami no-terminal seqment 
r . 

of the porcine POMC should contain cysteine residues at positions 

2, 8, 20, 24 of. the peptid~hain. Peptides 9resent in ~eak Ali 

were labeled~ with l4C-ibdoacetamide after /educt~on '~i;th S-mer-

,~ ", 

- 1\ 

captoethanol. The labeled material was desalted on a G-15 Sapha- l ,. 

l' 

dex column and eluted with 1 M ace.tic acid. The elution was , " 

performed at room temperature, the column being ,completely covered 

with al uminium foi 1. A sample of each fraction collected was 

added to a liquid scintillation medium and counted in- a beta 

liquid scintillation counte~ for 1 minute. Results of this expe­

riment are presented in figure 7. Microsequencinq of 14 C-iOdO~ 

cetamide "abeled porci ne materi al from "peak Ali was performed. 

Thiazolinones fr.om each sequanator cycle were counted directly.' 

The results of the first 30 cycles of this sequence are presentej 
, 

in figure 8. These results clearly indicate that peptide{s) with 
1 -

cysteine residues at cycle 2, 8, 20, 24 is/are present and.only 
: /' 

slightly contaminated at least with peptides cont-a:1ninq cysteine~,:" 
.,/ ( 

_-..-o:0:-

residues in their first 30 cycles. In ordèr to study the se pepti-

des, sever al approaches, including high performance liquid chroma­

,"" -tography' (HPLC), gel permeation, and eTectropioresis have been 
"';-

attempted • 
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E1ution profile of (14C) iodoacetamide 1abeled porcine 
material from f10w through materia1 of CMC chrèmato-.. 
graphy, on Sephadex G-25 fine column (160 X 1.25 cm')' 
e1uted with 2 M acetic acid at 22 C. 
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Purification of peptides from "peak A" by HPlC 

Crude peptides, obtained,aft~r ultrafiltration of "peak Ali, 

with molecul ar weights higher than 10 000 Daltons, were resolved 

by HPlC on a semi-preparative eolumn (C18 column Waters'Scienti-

fic). The TEAP system was used with 2-propanol as the organic 

phase. A chromatographie profile is presented in figure 9. Of 

the fifteen peaks collecte<! and repurified tlnder the same condi­

tions peaks 5, 6, 6a, 7, and 8 incorporated 14C-iodoacetamide. 

Mi e rosequenci ng of each 1 abe 1 ed peak was performed. Results 

indicated that peak 7 shows a great enhancement of a peptide with . 
14C labeled cysteine resldues at cycles 2, 8, 20, 24. This pepti-

de was repurified by HPlC on an analytical column with the same 

solvents but with a slower gradient of the organic phase. We 

represent in fiqure 10 the final purification on HPlC of a peptide 

we considered to be pote~tially the amino terminal segment of the 

porcine POMe. The material collected was lyophilized, desalted on 

a G-15 Sephadex column, eluted with 1 M acetic acid, lyophilized a 

second and a third time and kept as a powder --in a vacuum jar.-

Gel permeation chrdmatography 

The material from peak 7 (fig. 9) on a preliminary run on 
~ 

HPlC was chromatographed on an analytical column (fig. 10) and 

'then separated by gel permeation chromatography. Thi~ chromato-

gr ap hy w a s,."perf ormed, 'on a 180 ml (160 xl, 25 cm) co 1 umn p ac k~d 

with G-75 Sephadex sup"erfine from Pharmacia, eluted with 2 M 

.. 
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Figure 9. Chrd~toqraphic p~àfile of unret,ail"lM material of CMC 
chrom-atography after removal of 10 K materi al by 
ultrafiltration on a C18 semi-preparative column. 
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acetic acid at 4°C. Ten mi1ligrams of material'was poured on the 

col umn. The si ze of the fract ions was 1 ml and the col umn harl 

already been calibrated with standard peptides for a range of 14,5 

K ta 65 K. Results ob~ained are presented 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 weight. 

The 17 K peptide was used for further characterization and will 

therefore be named porci~e N-terminal (pNT). 

Amino acid analysis of pN~ 

Reduced and alkylated pNT was submitted to acid hydrolysis 

in 5,6 N Hel at 105 0 for 24, 48 and 72 ·hours. Results of this 
v 

experiment are presented in table 1. For each period of time the 

value for each amino acid represents the mean of three analytical 

runs. From these results we concluded that the material was 

composed of 80 amino acid residues'('and was glycosylated. This 

pept ide was named pNT 1-80. 

Tryptic digest of pNT 1-80 

• 4' 
One mi11igram of reduced and alkylated pNT 1-80 (fraction 

98-116 from G-75, superfine, fig. Il) was sùbmitted to tryptic 

digestion for 16 hours at 37°C. Then the solution was directly 

injected into an HPlC column and each peak was collected and repu-
t 

rified before hydrolysis and amino acid analysis. The chromato-
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graphic~ofile of this tryptic digest is presented in figure 12. 
\ 

Of the numerôcrs~l~'J/ptf;?fragments isolated, nine were identified 
! 

as compoflents of ~NT 1-80. Amïno acid composition of each 

fr-agfnê'nt (Tl. to Tg) is presented in table 2. These pre1iminary 

) results gave two new indications of the st~ucture of the pNT 
o .. 

1-80. First1y, base'd on sequence homo1ogy with the reported 

bovine c-DNA structure of the POMC (18) we observed a defi nite 
" 

homology between the structure of the N-terminals in J the two 

species (fig. 13) • Second1 y, we not i ced that three trypt i,c 

fragments, T3, T4 and Tg are gl ycosyl ated. Bec ause T3 and T4 

represent almost the same segment of pNT 1-80, T3 having one less 
, /f 

resit:1ue than T4, 'here must exist at least two glycosylation sites 

r 

on pNT 1-80. Based on sequence homology with bovine POMC the /. 

possible sites of glycosylation are on serine 29, threonine 32, 45~ 
for T3 and T4, and ~n asparagine 65, serine 67, 68, 69 for T9. On 

any of the se tryptic fragments the possibility of more than one 

glycosylation site exists. The ratio of glucosamine to galacto­

samine in fragment Tg could indicate that the glycosylation is of 

the N7type and therefore asparagine 65 should be the site of sugar 

attachment. 

Cyanogen bromide c1eavage 

The presence of a single methionine in the pNT 1-80 pr9ba­

bly at position 53 (figure 13) made possible the cleavage of the 

molecule into two fragments . Chromatographie profile of this 

\ 
\ 
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Table 2 .. 

'-"- ~ 
, " : 

Tl TZ T3 T4 T5 T6 T7 
..i\ 

Ta ' 19 
Il ~ 

) 
, 

/ ;f 

,; 
<f" • 

l~lO(l) 1.77(2) 0.75(1) 
.. I!,-Lys 
~ His 0.75(1) 0.94(1) , 
c' 

IV'g 1.21(1) , 1.00(1) 0.70(1) 0.89(1) 1.00(1) 1.00(1) . 1.67(2) " .; 
> -F< 

seM: 2.34(2) 0.58(1) '0. ~(1) 1.22(1) 
.. ~ 

''', 
Asx 2.34(2) 4.10(4 ) 4.26(4) 0.92(1) 0.79(1) , 

Thr r.œ(l) . 2.00(2) 1.91 (2) 

.~ Ser 3.61(4) 1.10(1) 1.22(1) 2.66(3}, Il 

Glx 4.36(4) 2.70(3) 3.05(3) O.88(lF' ' ; 

'--
/I,r.\ . ~[~ Pro 5.00(5) 4.70(5) 

',.Ft, 
( 'f.", 

Gly 2.10(2) 2.œ(2) 1.29(1) 1.39(1) 1.23(1) 10.00tlO) 
k,':; 

Ala 1.1)(1 ) 3.10(3) 2~53(3) ~ 
" 

Val 0.~(1) 0.96(1) 1.25(1) 1.39'(1) 1.03(1) 

HSL 
~t " , 0.32(1) 0.85(1) 

+"-.... --
rIle 1.15(1 ) 

~"""":J' 

Leu 4.30(4) 2.10(2) 2.œ(2) 
, 

Tyr 0.71(1)' 0.94(1) 
~ 

i . 
?he 1.01(1) 1.04(1) 0.75(1) 1.œ(1) 1.00(1 ) 

< 

Trp (1)1 (1)1 
'i- ' 

GlcN + + +++++ 
G31N +++ ++ '--f 

1-18 19-22 23-49 23-50 50-57 51-57 58-60 61-64 65-00 

~INO AGIO C(M'()SITIOO Cf PNT 1-00 Afn ITS TRVPTIC FRPG-1EJITS 
l,' 

.t, 

~ of 

1 Determined by sequence / . 
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FiglK'e 13. Homoloqy between the predicted bovine' first 77 
) . res;dues NT and the alignment of pNT 1-80. 
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" cleavage is presented in figure 14. As pr.edicted two major 
, . .' , 

fragments were obtained and'were i~~ntified as èyanogen ~~omide 1 
";{~ (" ~" '-

'(CNBr 1) and CNBr 2. Amino acid compo~ition ôf these,'ftagmenfs is 
~ 

"presented in tablE;! 3. Thé presenqe and ratio of sugars in each , , 
f;agments also indicated the possib~iity of an O-glycosylation in 

r . \ 

the CNBr 1 fragment and an N-glycosylation i~ the CNBr 2 fragment. 

During the repurification 1:>roceduré of CNBr 2 'la ~ew fragment 
, ,1 - '1' • 

was' isolated (fi~. 15'). This fragment lJamed CNBr ~, is homologous 

.. 
with the bovine" 54-61 sequence of the" amino-terminal segme~ of, 
. 
POMC, (18) .. Composition of CNBr 3 is also pres-énted in table 3. 

This .tragment is not glycosylated. 

--
Proposed sequence of pNT 1-80 

" '" 

o ' 

Tryptic fragments Tl to T9 and- çyanogen br,omi,de fragments were 

~l i gned Wîth the reported sequence of the fi rst 7i"residues of the 

bovine amino-terminal segment of POMC (18) after removal uf 'the 

26-re\i~Ue signal peptide (179). The proposed al i gnment of t,hese 

molecules based only on s.equence-h-ome·lag.y __ ls presented in fig!lres 

13 and 16. Th; s prel i~i nary stru~ture of PNT 1-80 showed that 
~ 

ther-e could be as much as 88% homology between the, porcine and. 

~ Bovine homologues. M'ost of othe di fferences obetween the two 

species exist at the C-terminal of the molecule. This obiervation 

i s deduc,ed from the great heterogeneity between trypt; c fragment 

9, corresponding to. PNT 65-BO, and the bovine ~.-77hoi'nologous 

segment (18). The su!f1 of (fragments T5, T7, TB has an identi cal 
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Figure 14. Chr,Omatographtc profile of pNT 1-80 cyanogen bromide­
fraQments on a u-Bondapak C-18. 

'" 

r 
J, 

. . , 

t 
.+: 
) , 

, 
~ 



" 
°'1", 

" Or 
~~ 

, \ ., 1 
f .. 1 

" 
~ ,.- ~ 

t .~ ~'''''''''l''' Table 3/ 

1 ), CNBr1 CNBr2 CNB~3 

lys 2.23(2) 
Hi s' 0.85(1) 0.82 (1 f'. ' 

" -
1.}O(2) Arg , '- 1.74(2) , 3.95(4) 

SeMe (4)1 
Asx 5.61(6) ~ 2.04(2) 1.03(1) 
Thr 2.87(3) 
Ser 4.84(5) 2.46(3) 
Glx 6.57 (7) 1.45 (1) 

Pro 5.30(5) 
Gly 2.45(2) 11.55(12) l' 0.97 (1) 
Al a . 4.47(4) 1.03(1) 
Val 2.45(2} 
HSl +++ 

Met 
Il e '. : .0.85(1) 
Leu 5:53(6) 

-
Tyr 0.71(1) 
Phe 0.92(1) 2.03(2) , 1.83(2) 

\ Trp (1 )1 , 'Cl) 1 (1 )1 t' 

GleN +++++ 
Gal N +++ + 

Fragment 1-53 54-80 54-61 

II' 

AMINO ACIO COMPOSITION OF CYANOGEN BROMIOE FRAGMENTS OF PNT 1-80 
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Chromatographie profile on HPLC u-Bondapak C-18 analy­
tical' column (Waters Scientific) of the repurification 
of CNBr2 under isopratie conditions. ~ , 
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Figure 16. Alignment of the pNT 1-80 first 52 cycles sequen-

ce, ,CNBr II sequence, proposed '$equence from ami­
.n~" acid analysis of T3, T4, TS, CNBr l, CNBr !I. 
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~ 
composition 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 Tl, 

In agreement with the reported sequence of the 

porcine N-terminal 1-103 first 35 cycles (203) we deduced that Ser 
p. 

12 replaces Thr 12 in the bovine homologue. We also observed that 

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. 

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

60%- homology between the ox and' the pig, alignment of the 
I~. , 

f~~gments was difficult . 

-or)"l"'.,...,.l Based on the same alignment between the ox and pig homolo-

~J . gous pept ides, CNBr 1 showed 94% homo 1 ogy with bovi ne 1-53 and 

CNBr 2 78% with bovine 54-77. The third CNBr fragment showed 100% 

hom~)ogy with bovine 54-61 homologue. 

Proposed glycosylation'sites 

The ratio of glucosamine to galactosamine in Tg and CNBr2. 

clearly indicates that the glycosylation in the~e fragments is an 

N-type (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 , 

.. 

\ 
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ratio of glucosami'ne to galactosamine. This type of glycosylation 

occurs only on serine or threonine. In fragments T3 and T4 these 

residues appear as follows: Ser 20 t Thr 32 and another threonine 
l , 

possibly located at site 45. 50 it is possible that one to three 

site(s) of glycosylation exists within this segment of the pNT 

1-80. 8ased on the already published sequence of the first 35 

resi~ues 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 thé seq~encing results. 

Sequence determination of pNT 1-80 

Two mi1ligrams 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 \esidues of pNT 1-BO. Quantita-

tive determination in micromoles of each amino acid for each cycle 

is presented in appendix 1. The positive identification of res;-

/ dues 1-44, 46-48, 51, 52 was 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 5er 12 replaces Thr 12, Arg 22 
o 

replaces Gly 22 and Ala 41, replaces Glu 41. 8ased on sequence 

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

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



1_-

residues could be, Thr 45, A~g 50 and Lys 51. This latter residue 

: .is indirectly confirmed by the fact that the difference between T3 

.~nd T4 is one residue and the amino acid composition of these two 

i~9~~nts (table 2) indicated the presence' of one more Lys in T4. 
. " 
So-tbts Lys could only be located at site number 50. 

Ta' complete the sequence of - pNT 1-80 we sequenced the 

fragment CNBr II carresponding ta pNT 54-80. Out of the 27 

residues present in this fragment 26 were positively identifled. 

Yields in nanomoles of PTH amino acid as a function of sequanator 

cycle nurnber of CNBr II fragment is presented in figure 17. The)f-
"-"'-" -/ 

numb'er above each peak represents the assigned sequence position 

of that particular amino acid residue along the CNBr II sequence. 

c The only unidentified residue was at site 12, corresponding to 

site 65 in the who 1 e pNT 1-80. No PTH was detected at th i s 

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

. II is an asparagine or an aspartic acid. Beca~se the on1y N-

glycosylation site in this fragment could be on an asparagine, we 
\ 

assumed that 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: Residue 53 

was identified as methionine because the site ,of cleavaqe with 

cyanogen bromide two fragments: 1-53 and 54-80, thus pl acing 

methionine at site 53. Lysine 50 was already identified based on 

the amino acid composition of T3,~i4, T5 with homologous segment 

of bovine N-terminal. With this latter amino acid placed" 

) 
,/ 
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meth;on;ne in fragment. T5 could only be located at site 53. The 

two r~s;dues left were placed as follows: threonine at site 45 and 
'. arginine at site 49, based on sequence homology w~th bovine (18), 

human (185) and rat (104)' homologts. Alignment of the. first 52 

residues sequence, CNBr II sequence, amino acid composition of T3, 

T4, T5, CNBr 1 and CNBr II is presented in figure 16. The propo­

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

Purification and characterization of the porcine higher molecular 
weight N-terminal 
c 

Chromatography of the ' preparation of porcine N-termi na' 

1-80 glycopeptide on S~hadex G-75 superfine (fig. il) 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 
• 

inv..estfgated the possibility that the high molecular'"weight (HMr) 

form corresponds to an elongated form of the pNT. 

Tryptic digest of the high molecular weight pNT 

Five hundred micrograms of reduced and alkylated high mole­

cular weight pNT (HMrpNT) fraction 88-97 from Sepradex G-75 super­

fine (fig. Il) was submitted to tryptic enzymati~ cleavage. 

Digest was chromatographed on HPLC ;n the TEAP/acetonitrile system 

(fig. 19). All previous characterized fragments Tl and T9 (table 

2, fig. 12) were isolated plus another minor fragment, T10. Amino 

acid composition of thit.last fragment ~howed qnough homology with 

the reported bovine 78-92 amino terminal homologue (18) to consi­

der it an extension of the pNT 1-80 (table 4). ',~ ., 
A' 

l"" . 

; 

/' 
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Adrenocorticotropic hormone radioimmunoassay 
,J 

.-

( 

An ACTH radioimmunoassày was used to determine whether or 
,;' 

not the HMrpNT \i!Jcluded the ACTH sequence. We char~cterized 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 sorne ACTH related peptides is presented in !J,..I 
~ 

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

20). 

Digestion with cyanogen bromide of HMrpNT 

The presence of a single methionine as far as the first 96 

ami no aci d res idues of the nOn determi ned length HMrpNT. gave us 

the opportunity to cleave the molecule in a 1iniited number of 

frôQments with CNBr. The chromatographie profile of the result of 

this reaction. is presented in f~gure 21. Three major peptides 

'were collected and their amino acid composition established. 

These analyses revealed that the HMrpNT was around 110 residues 

long (pNT 1-107) and was cleaved in two fragments, the first one 

(CNBr 1)' contains 53 residues and corresponds to the already 

characterized CNBr l, fragment of pNT 1-80, the second contains 54 
o 

residues (CNBr 4) and showed a high degree of homology with the 

bovine 54-103" amino-terminal segment of POMC (-lB). We assumed 

that the HMrpNT was 107 residues long based on the additi'on of 

res,~cfl:l~'S in fragments CNBr 1 and CNBr 4. We were unab le to give 

at the time, the exact composition of the HMrpNT based on1y on the 
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analysis of the hydrolysis_Of this repùrified peptide. Amino acid 
'\ 

composition of the CNBr 4 fragment is presented in table fi. 'The 
-...../ 

HMrpNT will now be ca 11 ed pNT 1-107. 

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 re,si-
l\ 

dues in '~~ion 44 and 46 (corresponding fà- residues 97 and 99 of 

pNT 1-107). No residue could be identifi~d at position 12 

(corresponding to position 65 of pNT 1-80) which we bel'ieve to be 

an N-glycosylated asparagine residue. This sequence confirmed the 

identity of pNT 1-80 and the presence of an extension at its 

L~~ C-terminal. It was a1so possible with this sequènce to fit the 

tryptic fragment T.1O as an extensi.on of pNT 1-80. Based on the 

amino acid composition of CNBr 4,. 6 positions of the CNBr 4 

sequence had to be fi11ed. At position 65 we assigned an Asn • 
... , .... ~ 

Thélfive residues le~ }ad t~ Ibe occupied by the following amine 

acids: 2 glycines, 1 arginine, 1 glutamine (or glutamic acid), 1 

as~~raqine (or aspartic acid). Yields of each phenylthiohydantoin 

amino acid as a function of sequanator cycle number in the sequen-

ce of CNBr 4 are presented in fi gure 22. We represent in fi gu~e 

23.the alignment of residues 54-80 from pNT 1-80, the sequence of 
<'II' 

CN~r4 and homo 1 ogy of fragment T 10 to these two sequenced pept,i:­
t;. 
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Cleava~e with Myxobacter Lys-C protease 

The enzyme l>1yxobacter Lys-C protease, which is specffic for 

lysine, ,,!,as used to cleave three peptides: pNT 1-80, pNT 1-107 and 

CNBr4. PNT 1-80 was di qested in arder to have further indication 

that the indirectly assigned position 50 is a lysine residue. In 

the whole melecule only two lysines exist, one at position 25 and 

another possibly at position 50 (fig. 18). The ly~ine at positiQn 

25 is foHo~ed by a prol ine which should prevent the action of the 

enzyme. For these reasons we expected pN'r 1-80 to be eleaved i nto 

.' two fragments. Results of this reaction are presented in the HPLC , 

chromatographie profile in fiqure 24. Amine acid composition of 

the two major peptides collected, MB3 and MS4. 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 ;s oceupied by a lysine. 
, 

, 'PNT 1-107 was also cleaved. The lysine residues 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), MS3 (pNT 1-49), and MS5 (pNT 50-81). - The 

chromatographic profile is presented in figure 25 and the amino 

acid composition of each peptide Pntsented in table 5. We noticed 

that at position 81 the enzyme also cleaved at the amino terminal 
) 

side of-the lysine. 

Alignment of MBl, MB2, and MB4 did not· allow the identifi-
\ 

cation of the amino acid residues at positions 97, 105, 106, '107. 

,< 
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Figure 23. Alignment of fragment 54-80 of pNT 1-80 with sequence 
of CNBr 4 and amino acid composition of TI0. 
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C protease. 
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1 Table 5 ' A 

TlO CNBr4 t131 r132 t133 ~ t135 

lJs 1.18(1) 0.83(1) 0.85(1) 0.87(1) 1.70(2} 

His 1.18(1 ) . 0.97(1) 0.63(1) 0.54(1 ) 

kg 2.05(2) 7.19(7) 3.87(4 ) 2.93(3) 0.90(1) 190(4) 3.57(4) 

seM: (4)1 
1 

f.sx 4.07(4) ,. 1.89(2) 1.87(2) 5.57(6) 2.17(2) 1.67 (2) 

'T11r 2.63(3) 

Ser 3.32(3) 2.60(3 ) 4.52(5) '? 52(3) 2.51 (3) 

Glx -5.00(5) 6.67(7) 1.25(1 ) 5.77(6) 6.73(7) 0.92(1) O. 93( 1) 
1 

4.11(4) , ( Pro 1 1.86(2) 3.55(4) 180(4) 

Gly 3.29(3) 17.63(18) - l1.69(12) 6.33(6) 1.97(2) 11.87(12) 12.15(12) <> 

Ala 1.81(2) 4.35(4) 1.37(1) 3.40(3) 4.39(4) 1.24(1) 1.07 (1) 
/ 

/ Val 1.00(1 ) 2.30(2) 1.69(2) 2.18(2) 1.14(1 ) 1.19(1) 

HSL S)-
0, 

/ tvEt 1 ,/ 

Ile / 4 0.74(1) 

Leu / 6.17(6) 

Tyr 0.62(1) 0.70(1) 0.63(1) 

Phe 1.98(2) 1.85(2) 0.89(1) 1.77(2) 1.82(2) 

Trp (1)1 (1)1 (1)1 (1)1 (1)1 " 

GleN +tH ++++ ++++ 
'-~ , Gal N 

- SeÇJTB1t te-96 - 54-107 54-81 te-107 1-49 ~ 50-81 

, JIJv1IOO ACID CŒ1POSITIOO OF MYXOBACTER LYS-C PROTEASE FR.09100S, TRVPTIC FRA!H:NT T 10 Pnl CYAl'mN 
'J 

- . - BR()~IDE FRAcn:NT CNBR4 

" 

1 Oetermi ned by s~quence 
f 

;;' 
1 

(. J 

bh 

\~ 
-, , 

IV 
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Chromatographie profile on HPLC u-Bondapak C-18 analy­
tieal colu.mn'''of pNT 1-107 digested with Myxobacter 
Lys-C pr...or-easé. 
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Sequencing of fragment MB2 (pNT 82-107) should allow the identifi-

cation of the se residues. 

To prepare enough materi al of MB2, fragment CNBr 4 (pNT 

54-ln7) was cl eaved with Myxobacter Lys-C protease. Th i s' react; on 

gave two fragments: MBI (54-8l) and MB2 (82-107}. A chromatogr a-

phic profile of the results of the reaction is presented in figure 

26. All MB2 peptide collected so far was repurified using HPLC 

under the'same conditions. When 500v90f lyophilized MB2 was pre-

pared, it was submitted to automatic Edman degradation in th'e 

sequanator. Yields of each phenylthiohydantoin amino acid as a 

funct;on of sequanator cycle number on the sequence of MB2 are 

presented in figure 27. This sequence allowed the ~dentification 

of a11 26 residues of the molecule. Ali gnment of sequenced MB2 

with the porcine 82-1p7 segment of pNT 1-107 is presented in 

figure 28. Alignment of al1 fragments isolated and submitted to 

amine acid arlalysis' and, in sorne cases to sequencing, are presen-
, 

ted in fi gure 29. The pri mary structure of pNT 1-107 i s presented 

in figure 30. 

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

"Fract i on 0" from porci ne pars di stal i s was chromatoraphed 

on carboxymethylcellulose resin. The unretained material (peak A) 

was lyophil i zed and resol ved us i ng HPLC without being ultrafil­

tered through a dialysis membrane. This approach allowed the 

recoveryof small molecular weight peptides. The isolation of two 

-
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107" segment of pNT 1-107. 

, . 

\ 

( 

-1 

, p 

- l 

.' 
" 

- ;,{ 
-'éR 

- ".g; 
" 1 
.t :;: 

~ .~~ 
~~ 
.{.:-' 
'-f. 

~ -',;j 

.' 



~ 

J.; 

" " I~ .. ~ 

r 

(> 
~ 

, " 

j'O. 

" 

, 
.. ~!.. 

l,-" y- " 

/' 

" 
< " 

Figure 29. 

" 
~ J~ 

a' 

,,' 

'C'" , , . 

,"",-~., 
a \ ... .c.. \ .. \ 

>. 

" 

''117 

10 

TI 

• 

/ 
1 

1 

MaN l, 

H2N 1 

HaN 1 

• 
10 

20 30 40 50 60 TO 80 90 100 107 
1 1 1 1 ,1 

T • "'YDI,e tlQg",.n', 

.~~ 

~ 

CNB, • CyOllOa'" ewom'd.,'og .... nts 
Me • M~""bacl" Lye'C '1II;oun~ 

- , • 0 'Qlytotylotoon 
, • N-9,yeo,ylotoon 0 ',. 

-/ TS 

/ ""Tt - " T7 

~. 

I! 
Tg 

. ' TIO 
~ 

CN8rl 

! 
CNBr2 -C~ar3 

1 

"" 
! 

CNB,4 

! 
MBI ~ 

,'J 10182 
~ • M83 , 

M8"" 

~ ! ICOOH 
p~T '-107 

<;> ! .COOH 
QIIT '-80 , ,-
~ 1 CONHz 
PNT 1-61 

1 1 
" 

1 • 1 • 1 1 1 
20 30 40 50 GO 70 ao 90 tOO 

's> 

1 _ 

Schematic 'representation of all tryptic, Cyanogen 
bromide and Myxobacter Lys-C protease fragments us'ed 
to propose' the sequence df pNT 1-80, 'pNT 1-107 a~d pNT 
1-61. 

o 

, 
, . . ' 

" , 

. - -.-- ~\~~~\;r.\ 

~ .'" 
~ 
~ 
ï 
~ 
îll 
,":$ 

j 
"~ 
':U .. ~ 

,,~ 

~ -.:. 
;.~ 
« 
..... ~ 

":\~ 
~~.~ 
~ ;, 

'~f 
" 
" ;r 
'c 

,1 

-.. 
,. 
3\ 

'[.. 

• " . 
-~ 
\r: 
~~ 

~ 

~, 

.... '; 

:. 

• '~ 
if-
;~ 
\li, 

-- l 
-{ 
-i!. 

" ~t 

", 
'~ -

\\ 
'{ 

~ t#-
; 

• l,t 
$ 

'\ ,t-
J 

i 
" if 

'.li 
", l 

,;i .. 
"' \1 

"7· , , 
f~ -4 ' 

"~11 
-" <, 

"{ ~ 

~ 

$ 
i r-.... i ~ I~;,- " 



'" , 
,c 
" 

" } 

$ 
" 

:-
{ .. 
t. r-

I, 
,{ 

~I 

t, 
~ 
JI" 

: !. 

.. 

! 

, -
, 

. : 

(,~ 

( 

" 
. 

• 

.. 
\, , 

-

.... , ~. 

' . 

,. N- GlycOsyIJf./on 

'·0-G!yCosylQtlon 

" , 
Figure 30. 

,t, 

" , 

na 
•• , ' 

.. 

' . 

Proposed sequence of hNT 1-107~ 

, _ .. ~ 

.. 

f 

;~ 
, Q 

{ 

1 

" 

~ 
,JI; 
,: 

~ 

l, 
W 
'i -
; 



\, , 

119 
" 

~ (, ~ 
forms of'" the amino terminal segment of POMC, one with 107 am)no 

, / 

possi bfl ity 

~
' acid residues and the other with 80, inpic~d the 

\, , 
th t the hi gh Mr form mi g/ be the precursor' 'for the low Mr 

N-teqninal. If this be th~e, 27 residues of the pNT 1-107 

would have to be removed to glve the 80-residue pNT glycopeptide. 
~ 

If thi s hypothesi s was correct and if the extension from res idue 

80 up to carboxy-terminal of the precursor were removed as an 

entity, one should be able to detect a 27 amine acid residue non-

glycosyl~ted peptide, corresponding somewhat to the MB2 fragment 
, 

(pNT 82-107).' Beèause of the localization of such 'a~ putative 

pèptide within POMC, it was named the porcine joining pepti,de', 

(pJP) explaining the fact that it is the link between the pNT 1-80 ~ 

glycopeptide and the adrenocorticotropic hormone. 

and urification of the 

Two milligrams of undialysed "peak Ali from CMC chromato- • 

graphy was resolved by HPLC under the same elution parameters used 

for purification the of MB2 fragmen,t. A peptide with the same 

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

(fiq. 31) and repurified under the' same ,conditions (fig. 32).' 

Amino acid ~m~OSitiOn of the pjp af--,ter' 24 ho urs hydrolysis in 

quadruplicate is presented in table 6. This table included the 

amine acid composition of the sequenced MB2 fragment. Because of 

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. 

/ 

1 

.,. 
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Figure 31. Chromatoqraphic profile on HPLC u-Bondapak C-18 analy­

tical column of undialysed flow through material from 
CMC of pig pars distalis extract. 
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Proposed al; gnment of pJP agai nst the sequenced MB2 fragment ;s 

presented in fiqure 33. 

Sequence of pJP 

Direct sequencinq of 500 ug of repurified pJP allowed the 

identification of all 25 residues. The quantitative determination 

in nanomoles of the phenylthiohydantoin amino acid as a function 

of sequanator cycle number is\presented in fiqure 34. The propo-

~s~uence 

/ 

of PJP~d in figure 35. 

Characterization of the pNT 1-61 amidë 

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. Tllese seven 

residues match exactly the composition of sequence 54-61 of pNT 

except for the tryptophan residue which was destroyed during acid 

hydrolysis of the peptide. An ali~uot of the fraction 117-130 of 

the G-75 superfine chromatography of pNJ (fiq. 12) was diqested 

with pronase a'nd the resultinq digest was dansylated. Chromato­

graphy of the dansylated\ugest on thin layer polyamide plates 
, 

revealed the pres'ence of that residue at position 61 of a lower 

,molecular weigh~ form of the amino-terminal of POMC. Results of 

the chromatograp\hY experiments on th;n layer polyamide plates are 

presented in appendix III. 
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Lys 

His 
Arg 
seMe 
Asx 

Thr 

Ser 

Glx 

Pro 
Gly 
Ala 
Val 
HSL 
Met 
Ile 

Le1J 

Tyr 

Phe 
Trp 

Gl eN 

--GalN 

, PJP 

2.00(2) 

1. 89 (2) 

6. 00 (6) 

3.93(4) 

6. 05 (6) 

3.00(3) 

1.75(2) 

1 

... , 
). -' 

Table 6 

MB2 . PNT 83-107 

'r 

3 2 

2 2. 

6 6 

4 4 

6 6 

( 
3 3 

2 2 

AMINO ACID COMPOSITION OF THE PORCINE JOINING PEPTIDE, THE MB2 
FRAGMENT AND THE SEGMENT 83-107 of PNT 1-107. 
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MB2 REEEEVAAGEGPG 

PJP ( ZZZZVAAGZGPG 
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PRGDGVAPGPRQO 
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Figure 33. \ ' Prpposed alignment of the PJP against the sequenced 
MB? fragment (residues 82-107 of pNT 1-107), 
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Figure 35. Proposed sequence of the.porcine joining peptide. 
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- Radioimmunoassays for ACTH and pNT on extracts of carboxymethy1 
cel1~lose chromatography of porcine pars distalis 

Fifty microl iters of each tube from CMC chromatography of 

pars dista1i,s presented in figure 6 were assayed with antibodies 

rai sed agai nst pNT 1-80 and ACTH 1-24 to detect the presence of 

these peptides throughout the CMC. This experiment was a1so set 

up ta Eetect a peptide,which contained both the ACTH and the pNT 

1inked together. Such a peptidepappeared in the first step of the 

maturation process of POMC immedi ate1y after cleavage of S-LPH 
" 

from the common precursor. Distribution of pNT throughout the CMC 

is concentrated in tubes 10 to 20 and a1so in tubes 65 to 120. 

However, ACTH i s found intubes 220 to 250. There i.s no peak 

throughout" the CMC where both ACTH and pNT together have been 

detected. Resu1ts of the radioimmunoassay for quantitative deter-

mination of pNr 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 structure of 

the four peptides rel ated te the am; no-termi nalsegment of the 

porcine POMC is presented in figure 38. 
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Figure 36. Quantitative radioimmunoassay in pg/mL of pNT related 
material and ACTH through a CMC chromatography of por­
cine pars distalis extract. 
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Summary of Purification Procedure 

Fresh Porcine Pltuitary Glands 

Neurolntermedlate lobes Anterior lobes 
~ 

Prolem extraction," HeL/acetone 

Froctlo~ "0" 
~ 

carboxymethyl cellulose 
, chromotogroph)' 

Flow Ihru fraction (peak A) 
~ ~ 

High performance hQuid 
.-----------41 chromatography ,/ f • 

. Porcine jorning peptides Peptides wrth cysterne residues 
ot poSitions 2,8,20,24. 

~ 

+ 
20-21K 

~ 
Amino ClCld [Tryptlc dlollt (TI-TIO) 
compolltlon CNBr (CNBr4) 

My.oboct.r(MBI.MB2 ) 

~ 
S.quI"c. [CNBr4 

MB2 

l 
PNT \-107 

G-75 Superfine molecular sieving 

l 
I7K 

~ 
Tryptic dlO'" (TI-T9) CNBr3 
eN Br (CN8r 1.2.3) 
MYllOboet.r (M83.M84) 

l 1 

l 
Pml-BO 
CNBr 2 

PNTI-80 PNT 1-61 

Figure 37. Summary of the purification procedure. 
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Figure 38. Schematic representation of four peptides isolated and 
re 1 ated to th,e ami no term; n al segment of the porc; ne 
POMC. 
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Resul't,s p~sented allow the identification of new pituitar,y 
-. ' 0 , \ 

pepti'des of the ACTH and P-LPH fam11y. Prel iminary indi cati ons 

.that ACTH and-JtJ-.PH co~ld'be issued from a corrmon parent mo1ecule 

are based on i lTI11urfôchemi cal and immunojohistochemical. studies 

(132~133). The,~se of antibodies wâs a1so ~ ~y~rting point in t~e 
, 

discovery by Orth et al. (50) of high molecul ar weight forms of 
{ , 

" 
ACTbI~ ,,~<:·JlTlmunoprecipitation techniques used \ by Herbert's group 

J ~ '~""-..... ' r of 

(143, if44, "152, 167, 168), Eipper and Mains (24, 56-60, 142, 148-, - ~ 

1,P-" 

151, "166) and Chrétien et al. ~73if 1ÙO, 102, 1O~; 159, 163-165, 

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

iden~if.ication of the common precursor ~n.d :f its ~atu~on 

pr-oGess. c. 

This proèedure must be'considered a good~iterion for the 

establis~nt of ,a precursor-product rèlatjônship. The most 

important point in this view is to consider the éhemical characte­

rization of a peptide's family, inc1uding peptide mappiny and 

sequence determination to give the final proof to clarify its . 
maturation process . Such an observation was first made by 

., Chrétien and Li (12) when "they proposed that S-LPH could be the 

precursor of Y-LPH. 
~. 

Many research groups have clearly determined that during 

th~ maturation of ACTH from its precursor molecule, an important 

additional fragment i~uce9' Depending on the technique used, 

this molecule was established to have an apparent molecu,lar weight 

of 16 000 (148-149) or 17 000 and 19 000 (200) Qaltons. 
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C0f!.1plete purification"ànd 'çhemical characterization of this mole­

cule would' have been extremjly difficult without the development 

of genetic 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 was not established. 
. 

Nucleoti.de séquenctng predicts the amine acid sequence of ,:", 

the common precursor. . The complète structure 'of the POMC was 

first deduced and established. for the bo~ine species by Nakànishi 

et al~ (18). 'The approach they used could not however specify the 

,/ exact length of the siqnal peptide. Once this last problem was 

solved by comparing the amino acid incorporation and sequence 

determination of the purified product with its predicted sequence 

(179, 202), it was clear thë\t in many speeies the cryp-tic portion 
, 

of POMC contains cysteine residues at its amino-terminal (18, 104, 
/ 

185),' Reduction and alkylation of thes~nes ~ith .tritiated 

iodoacetic acid would be a 'simple way of labeling pituitary 

pep~ides and then using microsequeneing techniques to find those 

with cysteines at these precise cy,cles. From bovine predisted 

sequence, those resïdues should be at cycle 2, 8, 20 and 24 (18). 

Assuming a sequence homology between spec;e~/ we purified using 

HPLC a fraction 'enriched with labeled Cystein~s at position 2, 8, 
, -, 

" / 
20, 24. This approach was the best compromise conslderinq that no 

, '\ 
specifie antibody against this molecule.-"was then available and 

that no biological activity had been described tD use a bio-assay. 

'. 
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. 
Purification of the native 16 K f~gment was carried out in 

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

)) The materi al was chromatographed on carboxymethyl ce" ul ose and as 

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

Il ' fraction. We must add that material related to the 50 called 16, K 

fragment was also found durinq the first salt gradient which 

\ 

corresponds to a 0,04 M ammonium acetate pH 4,8, and in the second 

salt gradi ent ;0, 1 M ammoni um 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 f'ound at higher salt 

concentrat i on and hi qher pH throuqh the CMC both in our 

experimet:1ts and those of Keutmann (202). These results indicate 

that there must be sorne charge heterogeneity within amino terminal 
, 

POMC re 1 ated pept ides. Th i s heterogeneity was al 50 observeo by 

Hakanson et al. (202) when they chromatographed what they called 

the Trp-pept i des on a OEAE"-S'ephadex A-25 col umn. They further 

characterized only one 'fraction enriched in Trp-peptide by 
\ 

chromatogra'phy on a Sephadex G-100 superfine column .and by SDS-

'PAGE according to the method of King and Laemmli (1246). This 
\ 

\ ..... 3 

latter exp.eriment gave an apparent Mr weight of the purified 

)I?eptide of about 15 000 Daltons compared to the 11 000 Daltons 

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

\ 

" , , 

'\ 
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SDS-PAGE tends to overestimate the Mr of glycosyl ayed peptide 
~, "- ,/ (244) . , 

/ '. / 

The presence of suqars i n, the ami no-termi na 1 segment of 

POMe was demonstrated earl ier by Eipper and Mai ns (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 carbohydrates on the amino acid analyser. The presence 
• 

of these sugars exp lai ns, at l east in part. the heterogeneity 

observed in the ami no-terminal , and even in the whol e POMC. Expe­

riments, which allowed the synthesis of such a peptide albeit 

without the incorporation of a ,carbohydrate side chain into the 

nascent peptide backbone were an essential step in discriminating 

between the two most probable areas of heterogeneity: the carbo­

hydrqte ,side chain and/or the peptide ,backbone. Such experiments 

were carried out by Crine~. (73, 165) who concluded that the 
/ 

twa common precursor forms, 34 K and 36 Kt are two simi l ar or' 

identical polypeptides differing mainly in Ithe number of aspara­

gine-linked carbohydrate side chains. According ta our 'results 

such à hypathes i s cannat be retaine9-Jor"the porci ne N-terminal. 

-----Within pNT 1;;.80 there--iS---only one position where an N-glycosyla-

tian can occur, Asparagine 65. The following amino acid sequence 

was determined Asparagine 65 , Glycine66 , Seriné7, cOfresponding ta 

the general model proposed by li 1 Tabas and Kornfeld (244, 245) 

for N-glycosylation. So within pNT 1-80 there is only one 

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

! 
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heterogeneity is an inherent characteristic of the carbohydrate 

mo;eties of glycoproteins (247). Although studies of the biosYI)-

thesis of as~-a.gioe-linked sugar side chains have revealed that 
/ 

the core portion of these suqar chains is transfered "en bloc" as 

a lipid-bound intermediate and transfered to the nascent polypep­

tide chain (248-250) the elongation step that fol~ows can produce 

a more or less complete sugar chain. Such heterogeneity is repor­

ted in two peptides where there is only o~e N-glycosy1ation, hen 

egg a1bumin (250) and bovine pancreatic ribonuclease (251).~ 

each of these molecules asparagine side-chains were shown to be a 

mixture of a series of biosynthetic intermediates. A more detai-
, 

led study of 'the asparagine-linked suqar chains in a complex 

molecu1e was carried out by Koba!a et al. in the human cerulop1as­

min (252) and they demonstrated that within the same molecu1e 

there is a difference between these chains. In fact sorne sites 

are occupi ed by bi antennary and others by tri antennary comp1ex 

type, asparagine-1inked sugar chains. On the human chorionic 

gonadotropin the four asparagine loci 1ink suqar chains that are 

of different and definite structure (253-254). 

These factors considered together should explain some 

charge or pO$sib1y molecu1ar weight heterogeneity within the 

amino-terminal of POMC. However according ta the predicted amino 

acid sequence for the bovine (18), rat (104) and human (185) there 

is only one possible asparagine-linked glycosy1ation site within 

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

' .. 
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gine re~idue within the amine acid sequence Asn-X-Ser (or Thr) is 
, 
! 

the sitè to which a carbohydrate chain is linked through an N-ace-
1 

tylglucosamine (255). Such a sequence is present at only one 

( location within these predicted peptlde5 and the sequence is Asn-

Gl y-Ser or Asn-Ser-Ser. It i s obvious that some heterogeneity 

mi ght exi 5t with in thi s 1 i nked 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 i5 possibly located at Asn65 (208), we have never isola­

ted a fragment i ncl udi ng the sequence Asn~5-Gl y66-Ser67 that was 
, 

not glyc05yl ated. According to our results fragments Tg, CNBr 2, 

CNBr 4, MS1, MB4 are glycosylated with a predominance of gluco-

samine over glucosamine. So there must be only one N-qlycosyla-

tian site within the porcir:)e N-terminal 1-80 and accordinq to' our 
. 

results the Asn65 is the most probable locus where it occurs and 

\ 

1 

(' 

it is always '.glycosylated. We have another indirect- e',{idence that ., 
" , 

i 

the Asn 65, î s g1Jcosyl ated. Duri n9 automat i c Edman degradat i on of·~ 

fragments CNBr 4 we observed a blank at cyc1e 12 which corresponds 

to A5n65 in pN11-80 (fig. 22). 'Sased on the am;no acid"compos;-
, -

t;on of this fragment we assume that this site is occupied by an 

aspartic or asparagine, Because of homology with the predicted 

b,Ovine sequence (18) we ass igned Asn as the amino add res idue at 

cycle 12 of CNBr 4. 

" 

" , 
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Seidah et al. (209) reported the complete primary sequence 

0: ,,~~€~ human homologue amino-terminal with an N-glycosylation .,Çl.t \ 

Asn65 • Hakanson et al. (203) reported the presence of gl ucosami ~ej\, 
and galactosamine within their 103-residue porcine amino terminal 

but did not assign any site for this glycosy1ation (s) ta occur. 

In the bovine species, a11 immunologically related Y-MSH peptides 
. 

of both the anteri or and i ntermed i ate lobes were shawn to be 

gJycopeptides because they were retarded in the concanava1in A 

(Con A) affinity chromatography (206). Althaugh,'this criterion j5 
. 1 

somewhat irre/utable the conformational difference in the sjJgar 
1 

prosthet i c groups pl ay an important ro1e to strengthen or weaken 

bindinq to the column (256)v. 50 even if a peptide is not retained 

by Con Aiti 5 not a proof th at thi s pept i de i 5 not ~1 yc05y1 ated. 

l'n fact a minimum of two interacting mannose residues is required 

for binding to Con A (257). Consideriog the binding of y-MSH 

re1ated bovine pituitary peptides and the proposed sequence for 

these peptides (18), Guillemin (206) suggested that the Asn65 can 

be glyc05ylated in the bovine POMe and that other glycosy1ation 

site rsfrnlght -ê5(Ïst, namely an O-glycosylation type on the seri~ 

residue that follows Asn65 . 

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 glycosy1ati9n cannot by itself explain 

l' 
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all the heterogeneity observed in the amino-terminal segment of 

POMè. 

While analysing tryptic fragments of the pNT 1-80 (fig. 12) 

on the amino acid analyser, in tryptic fragments T3 and T4 (which, 
.' 

w, 

basé'tl 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 $ugars. Ga1actosamine was predominent over 

qlucosamlne in both of them. Fu-r.ther cleavage with cyanogen 
) 

bromi de and ~lyxobacter Lys-C protease' of the pNT 1-80 gave two 

other fragments;lCNBr 1 and MB3, which al so 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 amine 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 O-glycosylation 

occurs on either serine or threonine in a proline-rich region and 

contains gal actosami ne as the major hexosamine. According to this 

hypothesis, we observed that within amino acid residues 23 and 49 

theré is 6ne serine and two threonine with five proline in their 

, i~med i ate surroundi ng. So between one to three O-gl ycosy1 at i on 

sH,e(s) may be present.o Data obtained from Hakanson (259) for the 
\ 

ami~o-terminal sequence determination of-the first 35 residues of 
1 

a similar peptide extracted from whole porcine pituitaries clear1y 

revealed thé presen"ce of Ser 29 and Thr 32 without 105S in the PTH 

139 
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determination. From these quantitative resu1ts and, our amine acid 
, . 

compa,ition of fragments T3 and T4, we suggest that the Thr 45 is 
l> 

an O-glycosylation site (209). Thi s hYP'othes i s was rei nforced 
, 

when we completely sequenced the first 52 'r.esidues of pNT 1-80 

(211). During this sequence study, we @bserved a net loss of PTH 
'II 

yie1d at cycle '45 which cou1d have been caused by the presence of 

sugars on this amino acid. Nevertheless, this is still only an 
p 

indirect 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 homo1ogus 
, 

peptide allowed Seidah et al. (210) ta chemically eut the human 

N-termina1 1-76 with cyanogen bromide and to obtain three 
f-'., 

fragments on..e of which, CNBr II, includes ;';ésidues 33' ta 52. 

According ta the ratiô of glucosamine/galactosamine, they conclu­

ded that CNBr II contains an O-glycosylation and that th'e on1y 

possible site is threonine 45. No sugars were detected in 

fragment CNBr l (residues 1 to 33) which contains one serine at 
9_ 

position 29 and one threonine at position 32. So based on homo-

10gy between these peptides i~ the human and porcine species 

(220-230) we assumed that there is an O-glycosylation on Thr 45 of 

pNT 1-80. 

fragments 
" , 

Based on sugar detection on the amino acid analyser, 

T3, TI, CNBr 1, MB3, al1 of which contain the Thr 45, 

v 
are'always glycpsylated. 

~J 
We therefore conc1ude that pNT 1-80 is a , 

.. , 

~, 
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glycopeptide with at least two glycosylation sites, an O-glycosy­

~ l~tion\ on Thr 45 and an N-glycosylation on Asn 65. 

BasetJ on the amino acid sequence of these peptides, we 

concluded that there are no,other possible sites for N-glycosyla-

tion whereas other O-glycosyl at ion site~ may patent i all y exiSt. 

" Guillemin (206) proposed that a likely site is the multiple serine 

that follows asparagine in the 1'3-MSH sequence. In the porcine 

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

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

sorne doubt about the presence of O-glycosidic linked oligosaccha-

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 fragmrnt 65-80 of pNT 1-80. 

Based on the amino~id analysis of the tryptic fragments 

of pNT 1-80 there is no suqar present between' residues 1 and 22 

and 50 and 64. Sa it ;s on1y between residues '?~J and 49 that 

O-glycosylation could possib1y occur. The hetero,geneity in the 
\ 

relative masses observed for the common precursor and even in t~e 
" 

non-ACTH non-LPH seqment of POMe is, therefore, not essentially" 

due to differenti al 91ycosy1 at ion of very simil ar peptides asl 

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

consider heterogeneity between the murine species and the porcine 

and human homologous peptides. In fact even with the genomic 

,nucleotide sequence (104) and the am;~o ac;d sequence of the rat 

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

/" 
/' 
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is still the possibility that residue number 10 could 'be an aspa-

ragine instead of an aspartic acid as in the porci,ne, human and 

bovine homologues. Since this would give the sequence Asn10-
'" 

Leu11-Thr12, there is possibly an N-glycosylation on Asn-10. Such 

an observation was made by Eipper -and Main';; (60) 
" 

for the ACTH 

molecule where it was later demonstrate~~ Asp 29 found in most 

mammalian species is replaced by an Asn ln tÎ1è..".rat (104) and that 
\ 

this Asn is sometimes glycosyl~ted. 

Primary structure of the pNT 1-80 

\ 
\ 
1 

) 

Nucleotide sequence of the genetic material coding for 

POMC predicted qreat homology among marrmalian species (18, 104, 

185). Oetailed analysis of "whole and fragments of the purified 

.amlno-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 poss;bi~ 

lit Y of elongation or shortening of the peptidic backbone as a 

cause for the different apparent Mr of the N-terminal. Analysi s 

of trypt i c fragments, cyanogen bromi de fragments and two-dimen-

sional polyacrylamide gel electrophoresis of our purified pNT 1-80 

isolated from anterior pituitaries revealed heteroqeneity in 

molecular weight and isoelectric points of this molecule (214). 

/ 
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Such differences were observed to a lesser degr~e 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 1east two glycosy1ation sites 

(208). Based on amino acid ana1ysis and peptide mapping we, in a 

pre1iminary attempt, predicted this peptide to be 103 residues 

(208). Hakanson (203) iso1ated a very similar glycopeptide from 

pig who1e pituitaries a1so with an estimated 1ength of 103 resi-
, 

, 
," 

dues. The amino acid sequence of the first 35 residues of this \-

.. peptide was a1so reported (203L 

We th~refore complete1y sequenced our 17 K apparènt Mr 
; . 

\ gl ycopept i de' and found th at it i s c'omposed of 80 res i dues. From 

" \these experiments we a1so conc1uded that position 4 is occupied by 

a Glu instead of an Asp as published by Hakanson (203) and filled 

the b1anks at positions 15 and 25 where we assigned a serine and a 

lysine respective1y. From,our complete sequence it is apparent 

that the y-MSH sequence (residues 51-62) is ;dentical ta the',-

predi.cted bovine (18) human (155, 185, 204, 209, 212~ and rat 

(104) homolog~es and that this peptide ~egment is flanked on both 

sides by glycosy1ation sites (208-211). The role of these proste-

tic groups ;s not yet understood except t~at their presence seems 

to ;ncrease the half-life in circulation (260), and, as reported 

for other se~retory proteins, they protect the molecu1e from 

random intrace11ular degradation (244, 260-26~) or are invo1ved in 

guiding the maturation of pro-secretory proteins (168, 274). 

. 
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In our pre l iminary report (208) our predicted 103 amine 

acid residue amino-terminal was based on amino acid analysi~ of 

tryptic fragments and homology with boviQe cDNA sequence (18). 

It is now, clear that tryptic fragment TI0 represented only a minor 

constituent of the trypt i c di gest of the purifi ed 17K pNT. 

Further analysis by two-dimensional PAGE (appendix 2) also revea-
. 

led three forms of the N-terminal glycopeptide with respective 

apparent Mr of 21 K, 17,5 K and 13,5 K previously isolated by 

chromatography on Sephadex G-75 superfine. As described earlier, 

fRë:=17 K is an 80 amino acid residue glycopeptide and was comple-

tely sequençea (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 respect;vel~ger and shorter forms of the· 

porcine ami no termi nal segment of POMe • 
• c, 

Determ~nation of the amine acid composition and amino acid 
-''''i-:: 

sequence of fragments CNBr 4 and MB2 after cl eavage of the H Mr 

pNT with cyanogen bromide or with myxobacter Lys-C pfotease , . 

(Mannheim-Boehrinqer) has shawn that the H Mr pNT is 'a longer form . 

of the pNT 1-80 containing an extension of 27 amine acid residues 

at its C-terminal. The extension is connected to the pNT 1-80 

through a païr of basic residues LYS-ARG at positions 81 and 82 

respectively. This pair of, basic residues is also present in 
bovine-(18), rat (104) and human (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 

'f 
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1-80. Prel iminar.y results fram whole human pituitar'ies has revea­

led that the major secretory form, hNT 1-76, ;s slightly contami­

nated by two extra pepti des of J~i'gher appare~t c 'Mr as shown by 
, ce -- -------~ SDS-PAGE and- their ·i-s--cre1'ectr;c points of 5,0 and 4,9 as compared c _____ 

n '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, 

a-LPH sinc.e 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 yi el d in' the pig the pNT 1-80 and a 25 amine acid 

residue after excission of the LYS-ARG sequence at position 81-82, 

and a putative~i)eptide between the pNT-terminal 1-80' and the 

ACTH; Such a peptide was previou'sly iso1 ated from human pituita­

r,ies and was named the "joining peptide" (212). However in man, 

this peptide is 31 residues long as compared to 25 in the pig. 

This explains the results of, our pre1iminary, reports (208) in 

which tryptic digest had revealed the presence ,in minor amounts of 

peptides such as fragment Tl 0', related to the C-terminal portion 

of the HMr pNT. ~ 

Such an observation was made wi~h' hu an"material where two 

m~nor tryptic fragments, Tl5 and T16, epresent,ed only minor 

cJnst ituent's (205) and where 'T16 was not part ot'\he hNT 1-76 
..r, 

(210). From these results we assumed that the 21 K apparent Mr 

form of the amino-terminal segment of POMe in the anterior lobe of 
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the pig pituitary consists of 107 amino acid residues and.J.may~ --. 
~ ~ ~ 

represent the wholè amino~terminal froll) the TRP~ 1 residuè" (203, 

211) to the putative pair of basic residues preceding ACTH. 

Chemi cal characteri zat i on of the LMr pNT with an apparent 

~r of 1~!5 K on SOS-PAGE was performed on a fractio~ enriched with 
- ~ 

the peptide obtained from a Sephadex G-75 superfine chromatography' 

o,f pNT 1-80. The fraction was ·submitted to cyanogen bromJ<t€!, 

c1eavage and HPLC reveal!d the presence of three fragments' and 

showed them ta co~spond respectively to the amino acid co~si­
tian of fragments 1-53, 54-80 and 54-61. So we believe that the 

13,5 K Mr pNT represents the fi rst 61 res fdues of pNT 1-80. The 
cJ1 

1055 of 19 amine acid residues including one site of glicosylation , 

a,t Asn65, i scons i stent with the 10ss of around 4 K on SOS-PAGE . 
'\ 

Shibas'aki et al. (266) already suggested the presence of an amida-

l'ted phenY,lalanine residue at the C-te-rminal of Y1-MSH (residues 

5h61 of the bovine N-terminal.ho~ologoùs peptQide). This observa- ~. 
- ",. 

tion is based" on immunochemical data conSider;ngf.the specificity 
f 

o 

of an antibody. The presence of a phenylalanine amide at position 

61 as revealed by' dansylatic~n, (214), suggests that LMr pNt 

although found in low amounts, may be maturation product of the 

:---~N-terminal. Amidation of the pe,nultimate resi-due M'la peptide 

often occurs when a glycine residue is at its ft-terminal (267-

270). Exal)1ination of th.e' sequence: of pNT 1-80 (fig. 18) indicates 

that the phenylalanine residue at position 61 is followed by. the 

sequence -Gly62_Arq6'3-Arg63 • It is proposed that the cleavage of 

" 
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the peptide first occurs at the position of the paired balie resi­

dues generating a peptide with a glycine residue at its C-termi­

nal. Removal of this glycine residue by specifie enzyme(s) ,-
results in the amidation of the phenylalanine ~sidue at position ~S 

61. Even if in our preparation the lMr pNT iS)res.ent in small 

élJllount$; recent studies by Hsi, K.L. et al. (71) found large , 

amounts ôf ~,\.u; .• /~-'pePtide in the "prolactin fraction" extracted 

from anterior lobes of porcine pituitaries. 

These results suggest that the N-terminal is partial1y 
. . 

processed further than the 80 residues glycopeptide and that 

amidation reaction does occur in the anterior lobe of the pitui-

tary. 

I.n the rat pars i ntermedi a, (rine et al. (165, 2~ showed 

that the N-terminal glycopeptide of POMC accumulates durinq matu-

ration as two peptjdes with apparent Mr of 19 K and 17 K. Based ,.-

on the predicted sequence deduced from rat genomic DNA ltbrary the 

whole rat amino terminal should be 95 amino acid residues long 

with the presence of a L YS-ARG sequence at pas it i on 75-76 (l06). 

~owever in the rat species the sequence -ARG-ARG- found at posi­

tion 63-64 as in most mammalian species is replaced by -PRO-ARG-. 

By analogy with the porcine species it can be 5pecu1ated that 

these two rat N-termi na 1 gl ycopept ides concei v ab 1 y represent the 

1-95 and 1-74 forms of the predicted sequence (106). A 21 ami no 

acid residue '1055 can 10gica11y account for a 2 K diminution on 
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'SOS-PAGE. However further chemical chracterization of both 17 K 

and 19 K is needed to confirm this assumption. 

Chemical characterization of peptides ,related to the amino 

terminal segment of POMe trom the anterior lobe of pig pituitaries 

has revealed that the smallest peptide isolated so far is 61 amino 

acid residues long. Iole must however keep in consideration that 

all these peptides-were isolated from'the flaw-thraugh fraction on 

car~Xymethylcel1 ulose Chro~atOgraPhY follo~ect by ultrafi ltration 

through a 10 000 Mr cutoff di alysis membrane. Radioimmunoa,ssay 

with an 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, however, did nct characterize this mate-

rial. Crine (165) has isolated the 17 K and' 19 K fragments from 

rat ~ intermedia cells chased for up~to 4 hours with the same 

yield as after 2 hours chase. Considering this-metabolic stabi-

lit y, he proposed that the entire glycosylated N-terminal 

fr agment, and nat the y-me 1 anotrop-i n heptapept ide (18), might be 
'" 

~he true biologically active species (165, 200)~ 

Shibasaki (206) working on anterior and intermediate lobes 

of bovine pituitaries proposed a different maturation proces~ of 

tf> the y-melanotropin related peptides in these two tissues. In the 

anterior lobe the y-MSH like peptides have apparent Mr of 13 K and 

8 t 8 K whereas in the i ntermed i ate lobe a th i rd pept i de with an 

apparent Mr of 4,5 Kwas found. A~l 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 even to y-MSH. We have, 

to date, no evidence of such ,a process and have never found the 

native peptide in the pig anterior 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 fi rs t res i due of y-MSH (106) to beyond the site 

of amidation at Phe61 (214). These data, in addition to those 

from the bovine pituitary and oùrs from the pig pituitary are 

sufficient to consider a more detai led characterization of the 

maturation prorJucts "!if the N-termifhal. ~Jp oroDos,?" th"lt ,. rlllmfopY' 
~,., ,:1-, t~'" 

of neptides and ql;copeptirles are produced from the whole 

N-terminal POMC and that differences may be due tf) composit;Qn of 

the~ePtide chain, glycosylation anrJ even some post-translational 

modt"cation such as ~lycosylation and phosphorylation as reported 

for the CLIP in the rat ~ intermedia (74). 

Even if. primary structure alon~ cannot be used to determine 

the maturation process of a peptide, our finding of the HMr pNT 

and of wh at we cons i der its maturat i on product, pNT 1-80, LMr .-p~/ 
( 

and the "joining peptide ll
, qave further indication of the rOI, 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, a11 precursor peptides contain paired 

amino acid basic residues at the site of cleavage. Steiner later 

observed that arqinine rather th an lysine seems ta be preferred on 

the carboxyl side of the pair (13). Such a sequence ;s present at 
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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 proeess of the N-terminal. We proposed that such a 

step occurs in the anteri or lobe and ~t the -L YS8LARG82'- i s the 

site of cleavage. The pair of basic residues -ARG63_ARG64- is , 

also cleaved, to further yield the pNT 1-61 amide but our results 

did not allowed quantitative evaluation of this reaetion. How­

ever this pair of basic residues is not present in the rat (106). 

There . i s st i 11 sorne controversy about the ro 1 e of the -ARG49-

LYS50- found in all species studied sa 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 

pituitary. Based on our sequence data, we proposed a tentative 

modeÎ (shawn in fig. 39) for the maturation of, the N-terminal 

peptide of the porcine POMC in the anterior lobe. 

It was propased 

~ (209-210) that the maturation 

the POMe in the human 

sponsible: for the 
~', 

generation of\." all ACTH-re~ated peptides is very. selective, since 
o 

it cleaves exclusively, at the pair of basic residues-Lys-ARG. 

This pair of basic residues occurs in bath the human '(209) and 

porcine species (214) after the N-terminaT of respectively 76 and 

80 ami no aei d res i dues and furn; she'S the opportuni ty for the 

release of the "joininq 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 low recovery, include a loss 

during the extraction and purification procedure, the destruction 

of the peptide by protease(s), or its existence in other forms 

such as found in ACTH. Such other forms have not been isolated as 

yet. It 15 clear from nucleot~de sequencing in other species that 

this "joininq peptide" shows more heterogeneity than other 
q' 

segments of the common precursor, making more unlikely the possi-

bility of a biological function. 

No hiqher molecular weight peptide (above 21 K) was ïs01a-

ted from material related to pNT. We believe this is due ta the 

fact that we dissected pituitary gland into anterior and neuro-

intermediate lobes approximately one hour after death of the 
o 

animal. Pulse-chase experiments in rat ~ intermedia have shown 

that about 30 mi nutes are necessary to process the cO!)1mon precur-

sor into a 25 or 27 K fragment and S-LPH and that within two hours 

the 17 K and 19 K fragments are released (165). If the synthesis 

of POMe is arrested at the time of death, it is conceivable that 

after 60 minutes there i s no comman precursor and a very Tltt le 

amount of the peptide containing HMrpNT and ACTH. 

Since no labelling of cysteine residues occurred upon (14C) 

iodoaëetamide derivatization in the absence of a reducing agent, 
1:1 

" 

•• 
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the four eysteine residues at positions 2, 8, 2'0 and 24 must be 

involved in disulfide bridging. Theoretically only three possible 

linkages existe In order to different i ate between the three 

possibilities "we' used the staphyloeoeeal V8 protease (273), a 

glutamie aeid specifie endopeptidase theoretieally capable of 

eleaving between the Cys bridqes at 'Glu 4 and 14. Unfortunately, 

even if such a cleavage, occurred (unpublished data), we were 

unable to ~aracterize by amino acid analysis the fraqments obtai­

ned and therefore could not assign a definite location for the 
-/ 

cysteine bridqes. However in the human (2LO) homologous peptide 
~ \ 

':-
the two disulfide bridges were assiqned to a position between the 

cysteine residues' 2-8 and 20-24. The fi rst bri dqe contri butes 

further to the homology between the sequence of the known N-termi-

nals and a11 the known,calcitonins (274). This type of homolo9Y 

raises the possibility that thE' immunochemical aPRroach used to 

detect the presence of calcitonins .within the anterior and inter-
(? 

mediate 'lobes of the rat pituitary (267) miqht cause cross reacti-

vit y with the amino terminal' segment of the POMe. 

Most of the conclusions drawn from this work are based on 

chemical characterization of native peptides extracted from fresh 

~ porcine pituitaries. The quality of the tissue',we used is, we 

. , 'believe, the best available if we consider that the amount of time 
" 

spent between the slaughterinq of the animal and the preservation 

of its pituitary in liquid nitrogen was less than one hour. Befo-

re collecting pituita~ies on a large scale we perform the follow-

Î 
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;n9 experiment on ~at to evaluate the viability of the gl and after 
\ 

death. We killed rats by decapitation and wait 15, 30, 60 and 

120 minutes before dissecting the pituitary. At each time period, 

we carried a typical pulse experiment in the intermediate lobe and 

we observed thBt even 120 minutes after death this tissue ;s still 
\ 

able ta syntheslle 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 

in results the cyto-architectural organization of the gland is 

well preserved one hour after death and no cell lys i s was obser-

ved. 

Most of our knowledge about the POMC model ;s based on 

pulse-chaserexperiments ;n the rat intermediate lobe or in a tumor 
~ 

type cell line. mouse ATt-20/D16v, from nucleotide sequence deter-

minat; on and from who le pituitary extract. wë concentrated our 

effort on an homogenous tissue, the porcîne anterior pituitary, 

and were able to isolate by chemical approach, multiple forms of 

the am; no term; nal segment of the POMe. From our results we 

concluded that the whole amino-terminal segment of POMC in the 
-

porcine anterior pituitary is 107 amine acid residues and it 

contains within its primary structure three pqirs of basic res;­

dues, -ARG49_L YS50_, -ARG63_ARG64_, and -L YS8LARG82. Of these 

three pai ri" the latter ; s enzymat i cally cl eaved to gi ve pNT 1-80 
\..---"" 1 

and pJP. Both of these pept ides were i sol ated and thei r comp l e-

te structures determined. PNT 1-80'; s a 9 l ycopept ide wit h at 

'. 

'; 

... 
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least two sites of glycosylation, one N-glycosylation o~'~ASN65, and, 
at 1 east one O-gl YCOSy~ at i on on THR45; we cannot e-xcl /. ~~e-

1 :, 
/ , 

possibil ity that other O-glycosylation sites could be present. 

There is'~o glycosylation within pJP and this peptide shows great 

heterogen,eity with homologues from other species. In the rat, 

cons,idered a model for studying the maturation of POMe, there ;s 

some mutation in the dibasic res;dues. These dibasic residues are 

-ARG49_LYS50_; and -ARG75_ARG76_. Accordlng to Crine's wprk where 

the 19 K and 17 K represent the maturation products ,of the rat 

POMe (200), it· is concei.vable ,that the whole 95-residue amino-

terminal'1:foes not mature further as ;n the porcine homoloque. 

Based on amino acid composition and two dimensional gel 

electrophoresis (appendix 11), we isolated a third form ol~ the 

amino terminal composed of only 61 amino-acid residues with an 

amidafion of the phenylalanine residue at position 61. We believe 
. .../ 

that such post-translational modification could not occur in the 

rat because of the làck of the dibasic residues -ARG63_ARG64-

which is replaced by -PR063_ARG64 (104). This 61 residue amida-

. ted glycopepti de i s the small est form of the N-terminal we have 

iso1ated 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 -ARG49_LYS50 ilT11lediately preceded it in a11 species studied 

- (18, 104, 185, 210) • 
• 

Other post-translational and/or co-translational modifica-

tions of the POMe family of peptides have been reported. Among 

'" , 

1 
i , 
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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 Ser31. 

Eipper and Mains (278) reported that abo-6t 5% of the 16 K fragment 
, 

mo1ecu1es in rat pituitary contain phosphoserine and that Ser29 

present in a11 known 16 K fr~gment (18. 104. 204, 211) is part of 

the sequence Ser-X-Glu found in most phosphory1ated proteins 

(279-280), The incorporation of [32PJ in glycosy1ated an~ nong1y--

cosy1ated forms of ACTH and CLIP argues against the suggestion 

'that phosphory1ation at Ser31 prevents glycosylation (276-277). 

However the physio1~gical ro1e of ~hosphorylation of ACTH and CLIP 

and 16 K remains ta be elucidated (279). 

The role of sugars in synthesis. processing and secretion 

of POMe related peptides was studied by Budarf and Herbert (281) 

and they concluded that glycosylation is not an essentia1 step for 
< " 

correct c1eavage of secretion of POMC or its products. A more 

essential role was assigned to the arginine residues when Crine 
o 

and Lemieux (282) using canavanine, an ana10g of arginine, found 

that its incorporation into rat's neu~ointermediate lobe conside-

rably slows down the conversion of POMC into its different end 
,-

products. 

It is believed that nascent POMe molecu1e follow"the gene-
< 

ral pattern of most secretory proteins studied so far in its , 
travel through the ce11's compartments. In a first step the POMe 

,,,. . ~,). 

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 cleavaqes 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 durinq this journey especially at the Golgi l'evel 

where alpha-l,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 

sorne maturation enzymes have been partially purified from rat 

intermediate and anterior lobes (286-287}. Crine et al. (288) 

using Monensin whieh has been shown to slow down the intraeellar .. ~ 
. \\ 

transport of newly synthesized proteins demonstrated that the POMe 

leaves the Golgi intact and is t~en packaged into secretory granu­

les where the first cleavage occurs. It has" been sugg.ested that 

the enzymes involved into tpe maturation should have trypsinand 

carboxypeptidase B-like speeifieities (289, 290) but very little 

is known about whether the processing of~the POMe is catalysed 6y 

a single enzyme or a group of enzymes. However the primary struc­

ture of the arginine Jasopressin-neurophyrin II precursor as defi­
// 

ned by cDNA sequence
c 

(291) whieh is' also processed into several 

functional polypeptides is eut at a double basic residues 
f· 

~YSl1-ARG12 whereas the ARG 108 is c cut instead of the pair {Jf 

basic residues ARGIOS-ARGI06. In the case of the pro-enkephalin a , 

40-50 K, Mr precursor synthesized in the adrenal medulla which 1 
1 

l • 

'. 
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À 
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1 
1 .... -----------. 

,. 

\J 

1~7 

contains ,several copies of a biological1y active peptide, five of 
~ 

the enkephalins are immediately bounded on the C-terminal side by 

a pair of basic amino-acid residues and all the seven enkephalins lb. 

in the precursor ;5 preceded immediately by this processing signal 

(292) . Other hormones and act iye pept i des have been found to be 

contained within the sequence of a larger precursor protein and 

are released by 1 imited proteolytic cleavage .(13-21 f. In the 

majority of these structures, the cleavaqe mechanism 'is clearly, 

directed towards pairs of basic amino acids which act truly as 
" 

"markers" directing the release of sometimes bioloqically active 

products (290). However, the presence of such "markers" cannat be 

thouqht 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 

cleavaqe site could""'alter the normal processing (297). It also 

has been found that basic pairs, which are recognized, are located 

in structureless region whereas most unrecoqnized ones are locali­

~ed in highly structured reqions (298). Nevertheless, it seems 

reasonable 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 0 and 

factors influencing the conformation around the recognition site 

are participating. 
\§' 

We present in fiqure 39 a tentative model for the maturation of 

the N-terminal peptide of porcine POMC in the anterior JD~e of the 

. ' 
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pituitary gland. The N-terminal portion of POMC is first released 

as a glycopeptide of 107 residues by enzymatic cleavage at the 

site of the putative pair of basic- residues 80-residue 

glycopept1de whrch was identified as a major form of the 

N-terminal base on, extra,ction recovery. This peptide can further 

be proceJsed into 1 61-residue glycopeptide by enzymatic cleavage 

at tbe -ARG63_ARG64 site with concomitant removal of the 11YCine 
\. 

residue at position 62 and ~idation of the' Rhenyla,lanine at 
, ' 

~osition 61. We have no evidence 50 far for further processing of 

the N-terminal in the anterior lobe. 

o 'l 

" 

- " 

1 

" 

" 

.:i 
\~ 

J 
'\1 r' 

• -~ 

) 

J , 
" l 
1 

l 
\ 

~ , ,-

1 



... : 1 

<, 

'" 

" 
~ 

~ 
t , 

(1' 

.! 

.! 

• .! c: 
or 

i 
i 

J 

9 

, 

~.. t' 
""-:" lti--;" ... 

" 

159 

, , 

.. 

1 0 40 80 120 160 200 240 
'" 9 

H2N~ Il [ II" Il 1111 Il /1 Il m'COOH 
RK RR KR KR, KKRR " KR 1<1< I<R 1<1< 

.9 
ft [ Il U 1111< ' Il 

" 
Il III 

PNTI-I07 ACTH ',39 J:!-LPH 1-91 
9 Ir 1 Il /1 1111 Il Il Il III 
P~TI-I07 

5' t Il Il 1 

ACTH ,,39 r'LPH ',58 P-END 

PNTI-80 RlP 

1- n 1 
PNT I-SI amide 

~ • 0- Glyèosylr.ltlon 
,. N-Glycoaylaflon 

, O·ilOlofid 
Q 

'---_---.,-.-___ -.110 CJ ,-' ___ -', 1.-1 _-1 

"'-MSH CLIP Q / P-END 

? 

HzN~L....... __ --:-Il:im~@i~~ ____ ..lf\~Y'~i\i,;N1-__ -..,... __ ..t.L ... ' -:'{lL._---1~COOH 
~-MSH .-MSH ~-MSH 

40 80 120 160 200 

Figure 39. Proposed maturation pathway of the am;nno termtnal 
seqment of the porcine POMC in the anterior ànd. inter­
mediate lobes of the pituitary. 
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1- In al' domestic mammals the pituitary complex is characterized 
1 "-

by the presence of thEl anteri or, intermedi ate and posterior 

lob€-§. In our experimental prpcedure we separated the ante­

rior from the neur?intermediate lobe to study the amino-termi-

nal~ segment of the POMC' in an homogeneous tissue. Because 

(l)' both the intermedi ate and anterior lobes are able to synthe­

size ACTH and'its related family of peptides we were interes­

te~ in the faté' of thé amin~o-terrTJinal segment of the POMe in a 

tissue where pulse-chase exp~rimenots are. di.f!Jicult to, càrry 

out.~ This is why we have chosen to isola~om the anterior 

lobe multiple forms of "'an homologous_peptiqe wh.ie't\ may reore-
. 

sent different steps in the maturation of the amino~terminal 

of, the POMe. 
A 

2- Using œ chemical approach we presented further-evidence .of the 

glycopeptidic nature of the pNT. We were the first to propo-

se that at least two glycosylation sites are present wi'thin 

____ ~N+,-an-~~COSy 1 at i on, on, A spar ag~e • ~~n' ,0- ~ 1 ycosy,1 a-

tion probably on threonine 45. There 1.s the DPossibilÙy of 

ether O-glycasYlatian sites within the molecule but the prima-~ 
< " 

ry structure of HMrpNT! does nat allow for the presence of 

othe~ N-glycosylatiori sites. " " 

3- Our results give sorne information about the role of pair basic 

residues in the processing of POMe itself whiGh is also found 

in most of the pèptide models . 

1 

'" • 
' .• 1 

" 



,. , 
: .. 1 

't 

' ... -

l 

"'b ~ 
~-~---- , 

t' 

(, --.~ 

"-

. ~. , 
<, 

,,--

<) 

~ 
\ 

." 

'.. 

:"'. 

\. 

l ,1 

-'. -~-" 
--'~~ .. 

// 

\ 

1 

tJ 

( .. 
/-

r 
'. 

le. 1 

, , 
1 

!~ 

1 . 
-~ 

1 

-

"\ 

\ 

" 
of " 

·'ot. 

':::. 

1 .' 

" N t!i. 
f.<r 

Il 

f 

<l 

J 
-~-~ '. 

_J 



( 

• ' c 

• 

, 

'H 

( 

~ 

1 

)62 

1. MACH, B., FAUST, C. and VASSALI, p. 1973. Proe. Natl. Acad. 
Sei. U. S.A. 70: 451-455. 

2. BORNSTEIN, P. 1974. Ann. Rev. Biochem. 43: 567-603. 

3 . TAGER, H.S. and STEINER, D.F. 1974. Ann. Rev. Biochem. 43: 
509-538. 

NEURATH, H. and WALSH, K.A. 1976. Proe. Natl. Acad. Sei. 
U.S.A. 73: 3825-3832. (' 

4. 

BLOBEL, G. and DOBBERSTEIN, B. 1975. J. Cel1. Biol. 67: 
835-851. 

, 5. 

\ 
BLOBEL, G. and OOBBERSTEIN, B. 1971' J. Cel1 • Biol. 67: 
852-862. 

6. 

7. DOBBERSTEIN~ B. 1978. Physiol. Chem. 359: 1469-1470 • 

8. MEYER, 0.1., KRAUSE, E. and OOBBERSTEIN, B. 1980. Nature 
297: 647-650. 

9. MEYER, 0.1., LOUVARD, D. and OOBBERSTEIN, B. 1982. J. 
Cell. Biol. 92: 579-583. 

10. SHIELDS, D. and, G. \BLOBEL. 1918. J. Biol. Chem. 253: 3753 
3756. 

11. KREIBICH, G. , ULRICH, B. L. and SABATINI, 0.0. 1978. J. 
Ce1l. Biol. 77: 464-487. /-~ 

12. CHRETI EN, M. and U, C. tL 1967. Can. J. Bi ochem. 45: 1163-
1174. ~ 

13. STEINER, D.F., KEMMLER, W., TAGER, H.S., DUBENSTEIN, A.H., 
lERNMARK, A. and ZUHEBE, H. "1975. In Proteases and Bio109i­
cal control. E. Reich, D. Difkin and E. Shaw. Eds., 531: 
549. Cold Spring Harbor Laboratory. Cold Spring Harbor, 
N.Y. 

14. CHANCE, R.E., ELLIS, R.M.· and BROMER, W.W. 
161: 165-167. 

1968. Science 

15. NOYES, B.E., STEIN, M. and AGARWAL. Î979. Proc. Natl. 
Acad. Sci. U.S.A. 76: 1770-1774. 

16. PATZELT, C., TAGER" H.S., CARROLL, R.J. and STEINER, D.F. 
1979. Proc. Natl. Aead. Sei. U.S.~. 79: 

17. PATZELT, C., TAGER, H.S., CARROLL, R.J. and STEINER, D.F. 
1979. Na'ture 



\ 
.' vi 

,,\ t 

" 

( 

rf'" 

163 '-

. ' 

18. NAKANISHI, S., INOUE, A., KITA, T., NAKAMURA, M:, CHANG, 
A.C.Y., COHEN, S.N. and NUMA, S. 1979. Nature 278: 423-427. 

19. NODA, M., FURUTANI, Y., TAKAHASHI, M., TOYOSATO, M., HIROSE. 
T., INAYAMA, S., NAKANISHI, S. and NUMA, S. 1982. Nature 
295: 202-206. , , 

20. HAMILTON, J.W •• NIALL. H.D., JACOBS, J.W., KEUTMANN, H/.J., 
POTTS, J.T. Jr and 'COHEN, D.V. 1974. Proe. Natl. ~cad. 
Sci. U.S.A. 71: 653. . \ 

--

21. RUSSELL, J.H. and GELLER, D.M. 1975: J. Biol. Chem. 250) 
3409-3413. , r 

22. STEINER, D.F., KEMMLER, W., CLARK, J.L., OYER, P.E; a~rl / 
P.UBENSTEIN, A.H. 1972. The biosynthesis of insuline In---.-" 
handbook of Physiology-Endocrinology 1. D.F. Steiner and No 
Freinbel, Eds. 175-198; Williams and Wilkins. Baltimore .. 

23. HABENER, J., CHANG, H.T. and POTTS, J./T. 1977. Bioehemistry. 
16: 3910-3917. 

24. MAINS, R. E. and EIPPER, B.A. ' 1976. J. Biol. Chem". 251 : 
4115-4120. 

25. LENNARZ, W.J. 1975. Sc i ence 188: 986-991. 

26. CZICHI, U. and LENNARZ. 1977 . J. Biol. Chem. 252: 7901-
7904. 

, 
-27. TABAS, 1., SCHLESINGER, S. and KORNFELD, S. 1978. J. Bi 01 • 

Chem. 253: 716-722. 

28. OLSEN, B. R. , BERG, R .A~ , KI SH 1 DA, Y. and PROCKOP, D.J. 
1973. Sc i ence 182: 823-827. 

29. PETERKOFSKY, B. and ASSAD, R. 1979. J. Bi ol. Chem. 254 : 
4714-4720. 

30. RUSSEL, J. H. and GELLER. a.M. 1975. J. Bi ol. Chem. 250: 
3409-3413. 

'-
31. HABENER, J.F. and KRONENBERG, H.M. 1978. Fed. Proc. 37: 

2561-2566. 

32. CHAN, S. J. , KErM, P. and STEINER, D.F. 1976. Proc. Nat. 
Acad. Sci. USA 73: 1964-1968. 

33. LE BLOND, C. P. and BENNETT, G~ 1977. In International Cell , 
Biology. B.B. Brinkley and K.R. Porter, Eds.: '326-336, 
Rockefeller University Press: New York. 



o 

! .... 

., 

164 
". 

34. NATOWICZ, M.R., CHI, M.M-Y., LOWRY, O.H.' and SlY, W.S. 
1979. Proe. Nilt. Acad. Sei. USA 76: 4322-4326. 

35. REGGIO, H. and PALADE, G.E. 1976. J. Cell. Biol. 70: 360a. 

36. KOR~FELD, R. and KORNFElD, S. 1980, In: The Biochemistry àf 
G1yeoproteins and Proteoqlycans (Lennarz, W.J., ed.)," pp. 
,1-34, Plenum Press, New York," 

37. WOlD, F. 1981. Annu. Rev. Biochem. 50, 783-814. 

38. TONNEQUZZO, F. and GHOSH, H. 1977. Proc. Nat. Acad. Sei. 
75: 1768-1772. 

39. TASAS, L, SCHlESSINGER, S. and KORNFELD, S. 1978. J. 
Biol. Chem. 253: 716-720. 

40. DUNPHY, W.G., FRIES, E., URBANI, J.J. avd ROTHMAN, J.E. 
1981. Proc.;. Natl. Acad. Sei. USA 78: 7453:7457. 

4L 'SMITH, R.E;,- and VAN FRANK, R.M. 1974. Endocrino1ogy 94: 
A190. 

1;, 

42. TAGER, H.S., H1DIN,' S.O., CLARK, ,J.L. and STEINER, D.F. 
1973. J._Brol. Chem. 248: 3476-3482. 

43. SHEPHERIJ, R.G., WILSON, S.D., HOWARD, K.S., BELL, P.H., 
DAVIES, A.S., DAVIS, S.B., EIGNER, LA. and SHAKESPEARE, 
N.E. 1956. J. Amer. Chem. Soc. 78: 5067":5076. 

44. LEONIS, J., LI, C.H. and CHUNG, D. 1959. J. Amer. Chem. 
Soc. 81: 419-423. 

45. LI, C.H. 1972. Biochem. Biophys. Res. C01Tfl1un. 49: 835-839. 

46. lEE, T.H., LERNER, A.B. and BUETTNER-JANUSH, V. 1961. J. 
Bio1,_ Chem:, 236: 2970-2974. ' 

47. JOEHL, A., RINIBER, B. ,and SCHENKEL-HULLIGER, L. 1974. FEBS 
Lett., 45: 172-174. 

48. KOFMAN, K., YAJIMA, H., YANAIHARA, Nq LIU, T.Y. and LANDE, 
S. 1961. J. Amer. Chem. Soc. 83: 487-489. 

49. LI, C.H., MERENHOFER~ J., SCHNABEL, L, CHUNG, O., LO, T.B. 
and RAMACHANDRAN, J. 1960. J. Amer. Chem. $OC., 82: 5760-
5762. 

50. ORTH, D.N., NICHOLSON, W.L, SHAPIRO, M. and BYYNY, R. 
1970. Endocrine Soc. 52nd Meeting, St-Louis, Mo., 140 
(Abstract) • 



( 

51. 

165 -

" ORTH, D.N., NICHOLSON, W.E., MITCHELL-, W.M., ISLAND, D.P., 
SHAPIRO, M. and BYYNY, R.L. 1973. ,~ndoerinoloqy 92: 385-
393. 

52. COSLOVSKY, R., SCHNEIDER, B. and YALOW, R.S. 1975. Endoeri­
nology 97: 1308~1315. 

53. COSLOVSBY. R,' and YALOW, R.S. 1974. Bioehem. Biophys. Res. 
Commun. 44: 439-445. 

54. ROBERTS, J.L., SEEBURG, P.H., SHINE, J., HERBER'T, E., BAXTER, 
J.O. and GOODMAN,' H.M. 1979. Proe. Natl. Aead. Sei. USA 
76: 2153-2157. 

55. ALLEN, R.G., HERBERT, E., HINMAN, M., SHIBUYA, H. and PERT, 
C.B. 1978. Proe. Natl. Aead. Sei. USA 75: 4972-4976. 

56. EIPPER; B.A." MAINS, R.E. and GU~NV, D. 1976. J. Biol. 
Chem. 251: 4121-4126. ' 

57. EIPPER, B.A. and MAINS, R.E. 1975. Bioehemistry 14: 3836-
3844. 

58. SOMACK, R. 1980. Anal./lBioehem. 104: 464-468. 
J 

59. MAINS, R.E. and EIPPER, B.A. 1~75. Proe. Nat1. Aead. Sei. 
USA 72:' 3565-3569. 

60. EIPPER, B.A. and MAINS, R.E. /1977. J. Biol. Ghem. 252: 
8821-8832. 

61. LERNER, A.B. and LEE, T.H. 1955.' J. Amèr. Chem. Seo. 77: 
1068-1067. 

62. HARRIS, J.I. and LERNER, A.B. 1957. Nature 179: 1346-1347. 

63. LEE, T. H., LERNER, A. B. and BUETTNER-JANUS-H, v. 1961. J. 
Biol. Chem. 236; 1390-1394. 

64. LEE, T.H., LERNER, A.B.", and ,BUETTNER-JANUSH, V. 1963. 
Bioehem. Biophys. Acta-71: 706-709. 

65. LO, LB., OIXON, J.S. and LI, C.H •• 1961. Bioehem. Siophys'. " 
Aeta 53: 584-586. 

, . 
66. SCOTl', A.P ot RATCLI~FE, J.G ot REES, L.H., LANDON, J., 

BENNETT, H.P.J., LOWRY, P.J. and MCMARTIN, C. 1973. Nature 
(New Biol.) 244: 65-67. 

'1 

WOODFORD'~ T .A. and OIXON, J. E. 1979. J. Biol. Chem. 254: 
4993-499J ", 

G7. 

, ' 



- ! 

/ 
( 

166 

68. SCOTT, A.P., LOWRY, P.J., BENNETT, ~.P.J., MCMARTIN, C. and 
RATCLIFFE, J.G. 1974. J. Endocrinol. 61: 369-380. 

69. SCOTT, A.P., BENNETT, H.P.J., LOWRY, P.J., MCMARTIN, C. and 
RATCLIFFE, J.G. 1972. J. 'Endocrinol. 55:- 36-37. 

70. DUBOIS;'M.P., GRAF, L. 1973. Horm. Metabl. Res. 5: 229-
-

71. MORIARTY, C.M., MORIARTY, G.C. 1975. Endoerinol. 96: 1419. 

72. SCOl:T, A.P. and LOWRY, P.J. _ 1974. Biochem. J. 139: 59~. 
1 

73. CRINE, P., GOSSARD, F.~ SEIDAH, N.G., BLANCHETTE, l., LIS, 
M., and CHRETIEN, M. 1979.,. Proe. Natl. Aead. Sei. USA 76: 
5085-5089. V 

74. BENNETT, H.P.J., BROWNE, C.A. and SOlOMON, S. 1982. J. 
Biol. Chem. 257(17): 10096-10102. 

75. QSIlMAN, R.E., CHARD, T., LOWRY, P.J., SMITH, 1. and YOUNG, 
I.M. 1976. Nature 260: 716-718. 

76. BELOFF-CHAIN, EDWARDSON, J.A. and HAWTHORN, J. 1976. J. 
Endocri no 1 ogy 

~ 77. v ANSELMINO, K.J. and HOFFMAN, F. 1931. Klin. Wschr. 10: 
1438-1441. 

78. LI, C.H., BARNAFI, Lot CHRETIEN, M. and CHUNG, D. 1.965. 
Nature, 208: 1093-1094 • . 

79 .. CIiRETIEN, M. and LI, t.H. 1967. Cano J. Biochem. 45: 1163-
1174. 

80. GRAF"L. and LI, C.H. 1973. Bioehem. Biophys. Res. Commun. 
53: 1304-1309. 

81. GESCHWIND, 1. 1., LI, C.H. and, BARNAF1, L. 1956. J. Amer. , 
Chem. Soc. 78: 4494-4495. 

~ 

82. HARRIS,-J.I. a,nd ROSS, P. 1956. Nature o 178: 90. 

83. GESCHWIND, 1.1., LI, C.H. and BARNAFI, L. 1957. J. Amer. 
Chem. Soc ~, 79: 620-625. 

~ 

84. GESCHWIND, 1. 1., LI, C.H. and BARNAFI, L. 1957. J. Amer. 
Chem. Soc., 79: 6394-6401. 



l~ 

J : \:; 

( 

\, 

167 

, 
85

0
, LEE, T.H. and LERNER, A.B. 1956. J. Biol. Chem. 221: 943-

959. 

86. LI SS ITrSKY , J.C., MORIN, O., DUPONT, A., LABRIE, F., SEIDAH, 
N.G., CHRETIEN, M., LIS, M. and COY, D.H. 1978. Life Sei.' 
22: 1715-1722. 

87. PEZAL~" P.O."CLARKE, W.C., LIS, M., SEIDAH, N.G. and 
CHRETIEN, M. 1978. Gen. Comp. Endocrinol., 34: 163-168. 

88:' HARRI,S, J. 1.' 1959. Nature, 184: 167-169. 
j 

89. PECKERING, B.T., ANDERSON, R.N., LOHMAR, P., BIRK, y; and LI, 
C.H. 1963. Biochem. Biophys. Acta 74: 763-773. 

90. SCOTT, A,'P, and' LOWRY, P.J. 1974. Biochem. J. 139: 593-601. 

91. BLOOMFIELD, G.A., SCOTT, A.P.,\O~R), P.J., GILKES, J.H. and 
REES, L.H. 1974. Nature 252: 492-r3. , 

-' 92. CHRETIEN, M. and GILARDEAU, C. 19io. Cano J. Biochem. 48: 
511. / 

93. CSEH, G., BARAT, E., PATTHY, A. and GRAF, L. 1972. FEB,S 
Letters 21: 344-346. 

1 

! 

94. CSEH, G., GRAF, L. and GOTH, E. 1968. FEBS Letters 2: 42-
44. 

95. LI, C.H. and CHUNG, D. 1976. Nature 260: 622-62~. 

96. CHRETIEN, M., LIS, M. and GILARD5AU, C. 1973. L'Union Méd. 
" c an~ 102: 890-898. 

"' 
97. BERTAGNA, X., LIS, M., GILARDEAU, C. and CHRETIEN, M. 1974. 

Cano J. Biochem. 52: 349-358. 

98. CHRETIEN, M., BENJANNET, S., BERTAGNA, X., LIS, M. and 
GILARDEAU, C~ 1974. Clin. Res. 22: 730. 

99.' CHRETIEN, M., LIS, M., GILARDEAU" C. anj:J BENJANNET, S. 
1976. Cano J. BiochS!m. 54: 566-570. 

100. 'CHRETIEN, M. and""SEIDAH, N.G.' 1981. Molecular and Cellular 
Bi ochemi stry 34: 101-127 • . ' 

101. SEIDAH, N.G., GIANOULAKIS, C., CRINE, P., LIS, M., BENJANNET, 
S., ROUTHIER, R. and CHRETIEN, M. 1978. Proe. Natl. Acad. 

.. Sei. USA 75: 3153-315+-. 

l ' 

l , 

\ 



" 

/ 

• 

168 

102. GIANOULAKIS, C., SEIDAH, N.G:, ROUTHIER, R. "and CHRETIEN, M. 
1979. J .• Biol. Chem. 23: 11903-11906. 

! 

103. GIANOULAKIS, C., SEIDAH~ N.G., ROUTHIER, R. and CHRETIEN.-, M. 
1980. lnt. J. Prat. Res • 

. 104. DROUIN, J. and GOODMAN, H.M. 1980. Nature 288: 610-613. 

105. CHRETIEN, M., GILARDEAU, C. and LI, C.H. 1972. Int. J. 
Peptide Protein Res. 4: 263-265. 

106. LOHMAR, P. and LI, C.H. 1968. Endocrinology 82: 898-904. 

107. CHRETIEN, r~., DAVIGNON, J., LIS, M., CHARI, P.V., AUBRY, F. 
and GILARDEAU, C. 1970. Cano J. Physiol. and Pharmacol. 48: 
762-767. 

108. CHRETIEN, M., DUFAULT, C. and GR ATTON , J. 1971. Horm. 
Metab. Res. 3: 335-356. 

109. BIELMAN, P. , CHRETIEN, M. ' and GATTEREAU, A. 1972. Horm. 
Metab'. Res. 3: 335-336. 

110. GATTEREAU, A. , CHRETIEN, M. ana B l E~AN , P. 1970. Horm. 
Metab. Res. 2: 330-332. o ,~ 

111. JZUMI, K., DONALDSON, J. and BARBEAU, A. 1973. L ife Sei. 
12: 203-210. 

112., STEENER, D.F., CUNNINGHAM, D., SPTEGELMAN, l. and ATEN, B. 
1967. Science 157: 697. 

113. SJEENER, D. F., HALLEIND, O., RUBENSTEIN, A., CHa, S. and 
BAYLISS, C. 1968. Diabetes 17: 725-736. 

114: GOLDSTEIN, A., LOWNEY, L.I. and PAL, B.K. 1971. Proc. 

" 
Natl. Acad. Sci. USA 68: 1742-1747. 

115. ,PERT, C.B. and SNYDER, S. 1973. Science 179: 1011-1014. 0 

116. TERENIEUS, L. 1973. Acta Pharmacol. Tox. 32:- 317;320.' 

117. HUGHES, J., SMITH, T.W., KOSTERLITZ, H.W., FOTHERWILL, L.A., 
MORGAN, B.A. and MgRRIS, H.R. 1975. Nature (Lond.) 258: 
577-579. 

r • 

118. KOSTERlITZ, H.W., LYDON, R.J. and WATT, A.J. 1970. Brït. 
J. Pharmacol. 39: 398-413. 

( 
... 

. ' 



( 

i -
\ 

.' c. 

169 

~ 
119. HENDERSON t G. , HUGHES, J. and KOSTERL nl, H.W. 1978. 

Nature 271: 577-579. 

120. LIt C.H. and CHUNG, e. 1976. Pr.oc. Nat 1. Acad. Sci. USA 
73: 1145-1148. 

C f 
121. BRADBURY, A.F.~ SMYTH, D.G. and SNELL, C.R. 

Biochem. Bi~/s. Res. Commun. 69: 950-956. 
1976." ) 

~'J 1 

122~ GRAF, L., BARAT t E. and PATTHY, A. 1976. Acta Biochem. 
Biophys. Acad. Sci. Hung. 11: 121-122. 

/ 
123. CHRETIEN, M., BENJANNET, S., DRAGON, N., SEIDAH, N.G. and 

LIS, M. 1976. Biochem. Biophys. Res. Commun. 72: 472-478 .. 

'124. LI, C.H., TAN, L. and CHUNG, D. 1977. Biochem. Biophys. 
Res. Commun. 77: 1088-1093. 

125. RUBENSTEIN, ·M., STEIN, S. and UDENFRIEND, S. 1977. Proc. 

126. 

Natl. Acad. Sci. USA 74: 4969-4972. 

LI, C.H., CHUNG, D. anQ DONEEN, B.A. 
Biophys. Res. Commun. 72: 1542-1547. 

1976. Bioèhem. 

127. GUILLEMIN, R. 1978. Hosp. Pract. 13: 53-60. 

128. GUILLEMIN t R., LING, N. and BURGUS, R. 1976. C.R. Acad. 
Sci. (Paris) 282: 783-785 . . . 

129. GUILLEMIN, R., LING, N,t LAZARUS, L.H., MINICK, Sot BLOOM, 
F' t NICOLL, R., SIGGINS, G. and SEGAL, D. 1977. Ann. N.Y. 
Acad. Sci. ,297: 131-157. 

130. 

131. 

l32. 

BRADBURY t A.F., SMYTH, D.G.,·'SNELL, C.R., BERDSALL t N.J.M. 
and HULME, E.C. 1976. Nature 260: 793-795. 

FELDBERG, W. and SMYTH, D.G. 1977. &riJ. J. Pharmacol. 60: 
445-453. 

PELLETIER, G., LECLERC, R., LABRIE, F., COTE, J., CHRETIEN, 
M. and LIS, M. 1977. Endocrinology 100: 770~7)6.· 

133. PHIFER, R.F., ORTH, D.N. and SPECER, S.S. 1974. J. Clin. 
Endocrinol. Metabl. 39: 684-692. 

134. KRIEGER, D.T. and LIOTTA, A.S. 1979. Science 205: 366-372. 

135. MARTIN, R., WEBER, E. and VOrGT, K.H. 1979. Cell tissue 
Res. 196: 307-319. 

136. WEBER, E. and VOIGT, K.H. 1978. Brain Res. 157: 385-390. 

[ 
1 
J 
"t4.' • 

. . 

" 

;' 



: , 

:( 

170 

. 
137. LOWRY, P.J .. RE'ES, L.H .. TOMLlN, S., G!LLIEiS, G. and LANDON, 

,J. 1976. J. Clin. Endocrinol. Metab. "'43: 1831-835. 

138. COSCIA, M., BROWN, R.D., MELLER, M., TANAKA, K., NICHOLSON, 
W.E .. PARKS, K.R. and ORTH, D.N. 1977. Am. J. Med. 62: 
303-307 . ~ 

l 
139. GUILLEMIN, R:, VARGO, T., RpSSIER, J., MINICK, S., LING, N., 

RIVIER, C., VALE, W. and Bt-GOM, F.E. 1977. Science 197: 
1367-1369. 

140. ABE, K., NICHOLSON, W.E., LIDDLE, G.W., ORTH, D.N. and 
ISLAND, D.P. 1969. J. Clin. Invest. 48: 1580-1585. 

141. GELKES, J.J.H., BLOOMFIELD, G.A., SCOTT, A.P., LOWRY, P.J., 
.) 

RATCLIFFE, J.G., LONDON, J. and REES, L~H. 1975 .• J. Clin. 
Endoerinol. Metab. 40: 450-457. 

142. MAINS, R. E. , EIPPER., B.A. and LING, N. 1977 . Proe. Natl. 
Aéad. Sc;. USA 74: 3014-3018 . 

. , 

143. ROBERTS, J. L. and HERBERT, E. 1977. Proe. Natl: Aead. 
Sei. USA 74: 4826-4830. 

'. ~# .; 
144. ROBERTS, J. L. and HERBERT" E. 1977. Proe. Nat1. Aead. 

Sei. USA 74: 5300':5304. ..' 
, 
"-

14'5. CHAN, S. J. and STEINER, D.F. 1977 • Top. Bioehem. Sei. 254. 

146. HABENER, J.F. and POTTS, J.T. 1978. N. Enq. J. Med. 299: 
580-635. 

147. . LIOTTA, A. , SUDA, T., KRIEGER, D. T. 1978 . Proe. Nat'l. 
Aead. Sei. USA 75: 2950. 

148. EIPPER, B.A. and MAINS, R.E. 1978. J. Su'pramol. Struct. 8: 
247-262. 

149. EIPPER, B.A. and MAINS, R.E. 1978: J. B ;01. Chem t 253: 
5732-5744. 

150. MAI NS, R. E. and EIPPER, B.A. 1978. J. Biol. Chem. 
651-655. 

25)= 
. .. 

151.. MAINS, R. E. and .EIPPER, B.A. 1979. J. B; 01. Chem. 254: 
7885-7894. 

152. ROBERTS, J.L. and HERBERT, E. 1977. Proe. Natl. Acad. 
Sei. USA 74: 4826-4830. .. 

• 

.\ 

" 



( 

• 

171 

, . 
,.r; 153. NAKANISHI, S., INDUE, A;,' TAIE, S." NUMA, S.' 1977. FEBS, 

'Lett., 84: 105-109. 

154. NAKANISHI, S., INOUE, A., KITA, T., NUMA, S., CHANG, 'A.C. Y., 
COHEN, S.N., NUMBERG, J. and SCHIMBE, R.T. 1978,. Proe. 
Natl. Acad. Sci. USA 75: 6Qtl-6025. 

155. COHEN, S.N. and CHANG, A.C.Y. 1980. Annals New York, 
Academy of Sciences 343: 415-424. 

156. TOSHIHIKO, T., NAKAI, V., JENGAMI, Hq IMURA, H., TA II , S., 
NAKANISHI, S. and NUMA, S. 1981. Biochem. Biophys. Res. 
Comm. 98: 535-540. 

157. RUBENSTEIN, M., STEEN, S. and UDENFRIEND, S. 1978. Proe. 
Natl. Aaad. Sci. USA 75: 669-671. 

158. OWERBACH, D., RUTTER, W.J., ROBERTS, J.L., WHITFIELD, P., 
SHINE, J., SEEBURG, P.H. and SHOWS, LB. 1981. Somatic 
Ce1ls Genetics 7: 359-369. 

159. CHRETIEN, M., BENJANNET, S., GOSSARD, F., GIANOULAKIS, O., 
CRINE, P., LIS, M., and SEIOAH, N.G. 1979. J Cano J. 
Biochem. 57: 1111-1121. 

160. TAGER, H.S., RUBENSTUN, A. and STEINER, O.F. 1975. In 
Methods in Enzymology, Vol. 37: 326-345. Academic PresS, 
New York. 

'161. DEVILLERS-THIERY, A., KINDT, T., SCHEELE, G., BLOBEL, G. 
, 1975. Proc. Nat': Acad. Sei. USA 72: 5016. 

162. KROEHENBUHL, J.P., RACINE, L., JAMIESON, J.O. 1977. J. 
Ce1l. Biol. 72: 406. 

163.- CRINE, P., GIANOULAKIS, C., SEIOAH, N.G., GOSSARD, F., 
PEZALLA, P.O., LIS, M. and CHRETIEN, M. 1978. Proc. Natl. 
Aead. Sei. USA 75: 4719-4723. 

164.,' SEIDAH, N.G., GIANOULAKIS, C., CRINE, P., LIS, "M., 
. BEN~ANNET, S., ROUTHIER, R. and CHRETIEN, M. 1978. Proe. 

,1 Natl. Acad. Sci. USA 75: 3153-3157. 

165. CRINE, P., SEIDAH, N. G., ROUTHIER, R., GOSSAR,D, F. and, 
. CHRETIEN, M. 1980. Eur. J. Biochem. 110: 387-396'., 

, 
166. MAINS, R.E. and' EIPPER,. B. 1980. In Annals of the New York 

Academy of Sciences 343: 94-110. 

/ 



l', , 

, " 

, , . 

( 

167. ROBERTS, J. L., PHIlL"!PS, Mot ROSEN, P.A. and HERBERT, E. 
},978. Bioehemistry 17: 3609-3618. 

168: \HERBERT, L, BURDARF, M., PHILLIPS, M. , ROSA, P., 
POL E CASTRO, P. , OATES, E. , ROBERTS, J. L., SEIDAH, N.G. " 
CHRETIEN, M. 1980. In Annals of the New York AC\ademy of 
Sciences 343: 79-93. 

169. SILMAN, R.E., HOLlAND, D., CHART, T., lOWRY,'P.J., HOPE, J., 
REES, L.H., THOMAS, A. and NATHANlELSZ, P'; 1979. J. Endo-
erinol. 81: 19." • 

170. HOLLT, V., MUELLER, O.A., GRAMSCH, C., KLEBER, G., PASI, A~, 
HERZ, A. 1979. Acta Endocrinol. Suppl. 225: 69:"' 

171. 1:.AKATSUKI, A., KOHNO, K. and TAMURA, G.~ 
B)'o-l. Chem. 39: 2089-2091. \., 

1975. Agric. 

172. LEHLE, L and TANNER, W. 1976. FEBS, lette 71: 167-170. 

173. TKAÇZ, J.S. and LAMPEN, J.O. 1975. Bioehem. Biophys. Res. 1'/ 
Commun. 65: 248-257. 

174. KURO, s.e. and LAMPEN, J.b. 1976. Arch. Biochem. Bioph;s. 
172: 574. 

175. LOH, Y.P. and GAINER, M. 1978. FEBS,' Letters 96: 269-272. , 
î 

176. CRINE, P., 
CHRETIEN, M. 
1406. 

BENJANNU, S., SEIDAH, N.G., LI S, M. and) 
USA 74: 1403~ 1977 • Proe. Natl. Acad. Sei. , .. 

1.;'7. CRINE, P., BENJANNET, ,$., SEIDAH, N.G., LIS, M. and 
CHRETIEN, M. 1977. Proc. Nat1. Aead. Sei. USA 74: 4276-
4280. 

! 

178. KIMURA, S., LEWIS, R.V., GERBER, L.D., BRINK, L., 
RUBENSTEIN, M., ~TEEN, S. and UDENFRIEND, S. 1979. Proe. 
Natl. Aead. Sei. fUSA 76: 1756-1759. 

"...' 179. oGOSSARD, F., SE!DAH, N.G., CR1NE, p .. ROUTHIER, R. and 
CHRETIEN, M. 1980. Bioehem. Biophys~ Res. Commun. 92: 
1042-1051. , 

180. CHAN. S.J., KEEM, P. and STEENER. D.F. 1976. Proe. Natl. 
Aead. Sei. USA 73: 1964-1968. 

~ 

181. KEMPER', B., HABENER, J.F., ERNST, M.D., POTTS, J.T. Jr and 
DICH, A. 1976. Bi oehemi stry 15: 15-19. 

-. 

'. 

1 

", 

" 

• 

, 
1 . 

t:'!Io. 

.. 

+"~ 
\ 

\ 



( 

/ 

( 

1 

" , 

, . 

173 

-
LINGAPPA, V.R.,. DEVIlLERS:'THEERY, A. and SlOBEL, G. )977,.,:, 
Proe. Nat1. Acad •. Sci •. USA 14: >2432-2436. 

183. KITA, T:, ,INOUE, A., NAKANISHI, S. and NUMA, S. 1979 •. 
Eur. J. p'ioehem. 93: 21~-220.' ~ 

184. TAII, S., NAKANISHI, S. and oN(jMA, S. 1979. Eur. J. ~ : 
Bioehem. 93: 205-212., . ) 

185., CHANG, A.C.Y., COCHET, M. and COHEN, S.N. 1980. Proe. 
Natl. Acad. Sei. USA 77: 4890-4894. 

186: MAINS, R.E. and EIPPER, B.A. in Endorphins (Eds GRAFF, l'., 
PALKOVITZ, M. and RONAI, AJ.Z. )'. 1918. "79-126. Budapest. <> 

- , / 

187. NAKANISHI, 5"9 TERANISHI, V., NODA, M., NATAKE, M., 
, WATANA'BE, Y., KAPIDA~I; H., JINGAMI, M. and NUMA, S. 1980. 

Nature 287: 752-755. 1.. 

NAKANISHI, S., TERANISHI, Y., WATANABE:~ Y.,' NOTABE, M., 
NODA, M., ~AHIDANI, H., JINGAMI, H. and NUMA, S. 1981. 
Eur. J. Bioehem. 115: 429-438. 

4 
189. INOUE, A .... , NAKAMURA,- M., :NAKANISHI, S., HIDAKA, S. and NUMA, , 

S. 1981. Eur. J. Bioehem: 113: 531-539. 
. 

190. MILtER, ..,w. L., JOHNSON, L.K., BAXTŒf, J. D. and ROBERTS, J. L. 
1980. Proe. Natl. Aead. Sei. US~ ''77: 5211-5215. 

191. HABENER, J.F., ROSENBlAIT, M., KEMPER, B., K,RONENBERG, H.M., 
DICH, A~' and pons, J. T. 1978. Proe. Natl: Aead. Sei. USA 
75: 2617-2620. 

192. SEIDAH, N.G., GOSSARD, F., CRINE, P., GIMOULAt(t-~, oC., 
ROUTHIER, R. and CHRETIEN, M. 1980. Ann. 'N.Y. Acàèl\ Sei. 
343: 443-446. . ! 

193. THIBODEAU, S.N., PALMITER,. R.D. a!1d WALSH, K.A. 1978. J. 
Biol. Chem. 253: 9018-9023. 

" LINGAPPA, V.R., KATZ, F.N., LODISH, H.F., BLOBEL~ G. 1978. 
j. Biol. Chem. 253: 8667. 

195. HABENER, J.F., POnS, J.T. Jr and PECH, A. 
Chem. 251: 3893-3899. 

1976. J. Biol. 
e 

196. HAKANSON, R., LARSSON, L.I.,' NOBIN, 1. and SUNDLER,·:F.J. 1 

1972. J. Histoehern'. Cytochem.20: 908-916. . 

,197. HAKA~SON, R. 1974. Cell tissue Res. 150: 281-290. 

,J 

'. 

;-

, 

-~ 
,,; 

ft 
. ~ ~~ 

,"" 
'< 
1~ 

, 

r 

/ e· 
1 

, 
'} 

" " 1 
~ , 

" 

>. 
'1 

" ;, 

! 

'. , 
- ) , 

·f 
, \ 

. .. 
'1 

Ir 

) 

, . 

.. 

f 



.. 

6 • 

'l 

1 
1. 

174 

" f 

198. HAKANSON, R., SUNDLER, F., LARSSON, L.L, EKMAN, R. and 
rSJOBERG, N.O. 197.5. J. Histoehem. Cyto'Chem. 23: 65,-74. 

199. HAKANSON, R. and SUNDLER, F. 1977. 
419-421. 

Cell tissue Res. 183: 

200. CRI,NE, P., SEIDAH, N.G., JEANNQTTE, L. and CHRETIEN, M • 
1980. Cano J. Biochem. 58: 1318-1322. 

201. CHRETIEN, M. and SEIDAH, N.G. 1981. Moleeular and Cellular' 
Bioehemistry 34: 101-127. 

202. KEUTMANN, H. T., EIPPER, B. and MAINS, R. 1979. J. Biol. 
Chem. 254: 9204-9208. 

HAKANSON, R., EKMAN, R., SUNDLER, F. and NILSSON, R. 
Nat ure 283: 789-792. 

1980. 

204. BENJANNET, S., SEIDAH, N~G., ROUTHIER, R. and CHRETIEN, M. 
1980. Nature 285: 415-416. 

205. SEIDAH, N.G., BENJANNET, S., ROUTHIER, R., DESERRES, G., 
ROCHEMONT, J., LIS, M. and' CHRETIEN, M. 1980. Biochem. 
Biophys. Res. Commun. 95: 1417-1424. 

206. SHIBASAKI, T., LING, N. and GUILLEMIN" R. 1980. Nature 
285: 416-417. 

207. KEUTMANN, H.T., LAMPMAN, G.W., MAINS, R.F. and EIPPER, B.A. 
1981. Bioehemistry 20: 4148-4155. 

208. LARIVIERE, N., SEIDAH, N.G., OESERRES, G., ROCHEMONT, ~. and 
CHRETIEN, M. 1980. FEBS Letters 122: 279-282. ~ 

209. SEIOAH, N.G. and CHRETIEN, M .. 1981. Proe. Natl. Acad. 
Sei. USA 78: 4236-4240. 

210. SEIDAH, N.G., ROCHEMONT, J., HAMELIN, J., LIS, M. and 
CHRETIEN, M. 1981. J. Biol. Chem. 256: 7977-7984. 

211. LARIVIERE, N., SEIDAH~ N.G. and CHRETIEN, M. 1981. Int. 
J. Pept. Protein Res. 18: 487-491. 

212. SE1oAH, N.G., ROCHEMONT, J., HAMELIN, J. and CHRETIEN, M. 
1981\. Biochem. Biophys. Res. Commun. 102: 110-716. 

213. LARIVIERE, N., BOILEAU, G., SEIDAH, N.G. and CHRETIEN, M. 
1982.' In 64th Annuql Meeting of the Endocrine Society 
abstr~ct no 606. 1 

\ 

'214. BOILEAU, G., LARIVIERE, N., KUO-LIANG, H., SEIDAH, N.G. and 
CHRETIEN, M. 1982. BiochemiStry 21: 5341-5346. 

\ 



j 

" , 

, / ". - . 

"-

., 

215. 

216 •• 

217. 

218. 

175 

/ 

BERTAGNA, X.Y., NICHOLSON t W.E., PENENGILL, O.S., SORÉNSQN, 
G.D., MOUNT, C.D. and ORTH, D.N. 1978. J. Clin. Endo­
crinol. Meta~. 47.: 1390-1393. 

ROSENBERG, LO., HAHN, T.J., ORTH, D.N., DEFTOS, L.J. and 
TANAKA, K. 1978. J. Clin. Endocrinol. Metab. 47: 255-262. 

OEFTOS, L.J., BURTON, D., BONE, H.G., CATHERWOOD, B.D., 
PARTHEt10RE, J.G., MOORE, R. Yb MENfcK, S. and GUILLEMIN t R. 
1~8. Life Sci. 23: 743-748. , 

OEFTOS, L.J., BURTON, D., CATHERWOOD, B.D., BONE, H.G., 
PARTHEMORE, J.G., GUILLfMIN, R., WATKINS, W.B. and MOORE, 
R. Y. 1978. J. Clin. Endocrinol. Metab. 47: 457-460. 

219. WEBER, E., VOIGT, K.H., MAINS, R.E. and EIPPER, B.A. 1979. 
Bioehem. Biophys. Res. Commun. 89: 360-367. 

220. COSLOVSKY, R. and YALOW, R.S. 1974. Biochem. Biophys. 
Res. Commun. 60: 1351-1356. 

221. GOSSON, J.c. 1979. Biochemistry 18: 4215-4224. 

222. ROCBUCK, M.M., JONES, C.T., HOLLAND, D., SILMAN, R. 1980. 
Nature 284: 616-618. 

223'. JONES, C. T. and ROCBUCK, M.M. 1980. Journal of 
Biochemistry 12: 77-82. 

, ' 

224. LING, N. , Ying, S. , MINICK, S. and GUILLEMIN, R. 
L ife Science 25: 1773-1780. ~ 

225. SHIBASAKI, T., LING, N. and GUILLEMIN, R. 1980. 

::J, 
Sc;ences'26: 1781-1785. 

steroid 

1979. 

L ife" 

226. PEDERSEN, R.C. and BROWNIE, A.C. 1980. Proe. Natl. Acad. 
Sci. USA 77: 2239-2243. 

227. PEDERSEN, R.C., BROWNIE, A.C. and LING, N. 
208: 1044-1045 • 

1980. Science ) 

228. LIS, M., HAMEL, P., MAURICE, G., GUTKOWSKA, Y., SEIDAH, 
N .. G., LARIVIERE, N., CHRETItN, M., GtNEST, J. 1961. /J. 
Clin. Endocrinol. Metab. 52: 1053-1056. , 

229. CHRETIEN, M., LARIVIERE, N., LIS, M., GUTKOWSKA, J •• HAMET, 
P., GENEST, J. and SE IDAH, N. G. 1981. Transact i on of the 
Association of Amer;can Physicians. 225-235. 

l 



.( 

J ' 

-=::----
176 

~."" ~,'~ : ....... 1 ct 

CHRETIEN':'- M.;~ LIS, M.~ 11LA~'~~VIERE, N., LEFEBVRE~ R., 
GUTKOWSKA, J., l'lAMET, P.,I SEIDAH, N.G. and GENEST, 'l 

'1982. Clinical and Investig,ative Medicine 4: 217-221. 

230. 

231. ESTIVARIZ, F.E.~ HOPE, J., MCLEAN, C. and Lowry~ P.J. 
1980. Biochem. J. 191: 125-132. 

232. AL-DUJAI~'LI, E.A.S., H9PÊ, J., E,STIVARIZ, F.E., LOWRY, P.J. 
and EDWARDS, C.R.W. )981. Nature 291: 156-159 . 

. 
233. AL-DUJAILLI, E.A.S., WILLIAMS, B.C., EDWARDS, C.R.W., 

SALACINSKI, P.R. and LOWRY, P. J. 
301-305. 

1982. Bi ochem. J. 204: 

234. ESTIVARIZ, F.E., HURRIZA, F., MCLEAN,' C., HOPE, J. and 
LOWRY, P.J. 1982. Nature 297: 419-422. 

235. LOWRY, P.J., SILAG, L., MCLEAN, C., LENTON, A. and 

236. 

237. 

ESTIVARIZ, F.E. 1983. Nature 306: 70-73. 

BROWN('-C.A., SENNETT, H.P.J. 
Biochemistry 20: 4538-4546. 

BERGAGNA, X •• GIRARD, F., SEURIN, 
H.J., MAINS, R.E. and EIPPER, 
Endocrinol. Metab. 51: 182-185. 

and SOLOMON, S. 1981. 

D., LOTON., J.P., BRICAIRE, 
B.A.' 1981. J. Clin. 

238. HOPE, J., RATTER, S.J.
p

, ESTIVÀRIZ, F.E., MCLAUGHLIN, L. and 
LOWRY, P. J. 1981. Am. Endocrinol; (O-xf) 15: 221-223. 

239. TANAKA, L., NAKAT 1 Y., JINGAMI, M., FUKATA, J., NAKAO, H., 
NAKANISHI, S., NUMA, S. and JMURA, H. 1980. Biochem. 
Biophys. Dis. Cor.lmun. 94: 211-215. 

240. NAKAT, Y'., TANAKA, 1., FUKATA, J., NAKAO, K., OKI, S. and 
TAKAI, S., 1980. J. Endocrinol. Metab. 50: 1147-1152. 

241. NAKAO, K., OKI, S., TANAKA, L. NAKAI, V., JMURA, H. 1980. 
J. Clin. Endocrinol. Metab. 51: 1205-1211. 

242. CHAN, S.D., SEIDAH, N.G. and CHRETIEN, M. 1983. J. Clin. 
Endocrinol. Metab. 56: 791-796. 

243. HUNTER, P. and GREENWOOD, R. 1962. Nature 194: 495-496. 

244. LI, L, TABAS, 1. and KG:-<NFELD, S. 1978. J. Biol. Chem. 
253: 7762-7770. 

245. TASAS, 1. and KORNFELD, S. 1978. J. 8,iol. Chem. 253: 7779-
7786. 



.177 . 
f 

2~6. KING, J. and LAEMMLI, 1I.K. 1971. J. Molec. Biol. 62: 465-
477. 

'9 0' • 
247. BAENZIGER and KORNFELD, S. 1974. J. Biol. Chem. 249: 7270-

7281. 

248. CUNNINGHAr~, L.W. 1968. 4th Int. Conf. on Cystic fibrosis 
of the Pancreas. pp. 141-151, Forger, ,New York. 

249. TURfO, S.J., STRETRON, B. and,' ROBBINS, P.W. 1977. Proc. 
Nat1. Acad. Sci. USA 74: 4411-4414. 

~250. TABAS, 1., SCHLESINGER, S. and KORNFELD, S. 1978. J. 
Biol. C h em • 253: 716 - 7 2 2 • 

251. HUNT, L.A., ETCHESON, J.R. and SUMMERS, D.F. 1978. Proc. 
Nat1. Acad. Sei. USA 75: 754-758. \ 

252. TAI, 'T., YAMASHITA, K., OGATA, A.J., KOIDE, N., MURAMATSU, 
T., IWASHITA, S., INOUE, Y. and KoéATA, A. 1975. J. Biol. 
Chem. 250: 8569-8575. 

253. TAI, T., YAMASHITA, K., ITO, S. and KOBATA, A. 1977. J. 
Biol. Chem. 252: 6687-6694. 

254. YAMASHJTA, K., CHJEN-JU, L., SATOSHI, F. and KOBATA, A. 
1981. J. Biol. Chem. 256: 1283-1289. 

255. M IZUOCHI , T. and KOBATA, A. 1980. Biochem. Biophys. Res. 
Commun. 28: 772-778. 

256. SOX, M. C. and HOOD, L. 
\ 

1970. Proe. Natl • Acad. Sei. USA 
66:' 975-982. 

257. NARASIMHAM, S.~ WILSON, J.R., MARTIN, E. and SCHAEHTER, H. 
1979. Can. J. Biochem. 57: 83-96. " 

258. KORNFELD, R. and KORNFELD, S.' 1976. Annu. Rev. Biochem. 
45: 217-238. 

259. HAKANSON, R. Persona1 communication. 

260. CHAN, J.S.D., SEIDAH, N.G. and CHRETIEN, M. 1982. 63th 
Annua1 Meeting of the Endocrine Society Cincinnati, 1981. 
Abstract 401. 

261. SCHWARTZ, R.J., ROHRSCHNEIDER, J.M. and SCHMIDT, M.F.G. 

,.,. 

1976. J. Virol. 19: 782-785. ,~~\ ' .. , ~ 

262. OLDEN, K., PRATT. R.M. and YAMADA, K.M. 1978. Ce" 13: 
461-467. 



, 

( 

178 

263. BRADLEY, M. O., HAYBLOCK, .t.... and SCHIMBE:, R. T. 1976. J. 
Bi 0 l • Chem. 251: 3521-3528. t 

l 

264. GOlDBERG, A.l. and DICE, J.F. 1974. 
• , ,1 

Ann.'Rev. BioGhem. 43: 
835-907. 

265. CR l NE, P. , lEMIEUX, .E., FORTIN, S. , SEIDAH, N. G., LI S, M. 
and CHRETIEN, M. 1981. Bi oehemi stry 20: 2475-2481. 

266. BOILEAU, G. , lARI VIERE, N. , SEI DAH, N.G.' ana CHRETI EN, M. 
Unpublished observations. 

267. SHIBASAKI,< T., LING, 'N. and GUILLEMIN, R. 1980. Biochem. 
Biophys. Res. Commun. 96: 1393-1399. 

268. HARRIS, J.I. and lERNER, A.B. 1957. Nature (london) 179: 
1346-1347. " 

269. SUCHANEK, G. and KREIL, G. 1977. Proe. Natl. Aead. Sei. 
USA 74: 975-978. 

270. AMARA, S.G., DAVID, D.N., ROSENFElD, M.G., ROOS, B.A. and 
EVANS, R.M. 1980. Proe. Natl. Aead. Sci. USA 77: 4444-
4448. 

271. HSI, K.l., SEIDAH, N.G. and CHRETIEN, M. 1981. Unpubl ished 
results • 

. . 
272. BROWNE, C.A., BENNETT, H.P.J.' and SOlOMON, S. 1981. 

Biochem. Biophys. Res. Commun. 100: 336-343. 

273. HOUMARD, J. and DRAPEAU, G.R. 1972. Proc. Natl. Acad. 
Sei. USA 74: 134-138. 

274. DAYHOFF, M.O., HUNT, l.T., BARBER, W.C., SCHWARTZ, R.M. and 
ORCUTT, B.C. 1978. Protein segmen~ dietionary, pp. 457-
458. National Biomedical Research Foundation Georgetown 
University Medical Center, Washington, D.C. 

275. 

276. 

277. 

278. 

BROWN E, C. A., BENNETT, H. P.J. and SOlOMON, S. 1981. 
Biochemistry 20: 4538-4546. 

A 

BENNETT, H. P. J., BROWNE, C.A. and SOlOMON, S. 1981. 
Biochemistry 20: 4530-4538. 

BENNETT, H.P.J., BROWNE, C.A. and SOlOMON, S. 1981. Proe. 
,Natl. Acad. Sei. USA 78: 4713-4717. 

(IPPER, B.A. and MAINS, R', 
Chemistry 257: 4907-4915. 

1982. Jurnal of Biological 

r-P 

fJ' 



, \,. 

179 

279. PINNA, L.A., MEGGIO, F. and DONELLA-DEAN'A, A. 1980. In: 
Protein Phosphorylation and Bioregulation' (Thomas. G., 

,Podesta, E.J., and 'Gordon, J. eds) pp. 8-16, S. Karger.cN.Y.\ 

280. HENDERSON. J.Y., MOIR, , A.J.G., FOTHERGILL, l.S. and' 
FOTHERGILL, J.E. 1981. Eur. J. Bioehem. 114: 439-450. 

281. BUDARF, M.L. and HERBERT, E. 1982. Journal of Biologieal 
Chem; s,try 257: 10128-10135. 

282. CRINE, P. and LEMIEUX, E. 1981~ Journal of Bioloqieal 
Chemistry 257: 832-838. 

283. GLEMBOTSKI. C.C: 1981. Journal of Biological Chemistry 
256: 7433-7439. 

. 
284. DOTH, J. and BERGER, E.G. 1982. J. Cell Biol., 92: 223-229. 

285. BRETZ, R., BRITZ, H. and POLADE, G.E. 1980. J. Cell Biol. 
84: 87-101. 

286. LOH, Y.P. and GAINER, M. 1982. Proe. Natl. Acad. Sci. USA 
79: 108-112. 

287. CHANG, T.L. and LOH, Y.P. 1983. Endocrinology 112:,1832-
1838. 

288. DEVAULT, A., ZOLLINGER, M. and CRINE, P. 1984. J. Biol. 
Chem. 259: 5146-5151. 

289. HOBART, P., CRAWFORD, R., SHEN, L.P., PICTET, R. and RUTTER, 
W.J. 1980. Nature 288: 137-141. 

290. lAZURE, C., SEDAH, N.G.", PELAPRAT. D. and CHRETIEN,' M. 
1983. Cano J. Biochem. Cell Biol. 61: 501-515. 

291. HARTMUT, L., GUNTHER, S., HARTIVIG, S. and DIETMAR, R. 
1982. Nature 295: 299-304. 

292. GUBlER. U., SEEBURG, P., HOFFMAN', B.J •• GAGE, L.P. and 
UDENFRIEND, S. 1982. Nature 295: 206-208. 

293. GOODMAN, R.H., JAC\9~S, Y., TAKAHASHI, M., NODA,' M., 
MORIMOTO, Y., MIROSI5,"'T., ASM, M., JNAYAMA, S., NAKANISHI, 
S. and NUMA, S. 1982. Nature 295: 245-249. . 

294. HOBART, P., CRAWFORD, R., SHEN, L.P., PICLET, R. and 
RUTTER, W. J. 1980. Nature 288: 137-140. 

î 



, -, 

F
-~ 

--::-< , 
\ -. 
• ~ 0( 

180 

295. ROSEN, A.M. and GILLER, D.M. 1977. Biochem. Biophys. Res. 
Commun. 78: 1060-1066. 

296. KAKIDANI, M., FURUTANI, Y., TAKAHASHI, M., NODA, M., 
MORIMOTO, Y., MIROSE, T., ASAI, M.,~ JNAYAMA, S., NAKANISHI, 
S. and NUMA, S. 1982. Nature 295: 245-249. 

297. GEISOW, M.J. 1978. FEBS Lett. 87: 111-114. 

298. CHOU, P. Y. and FASMAN, G.D. 1974. Biochemi.stry 13: 222-
245. 

299. SEIDAH, N.G., ,ROCHEMONT, J., HAMELIN, J., BENJANNET, S. and 
CHRETIEN, M. lS81. Biochem. Biophys. Res. Commun. 102: 
710-716. 

, , 

r~ 



/ 

, , 

" 

APPENDIX l 

.. 

1 

" 
1 

\ 
\1 



',' 

( 

Al. 1 

CYCLE -2 - 3 5 --8 9 10 Il 12 13 14 15 16 17 

Aspartl C 

S·CMC .1 2 9 1.5 .7 
" 

,( 

Asparaglne 2.2 .2 1.1 1.0 I]JJ 4.2 1 
Glutam1 C .3 OJJ .4 
Serl'ne .3 !L1l .24 .6 .3 1.3 I:DJ 
Glutaml ne .5 ,5 lDJ 3 8 lI]] 1 1 .9 .4 

Threonl ne .3 1.2 .6 1.3 .4 3.0 II] 1.3 1.1 

Glyc 1 ne 2.8 9 5 12 2 5 1 1.9 5 0 3.3 3.5 2.9 4.2 5 "3 5.7 B.7 10.2 

Hlstldlne 

Alanl ne 14 1 5 5 16 l 4 7 16.6 7 0 80 6.9 6 4 5.3 10 6 7<-1 5.2 9.2 la a 14 6 

Asp·O·Me 9 1 9 2 1 1 7 .8 3.4 [TI] 4.5 3.4 2 5 1 2 4.6 

Arglnlne .B T.Z .7 

G1 u-O--Me 6 8 3.9 6.9 17 l 6.5 10 9 11 0 7.5 4.4 3.5 6.6 ITUJ 8.0 6 9 4 9 

Thyros 1 ne la 6 1.3 .5 3.2 

S- (MC - O· ~Ie 5 9 13 3 2 4 6.5 3 4 illJJ 3.7 1 3 

Pro11ne 5 5 3 5 85 • 5. B 1.0 5.5 7.8 5.1 7.6 J-
o 

Mt'! Ch 1 om ne 4.8 

Va 11 ne 5 6 6.2 5 9 2 0 1.9 6 6 3.2 2.3 3.7 2.9 1.0 4 4 5 

1.9 il 
1 0 1,4 8 3 1.8 1.4 1.5 1 9 

lsoleuClne .8 9 1.6 1.2 1.6 .9 

Lys, ne .7 

Leuc 1 ne 3 3 5 9 7 5 4 4 4.8 5.4 4.B tl 1 9.9 4.9 7 1 5 .5 138 lliJJ 
ïRP CYS LEU GLU SER ( ) GLN CYS GU, ASP LEU SER THR GLU SER ASN LEU 

CONF] RMEO RESIOUES 



A 1. 2 
f, 

91.!J. "- ---
r
9 1 18 19 20 21 22 23 24 25 26 27 28' 30 33 

• ASpartl C 

S-CMC 1.9 

Aspara9,ne 2 3 4.2 

G1 utami c 
0 

6 1.7 l> 

Senne .2 .6 2 .8 Œ 5 .3 

Gl utamlne 1.4 8 .7 6 .7· 5 .1 R [JJ 1.1 

Tnreomne .7 .3 .5 1.5 

Glye,ne 6.4 4.9 2 5 1 4 4 3 4.3 3 7 2 5 30 5 8 7 3 5.0 

HlStld,ne 

Alanlne '" 12 4 15.2 14 2 14 1 20 8 13 8 8 9 6 2 4 6 4.7 7 5 5 7 

• - [D) Asp-D-Me 1.4 1 3 7. 1 2 1.5 1 02 l 2 l 9 "1..7 2 4 1 9 11 1.1 .8 

• [G) 
1 

Arg'", ne ,7 4 11 .6 3 .4 4 .4 .9 6 .5 

Glu-D-He 4.2 3.7 4.4 3 2 3:9 3 8 3.4 3 5 3 1 3 5 3 l 4 7 lI]) 4 1 3 8 2 B 

Tyros Ine .5 .4 6 .4 .4 1.7 1 5 1 4 .6 

.~ 
S-CMe·a-Me 11 [§J] ~.2 1 7 2 6 [JJ 2.6 1 3 1.2 • 1.2 .7 

prollne 3 0 3.6 3.3 3 2 4 1 4 7 4.7 7 1 5 .9 36 5 6 7 2 3 9 [[]] 4 7 

Mêth,onlne 

Val1ne 2.3 3 2 2.9 3.0 3.5 7. 6 2.5 1 7 2.1 34 3 0 6.5 3 1 4 5 

Tryptophan 2 4 1 6 2 0 .8 .4 3 .6 \ : .5 

Phenylalan, ne 2 4 1 5 1 9 28 2.2 1 5 1 '4 1.3 1.2 1.2 1 9 2 2 U 9 6 9 

lsoleucl ne 1 3 4 0 130 5.5 2.6 1.5 .7 1.4 ~ 
.0 .7 .9 1.0 1.1 7 0 9 

Lys, ne 5 .5 .3 .1 .1 2 .3 .4 5 

Leuc, ne [ED 6.6 5.9 4.3 5.4 4 5 .t1.~ 4 6 5.0 ID] ,. , 7 3 6.2 3 9 ,3 8 3.5 

LEU CYS, IL E ARG ALA CYS (YS PRO ASP LEU SER ALA GLU THR l' PRO VAL 
li 

CONflRMEO RES10UES 
" 



/ 

CYCLE 

Asplrtlc 

S-CMC 

Asparagl ne 

Gl utaml c 

Senne 

Glutaml ne 

Tnreonlne 

GlyClne 

Hl 5 t1 dl ne 

Alanlne 

Asp-O-Me 

Arglnl ne 

Gl u-O-fle 

Tyrosl ne 

$-CMC-Q Me 

Proll ne 

MéthIonIne 

Va 11 ne 

Tryptophan 

35 

4 6 

5.3 

.8 

.5 

2 9 
.B 

.9 

4 2 

5 
5 9 

36 37 38 39 40 41 

33 [] 

2 2 
1.0 1 3 [IJ) 2.0 .9 

.1 .2 

5 .2 

5 8 4 7 

8 .8 

f3 
3 0 2 8 

.6 

9 

U'76 

3 8 

.3 .3 .5 .4 

.5 

.6 

3 .6· .5 

6 .7 

82 @]) 66 5 8 

5 3 

1 4 

7 
2.9 

.7 
1 0 

3 7 

2 4 

5.0 

1 6 

.8 
3 0 

.9 
1 1 

3 5 

2 4 

46 []] 

[]) 1 7 

.2 5 
2 5 2 1 

.B .5 

9 8 

2 7 2 8 

2 0 2 0 

~henyldldnlne []J 4 8 3.3 2 7 2 0 1.7 1.5 

6 

.2 

2 9 

lsoleuclne 8.8 9 .7 .7 .7 

LySIne .4 4 1 .4 .4 

Lec:1ne 313.02732 3.3 2 9 

42 43 44 45 46 47 48 49 

3 5 3 6.8 3 B 

2 2 2 4 

.8 .7 1.4 []] .a 2.0 

1 .2 

ŒJ .8 

.4 

4 5 4.9 3 6 

50 3.7 4 1 
1.5,910 

3 

272.625 

.6 ' 

30ŒJ]S2 

25 24 25 

.4 

6 

.B 

5 2 

4.0 

1.1 

.7 

2 8 

11 

4 9 

2 9 

1 6 

.2 

1. 5 1.9 1 9 

.2 .B .B 

.3 

.B 

.B 

5 3 

.7 

.5 

.7 

5.6 

3 7 D 4 3 

1.1 1.9 

.5 7 

lDJ 51 

1.0 

3 6 4 

2 0 

.5 

.3 

.5 

4.4 

3 8 

11 

.4 

3.9 

9 

[Il 
.5 

1.6 

2 2 l.a 

.6 

.2 2 3 4 .2 

2.2 3 5 []] 4.5 3.6 2 9 3 1 

3 

.2 

.9 

5 2 

4 3 

1.5 

.9 

4.3 

1 0 

4 3 

.5 
2 0 

2 0 

.3 

3 2 

?HE PRO GL y ASN GL y ASP ALA' GlN PRO LEU GLU ASN PRO ( ) 

CONF! RMED RESl DUES 

Al. 3 

50 

.6 

.5 

6 1 

4 3 

1 3 

.9 

4.5 

1.1 

4.2 
4 

2 l 

2 8 

.5 

.6 

3 5 

51 

1.6 

.6 

.5 

4 0 

2 9 

3 0 

ru 
2 9 

2 3 

1"9 

.4 

.1 

2 4 

TYR 



A 1. 4 

CYCLE 
52 53 5~ 0 

-.,-
JI' 

Aspartfc 

S-OIC 

Aspuagfne 

GlutamlC 

Serinè 

Glutamlne 

Threom ne 

Glycine 3.7 7.3 6.1 

HistIdine i, 

Alanine 3.9 3. 1 3 7 

Asp-O-Me 1.1 1.3 1.5" 

Arglnlne 

Gl u-O-Me 3.5 3.3 3.5 

TyrosIne 

S-CMC·Q-Me . 3.4 3.5 3.0 

Praline 

MethIonine .8 1.1 

ValIne CDJ 3 1 2 8 

Tryptophan 

Phenylalanlne 1 9 1.9 1.9 

Isoleuclne .5 .5 .S 

Lysine .2 .2 .3 .. ~~ 
Leuc1 ne 2.7 2.4 2.8 

q 

VAL ( ) 

CONm.MEO RES 1 DlJES 

'. 

• 



.. 

, . 
... 

" 

Q , 

o 

" 

,.} 

.. .. 

APPENDIX II 

.. 

" 



, 1 
\ 

.. 
-lI 

( . 

/' 

( 

"- (~ 

-',,", 

~ 

A - 1$/ DIMENSION ----t B 

6 pl 5 • " 6 pl 5 " / 
1 1 1 1 1 1 

(\ - 43K , 
2: 

( ! 0 
-i:i) - 30K 

2! \. loir ' w 
~ .c" à ,. 

-201< 

'" • 00 c 
'c.... 

t -!4K 

.. --_._ .... i 0 ~ 

C 1 0 .1 

- 43K 

-- - - 301< 
Mr 

~f' 

Oç~~· 
- 20K t , 

• 
. ,., .. 

, . • - 14K 

~ 

Two DtMENSIONAL POLYACRYLAMIDE GEL ElECTROPHORESIS OF A PREPARATION 
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Appendix 'Table 3.4.3. Analysls',~f varl.ance for 
prlmary:secondary seed wel.ght ra't:lo, Macdonald, __ 

Source 

Madel 
r-ep 
genotype 
err:or >Dl 
corrected total 

R-square 0.7131 
c. V. 2.0402 

./ 
... PR:·Û.05 ....... PR>(L 01 

df 

:'8 -..J 

:::5 
105 
143 

i value 

6.87 ....... 
0.27 
7.43' ....... 

~71 

Appendi x Tabl e 3:'4.4. 'Anal ysi 5 of var 1 anc:e for 
prlmary:sec:ondary seed weight ratio, 'F2 and F:s generatlon at 
Joliette and Macdonald. 

Jol i ette' 

F 2 generatlon F;sgeneration 

Source- , 0 df F value df F value 

Madel 17 5.97 .... 17 4.36 ..... 
r-ep - 5. 10"'" 3 1.66 .:. 
genotype 14 6. 16"'" 14 4.94 ...... 
error 42 42 
corrected total ~9 59 

/ 
',= 

Macdonald 

" 
F:z generatlon F';S generation 

Sowrc:e df F value df F value :.!;, -'1 
~ 

Madel 17 5.36 ....... 17 5.91 ...... 
r"ep 3 0.27 3 0.62 
genotype 14 -, 6. 45<t* 

~. 
7.04 ..... 

error 42 2\ 
cor-rec:ted total 59 " 9 ' 

.. PR>O.Ol 

... - PR>O.Ol 
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Appenélix Table 3.4.5. Anal ysi s of vari ance for gc:a and sc:a 
effects in the F 2 generatlon at Macdonald, prlmary:secondary 
seed welght ratlo. 

1 5 

SJOlurce 

gca 
sc:a -.... 
error 

... PR~O. 05 
PR>O.Ol 

gc:a SS 
total genetlc SS 

N.S. heritability 
B.S. heritability 

df SS -
" 
5 1.68:: 10-2 l" 
9 6.00:: 10-4 

42 

8. 3::;H 10-"" 
4. 47x10-.... 

0.97 

0.71 
0.91 

MS F value 

3.40:< 10-::S 15'.47 .... 
6.67:< 10-es O. '30 
2. 20x 10-04 

Appendix Table 3.4.6. Analysis of variance for gc:a and s~a 
effects in t~e F::s generation at Macdonald, prlmary:secondary 

N reed WEllght ratlo. ..... 

~ource df SS' MS F value 

~ 

gç:a 
sc:a..- ' 
error 

* PR)O.05 
** PR~O. 01 

a 

gca SS 
total genetlc SS 

N. S • h er i t ab i 11 t Y 
8.S. herltabillty 

5 2~ 34:< 10-:::Il 
'9 5. 54x 10-3 

42 

1.0=>: 10-3 

3.41:: 10-4 ," 

0.81 

0.77 
0.90 

..... 

4. 68xl0-3 

6. 16x 10-04 

2.75>:10-4 

17.~""" 
2.,24'" 
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Appendix Tabl~ 3.4.7. Analysis of varIance' for gca and sca 
effects ln the F 2 generatl ôn at Jol iette, prlmary~ secondary 
se"ed weight ratIo. 

Source 

gea 
sca , 
error 

/ . 

... 

...... PR>0.05 
PR>O.Ol 

êf2
gC

_ 

f'r-Z-c:;-

gea S8 

l' 

total genetle 55 

N. S. heri tabil i ty 
B.S. heritabllity 

..... 

df 55 

5 2.49:<10-:Z 
9 2.05xl0- 3 

42 

1.,19>, 1 O-:s ~ 

0.00 

0.92 

0.88 
0.88 

l' 

MS F val ue 

4. 98x10-:S 15.31 .... 
2. ~8:, 10-4 0.70 
3. 25xl0-::S 

, 

j 

Appendix Table 3.4.8. Analysis of variance for gca and sca 
effects ln the F,::s generatlon at JolIette, prlmary:seeondary 
seed weight ratio. 

Source 

gea 
sca 
.error 

... PR; 0.05 

...... PR~ 0.01 

gca SS 
total genetle 58 

N. S. heri tabi Il tY 
B.S. heritablilty 

df, 59 

5 '. ~2. 40xl0-:Z 
9 7 • OO}: 10-::S 

42 

1. OOx 10-:S 
3.50:< 10-4 

0.77 

0.71 
0.84 

MS F value 
) 

4.80x10-:S 10. ~9"'" 
8. OOx 10-4 1,. :'13 
4.50>,10-4 

1 

" 1 

" ' 
J 
1 

1 
1 

! ta 
o ~ 1 

\ Ji'" 

.... ,-,. -----------J ' 



t 

r • 

r 

• J ., 
Appendix Table 3.4.9. Analysls of variance for secondary 
seed welght, Joliette. 

Source 

_. Model 
rep 
genotype 
error .. 
corrected total 

R-square 0.7952 
C. V. 5.0649 

... 

...... PR:O.05 
PR~.O·r 

df 

18 
3 

35 
105 : 

143 

Appendix Table 3.4.10. Analysis of variance 
seed welght, Macdonald. 

Source 

Model '0 

rep 
genotype 
error 
corrected total 

R-square O.B305 
C. V. 4.7700 

.. 

....... PR,·O.05 
PR>O.Ol 

i 
/ 

df 

38 
3 

35 
105 
143 

F value 

10.73--
1. 90 

11.49--

secondary 

F value 

13.53 ...... 
' . 1.65 
14.55 ..... 
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Appendix Table 3.4.11. Analysls of variance for secondary 
seed welght, pooled over locatIons. 

Source 

Model 
rep 
genotype 
location 
genotype*locatlon 
error 
corrected 'total 

\ 

R-square 0.8174 
C.V. 4.8852 

.. fpR>O.05 " 

..... PR>O.01 

df 

'" 74 
'3 

35 
1 

15 
213 
287 

F"value 

12.89·-" 
3.49" 

24.68 .. .. 
23.62 .. .. 

1.59" 

:!75 

Appendix Table 3.4.12. Analysis of variance for se~ondary 
seed w~ight, F 2 and F3 genera~lon at Joliette and ~acdonald. 

Source 

Model 
rep 

f genotype 
1 error 

corrected total 

Source 

_ Model 
.. r.,ep 
'g'en'btype 
error 
corrected total 

..... PR>û.Ol 

_.' 

Joi i ette 

F 2 genera"ti on 

df F value 

17 

14 
42 
59 

8.91 .... 
1. 15 

10.57 .... 

F;s generation 

df F value 

17 
3 

14 
42 
59 

7 .,.,.. ..... 
• _OJ • 

0.18 
8.75 ...... 

• 0 

Macdonald 

F 2 gen'eration 

df 

17 

14 
42 
59 

F value 

10.46"· 
1. 42 

1::!.39 .... 

F:s generatlon 

df 

17 

14 
42 
59 

F value. 

8.65 .... 
O.::!9 

10.44 .... 
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Appendix Table 3.4.13. Analysis of va~lance for gca and sca 
effects ln the F 2 generatlon at Macdonal~, secondary seed 
wel ght. 

Sou~ce 

gca 
sca 
er~o~ 

.. 

...... PR;0.05 
PR>O.Ol 

a'2çaca 

ô'2.c:a 

gca SS 
, total genetle 55 

. N.S. he~ltablilty 
• B.\S. herl tabi Il. ty 

\, 

df 

5 
9 

42 

4.76 
O. 11 

1 
1 

0.94 

0.93 
0.94 

SS MS F value 

98.84 19.77 3=.58 ..... 
6.52 0.72-

0.61 
) 1. 19 

Appendix Table 3.3.14. Aralysls of va~lance f~gca and sca 
effects in the F~ g~neratlon at Macdonald, secondary seed 
weight: 

\ 
Sou~ce ' 

gca 
sca 
error 

. 
\ 

. 
PR:0.05 

...... PR 0.01 
\ 

gca SS 
total genetlc SS 

N. s. h~'fl'l tablll ty 
B.5. herltablilty 

df 

5 
'9 

42 

~:2.69 

1. 20 

0.80 

0.76 
0.9:2 

.55 

62.:::8 
15.54 

MS F value 

1:2.48 ::"3.40"'· 
1. 73 "3.~4*"" 

0.5:: 
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Appendix Table 3.4.15.' Anal ySl S 0'; varlance for gca and sca 
effects ln the F2 generatlon at Jdllette, secondarv seed 
welght. 

Source 

• gca 
sca 
error 

.... 

..... PR>0.05" 
PR>ü.01 

gca 58 

N.S. herltabillty 
B.S. herltabillty 

df 

5 
9 

4:! 

3.:28 
0..,00 

0.93 

0.9:; 
0.93 

55 MS F value 

66.5: ' ... 13.30 :28.85** 
1. 68 0.19 0.40 

0.46 

\ 

Appendix Table 
effects 1 n the 
welght. 

3.4.16. Analysls of varlance for gca and sca 
Fz generatlon at Joliette, secondary seed 

Source 

gca 
sca 
error 

... , PR _-0.65 
PR>0.01 ..... 

er-:z.gc:. 
er:z.c • 

gca S8 
total genetlc 55 

N.S. herltability 
B.S. herltablllty 

df 

5 
9 

42 

].:9 
0.71 

0.85 

0.83 
0.91 

55 MS F value 

74.99 15.00 :20.95 .... 
1:2.90 1.43 ; 2.00 

0.7:! 
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