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In  1939 we iso la ted  a chromopro te in  from mi lk  which  ca ta lyzed  the  ox ida t ion  of h y p o x a n t h i n e ,  
a ldehydes  and  D P N H  1. A l though  FA D  was  ident i f ied as an essent ia l  p a r t  of the  enzyme,  the  colou r 
and  abso rp t ion  spec t rum of the  enzyme  did not  conform to t h a t  of t yp i ca l  f lavoproteins .  Concent ra te  d 
solut ions  of the  enzyme  were deep red in colour. Fu r the rmore  only  abou t  35 % of the  absorp t ion  
a t  45 ° m/z could be a t t r i b u t e d  to  flavin. We were led to  pos tu l a t e  the  presence in the  enzyme of a 
p ros the t i c  group o ther  t h a n  f lavin which  was responsible  for the  ma in  p a r t  of the  absorp t ion  in 
the  vis ib le  spect rmlL Other  workers  have  conf i rmed these  spec t ra l  anomal ies  in  p r epa ra t i ons  of the  
mi lk  enzyme  iso la ted  by  va r ious  procedures  2 4. 

Two recen t  obse rva t ions  have  led us to  r e inves t iga t e  the  poss ib i l i ty  of ano the r  func t iona l  group 
in the  mi lk  enzyme.  DE RENZO el al. 5 have  shown t h a t  the  ac t ive  cons t i t uen t  of a s u p p l e m e n t  which  
increases the  level  of x a n t h i n e  oxidase  in l iver  (\VESTERFELD AND RICHERT 6) was molybdenunl .  I n  
our own l a b o r a t o r y  MAHLER 7 has  shown t h a t  b u t y r y l  CoA dehydrogenase  is a cupro- f lavopro te in  
which represents  the  first ins tance  of a meta l lo- f lavoprote in .  

X a n t h i n e  oxidase  was isola ted from c ream by  a procedure  s imi lar  to  t h a t  p rev ious ly  descr ibed 
b y  us 1. Ana lys i s  of the  p r epa ra t i ons  a t  different  s tages  of p u r i t y  revea led  the  presence of m o l y b d e n u m  
in a ra t io  of one a t o m  of the  m e t a l  per  two  molecules  of f lavin (cf. Table  I). Samples  were we t  ashed, 
the  residue was dissolved in hydrochlor ic  acid and  t r e a t e d  wi th  po t a s s ium t h i o c y a n a t e  and  s tannous  
chloride. The m o l y b d e n u m  t h i o c y a n a t e  complex  was ex t r ac t ed  in to  e ther  and  measured  spectro-  
pho tomet r i ca l ly .  This  procedure  is considered h igh ly  specific for mo l ybdenun l  s. The absorp t ion  
spec t rum of the  complex  ob ta ined  from the  ashed ma te r i a l  was  ident ica l  w i th  t h a t  formed from 
a m o l y b d e n u m  s t a n d a r d  wi th  a m a x i m u m  be tween  47 ° and  475 m~.  The presence of m o l y b d e n u m  
in the  enzyme  was also confirmed by  arc spec t roscopy which  showed the  cha rac te r i s t i c  lines of th is  
metal*.  Corresponding b lanks  on the  fluids of d ia lys is  which  was  carr ied  out  before ash ing  were 
negat ive .  

T A B L E  I 

MOLYBDENUM AND FLAVIN CONTENT OF XANTHINE OXIDASE AT VARIOUS PURITY LEVELS 

Flavin Molybdenum Plavin/Molybdenum 
Preparation micromoles / g microgramatoms / g micromoles/ 

microgramatom 

A 0.74 0.35 2, i  
1 . .  o-74 o'42 1.8 

~ 1.54 0.72 2.1 
B i .76 o.88 2.0 
BI*** 2.28 I , I  3 2.0 

* A t r ea t ed  wi th  cyan ide  
** Alcohol  f rac t ion of A 

~** A lum ina  CT e lua te  of B 

F l av in  was de te rmined  spec t ropho tome t r i ca l l y  in a 4 % t r ichloroacet ic  acid e x t r a c t  of the  
enzyme.  The absorp t ion  coefficient of FA D  a t  450 m #  was t a k e n  to  be 9.83. IO a cm2-mole  1 a t  the  
acid p H  9. 

W h e n  the  enzyme  was  coagu la t ed  by  hea t  or exposed  to  5 % t r ich loroaee t ic  acid, the  m e t a l  
was  released in to  so lu t ion  to  the  e x t e n t  of 75 % or more. However ,  no release was observed af ter  
exposure  of the  enzyme  to o.I  M cyan ide  a t  neu t r a l  pH.  

* This  ana lys i s  was k ind ly  carr ied  out  for us by  Professor V. W..'~ELOCHE of the  D e p a r t n l e n t  
of Chemis t ry ,  Un ive r s i ty  of Wisconsin.  The cha rac te r i s t i c  l ines for Mo were observed a t  317o. 3, 
3194.o, 3158.2, 3208.8 and 3233.1 Angs t r6m.  
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On the  basis  of PHILPOT'S 10 ca lcula t ion  of the  molecular  weight  and  f lavin c o n t e n t  of x a n t h i n e  
oxidase  it  would  appea r  t h a t  there  are two molecules of F A D  and  one a t o m  of m o l y b d e n u m  per  
molecule  of e n z y m e  wi th  a molecular  weight  of abou t  230,000. 
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The  ind iv idua l  s teps  in t he  e n z y m a t i c  ox ida t ion  of BuCoA***  and  the i r  revers ib i l i ty  h a v e  
r ecen t l y  been es tab l i shed  1, 2. The  p resen t  c o m m u n i c a t i o n  p resen t s  evidence for t he  overall  syn thes i s  
of BuCoA f rom AcCoA in a s y s t e m  of six purified enzymes .  

The  essent ia l  sequence  of reac t ions  is: AcCoA I \ AcAcCoA II, DPNH., /3-OH-BuCoA III .~ 

c ro tonyl  CoA .IV,  reduced benzylviologen \ BuCoA, where  I is tile AcAcCoA cleavage enzyme3,4, 5, I I  is 

t h e  f l -OH-acyl  CoA dehydrogenasel ,2 ,5 ,  e, I I I  is the  u n s a t u r a t e d  acyl  CoA hydrase l ,  2, 5, 7 and  IV is 
t h e  BuCoA dehydrogenasel ,S,  9. D P N H  was  genera ted  f rom D P N  b y  the  ox ida t ion  of lac ta te  ca ta lyzed  
by  lactic dehydrogenase  (V) 1°. Benzylv io logen was m a i n t a i n e d  in t he  reduced  s ta te  by  the  ox ida t ion  
of h y p o x a n t h i n e  ca ta lyzed  by  x a n t h i n e  oxidase (VI) n .  

The  comple te  s y s t e m  consis ted  of MgC12, 2 t~2~I; DPN,  3 /~M;  CFI314COCoA (15o,oo0 c .p .m,  per  
/~M) 2/~Jl//; p o t a s s i u m  lactate ,  ioo t~M; benzylviologen,  0. 5 mg;  h y p o x a n t h i n e ,  1.5 mg;  I, o.04 rag; 
I I  and  I I I ,  0.2 rag; IV, 2.5 mg ;  V, 0.6 nag; VI, 2 mg;  wa te r  to i ml. The  reac t ion  m i x t u r e  was 
ad ju s t ed  to p H  6t and  incuba ted  anaerobical ly  for one hour  a t  38o C. 

Af ter  deprote in iza t ion  wi th  perchloric acid, the  CoA der iva t ives  were ex t r ac t ed  wi th  phenol -  
benzyl  alcohol 1~ and  the  h y d r o x a m i c  acids  p repared  by  t r e a t m e n t  wi th  an  excess  of neu t r a l  hyd roxy l -  

* This  work  has  been suppor t ed  in pa r t  by  con t r ac t  AT 11-1-6  4 be tween  the  U.S. A tomic  E n e r g y  
Commiss ion ,  Divis ion of Biology and  Medicine and  the  Un ive r s i t y  of Wiscons in .  

** Fellow, H e a r t  Ins t i tu te ,  Na t iona l  I n s t i t u t e s  of Hea l th .  Addi t iona l  suppor t  f rom the  Helen  
H a y  W h i t n e y  F o u n d a t i o n  is g ra te fu l ly  acknowledged.  

*** The  following abbrev ia t ions  are used:  BuCoA (bu ty ry l  Coenzyme  A thioester) ,  Ac (acetyl), 
AcAc (acetoacetyl) ,  D P N H  (reduced d iphosphopyr id ine  nucleotide).  

A low p H  was used to favor  t he  reduc t ion  of AcAcCoA since th is  D P N H  d e p e n d a n t  reac t ion  
is m a r k e d l y  inf luenced by  H +. 


