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Summary 

The isolation and complete purification of a novel human pituitary 

glycspeptide (HPGP) from whole pituitaries is described. Amino acid composition 

predicts a glycopeptide rich in glucosamine. Complete sequence determination 

showed it to be a 39 residues with an oligosaccharide chain attached at Asn residue 

No. 6. It exhibits marked sequence homology to previousiy isolated pig posterior 

pituitary glycopeptide and to whole pituitary glyeopeptides isolated from ox, sheep 

and pig. Based on these results and the presence of such s peptide in posterior 

pituitary it is suggested that it could form part of the N-terminal glycopeptide 

extension of the precursor of neurophysin-arginine vasopressin. 

Introduction 

During the course of isolation and characterization of the N-terminal 

glycofragment oF pro-opiomelanocortin (1,2) From human pituitaries, a novel glyeo- 

peptide was isolated. Its purification by high performance liquid chromatography 

led to its complete sequence determination. When aligned with peptides of known 

sequence it was found to be homologous to a glycopeptide isolated previously from 

posterior pituitary lobes of pig pituitaries (3). Recently a similar peptide, iso- 

lated from whole pituitary extracts of pig, ex and sheep, allowed the elucidation 

of the sequence of the peptides from these species (~). A high degree of homology 

between species was found in the sequence or this 39 residues glycopeptide (4). We 

report here the complete primary structure of the human analog. It also exhibits a 

striking sequence conservation and length, which eould indicate a peptide or bio- 

logical importance. 

Methods 

(a) Purification of glycapeptide from whale human pituitaries 

Carbaxymethyl cellulose chromatography of an HCl/Acetone extract of 

human pituitaries, allows the isolation of human 6-1ipotropin and ~-endorphin, as 

late eluting peaks (5). The unretained peak on CM-cellulose was previously used as 

starting material For the high performance liquid chromatographic (HPLC) puriFi- 
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Fig. 1. High performance liquid chromatographic puriFication of the human pitui- 

tary glycopeptide (HPGP) from s human pituitary extract. The gradient oF 2-propa- 

nol is shown as a dashed line. (A) Unretained peak on csrboxymethylcellulose. (B) 

Repurification oF material from peak HPGP in Fig. IA, under the same conditions. 
Peak HNT in Fig. IA represents the human N-terminal glyeopeptide oF pro-opiomelano- 

cortin (I,2). 

cation of the human N-terminal glycopeptide of pro-opiomelanocortin (1,2). The 

same procedure was used for the HRLC purification of the human glyeopeptide repor- 

ted here. The instrument consists of a Waters Model 240 liquid chromatograph 

equipped with a Model 730 data Module, a Model 720 system controller and a model 

450 uv/vis variable detector. The column used was a Waters semipreparative p-C18 

column (0.7 x 30 cm). The eluant consisted oF 0.02 M triethylamine formate pH 3.0 

and 2-propanol. A linear gradient of 20% to 56% of 2-propane1 with a duration of 

BO min at 3 ml/min was used (Fig. IA). The peak designated HPGP (human pituitary 

glyeopeptide) in Fig. IA was collected, lyophylized and then repuriFied under the 

same conditions (Fig. IB). This provided a homogeneous preparation of the human 

glyeopeptids. 

(b) AmJqo acid analysis 

Amino acid analysis was performed in triplicate following 24, 48 and 72 

hrs 5.7 N HC1 hydrolysis in vacuo st I05°C. The amino acid analyzer consisted of a 

modified Beckman 120C equzpped with a model 126 computing integrator. The sepa- 

ration of the amino acids was done on a W3 resin (Beckman) which allows the sepa- 

ration of all the amino acids including the hexosaminee (6). No correction was 

made for hexossmines destruction under these hydrolysis conditions. 

(c) Sequence determination 

The sequenator consisted of an updated Beckman 890B instrument equipped 

with a cold trap. The program used was a "0.3 M Qusdrol pH 9.0 with SI+S 2 wash" 

(Beckman #121178). For sequencing, 3.0 mg of Polybrene (Aldrich) + 100 nMoles of a 

dipeptide lle-Val were first added to the cup and four dummy cycles were 
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F i g .  Z. Y i e l d s  of each PTH-amino acid ob ta i ned  dur ing  the sequence o f  the  HPGP 
p e p t i d e  i s o l a t e d ,  as s Func t ion  o f  sequenato r  c yc l e  number. The numbers above each 
peak denote the  ass igned sequence p o s i t i o n  o f  t h a t  p a r t i c u l a r  r e s i d u e .  In the case 
o f  P IH-Glu ,  numbers in p a r e n t h e s i s  denote the  asaignement o f  t h a t  r es i due  as a 
P IH-G ln ,  s ince  p a r t i a l  deamida t ion  occurs  du r ing  the PTH-convers ion p rocedure  (1.5N 
HC1/Hethano l ,  65*C).  At cyc le  fir no r es i due  could be i d e n t i f i e d ,  and i t  i s  
proposed to  be a g l y c o a y l a t e d  Asn res idue  (see t e x t ) .  

p e r f o r m e d .  T h e n  1 mg o f  t h e  h u m a n  g l y e o p e p t i d e  w a s  a d d e d  a n d  s d o u b l e  c o u p l i n g  
done for the first cycle only. The sequence was extended to 50 cycles without any 
further modifications. All conversions of the phenylthiazolinones to phenylthiohy- 

dantoins (PTH) were done sutomatically immediately following the cleavage step 

using 1.5 N HC1/HeOH at 65°C. This allowed good recoveries for PTH-Ser and PTH-Thr 

(see Fig. 2). The PTH-amino acids were separated by HPLC on an Altex 5u-ultra- 

sphere ODS (0.46 x 25 cm) as previously reported (7) except that PTH-Glu and PTH- 

Asp were detected as their respective methyl esters, PTH-NorLeu was used as an 

internal standard~ and detection made at 269 nm. 
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Table 1 

Amino a c i d  a n a l y s i s  f o l l o w i n g  24,  48 and 72 hra  ac id  h y d r o l y s i s  of  the  i s o l a t e d  
HPGP. Each va lue  r e p r e s e n t s  the  mean of  t r i p l i c a t e  a n a l y s i s .  The amountB o f  
g lucoaamine  (GleN)  and g a l a c t o s a m i n e  (GAIN) were not c o r r e c t e d  for  h y d r o l y s i s  
losses  due to  t h e i r  d e s t r u c t i o n .  

Amino Acid 24 hrs 48 hra 72 hrs I n t e g e r  
Values 

Aax 3 . 8 8  3 . 0 8  3 . 7 8  4 
Thr 1 .00  0 . 9 6  0 . 9 3  1 
Set 1 .91  1 . 7 3  1 . 5 7  2 
Glx  5 . 3 9  5 . 4 0  5 . 3 9  5 
Pro 5 .49  5 .45  5 . 4 6  5 

Gly 3 . 0 3  2 . 9 6  2 .9A 3 
Ale 7 . 6 8  7 . 6 8  7.66  @ 
Val  0 . 7 3  0 . 7 3  0 .71 1 
Leu 6.01  6 . 0 0  6 . 0 0  6 
Tyr 0 . 1 9  0 .1B 0 , 1 8  1" 
Phe 0 . 9 4  0 . 9 3  0 . 9 3  1 
Arg 2 .00  2 .11  2 . 0 3  2 
Glen 0 .88  0 . 3 5  0 .27  +++ 
GalN 0 . 1 2  0 . 0 4  0 .02  + 

Presumed T o t a l  39 

t The Tyr va lue  is  low even in presence o f  phenol  in the  h y d r o l y s i s  t u b e ,  
T h e r e f o r e  a l though  Tyr c a r b o x y - t e r m i n s l  was found (see  F i g .  2, 3 ) ,  the  amino ac id  
compos i t ion  da ta  i n d i c a t e  t h a t  about 80~ of  the  i s o l a t e d  molecules  l o s t  t h e i r  
C - t e r m i n a l  Tyr .  

(d) Polyacrylamide/SDS slab gel electrophoreeis 

The polyaerylamide slab gel electrophsresis contained 15% aerylamide 

and was performed according to Laemmli (8). The molecular weight markers used 

varied between 94,000 and 14,000 daltons (Pharmacia Fine Chemicals). 

Results 

In Fig. IA, the initial fraetionation of the human pituitary e×Lract 

(unretained peak on CH-cellulose) by HPLC is depicted. The peak denoted HNT repre- 

sents the human Nmkerminsl segment of pro-apiomelanoeortin previously reported 

(1,2). The peak denoted HPGP (human pituitary glycopeptide) was repurified under 

the same conditions as shown in Fig. 18 and provided the peptide on which sequence 

was performed. Furthermore on 5DS slab gels this peptide migrated as a single band 

with an apparent molecular weight of 12,B00. 

In Table I, the results of the amino acid analysis of this peptide are 

shown. It is seen that based on these data the length of the peptide is presumed 

to be 39 amino acids. The low Tyr value indicates that about 80% of the isolated 

peptide lacks a Tyr residue. Furthermore, the presence of glucosamine (GleN) and 

some galactosamine (GalN) indicated that this peptide is glyeoaylated. 

The yields of each PTH-amino acid during the sequence of this pepbide 

are shown in Fig. 2. It can be seen that at cycle G no residue could be iden- 

tified. This sequence proceeded directly to the C-terminal Tyr residue. It is, 

however, noted that the yield of the C-terminal Tyr is low as was expected from the 
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Fig. 3. Proposed complete sequence of the isolated human pituitary glycopeptide. 
A comparison with the sequences reported for the homologous pig, sheep and ox pep- 
tides (4) is also shown. Residues that differ from the human structure are boxed 

in. 

amino acid composition (Table I). Based on these sequence results (Fig. 2) and the 

amino acid composition (Table I), it can be seen that 38 out of the 59 residues can 

be accounted for by the sequence, with the exception of one Asx residue. Since 

this peptide is glycosylated, the presence of the characteristic triad Asx6-X-Thr 8 

would place the missing Asx as a glycosylated Asn at residue 6. This conclusion is 

supported by the absence of an identifyable residue st cycle 6, which can be 

explained by the insolubility of glycosylated Asn in the butylchloride sequencer 

solvent (2,9). Furthermore, this would fit with the rule that glycosylated Asn is 

always present in a characteristic Asn-X-Thr(Ser) sequence (10). Also, Asn-linked 

oligosaccharides are very rich in glucosamine (11) and could contain minor amounts 

of galactosamine (12). This is exactly what was observed in Table I, where the 

ratio of GIcN to GalN (uncorrected for hydrolysis loss) is large. Accordingly, the 

proposed sequence of this 39 amino acids human glycopeptide is shown in Fig. 3. 

Here s comparison is also made with that reported for homologous peptides obtained 

from pig (3,4), ox (4) and sheep (4) pituitaries. 

Discussion 

As seen from Fig. 3, only 5 to 6 variations out of 39 are observed 

between the sequence of this human peptide and those of ox, sheep and plg homo- 

logues (4). Furthermore, all the homologous peptides isolated have a maximum 

length o[ 59 residues and are glycosylsted at Asn-6. Although o shorter peptide 

was first isolated (residues 1-17) from pig posterior pituitaries (5), its presence 

in this tissue would suggest that it could be synthesized in the hypothalamus, 

rather than the pituitary. If so, it would then be transported and stored in the 

neurohypophysis (13). In this tissue few hormones are known to be present, namely, 
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the neurophysins (NP) and their associated arginine vasopressin (AVP) and oxytocin 

(OT) (I~), pro-enkephalins (15,16), pro-somatostatin (17,18) and pro-cholecys- 

tokinin (19). Recently the biosynthesis of AVP and OT indicated that these two 

hormones are synthesized via two separate precursors containing two neurophysins 

(I),20,21). DiFferent from the NP-OT precursor, the NP-AVP one contains an "N- 

terminal" N-glycosylated extension (20). Based on the reported apparent molecular 

weights (Mr) on SDS [20,000 (13) to 23,000 (20)] and those known for neurophysins 

(about 10,000) and AVP (about 1000), the expected Mr on SDS for the glycopeptide 

extension for pro-NP-AVP would vary between 9,000 and 12,000. 

From the data presented in this paper, and the above considerations, 

the )9 residues glycopeptide isolated may be part of the missing "N-terminal" 

extension of pro-NP-AVP, since its Mr on SDS is 12,800 and a similar glycopeptide 

is found in the posterior lobe of porcine pituitaries (N. Larivi~re, unpublished 

data). A similar abnormal migration on SDS (Mr I),000) has also been observed for 

the glyeosylated 39 residues mouse ACTH (22). Furthermore, slnce in all species 

studied, Tyr-39 occupies the C-terminal residue, it would not be surprislng if in 

the precursor form of this molecule, a pair of basic residues would follow the Tyr 

moiety, similar to what is known about pro-secretory proteins (2,2)-25). However, 

this glycopeptide could also form part of another precursor molecule synthesized in 

the hypothalamus, pro-somatostatin (17,18) and pro-opiomelanocortin (1,2) now being 

excluded. It is therefore necessary to delienate between these various possibi- 

lities as to the origin and functional role of this highly conserved glycopeptide. 
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