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1. Introduction 

Rat posterior pituitary contains three major neuro- 
physin proteins [1 -3 ] .  To separate rat neurophysin-I 
and -II on an analytical [1,2] or preparative scale 
[3,4] it was necessary until now to add high concen- 
trations of the dye bromophenol blue. 

In this communication the isolation and separation 
on a preparative scale of rat neurophysin-I and -II in 
the absence of any added dye are reported. The 
method is the same as that recently introduced for the 
isolation of bovine neurophysin in a very high degree 
of purity [5] and canine neurophysins [6]. The 
approach has the advantage to drastically reduce at 
an early step of isolation the protein content of the 
crude preparation by removing at once unrelated 
neutral and basic proteins from the acidic neurophysin- 
like proteins. 

2. Materials and methods 

Acrytamide and N,N'-methylene-bisacrylamide (Bis) 
were purchased from Bio-Rad Laboratories, Richmond, 
Calif. and were recrystallized before use [7]. Ammo- 
nium persulfate, N,N,N',N'-tetramethylenediamine 
(TEMED), Cellex-CM, and riboflavin were also obtained 
from Bio-Rad Laboratories and were used without 
further purification. Tris(hydroxymethyl)amino- 
methane (Tris), Coomassie Brilliant Blue R, bromo- 
phenol blue were bought from Sigma Chemical 
Company, St Louis, Mo. and Sephadex G-75, G-25 
and DEAE-Sephadex-A50 from Pharmacia Fine 
chemicals, Piscataway, N J. All other chemicals used 
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were reagent grade products from Fisher Scientific 
Company. 

2.1. Protein determination and amino composition 
Protein concentration was determined according 

to the method of Lowry etal.  [8] and amino acid 
composition using hydrolysis times of 24 h, 48 h and 
72 h as described by Moore [9]. 

2.2. Analytical polyacrylamide gel electrophoresis 
(PAGE} of  rat neurophysin proteins 

Protein solution (50 ~tg/25 #1) was applied on a 
7.5% gel (5.5 X 70 mm) with a running pH of 8.8, 5.9 
and 4.0 at a current of 2.5 mA/ge| for 1 h [10]. 
Protein was detected by staining with 0.05% (w/v) 
Coomassie Brilliant Blue in 12.5% trichloroacetic acid 
(TCA) [t 1]. After 4 h staining the gel was destained 
for 24 h in 10% TCA. 

2.3. Biological activities o f  purified neurophysins 
Hormone content at various steps in the neuro- 

physin preparation was determined by the vasode- 
pressor assay on conscious White leg-horn roosters 
[12] according to the procedure of Coon [13]. The 
antidiuretic activity was monitored on mature male 
Sprague-Dawley rats weighing 200-300 g [ 14,15]. A 
match design was used for the bioassays using USP 
Posterior Pituitary Reference Standard as reference. 

2.4. Immunolo~'eal analysis o f  purified neurophysin 
proteins 

Ouchterlony double diffusion was carried out in 
1% agarose according to Audhya and Walter [5], 
using an antiserum raised against porcine neurophysin 
in rabbit [16]. 
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2.5. Extraction of  acid-soluble proteins from rat 
posterior pituitary tissue 

Lyophilized rat posterior pituitary glands were 
obtained as a gift from Dr A. F. Parlow of the 
NIAMDD Rat Pituitary Hormone Program. The 
glands were extracted twice in 0.1 N HC1 at 4°C [17]. 
The crude hormone protein complex was precipitated 
along with several other proteins by slow saturation 
with 10% NaC1. The precipitate was dissolved in 
0.05% acetic acid and dialysed against distilled water 
for three days using a spectrapor-3 (mol wt cut-off 
3500) membrane tubing. The retentate was then 
lyophilized (1.9 g). 

2.8. Separation of  rat neurophysin-l and -11 by anion 
exchange chromatography 

DEAE-Sephadex-A50 was equilibrated with 0.06 M 
Tris-HC1 buffer, pH 7.9, and was packed in an 
all-glass column (2.6 × 40 cm). After the column was 
charged with the protein, which has been previously 
dialysed against Tris-HC1 buffer (0.06 M, pH 7.9), it 
was washed with the same buffer for a period of 6 h. 
The neurophysins were then eluted with a continuous 
NaC1 ionic-strength gradient (0.0-0.4 M) in Tris 

Rat Posterior 
Pituitary Powder 

(15 g) 

2.6. Isolation of  crude neurophysin proteins using 
Diafio filter membrane 

The lyophilized proteins were dissolved in 300 ml 
0.1 M formic acid. The solution was filtered in an 
Amicon Standard Stirred Cells apparatus (model 402) 
at 50 psi using a Diaflo PM-30 filter membrane 
(Amicon Corporation) at 4°C. The volume was 
reduced to about 80 ml and then replenished to 300 ml 
with 0.1 M formic acid, Three such repeated opera- 
tions were performed. The filtrates were pooled and 
lyophilized (480 mg). The protein was assayed for 
vasodepressor activity [ 12,13 ]. 

Acid extraction and 
s a l t  p r e c i p i t a t i o n  as 
descr ibed in reference 17 
with minor modif icat ion 

Prec,tpitate (1.9 8) 

Dissolved in 300 ml of 0.1 
formic acid and subjected 
to ul~rafiltratlon. Total 
filtrate was lyophilized. 

Lzophilized Protein (496 mg) 
(vasodepressor ac t iv i ty :  10.8 U/ms prote in)  

Gel filtration on G-75 

2.7. One-step separation of  the acidic neurophysins 
from neutral and basic proteins by column 
chromatography 

Gel filtrations on bead-type Sephadex G-75 
(particle size 40-120/am) and Sephadex G-25 
(particle size 50-150/am) were carried out at room 
temperature in an all-glass column (2.2 X 165 cm)in 
0.1 N formic acid. The flow rate was 25 ml/h (Sepha- 
dex G-75) and 35 ml/h (Sephadex G-25), respectively. 
Ion-exchange chromatography was performed on a 
CM-cellulose (Cellex-CM, hydrogen form) column 
(1.5 X 40 cm) equilibrated with ammonium acetate 
buffer, pH 4.9, 10 mM. After application of the 
protein in a small amount of 40 mM ammonium 
acetate buffer, at pH 7.4, it was eluted with the same 
buffer at a flow rate of 30 ml[h. Approximately 4 ml 
fractions were collected. Fractions containing the 
neurophysin proteins were pooled and lyophflized, 
taken up with distilled water and again lyophilized. 

Crude Neurophysins(160 mS) 
(vasodepressor activity: 5.6 U/mg protein) 

Gel filtration on G-25 

Hormone-free Neurophysirs(146 mg) 

Cellex-CM Chromatography 

Aeid.ic Neurophysins(129 ms) 
(no de tec tab le  vasodepressor  and ant id iure t ic  ac t iv i t i e s )  

DEAE Sephsdex chromatography 

4 

Rat: Neurophysiu -I (17 mS) Ra___tt Neurophysin -II (44mE) 

Fig.1. Flow sheet of the isolation procedure for rat neuro- 
physin proteins. Yields and bioassay results are given in 
parentheses. 
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buffer (0.06 M, pH 7.9) at a flow rate of 8 ml/h for a 
theoretical volume of 800 ml. Fractions (4 ml) were 
collected and protein concentration determined. 

3. Results and discussion 

Fifteen grams of lyophilized rat posterior pituitary 
powder gave upon extraction with 0.1 N HC1, a yield 
of 4.1 g of acid soluble protein as determined by 
Lowry's method. After precipitation with 10% NaC1, 
at pH 4.0, and lyophilization, 1.9 g material was 
recovered (fig.l). Because of its relatively high lipid 
content this material was excluded from the polymer 
and instead adhered to the inner surface of the column 
upon attempted gel filtration on Sephadex G-75. 
Therefore, the ultrafiltration technique with a PM-30 
filter was used to exclude any protein higher than 
30 000 dalton. The protein (496 mg) recovered from 
the filtrate exhibited an avian vasodepressor activity 
of  10.8 U/mg protein and had a total lipid content of 
76 #g/mg protein. This material was consecutively 
subjected to gel filtrations on Sephadex G-75 and 
G-25 (fig.l). 

The neurophysin protein (146 mg) was then sepa- 
rated from other basic and neutral proteins by cation 
exchange chromatography using Cellex-CM. The 

neurophysins (129 mg) emerged in the first ultraviolet- 
absorbing, major peak, which was followed by two 
additional ultraviolet-active peaks. The three neuro- 
physins were then separated by anion-exchange 
chromatography on DEAE-Sephadex A-50 using a 
continuous NaC1 gradient as shown in fig.2. Two of 
these neurophysins, rat neurophysin-I (17 mg) and -II 
(44 mg), were characterized. Neither protein exhibited 
any detectable avian vasodepressor activity (tested at 
a dose of 1 mg) and anti-diuretic activity (tested at a 
dose of 0.1 mg). Both neurophysins were homoge- 
neous proteins by the following criteria: PAGE at 
pH 8.8 (see insert in fig.2), 5.9 and 4.0; immuno- 
diffusion using non-specific antibodies prepared in 
rabbits against porcine neurophysin [16]. The amino 
acid composition was in general agreement with those 
reported [3,4]. 

The partial amino acid sequences of the first 33 
residues of both rat neurophysin-I and -II have been 
determined using these preparations [18,19]. 
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Fig.2. Dissociation of rat neurophysin4 from 41 by ion-exchange chromatography. A column of DEAE Sephadex A-50 (2.6 × 40 
cm) was charged with 125 mg of neurophysin protein mixture dissolved in 2.2 ml Tris-HC1 buffer. The protein was eluted with 
Tris-HCl buffer containing increasing concentrations of sodium chloride (0.0-0.4 M over 800 ml). Fractions indicated by the 
shaded bars were pooled for isolation of rat neurophysins-I and -II. Insert: Analytical PAGE profiles of rat neurophysin-I and -II 
at a running pH 8.8. 

367 



Volume 79, number 2 FEBS LETTERS July 1977 

NIAMDD Rat Pituitary Hormone Program. We also 
thank Ms S. Chan of our laboratory for carrying out 
the biological assays and Mr Chris Botos for amino 

acid analyses. 

References 

[1 ] Burford, G. D. and Picketing, B. T. (1972) Biochem. J. 
128,941-944. 

[2] Sunde, D. A. and Sokol, H. W. (1975) Ann. NY Acad. 
Sci. 248, 345-364. 

[3] North, W. G. and Valtin, H. (1977) Anal. Biochem. 78, 
436 -450. 

[4] Picketing, B. T., Jones, C. W., Burford, G. D., 
McPherson, M., Swarm, R. W., Heap, P. F. and Morris, 
J. F. (1975) Ann. NY Acad. Sci. 248, 15-35. 

[5] Audhya, T. K. and Walter, R. (1977) Arch. Biochem. 
Biophys. 180, 130-139. 

[6] Walter, R., Audhya, T. K., Sehlesinger, D. H., Shin, S., 
Saito, S. and Sachs, H. (1977) Endocrinology 100, 
162-174. 

[7] Maurer, H. W. (1971) in: Disc Electrophoresis and 
Related Techniques of Polyacrylamide Gel Electro- 
phoresis, p. 34, Walter de Gruyter, New York. 

[8] Lowry, O. H., Rosebrough, N. J., Farr, A. L. and 
Randall, R. J. (1951) J. Biol. Chem. 193,265-275. 

[9] Moore, S. (1972) in: Chemistry and Biology of Peptides 
(Meienhofer, J. ed) pp. 629-653, Ann Arbor Scientific 
Publishing, Ann Arbor, Michigan. 

[10] Davis, B. J. (1964) Ann. NY Acad. Sci. 121,404-427. 
[ 11 ] Chrambach, A., Reisfeld, R. A., Wyckoff, M. and 

Zaccari, J. (1967) Anal. Biochem. 20,150-154. 
[12] Munsick, R. A., Sawyer, W. H. and Van Dyke, H. B. 

(1960) Endocrinology 66,860-871. 
[13] Coon, J. M. (1939) Arch. Int. Pharmacodyn. Ther. 62, 

79-99. 
[14] Jeffers, W. A., Livezey, M. M. and Austin, J. H. (1942) 

Proc. Soe. Exp. Biol. Med. 50, 184-188. 
[15] Sawyer, W. H. (1958) Endocrinology 63,694-698. 
[16] Cheng, K. W. and Friesen, H. G. (1971) Endocrinology 

88,608-619. 
[17] Hollenberg, M. D. and Hope, D. B. (1967) Biochem. J. 

104,122-127. 
[18] Schlesinger, D. H., Walter, R. and Audhya, T. K. (1977) 

in: Proc. 1976 Conf. Neurohypophysis (Moses, A. M. 
and Share, L. eds) Karger Press, Basel. 

[ 19] Schlesinger, D. H., Picketing, B. T., Watkins, W. B., 
Peek, J. C., Moore, L. G., Audhya, T. K. and Walter, R. 
(1977) FEBS Lett. submitted. 

368 


