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Summary 

Permeation chromatography of  whey or centrifugally c lanhed solutmns of  
(NH4)2SO4-whey precipitates on controlled-pore glass (3000 ~, pore diameter) 
ymlded a substantially purlhed form of the enzyme which eluted m the void 
volume This fraction obtamed directly from whey appeared to have the least 
protem contamination as demonstrated by various types of gel electrophoresls, 
lack of  detectable reactivity with rabbit  antibovme xanthme oxldase ant ibody 
and high specific activity. 

Sulfhydryl oxldase, whmh catalyzes the oxidation of  thlols to dlsulhdes 
using molecular oxygen as the electron aeceptor, is highly aggregated m milk 
and its state of molecular assomatlon is concentrat ion-dependent [1--4].  This 
property was utilized m development of a centrffugatlon procedure for isola- 
tion of  enzyme from whey [1] Purified preparations exhibited two zones, 
both of  whmh displayed activity, following polyaerylamlde electrophoresls but  
only one zone following electrophorems m sodmm dodecyl  sulfate (SDS). 

In the present investigation, we have characterized sulfhydryl oxldase prepa- 
rations (void volume fractions), obtained from permeation chromatography of 
whey and half-saturated (NH4)2SO4-whey precipitate usmg controlled-pore 
glass This method allows preparation of  sulfhydryl oxldase m a substantially 
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purlfmd form usmg a single step, thus greatly reducmg the number of  opera- 
tlons and the time prewously reqmred. 

The starting material for chromatography was varmus concentratmns of  
either rennin-whey or a crude enzyme fractmn. The latter (Fractmn C) was 
precipitated from rennm-whey by half-saturatmn with (NH4)2SO4 [1] Follow- 
mg dmlysls against sodmm phosphate (pH 7, F/2 = 0.1), the preparatmn was 
diluted to a protem concentratmn of  0.12% which is roughly the concentra- 
tmn of  the enzyme m whey.  Prmr to chromatography this solutmn was filtered, 
using a 0.45 pm filter, and in some cases, concentrated with an Ammon TCF- 
10 ultraffltratmn assembly using a PM-10 membrane. 

A typmal elution profile for direct chromatography of  whey, shown m Fig. 1, 
mdmates fractmnatmn mto a major void volume fraction {peak I), a 'shoulder' 
(peak II) and a large peak in the mternal volume Identical results were ob- 
tained for the Fractmn C proteins. 

Earher studms indicated that most  of  the enzymm activity is located m the 
void volume fractmn [4].  Accordmgly,  this fractmn (Fractmn V, mcludmg 
peaks I and II indicated m Fig. 1) as obtained from whey, concentrated whey 
and various concentratmns of  Fraction C was assayed for sulfhydryl oxldase. 
Typical results are hsted m Table I. The percent of  the total actlwty recovered 

T A B L E  I 

Su l fhyd ry l  oxldase  a c t i w t y ,  p u ~ h c a t i o n ,  p e r c e n t  r e c o v e r y  and to ta l  a m i n o  acid c o n t e n t  o f  Frac t ion  V 
o b t m n e d  f r o m  w h e y  and Frac t ion  C b y  p e r m e a t i o n  c h r o m a t o g r a p h y  using CPG-3000  c o l u m n s  A c t i w t y  
was  assayed  b y  f o l l o w i n g  the  d e p l e U o n  of  -SH groups ,  m e a s u r e d  b y  reac t ion  w i t h  5,5 '-¢hth~obls(2-mtzo- 
benzo ic  ac id) ,  during e n z y m e - c a t a l y z e d  ox tda t i on  of  r e d uced  g lu ta t l~o ne  [ 1 ]  One u m t  of  ac t iv i ty  is 
defJmed as the  ox i da t i on  o f  1 ~ m o l / m m  GSH under  assay concht ions  Fract ion  V, votd  v o l u m e  f rac t ion ,  
Fract ion  C, ( N H 4 )  2 S O 4 - w h e y  prec ip i ta te  

T o t a l  Spec Ac t  Pur th -  R e c o v e r y  Pe rcen t  o f  to ta l  
u m t s  (I ( u m t s / m g  E) ca t ion  (%) w e i g h t  represen ted  
w h e y )  by  a m i n o  acld  

resadues a 

W h e y  79 9 0 012  1 I 0 0  
C P G - 3 0 0 0  ( I )  34  0 3 5 298  46 50 9 
CPG-3000  ( I I )  31 9 4 0 343  43 69 1 

Whey ,  conc  (10X) 
CPG-3000  (I)  37 4 1 9 161 51 
C P G - 3 0 0 0  (If)  32 1 1 7 146 43 

Fract ion  C (0 12%) 
CPG-3000  ( I )  32 4 2 6 22 5  44 39 3 
CPG-3000  ( I I )  17 3 2 4 203  23 48 9 

Fract ion  C, conc  (25× )  
CPG-3000  (I)  38 0 2 i 177 51 
C P G - 3 0 0 0  ( I I )  19 8 2 0 172  27 

Fract ion  C, centr i fuged  
CPG-3000  ( I )  29 8 3 3 288  40 66 0 
CPG-3000  ( I I )  24  9 3 7 316 34 81 2 

a Exc lud ing  h a l f - c y s t m e  and t r y p t o p h a n  It shou ld  also be  reca l led  tha t  su l fhydry l  o x l d u e  ~s a g lycopro -  
tern c o n t ~ I m n g  10---15% c a r b o h y d r a t e  [ 1 ]  The  Quant i ty  o f  p r o t e i n  m these  preparat ions  (g to ta l  a m i n o  
acld r e s ldues /100  g e n z y m e  preparat ion)  was  d e t e r m i n e d  b y  a m i n o  acld analysis  f o l l o w i n g  the  proce -  
dttre of  Moore  and S t e m  [5]  
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m the void volume fraction increased with mcreasmg concentration of  whey or 
Fraction C These observations are consistent with the previously noted con- 
centration-dependency of  the degree of aggregation However, such a relation- 
ship was not  observed for specific activities. Accordingly, Fraction V obtamed 
by chromatography of  the least concentrated crude enzyme fractions (whey or 
Fraction C) gave the highest specffm activity Thus, association apparently 
also results m the mcluslon of non-enzyme protein or other consti tuents m the 
enzyme partmles 

It must be emphasized that these preparations contam non-protein contami- 
nants, most likely lipid, m addition to other proteins Consequently, purffma- 
tlon results from removal of either or both of  these contaminants Centrffuga- 
tmn of a dilute solution of  Fraction C was earher reported to yield the activity 
m the supernatant fractmn [1],  thus, rapidly sedimentmg impuntms were 
removed by sedlmentatmn at 2000 × g for 30 mm at 4°C. Centnfugatlon of  
Fraction C prior to chromatography yielded resultmg specific activities for void 
volume fractmns which were 30--50% greater than that obtained from Frac- 
tion C directly (Table I). Furthermore,  the percent of the total weight of these 
preparations attributable to amino acid residues increased by more than 50% 
Most likely lipid material, perhaps membrane fragments, are removed by the 
centrlfugatlon. Essentially all of  the weight of  peak II of this fraction, which 
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Fig 1 Elutlon profile for controUed-pore glass chromatography of whey The column (2 5 X 200 cm) 
contained 3000 A mean pore dlameter glass (CPG-3000, 120/200 mesh, obtained from Electro-Nucleo- 

mcs, Inc ) and was operated at a flow rate of 10 ml/mm Protelns were eluted with 0 047 M sochum phos- 
phate, pH 7, following cahbratlon wlth DNA and rlboflawn 

Ftg 2 Po lyac ry l amlde  gel e lectrophoret lc  pattern for Frac t ion  V m SDS Tube  gels (7 5% ac ry la rmde  wi th  
1% f l -mercap toe thano l )  were  e l ec t rophoresed  m a Blo-Rad Model  150  Elec t rophores l s  Cell using an aver- 
age loading of  75 ~tg p ro t e in  pe r  gel A CPG-3000( I )  f r o m  (1) w h e y ,  (2)  d i lu te  F rac t ion  C and (3) centr i -  
fuged F rac t i on  C B CPG-3000( I I )  f r o m  (1) whe y ,  (2)  d i lu te  F rac t ion  C and  (3)  cen t r i fuged  F rac t ion  C 
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has the highest speclfm activity, is accounted for by amino acid residues and 
the carbohydrate momty of this enzyme [1,6]. 

Standard polyacrylamlde gel electrophoresls [7] of Fraction V obtamed 
from either whey, Fraction C (0 12%) or centrifuged Fraction C gave essentially 
the same pattern, namely, a protein band occurred only on top of the spacer 
gel. However, not all of these preparations are homogeneous as was shown by 
polyacrylamlde gel electrophoresls in SDS [8,9] (Fig. 2). Nevertheless, prepara- 
hons CPG-3000(I) from whey and CPG-3000(I) from centrifuged Fraction C 
each gave a single visible protein-staining band in the separating gel 

Results of Ouchterlony double-dfffumon studms, usmg rabbit antlbodms, 
indicated that the void volume fractions CPG-3000(I) and CPG-3000(II) all 
formed preclpltatmn bands when mcubated with anhbodms agamst sulfhydryl 
oxldase Some preparations of the enzyme also displayed precipitation bands 
agmnst xanthine oxldase antibodies mdmatlng contamination of these prepara- 
tions with this enzyme However, CPG-3000(I) from whey and CPG-3000(I) 
from centrifuged Fraction C did not exhibit a second preclpltatmn band result- 
ing from reactivity with xanthme oxldase antibodies. 

Thus, sulfhydryl oxldase can be obtamed with roughly 300-fold punfmatmn 
from whey or centrifuged Fraction C using a smgle chromatographm pass 
through CPG-3000. This substantially purified preparation can be obtamed m a 
few hours, whereas, the prewous method requires one week of carefully per- 
formed isolation steps. Furthermore, these preparations appear to be of similar 
purity to that previously reported with respect to protein impurities. This one- 
step physical method of Isolation allows preparatmn of the enzyme while mml- 
mLzlng the possible formation of artifacts due to the Isolation procedure. 

This mvestlgatmn was supported m part by the National Science Foundation 
under grants AER77-12724 and DAR78-15707 
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