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An amino-terminal fragment of pro-opiomelanocortin (POMC) has been iso- 
lated from bovine intermediate pituitaries by reversed-phase high-performance 
liquid chromatography. Peptide mapping and amino acid analysis indicated that 
the primary sequence corresponds exactly to that predicted by cDNA techniques 
for the first 49 residues of POMC including the presence of four cysteine 
residues. This peptide is almost certainly generated together with the 
y-melanotropins during the biosynthetic processing of the 16K amino-terminal 
fragment of bovine POMC. Careful analysis of the fragments resulting from V 8 
protease and trypsin digestion has permitted assignment of cystine bridges 
between residues 2 and 24 and between residues 8 and 20. 01984 Acad~icPress. Inc. 

Pro-opiomelanocortin (POMC) is a multi-hormone precursor which consists 

of various domains connected by pairs of basic amino acid residues (see I and 

2 for reviews). The best understood of the biosynthetic products is adreno- 

corticotropin (ACTH) which lies in the central portion of POMC. B-Lipotropin 

(~-LPH) comprises the sequence immediately to the carboxyl-terminal side of 

ACTH, while the so-called 16K fragmenL constitutes the amino-terminal region. 

An acidic joining peptide links the 16K fragment to ACTH. It is now accepted 

that within the anterior pituitary, the major biosynthetic products are the 

16K fragment, joining peptide, ACTH and B-LPH. In the intermediate pituitary 

biosynthetic processing is more complete. While processing of ACTH and B-LPH 

to their respective components is essentially complete, it is known that 16K 

fragment is only partially processed. Towards the carboxyl-terminus of 16K 

fragment there is a third melanotropin-like sequence (y-MSH). Various 

Abbreviations: POMC, pro-opiomelanocortin, ACTH, adrenocorticotropin; ~-LPH, 
~-lipotropin; 16K fragment, 16,000 Dalton fragment of POMC; y-MSH, 
y-melanotropin; RP-HPLC, reversed-phase high performance liquid chromatography; 
ODS-silica, octadecylsilyl-silica; TFA, trifluoroacetic acid. 
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molecular forms of y-MSH have been identified. They all share the novel 

feature of retaining a lysine residue at their amino-termini (3,4,5). This 

constitutes one half of an original arginy149-1ysine50 sequence which is the 

point of cleavage of the 16K fragment. The remaining portion of the 16K 

fragment, presumably comprising the first 49 residues, has been detected in 

extracts of rat intermediate pituitaries (6,7) but has never been charac- 

terized by amino acid analysis and peptide mapping techniques. This paper 

reports the isolation of the 1-49 portion of the 16K fragment of POMC from 

bovine posterior pituitaries. Peptide mapping using reversed-phase high 

performance liquid chromatography (RP-HPLC) permitted the correct assignment 

of the cystine bridges. 

MATERIALS AND METHODS 

Tissue extraction and peptide purification: 

Eighty lyophilysed bovine posterior pituitaries (5.3 g dry weight, 
Pel-Freez Biologicals, Rogers, Arkansas, U.S.A.) were defatted as described 
previously (8). The pituitary powder (4.2 g) was homogenized in 100 ml of an 
acidic extraction medium as described previously (9). Following centri- 
fugation, the pellet was re-extracted with another i00 ml of extraction 
medium. The combined supernatants (i.e. 200 ml) were subjected to repeated 
batch reversed-phase extraction using a total of I0 octadecylsilyl-silica 
(ODS-silica) cartridges (C18 Sep-Pak cartridges, Waters Associates) as 
described previously. The eluates from the 10 ODS-silica cartridges were 
combined in a i00 ml conical flask (total volume 45 ml of 80% acetonitrile 
containing 0.1% trifluoroacetic acid (TFA)) and the volume reduced to approxi- 
mately 8.0 ml by removal of the acetonitrile. The pH of the aqueous residue 
was raised to approximately 5.5 by drop-wise addition of 10N sodium 
hydroxide. This initial peptide enriched extract (approximately 50 mM in 
terms of sodium ions) was further fractionated by batch anion-exchange extrac- 
tion using a BIO-SIL TSK DEAE-3SW HPLC column as follows. The anion-exchange 
column was first equilibrated with 50 mM ammonium acetate (pH5.5) and then the 
extract was pumped directly onto the column using one of the HPLC pumps. The 
column was then washed with 50 ml of 50 mM ammonium acetate (pH5.5) and 
finally eluted with 20 ml of 1 M ammonium acetate (pH 5.5). The above 
operations were performed at a flow rate of 2 ml per minute. The pH of the 
anion-exchange eluate was reduced to approximately 2 by drop-wise addition of 
TFA and then applied to two C18 ~Bondapak RP-HPLC columns (Waters Associates) 
connected in series essentially as described previously (9). The column was 
eluted with a linear of gradient of aqueous acetonitrile containing 0.1% TFA 
throughout. Fractions containing the 16K fragment were subjected to 
sequential repurification steps using solvents containing 0.13% heptafluoro- 
butyric acid, 0.01M triethylamine acetate (pH 5.5) and finally 0.1% TFA 
exactly as described previously for other pituitary peptides (i0). 

Characaterization of bovine 16K fragment (1-49): 

Trypsin (Type XI, DPCC treated, Sigma), ~-chymotrypsin (Type VII TLCK treated, 
Sigma) and V 8 protease (S.aureus, Miles Laboratories) digestions were 
performed at 37°C in 200 ~i of 50mM ammonium bicarbonate buffer (pH 8.0) which 
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had previously been saturated with argon. Separations of peptide fragments 

were performed using a Waters C18 ~Bondapak column eluLed with linear 

gradients of 1.6% to 48% acetonitrile containing 0.1% TFA throughout over i 

hour at a flow rate of 1.5 ml per minute. Amino acid analyses were done using 
a Beckman 6300 series autoanalyzer. Tryptophan was determined following 

chymotryptic digest of i nmole of 16K fragment (12 hours digest with enzyme to 
peptide ratio of 1:20 by weight). The digestion products were analyzed by 

RP-HPLC using a linear gradient of from 1.6% to 21.6% acetonitrile over 30 

minutes at 1.5 ml per minute. Under these conditions tryptophan eluted at 18 

minutes. Tryptophan released during enzymatic digestion was determined by 
comparing the peak area (214 nm) with that of the standard. 

RESULTS 

Following batch extraction of bovine posterior pituitaries by ODS-silica 

and DEAE-silica a fraction enriched in acidic peptides was obtained. The 

RP-HPLC of this material revealed a chromatogram dominated by neurophysin and 

acidic peptides derived from bovine POMC (Fig. i). Experience with the HPLC 

fractionation of rat neurointermediate pituitaries (11) indicated that the 

1-49 sequence of 16K fragment should have an elution position corresponding to 

approximately 37% acetonitrile. A large amount of material with this charac- 

teristic eluted between 108 and 117 minutes (Fig. 1) and was purified (see 
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Figure I: Initial reversed-phase HPLC of acidic peptides extracted from 80 
bovine posterior pituitaries. Two C18 DBondapak columns connected in series 
were eluted over 3 hours with a gradient of 1.6% to 61.6% acetonitrile 
containing O.I%TFA throughout at a flow rate of 1.5 ml per minute. Fragments 
of bovine POMC (12) were identified by amino acid analysis as acidic joining 
peptide, corticotropin-like intermediate lobe peptide (CLIP) and the 1-49 
sequence of 16K fragment (16KI_49). The 16K fragment was repurified as 
outlined in the text and subjected to V 8 protease/trypsin digestion as shown 
in Figure 2. 
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Table 1. Amino acid compositions* of bovine 16K fragment (1-49) 
and of its V8 protease/trypsin (VT) peptides 

Peptide POMC VTI VT2 VTIA VTIB VT2A VT2B VT2C VT2D 
1-49 (5-14 (1-4 (5-14) (15-22) (I-4) (I-4) (23-49) (23-49) 

+15-22) +23-49) 

CysO 3 1.5(2) 1.7(2) 0.6(1) 0.7(1) 
Asx 5.7(6) 1.7(2) 3.2(4) 0.9(1) 1.0(I) 
Thr 3.7(4) 1.7(2) 1.3(2) 1.9(2) 0(0) 
Ser 2.2(3) 0.9(3) 0.4(i) 1.0(2) 0.7(1) 
Glx 8.6(8) 3.1(3) 5.0(5) 3.0(3) 0(0) 
Pro 4.8(5) 0(0) 4.5(5) 0(0) 0(0) 
Gly 1.8(2) 0(0) 1.2(2) 0(0) 0(0) 
Ala 2.9(3) 0.8(I) 1.6(2) 0(0) 0.9(I) 
½Cys 2.3(4) - - 
Val 1.1(1) o(o) o .8( i )  o(o) o(o) 
lie 1.0(I) 0.9(I) 0(0) 0(0) 0.8(i) 
Leu 6.7(6) 3.2(3) 3.1(3) 0.9(I) 2.2(2) 
Phe 1.0(i) 0(0) 0.8(I) 0(0) 0(0) 
Lys 0.9(1) 0(0) 0.9(1) 0(0) 0(0) 
Arg 1.9(2) 0.8(i) 0.9(1) 0(0) 0.9(1) 
Trp 1.1"*(i) ND(O) ND(1) ND(O) ND(0) 

0.2(1) 0(0) 0.3(i) 0(0) 
0(0) 0(0) 3.9(4) 4.0(4) 
0(0) 0(0) 2.2(2) 2.0(2) 
0(0) 0(0) 0.6(1) 0.5(1) 
1.0(i) 1.0(I) 4.0(4) 4.2(4) 
0(0) 0(0) 5.0(5) 4.9(5) 
0(0) 0(0) 1.4(2) 1.6(2) 
0(0) 0(0) 1.6(2) 1.7(2) 
0(0) 0.2(1) 0(0) 0.6(I) 
0(0) 0(0) 0.9(1) 1.1(1) 
0(0) 0(0) 0(0) 0(0) 
1.0(I) 1.0(i) 2.0(2) 2.0(2) 
0(0) 0(0) i.i(i) 0.8(I) 
0(0) 0(0) 0.8(I) 1.0(1) 
0(0) 0(0) 1.0(I) 0.9(1) 
ND(1) ND(1) ND(0) ND(0) 

*Amino acid analyses were performed after hydrolysis in vacuo in constant boiling 
HCI for 48 hrs at 110°C. The expected values according to ref. 12 are shown in 
parenthesis. Values for methionine, tyrosine and histidine were zero throughout. 
Serine and threonine values have not been corrected for losses during hydrolysis. 
**Tryptophan was estimated by reversed-phase HPLC as described in the text. 
ND -not determined due to destruction during hydrolysis. 

Methods). The amino acid composition closely resembled that predicted for the 

1-49 sequence of bovine 16K fragment by eDNA techniques (12) (Table I). The 

yield of this 16K fragment from 80 posterior pituitaries was approximately 150 

nmoles or 800 ~ g. To determine the cystine bridge structure, this 16K 

fragment was digested with a mixture of V 8 protease and trypsin in order to 

cleave the peptide at three strategic points namely, -Glu4-Ser5- and 

-Glul4-Serl5- (both V 8 protease sites) and -Arg22-Ala23- (a trypsin site). 

The resulting RP-HPLC peptide map is shown in Fig. 2. The amino acid analyses 

of the two major fragments VTI and VT2 are shown in Table I. It was clear 

from these results that the 5-14 sequence was linked to the 15-22 sequence 

(VTI) and the i-4 sequence was linked to the 23-49 sequence (VT2). To confirm 

these findings the cystine bridge in each fragment was cleaved. VTI was 

subjected to performic acid oxidation and then re-analyzed by reversed-phase 

HPLC (Fig. 3 top), Fragments VTIA and VTIB were observed whose amino acid 

compositions (Table i) corresponded exactly to that expected for the sequences 

predicted for fragments 5 to 14 and 15 to 22 respectively (Fig. 4). Performic 
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Separation of fragments derived from the 16K fragment by digestion 
with V 8 protease and trypsin. 30 nmoles (i.e. approximately 150 ~g) of 
peptide was incubated with 50 pg V 8 protease and 25 ~g of trypsin for two 
hours in 200 ~i of 50 mM ammonium bicarbonate buffer (saturated with argon) at 
37°C. Digestion products were separated by reversed-phase HPLC using a linear 
gradient of aqueous acetonitrile containing 0.1% TFA throughout. The amino 
acid compositions for fragments VTI and VT2 are shown in Table I. Fragment 
VT3 was identical in composistion to CT 2 but for the apparent absence of the 
carboxyl-terminal sequence 45-49. Thus VT3 is a minor chymotryptic cleavage 
product. All other peaks were present in an enzyme blank. 

Figure 3 (top): Separation of the two peptides comprising fragment VT1 
derived from a V 8 protease/trypsln digest of the purified 16K fragment (Figure 
2). VTI was subjected to performic acid oxidation and the products separated 
by reversed-phase HPLC using a linear gradient of aqueous acetonitrile 
containing 0.1% TFA throughout. The amino acid compositions for fragments 
VTIA and VTIB are shown in Table I. 

(bottom): Separation of the peptides comprising fragment VT 2 derived 
from a V 8 protease/trypsin digest of the purified 16K fragment (Figure 2). 
VT2 was incubated in 200 UI of 50 mM ammonium bicarbonate buffer for 14 hours 
at 37°C and the products separated by reversed-phase HPLC using a linear 
gradient of aqueous acetonitrile containing 0.1% TFA throughout. Fragments 
VT2 A to E were subjected amino acid analysis (Table i). 
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acid oxidation was not suitable for VT2 since it contained tryptophan. VT2 

was instead incubated in buffer saturated with oxygen since the cystine bridge 

tends to spontaneously cleave under these conditions generating a mixture of 

fragments containing either cysteine or cysteic acid. The fragments generated 

2 3 3  
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Figure 4: V 8 protease/trypsin peptide map of the purified 16K fragment. The 
amino acid compositions of the parent peptide and its various fragments are 
consistent with the 1 to 49 sequence of bovine POMC predicted by cDNA 
techniques (12). The results clearly assign cystine bridges between 2 and 24 
and between 8 and 20. V 8 T: Cleavage sites of V 8 protease and trypsin 
respectively. +'+ 

from VT2 were analyzed by reversed-phase HPLC (Fig. 3 bottom). In addition to 

the parent peptide VT2E, four fragments were observed VT2A,B,C and D. Amino 

acid analysis (Table i) revealed that VT2A and B corresponded to the oxidized 

and reduced forms of the sequence 1-4 respectively and VT2C and D corresponded 

to the oxidized and reduced form of the sequence 23-49 respectively. 

DISCUSSION 

The 16K fragment of POMC has been purified from human and porcine 

anterior pituitaries and characterized by peptide mapping and sequence 

analysis (13,14). In addition the 16K fragment from the mouse anterior 

pituitary cell line has been partially characterized using a micro-sequencing 

approach (15). In each instance the observed primary structure corresponded 

exactly to that predicted by cDNA techniques. Novel extended and shortened 

forms of the 16K fragment have recently been isolated from porcine anterior 

pituitary (16). Several forms of y-MSH have been isolated from rat and bovine 

intermediate pituitaries (3,4,5). These findings indicate that a form of 16K 

fragment consisting of 49 residues should be produced during the biosynthesis 

of y-MSH. Several studies, most notably those by Mains and Eipper (5) and 

Jackson et al (6) have indicated that such a peptide is to be found in rat 

intermediate pituitary tissue. This communication reports the successful 

isolation of such a peptide from bovine neurointermediate pituitaries. ~nino 

acid analysis indicated that the amino-terminal tryptophan is not aeetylated 
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