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SUMMARY 

Two rat neurophysins have been purified by salt precipitation, 
molecular sieving and ion-exchange chromatography. The proteins, 
performic-acid oxidized or reduced-alkylated, have been split either 
by trypsin or by staphylococcal proteinase and fragments have been 
separated by peptide mapping. Amino acid sequences of tryptic peptides 
have been determined either directly or after cleaving the large 
fragments by subtilisin, chymotrypsin, elastase or staphylococcal 
proteinase and characterizing the subfragments. Tryptic peptides have 
been ordered through the fragments given by staphylococcal proteinase. 
The N-terminal sequences of both proteins have also been established 
by automated degradation. 

The two usual types of mammalian neurophysins have been iden- 
tified. One neurophysin belongs to the MSEL-neurophysin family and 
shows 11 substitutions and a 2-residue C-terminal truncation when 
compared with bovine MSEL-neurophysin. The other belongs to the 
VLDV-neurophysin family and shows 8 substitutions when compared with 
bovine VLDV-neurophysin. There are 23 differences between the MSEL- 
and VLDV-neurophysins.of the rat. 

INTRODUCTION 

Neurophysins (1) are small single-chained proteins (93-95 resi- 

dues), purified from the neuro-intermediate lobe of the pituitary 

gland, which give specific and reversible complexes with neurohy- 

pophysial hormones (for recent reviews see 2-4). All the mammalian 

species investigated to date, namely ox, sheep, pig (5-71, horse (81 

and man (91, have two types of neurophysins that can be distinguished 

by their amino acid sequences. The two types are called MSEL- and 

VLDV-neurophysins, acoording to the nature of residues in positions 

2, 3, 6 and 7, by using the one-letter symbols of amino acids 

usually located in these positions (Ref.lO). 
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The number of rat neurophysins has up to now not clearly been 

determined. Gel electrophoresis often shows three components called 

neurophysins I, II and III according to the mobilities to the cathode 

(11-15). N-terminal sequences (14,15) however reveals only two types; 

moreover the sequence found for neurophysin II by Schlesinger et al. 

(14) is attributed to the neurophysin I by North and Mitchell (15). 

We report here the complete amino acid sequences of two rat neuro- 

physins which confirm the existence of the two phylogenetic lines 

MSEL and VLDV in mammals. 

MATERIAL AND METHODS 
Purification of rat neurophvsins : purification is carried out 

essentially as previously described (8). Acetone-desiccated posterior 
pituitary powder (2.15 g, about 5,000 glands) is extracted by 0.1 M 
HCl (40 ml/g) for 5h at 4OC and the supernatant solution, adjusted 
to pH 4.0, is subjected to fractionated precipitation with 10% NaCl. 
The precipitate is dialyzed, freeze-dried (900 mg) and redissolved 
in 0.1 M formic acid. The solution is clarified by centrifuging and 
aliquots (200 mg in 5 ml) are subjected to molecular sieving on a 
column (2.5 X 170 cm) of Sephadex G-75. 3-ml fractions are collected 
and five peaks are detected by absorbance at 280 nm. The fourth 
peak corresponds to "crude" neurophysins (total recovery = 118 mg). 

Fractions of 40 mg are subjected to ion-exchange chromatography 
on a column (0.5 X 38 cm) of DEAESephadex A-50 equilibrated with 
0.4 M pyridine acetate pH 5.9. A ionic strength gradient (0.4 M to 
0.6 !I) is applied and l-ml fractions are collected. MSEL-neurophysin 
is first recovered (37 mg); after 270 ml, a second gradient (0.6 to 
M) is used and VLDV-neurophysin is obtained (9.7 mg). The homogeneity 
is checked by disc polyacrylamide gel electrophoresis. 

Amino acid sequences : both neurophysins are oxidized by 
performic acid, split either with trypsin or with staphylococcal 
proteinase (16) and resulting peptides are separated by peptide 
mapping under conditions previously described (17). Peptides are 
analyzed and amino acid sequences are determined by a manual Edman 
procedure (18), either directly or after cleavage by subtilisin, 
chymotrypsin, elastase or staphylococcal proteinase; isolation of sub- 
fragments and determination of their sequences. 

On the other hand, Purified proteins are reduced by dithio- 
threitol, alkylated with iodoacetamide (19) and subjected to automated 
degradation (20) in a SOCOSI model PllO sequencer. Phenvlthiohydantoin 
amino acids are identified by thin-layer chromatography (21). 

RESULTS 

Amino acid sequence of MSEL-neurophysin 

Amino acid compositions and sequences of tryptic peptides of 

MSEL-neurophysin (Tl to T8, Fig. 1) are determined. When the tryptic 
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St1 Tl T2 
1 5 3 & 10 15 4 20': 

Ala~hr-Serdsp--‘2et-~~lu-Leu-Arg-Gln~ys-Leu-Pro-Cys~ly-?ro-~ly-~ly-~ys~~ly-Arg 

St2 st3 
25 30 4 35 40 c 

Cys-?he-Gly-Pro-Ser-Ile-Cys~ys-Ala-Asp-0lu-LeU~ly~ys-Phe-Leu~ly~hr-Ala~lu 

T4 st4 
s 45 c 50 55 60 

Ala-Leu-Arg-Cys~ln-Glu~lu-Asn-Tyr-Leu-Pro-Ser-Pro-Cys-Gln-Ser-Gly-Gln-Lys-Pro 

----- .+(--T~s~-~C-----T~~Z __----- +&---~5~3----- 

C- T4st3 .$ c- - ?!5s5 -j 

T5 st5 
65 4 IO 15 $ 80 

CyS-Gly-Ser-Gly-Gly-Ayg-Cys-Ala-Ala-Ala~ly-Ile~ys~ys-Ser~s~~lu-Ser~ys~al 

3C - - - T5s4 - - -jC - T6sl-)C - T6s2 - --jC--T6s3--+&----- 
C---------T6stl--------~~----- 

~6 St6 Tl T8,St7 
85 J J 90 J 93 

Alas_lu-~ro-?lu-Cys-Arg~lu-My+he-Phe-?rg-Leu-%r 

- - ~6~4 - - -$C T6s5j c - st7t1- - +Cst'ltz+ 
- - - - Test2 - - - - -> fSt7c13C - st7c2 - - -> 

Fig. 1 Amino acid sequence of rat MSEL-neurophysin. 
Tryptic (T) and staphylococcal proteinase (St) peptides 
are shown by arrows. Subfragments obtained by chymotrypsin 
(cl, subtilisin (s), staphylococcal proteinase (st) are indi- 
cated as T4c1, T4st1, T5s1, etc... Seq. : Sequence determined 
by automated Edman degradation. 

units of rat MSEL-neurophysin are compared with the homologous 

peptides of bovine MSEL-neurophysin, two substitutions are found in 

Tl (residues l-8) in positions no 2 (Thr in place of Met) and no 5 

(Met in place of Leu). T2 (g-18), T3 (19-20) and T5 (44-66) are 

identical. Two substitutions are found in T4 (21-43) in positions no 29 

(Ala in place of Gly) and no 36 (Leu in place of Val) and two substi- 

tutions in T6 (67-86) in positions n a 75 (Ser in place of Asn) and 
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no 81 (Ala in place of Thr). T7 and T8 are different from bovine T7 

and T8 because of an apparent deletion of two residues. T7 (87-91) has 

five residues instead of 7 and substitutions are observed in positions 

no 89 (Phe in place of Ile/Val), 90 (Phe in place of Gly) and 91 (A‘rg 

in place of Phe). T8 (92-93) is Leu-Thr instead of Pro-Arg. 

Peptides produced by staphylococcal proteinase (St1 to St8) are 

indicated in Fig. 1. They confirm and order tryptic peptides. St2 gives 

the alignment Tl-T2-T3-T4, St4 gives the alignment T4-T5, St5 the 

alignment T5-T6, St7 the alignment T6-T7 and St8 the junction T7-T8. 

N-terminal sequence is confirmed by automated degradation of the 

reduced-alkylated protein up to residue no 23. 

Amino acid sequence ,of VLW-neurophysin 

Amino acid compositions and sequences of tryptic peptides of VLDV- 

neurophysin (Tl to T7) are determined in the same way as for MSEL- 

neurophysin (Fig. 2). When compared with the homologous tryptic 

LJeptides of bovine VLDV-neurophysin, two substitutions are found 

in Tl (l-8) in positions no 2 (Ala in place of Val) and no 7 (Met 

in place of Val). There is one substitution in T2 (9-18) in position 

no 9 (Lys in place of Thr). T3 (19-21) and T5 (44-66) are identical. 

There is one substitution in T4 (22-43) in position no 29 (Ala in 

place of Gly). Because of the substitution in position no 80 of Arg 

in place of His, the C-terminal T6 (67-93) of bovine protein corres- 

ponds here to two tryptic peptides T6 (67-90) and T7 (81-93). Substi- 

tutions are found in positions no 69 (Thr in place of Gly), no 80 

(Arg in place of His), no 81 (Thr in place of Glu) and No 89 (Ser 

in place of Ala). Zleavage at Arg- ?o is not complete so that an over- 

lapping peptide T6-7 is also found. 

Peptides produced by staphylococcal proteinase are used to order 

the 7 tryptic peptides. St2 (7 -'l) gives the alignment Tl-T2-T3-T4, 
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St1 Tl T2 T3 
1 5 & c 10 15 & 20 & 

Ala~la~eU~Sp~eU~Sp~et-??rq-LyS-CyS~eU-PrO-CyS-G~y-PrO~~y-Sly-LyS-'ly~n~rg 

St2 st3 
25 30 J 35 4. & 

Cys-Phe-Gly-Pro-Ser-Ile-Cys-Cys-Ala-Asp~lu-Leu~ly~ys-Phe-~Sl~ly- Thr-Ala-GlU 

> 
C - T4 (St+s)l - - j&4(st+s)?)(- - T4(St+s)3)C T4(st+s)4 - j&4(st+s)5 -)('1'4(st+s)6 
+ - - - - - - - - -rl(st+c)l - - - - - - - jc - - - - - - T‘j(st+c)2 - - - - _ -> 

G T4(st+c)lsl - - j<T4(st+c)ls2)C~4(st+c)ls3) 

T4 st4 
4. 45 4 50 55 60 

Ala-Leu-Arg-Cys-Gln-Clu-Glu-aSn-? yr-Leu-Pro-Ser-Pro-Cys-Gin-Ser-Cly-Zln-LyS-nro 

(T4(st+s)7)C - T5s1- - ->c+ - - - - - T5s2 - - - - -)c& - - - T5S3 ----- 

(T4(st+c)3)+ - - - T5el - - -)C - - - T5e2 - - - - -)+ - -- ~5e3 -_--- 

T5 T6 
65 J 70 75 80 4 

CyS-Gly-Ser-G~y-Gly-Ary~yS-Ala-Thr-Ala-Gly-Ile-Cys-Cys-Ser-PrO-Asp~ly-Cys-Ar~ 

- j'& - T5s4 - - - - -36 - - T6-7sl -)e$ T6-7~2 -) C - - - ?'6-7s3 - - --)(- - 
----- j + T5e4 - -) c& - - -- T6-7S7 -__ - -> 

+ - - -- T6-7$9 - - - -- 

sts T7 St6 
85 4 90 93 

~hr-Asp-Pro-Ala-Cys-Asu-Pro~lu-Ser~la-Phe-Ser-Gln 

- - T6-7~4 - -34 - T6-7~5 - -34 - ~6-7~6 - - - -) 

c- T6-7~8 .- j 

Fig. 2 Amino acid sequence of rat VLDV-neurophysin. 
Tryptic (T) and staphylococcal proteinase (St) peptides 
are shown by arrows. 
(cl, 

Subfragments obtained by chymotrypsin 
subtilisin (s), elastase (e), staphylococcal proteinase 

(St) are indicated as T5s1, T5e1, etc... and those obtained 
by an enzyme mixture by T4(st+s)l, T4(st+c)l, etc... Sub- 
subfragments are indicated as T4(st+c)lsl, etc... Seq. : 
Sequence determined by automated Edman degradation. 

St4 (41-46) gives the alignment T4-T5 and St5 (47-38) gives the 

the junction T5-T6-T7. N-terminal sequence is confirmed by automated 

degradation up to residue no 23. 

DISCUSSION 

MSEL-neurophysin family 

Fig. 3 shows the comparison between MSPL-neurophysins from six 

mammalian species. Rat MSEL-neurophysin is peculiar because of the 
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Bovine 
Ovine 
Porcine 
Equine 
Whale 
Rat 

Bovine 
Ovine 
Porcine 
Equine 
Whale 
Rat 

Bovine 
Ovine 
Porcine 
Equine 
Whale 
Rat 

3ovine 
Ovine 
Porcine 
Equine 
Whale 
Rat 

Bovine 
Ovine 
Porcine 
Equine 
Whale 
Rat 

12 5 10 15 20 
Ala-Yet-Ser-Asp-Leu-Glu-Leu+mg~lnx -ys-Leu-?ro-Cys-Gly-?rc-cly-Lys-Gly-Lys-Gly-Arg 

- Ptx - Yet 

25 29 30 35 36 40 
Cys-Phe-Gly-Pro-Ser-Ile-CyS-Cy~-Gly-Asp-Glu-Leu-Gly-Cy~-Phe-Val-Gly-Thr-Ala-Glu 

Met 
Ala Leu 

45 48 50 55 60 
Ala-Leu-Arg-Cys-Gln-Glu-Glu-Asn-Tyr-Leu-Pro-Ser-Pro~y~~ln-Ser-Gly-Glr.-Lys-Pro 

Ile 

65 7C 75 80 
Cys-Gly-Ser-Gly-Gly-Arg-Cys-Ala-Ala-Ala-Gly-Ile-Cys-Cys-Asn-Asp-Glu-Ser-Cys-Val 

Ser 

81 85 Ile go 91 92 93 95 
Thr-Glu-Pro-Glu-Cys- Arg-Glu-Gly-Val-Gly-Phe-"rc-4ro-Arg-'m-g-x'al 

Ile 
Ala-Ser - Leu - Ala 
ala - Leu Ala 
Ala-Ser Ala 

Ala Phe-Phe-Arq-Leu-Thr 

Fig. 3 Comparison of bovine, ovine (5), porcine (6), equine (25), 
whale (26), and rat MSEL-neurophysins. Solid lines indicate 
residues identical with those of bovine protein. 

variation in position no 2, Thr instead of the usual Met. Rowever the 

residues in positions no 3, 6, 7 and 9 are typical of the MSEL-neuro- 

physin family. Another unusual variation is the shortening from 95 to 

93 residues with a peculiar C-terminal sequence 89-93. Two substitutions 

in the "constant" region lo-75 are observed in positicns no 29 (Ala 

in place of Gly) and no 36 (Leu in place of Val). This latter position 

is also substituted in whale MSEL-neuroRhysin. R.at MSEL-neurophysin 

ressernbles the so-called rat vasopressin-associated neurcphysin wh.ose 

N-terminal sequence has been determined until residue no 40 (Ref. 15). 

Bowever residues 39-40 are here Ala-Glu instead. of Leu-Val. 
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There are 11 substitutions in rat MSEL-neurophysin when compared 

with bovine protein. Rat belongs to the order Rodentia which is less 

related to Artiodactyla (ox, sheep, pig) than Perisscdactyla (horse) 

and Cetacea (whale). 

VLDV-neurophysin family 

Comparison between VLDV-neu.rophysins from four species is shown 

in Fig. 4. Again rat VLDV-neurophysin is peculiar. When compared with 

bovine bomologue there are twc substitutions in pcrsitions no2 (Ala 

instead of Val) and no 7 (Met instead of Val). In position no 9 there 

is Lys which seems more frequent than Thr found in ox. In the "constant" 

region (10-751, two unusual substitutions are found in positions no 29 

(Ala in place of Gly) and no 69 (Thr in place of Ala). There are three 

substitutions in the C-terminal part (75-93) when compared with ox, 

threewith pig and six with horse. P.at VLDV-neurophysin ressembles the 

oxytocin-associated neurophysin whose N-terminal sequ.ence has been 

d.eterm,ined until residue no 67 with gaps in positions no 52, 53, 58, 

59, 66 and 67 (Ref. 15). Boweoer Gln is found in position no 55 

instead of Gly and Thr in position no 69 instead of Ala. 

There are 8 and lc! substitutions in rat VLDV-nearophysin when 

compared to bovine and porcine proteins, respectively. Six substitutions 

are observed between ox and pig which belcng to the same order Artio- 

dactyla. 

Comparison between rat MSEL- and VLDV-neurophysins 

As f0un.d. in other species, differences are observed essentially 

in N-terminal (l-10) and C-terminal (75~-93) parts of the chains. Because 

of the shortening or truncation of the MSEL-neurophysin type, both 

proteins have 93 residues and there are 23 differences (com.pared with 

20, 19 and 20 in ox, pig and horse). Unusual substitutions occur in 

N-terminal sequen.ces but the twc tyRes are recognizable. It is of 
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Bovine 

Porcine 

Equine 

Rat 

Bovine 

Forcine 

Fcuine 

Rat 

Bovine 

Fcrcine 

Equine 

Rat 

Bovine 

Porcine 

Equine 

Rat 

Bovine 

Porcine 

Equine 

Rat 

12 3 5 7 9 10 15 20 
Ala-Val-Leu-Asp-Leu-Asp-Val-Arg-Thr-Cys-Leu-Fro-Cys-Gly-~ro-~ly-lly-L~ys-Gly-Arg 

LYS 

- .Ala LYS 
- Ala Met - Lys 

25 29 30 35 40 
Cys-Phe-Gly-Pro-Ser-Ile-Cys-Cys-Gly-Asp-GlL~-Leu-Gly-Cy s-Phe-Val-Glyqhr-Ala-Glu 

Ala 

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

64 65 60 70 75 80 
Cys-Gly-Ser-Gly-Gly-Ara-Cys-Ala-Ala-Ala-Gly-Ile-Cys~vs-Ser-Fro-ASp-Gly-Cys-His 

Glu 92x7 Arg 

Thr 

81 84 85 86 87 89 90 
Glu-Asp-Pro-Ala-Cys-Asp-Dro-~lu-Ala-Ala-~he-Ser-Gln 

Fhe Thr 

Ala - Ser - His-Asp 

Thr Ser 

Leu 

4r4 

Pig. 4 Comparison of bovine, porcine (7), equine (8) and rat VLDV- 
neurophysins. Solid lines indicate residues identical with 
those of bovine protein. 

interest to note the common substitution in both proteins in position 

no 29 (Ala instead of Gly) lccated in the common "constant" region, 

:ihich coul.d suggest a common Fartial gene fcr this part of the molecul.es. 

However the substitution in position no 36 (Leu in place of Val) 

observed in the MSEL type is not seen in the VLLW type. 

Two rat pro-neurophysjns (cr = 2O,r\OO) have been-purified from 

hypothalamus (22) and rat pre-pro-neurophysins have been synthesized 

through hypothalamic m-RNA (23). Because oxytocin and arginine vaso- 

?ressin have been identified in rat (24), and because they are supposed 

to share commcn precursors with neurophysins (22), it will be interes- 

ting to determine directly the respective locations in the precursors. 
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