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1. Introduction 

The neurophysins are a class of disulfide-rich pro- 

teins which reversibly bind oxytocin and vasopressin 
(for recent reviews see refs. [l] and [2]). Bovine 
neurophysin II (BNP-II) is the only neurophysin for 
which the complete covalent structure is known [3,4]. 
The sequence of porcine neurophysin I (PNP-I) has 
also been reported [.5] and tentative complete cova- 

lent structures for bovine and human neurophysin I 
(BNP-I and HNP-I) have been proposed [6]. 

In order to gain further insight into the evolution- 
ary history of neurophysins [7] and their structural 
requirements for binding neurohypophyseal hormones, 
we determined the sequence of one of the major neuro- 

physin proteins of sheep (ONP-III). The work by 
Chauvet et al. [8], describing 27 residues of the N- 
terminal sequence of ONP-III, prompts us to report 
our data at this time. 

2. Material and methods 

ONP-III, prepurified by the procedure of Watkins 
[9], was subjected to final purification by preparative 
disc electrophoresis as detailed by Schaechtelin et al. 
[lo]. For automated sequential analysis with a Beckman 
890 protein sequencer using a double cleavage 
Quadrol program [ 1 l] , one sample was oxidized by 
treatment with performic acid [ 12 ] and another re- 
duced and S-alkylated with I4 C-iodoacetic acid [ 131. 
Peptides suitable for manual Edman degradation were 
secured from a third sample of ONP-III, which was 
S-alkylated with iodoacetic acid and maleated [ 141 
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at the N-terminal amino group and the NE groups of 
the Lys residues; one aliquot of this modified protein 
was cleaved at the carboxyl side of Arg residues by 
treatment with trypsin [ 151 and another was frag- 
mented at the carboxyl side of Glu residues by sta- 
phylococcal protease [ 161 as described [ 141. The 
resulting peptides were purified by chromatography 
on a Bio Gel P-6 column under previously described 
conditions [ 141. This previous report also details the 
amino acid analysis and manual Edman degradation 
procedures used as well as the approach for the C- 
terminal analysis of ONP-III following carboxypeptidase 
digestion of a sample of the native protein. PTH amino 
acids derived from automated and manual Edman deg- 
radation were determined by gas [ 171 and thin-layer 
chromatography [ 181. 

3. Results 

The amino acid composition (reported as moles of 
amino acid per minimum molecular weight) of ONP-III 
purified by disc electrophoresis indicates that the pro- 
tein is comprised of 94 residues: Asp(3), Thr(2), Ser(6), 
Glu(l3), Pro(g), Cys( 14), Gly(l5), Ala(7), Va1(3), 

Met(I), Ilc(4), hu(6), Tyr(l), Phe(3), Trp(O), LY@), 
His(O), Arg(6). Digestion of ONP-III with carboxy- 
peptidase A resulted in the release of valine. No amino 
acids were released when ONP-III was digested with 
carboxypeptidase B. However, equal amounts of valine 
and arginine were released with a mixture of carboxy- 
peptidases A and B indicating that the C-terminal di- 
peptide sequence of ONP-III is Arg-Vd-COOH. 
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Fig.1. Yields of PTH amino acids at selected steps of the 

automated Edman degradation of S-alkylated ovine neuro- 

physin 111 (ONP-III). 

Quantitative data for the automated degradation 
on S-alkylated ONP-III are presented in fig. 1, Positive 
identifications, obtained at every residue through 
position 54, were confirmed by the degradation of 
performic acid-oxidized material. The first 27 residues 
determined by automated analysis confirm the findings 
of Chauvet et al. [g] 

Further information (fig.2) was obtained from man- 
ual Edman degradation of peptides derived from tryp- 
tic digestion of S-alkylated and maleated ONP-III. 
Ion-exchange chromatography resolved these peptides 
into three peaks. Three peptides (MT-l A, MT-lB, and 

12 3 4 5 

MT-l C) present in the first peak were subjected to 
manual sequence analysis as a mixture for 15 cycles. 

Peptide MT- 1 A was placed in the ONP-III sequence 
at positions 21-35 on the basis of sequence identity 
with results obtained by automated analysis and MT- 
1 B, with its N-terminus placed at position 44, over- 
laps through residue 54 with results from the auto- 
mated analysis and then extends the sequence through 
residue 58. MT-1C can be placed at positions 67 
through 81 by homology with the invariant region 
common to all neurophysin proteins sequenced to 

date [7]. 
From the second and third peak eluting from the 

ion-exchange chromatography one peptide each 
(referred to as MT-2 and MT-3, respectively) was 
isolated and their complete sequence determined by 
the manual procedure (fig.2). Peptide MR-2 was placed 
at positions 9-20 in the ONP-III sequence since it had 

an identical sequence to that portion of the protein 
determined by automated sequencing. Peptide MT-3, 
possessing a single Phe residue but not sharing a 
sequence common to the two Phe-containing regions 
in the N-terminal half of ONP-III, was tentatively 
placed near the C-terminus in which the third Phe 
residue is located in all other neurophysins. 

The above five sequenced tryptic peptides and the 
maleated N-terminal peptide of ONP-III account for 

all 6 maleated tryptic peptides expected from a tryp- 
tic digestion of maleated ONP-III, with its 6 Arg resi- 

dues as revealed by amino acid composition. Comple- 
tion of the sequences of the tryptic fragments located 
in the second half of the ONP-III structure is one way 
to elucidate the amino acid sequence of this protein. 

For this purpose, a second aliquot of the mixture 

6 7 8 9 10 11 12 13 14 15 

NT-1A: NH,-CYS-PHE-GLY-PRO-SER-ILE-CYS-CYS-GLY-ASP-GLU-LEU-~LY-CYS-~E 

m-r-l.& NH,-CYS-GLN-GLU-GLU-ILE-TYR-LEU-PRO-SER-PRO-CYS-GLN-SER-GLY-GUI 

MT-K : NH,-CYS-ALA-ALA-ALA-GLY-ILE-CYS-CYS-ASN-SER-GLU-AU-CYS-VAL-THR 

MT-3: NH,-GLU-GLY-ILE-GLY-PHE-PRO-ARO-C0OH 

Fig.2. N-terminal sequences of tryptic peptides of S-alkylated and maleated ONP-III. 
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MP-1: 

MP-2: NH,-LEU-GLY-CYS-PHE-VAL-GLY-THR-ALA-GLU-CilOH 

MP-3: NH,-ALA-CYS-VAL-THR-GLLI-PRO-GLU-CO9!1 

MP-4: 

MP-5: NH,-ALA-LEU-ARG-COOH 

Fig.3. N-terminal sequences of fragments obtained from maleated tryptic ONP-III peptides after digestion With staphylococcal 

protease. 

1 5 10 15 20 

NH,-ALA-MET-SER-ASP-LEU-GLU-LEU-ARG-GLN-CYS-LEU-PRO-CYS-GLY-PRO-GLY-GLY-LYS-GLY-ARG-CYS-PHE-GLY-PRO- 

> ONP-III 

- MT-2,-MT-lA- 

25 30 35 40 45 

SER-ILE-CYS-CYS-GLY-ASP-GLU-LEU-GLY-CYS-PHE-VAL-GLY-THR-ALA-GLU-ALA-LEU-ARG-CYS-GLN-GLU-GLU-ILE- 

ONP-III 

MT-IA- + FIT-lB- 

~flP-2-~ MP-5+ >MP-l- 

50 55 60 65 70 

TYR-LEU-PRO-SER-PRO-CYS-GLN-SER-GLY-GLN-LYS-PRO-CYS-GLY-SER-GLY-GLY-ARG-CYS-ALA-ALA-ALA-GLY-ILE- 

-ONP-III- 

MT-lB_ - MT-1C 

MP-1 > 

75 80 85 90 94 

CYS-CYS-ASN-SER-GLU-ALA-CYS-VAL-THR-GLU-PRO-GLU-CYS-ARG-GLU-GLY-~LE-GLY-PHE-PRO-ARG-VAL-COOH 

MT-1C A -MT-3- 

-MP-3- MP-4 

Fig.4. Complete amino acid sequence of ovine neurophysin-III (ONP-III). Sequence determined by automated Edman degradation 

of S-alkylated ONP-III (+NP-II+); MP represent staphylococcal protease peptides of maleated ONP-III; MT represent tryp- 

tic peptides of maleated ONP-III; CPase represents residues released from ONP-III by digestion with carboxypeptidases A and B. 
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of MT-1 peptides was maleated in order to block all 

N-terminal amino groups, making them unavailable 
for Edman degradation, and then digested with sta- 
phylococcal protease, which cleaves the peptide chain 
specifically at the carboxyl side of Glu residues [ 161 . 
The five peptides produced from this digestion 
(designated MP-1 through MP-S), were purified by 

gel filtration on Bio Gel P-6 [4] and then sequenced 
from N- to C-terminus by the manual Edman degrada- 
tion (fig.3). The N-terminus of MP-1 (derived from 
MT-l B) is placed at position 48 of ONP-III (fig.4) 
and extends knowledge of the sequence through the 
Arg residue at position 66. This analysis also supports 
placement of the N-terminus of peptide MR-1C ar 
position 67 in ONP-III; as indicated MT- 1 C completes 
the sequence of ONP-III through position 8 1. The N- 
terminal tetrapeptide of MP-3 overlaps the four C- 
terminal residues of MT-1C. Peptide MP-3 was 
sequenced through the Glu-Pro sequence, not 
cleaved by the protease, to its C-terminal Glu resi- 
due at position 84 in ONP-III. MP-2 and MP-5 are 
readily placed in known portions of the ONP-III 
sequence, and both are derived from MT-1 A. The 
only remaining ‘maleated protease’ peptide not 
placed in the sequence is the dipeptide Cys-Arg 
(designated MP-4, fig.4) which must be placed at 
positions 85 and 86 in ONP-III, since it can only 
be the C-terminal dipeptide of MT- 1 C (although the 
sequence of this peptide was not completed); the 
C-terminal sequences of MT-1A and MT-1B have 

already been placed. By process of elimination, the 
peptide MT-3 can be definitively placed at positions 
87 through 93 in ONP-III. Selective digestion studies 
of ONP-III with carboxypeptidases A and B reveal 
Arg-Val to be the C-terminal sequence of the protein. 
Proline in the third position from the C-terminus of 
ONP-III (and in the penultimate position of MT-3) 

explains the fact that only Val and Arg residues are 
liberated by the carboxypeptidases. 

4. Discussion 

Two important points emerge from the analysis of 
the amino acid sequence of ONP-III (fig.4) and on 
comparison of its sequence with the neurophysin 
sequences of other species. 

Comparison of the known neurophysin protein 
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sequences reveals that the N-terminal nonapeptide 
sequence and approximately a 12-residue sequence 
at the C-terminus exhibit considerable variability, 
while the central portion of neurophysins is surpris- 
ingly homologous [7,19] . The ONP-III sequence 
resembles most closely that of BNP-II [3] . In fact, 
the N-terminal sequences of both proteins are for 70 
residues practically identical with two notable excep- 
tions. Firstly, while BNP-II possesses a Glu residue in 
position 34, ONP-III has a Cys residue in this site as 
do all other neurophysins of known sequence. This 
has important implications for the covalent structure 
of the ONP-III; despite the great homology in amino 

acid sequences of the ONP-III and BNP-II, their topo- 
graphy will differ. Secondly, the substitution of Asn 
at position 48, present in BNP-II and all other neuro- 

physins of known sequence, by Ile in ONP-III, repre- 
sents the first detection of a mutation in this constant 
region. This alteration, though it can result from a 
point mutation, is of interest because of its proximity 
to the single tyrosine residue (position 49) in neuro- 
physins. This Tyr residue has been suggested to be 
near one of the sites of interaction of neurohypophy- 
seal hormones with neurophysin [20-221. 
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