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t ransamina~e ,  this  de t e rgen t  was  m a d e  use of  in an a t t e m p t  to d e t a c h  ce rebra l  
mitoc.hondriad a.spaxtate transamina~,~, f rom its s t r uc tu r a l  ma t r ix .  ] ' ab l e  l l  (Exp t .  2 . 3 )  
i l lus t ra tes  the  a c t i v a t i n g  effect of  z .42°~ sod ium deoxvcholate on thc enzyme .  Un- 
like l iver m i t o c h o n d r i a I  a s p a r t a t e  t r ansaminase ,  all of  the  ac t i va t ed ,  p a n i c u l a t e  
e n z y m e  a c t i v i t y  c(mld be r ecovered  in the  ~:!u0ie  ~upet-na , 'mt  fluid a f t e r  cen t r i -  
fugatto: ' t  o f  the  d e o x v c h o l a t e - t r e a t e d  ~ustx.n~ions a t  x4o ooo  × g for 3o rain 
{Expt .  2, E). 

The  d iscrepan. ' ies  in enzyn ie  r ecove ry  (]`able l l. Exp t .  z. B ..t. C/A) h a v e  not  
been  reso lved  to  c, ate. I t  shou ld  be no ted ,  however ,  t ha t  good  el izvn:e  recoveries  
h a v e  been o b t a i n e d  in p r e l im ina ry  s tud ies  on the  in t race l lu la r  local izat ion of  a~par ta te  
t r a n s a m i n a ~  in ra t  cerebra l  cor tex ,  in which the e n z y m e  a c t i v i t y  o f  all subce! lu lar  
f r ac t ions  was  d e t e r m i n e d  in the  presence  o f  1.42'!,'o deoxycho la t e .  

O u r  resu l t s  on  the  l a t ency  of  cerebr :d  mi tochondxia l  a , p a r t a t e  t ran- 'amina~e 
are  in genera l  a g r e e m e n t  wi th  the  o b s e r v a t i o n s  of  MAY et al. ~°, a% well a~ wi th  the  
resul ts  o f  MCARDLE et a/. zt. At  this  t ime,  therefore ,  the prefer red  i n t e r p r e t a t i o n  (;, 
t he  effect  of  the  d e t e r g e n t s  is t h a t  of  a lyric a c t m n  upon those  s t ruc tu r a l  mi toch ,  m- 
drial  l ipopro te ips  which  impede  op t ima[  in t e rac t ions  be tween  e n z y m e  a n d  s u b s t r a t e  
in t he  i n t ac t  m i t o c h o n d r i o n  

Th i s  w o r k  was s u p p o r t e d  b y  g r a n t s  f rom tl,e Un i t ed  State.~ Publ ic  H e a l t h  
Service.  H - x f z  5 a n d  HTS-5133 .  

Departmo, . t  o f  Bioeheraist O' and the N ulrzt:on 
and  M a a b o l i s m  Research Laboratory, 

Depar tment  o f  Medic ine ,  
T u t a n e  Universi ty ,  
School o f  :~fedi¢ine, 

N e w  Orleans, La.  ( U . S . A . )  

t l.). S. BI~NDALL AND C. DE DtJVE, lgiacl~em, f . ,  74 ;.tO(:'°) 444- 
II ¢~. (jRFtVILL E AND J .  I~. CHAPPELL, Bioch¢,'~. BJopfays..Iota. 33 (I959) 207. 
• 16. "0, r. SIMON. Bio~hem. J . ,  gO { ]958)  07- 
t j .  w .  BOVD, Bioch~m~ J.~ 8Z (]¢jl~]) 4M" 
S Dr M. Z|~t~LF.H A.%'D A- ~ '  L|NNANE, Bioahtm. £¢;ophys..4cta, 3 o (1958) 53. 
• p ,  Bot.~$'r AND E.  M,  P~ETENS, Bicmhim. IJtoph.vs. /|cla. 5-t (196g) 188. 
7 j .  SoMo6"t't AN't) S. Vlz, lcz~, Acta Physiol. Acad. Sci. Hung÷, 20 (]g6l} 3z5 . 
" G- (,.J'AtYL AND C. A.  V]'LLE.°-, l~ioehim. Biop/~,s..4eta. 39 (t9 6n) 3 6°- 
* M .  

to L. 
t l  t~, 
t t  (~. 
t~ A.  

O. Z..%E:.LI.~t;F.t~ 
D. I.. i<t,CI<ER 

~A,.--~AY-SC~V::AX'tZ ;,.x~ IL J. SrXt~.CKEl~., Bioc:hrm. l~[opfiy$. ]~es. C,~mmt~n., H (z962 ] 66. 
MAY, M..Ml~'Azattt XND it. G. (;RF.NELL, J. Neuroclzem., -t (]959) 269. 
McAI~DLE, l{. H. S. THO~IP3oO:; Afro G. R ~,%'~.FISTF.R..[. N¢,qt¥Od:~D¢., 5 (I'0(~O) ]35' 
Z. S][LLINGIEIR A~D F. DE BALBI^~ VEI<.qTER, J.  13iol. Chem.. z37 (reid32) 2836, 
;~x.n_~E.~. J.  Clin. Invest., 34 (]95.'q x jr_ 

Receive-.1 N o v e m b e r  [o th ,  X962 
BiochJ,n÷ tdiophys..4eta. 67 ([963] 5 o 4 - 5 0 7  
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The  ox idat ion  of  4 ($ ) - imidazolone .5 (4 ) -propioni¢  acid to  

h y d a n t o i n - ~ p r ~ , p - ' - ~  --~-J- b 7 x~-nthtn(~ oxidas= 

A d m i n i s t r a t i o n  o f  r a d i o a c t i v e  L-his t id ine  to  t h e  m o n k e y ,  h u m a n  a n d  rat  l eads  t o  
t h e  e x c r e t i o n  o f  L - [ t 4 C ] h y d a n t o i n - 5 - p r o p i o n i c  ac id  in t h e  urine .  F r o m  4 - 8 %  o f  
t h e  a d m i n i s t e r e d  r a d i o a c t i v e  ,s e x c r e t e d  in t h e  ur ine  du.~,ng t h e  first ~2 h a f t er  in- 
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jection, with 3 % o.," this excret~'zd dose being hydan to inp rop ion ic  acid in the  case of 
the  female monkey: .  Upon  inject ion o f  hydan to inp rop ion ic  acid into bo th  the  guinea- 
pig and rat ,  there  was comple te  r ecove ry  of  the  unchanged  acid from a xz-h urine 
sample z- Using a soluble enzyme  fract ion from guinea-pig liver the  l a t t e r  au thors  
also established t ha t  the hydan to inp rop ion ic  acid arises frona histldine via urocanic 
and imidazolone propionic acids. 

o O II 

! I C - - - N  +~.. C - -  .NI ~_~ C--N -.. 
,I CH I CH ] C=~O 

4A--N t" IIC" N f"  HC+N ~" 
I ' i 

l't . I H ~ ] l i  
C H  ( .,rot+anate C H I  X m a t  h i n t  C H I  

h y d r a t a s e  I I Cti (:Hi oxida.~e CI-Is 
I I (EC t.x+3.z ) 

COOII COOH COOll 

l'rocanic acid I midazolone- I-]ydanto~n- 
propionic acid propionic acid 

We have recent ly  f imnd [ h a t  a commerc ia l  p repara t ion  o f  xan th ine  oxida_~, 
ob ta ined  from milk, (%Vorthington Biochemical  Corporat ion)  wiE readily ca ta lyze  
the oxidat ion  of imidaz~doneprt:picvic ~_cid to  h vc:antoinpropionic  acid. Purif ied 
beef-llvet urcx:anate hydratas~,  flee o f  any  con tamina t ing  imidazolonepropionic  acid 
hy<irola.~e, was rout ine ly  used to synthesize imidazolonepr,~pionic acid in s/tu f rom 
[2-+4(:!uro~anic acid (ring}; the l a t t e r  was p repared  by  the  act ion o f  bacter ia l  histi- 
dine ammonia-|ya.~e (EC 4.3.t.3) upnn app rop r i a t e ly  labeled histidine, To  follow the  
act ion of  xanthit~e oxidm~, on imidazolonepropiordc  acid. the e n z y m e  was in- 
cuba ted  in a total  volume of  o.2 .hi with u rocana tc  hydra tase*  and  urocanic  acid. 
Each  a'eaction was stop]x-d by  heat ing s t  xoo ° for 6o so: and the  in~nedia te  addi t ion  
of  (~.o5 m] ~>f 2 X HC[. o.o5 ml of  each s u p e r n a t a n t  solut ion wa~ c h r o m a t o g r a p h e d  
on paper  ascendingly in the organic phase ofisobut~anol-formic a c i d - w a t e r  ( i  9 : 2 : 6), 
the radio, ,cl ive areas were located by  r a d i o a u t o g r a p h y  and the  ac t iv i ty  o[  each 
c¢~mpt~und asr, aved  bv Mrect count ing of  the  exci,~ed spot.  

Fig. I shows the  t ime curve  fi)r the  pit, duct ion  of  hydan to inprop i -mic  acid f¥om 
uroc"mic acid by  the  e.-tion o f  the  two enz3nnes. Fo~l~ylisogtutamine,  which is not  
metabul ized by  the system,  reflects to a certe.in ex t en t  the concen t ra t ion  of  imi+ 
dazotoneproptonic  acid. The  l a t t e r  d e c o m i ~ e ~  s lxmtaneous ly  to  fo rmyl i sog |u taminc  
and 4-oxoglutaraznic acid, slowly uuder  the incuba t ion  condi t ions  bu t  comple te ly  
on s topping  the react ion 6. Since the  format ion  of  4 -oxog lu ta ramate  leacL,~ to  tile 
e l iminat ion o f  the labeled carbon a t o m  as ['*C]fortnic acid only  the  formylisoglu-  
famine,  of  the  two non-en-.ymic products ,  appears  on the  rad ioau togram.  T h e  
broken line in Fig. x indicat~=s the a :uoun t  of  r ad ioac t iv i ty  lost a~ formic acid dur ing  
the  anMvsis of  the  react ion product,s. Fig. 2 shows the  dependence  of  h y d a n t o i n p r o -  
tdonic acid prndu,: t ion on the concen t ra t ion  o f  xan th ine  o x i d e ' :  chert the concen-  
t ra t ions  o f  unmana te  and  u rocana te  hydra+,ase are ma in ta ined  cons tan t .  Table  I 
indicates the  effect o f  var ious  omissions f r om the  sys tem and  i l lustrates  d e a r l y  t h a t  
xanth ine  oxidase  ha5 no effect d i rect ly  on urocanic acid. Where  applicable,  hea t  
d e n a t u r a t i o o  o f  t h e  e . - . z y m e  w a s  a c c o m p l i s h e d  b y  i n c u b a t i o n  a t  xtxj  ° for  1 o  r a i n .  

Biochim. Biop.~ys+ AcJ~t, O7 (ttX6$)5o7~to 
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Fig .  z. T h e  p r o : l u c t i o t t  o f  h y d a n t o i n - - 0 p i o n i c  ac id  f r o m  ur~,'.~rfic ac id .  2 a c h  r e a c t i o n  mi.xti ,  rc  
c o r m i s t M  or" 0 .o2 p m o l e  (o. t8  !=C) o! : 'C]urtx~an.: ; ;gf2if.]. J 3 ur[;.t~ Of bL-~f-Hvc[ " Li IL~l i i i te  i t y d r a -  
m e  ~tael ~4 o n i t s  o f  x a n t t x i n c  oxitla~t: in  o.~)] M p h o s p h a t e  b~f fc r  (p ie  7-2}. T%c un i t~  o f  u r o c a n a t e  
h y d r ~ t a s e  ~ tc t iv i ty  w e r e  t h o s e  def inut l  h y  R,~(, s-:t) G R E E N ' O E R G  ! .  A UD..~t Of xarithlnt~" o x i d a s o  
a ~ t i v i t y  wa~s t a k e n  a s  a n  i ~ ¢ r e a s e  in a b s ~ r h a n c y  o f  o . o x / m i n ,  a t  z~jo mtt  i n  t h e  s y s t e m  ~l~scr ibed 
b y  A v i s ,  BERt;EL Asr )  BRA~ "~. t . : r tmanic itcid. O - - I ~ ;  N - f o r m ? l i s o g l u t a m i r t c ,  rg. ~ L } ;  h y d ~ n t o i n -  

p r o p i o n i ¢  act<i, ~ -- (-~. 
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Fig .  z. T h c  depend~t~ce  o f  h y d a n b ~ i n p r o p i o n i c  ac id  p r o d u c t i o n  uFKJn t h e  concer t t~ ,*- ion o f  x ~ n -  
t h i n e  oxidluie .  T h e  r e a c t i o n  ex~ltdlt ions w e r e  a s  gtvet~ in  t h e  l egend  to Fig .  x b u t  ~ t h  ~hc x a r t t h i n c  

o T d d a ~  c o n c e n t r a t i o n  v a r i e d  a_, .qhown - - d  a r e a c t i o n  t i m e  in  e a c h  c a s e  o f  t o  mit t .  

B~¢ham. BfoplO's. Aorta, 6 7 (~9C~3) 5 o 7 - 5 x o  
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The o x i d a t i o n  o f  i m i d a z o l o n e p r o p i o n i c  ac id  b y  x a n t h i n e  ox idase  has  also been  
fol lowed s p e c t r o p h o t o m e t r i c a l l y  a t  z6o  rn#  us ing  i m i d a z o l o n e p r o p i o n i c  ac id  Lsolated 
as descr ibed  b y  B,~ow,~" ANY K m s  ~. F r o m  these  s tud ies  t he  ra te  o f  o x i d a t i o n  was  
ca lcu la ted  to  be a p p r o x ,  t/s , t h a t  o f  x a n t h i n e  u n d e r  s imi lar  condi t ions .  Us ing  gu inea -  
pig-l iver  h o m o g e n a t e s ,  wc h a v e  now o b t a i n e d  a soluble  e n z y m e  f r ac t ion  whose  
ab i l i ty  to c a t a l y z e  the  f o r m a t i o n  o f  h y d a n t o i n p r o p l o n i c  ac id  ha~ been enrich,  I some  

TA BI,E I 

O X I D A I I O N  O~ ] M I D A Z O L O N E P R O P n ) N I C  ACID "IO HWD/~ICTOINPR0PgONIC ACID 
BY X A N ~ H I N E  O X I D A S E  

The re~tction t-onditions ~ere identical to those given in t.v,e legenti to Fig. z with an incubation 
tirol, in each t;~tr.~., o f  ~o rlliD, The value~ (count~t,~i~ ;iven below refer to the distribution of the 

radioactivity at the end of the experitnent. 

l . ' . x # ~ t z t n t a l  t . , , ~ u ~ i l i ~  U t ~ : t  F o r m y l i ~ o -  
g lu,t a m ~;'n ¢ 

lieder-denatured urocanate hydratase atad heat- 
~ienatured xanthine oxidm~e ~_~ 8o0 

He~t-denatured urocanate hydratase a n  active 
x a n t h i n e  o x i d i z e  24  2 o o  

A c t i v e  u r o c a n a t e  h y d r a t . x ~ e ,  h e a t - d e n a t u r M  x a n t h t n e  
oxidase I 4-'~ 

Active urocanatc hydr~,tta~e and active xanthine 
O X l d a . ~  2 2 4  

H v d ~ a t l o i a -  
~ o / n o m e e  

12 32 

7900  345 

2 3 o o  ~7 6 o o  

zo~J-fold. This  e n z y m e  p r e p a r a t i o n  shows  no  d e t e c t a b l e  x a n t h i n e  oxida.~e a c t i v i t y .  
Therefore ,  a l t h o u g h  x a n t h i n e  ox idase  will r ead i ly  c a t a l y z e  i m i d a z o ! o n e p r o p i o n i c  
acid ox ida t ion  as shown,  it a p p e a r s  t h a t  the: .-  is a lso a specific e n z y m e  p resen t  in 
the  l iver  o f  ce r ta in  m a m m a l i a n  species. 

W e  h a v e  used the  c o u p l e d  u r o c a n a t e  h y d r a t a ~ - - x a n t h i n e  o x i d a m  s y s t e m ,  a n d  
s u b s e q u e n t  isolat ion o f  the  p r o d u c t  on D o w e x - t  a c e t a t e  for the  syn thes i s  of  m g  
q u a n t i t i e s  o f  [~ 'CJhydantompropio ,  nie acid f rom [t~C iurocanic  acid. H i g h  yie lds  are  
o b t a i n e d  b y  this  m e t h o d  w i t h o u t  d i lu t ion  o f  the  init ial  specific a c t i v i t y  (q #C/~umole) 
o f  the  s t a r t i n g  mate r ia l .  

Aided  b y  research  g r a n t s  f r o m  the  N a t i o n a l  H e a r t  I n s t i t u t e  (H-3o74) ,  N a t i o n a l  
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