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1. Introduction

Numerous partial [1—5] and complete amino acid
sequences [6—13] of the neurophysin proteins have
been investigated in an attempt to correlate neuro-
physin structure with the neurohypophyseal hormones
to which they bind in the neural lobe granules. Here, we
report a tentative complete amino acid sequence of
human neurophysin I (hNP-1) and the N-terminal
sequences of hNP-II, ovine neurophysin I and II
(oNP-I and II) and extend the guinea pig neurophysin
I and II (gNP-I and II). The sequence data presented
do not lend support to the generalization of two
distinct classes of neurophysin proteins as determined
by residues in positions 2,3,6 and 7 in the amino ter-
minal domain [9]. Rather, we conclude that, in view
of the high degree of hypervariability in the NH, and
COOH domains of the neurophysins, no structural
generalization can be formed yet relating the amino
acid sequence to the hormones that they may bind in
the neural lobe granules.

2. Materials and methods

2.1. Human neurophysin I and 1I (hNP-I and II)
purification

The human posterior pituitary glands were extract-
ed twice in 0.1 N HCl as in [14] and precipitated by
slow saturation with 12.5% NaCl at pH 4.0. The pre-
cipitate after dialysis was subjected te column chro-
matography on Sephadex G-100 equilibrated with
0.1 N formic acid. The effluent was monitored by
absorption at 220 nm and by radioimmunoassay of
neurophysin using bovine neurophysin-II antisera.
The immunoactive fractions were lyophilized and
further purified on Sephadex G-25 and CM-cellulose
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column as in [14]. HNP-I was then dissociated from
neurophysin-I by anion exchange chromatography
on DEAE—Sephadex A-25 using a 0—0.35 M NaCl
gradient in 30 mM Tris—HCI buffer (pH 8.1). Neuro-
physin-I was eluted at 0.31 M NaCl and neurophysin-II
was eluted at 0.17 M NaCl. Both HNP-I and II were
homogeneous by polyacylamide gel electrophoresis at
pH 8.9 and 3.8, immunoelectrophoresis and SDS gel
electrophoresis (with 15% gel). Both proteins were
devoid of avian vasodepressor activity in the conscious
chicken and did not effect electrolyte excretion in
hydropenic rats.

The crude GNP mixture [15] was subjected to
further purification as above. ONP was purified as in
[16].

All neurophysin preparations were reduced and
alkylated with reagents and conditions used for
bNP-I [12] prior to automated sequence analysis.
Reduced and alkylated hNP-I was digested with
trypsin (1:100 E/S, 3 h at 37°C) and the resulting
fragments purified on DEAE—Sephadex A-25 under
conditions for bNP-Iin [12].

2.2. NH,-terminal sequence analysis

Automated sequence analyses were performed on
reduced and alkylated neurophysins as in [17] using
a Beckman Model 890 Sequencer in which a double-
cleavage Quadrol program was used. Samples of
neurophysin proteins were dissolved in 0.05 N acetic
acid and dried under high vacuum in the spinning cup.
Coupling with phenylisothiocyanate was performed
twice before initiating automated sequencing. Manual
phenylisothiocyanate degradations were performed
on tryptic fragments on hNP-I, by the 3-stage method
in [18] as modified [19]. Thiazolinone amino acids
derived from automated and manual Edman degrada-
tions were continued to their more stable PTH amino
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acids (1 N HCl, 10 min, 80°C) and identified by gas—
liquid [20], thin-layer [21] and high-performance
liquid chromatography [22,23].

2.3. COOH-terminal analysis with carboxypeptidase
Carboxy-terminal analysis of HNP-I and HNP-II
was done as in [12] using carboxypeptidase-Y.
Enzyme/substrate ratio was 1:200. COOH terminal
analyses on oNP were performed using carboxypep-
tidases A and B from 5 min to 3 h as in [24].

3. Results and discussion

The N-terminal amino acid sequence for hNP-1-51
residues [2] was confirmed here. In addition, purifi-
cation and sequence analysis of the tryptic peptides
of alkylated and reduced hNP-1 resulted in the tenta-
tive complete amino acid sequence for this protein
(fig.1). The sequence analysis of all tryptic peptides
is complete with the exception of residues 55—58 and
67-70 in which no substitutions have yet been found
in any neurophysin sequenced to date. Amino acid
composition of our preparation and that reported in
[25] indicate that hNP-1 is a 93 amino acid protein
extremely similar to bNP-I, the first histidine-contain-
ing protein for which the complete sequence is known,
but possesses a number of amino acid changes with
bNP-I (positions 2,3,9,25,29,30,60,72,81,87
and 90).

hNP-II was purified along with hNP-I material by

\ 2 3 4 )
Ala ~Asp __Lew
oaP-11{a) Met Ser
niP-11 et Ser
onp-1(0) val Leu
enp-1(C) Ala Leu
eNP-110C) Thr Ser l et
niNP-11{ Ala Pro
—]
giP-1+11 aly Ser ’ Ser
Leu Asp __ _Inr .
awp-1(d) Ala Leu
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gel filtration and ion-exchange chromatography as
above. The NH,-terminal sequence of hNP-II was
obtained through 24 residues and shows identify the
amino-terminal sequence of bNP-II sequence except
at position 18 in which a threonine is substituted for
lysine. Carboxypeptidase Y digestion of native hNP-II
reveals a C-terminal sequence of —Sergy—Phe—Leu—
Arg—Arg—Valgs—COOH, which is similar to that of
bNP-II.

oNP-I to II were purified with oNP-III, for which
the purification and complete sequence has been
determined [8,9]. Automated sequence analyses on
oNP-I (through 42 residues) and oNP-II (through 36
residues) indicate that these proteins share identity
with the bNP-I [12] except at position 18 (fig.1)
which reveals microheterogeneity (Thr for Lys), the
latter residue being found in bNP-I at that position.
Carboxypeptidase A + B digestion of reduced and
alkylated oNP-I and II separately revealed that the
C-COOH terminal tetrapeptide is composed of (Ala,
Phe, Ser, Leu), the sequence of which has yet to be
determined. Nevertheless these 4 residues constitute
the COOH-terminal tetrapeptide of bNP-II so that
one may predict that the tetrapeptide sequence of
oNP-I and II may be —Ala—Phe—Ser—Leu—COOQOH.

A mixture of guinea pig neurophysins I and II was
a generous gift of Dr Watkins who purified these
proteins as in [15]. The mixture was sequenced
through 42 residues and confirms and extends the
sequence in [5]. Although two residues are seen at
residues 2,3,5,6,7 and 9 the preparation becomes

b 7 8 9 19-17 18
Arg

ulu Leu uin Lys

wvlu Leu GlIn Tor

Asp Val Tnr Lys

Asp et Lys Lys

Glu Leu Gln Lys

Asp Val LyS Lys

awlu Val Lys uin

Asp Leu aln

Asp Val Gin aln

) Le sln

ulu u !

Fig.2. N-Terminal amino acid sequences of neurophysin proteins: (a) the N-terminal sequence is identical for porcine NP-I and III
{10,11], dog NP-II [3], equine NP [13] and ovine NP-III [8,9] ~ regions within the box are invariant positions in all neurophysins
studied to date; (b) The complete sequenced bNP-I [12]; (c) partial amino-acid sequences of rat neurophysin I and I [4]; (d)

partial sequence of dog NP-I and II [3].
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homogeneous from residues 10-—42. (For relative
merits of mixture analyses, see [26].) These sequences
are interesting since they show unusual substitutions
not only at positions 2,3,6,7 and 9 (a common feature
of the neurophysins) but also substitutions at posi-
tions rather conserved in neurophysin previously
studied. (The only observed substitution of the Leu
at position 5 is in rat neurophysin II [4] and the only
other reported substitution of Gln for Lys in position
18 is in dog NP-I [3].)

A comparison of NH,-terminal sequence of neuro-
physin proteins from both mammalian and non-mam-
malian species indicate that positions 2,3,5,6,7,9 and
18 are hypervariable residues in which one of 6 resi-
dues can occupy position 2, one of 5 residues can
occupy position 3, one of 5 in position 5, one of 2 in
position 6, one of 3 in position 7, one of 3 in posi-
tion 9 and one of 3 in position 18 in neurophysins
studied to date (fig.2). These observations do not
support the contention that the neurophysins can be
divided into two classes (MSEL and VLDV) based
solely on one of two residues occupying positions
2,3,6 and 7 [9). Therefore, the classification of the
neurophysins into two distinct structural groups, each
biosynthetically related to oxytocin or vasopressin
is not supported by this study. Rather, bNP-I and
hNP-I seem closely related while bNP-II, oNP-III,
pNP-I and 111 display little variability. This pattern
supports the concept that in the evolution of the
neurophysin proteins, gene duplication preceded
species divergence, a phenomenon cited in [2], since
neurophysins within the same species differ more
greatly than do similar neurophysins from different
species.
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