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Nucleoside Km 
(M) 

V (nmoles monophosphate 
per unit of enzyme per rain) 

Ne-Methyi-3 '-amino-3 '-deoxyadenosine 
Formycin  (8-aza-9-deaza-adenosine) 
3-Isoadenosine 
3'-Deoxy-3-isoadenosine 

1.2.1o -4 0.07 (o.o2) 
2.2-1o -4 0.34 
8.6. lO -3 2.40 (0.80) 
3.0. lO -3 0.27 (o.o9,~ 

Wright State Campus, Dayton, Ohio; and Formycin, Dr. M. Hori, Microbial Chemis- 
t ry  Research Foundation, Tokyo. 
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P u r i f i c a t i o n  o f  b o v i n e  r e n i n  

The present s tudy is the first to describe the purification of renin (EC 3.4.4.15) 
from beef kidneys. The methods include many  used in early efforts to purify pig 
renin 1-5, human renin 6-s as well as those used in later efforts 9-1a. The purified enzyme 
was characterized by  electrophoresis on polyacrylamide gel. 

An aqueous (21/kg) extract of kidney tissue was purifiedby a (NH4) 2SO 4 fraction- 
ation at 4 ° as follows: 0.8 M (NH4)2SO 4 (pH 2.6) for 20 min; pH 3.6 for 16 h; the super- 
na tant  to 2.5 M and the resulting precipitate diluted to 1.3 M (pH 6.5) ; the resulting 
supernatant  to 2.3 M and the final precipitate diluted to 0.8 M before application to the 
Sephadex G-25 column. Because of the easy measurement, Na + from the tissue was 
used to follow the desalting process. The batch step with CM-Sephadex (C-5o), equili- 
brated with o.i M (pH 5.o), entailed centrifugation of the gel after elution and washing 
with I . i  M ammonium acetate (pH 6.8). Preparat ive multiphasic zone electrophoresis 
on polyacrylamide gels was performed essentially with the apparatus and method 
described by  JovlN et al. 16. The buffer system was slightly modified as previously 
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Fig. i. Ch roma tog raph ic  and  electrophoret ic  procedures .  Ren in  ac t i v i t y  ( O - -  - -  - - O )  and  p ro te in  
concen t r a t ion  ( ~ • )  are depic ted in every  graph.  (A) Sephadex  G-25 (coarse), 6 cm  × lO 5 cm, 
in dist i l led H ,O;  lO.2 g p ro te in  applied.  F low rate,  5.o ml /min .  • . . . .  O, Na+ concen t ra t ion .  
(B) Sephadex  G - i • • ,  6 cm × 8o cm, o.o 5 M a m m o n i u m  ace ta te  (pH 5.o). 2.18 g p ro te in  applied.  
Flow rate,  o. 5 ml /min .  (C) DEAE-ce l lu lose  (DE-32), I cm × 8o cm, g rad ien t  e lu t ion  of  4oo ml 
o.o 5 M NaH2PO 4 s t a r t i ng  buffer  and  4oo ml o.2o M NaH2PO 4 l imi t  buffer  (pH 6.4) t h r o u g h o u t .  

- molar  gradient .  8o m g  pro te in  applied.  Flow rate,  o.32 ml /min .  (D) P repa ra t i ve  scale 
disc electrophoresis ,  upper  gel 2.5% ac ry lamide  (2o ml), lower gel 7.5% ac ry lamide  (5 ° ml);  
co lumn  15 cm 2 × 4.5 cm. lO mg  pro te in  applied.  

Fig. 2. Ana ly t ica l  disc e lectrophoresis  of  mate r ia l  f rom p repa ra t ive  disc electrophoresis .  T u b e  2, 
a sample  f rom combined  f rac t ions  r ep resen t ing  the  ren in  ac t iv i ty  f rom p repa ra t ive  disc electro- 
phoresis .  Tubes  i and  3, samples  f rom combined  inact ive  f rac t ions  e luted before (i) and  af ter  (3). 
t he  ac t ive  peak.  
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described iv. Protein content of the fractions was estimated either by ultraviolet ab- 
sorption at 280 m# or by  the method of LowRY et al. is. Renin activity was assayed by 
pressor response in male Sprague-Dawley rats 19. Pig renin (Nutritional Biochemicals) 
was used as a standard reference. For analytical purposes, electrophoresis on poly- 
acrylamide gels was performed according to the discontinuous zone method of ORN- 
STEIN 2°. A Coomassie blue stain was employed 21. Renal material, purified as far as the 
Sephadex G-ioo chromatographic step, was injected weekly 4 times into Dutch-belted 

TABLE I 

RESULTS OF PURIFICATION PROCEDURES 

Overall recovery, 4-5%- Overall purification, i893-fold. 

Procedure Total protein 
(g) 

Batch Batch 
• 2 

Total renin Recovery Specific activity 
(activity (%) (munits/mg 
units) protein) 

Batch Batch Batch Batch Batch Batch 
I 2 I 2 I 2 

I. H20 extract  168.o 136. 5 1925 21oo 11. 5 15. 4 
2. (NHa)2SO4, o.8 M, 11.6 9.o 1348 9oo 7 ° 42 162 IOO 

p H  6.2 -+  2.6 -+  3.6 
3. (NH4)2SO4, 2-5 -+  1.3 M, 9.6 7.3 446 324 33 36 46.2 44.4 

p H  3.6 --> 6. 5 
4- (NHa)2SOa fract ionat ion 4.9 5.3 186 200 37 56 38 38 
5. Sephadex G-25 2.18 204 53 93 .6 
6. Sephadex G- ioo  0.465 172 84 320 
7. CM-Sephadex (batch) o.80 84 49 lO5O 
8. DEAE-cellulose o.o156 96 114 6154 
9- Prepara t ive  disc electrophoresis 0.00276 62 95* 22 460 

* 6 5 units  applied. 

rabbits. Precipitating antisera were developed, and immunoelectrophoresis 22 was per- 
formed on the material after various stages of purification. 

Table I shows data concerning the purification steps. More detailed results of 
column chromatography and multiphasic zone electrophoresis are shown in Fig. 1. 
Better  purification would result from modification of Steps 3 and 4. In Fig. 2 is shown 
the material from the preparative multiphasic zone electrophoresis after analytical 
disc electrophoresis. On immunoelectrophoresis, material after DEAE-cellulose chro- 
matography had only one precipitin line, but measurement of renin activity in seg- 
ments of the agar showed no clear change in activity across the precipitin line. 

In the present s tudy disc electrophoresis, as well as standard methods of salt 
fractionation and column chromatography, was used in the purification of bovine 
renin. Overall purification was I9oo-fold. The maximum purification of 25oo-fold was 
obtained at the peak activity from preparative disc electrophoresis. Employing chro- 
matographic methods, PEART el al. n achieved a purification of 13 75u-fold for pig 
renin and of LUBASH AND PEART 14 I3-fold for human renin. HAAS et al. 5 in 1953, using 
fractionation methods, achieved a remarkable 500 ooo-fold purification of pig renin. 
The present results of immunoelectrophoresis with precipitating antisera did not 
indicate antibody to beef renin. Preparative disc electrophoresis on polyacrylamide 
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gel produced a 4-fold increase in the specific activity and a 95 % yield. It was de- 
termined by analytical disc electrophoresis that after the final purification procedure, 
renin activity was associated with at least four electrophoretic components. It is 
interesting to note that SKEGGS et al. 12 also found that activity of pig renin, under 
certain pH conditions, associated with four clearly distinct protein peaks. 

The author wishes to thank Dr. Erhard Gross for his guidance and Dr. R. A. 
Reisfeld for his help in the electrophoretic procedures. 
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