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An ion-exchange ~:hromatographic technique dor the purification of reI~in has 
been described, The st)ecific activi ty of the preparation which was applied to the 
cotunm was 4.3- The eluted renin had a specific activity of 43.2. This constitutes a 
Io-fold Imrification of renin hy use of cellulose ion-exchange chromatography, with a 
recovery of 85 ",,, of the enzyme activity. 

I wish to thank Dr. P~,.'DI~O I3ZAQUIER for performing the bioassays reported in this 
manuscript,  and Dr. O. M. HEL,~Z~R Of Eli Lilly and Co. for generous supplies of 
desiccated hog-kidney powder. This worked was aided by grants from tl;m National 
Heart  Institute, U.S. Dept. of Health, Education and Welfare (H-2578c) and the 
Michigan Heart Association. 
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A simplified method for the purification of 
mushroom polyphenol oxidase 

Purification of nmshroom polyphenol oxidase has been sought it, this laboratory in 
order to pursue structural studies on this enzymO and to explore the role o[ tyrosine 
in the secondary and tert iary structure of proteins 2-~. While this work was in progress, 
KEI~TF-SZ ,X.','l) Zrro 6 reported the preparation of homogeneous mushroom polyphenol 
oxidase. Taking advantage of the excellent early steps of this procedure ' ,  we have 
used chromatography on diethylaminoethyl-ceUulose (DEAE-cellulose) ? as the basis 
for z ifighly simplified method to prepare the purified enzyme in good yield. A similar 
chromatographic procedure for the p-eparation of a soluble mamlnali,'m tyrosinase 
was also rerently reported by BRow\ AND V~r.XRD ~. 

The yields and steps in the method are summarized in Table I and in the ex- 
perimental section. After extraction and preliminary purification through Step 4, 
the crude enzyme is prepared for direct chromatography by an extensive dialysis 

" * W e  a rc  v e r y  g ra t e fu l  to  ]h'~ffcssor 1). ](I~RrESz for  d e t a i l s  of h is  m e t h o d  in a d v a n c e  of  ptLblica- 
ticHl. 
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(Step 5, including dialysis against  z.o 31 Na('t) which removes s/e of the  nitrogen 
and al., of the u.v . -absorbing mat<~rial. [ i t  Step 6, i l lustrated in Fig. z, the crude 
dialyzed enzyme is adsorbed on I)EAI'.'-cetlulo~e ~tnd selectively eluted with o.ogo ),I 

' phospha te  buffer, pH 8, after  an extensive wash with o.04o 3I  phosphate  buffer, 
pH "8. The elution pa t te rn  corresponds,  at least qual i tat ively,  with tha t  of BRowx  
AND ~V.%RI) 7 for crude mammal ian  tyrosinase.  

T A B L L £  L 

I S O L A ' I ' ~ O N  OF . M I r S H R O O . M  I ' O L Y F ' I t E N O I _  ( ~ X I D A S E  

I k g  f r o z e n  m u s h r o o m s  u s e d .  P o l y p h e n o I  o x i d a s e  a c t i v i t y  d e t e r m i n e d  e s s e n t i a | l y -  a s  d e s c r i b e d  
b y  ASraRAV A.~D ] ; ' R I D D E N  t .  A u n i t  is  d e f i n e d  a s  t h e  c h a n g e  in a b s o r b a n c e  a t  'z6 5 m/¢ p r u d u c e d  
i n  t h e  f i r s t  z r a i n  a t  ±5 '~ i n  a 3 .0  m l  r e a c t i o n  w~l. e o n t a i m n g  3.3" 1o -4 3 t  c a t e c h o l ,  6 . 7 , I o  -~ .1/ 

a s e o r b a t e ,  - -  t o  r, , l l  e t h y l e n e d i a m i n e t e t r a a c e t i c  a c i d ,  a n d  0 . 0 5 0  , l I  l ~ o s p h a t e  b u f f e r ,  p H  7. i .  
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.~i'l'l, 19llllj ( g o  :l I/tl~'gs ~'itO ( ; 0  a l l l l i i ,  i'l<~i!~ in l )  (.'1_~8,) Zlll l l) t tOl~Is'l.S,/t {Ol,) 
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(5) , 5  ° i ,o~ 2##~ ~J.3 i I s .  5 57 .3  S8 
( I ) )  31) -" . 0 o  i o 4 i .  i t~, 2(±.5o 3- I  
(7) i . 5 o  50. z ,'kl .... 15. 3 3~qoo 20  

* i t is  r e c o g n i z e d  t h a t  tb:~ a t } s o r h a n c e  a t  _ 'so mill !s s t r o n g l y  a t t e e t e o  b y  c h r o m o g e n i c  i m p u r i t i c . ~  
a t  t h e  e a r l y  s t a g e s  o [  i s o l a q ~ , n  a s  s u g g e s t e d  b y  EtGER AX t~ I}AWSOX". T h i s  c h r 0 m o g e n i c  m a t e r i a l  
is e l i m i n a t e d  b v  c t m m u t t ~ r g r a p h y .  
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F i g .  i .  C h r o m a t o R r a p h y  o f  p o l _ v p h e n o l  o x i d a s e  f r o m  S t e p  5. I n  t h i s  e x p e r i n t e n t ,  1 3 5 , o o o  u n i t s  
w e r e  d m , m a t o g r a p l m d  o n  I t E A I G c e l l u l o s e  a n d  e h t t e d  a s  i n d i c a t e d  a t  5 °. E n z v n l e  (PI '{  }) a c t i v i t y  

w a s  d e t e r m i n e d  a s  desc r ibe<!  in  T a b l e  I.  "riae vo l .  o f  e a c h  l r a c t i o r t  w a s  3 .0  -- o . 5  m l .  

Fractions with high specific activity obtained from several chromatograms were 
concentrated by precipitation with 50% (NH~)~SO, and examined in the ultra- 
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centtf.fuge. As shown in Fig, 2, tw,-~ peaks were obtained,  but  the larger, faster peak,  
comprising 90 ?o of the to ta l  area, had  over 99 % of the polyphenol  oxidase ac t iv i ty  
as indicated in an addit ional  experiment  in a separat ion cell. This major  component  
has an S,0 of 7.3" IO-~, when ex t rapola ted  to zero concentt alien*. Fox the p repara t ion  
of a completely homogeneous enzyme, more selective use of chromatographic  fract ions 
or the (NH,)2SOa-fractionation procedure of KErtTRSZ .~ND ZITO a m a y  be used. 

Fig .  2. S e d i m e n t a t i o n  pa t t ex  ~a of  p o l y p h e n o l  o x i d a s e  in ~ ~ ~5o  3 I  N a 2 H P O  ~. T h e  e n z y m e  s o l u t i o n  
h a d  a n  a b n m b a n c e  a t  28o raft of  15. 5 a n d  a n  a c t i v i t y  e l  59 ,200 u n i t s [ m l .  T e m p .  20% r o t o r  s p e e d ,  

50 ,780  r e v . / r n i n .  E x p o s u r e  t i m e s  t~, 16, 32,  48 a n d  82 ra in .  

E x perimeu, tal 

The first four steps c o r r e s p o n d  to  those of KERTF.SZ AND ZITO 5 and will be 
descr ibed elsewhere. 

Step r. An acetone powder of frozen mushrooms is prepared as rapidly as 
possible a t  - - I O  ~' to - - 2 0  °. The 3 0 %  acetone ext rac t  is saved and  the residue 
discarded.  

Step 2. The polyphenol  oxidase is precipi ta ted from the  3o % acetone ex t rac t  
with z.5-2 vol. acetone at  - - 2 0  °. The washed solid is dissolved using zoo ml wate r /kg  
mushroom.  This solution m a y  be s tored frozen or lyophilized. 

s tep 3. The aqueous solution is made  up to 0.48 % in calcium acetate ,  frozen 
overnight ,  thawed,  and  the insoluble mater ia l  discarded after  centr i fugat ion.  

Step 4. The supcrna tan t  from Step 3 is made up to 0.95 % in calcium aceta te ,  
frozen overnight ,  thawed,  and the insoluble mater ia l  discarded af ter  eentr i fugat ion.  

Stvp 5. The superna tan t  from Step 4 is t ransferred to a large dialysis bag and  
dialysed in tile cold wi th  stirring as follows (for each solution): twice ovex3aight 
against  xo 1 o.ooi  3I Na~HPO.~, twice over two nights  against  0.005 .~t N a , H P O , ,  
i .o  31 NaCt, and finally twice overnight  against  0.005 M Na2HPO 4. (The da t a  l isted 
in Table I for step 5 were obtained at  this  point.) Sufficient (NH4).,SO 4 is added  to 
35 %, sa tura t ion  and the solid discarded af ter  s tanding  overnight  in the cold. The 
material  insoluble at  50 % ~aturation with (NH4)aSO 4 is centr i fuged down, dissolved 
in a min imum volume oI w~*cr, and  dialysed against  several changes ot O.OLO M 
phosphate  buffer, pH 8. 

Step 6. The concentra ted  polyphenol  oxidase preparat ion (using abo~t  ,~oo,o0o 
uni ts  for a !.o-cm diameter  column) is placed on a column of DEAE-cellulose (about 
2.o g for a Lo-cm diameter ,  Io-cm high column). The dark  mater ia l  remains at  the 
top  of the column throughout  elution, but  does cause a red,iced flow rate, The column 
is next  subjected to an extensiw~ wash with 0.040 21f phosphate  buffer, pH  8.1. xoo ml 

" | n a p r i v a t e  c o m m u n i c a t i o , L  P n d e s s o r  KI~,RTt£SZ h a s  r e p o r t e d  t h a t  a s u b ~ : e q u e n t  p r e p a r a t i o n  
~t p o l y p h e n o l  o x i d a s e  itx h i s  l a b o r a t o r y  h a d  a. s e d i n x e n t a t i o n  coe f f i c i en t  of  b. ~.- t o -tz, w h e n  e x t r a p -  
o l a t e d  to  zt.'ro c o n c e n t r a t i o n .  
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decreases the absorbance of the effluent to less than 0.2 after a large peak with ~no 
polyphenol  oxidase ac t iv i ty  is e luted with the first 50 rnl..~Iost of the ac t iv i ty  (up to 
5 ° °,/o) is e luted with  o.o~o 31 phosphate buffer, pH 8, as a eolorles~ peak which trails 
off Mter the first 5 ° ml. A small addi t ional  elution is obtained with o.IO .V/ phosphate 
buffer, pH  8. 

Step 7. The f iact ions containing a ~peeific ac t iv i ty  gre~.ter than 2~oo units/  
ml/absorbaa~ce at  28o m y  are pooled and t reated with (NH0zSO~, discarding the 
fract ion insoluble at 35 % sa tura t ion  at~d saving tha t  insoluble at 50 % saturat ion.  
The solid is t aken  up in about  x. 5 ml water  and dialy.~cd fret, of (NH~)aSO 4 against 
0.oo5 M NazHPO 4. Thi.~ solution may  lm nst;d directly for studies m the ultra- 
centr ifuge.  

Thanks  are due to Professor K. LIY~3I,:RSTnO.~-L.\x(; for advice and  encourage- 
ment .  The assistance of KIR~TF..'4 MH(KFA.S~X in this work i.~ grateful ly  acknowledged.  

NOTF. A] ' I ] )EI)  IN PR()I~F (February  r4th, z95~)) 

I t  has been subsequent ly  observed t lmt cxtremt' lv slow cluti(m can result in poly-  
phenol oxidase preparat ions  of even higher spccitic ~'.ctivity than  reported here. A 
fur ther  complication arises from the firming of an inhibitor of this enzyme which 
accompanies it and appears  in the o.o4 3I phosphatv eluate on chromatography  
(E. FRIE~E~X ,~.~D Y. K.UCKHaNIS, unpublishtxt data) .  
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A method of desaltin 9 certain polypeptldes 

Cort icotropin is an example  of a polypept ide tha t  has given dJlficulty in desalt ing 
because it can pass through eellophan membranes  on dialysis. Extract ion into organic 
solvents,  precipitat ion,  dialysis under  special condit ions and adsorption from solution 
have all been used to recover it in a salt-free s tate  from buffer solutions, bu t  each 
procedure has disadvanta~e~ aiid most arc laborious. DIXON AND S'rACK-DuNNE 1 
used the adsorpt ion of cort icotropin onto a carboxy!ic resin, but  they  displaced the 
eort icotropin wi th  alkali (aumaonia) which conver ted some of the cort icotropin A x 


