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An M, 21000 polypeptide, designated APPG, has been purified by reverse-phase, high-performance 
liquid chromatography (RP-HPLC), from acid extracts of porcine anterior pituitary glands. This acidic 
protein possesses an isoelectric point of 4.9. Amino acid analysis shows that it is not a glycoprotein and 
estimates it to contain about 173 amino acids. NHz-terminal sequence analysis allowed the determination 
of the first 50 residues unambiguously. A computer data bank search using a mutation data matrix and 
comparison with 269 012 protein segments indicated that this is a novel polypeptide sequence. However, 
this search revealed suggestive sequence homologies to a number of peptides of known sequence, includ- 
ing duck proinsulin (30%), Rous sarcoma virus transforming protein TVFV60 (248) and pig secretin 

(26%). 

Anteriorpituitarypeptide sequence Proinsulin 

1. INTRODUCTION 

The anterior lobe of the pituitary is a source of a 
number of biologically active polypeptides includ- 
ing growth hormone, prolactin, the gonadotropins, 
thyrotropin and pro-opiomelanocortin (POMC), 
the precursor of adrenocorticotropin and /?-en- 
dorphin. During the course of reverse-phase, high- 
performance liquid chromatography purification 
of the NH2-terminal glyco-segment of POMC [l] 
from porcine anterior pituitary HCl/acetone ex- 
tracts, a hydrophobic peptide eluting close to the 
porcine growth hormone position was isolated. 
Since we were looking for a shorter and more hy- 
drophobic NHz-terminal segment of POMC [2] we 
thought that the isolated polypeptide was related 
to the sought fragment. However, this turned out 
not to be the case, but rather a novel polypeptide 
was isolated. This report deals with the isolation 
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Secretin Rous sarcoma virus transforming protein 

and partial structural characterization of this pro- 
tein. From the primary structure obtained a num- 
ber of sequence homologies were deduced with 
proinsulin, secretin and Rous sarcoma virus trans- 
forming protein TVFV60. 

2. MATERIALS AND METHODS 

2.1. Isolation andpurljkation ofporcine APPG 
Fresh anterior pituitary glands dissected at a lo- 

cal slaughterhouse and immediately frozen in liq- 
uid nitrogen provided the original source of the 
isolated material. Following HCl/acetone extrac- 
tion [ 1,2], the acid-acetone powder thus obtained 
was then dissolved in water and the solution 
brought to 6% (w/v) NaCl and pH adjusted to 3.0. 
The precipitate obtained was centrifuged, re- 
dissolved in water and the salt removed by ultra- 
filtration [1,2]. The desalted and lyophilized ex- 
tract was then subjected to preparative reverse- 
phase, high-performance liquid chromatography 
(RP-HPLC) on a p-Bondapak Cl8 column (0.70 x 

30 cm) using a linear gradient of 2-propanol in 
0.1% trifluoroacetic acid [3] (fig.lA). Repurifica- 
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tion of the material denoted APPG (anterior pitui- 
tary pig) was carried out on a p-Bondapak Cl8 col- 
umn (0.39 x 30 cm) using a linear gradient of 
acetonitrile in 0.1 M heptafluorobutyric acid [3] 
(fig.lB,C). This method allowed the isolation of 
-2.5 mg APPG, from - 1 g pig anterior pituitary 
extract. 

2.2. M, and isoelectric point estimation 
The Mr of the purified APPG (fig.lC) was esti- 

mated using slab sodium dodecyl sulfate-poly- 
acrylamide gel electrophoresis (SDS-PAGE) as in 
]4] at 3 different acrylamide gradient concentra- 
tions (lo-15%, lo-20% and 15-25s) (fig.2). Two- 
dimensional SDS-PAGE/isoelectric focusing was 
done as in 151. 

2.3. Amino acid analysis and sequence determina- 
tion 

Triplicate amino acid analysis of hydrolysates of 
the native and performic acid oxidized APPG were 
carried out at 24, 48 and 72 h in 5.7 N HCl at 
108°C under vacuum, using an updated Beckman 
120C amino acid analyzer (table 1). 

Automated liquid phase Edman degradation 
was performed in duplicate on 1.4 mg of the re- 
duced and carboxymethylated APPG, using a 
0.3 M Quadrol program as in [ 1,2,6], on a Beck- 
man 890C sequencer equipped with a Sequemat P- 
6 automatic converter. Phenylthiohydantoins ob- 
tained were identified by RP-HPLC as in 161. 

3. RESULTS 

The initial purification of APPG is shown in 
fig.lA. This peptide elutes at -40% 2-propanol on 
this column. Repurification of material under the 
peak designated APPG is shown in fig. 1 B,C where, 
under this system, APPG elutes at -52% of 
acetonitrile. 

The homogeneity of the preparation was check- 
ed on a slab SDS-PAGE system as shown in tig.2. 
It is seen that the isolated APPG is homogeneous 
and migrates with app. M, 21 000. Upon two-di- 
mensional isoelectric focusing the peptide was also 
found to migrate as a single band and the esti- 
mated isoelectric point was ~14.9 (not shown). 

The amino acid composition of APPG is de- 
picted in table 1. Excluding tryptophan, it contains 
173 amino acid residues. Neither glucosamine nor 
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Fig. 1. Reverse-phase HPLC purification of APPG from 
pig anterior pituitary HCl/acetone extracts using Model 
322 Beckman HPLC instrument. (A) The extract was 
eluted from a Waters p-Bondapak Cts column (0.78 x 

30 cm) with a linear gradient of 2-propanol from 20- 
60% in 0.1% trifluoroacetic acid (TFA) at 2 ml/min. Re- 
purification of material under the arrow is shown in 
(B,C). Here a Waters p-Bondapak Crs column (0.39 x 
30 cm) was eluted with a linear gradient of acetonitrile 
from 40-6055 in 0.01 M heptafluorobutyric acid 
(HFBA) (31 at 1.5 ml/mm Material under the arrow (C) 
represents the APPG peptide analysed. The dashed line 

in each chromatogram represents the gradient used. 

galactosamine was detectable showing that APPG 
is not glycosylated. 

The PTH-amino acid yields of the NHZ-terminal 
sequence of APPG are shown in fig.3. The first 50 
residues were identified unambiguously giving an 
overall repetitive yield of -97.7%. The deduced 
sequence is shown in the top line of fig. 4,5. 

4. DISCUSSION 

In order to verify whether this is indeed a novel 
sequence, and if so, the homologies between this 
sequence and that of known proteins, a computer 
data bank search was performed using M. 
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Fig.2. SDS-PAGE of APPG in a 10-20X poly- 
acrylamide gradient slab gel. The marker proteins of 
known Mr used for calibration are phosphorylase b 
(94000), bovine serum albumin (67 000), ovalbumin 
(43 000), carbonic anhydrase (30 000), soybean trypsin 

inhibitor (20 100) and a-lactalbumin (14 000). 

Dayhoffs mutation data matrix SEARCH pro- 
cedure [7,8]. The program SEARCH [8] compares 
a test sequence of, for example, 50 residues (as for 
APPG) with all 50 residue segments of the protein 
sequences in the data base and with progressively 
shorter segments at the ends of those sequences. 
The distribution of scores of unrelated sequences is 
approximately normal; related segments appear in 
an abnormally long tail of high scores. Typically, 
for a 50 residues segment, all corresponding se- 
quences of the same protein family (sequences 
< 50% different) appear above the distribution of 
scores of unrelated segments. Therefore, the pro- 
gram SEARCH is used as a screening procedure to 
identify possible candidates for relationship to the 
test sequence. Unless the homology is obvious and 
extensive, another computer program ALIGN [8] 
is used to assess the probability that the sequence 
alignment obtained could have occurred by 
chance. Such a procedure measures the relatedness 
in standard deviation (SD) units above the dis- 
tribution of chance relationships. Under such strin- 
gent search conditions, the results obtained 

Table 1 

Amino acid composition of APPG 

Amino 
acid 

Hydrolysis time (h) 

24 48 72 

Nearest 
integer 

ASP 
Thr 
Ser 
Glu 
Pro 

G’Y 
Ala 
cysa 
Val 
Met 
Be 
Leu 
Tyr 
Phe 
LYs 
His 
Arg 
Glu-NHzb 
Gal-NH$ 

TrpC 

21.10 20.66 
6.92 6.49 
7.07 6.15 

26.54 25.86 
16.31 16.14 
17.95 17.89 
9.78 9.41 
2.07 2.01 
6.55 6.78 

2.95 
7.26 

15.87 
5.39 
5.85 
8.35 
7.56 
7.57 

2.96 
7.09 

16.05 
5.53 
5.86 
8.49 
7.72 
7.68 
0 
0 

20.74 21 
6.40 7 
5.83 7 

25.66 26 
17.32 17 
17.62 18 
9.62 10 
1.96 2 
7.15 7 
3.07 3 
7.41 7 

15.94 16 
5.52 5 
5.91 6 
8.40 8 
7.56 8 
7.56 8 

Walue taken as oxidized derivative, cysteic acid 

bGlu-NHZ, glucosamine; Gal-NH2, galactosamine 

CNot determined 

showed that out of a total of 269 012 protein seg- 
ments screened containing 1715 sequences, only 
proinsulin, Rous sarcoma virus transforming pro- 
tein TVFV60 and secretin [7] bear suggestive se- 
quence similarities (> 20%) to this novel peptide. 
Furthermore, from the scores obtained using the 
ALIGN program for APPG comparison with duck 
proinsulin (2.9 SD), TVFV60 (2.6 SD) and secretin 
(2.3 SD), it can be argued that the probability of 
such similarities being due purely to chance would 
be < 10u3 for duck.‘proinsulin, c 5 x lo-* for 
TVFV60 and < lO-* for secretin. 

Accordingly, in fig.4 the sequence of the various 
proinsulins is compared with that obtained for 
APPG. It is seen that starting from residue 26 of 
the B-chain of proinsulins duck proinsulin bears 
the greatest homology showing 15 out of 50 resi- 
dues identity. The order of homologies was: duck 
(IPDK 30%) chicken (IPCH 22%) rat 1 (IPRTl 
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Fig.3. Yield of each PTH-amino acid obtained during sequencing of APPG, as a function of sequencer cycle number. 
The numbers above each peak denote the assigned sequence position of that particular residue. The numbers in 

parentheses for Glu and Asp mean that these residues are Gln and Asn, respectively. 

20%) horse (IPHO 20%) rat 2 (IPRT2 20%) found in all proinsulins joining the connecting 
human (IPHU IS%), ox (IPBO 16%) and pig peptide with the B and A chains (see f&A), Pro- 
(IPPG 14%). This result also shows that the APPG Asp and Met-Asn pairs are found, hence explain- 
peptide isolated, which contains only 2 cysteine ing the absence of cleavage of APPG at these resi- 
residues, would not form the disultide bridges dues [6,9]. . 
found in proinsulins. Furthermore, in place of the In fig.5, comparison is made between the APPG 
2 pairs of basic residues Arg-Arg and Lys-Arg deduced sequence and that reported for segment 
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Figd. Deduced NHz-terminal sequence of the first 50 residues of APPG. Best alignment of this sequence with that of 
proinsulins starting at residue 26 of the B-chain is also shown. Gaps have been introduced for maximum homology. 
Proinsulins are denoted by the first two’letters (IP) and the species by the last two: duck (IPDK), chicken (IPCK), rat 
(IPRTt and IPRTz), horse (IPHO), human (IPHU), ox (IPBO) and pig (IPPG). Identical residues are boxed in. The 

* represents the carboxyterminal residue. 

138-190 of Rous sarcoma virus transforming pro- 
tein TVFV60 [lo] and whole pig secretin, SEPG 
[ll]. It is seen that APPG contains 12 out of 50 
residues identity (24%) with TVFV60 and 7 out 28 
residues identity (26%) with pig secretin. That such 
homologies are significant is supported by the mu- 

tation data matrix SEARCH, which gave the high- 
est match scores with duck proinsulin, TVFV60 
and pig secretin [7]. 

Based on the properties of APPG, the partial 
sequence determined and the comprehensive com- 
puter data bank search results, it is clear that this is 
a novel sequence. The structural homology to pro- 
insulin, TVFV60 and secretin allows us to specu- 
late on their possible common ancestral origin and 
perhaps common functional properties. 

In this respect, it is interesting to note that a 
family of polypeptides classified as transforming 

growth factors (TGFs) have been found in various 
neoplastic cells and tumors [ 12,131 and most re- 
cently in many non-neoplastic tissues [14,15]. 
These TGFs were reported to possess many sim- 
ilarities with APPG; all of them are acidic and 
heat stable and have low Mr-values (7000-23 000) 
and one of them, isolated from a human epider- 
moid carcinoma cell in [ 131 has the same app. Mr 
(21 000). Further comparison is not possible in 
view of the lack of sequence data on this trans- 
forming protein. 

Concerning the sequence homology to pro- 
insulins, it is noteworthy that pig proinsulin is the 
least homologous to pig APPG. A similar observa- 
tion was reported for another anterior pituitary 
peptide [6], where it was found that the NHz-ter- 
minal segment of human pro-opiomelanocortin 
was to some extent homologous to a number of 

Fig& Alignment of the APPG sequence with duck proinsulin (IPDK) starting at residue 26; Rous sarcoma virus 
transforming protein (TVFV60), starting at residue 138; and pig secretin (SEPG) starting at residue 1. The * denotes the 

carboxyterminal residue. Identical residues are boxed in. 
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calcitonins but least to human calcitonin [6]. From 
the computer data bank search it was found that 
the insulin-like growth factors I and II did not 
show any significant homology to APPG, nor did 
relaxin [7]. With respect to secretin, when the com- 
plete genomic structure of pro-secretin will be 
known, the carboxyterminal segment could then 
be compared with APPG in order to ascertain the 
importance of such homology which is presently 
only with the 28 residues secretin. Therefore, it is 
still too early to evaluate the importance of APPG 
and its biological role. It is hoped that the comple- 
tion of its primary structure and the screening for 
biological activities will shed more light on this in- 
teresting novel polypeptide. 
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