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Improved xanthine oxidase purification 

In earlier work it was concluded from indirect evidence that  active milk xan- 
thine oxidase a is normally contaminated by  two inactive modifications, xanthine 
oxidase i 1 and xanthine oxidase is, the last of these being devoid of molybdenum1, 2. 
In this communication we present further data on the occurrence of these forms. I t  is 
concluded that  xanthine oxidase i 1 is a preparation artefact whose formation can be 
minimized by  rapid working and by  the appropriate use of chelating agents. Xan- 
thine oxidase i s on the other hand may be secreted by  cows along with xanthine 
oxidase a but  can be removed by  selective denaturation with high concentrations of 
sodium salicylate. 

Buttermilk, pancreatin digestion, n-butanol and ammonium sulphate steps 
of the purification were as described earlier 3. Xanthine oxidase activity was measured 
spectrophotometrically4, 5 and molybdenum analyses were carried out by  a modified 
dithiol procedure (L. I. HAler, unpublished). Unless otherwise stated, salicylate 
(I mM) and EDTA (I mM) were present during all purification steps while storage 
was in the presence of salicylate (3o mM) and EDTA (I mM) 4. 

For 4 samples at the above stage of purification prepared using I - IO mM Na 2- 
EDTA and I mM sodium salicylate in the buttermilk, the ratio activity (units/l) 
to Mo concn. (#M) was 5.8 _~ o.I (mean deviation). However, when the concentra- 
tion of the chelating agents was raised, higher activity/Mo ratios were obtained, 
indicating that  less xanthine oxidase i was present. With buttermilk concentrations 
of about 3o mM EDTA and IO mM salicylate (the additions being made to the 
cream, or to the milk and then to the cream) the mean value of the activity ratio for 
8 samples rose to 6.5 :k o.2. The highest activity/Mo value obtained was 6. 9. This is 
to be compared with earlier values of 4.1 and 5-5 calculated from data in refs. 2 and 
6, respectively, for samples prepared without, or using only low concentrations, of 
the chelating agents. Further  increases in the ratio were not obtained on using still 
higher EDTA concentrations or when the cows were milked directly into glass con- 
tainers and subsequent operations carried out in the laboratory to avoid contact 
with metals which normally occurred at the dairy. Some decreases in activity/Mo 
sometimes occurred during purification and storage of the enzyme despite the precau- 
tions taken. 

The secretion of xanthine oxidase i s was studied by measuring the ratio FAD/ 
Mo on enzyme samples isolated from the milks of individual cows. FAD analyses 
were carried out fluorimetrically 7. The ratio was determined on samples prepared as 
above, then further purified by  a single batch-wise calcium phosphate adsorption 
step. (In separate experiments on a number of samples it was found that  neither this 
step, nor subsequent adsorption or gel filtration steps in the purification, changed the 
ratio significantly. In confirmation of earlier work 8 apparently homogeneous enzyme 
could be obtained showing non-integral FAD/Mo ratios.) 12 samples from 3 Friesian 
cows obtained over a 7 month period showed FAD/Mo ratios of from 1.3 to 2. 9. 
Ratios over I.O were taken to indicate the presence of xanthine oxidase i s. Variations 
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from one cow to another on a given day were relatively small, while it seemed that 
variations with time were of a nutritional origin, since the highest ratios were recorded 
during a period of abnormally low milk yield in the late winter. 

Separation of xanthine oxidase a, xanthine oxidase i 1 and xanthine oxidase i 2 
from one another has not been achieved but we have found conditions under which 
selective denaturation of xanthine oxidase i2 occurs. Sodium salicylate is the dena- 
turant used e. The conditions employed were as follows, o.5-1% solutions of xanthine 
oxidase in o.I M sodium pyrophosphate buffer (pH 7.o) containing 0.6 M sodium 
salicylate were heated at 37 ° for 24 h. Precipitated material was centrifuged off and 
salicylate was removed by gel-filtration through Sephadex G-25. In a large number 
of experiments the product always contained greatly diminished amounts of xanthine 
oxidase i 2 (FAD/Mo decreased, usually to about I.O) and while there were sub- 
stantial losses of both xanthine oxidase a and xanthine oxidase i a in the process 
these went parallel to one another (activity/Mo unchanged or only very slightly 
decreased). 

T A B L E  I 

C O M P O S I T I O N  A N D  P R O P E R T I E S  O F  X A N T H 1 N E  O X I D A S E  P R E P A R E D  U S I N G  S A L I C Y L A T E  D E N A T U R A T I O N  

F A D / M o  (molar ratios) i ,oo 
FAD/pro t e in  (molar ratios)* 1.65 
F e / F A D  (molar ratios) 4,4 
Ac t iv i ty  (units/1)**/Mo conch. (/~M) 5.7 
Ac t iv i ty  (units/l) **/A 4~o lnj~ 153 
A4~o mlt/Aas0 mu 0.89 
Ult racentr i fugat ion***;  so o,w~ (S) lO. 4 
Ul t racent r i fu  ga t ion* ' " ;  impur i t ies  : 7 S < 2 % 

14 S 9 %  
Approx.  mol. wt.  (Sephadex G-2oo)§§ 31o ooo 

* Biure t  pro te in  de te rmina t ion ,  t ak i ng  mol.  wt.  275 ooo. 
"* Ref. 5. 

*"* D a t a  on a second sample  of  e n z y m e  prepared  in the  s ame  manne r .  
The  cor responding  va lue  a t  the  same  concen t ra t ion  (1.25%) on ma te r i a l  p repared  by  

the  earlier m e t h o d  is abou t  lO.8 S (ref. 12). 
§§ The  elut ion vo lume  (ref. i2) was (2 ~: 2) % lower t h a n  t h a t  of  a sample  p repared  by  the  

earlier me thod .  

By following salicylate treatment with gel filtration on Sephadex G-2oo, using 
o.I M pyrophosphate buffer (pH 7.0) and a 5 cm × 66 cm column for o.21 g of 
enzyme, we have obtained material with the properties shown in Table I. Tile 
specific activity is higher than any previously published but since activity/Mo on 
this particular sample was still only 5.7 compared with the higher values quoted 
above for cruder material, we conclude that activity/Aas0 mu ratios of up to about 
18o or perhaps even higher might be obtainable. This means that many xanthine 
oxidase samples used hitherto in this laboratory and elsewhere must have contained 
no more than 5 o% xanthine oxidase a. 

Xanthine oxidase prepared by the salicylate method comes close to containing 
2 Mo, 2 FAD and 8 Fe per molecule as predicted for the pure milk enzyme a. Apart 
from the higher specific activity and molybdenum content it appears identical with 
earlier preparations. The continued presence of iron 9 is of interest in view of reports 
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that  the metal  may  be removed by dialysis against dithionite plus dipyridyl or 
phenanthrolinel0,11. 
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Preparation of an adrenal steroid 21-hydroxylating system exhibiting activity 
in the absence of the carbon monoxide-binding pigment, cytochrome P-450 

Cytochrome P-45o has been implicated as the oxygen-activating component in 
adrenal steroid hydroxylation using various mitochondrial and microsomal prepara- 
tions l-s. We have been unable to confirm the necessity for the presence of cyto- 
chrome P-45o in active, purified preparations of steroid 2I-hydroxylase (EC 1.14.1.8 ). 

Sheep adrenal glands were processed, fractionated and assayed for 2I-hy- 
droxylating activity, using I7-hydroxyprogesterone as substrate, as previously des- 
cribed 4. The most active dialyzed ammonium sulfate precipitate (o.3 S) was frozen 
and thawed once, and centrifuged for 2o rain at IOOOO × g. About 5o% of the 
activity remained in the supernatant,  which was further fractionated by  gel filtration 
on a column (5 cm × IOO cm) of Sephadex G-2oo at 4 °. The column was equilibrated 
with o.I M phosphate buffer (pH 6.8) containing reduced glutathione, I mg/ml, and 
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