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SUMMARY 

Horse VLDV-neurophysin has been purified by salt fractionated 
precipitation, molecular sieving and ion-exchange chromatography. 
The protein, performic-acid oxidized or reduced-alk~lated, has been 
split either by trypsin or by Staphylococcus aureus protease and 
fragments have been separated by peptide mapping. Amino acid sequen- 
ces have been determined either directly or after cleaving the large 
fragments by subtilisin, chymotrypsin or elastase and characterizing 
the subpeptides . The 6 tryptic peptides have been ordered through 
the 5 fragments given by Staphylococcus protease. The N-terminal 
sequence of the protein has also been established by automated 
degradation. The complete sequence of the 93-residue single-chain 
protein has been determined. When compared with the 95-residue 
horse MSEL-neurophysin, 20 substitutions are observed exclusively 
either in N-terminal part (residues i to 9) or in the C-terminal 
region (residues 75 to 93). 

INTRODUCTION 

Neurophysins (i) are small single-chained (93-95 residues) 

proteins found in the neural lobe of the pituitary gland which give 

specific and reversible complexes with neurohypophysial hormones. 

Recent reviews have been devoted to the molecular and cellular 

aspects of neurophysins and neurohypophysial hormones, particularly 

to their possible common precursor (2, 3). All the mammalian species 

investigated to date (2, 3) have two types of neurophysins that can 

be identified by their amino acid sequence. It has been suggested 

to distinguish MSEL- and VLDV-neurophysins according to the nature 

of residues in positions 2, 3, 6 and 7 by using the one-letter 

symbols of amino acids located in these positions (Ref. 4). 

Complete sequences of MSEL-neurophysins from 5 species, namely ox, 

sheep, pig, horse and whale (5), and of VLDV-neurophysins from 2 
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species, namely ox and pig (6), have already been determined. We 

report now results obtained with horse VLDV-neurophysin, which 

confirm the existence of two phylogenetic lines in mammals. 

MATERIALS AND METHODS 

Purification of horse VLDV-neurophysin : purification has been 
carried out under the conditions previously described for ox and pig 
VLDV'neurophysins (6). Acetone-desiccated posterior pituitary powder 
is extracted by 0.i M HCI for 4h at 4"C and the supernatant solution, 
adjusted to pH 4.0, is subjected to fractionated precipitation with 
10% NaCI. The precipitate is dialysed, freeze-dried and dissolved in 
0. i M acetic acid (iO mg/ml). The pH is adjusted at 7.0 and precipi- 
tated material is removed by centrifuging. The supernatant solution 
is lyophilized, and the material, dissolved in O.i M formic acid 
(200 mg in 5 ml), is subjected to molecular sieving on a column 
(2.5 x 170 cm) of Sephadex G-75. The neurophysin fraction is then 
subjected to ion-exchange chromatography on a column (0.5 x 36 cm 
or 1.5 x 24 cm if the amount is above 50 mg) of DEAE-Sephadex A-50 
equilibrated with 0.4 M pyridine acetate pH 5.9 . A pH gradient 
from 5.9 to 5.7 is applied and the peak of VLDV-neurophysin is col- 
lected. The homogeneity is checked by polyacrylamide gel electropho- 
resis at pH 9.5. 19 mg (about 2 ~mol) of VLDV-neurophysin are 
recovered from 5 g of posterior pituitary acetonic powder. 

Amino acid sequence : VLDV-neurophysin is oxidized by perfor- 
mic acid, split either with trypsin or with Staphylococcus aureus 
protease (7) and resulting peptides are separated by peptide mapping 
under conditions previously described (8). Peptides are analysed and 
amino acid sequences are determined by a manual Edman procedure (9), 
either directly or after cleavage by subtilisin, chymotrypsin and 
elastase, isolation of sub-peptides and determination of their 
sequences. 

On the other hand, the purified protein is reduced by dithio- 
threitol, alkylated with iodoacetamide (i0), cleaved by Staphylo- 
coccus aureus protease and peptides are separated in the same way. 
The alkylated protein is also subjected to automated degradation (ii) 
in a SOCOSI model, p Ii0 sequencer. Phenylthiohydantoin amino acids 
are identified by thin-layer chromatography (12). 

RESULTS AND DISCUSSION 

Tryptic peptides (T 1 to T6, Fig. i) were recognized on the map 

by comparison with ox VLDV-neurophysin (6). The amino acid composi- 

tions and the sequences confirmed the homology. One substitution is 

observed in T 1 (residues 1-8), Ala in place of Val in position n ° 2, 

and in T 2 (9-18) Lys in place of Thr in position n ° 9 of the protein. 

T 3 (19-20), T 4 (21-42), T 5 (43-66) are identical with the correspon- 

ding peptides of bovine VLDV-neurophysin. Substitutions are more 
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T1 T2 T3 
l s ~ ~o 15 ~ 2o $ 

A~a-%~a-Leu-AsD-Leu-AsD-~za~-Ar~-LVs-Cvs-Leu-~r~-Cvs-c~v-~r~-G~v-~v-Lvs-G~v~Ar~ 

~_ . . S e q ,  

Sl S2 
25 30 i 35 40 ,I, 

Cvs-~he-Glv-~r~-Ser-I~e-CVs-Cvs-G~v-AsD-~u--Leu-G~-Cvs-phe-Va~-c~v-Thr-A~a-~u 

> 

.......................... T4cl ........................... ~ ...... T4c2 ......... 

~- ........... T4clstl ...................... ~--T4clst2 ..... ~ .... T4c2stl ....... 
T4 $3 

45 L 5 0  55 6~ 
A~a-Leu-Ar~-Cvs-G~n-G~u~G~u-Asn-Tvr-Leu-Dr~-Ser-Dr~-Cvs-~n-ser-G~y-~n-Lvs-pr~" ~ 

.......... ~ .... T5sl ..... ~ .......... T5s2 ............ -~ ........ T5s3 .......... 

<-T4c2st2-~ 

T5 
65 ~ 70 75 BO 

C~s-G~vqSer-~y-~-Ara-C~s-A~a-A~a-A~a-c~v-I~e-Cvs-Cvs~ser~Dr~-Asn-~7lv-Cvs-Leu 

- - - ~  . . . . . .  ~ 5 ~ 4  . . . . . . .  > ~  . . . .  T 6 ~ 1  . . . . . .  ~ . . . .  T 6 ~ z  . . . . . .  - > < -  . . . . . . . .  . - ' r 6 ~ 3  . . . . . . .  - >  

.... T6el ...... ~-~6e2-~ .................. T6e3 ......... 

~4 T6,$5 
85 i 90 93 

Ala-AsD-Dro-Ser-Cvs-His-AsD-~lu-Ala-Ala-Dhe-Ser-Gln 

. . . . . . . . . . . .  ~ . . . . . .  T 6 e 4  . . . . . . . .  - > ~ - T 6 e 5 - ~ T 6 e 6 ~  

Fig. 1 Sequence of horse VLDV-neurophysin. 

Tryptic (T) and Staphylococcus aureus protease (S) peptides are 

shown by arrows. Sub-peptides obtained by chymotrypsin (c), 

subtilisin (s), elastase (e), Staphylococcus protease (st) are 

indicated as T4cl, T5sl, T6el, etc.., and sub-sub-peptide as 

C4clstl, etc... Seq. : Sequence determined by automated Edman 

degradation. 

numerous in T 6 (67-93), the C-terminal peptide (5 substitutions in 

positions n ° 80, 81, 84, 86 and 87). 

Peptides produced by Staph~lococcus protease (S 1 to S 5) are 

indicated in Fig. i. They are used to confirm and to order tryptic 

peptides. S 1 (1-31) gives the alignment T 1 - T 2 - T 3 - T4, S 3 (41- 

46) gives the alignment T 4 - T 5 and S 4 (47-88) gives the junction 

T5-T 6. Expected cleavages were observed except for Glu-47, but 

Staph~lococcu s protease split between Glu-46 and Glu-47. N-terminal 

sequence was confirmed by automated degradation of the reduced- 

alkylated protein up to residue 22. 

Comparison between porcine, bovine and equine VLDV-neurophysins 

is shown in Fig. 2. The three proteins have 93 residues. Substitu- 

tions are mainly located in the C-terminal part (80-93) of the chain. 
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Porcine 

Bovine 

Equine 

Porcine 

Bovine 

1 2 9 20 

Ala-Val-Leu-As p-Leu-Asp-Val-Ar g-Lys-Cys-Leu-Pro-Cy s-Gly-Pr o-Gly-Gly-Lys-Gly-Arg 

Thr 

Ala 

21 4O 

Cys-Phe-Gly-Pro-Ser-Ile-Cys-Cys-Gly-Asp-Glu-Leu-Gly-Cys-Phe-Val-Gly-Thr-Ala-Glu 

41 60 

Ala-Leu-Arq-Cys-Gln-Glu-Glu-Asn-Tyr-Leu-Pro-Ser-Pro-Cys-Gln-Ser-Gly-Gln-Lys-Pro 

Equine 

Porcine 

Bovine 

Equine 

Porcine 

Bovine 

Equine 

Porcine 

Bovine 

Equine 

Fig.  2 

61 64 75 8O 

Cy e-Gly-Ser-Glu-Gly-Ar g-Cys -Ala-Ala-A i a-G ly-lle-Cys-Cy s -Asn-Pro-As p-Gly-Cys-Ar g 

Gly Set His 

Gly Set Leu 

81 84 86 87 90 93 

Phe-As p-Pro-Ala-Cys-As p-Pro-Glu-Al a-Thr-Phe-Se r-G In 

Glu Ala 

Ala Ser His-Asp Ala 

Comparison of porcine, bovine (ref. 6) and horse VLDV-neurophysins. 
Solid lines indicate residues identical with those of porcine 
protein. 

In horse protein, there is an alanine residue in position 2 instead 

of valine found in pig and ox VLDV-neurophysins. In position 9, both 

porcine and equine proteins have lysine instead of threonine found 

in bovine molecule, but in positions 64 and 75, both bovine and 

equine have glycine and serine, respectively, instead of glutamic 

acid and asparagine found in porcine VLDV-neurophysin. The compari- 

son of horse and ox proteins reveals a difference in 7 amino acid 

residues, that of horse and pig proteins, a difference in 9 residues. 

On the other hand, ox and pig, which belong to the same mammalian 

order, Artiodact~la, differ by 6 substitutions. Apparently, the 

number of substitutions is greater in the VLDV-neurophysin family 

than in the MSEL-neurophysin family since in this latter, horse 

differs from ox and pig by 3 substitutions out of 95 residues (5). 

In a given species, MSEL- and VLDV-neurophysins differ by 

19-20 residues (20 for the horse). The variations are essentially 

located in N-terminal and C-terminal parts of the polypeptide chain. 

Fig. 3 shows the comparison between horse MSEL- and VLDV-neurophysins. 

The amino acid sequence of a so-called neurophysin I of ox has 

been published (13). This neurophysin is composed of 93 residues and 

is identical with ox VLDV-neurophysin (6) except that the C-terminal 
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MSEL Equine 

VLDV Equine 

MSEL Equine 

VLDV Equine 

MSEL Equine 

VLDV Equine 

MSEL Equine 

VLDV Equine 

MSEL Equine 

VLDV Equine 

Fig. 3 

1 5 IO 15 20 

Ala-Met-Ser-Asp-Leu-Glu-Leu-Axg-Gln-Cys-Leu-Pro-Cys-Gly-Pro-Gly-Gly-Lys-Gly-Arg 

Ala-Leu Asp-Val Lys 

25 30 35 40 

Cys-Phe-Gly-Pro-Ser-Ile-Cys-Cy~-Gly-Asp-Glu-Leu-Gly-Cys-Phe-Val-Gly-Thr-Ala~Glu 

45 50 55 60 
Ala-Leu-Arg-Cys-Gln-Glu-Glu-Asn-Tyr-Leu-Pro-Ser-Pro-Cys-Gln-Ser-Gly-Gln-Lys-Pro 

65 7O 75 80 

Cys-Gly-Ser-Gly-Gly-Arg-Cys-Ala-Ala-Ala-Gly-Ile-Cys-Cys-Asn-Asp-Glu-Ser-Cys-Val 

Ser-Pro-Asp-Gly Leu 

85 90 93 95 

Thr -Glu-Pr o-Glu-Cys -Ar g-Glu -Gly-Ala -Gly-Leu-Pro -Axg-Arg-Ala 

A1 a -As p Ser Hi s -As p-Glu Ala -Phe-Se r-Gln 

Comparison between MSEL- and VLDV-neurophysin from the horse. 
Solid lines indicate residues identical with those of MSEL-neurophysin. 

residue is Leu instead of Gln. However a sample of ox neurophysin-I 

purified by Dr. Hope (Dept. of Pharmacology, Oxford University) and 

subjected to sequential analysis has been found to have a C-terminal 

Gln as our VLDV-neurophysin (6). The three VLDV-neurophysins charac- 

terized to date have the same C-terminal Gln (Fig. 2). On the other 

hand the so-called pig neurophysin-I (14) corresponds to a truncated 

MSEL-neurophysin (15), pig neurophysin-II corresponds to VLDV-neuro- 

physin and pig neurophysin-III to intact MSEL-neurophysin (6). It 

seems clearer for inter-species comparisons to use the chemical no- 

menclature (4) rather than the electrophoretic nomenclature which 

causes confusion because the number of components varies from species 

to species depending upon the number of truncated forms (6). 

Each type of neurophysin shares a common precursor with a 

neurohypophysial hormone (16) and indirect data suggest that 

MSEL-neurophysin is bound to vasopressin and VLDV-neurophysin to 

oxytocin (2, 3, 17). It would be of interest to ascertain whether 

non-mammalian tetrapods, which have vasotocin and mesotocin instead 

of vasopressin and oxytocin (3) have also two types of neurophysins, 

one bound to vasotocin, the other to mesotocin. 
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