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An ion-exchange g¢hromatographic technique for the purification of renin has
heen described. The specific activity of the preparation which was applied to the
column was 1.3. The eluted renin had a specific activity of 43.2. This constitutes a
10-fold purification of renin by use of cellulose ion-exchange chromatography, with a
recovery of 85, of the enzyme activity.
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manuscript, and Dr. ©. M. HELMER oi Eli Lilly and Co. for generous supplies of
desiceated hog-kidnev powder. This worked was aided by grants from the National
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A simplified method for the purification of
mushroom polyptienol oxidase

Purification of mushroom polyphenol oxidase has been sought in this laboratory in
order to pursue structural studies on this enzyme? and to explore the role of tyrosine
in the secondary and tertiary structure of proteins®-3, While this work was in progress,
KerTEsz axp Z110o° reported the preparation of homogeneous mushroom polyphenol
oxidase. Taking advantage of the excellent early steps of this procedure®, we have
uscd chromatography on diethylaminoethyl-cellulose {(DEAE-cellulose)? as the basis
for 2 highly simplified method to prepare the purified enzyme in good yield. A similar
chromatographic procedure for the preparation of a soluble mammalian tyrosinase
was alse recently reported by BrowN aND WARDS.

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

* Weare very grateful to Professor 13, KErresz for details of his method in advance of publica-
tion.
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(Step 5, including dialysis against 1.0 37 NaCl) which removes 3/, of the nitrogen
and 3/, of the uv..absorbing material. In Step 6, illustrated in Fig, 1, the crude
dialyzed enzyme is adsorbed on DEAE-cellnlose and selectively cluted with o.0%0 3f
‘phosphate buffer, pH 8, after an extensive wash with o.040 37 phosphate buffer,
pH 8. The elution pattern corresponds, at least qualitatively, with that of Browx
AND WaRD? for crude mammalian tyrosinase,

TABLE 1
ISOLATION OF MUSHROOM POLYPHENOL OXIDASE

1 kg drozen mushrooms used. Polyphenol oxidase activity determined essentially as described
by ASHRAF aND VFRImDEN! A unit is defined as the change in absarbance at 263 my produced
in the first 2 min at 257 in a 3.0 ml reaction vol. containing 3.3-10-% W catechol, 6.9 107 1/
ascorbate, 2-10°% M ethylenediaminetetraacetic acid, and o.050 M phosphate buffer, pH 7.1.

Sfrecific
Step Fol. Activity mf Tatal activity Netrogen Absarbance” aetivity Yield
N, fl) (1o wenets pf) (o uni ., (e mi) O ey g friels i %)

A 2B |u,uf

{1, 2 200 1.52 30 3.6 G 3 15.3 100
(3.4} 230 1,22 a8 21 ;1.0 23.9 g
{3 2R0 1,06 26ty 031 13,3 57.3 88
{6} 30 2430 Loy — e 2030 3-b
{7 1.5 3.2 3¢ . (5.5 3500 26

* it is tecognized that tho absorbance at 280 my is sirongly atfected by chromogenic impurities
at the carly stages of isolation as suggested by HiceEr axe Dawsox®, This chromogenic material
is eliminuated by chromatography.
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Fig. 1. Chromatography of polyphenol oxidase from Step 3. [n this experiment, 135,000 units
were chromatographed on DEAE-cellulose and eluter as indicated at 5°. Enzyme (PPO) activity
was determined as described in Table 1. The vol. of each fraction was 3.0 - 0.5 ml,

Fractions with high specific activity obtained from several chromatograms were
concentrated by precipitation with 509, (NH,),50, and examined in the ultra-
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centrifuge. As shown in Fig. 2, twn peaks were obtained, but the larger, faster peak,
comprising go ®, of the total area, had over gg %, of the polyphenol oxidase activity
as indicated in an additional experiment in a separation cell. This major component
has an Sy of 7.3- 10712, when extrapolated to zero concentialion*. For the preparation
of a completely hormogeneous enzyme, more selective use of chromatographic fractions
or the {NH,),50,-Iractionation procedure of KERTESZ AND ZI1TO® may be used.

= - .- - - L -

Iig. 2. Sedimentation pattern of polyphenocl oxidase in «. “030 A Na,HPQO,. The enzyme solution
had an absorbance at 280 my of 15.5 and an activity o1 55,200 units/ml, Temp. 20, rotor speed,
50,780 rev.fmin. Exposure times o, 16, 32, 48 and 82 min.

Experimental

The first four steps correspond to those of KERTESZ axD Z1T0% and will be
described elsewhere.

Step 1. An acetone powder of frozen mushrooms is prepared as rapidly as
possible at —10% to ——20°. The 30% acetone extract is saved and the residue
discarded.

Step 2. The polyphenol cxidase is precipitated from the 309, acetone extract
with z.5-2 vol. acetone at —20°, The washed solid is dissolved using 200 ml water/kg
mushroom, This solution may be stored frozen or iyophilized.

Step 3. The aqueous solution is made up to 0.48 %, in calcium acetate, frozen
overnight, thawed, and the insoluble material discarded after centrifugation.

Step 4. The supernatant from Step 3 is made up to 0.95°2; in calcium acetate,
frozen overnight, thawed, and the insoluble material discarded after centrifugation.

Sfep 5. The supernatant from Step 4 is transferred to a large dialysis bag and
dialysed in the cold with stirring as follows (for each solution): twice overnight
against 10 1 o001 A7 Na,HPO,, twice over two nights against o.ooc5 M Na ,HPO,,
1.0 M NaCl, and finally twice overnight against o.003 M Na,HPO,. (The data listed
in Table I for step 5 were obtained at this point.} Sutiicient (NH,),S0, is added to
35 %, saturation and the solid discarded after standing overnight in the cold. The
material insoluble at 50°; saturation with (NH,),S0, is centrifuged down, dissolved
in a minimum volume of water, and dialysed against several changes of o.o10 M
phosphate buffer, pH 8.

Step 6. The concentrated polyphenol oxidase preparation {using abont 200,000
units for a 1.0-cm diameter column) is placed on a column of DEAE-cellulose (about
2.0 g for a 1.0-cm diameter, 10-em high column). The dark material remains at the
top of the column throughout elution, but docs cause a redniced flow rate. The column
is next subjected to an extensive wash with o.040 M phosphate buffer, pH 8.1. 100 ml

" In a private communication, Professor KERTESZ has reported that a sulwequent preparation
of polyphenol oxidase in his laboratory had a sedimentation coeficient of 6.2-10-¥, when extrap-
alaterll to zero concentration.
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decreases the absorbance of the effinent to less than o.2 after a large peak with no
polyphenol oxidase activity is cluted with the first 50 ml. Most of the activity (up to
50 %) is eluted with 0.080 M phosphate butier, pH 8, as a colorless peak which trails
off after the first 50 ml. A small additional clution is obtained with o.10 M phosphate
buffer, pH 8.

Step 7. The fractions containing a specific activity greater than 2000 units/
ml/absorbance at 280 mp are pooled and treated with (NH),50;, discarding the
fraction insoluble at 35 v, saturation and saving that insoluble at 50 ¢, saturation.
The solid is taken up in about 1.5 m! water and dialysed free of (NH )50, against
c.005 M Na,HPQ,. This solution may be used directly for studies in the ultra-
centrifuge.

Thanks are due to Professor K. LinpErstTrROM-LANG for advice and encourage-
ment. The assistance of KiRsTEN MikkeLsEN in this work is gratefully acknowledged.,

NOTE ADDED 1IN PROOF (February rgth, 1950)

It has been subscquently observed that extremely stow elution can result in poly -
phenol oxidase preparations of even higher specilic activity than reported here. A
further complication arises from the finding of an inhilator of this enzyme which
accompilnies it and appears in the o.0a4 M phosphate cluate on chromatography
(E. FRIEDEN AxD Y. KARKHANIS, unpublished data).
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A method of desalting certain polypeptides

Corticotropin is an example of a polypeptide that has given difficulty in desalting
because it can pass through ceilophan membranes on dialysis. Extraction into organic
solvents, precipitation, dialysis under special conditions and adsorption from solutien
have all been used to recover it in a salt-free state from butfer solutions, but each
pracedure has disadvantuges aiid most arc laborious. DixoN aND STACK-DUNNE!
used the adsorption of corticotropin ontc a carbesylic resin, but they displaced the
corticotropin with alkali {(amnmonia) which converted some of the corticotropin A,



