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Summary 

Autogenous bleaching of glycoUate oxidase (glycollate:oxygen oxidore- 
ductase, EC 1.1.3.1) is characterized by a loss of  absorption due to enzyme- 
bound FMN and the presence of  a lag in the catalytic assay. The extent  of  
bleaching varies with different preparations. The following evidence indicates 
that bleaching is due to the presence of  sulfite in the enzyme preparation which 
forms a reversible complex (EFMN + Y # EFMN • Y, Y = sulfite) with enzyme- 
bound FMN. Both E F M N .  Y and authentic enzyme-sulfite complex exhibit 
similar spectral and catalytic properties. At pH 7.0 both complexes are decom- 
posed by agents (2,6<lichlorophenolindophenol, H202) which cause sulfite 
oxidation. In the absence of  such agents the complexes are extremely stable at 
pH 7.0 even during extensive dialysis. A pronounced decrease in complex 
stability is observed at pH 9.0 and 25°C. Both sulfite and Y are readily removed 
by dialysis under these conditions. At lower temperatures both  complexes 
exhibit an increase in stability at pH 9.0. Reversible association-dissociation is 
observed with l~FMN • Y and EFMN • SO3 at pH 9.0, when the temperature is 
varied between 25 and 0°C. The supernatant obtained after heat denaturation 
of  EFMN • Y causes bleaching when mixed with EFMN, indicating that Y is 
present in the heat extract. A stable Bunte salt is formed by reacting sulfite 
with 4,4'-dithiodipyridine. Reaction of  the latter with the heat extract yields a 
product  with spectral and chromatographic properties identical to the 
authentic Bunte salt, indicating that the heat extract contains sulfite. 

* Present address: Grand Rapids Baptist College, Grand Rapids, MI 49505, U.S.A. 



439 

Introduction 

Pig liver glycollate oxidase (glycollate:oxygen oxidoreductase, EC 1.1.3.1) 
catalyzes the oxidation of various L-a-hydroxy acids coupled with the reduc- 
tion of oxygen or other electron acceptors such as 2,6-dichlorophenol- 
indophenol (DCIP). The enzyme contains FMN as its major prosthetic group 
with a variable minor component identified as 6-hydroxy-FMN [1,2]. The 
visible absorption spectrum observed for different preparations of glycollate 
oxidase varies depending on the 6-hydroxy-FMN content and on the extent of 
autogenous bleaching. The latter is associated with an apparent loss of 
absorption due to enzyme-bound FMN and the presence of a lag in the 
catalytic assay. The spectral changes and the effect on the catalytic assay are 
similar to that observed upon formation of a covalent complex between 
enzyme-bound FMN and sulfite. Characteristically observed with flavoprotein 
oxidases [3], the sulfite complex is formed via nucleophilic attack of sulfite at 
position N(5) of the flavin [4]. Schuman and Massey [1] found that both types 
of spectral bleaching could be reversed by adding anions (e.g., oxalate) which 
bind to positively charged groups near the fiavin. This treatment would also 
abolish the lag period in the catalytic assay. The results suggested that enzyme 
preparations which exhibit autogenous bleaching might contain a factor 
capable of forming a reversible sulfite-like complex with the FMN moiety. 

We recently isolated a preparation of glycollate oxidase which exhibited a 
substantial amount of autogenous bleaching. This prompted the studies 
described in this paper which provide evidence indicating that sulfite itself is 
the factor responsible for autogenous bleaching. 

Experimental procedure 

Materials 
Sodium glycolate was purchased from Baker Chemical Company. DCIP was 

obtained from Sigma Chemical Co. Sodium sulfite and hydrogen peroxide were 
obtained from Mallinckrodt. 4,4'-Dithiodipyridine was purchased from Aldrich. 
Analytical TLC plates containing an ultraviolet indicator (silica gel 60 F-254) 
were purchased from Brinkman Instruments. All other materials were the best 
commercially available grade and used as received. 

Me thods 
GlycoUate oxidase was purified from pig liver and assayed by the procedures 

of Schuman and Massey [1]. Protein was determined by the method of Lowry 
et al. [5]. The enzyme preparations exhibited specific activity values similar to 
that previously reported for pure enzyme [ 1 ]. The activity of the preparation 
which exhibited autogenous bleaching was determined by measuring the rate 
observed after the lag period in the catalytic assay. Alternatively, the lag could 
be eliminated by prior incubation of the enzyme with oxalate (0.08 M) at pH 
7.0. In agreement with previous studies [1], the initial rate observed with the 
oxalate-treated sample was the same as the activity observed after the lag 
period with untreated enzyme. Assays were performed using a Gilford spectro- 
photometer. 
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Reaction of  sulfite with 4,4'-dithiodipyridine was conducted in 0.1 M 
sodium phosphate buffer, pH 7.0, at 25°C following a procedure similar to 
Humphrey et al. [6]. Excess 4,4'-dithiodipyridine ( 8 . 0 . 1 0 - s - - 2 . 8  • 10 -4 M) 
was added to the sulfite solution, the absorbance at 324 nm (e = 2 .2 .  104 
M -1. cm -1) was recorded after 3 min and used to determine the amount  of  
4-mercaptopyridine formed. In the presence of FMN the amount  of  4-mercap- 
topyridine was determined after correcting for the absorbance of  the flavin at 
324 nm. FMN did not  otherwise affect the assay at concentrations similar to 
those present in the heat extract from glycollate oxidase. A suitable volume 
(0.35--2.0 ml) of  the reaction mixture containing 12--50 nmol of  the Bunte 
salt was applied to a TLC plate as a streak. The plate was developed with 
chloroform/methanol  (7 : 3), dried, rotated by 90 ° and placed in a tank 
containing 100% methanol.  The spot containing the Bunte salt was eluted with 
water (0.4 ml) and the silica gel was removed by centrifuging. The absorption 
spectrum of the supernatant (0.26--0.29 ml) was recorded vs. a reference cell 
prepared from the same area of  a blank control plate. The yield of  the Bunte 
salt was determined from its absorption at 265 nm (e = 6000 M -1 • cm -1 [6]). 
Absorption spectra were obtained using a Beckman 25 spectrophotometer .  

The effects of  pH and temperature on the dissociation constant of  the 
enzyme-sulfite complex were determined by spectral titration [7],  in 0.1 M 
sodium phosphate buffer, pH 7.0, or in 0.1 M sodium borate buffer, pH 9.0, 
using an enzyme preparation which did not  exhibit autogenous bleaching. 
Except  at pH 9 and 0°C, rapid equilibration was observed at each point  in the 
titrations. 

All buffer solutions used in these studies contained 3 • 10 -4 M EDTA. 

Results and Discussion 

Autogenous bleaching, as evidenced by a lag in the catalytic assay, has never 
been detected in the early stages of enzyme purification. Owing to the presence 
of  a non-linear blank rate of  DCIP reduction, a different procedure is required 
for crude enzyme samples which involves a short preincubation (2 min) of  the 
enzyme with all assay components  except  glycollate (substrate-last assay) [1]. 
Assays with purified enzyme samples are normally initiated by adding enzyme 
(enzyme-last assay). We have found that enzyme which exhibits a lag in the 
enzyme-last assay does not  show a lag in the substrate-last assay, indicating that 
the latter cannot be used to detect  autogenous bleaching in crude enzyme 
samples. The lag is observed with the substrate-last assay provided DCIP is 
omit ted during the preincubation period. The results suggest that  apparent 
dissociation of the sulfite-like enzyme complex (EFMN.  Y) occurs during 
preincubation with DCIP, possibly via oxidation of  the factor (Y) responsible 
for autogenous bleaching. For comparison, experiments were conducted using 
authentic enzyme-sulfite complex prepared using another enzyme preparation 
which did not  exhibit autogenous bleaching. The enzyme-sulfite complex 
exhibited a lag when assayed by  the enzyme-last method,  similar to previous 
studies [1]. However, no lag was detected when the complex was assayed by 
the substrate-last method.  Other studies showed that sulfite would rapidly 
reduce DCIP, as evidenced by decreases in absorption at 600 nm when sulfite 
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(15 pM) was mixed with DCIP under the same conditions which eliminate the 
lag with EFMN • Y and EFMN • SO3. 

Hydrogen peroxide was tested to determine whether another oxidizing agent 
would also cause decomposi t ion of  E F M N .  Y. In these studies a sample of  
autogenously-bleached enzyme was mixed with 5 mM H202 in 0.1 M sodium 
phosphate buffer, pH 7.0, at 25°C. A small aliquot, assayed after 5 min, 
showed that  peroxide t reatment  eliminated the lag (Fig. 1). The lag did not  
reappear during subsequent  incubation of  the enzyme even if excess catalase 
was added to destroy any free H202. In similar studies it was found that H202 
would also eliminate the lag observed with authentic enzyme-sulfite complex. 

Studies with oxidizing agents were conducted at pH 7 which is the same pH 
used for assay and storage of  the stock of  autogenously-bleached enzyme. At 
this pH the lag is not  eliminated by  dilution or by incubating the enzyme alone 
at 25 or  0°C. However, we find that  the lag is rapidly eliminated by diluting the 
enzyme with 0.1 M sodium borate buffer, pH 9.0, at 25°C. On the other  hand, 
the lag was not  abolished if the enzyme was diluted into borate buffer  at 0°C. 
However,  if the temperature of  the pH 9.0 solution at 25°C was lowered to 0 ° C, 
the lag reappeared within a few hours. No lag was detected when the temper- 
ature of  the sample was again increased to 25°C and assayed after 5 min. The 
results suggest that  the reaction responsible for autogenous bleaching is an 
equilibrium reaction (Eqn. 1), and that the apparent dissociation constant 
depends on pH and temperature,  increasing at higher pH values and tempera- 
tures. 

EFMN • Y ~ EFMN + Y (1) 

Changes in the visible absorption spectrum of the enzyme provide direct 
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evidence for the effect of  temperature on the equilibrium concentration of  
EFMN • Y at pH 9.0 (Fig. 2). Bleaching of  the enzyme is observed when the 
temperature of  the solution is lowered from 25 to 0°C, as evidenced by a slow 
decrease in absorbance at 450 nm. The reaction is reversible as evidenced by 
the rapid return of  absorbance at 450 nm when the temperature is increased 
back to 25°C. The results show that the elimination of  the lag in the catalytic 
assay is accompanied by a decrease in the concentration of  EFMN • Y, similar 
to results previously obtained for the effect of anions on the extent of  
autogenous bleaching at pH 7.0 [1]. 

A similar effect of  temperature is observed with authentic enzyme-sulfite 
complex at pH 9.0 (Fig. 3). Only a small amount of  complex is formed upon 
addition of  sulfite (0.31 mol /mol  FMN) at 25°C. The amount of  complex 
increases when the temperature is lowered to 0°C, as evidenced by a slow 
decrease in absorption at 450 nm similar to the reaction observed with autoge- 
nously-bleached enzyme. When the temperature is increased to 25°C most of  
the complex rapidly dissociates, resulting in a spectrum identical to that 
originally observed at 25°C. That the observed changes reflect differences in 
complex stability is evidenced by the values obtained for dissociation con- 
stants, which, at 0°C, were found to be 9.9 • 10 -8 and 2.9 • 10 -6 M at pH 7.0 
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Fig. 2, E f f ec t  o f  t empera tu re  on  the  e x t e n t  o f  au togenous  b leac l~ng at  p H  9.0. A n  a l i quo t  o f  autog-  
enous ly -b leached  e n z y m e  was d i lu ted  i n t o  0 .1  M s o d i u m  b o r a t e  buf fe r ,  p H  9.0, a t  25 ° C an d  the  s p e c t r u m  
s h o w n  in curve  1 w as . r e c o rde d .  The  t e m p e r a t u r e  of  t he  sample  was t h e n  l o wered  to  0°C an d  curve  2 was 
r e c o r d e d  w h e n  the  spec t ra l  changes  were  c o m p l e t e  (2 h) .  Curve 1 was ob t a ined  w h e n  the  t e m p e r a t u r e  of  
the  so lu t ion  was increased  b a c k  to  25 ° C. (The  375  n m  abso rp t i on  b a n d  obse rved  for  glycol la te  oxidase  at  
p H  7.0 shifts  t o  335  n m  a t  p H  9 .0  due  to  ion iza t ion  at  the  N(3)  pos i t ion  of  e n z y m e - b o u n d  FMN [1 ] . )  

Fig. 3. Ef fec t  of  t e m p e r a t u r e  oh  the  a p p a r e n t  s t abd i ty  of  the  enzyme-su l f i t e  c o m p l e x  at  pH 9.0. Curve 1 
is the  s p e c t r u m  of  a sample  of  g lycoHate  oxidase  which  did n o t  exhibi t  a u t o g e n o u s  b l e a c h i n g  in 0.1 M 
s o d i u m  b o r a t e  buf fe r ,  p H  9.0, a t  25°C.  (The  s p e c t r u m  was n o t  a f f ec t ed  by  lower ing  the  t e m p e r a t u r e  to  
0°C.)  Curve 2 was r e c o r d e d  i m m e d i a t e l y  a f t e r  add i t ion  of  sulf l te  (0 .31 m o l / m o l  e n z y m e  flavin).  No 
fu r t he r  spect ra l  changes  were observed.  The  t e m p e r a t u r e  of  t h e  sample  was t h e n  decreased  to  0 °C an d  
curve  3 was  r e c o r d e d  w h e n  the  spect ra l  changes  were  c o m p l e t e  (2 h) .  Curve 2 was  ob t a ined  w h e n  the  
t e m p e r a t u r e  was increased b a c k  to 25°C.  (as c o m p a r e d  wi th  the  p r ep a ra t i o n  s h o w n  in Fig. 2, this  p repara -  
t ion  c o n t a i n s  less  6 - h y d r o x y - F M N  and,  t he re fo re ,  exhib i t s  s o m e w h a t  d i f f e ren t  spect ra l  p rope r t i e s  par t icu-  
larly n o t i c e a b l e  in  the  4 30  n m  region.)  
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and 9.0, respectively, and at 25°C were 3.6 • 10 -7 and 3.6 • 10 -s M at the same 
respective pH values. These results show that  complex stability decreases with 
increasing pH and temperature. The latter effect is especially pronounced at pH 
9.0, where the dissociation constant observed at 25°C is more than 10-fold 
greater than the value obtained at 0°C. This effect is less marked at pH 7.0 
where the complex is extremely stable even at 25°C, similar to results obtained 
in previous studies [1,7]. At pH 7.0 stoichiometric complex formation is 
observed except at ratios close to equimolar mixtures of  sulfite and enzyme 
flavin. The stability of  the enzyme-sulfite complex at pH 7.0 is dramatically 
illustrated by the fact that  80% of the complex remains intact even after 
dialysis for 48 h vs. 6 changes of a 50-fold excess of  buffer at pH 7.0 and 5°C. 

The final step in the preparation of  glycollate oxidase involves dialysis at pH 
7.0 and 5°C. The fact that  some preparations contain EFMN • Y suggests that  
this complex is also very stable under these conditions. On the other hand, if Y 
is not  a modified amino acid residue it might be removed by dialysis at pH 9.0 
and 25°C, since the stability of  EFMN • Y is considerably decreased under these 
conditions. To test this hypothesis a sample of  autogenously-bleached enzyme 
was dialyzed at pH 9.0 and 25°C. The absorption spectrum of  the dialyzed 
enzyme was similar to that  observed for undialyzed enzyme at pH 9.0 and 25°C 
but, unlike the latter, did not  alter when the temperature was lowered to 0°C. 
The dialyzed sample did not  exhibit a lag even after incubation at 0°C for 24 h. 
An undialyzed control sample was maintained at pH 9.0 and 25°C for the same 
length of  time as the dialyzed sample. A lag did reappear in this sample after 
the temperature was lowered from 25 to 0°C. The results indicate that  the 
factor Y is no t  destroyed at pH 9.0 and 25°C, but  is a small molecule which is 
removed by dialysis under these conditions. Studies with authentic enzyme- 
sulfite complex shows that  sulfite can also be completely removed from the 
enzyme by dialysis at pH 9.0 and 25 ° C. 

The absorption spectrum of autogenously-bleached enzyme at pH 7.0 and 
25°C is compared in Fig. 4 with the spectrum of the supernatant obtained after 
heat denaturation. The latter spectrum is characteristic of protein-free uncom- 
plexed FMN. Evidence for the presence of Y in the heat extract was sought by 
mixing the latter with a sample of  enzyme from a preparation which did not  
exhibit autogenous bleaching. EFMN.  Y was formed in this experiment as 
evidenced by the appearance of  a lag in the catalytic assay. Since Y is present in 
the heat extract the results indicate that  the stability of  the FMN • Y complex 
is lost when the coenzyme is released from the protein. This is consistent with 
the observed similarities between EFMN • Y and EFMN • SO3 and the fact that  
the affinity of free FMN for sulfite (Kd = 1.9 M) [4] is negligible as compared 
with FMN bound to giycollate oxidase. Previous studies indicate that  
EFMN.  Y exhibits negligible absorbance at 450 nm, similar to EFMN.  SO3 
[1]. The total concentration of  enzyme-bound FMN (EFMN + E F M N - Y  = 
4.62 • 10 -s M) was calculated based on the amount  of  free FMN in the heat 
extract. The concentration of  EFMN (3.46 • 10 -s M) was estimated from the 
absorbance of . the undenaturated sample at 450 nm (e = 11.7 • 103 M -1 • cm -1, 
determined for a preparation which did not  exhibit autogenous bleaching [1 ]). 
This analysis yields a value of 1.16 • 10 -5 M for the concentration of EFMN • Y 
at pH 7.0, which corresponds to 25% of the total flavin in the preparation. The 
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Fig.  4.  E f f e c t  o f  heat  d e n a t u r a t i o n  on  t h e  s p e c t r u m  o f  au togenous l y -b l eached  e n z y m e .  Curve  1 is t he  
s p e c t r u m  of  t h e  e n z y m e  m 0.1  M s o d m m  p h o s p h a t e  b u f f e r ,  p H  7.0 ,  a t  2 5 ° C .  The  s a m p l e  was  d e n a t u r e d  
b y  h e a t i n g  f o r  2 r a in  a t  1 0 0  ° C m a s t o p p e r e d  t u b e  p r o t e c t e d  f r o m  h g h t .  The  s p e c t r u m  o f  t h e  s u p e r n a t a n t  
(Curve  2) was  r e c o r d e d  a f t e r  r e m o v i n g  the  p r o t e i n  p r e c i p i t a t e ,  

same value was obtained for the percent of  total flavin, present as EFMN • Y, in 
a separate analysis performed after diluting the enzyme 5-fold with buffer at 
pH 7.0. That the complex does not  dissociate upon dilution provides further 
evidence for its stability at pH 7.0 and suggests that  the concentration of  Y in 
the heat extract is approximately stoichiometric with the amount  of EFMN • Y 
in the undenaturated sample. 

The observed similarities between EFMN.  Y and EFMN.  SO3 prompted 
studies to determine whether the heat extract contained sulfite. Sulfite can be 
determined spectrophotometrically [6] based on the amount  of  4-mercapto- 
pyridine (Xmax = 324 nm) formed during reaction with 4,4'-dithiodipyridine 
(Eq. 2, R = CsH4N). 

RSSR + SO~- -+ RS- + RSSO~ (2) 

However, a small amount  of  protein (approx. 5%) remains in solution after heat 
denaturation and residual protein sulfhydryl groups could interfere with this 
procedure. (The number of  cysteine residues in glycollate oxidase is not  known 
but the enzyme contains 7 half-cystine residues [1] vs. 0.25 mol Y/mol FMN 
estimated for the~ preparation of bleached enzyme). On the other hand, forma- 
tion of the Bunte salt (tLSSO~) would provide unambiguous evidence for 
sulfite. The Bunte salt exhibits an absorption maximum at 265 nm 
(e = 6000 M -1 • cm -1 [6].) and can be separated from other ultraviolet-absorbing 
reaction components by TLC (chloroform/methanol (7 : 3)). A spot attributed 
to the Bunte salt ( R F  = 0.30-+ 0.02) was observed after reaction of  excess 
4,4'-dithiodipyridine with millimolar concentrations of  sulfite but not  after 
reaction with a similar amount  of dithioerythritol.  A faint spot, ( R  F = 0.41) 
which migrates ahead of the Bunte salt, was observed in this experiment after 
reaction of  4,4'-dithiodipyridine with either sulfite or dithioerythritol  and is 
probably due to 4-mercaptopyridine. Although this compound proved difficult 
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to detect,  other  studies showed that spots containing as little as 5 nmol of  the 
Bunte salt could be easily detected.  

A modified two-dimensional chromatography procedure was developed for 
analysis of  dilute solutions of  the Bunte salt. In this procedure the reaction 
mixture is applied as a streak, the plate is developed using the solvent system 
described above, and then the separated product  streaks are concentrated into 
small spots with methanol  (Fig. 5). Based on the observed RF values, spots B 
and C in Fig. 5 are at tr ibuted to the Bunte salt and unreacted 4,4'-dithiodi- 
pyridine, respectively. Spot B was eluted from the plate and showed an absorp- 
tion maximum at 265 nm as expected for the Bunte salt (Fig. 6). The yield of  
the Bunte salt varied between 38--100% in 10 separate experiments with an 
average of  58%. The time required to streak and develop the plates by this 
procedure may cause some decomposi t ion as evidenced by  spot D which was 
not  identified. A spot  due to 4-mercaptopyridine was not  detected.  

Addition of  4,4'<lithiodipyridine to the heat extract from autogenously- 
bleached enzyme results in the formation of  4-mercaptopyridine as evidenced 
by increases in absorption at 324 nm. The results shown in Fig. 7 were 
obtained when the reaction mixture was subjected to the modified two- 
dimensional chromatography procedure. Based on the observed R F va lues ,  
spots B', C' and D' correspond to spots B, C and D observed for the reaction of  
sulfite with 4,4'-dithiodipyridine. The material eluted from spot  B' (RF = 0.29) 
exhibits an absorption spectrum identical to the authentic Bunte salt (Fig. 6). 
The eluates from spots B and B' were rechromatographed using a different 
solvent system (ethanol/dichloromethane (3 : 2)). The material from the heat 
extract of  glycollate oxidase showed a single spot  with the same RF value 
(0.52) as the authentic Bunte salt. 

The amount  of  the Bunte salt recovered from spot B' (9.5 nmol) is about  
1.5-fold greater than the amount  of  Y estimated for the sample used in these 
studies (6.0 nmol). A yield of  37% is calculated for the Bunte salt based on the 
amount  of  4-mercaptopyridine formed during reaction of  the extract with 4,4'- 
dithiodipyridine. The observed yield is less than the average (58%) but  almost 
within the range (38--100%) observed in control  studies. Based on these results 
it is difficult to determine whether some of the 4-mercaptopyridine was formed 
by reaction of  4,4'<lithiodipyridine with residual protein sulfhydryl groups. 
However,  the amount  of  the Bunte salt recovered can be regarded as a minimal 
estimate of  the amount  of  sulfite present in the heat extract. The fact that this 
is greater than the amount  predicted, based on the concentration of  bleached 
enzyme observed before denaturation, suggests that  additional sulfite was 
released during the heat step. That the purified enzyme may contain a potential 
source of  sulfite which is slowly released at 0°C is suggested by  the fact that  
bleaching is observed for some preparations during several weeks of  storage at 
0°C [1]. It is significant that  the enzyme is typically stored under conditions 
where it forms an extremely tight complex with sulfite and that EDTA is 
included in all buffers. Humphrey  et al. [6] have shown that the instability 
observed for aqueous solutions of  sulfite is due to oxidation catalyzed by 
metal ions and that sulfite solutions are stable in the presence of  EDTA. 

The presence of  variable amounts  of  sulfite in glycollate oxidase preparations 
can account  for the observed variability in the extent  of  autogenous bleaching 
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Fig. 5. C h r o m a t o g r a p h y  of  di lute  r eac t ion  p r o d u c t s  f o r m e d  wi th  4 ,4 ' -d i t h lod ipy r id ine  and  sulflte. The  
r eac t ion  m i x t u r e ,  p r e p a r e d  as descr ibed  in Methods,  was appl ied  to  the  pla te  as a s t reak.  The  e h r o m a t o -  
g r a m  was deve loped  wi th  c h l o r o f o r m / m e t h a n o l  ( 7  : 3) a n d  the  s t reaks  were  t h e n  c o n c e n t r a t e d  unth  
m e t h a n o l  in the  d i rec t ions  ind ica ted .  The  pos i t ion  of  the  original s t reak  is ind ica ted  by  FMN (A)  which  
does n o t  mig ra t e  in e i ther  so lvent  sys tem.  FMN was  d e t e c t e d  by  its f luorescence .  The  o t h e r  c o m p o u n d s  
were  d e t e c t e d  as da rk  spots  u n d e r  shor t  wave l eng th  u l t rav io le t  light. 

Fig. 6. Abso rp t i on  spec t ra  of  the  isola ted Bunte  salt. Curve 1 an d  2 were  o b t a i n e d  for  the  ma te r i a l  e lu ted  
f r o m  spot  B' (Fig. 7) a n d  spo t  B (Fig. 5), respect ively .  
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C H L O R O F O R M  M E T H A N O L  ( 7  3 )  

• P " " " m Fig. 7. C h r o m a t o g r a p h y  of  r eac t ion  p r o d u c t s  f o r m e d  wi th  4,4 d i th lod lpyr ld ine  and  the  hea t  ext_~act fro 
b l eached  e n z y m e .  The  hea t  e x t r a c t  (Fig. 4)  was r e a c t e d  wi th  4 ,4 ' -d i th iod ipy r id ine  (2.8 • 1 0 -  M), the  
sample  (0 .52 ml )  was a p p h e d  to  the  pla te  as a s t r eak  a nd  the  c h r o m a t o g r a m  d ev e lo p ed  as descr ibed  in 

Fig. 5. 
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including the fact that some preparations never exhibit evidence for this 
phenomenon.  The results of  these studies show that  the effect  of  sulfite on the 
catalytic and spectral properties of  the enzyme can be eliminated by dialysis 
under conditions which decrease the stability of  the complex formed with 
enzyme-bound FMN. While the source of sulfite in glycollate oxidase prepara- 
tions remains unclear, it may be pertinent that oxidation of cystine under 
certain conditions yields S-sulfocysteine (CyS-SO~) as a major product  [8] 
since sulfite could be generated from the latter via nucleophilic attack at the 
labile S-sulfo linkage. 
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