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ABSTRAC’I 

By comparing the partitioning of total milk protein with that of pure xanthine oxidase, it was 
established that a two-phase system containing 7% (w/w) Dextran T 500 and 5% (w/w) polyethylene glycol 
6000 in the range of 5-25 mM sodium phosphate IS suitable for the extraction of the enzyme from milk. In 
this system, the bulk of milk protein partitioned in the upper phase, whereas the pure enzyme showed a 
preferential affinity for the lower phase. The enzyme appears also to be released from the membrane of the 
milk fat globules as a consequence of the phase partitioning itself. as the cnryme activity (undetectable in 
the boud form) increased when successive partitionings of milk were carried out. After 57 transfers, 
centrifugal counter-current distribution (CCCD) of milk in this tao-phase system allowed the separation 
of the xanthine oxidase from the bulk of milk protein. The enzyme thus isolated was mostly resolved as an 
unique peak, identified densitometrically after sodium dodccyl sulphate polyacrylamide gel electrophore- 
sis. The results obtained show that CCCD of milk in a two-phase system is an useful procedure to achieve 
the release and isolation of xanthine oxidasc from milk. 

INTRODUCTION 

Xanthine oxidase (EC 1.2.3.2) is a complex enzyme abundant in the milk fat 
globule membrane, containing flavin adenine dinudeotide (FAD), molybdenum and 
iron-sulphur cofactors [I]. The purification of the enzyme from milk or butter re- 
quires a previous step involving the release of the enzyme from membrane material. 
Solvent extraction and protease or detergent treatment have been used for this pur- 
pose [2]. Diverse procedures have been employed for its isolation [3-~61 and, more 
recently, an affinity chromatographic method using Sepharose 4B-folate [7] has been 
described. 

The extraction of biological material using aqueous two-phase systems pre- 
pared from solutions of two water-soluble polymers is a powerful technique for the 
separation of macromolecules [8,9]. One of the systems most employed for the puri- 
fication of proteins consists of dextran and polyethylene glycol (PEG) [lo]. PEG is a 
water-soluble synthetic polymer with interesting properties. In addition to its use for 
the preparation of two-phase systems, it has applications as a precipitating or fusing 
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Centr~figal counter-current distribution 
The counter-current distribution system used was constructed on the basis of 

that described by Akerlund [16]. With this device, the time for the separation of the 
two phases is shortened by centrifugation. The apparatus contains 60 chambers ar- 
ranged in a circle, allowing transfer of the upper phases relative to the lower phases. 
To carry out centrifugal counter-current distribution (CCCD) experiments, 100 g of a 
two-phase system containing 7% (w/w) dextran, 5% (w/w) PEG, 0.2 mM EDTA and 
10 mM sodium phosphate (pH 7.0) were prepared and mixed, and 1.55 ml of this 
two-phase system were loaded in chambers 3-59. A 8.0-g two-phase system was 
prepared with the same composition but also containing 3.5 g of milk, and 1.55 ml of 
this mixture were then loaded in chambers O&2. The shaking and centrifugation time 
were 45 and 30 s, respectively, and 57 transfers were performed. After the run, the 
systems were transformed into homogeneous solutions by the addition of 1.55 ml of 
50 mM sodium phosphate pH 7 in each cavity. The fractions were then collected and 
analysed. Protein was determined by the method of Bradford [17], by which no in- 
terference with the two-phase-forming polymers is produced. Results are presented as 
the percentage in every chamber of the total enzyme activity and protein determined 
after the run. as described previously [1X]. 

Electvophoresis 

Samples collected from each CCCD chamber were lyophilized and dissolved in 
0.75 ml of 50 mA4 sodium phosphate (pH 7.5), then 0.4 ml was incubated with 50 ~1 of 
30% mercaptoethanol and 50 111 of 45% sodium dodecyl sulphate (SDS) at 100°C for 
5 min. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) of 5 ~1 of this treated 
sample was carried out in a 10-15”~ PhastGel gradient (Pharmacia PhastSystem). 
Staining was carried out by the optimized silver method for SDS-~PAGE gradient gel 
media (PhastGel TM) and densitometric tracing was performed on an LKB Ultro- 
scan XL laser densitometer. 

RESULTS 

By comparing the partitioning of the total milk protein with that of xanthine 
oxidase, the usefulness of phase partitioning for enzyme purification could be eval- 
uated. A number of parameters were first investigated to establish the optimum con- 
ditions for the extraction of the enzyme by phase partitioning. Fig. 1 shows that an 
increase in the concentration of dextran and PEG results in an enhanced preference of 
the bulk of milk protein for the lower, dextran-rich phase. The greatest extent of milk 
protein partitioning in the upper, PEG-rich phase was achieved in a two-phase system 
containing 7% dextran and 5% PEG in the range of 5 -25 mA4 sodium phosphate. At 
higher polymer concentrations, the maximum partitioning of the milk protein in the 
upper phase occurred when the sodium phosphate concentration exceeded 25 mA4. 

The partitioning behaviour of pure xanthine oxidase (0.001% protein) in a 7:5 
dextran_PEG two-phase system is shown in Fig. 2a. The maximum partitioning of 
the enzyme in the upper phase also occurred in the range 5-20 mA4 sodium phos- 
phate, whereas higher salt concentrations promoted a stronger enzyme preference for 
the lower phase. It is remarkable that the percentage distribution in the upper phase 
of the bulk protein is much higher than that the enzyme. This effect made this poly- 



loo’ 



$j
 

50
- 

t 
9,

 
i! 

50
 

- 
. 

RF
 

a 
CC

L 
b 

w
z 

40
- 

I”
 

10
 

- 

z 3 
0 

I 
’ 

I 
’ 

I 
* 

i 
’ 

8.
 

I 
0 

I 
* 

I 
’ 

I 
* 

I 
’ 

1 
0 

20
 

40
 

60
 

60
 

10
0 

12
0 

0 
50

 
10

0 
15

0 
20

0 
25

0 

CO
NC

.P
HO

SP
HA

TE
 

(m
W

 
CO

NC
. 

KC
I 

(m
U)

 

5
0
 
1 

30
 

1 1 

01
 5 

6 
7 

8 
9 

PH
 

50
 

1 
d 

Il-
__

__
 

0,
00

0 
0,

00
1 

0,
00

2 
0,

00
3 

0,
00

4 
0,

00
5 

0,
00

6 

%
(W

/W
) 

Fi
g.

 
2.

 P
ar

tit
io

ni
ng

 
of

 p
ur

e 
xa

nt
hi

ne
 

ox
ld

as
e 

as
 a

 f
un

ct
io

n 
of

 (
a)

 s
od

iu
m

 
ph

os
ph

at
e 

co
nc

en
tr

at
io

n 
at

 p
H

 
7 

in
 a

 t
w

o-
ph

as
e 

sy
st

em
 

co
nt

ai
ni

ng
 

7%
 

de
xt

ra
n,

 
5%

 
PE

G
 

an
d 

0.
2 

m
M

E
D

T
A

; 
(b

) 
K

C
1 

co
nc

en
tr

at
io

n 
in

 t
he

 p
re

se
nc

e 
of

 7
%

 
de

xt
ra

n,
 

5%
 

PE
G

, 
0.

2 
m

M
 

E
D

T
A

 
an

d 
10

 m
M

so
di

um
 

ph
os

ph
at

e 
(p

H
 

7)
; 

(c
) 

pH
 

w
ith

 
a 

tw
o-

ph
as

e 
w

 

sy
st

em
 

co
nt

ai
ni

ng
 

7%
 

de
xt

ra
n,

 
5%

 
PE

G
, 

0.
2 

m
M

 
E

D
T

A
 

an
d 

10
 m

M
 

so
di

um
 

ph
os

ph
at

e;
 

an
d 

(d
) 

xa
nt

hi
ne

 
ox

id
as

e 
co

nc
en

tr
at

io
n,

 
ex

pr
es

se
d 

as
 

%
 

(w
/w

),
 

in
 a

 
s 

tw
o-

ph
as

e 
sy

st
em

 
w

ith
 

th
e 

sa
m

e 
co

m
po

si
tio

n 
8s

 (
c)

 t
o 

pH
 

7.
 



\ OR1 I\ / ,l 

i 
/ ..__ 



CCCD OF XANTHINE OXIDASE 

16 

> 14 
t 
2 
4 12 

s 10 

E 8 

b 6 

3 

4 

10 20 30 40 50 60 

FRACTIONS 

6 

363 

FRACTIONS 

60 

Fig. 4. CCCD diagrams of (a) pure xanthine oxidase (0.005 0,; of protein in the loading chambers) and (b) 

milk. Results show the percentage in each chamber of the total ( ‘) enzyme activity and (+ ) protein 
obtained and determined after the run. 

Protein extracted from milk and obtained from chambers O--l0 in CCCD (Fig. 
4b) was resolved as an apparently unique electrophoretic band. This band can be 
easily made visible, but densitometric tracing was carried out to acheive a more 
precise and quantitative analysis of the gel obtained. The material thus detected was 
almost entirely located in a rn:?ior peak. al11~0~1gh some other very minor peaks ap- 
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peared in the upper part of the gel (Fig. Sa). Commercial pure xanthine oxidase used 
as a control showed a main densitometrically determined peak (Fig. 5b) of the same 
mobility as that of the milk xanthine oxidase obtained from CCCD chambers O-10 
(Fig. 5a). The other milk proteins showing a higher mobility than xanthine oxidase 
(Fig. 5c) were not detected in the first ten CCCD chambers. 

As a precise determination of the enzyme activity cannot be performed in whole 
milk, the increase in the specific activity of the purified xanthine oxidase with respect 
to the milk xanthine oxidase cannot be determined. However, quantification of the 
densitometric tracing of the SDS-PAGE of the material extracted from milk and 
obtained from chambers O-10 (Fig. 4b) shows that more than 80% of this material 
appeared in the major peak, which has the same electrophoretic mobility as the major 
component of the commercial pure enzyme (Fig. 5b). This percentage is cu. fifteen 
times higher than that of the corresponding peak (with the same electrophoretic 
mobility) obtained from whole milk. 

DISCUSSION 

The results obtained show that analytical CCCD of milk in a two-phase system 
containing 7% dextran, 5% PEG, 0.2 mM EDTA and 10 mM sodium phosphate (pH 
7) is an adequate technique for extracting milk xanthine oxidase. The enzyme thus 
obtained appeared to be substantially free from other contaminant proteins detect- 
able by SDS-PAGE under the experimental conditions used. 

The high efficiency of this method for purifying xanthine oxidase from milk is 
due to two different effects. First, the enzyme is probably extracted from the mem- 
brane of the milk fat globules as a consequence of the phase partitioning itself. It is 
well known that xanthine oxidase bound to the fat globules shows very low activity, 
and that enzyme determination requires previous release of the enzyme [2]. Thus, 
when milk was partitioned in a single-batch two-phase system (Fig. 3; step 0), the 
enzyme activity was almost undetactable. However, successive extraction gave a sub- 
stantial increase in the activity in the upper phase (Fig. 3; steps 1 and 2). As extrac- 
tions proceed (Fig. 3; step 2) the enzyme appears to show a moderate increase in its 
affinity for the lower phase. These results can be interpreted as a partial and progres- 
sive release of the enzyme from the fat globules, with the consequent detection of the 
activity. As release is finally accomplished, the enzyme increases its partitioning in the 
lower phase, showing a very low G value in a multi-step extraction procedure (CCCD 
of milk; Fig. 3b). Such a releasing action of the two-phase system could be due to a 
combined effect of the mentioned ability of PEG for membrane extraction [llLl3] 
together with the likely preference of the milk lipids for the upper PEG-rich phase in 
opposition to the preferential partitioning of the xanthine oxidase in the upper phase 
(Fig. 2). 

In addition, the very different partition ratios of the milk bulk protein (Figs. 1 
and 4b) and xanthine oxidase (Figs. 2 and 4a) is an important complementary ad- 
vantage of this phase partition extraction of xanthine oxidase from milk. The great 
affinity of the xanthine oxidase for the lower phase is showed by its constant partition 
behaviour over wide ranges of pH (Fig. 2c) and temperature (4-25°C; data not 
shown), and even rises to 90% enzyme partitioning in the lower phase at a potassium 
chloride concentration higher than 25 mM (Fig. 2~). The slight difference in the G 
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