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Rdsumg  
On a 6tudi6 I ' e f fe t  de  d ivers  f ixa t eu r s  h is to logiques  

sur l ' a c t iv i t~  de  la r ibonucl~ase  e t  discut6 la signifi- 
cat ion des r~su l ta t s  p o u r  le t r a v a i l  cy to log ique .  

The Effect of P h o s p h a t e  on C r e a m  Xanthine  
Ox idase  

Metal lof lavo-prote in  enzymes  can  be ac t iva t ed  under  
certain condi t ions  by  o r thophospha te  ions. This  fact ,  and 
the suggested in te rac t ion  of phospha te  and these enzymes  ~ 
prompted  an inves t iga t ion  of the  effect of phospha te  on 
cream xan th ine  oxidase.  
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Fig. 1.--The effect of heating and of phosphate on cream xanthine 
oxidase. 0.1 p M xanthine,  0.3 ml xanthine oxidase (1:100 in Tris), 
(at right} 0-1 ml of 2,6-dichlorophezlol indophenol (~¢0 rag/100 ml). 
Completed to 3-0 ml with 0-1 M phosphate, pH 7-8; or 0-05 M Tris, 
pH 7.8 (as indicated). Temperature 24°C. Curves :~: 1 and 2: freshly 

diluted enzyme; curves ~ S and 4: heated 6-5 h at  37°C. 

Cream xan th ine  oxidase  (Nutr i t ional  Biochemical  Co., 
lot @ 9493) was k e p t  frozen, and  was di lu ted for use 
1 : 100 wi th  Tris (Sigma) buffer,  p H  7.8, 0.05 21dr. All o ther  
reagents were dissolved in the  same buffer or  in water .  
Xanth ine  oxidase ac t iv i ty  was assayed spectrophoto-  
metrically in the  B e c k m a n n  D U  spect rophotometer .  Oxy-  
gen reduct ion,  as measured  by  uric acid format ion,  was 
determined by  recording the  changes of opt ical  densi ty  a t  
298 m/l, the  reduc t ion  of dye (2,6-dichlorophenol-indo- 
phenol; Fisher) was de te rmined  a t  600 m F, xanth ine  
being used as subs t ra te  in bo th  cases. All assays were 
carried ou t  in (a) 0.1 M or thophosphate ,  p H  7.8, or (b) 
0.05 M Tris, p H  7.8. 

When freshly d i lu ted  enzyme was used, no difference 
was observed in oxygen  reduct ion,  be tween  reactions car-  
ried ou t  in phospha te  or Tris buffers.  However ,  when the  
reaction was run  in phosphate ,  the  reduc t ion  of dye  was 
inhibited abou t  one th i rd  in re la t ion to  the  react ion ra te  
observed wi th  Tris  buffer  (Fig. 1). W h e n  the  di luted 
enzyme (working solution) was aged by  s tanding  in the  
freezer, enzymic  a c t i v i t y  decreased, bo th  for the  reduc-  
tion of oxygen  as well  as of dye. Unde r  these conditions,  
phosphate caused a par t ia l  res t i tu t ion  of ac t iv i ty ,  when 
oxygen was used as e lec t ron acceptor ;  on the  o ther  hand 
the inhibi t ion of dye reduct ion  disappeared,  phosphate  
causing even some s t imula t ion  of the  ac t iv i ty  of the  aged 
enzyme in some exper iments .  

The inac t iva t ion  of xan th ine  oxidase could also be pro- 
duced by  hea t ing  the  working  solut ion in water  b a t h  a t  
37°C. Incuba t ion  a t  37°C for 6.5 h in the  Dubnoff  shaker  
caused no tu rb id i ty ,  nor  changes in optical  densi ty  a t  
260 or 280 in f .  Hea t i ng  the  enzyme in Tris buffer caused 
greater loss of a c t i v i t y  t h a n  hea t ing  the  enzyme dis- 

solved in phosphate .  The  ac t i v i t y  of xan th ine  oxidase 
was reduced to the  same degree wi th  b o t h  oxygen  as well 
as dye as electron acceptor.  The  longer  the  enzyme  was 
heated,  t he  greater  was the  s t imula t ion  of x a n t h i n e  oxyd-  
ase ac t iv i ty  caused by  phosphate ,  when  oxygen  was  used 
as electron aeceptor ;  on the  o the r  hand,  wi th  dye  as 
electron acceptor,  the  inhibi t ion caused by  phospha t e  
decreased wi th  progressive heat ing.  The  effect  of  phos-  
pha te  on enzymic  reduct ion  of oxygen  va r i ed  wi th  t he  
exper imenta l  condi t ions :  Phospha te  caused a pa r t i a l  
reac t iva t ion  when  the  enzyme  was hea ted  for 6-5 h a t  
37°C, bu t  no reac t iva t ion  could be observed  when  the  
enzyme was hea ted  for 10 min a t  55°C. 

I t  then was of interes t  to verify,  whe the r  phospha t e  
could not  only restore the ac t i v i t y  of xan th ine  oxidase,  
bu t  could also pro tec t  the  enzyme agains t  inac t iva t ion  
due to aging. For  this purpose,  xan th ine  oxidase was 
diluted 1:100 with  (a) Tris buffer, p H  7.8, 0.05 M ,  or 
(b) 0.1 M phosphate ,  p H  7.8. Both  solutions were kep t  
a t  + 4°C for 14 days, and then  tes ted for reduc t ion  of dye  
and of oxygen,  in both  buffers (Fig. 2). The  results  paral -  
lel those reported above.  The enzyme  was inac t iva ted  to 
a lesser degree when dissolved in phospha te  than  when  
dissolved in Tris, if oxygen  was used as electron acceptor .  
The aged enzyme was s t imula ted  when the  assay was 
carried out  in phosphate.  W i t h  dye as electron acceptor ,  
the  inhibi t ion caused by phospha te  d isappeared on aging,  
and the  presence or absence of phospha te  dur ing assay 
had l i t t le  effect. 

I t  is known t h a t  folic acid and o ther  pter idines  are  pa-  
t en t  inhibitors of xanth ine  oxidase I. The  inhibi t ion  caused 
by  folic acid (Folvite,  Lederle) is much  less when  dyes  are 
used as electron acceptor,  t han  when  oxygen  is used as 
electron acceptorL I t  was found (Table), t h a t  the  degree 
of inhibit ion caused by folic acid was inversely  re la ted to 
the enzymic  ac t iv i ty  observed in absence of inhibi tor .  
Phosphate  afforded a par t ia l  p ro tec t ion  agains t  the  in- 
h ibi tory  effect of folic acid. 
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Fig. 2.--The effect of phosphate and of aging on cream xanthine 
oxidase. Assay conditions as in Figure 1. The diluted enzyme had 
been kept in 0"05 M Tris, pH 7-8 (T), or in 0-1 M phosphate, pH 7-8 

(1'), for 14 (lays a t  I- 4°C. 

Other  buffers tes ted  (in absence of  folic acid) had  the  
same effect on c ream xan th ine  oxidase  as Tris buffer .  
When  c ream xan th ine  oxidase was s tored for several  
months ,  even  when kep t  frozen, t i le descr ibed effects of 
phosphate  could no longer be observed with  freshly di lut -  
ed working solution. This  probably  indicates t h a t  af ter  pro-  
longed storage, the enzyme is i r revers ibly  al tered,  so t h a t  
phospha te  causes ahvays s t imula t ion  wi th  oxygen  as 
electron acceptor,  and has no effect when dye  is used 
as electron acceptor.  
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The effect of phosphate and folic acid on cream xanthine oxidase. 
0.1 /~M xanthine, 0-005 /*M relic acid (FA), xanthine oxidase 
(Diluted 1:100 in Tris), as indicated. For dye reduction, 0.1 ml of 
~2,6-Dichlorophenol indophenol (30 mg]100 nil). Completed to 3.0 ml 
with 0.05 M Tris, pH 7.8, or with 0.1 M phosphate, pH 7.8. Values 
correspond to the change in optical density ( × 1000) at 298 m~-- in  
assays @ 6 and 7 change in optical density at 600 m/z--for the 
first 10 min after the addition of substrate. All reactants, except 
xanthine, were preincubated for 5 min at 24°C. Assay temperature: 

24 ° C. All values are averages of three determinations. 

Assay :~ 
Tris Phosphate 

Enzyme 

0-5 ml fresh 258 
0.5 ml aged 203 
0.5 ml aged 168 
0.3 Inl fresh 207 
0.3 ml fresh 160 

0.5 ml fresh 201 
0.3 ml fresh 150 

154 258 191 
86 244 139 
44 222 128 

106 237 126 
79 190 99 

175 140 126 
129 103 94 

1.0 

Y Severa l  o t h e r  i n s t a n c e s  of t h e  effect  of o r t h o p h o s p h a t e  
on m e t a l l o f l a v o - p r o t e i n s  h a v e  been  repor ted .  ~VIACKLER 
et al)  s t a t e d  p h o s p h a t e  to  be r equ i red  for r e d u c t i o n  of one-  
e lec t ron  a c c e p t e r s  b y  c r e a m  x a n t h i n e  oxidase .  D P N H -  
pe rox idase  is i n h i b i t e d  b y  p h o s p h a t e * ;  t h i s  is also t r u e  for 
D P N H - c y t o c h r o m e  c r e d u c t a s e L  MAHLER et al. s a t t r i b u t e  
t h i s  i nh ib i t i on  to a ' c o o r d i n a t i o n  of p h o s p h a t e  w i t h  t h e  
i ron  of t h e  e n z y m e  d u r i n g  t h e  c a t a l y t i c a l  process ' .  

T h e  p r e s e n t  d a t a  ind ica te  t h a t  the  processes  of loss 
of e n z y m i c  a c t i v i t y  due  to a g i n g  or mi ld  hea t ing ,  t h e  in-  
h ib i t i on  b y  relic acid,  a n d  t h e  effect  of o r t h o p h o s p h a t e ,  
are all c o n c e r n e d  w i t h  t h e  s a m e  si te  of c r e a m  x a n t h i n e  
ox idase ;  it  is l ikely, t h a t  t h e  si te  a f fec ted  is t h e  m o l y d e -  
n u m  or iron, or  b o t h  me ta l s .  T h e  d a t a  i nd ica t e  fu r the r ,  
t h a t  t h e  level of o r t h o p h o s p h a t e  d e t e r m i n e s ,  w h i c h  p a t h -  
w a y  of e lec t ron  t r a n s p o r t  is f avo red  for x a n t h i n e  ox idase  
a c t i v i t y  in a g iven  s y s t e m .  P h o s p h a t e  s h u n t s  e n z y m i c  
a c t i v i t y  a w a y  f r o m  t h e  ' d y e  p a t h w a y '  in f resh  e n z y m e .  
T h e  a g i n g  process  c a n  be i n t e r p r e t e d  as a g r a d u a l  re- 
m o v a l  of e n d o g e n o u s  p h o s p h a t e  f r o m  a n  ac t ive  site, a n  
effect  w h i c h  c a n  be p a r t i a l l y  r eve r sed  b y  t h e  a d d i t i o n  of 
o r t h o p h o s p h a t e .  
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Zusammen/assung 

Die E i n w i r k u n g  y o n  O r t h o p h o s p h a t  a u f  die Milch- 
X a n t h i n o x y d a s e  w u r d e  u n t e r  v e r s c h i e d e n e n  e x p e r i m e n -  
te l len B e d i n g u n g e n  u n t e r s u c h t .  P h o s p h a t  h e m m t  e iner-  
se i t s  die ~3ber t r agung  des  mob i l i s i e r t en  W a s s e r s t o f f e s  a u f  
2 , 6 - D i c h l o r o p h e n o l - i n d o p h e n o l  m i t  f r i schen  E n z y m -  
P r A p a r a t e n  u n d  a k t i v i e r t  a n d r e r s e i t s  die A k z e p t o r f u n k -  
t ion  des  Sauers to f fes  bei gea l t e r t en ,  oder  a n d e r w e i t i g  in- 
a k t i v i e r t e n  P r i t pa ra t en .  
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H e m e - H e m e  I n t e r a c t i o n  

i n  th e  O x y g e n  E q u i l i b r i u m  of  

R e c o n s t i t u t e d  H e m o g l o b i n s  1 

Objec t  of t h i s  n o t e  is to  d e m o n s t r a t e  effect ive  heme-  
h e m e  i n t e r a c t i o n  in t h e  0 2 e q u i l i b r i u m  of r econs t i t u t ed  
h e m o g l o b i n  (Hb) a n d  to i n v e s t i g a t e  t h e  role p l a y e d  in the 
i n t e r a c t i o n  b y  t h e  v i n y l  side c h a i n s  of t h e  p o r p h y r i n .  

A p o h e m o g l o b i n  w a s  p r e p a r e d  b y  acid ace tone  spl i t t ing 
of h u m a n  H b ,  as r e p o r t e d  e l sewhere  2. P r o t o h e m i n  I X  was 
f u r n i s h e d  b y  B D H ;  c rys t a l l i ne  d e u t e r o h e m i n  I X  and 
m e s o h e m i n  I X  were p r e p a r e d  acco rd ing  to  FISCHER n. The 
r e c o m b i n a t i o n  of h e m e s  w i t h  t h e  g lobin  a n d  o t h e r  physico-  
chemica l  p roper t i e s  of r e c o n s t i t u t e d  H b s  will be described 
elsewhere.  T h e  O 3 d i ssoc ia t ion  c u r v e s  were d e t e r m i n e d  by 
t h e  s p e c t r o p h o t o m e t r i c  m e t h o d  deve loped  b y  us  4. T h e  O 3 
c a p a c i t y  of r e c o n s t i t u t e d  f e r ro -Hbs  is t h e  s a m e  as t h a t  of 
n a t i v e  Hb .  
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Fig. 1.--Oxygen equilibrium of reconstituted = o and native ~ × 
protoHb (2 × 10 -4 31 as Fe). 20°C; Tris (trishydroxymethyl-amino- 
methane) buffer 0.1 M, pH 7-4. Jr" -- fractional saturation with oxy- 

gen. log p = log oxygen pressure (at 20 °) in mm Hg. 

Reconstituted protoHb. I t  c a n  be seen  f r o m  F igu re  1 tha t  
t h e  0 2 d i s soc ia t ion  c u r v e s  of n a t i v e  a n d  r e c o n s t i t u t e d  Hb 
are a l m o s t  iden t ica l  to each  o t h e r  w i t h  n = 2.6-2-7 (in the 
Hil l  empi r i ca l  equa t ion ) .  

I n  t h e  p lo t  of Y v e r s u s  log p t h e  c u r v e  o b t a i n e d  for the 
two  p ro t e ins  a p p e a r s  to be s y m m e t r i c a l .  I n  recons t i tu t -  
ed H b  (as in n a t i v e  Hb)  the re  is a s l igh t  decrease  of inter- 
ac t ion  in t h e  absence  of sa l t s  (in p h o s p h a t e  bu f fe r  0.016M, 
p H  7.6 n = 2-2). For  b o t h  p r o t e i n s  we f o u n d  w i t h  u rea  and 
p a r a - c h l o r o m e r c u r y b e n z o a t e  r e s p e c t i v e l y  n = 1.7 a n d  1.5. 

Reconstituted deuteroHb. T h e  O 2 d i ssoc ia t ion  c u r v e  of 
d e u t e r o H b  (Fig. 2) is st i l l  s igmoid '  in t h e  s h a p e  b u t  it is 
m u c h  less inf lec ted  t h a n  t h a t  of p r o t o H b ,  w i t h  n = 1.7 
( ins tead  of 2.7 as in r e c o n s t i t u t e d  p r o t o H b ) .  In  different 
c o n d i t i o n s  of t e m p e r a t u r e ,  p H  a n d  c o n c e n t r a t i o n  of the 
p i g m e n t ,  t h e  v a l u e  of n was  f o u n d  r a n g i n g  between 
1.5-1-9 (mos t  f r e q u e n t  va lue  1-7). T h e  sa l t  ef fect  on the 
s h a p e  of t h e  c u r v e  is a n a l o g u e  to  t h a t  obse rved  for 
p r o t o H b  (in p h o s p h a t e  buf fe r  0-016 M p H  7-6 n =  1.4). The 
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