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Regiona l  a n d  t e m p o r a l  v a r i a t i o n s  in the  compos i t i on  of 
air  m a k e  i t  imposs ib le  to  o b t a i n  a c o n s t a n t  cor rec t ion  
fac to r  for th i s  effect. Thus ,  ana lys i s  of t h e  compos i t i on  of 
3 samples  of air  s t a k e n  a t  d i f fe ren t  si tes in  the  Ci ty  of 
Leeds  on  12/6/67 gave  va lues  for t he  SO 2 c o n t e n t  of 66, 
56 and  74 t ,g/m 3. The  occur rence  of t e m p o r a l  v a r i a t i o n s  
was d e m o n s t r a t e d  b y  t i t r a t i o n ;  t h u s  d e t e r m i n a t i o n s  of 
t he  r a t e  of u p t a k e  of acidic s u b s t a n c e s  in 3 ml deionized-  
d is t i l led  w a t e r  on  7 consecu t ive  days  gave  e q u i v a l e n t  
va lues  of 0.730, 0.750, 0.690, 0.852, 0.647, 0.577 a n d  0.703 
/ ,nloles N a O H / h .  

Fig. 4. Equipment  suitable for producing an inert  atmosphere in a 
reaction vessel (R) during potentiometric titrations. F, flowmeter 
(0-25 ml/min);  W, wash bottle containing CO2-free distilled water. 

I t  is c lear  t h a t  t h e  mos t  c o n v e n i e n t  w ay  to  e l i m i n a t e  
t h e  er ror  is to  ca r ry  o u t  t i t r a t i o n s  in an  i ne r t  a t m o s p h e r e ,  
us ing  an  a r r a n g e m e n t  l ike t h a t  s h o w n  in F igu re  4. P u r e  
N~ f rom a cy l inde r  is led t h r o u g h  a p ressure  r educ ing  
va lve  a n d  t h e n  to a f lowmete r  (Figure  4, F) of su i t ab l e  
c a l i b r a t i o n  (0-25 ml /min) .  I t  is adv i s ab l e  to  pass  t h e  
N 2 t h r o u g h  CO2-free dis t i l led  w a t e r  in a wash  b o t t l e  
(Figure  4, B) before  i t  reaches  t h e  r eac t ion  vessel,  par -  
t i cu la r ly  w h e n  t i t r a t i o n s  a re  p ro longed ,  to  p r e v e n t  u n d u e  
e v a p o r a t i o n  of t h e  vessel  c o n t e n t s L  

Rdsumd. Les e s t i m a t i o n s  des  e n z y m e s  d a n s  de  p e t i t s  
6chan t i l l ons  de t issu, ou d a n s  des  t i ssus  de Ia ib le  ac t iv i t6 ,  
p a r  des  m 6 t h o d e s  p o t e n t i o m 6 t r i q u e s  p H - s t a t  avec  u n  
alcal i  c o m m e  t i t r a n t  son t  sous la  d 6 p e n d a n c e  d ' e r r e u r s  
caus6es p a r  l ' a b s o r p t i o n  des s u b s t a n c e s  acides  de Fair.  
On p e u t  ~vi te r  ces e r reurs  p a r  l 'usage  en  6 p r o u v e t t e  d ' u n e  
a tmosph&re  pu re  e t  inac t ive .  
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The Relationship of Phosphate and Lipids to Xanthine Dehydrogenase 

P h o s p h a t e  is r equ i r ed  for t he  r e d u c t i o n  of one e lec t ron  
accep to r  b y  c r e a m  x a n t h i n e  d e h y d r o g e n a s e  1 (XD) an d  
seems to  h a v e  a s t ab i l i z ing  ac t ion  on  th i s  e n z y m e  e. On 
t he  o t h e r  h a n d ,  t h e r e  is ev idence  t h a t  b o t h  t he  mi lk  3 a n d  
t he  m a m m a l i a n  e n z y m e s  4,5 are  assoc ia ted  w i t h  l ipid com- 
ponen t s .  The  p o s t u l a t e  t h a t  l ipid or phospho l ip ide  
m a t e r i a l  is respons ib le  for b i n d i n g  t o g e t h e r  va r ious  oxida-  
t ive  e n z y m e  sys t ems  was  t he  m a i n  s u p p o r t  for our  in- 
v e s t i g a t i o n  on  t he  p h o s p h a t e  a n d  l ipid p a r t i c i p a t i o n  in 
t he  X D  a c t i v i t y  of the  m a m m a l i a n  enzyme.  

Fo r  t h e  pu r i f i ca t ion  of t h e  enzyme,  a h o m o g e n a t e  
(1 : 5 w/v)  o b t a i n e d  from r a t  l iver  was  h e a t e d  a t  65 °C for 
15 rain.  Af te r  c e n t r i f u g a t i o n  a t  1000 g t he  aqueous  p h a s e  
was s i phoned  off a n d  s u b m i t t e d  to  t he  fol lowing s teps  
p e r f o r m e d  a t  0 °C. 

P r e p a r a t i o n  A1. To each  100 ml  of t he  h o m o g e n a t e  
were a d d e d  47 ml  of s a t u r a t e d  a m m o n i u m  su lpha te .  Af t e r  
20 m i n  m o s t  of t h e  p r o t e i n  which  h a d  been  sa l t ed  o u t  was  
s e p a r a t e d  b y  c e n t r i f u g a t i o n  a n d  d iscarded .  To each  100 ml  
of t h e  c lear  aqueous  so lu t ion  were a d d e d  47 ml  of s a tu -  
r a t e d  a m m o n i u m  su lpha te .  Af te r  45-60  m i n  t h e  b r o w n  
p r o t e i n  was  col lected b y  c e n t r i f u g a t i o n  and  d isso lved  in 
twice-dis t i l led  water .  

P r e p a r a t i o n  A2. O b t a i n e d  b y  dia lys is  of p r e p a r a t i o n  A1 
for 18 h aga in s t  twice-dis t i l led  w a t e r  a t  5 °C. The  so lu t ion  
was cen t r i fuged  (1000 g) for 15 min  a n d  a s u p e r n a t a n t  
free of t u r b i d i t y  w i th  a deep  r e d - b r o w n  colour  was ob-  
t a ined .  The  E280/E450 for th i s  p r e p a r a t i o n  was usua l ly  
13.5-14.7. 

P r e p a r a t i o n  B1. O b t a i n e d  b y  so lub i l i za t ion  of t h e  en- 
zyme  b y  t r e a t m e n t  w i th  b u t a n o l  as sugges ted  b y  MOR- 
TON 3. Whi le  s t i r r ing,  1 vol  of aqueous  b u t a n o l  was  s lowly 
a d d e d  to t h e  h o m o g e n a t e .  Af te r  c e n t r i f u g a t i o n  (1000 g 
for 15 rain) t h e  t r a n s p a r e n t  ye l lowish aqueous  phase  was  
s iphoned  off, f r a c t i o n a t e d  w i t h  a m m o n i u m  su lpha te ,  a n d  
d ia lysed  as A2. Th i s  p r e p a r a t i o n  p r e s e n t e d  a n  E,s0/E450 
equa l  to  11.3. 

X D  a c t i v i t y  was d e t e r m i n e d  b y  t h e  m e t h o d  p rev ious ly  
descr ibed  6. P h o s p h o r u s  was d e t e r m i n e d  b y  t h e  m e t h o d  
desc r ibed  b y  G6M6RI 6. 

T h e  a c t i v i t y  of t h e  e n z y m e  p r e p a r a t i o n s  m e a s u r e d  b y  
the  p r o d u c t i o n  of f o r m a z a n / m g  d ry  we igh t  are  s h o w n  in 
F igure  1. Resu l t s  on  aged p r e p a r a t i o n s  showed  t h a t  B1 
a n d  A2 were i n a c t i v a t e d  d i f fe ren t ly .  W h e n  i n c u b a t e d  a t  
37 °C, B1 p r e p a r a t i o n  lost  a c t i v i t y  more  r ap i d l y  t h a n  A2 
a n d  b o t h  p r e p a r a t i o n s  p r e sen t ed  100% i n h i b i t i o n  a f t e r  
24 h of i n c u b a t i o n  (Figure  2). 
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Preparations • 

A1 A2 A2 A2 B1 BI B1 

Dry weight (mg/ml) 118.8 18.4 I4.3 15.8 5.l 4.7 3.6 
XD activity (/,g formazan/mg dry weight/h) 0.526 3.96 g.36 5.26 14.49 18.14 20.00 
Protein (mg/ml) 23.19 13.16 - 2.27 
Specific activity (/~g formazan/mg protein) 2.61 5.5 33.3 
Total P (% dry weight) 0.2(} 0.57 {}.91 0.60 1.72 1.85 t.98 
Lipid P (% total P) 63.1 60.0 59.3 {}9.3 5{}.8 {}1.3 58.8 
Total acid soluble P (% total P) 12.7 - 19.2 19.2 14.2 11.6 
Total inorganic P (% total P) 5.1 0 - - 0 
E~s0/E450 13.5 14.7 - 11.3 

Different A2 and BI preparations refer to independent enzyme solutions prepared as follows: AI witlmut dialysis, A2 with dialysis, B1 
treated with butanol.  

c o  

Ns 

B1 

Fig. 1. Xanthine dehydrogenase activity of liver enzyme prepara- 
tions: A1 without dialysis, A2 with dialysis, and B1 treated with 
butanol.  Each Thunberg tube contained 0.1 ml of a 0.05M hypoxan- 
thine solution, 0.3 ml of a 0.1% triphenyl tetrazoliunl chloride 
solution and 1-2 ml of the enzyme preparation. All tubes contained 
phosphate buffer pH 7.4 to a total of 3.4 mt. Abscissa: incubation 
time. 

T h e  a n a l y s i s  of  t h e  p r e p a r a t i o n s  for  t h e i r  P c o n t e n t  
s h o w e d  t h e  r e s u l t s  g i v e n  in  t h e  T a b l e .  T h e  t o t a l  P c o n t e n t  
in  al l  p r e p a r a t i o n s  w a s  s u r p r i s i n g l y  h i g h .  T h e  P p r e s e n t  
in  s o l u b l e  f o r m  i n  l ip id  s o l v e n t s  w o u l d  i n d i c a t e  t h a t  a 
l a r g e  p e r c e n t a g e  of  t h e  e n z y m e  p r e p a r a t i o n s  w a s  c o m -  
p o s e d  o f  a l ip id  m a t e r i a l .  A u n i f o r m i t y  f r o m  p r e p a r a t i o n  
t o  p r e p a r a t i o n  fo r  t h e  d a t a  o f  t h e  t o t a l  P ( ch i e f ly  l ip id)  
w a s  o b t a i n e d .  

T h e  l ip id  m a t e r i a l  a t t a c h e d  t o  t h e  e n z y m e  m o l e c u l e  
s e e m s  t o  e x e r t  a p r o t e c t i o n  a g a i n s t  i n h i b i t o r y  e f f e c t s  of  
p h y s i c a l  o r  c h e m i c a l  a g e n t s .  T h e  i n c u b a t i o n  (37 °C) o f  t h e  
A 2  p r e p a r a t i o n  ( n o t  e x t r a c t e d )  b r e a k s  t h e s e  l ip id  b o n d s  
a n d  is  s u f f i c i e n t  to  c a u s e  a s h a r p  i n c r e a s e  in  t h e  e n z y m e  
a c t i v i t y ,  a n  i n c r e a s e  n o t  o b s e r v e d  w i t h  B 1  p r e p a r a t i o n  
y e t  d i s s o c i a t e d  a s  s o l u b l e  e n z y m e .  

T h e  e a r l i e s t  h y p o t h e s i s  of  MAHLER 7 o n  t h e  m e c h a n i s m  
of  a c t i o n  o f  t h e  e n z y m e  c o n c e r n i n g  a f u n c t i o n a l  c o u p l i n g  
o f  t h e  m e t a l ,  w h i c h  in  t h i s  c a s e  w o u l d  b e  m o l y b d e n u m ,  to  
f l a v i n ,  r e m a i n s  t e n a b l e .  T h e  p a r t i c i p a t i o n  of  M o  o n  t h e  
e l e c t r o n - t r a n s p o r t  p a t h w a y  of  t h e  e n z y m e  a n d  t h e  p os -  
s i b i l i t y  t h a t  P is  e s s e n t i a l  t o  t h e  e n z y m e  a c t i v i t y  led  u s  
to  s u p p o s e  t h e  e x i s t e n c e  o f  a p h o s p h o m o l y b d a t e  c o m p l e x  
in  t h e  e n z y m e .  F A D H ~  w o u l d  b e  t h e  spec i f i c  r e d u c t o r  for  
a p h o s p h o m o l y b d a t e  c o m p l e x  in  t h e  e n z y m e ,  as  in 
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Fig. 2 Xanthine dehydrogenase activi ty of enzyme preparations in- 
cubated at 37 °C. l)eterminati{ms were carried out  at different times 
after incubation of 1-2 ml of enzyme solution: A2 ram-treated and 
B1 treated with butanol.  

k n o w n  c h e m i c a l  r e a c t i o n s  in  w h i c h  spec i f i c  r e a g e n t s  re-  
d u c e  p h o s p h o m o l y b d a t e  c o m p l e x e s  b u t  n o t  f ree  m o l y b -  
d a t e ,  s u c h  as  s u g g e s t e d  b y  K~NSKY a n d  MCELROY 8 for 
N e u r o s p o r a  n i t r a t e  reduc tase~L 

Rgsumg. La x a n t h i n e  d 6 s h y d r o g ~ n a s e ,  e n z y m e  d u  foie 
de  r a t ,  a 4t~ o b t e n u e  p a r  2 p r o c 6 d a s  d i f f 6 r e n t s :  (a) a v e c  
e t  (b) s a n s  t r a i t e m e n t  p a r  le B u t a n o l .  l . a  t e n e u r  t o t a l e  en  
p h o s p h o r e  d e s  2 p r 6 p a r a t i o n s  a ~t~ e t o n n a m e n t  ~lev~e.  
S o i x a n t e  % ,  g p e u  Was ,  d u  p h o s p h o r e  t o t a l  s ' e s t  m o n t r 4  
s o l u b l e  d a n s  d e s  s o l v e n t s  de  l ip ides .  C e r t a i n e s  h y p o t h e s e s  
s u r  la  p a r t i c i p a t i o n  d e s  p h o s p h a t e s  e t  d e s  l i p ides  s u r  
l ' a c t i v i t ~  d e  l ' e n z y m e  s o n t  d i s c u t ~ e s .  
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