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P e r o x i d a s e  as ox ldase :  R e a c t i o n  b e t w e e n  ]nO z and d i h y d r o x ) r f u m a . r a t e  

W h e n  t . ) rse-radis l ' ,  pcroxMa.se (EC i. I x. z.7) act~ a.~ ox i - a>e  upDn d i h y d r o x y f u m a r a t ~ , ,  
m o n o d e h y d r o d i h y d r o x y f u m a r a t e  and  an  a c t l v a t e d  t'~rrc o f  ~ x y g e n  a re  in te r -  
m e d i a t e s  ~ ,  b u t  the  .~trt~t:tu.-e ~f the  o x y g e n  d~:rivativ'." is a n c e r t a i n .  In  the  p re sen t  
s t u d y  we h a v e  e x a m i n e d  the  r e a c t i o n  b e t w e e n  ~)xyger~ a n d  d i h y d r o x y f u m a r a t e  in 
t h e  p r e s e n c e  o f  I~roxida.qe,  us ing  ~l~)., ~.~ a tr ; tcer.  

C r y s t a l l i n e  J a p a n e s e  rad i sh  p e r o x i d a s e  was  g e n e r o u s l y  give!!  b y  Dr.  Y. Mtn~rrA. 
D i h y d i ' o x y f u m a r i c  acid  w~m s.vnthc~ized f r o m  t a r tu r i c  ;reid I a n d  th r ice  rccr_vstallized 
f r o m  a c e t o n e  to  r e m o v e  t r a c e s  of  ca t ion  c o n t a m i n a n t ~ .  T h e  p r e p a r a t i o n  had  e.~t 
(at ~-9~ m/~) - 88qo (water), a~d ~:~ (at 3o8 m/~) =-~~5o (etl~er}. Di~odium dihy-  
d roxy ta r t r a t e  prepared by  the F~-xro.~ methc, d s was a gif t  f rom Dr.  H. STAVFO~D. 
A c e t a t e  bu t l e r s  were  p r e p a r e d  t¥om re, d is t i l led  g lac ia l  ace t ic  ac id  a n d  N a ( ) [ t  which  
h a d  been  p a s s e d  t h r o u g h  D o w e x - 5 o  (Na- ) .  W a t e r  was  dei~mized a n d  dist i l led.  
O x y g e n  c o n t a i n i n g  zo atom°..'b ~.~ was  p r e p a r e d  by  e lec t ro lys i s  o f  w a t e r  containing4 
zo a t o m %  ~sO (VCeizmann Ins t i tu te)~ 

G l a s s w a r e  was  t r e a t e d  to  r e m o v e  t r a c e - m e t a l  c o n t a m i n a n t s  ~. Many ,met r ic  
d e t e r m i n a t i o n s  o f  o x y g e n  c o n s u m p t i o n  were  ca r r i ed  out  a t  ~O in W a r h u r g  m a n - -  
m e t e r s  ( K O H  wells).  Sol id s u b s t r a t e  was  m a g n e t i c a l l y  t i p p e d  in to  bu f fe r  a n d  a l l owed  
to  d i s ~ l v e  be fo re  e n z y m e  w a s  a d d e d .  T r a c e r  e x p e r i m e n t s  wi th  ~sO~ were  ca r r i ed  ou t  
a t  0--4 ° to  m i n i m i z e  autox '_ 'dat ion o f  ~ u b s t r a t e  a n d  pr (~ tuc ts ,  a n d  to  t~btain m a x i m u m  
y ie lds  o f  t he  r e l a t i v e l y  inso lub le  s o d i u m  d i h y d r o x y t a r t r a t e .  Thes,  e reactiol~ s y s t e m s ,  
w h i c h  w e r e  t o - fo l d  l a rge r  t h a n  the  m a n o m e t r i c  e x ~ w i m e n t s ,  con~,.',~tcd o f  zSo # m o l e s  
o f  d i h y d r o x y f u m a r i c  ac id ,  5 o o / ~ m o l e s  ,ff N a O H .  a n d  r .8 m/~mole:~ o f  p e r o x i d a g e  in 
a t o t a l  v o l u m e  o f  40 ml  of  0.05 M .~ t l ium a c e t a t o  bu f fe r  p laced  in a z f o - m l  f lask 

'~ o " r , e .  { . ' - ~ : r ,  ',. 

Fig.  t .  O x y g e n  c o n s u m p t i o o  b y  dthy;2Lt;xvf2;r ,~xzt¢ i~ t:.,c prc~encc  of  v:~r~.ng qt:~P.::tl..~ n f  
l~-roxid~se,  a t  l o ~- T h e  l ,~act ion ~ ' s t c m  con.~'i.~ted o f  4 o m l  ofo.~):5 M so~iium a c c t a t ~  b u t t o r  (pE ! ~ 8) 
6 .25 m M  in  s o d i u m  d i h y d r o x y f u m a r a t e ,  a n d  (A). 450 m/aM. (I31 4-; ~ / t M .  a n d  (C) z2 .5  m#.~{ 

pcroxida,~t, s u p p l e m e n t e d  w i t h  zz.5 ml~M perosida,se a t  t h e  a r row.  
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arranged for evacua t ion  and gas exchange.  Trace r  exper iments  with H2t*O were 
identical,  hut  l.S aroma., :, t-IzlBO was u:-~d. 

The  abe conten t  of  labelled con ten t s  was de te rmined  by mass s p e c t r o m e t r y  o f  
CO e formed af ter  UNI'ERZAUCIIER pyrolysis  ?. Since sc~lium salts are incomple te ly  
pyro lyzed  due to  sodium oxide format ion ,  the  s a m p l ~  were mixed with purified 
c J b o n  (Wyex Compact  Black carbon,  J .  M. H u b e r  Co.). Even  af ter  heat iug  this  
carh~m in a s t ream of purified ni trogen,  a small oxygen  blank was ,~btained, anti the 
oxygen incorpora t ion  values  have  been corrected,  .assuming that  the normal  oxygen  
blank (no pyro tyzed  material) ,  the carbon  oxygen ,  and all the  oxygen  a toms  of  the  
sample con t r ibu ted  oxygen  propor t iona te ly .  

Oxygen was consumed by the p e r o x i d a s e - d i h y d r o x y f u m a r a t e  sys tem in a rap id  
pr imary  phase and a slow secondary  phase. In the  presence of  sufficient a m o u n t s  of  
l~roxida.~,e., the  p r i m a ry  consumpt ion  a m o u n t e d  to  i . x - t . 2  a toms  per molecule 
(F ig  x). No subs t ra te  could be spectrophotomet,- icaLly de tec ted  in so, lut ion at  the  
end of tile p r imary  pha.se. In the  presence of  small amoun t s  of enzyme,  the  oxygen 
consl3mptit~n ceased pro.maturely,  bu t  r ~ u m e d  upon addi t ion of  more  enzyme  
(Fig. x). : i t  2o °, oxygen  consumpt ion  increased to  L5 a toms  per molectde of  subst ra te .  

In the labelling exlx~riments, yields of  60-70o/0 of  d i .~dium d i h y d r o x y t a r t r a t e  
were recovered by  ctxfling the  sys tem to o °, filtering the white precipi ta te ,  washing 
with cold wate r  and e thanol  and finally dry ing  in vacuo over  PrO s at  8o °. The  infrared 
~,pectrum of tile insoluble product  was identical  to tha t  o f  an au then t i c  s,'unple of  
sodium d i h y d r o x y t a r t r a t e .  The  e l emen ta ry  analysis (Huffman Microanalyt ical  
Labora to ry )  was: C, x8.xz, x8.o4; H, 3.34, 3-~3; Na, I7.72, x7.7o; and O, 6o.3. 
58.4':.i~. Value> caticuiated for Na2C4]-140 a • 21[t H20 are: C, 17.72; H,  3.35; O, 6x.97; 
and Na, 1(3.{51'~,.0. 

\-Vhen the react ion was carried out in the  presence of  l*Ot and  HzO, a smaU 
a m o u n t  of  oxygen from the  a tmosphere  wa.~ found to  tm incorpc~rated in the  produc t  
{Table I). The  incorlx>ration of  label from IltaaO was much greater ,  averaging 
5-4 atom~ per mole~:ule, but  the  regults were  irregular.  D i h y d r o x y f u m a r a t e  in the  
alx~ence of enzyme,  but  in otherwise identical  condit ions,  incorpora ted  3.2 a toms  

TABLE [ 

O X V G E . ~  L A v ' E L L I N G  O F  D I I I V D R O X Y T A R T H A T  ~' F O R M E D  
IN ] ' l i e  D I H M D R O X y F t T I ~ I . ~ R A T F . - - P E R O X I I ' ~ A g ~ - - O X s d G i J ; ~  RHACTIO. '4  

Atoms ~*Otma¢. 
,'~ v s l e m  ir.~powt~f" 

*~t + tiaO 

()z + HaxN) 

H)taO + dihydroxytaru'ato 

IIzttO , dihvdroxx-fumarate 

0 . 2 0  

0 ÷ 0 9  

0.33 
o.42 (o.26) 
4 .o2 

6.82 (5.4~) 
o.76 
o.•z (o.7o) 
3..54 
2.83 (3.~3) 

" F'igurc~ in parertthe~e~ give the average value. 
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p e r  m o l e c u l e .  T h e  p r o d u c t ,  d i h y d r o x y t a r t r a t e ,  i n c o r p o r a t e d  0 .8  a t o m  p e r  m o l e c u l e  
u n d e r  t h e  s a m e  c o n d i t i o n s ,  b u t  i t  w a s  e q u i l i b r a t e d  a~ a r e l a t i v e l y  i n ~ d u b l e  .-~>lid. 

I t  h a s  b e e n  re~x, r t e d  t h ~  i ,  th~  "~;' ... .  t . . . . . . .  ,'. . . . . . . . . .  • . . . . . . . . .  .;,L, ~ : ,~ tem,  I a t o m  
(refs .  8, 9) .  1.6 a t o m s  (ref .  IO} a n d  2 a tom.~ (ref.  x ~l of" o x y g e n  a r e  c ,>n~umed  p e r  
m o l e c u l e  ot  s u h s t r a t c  o x ' ; d i z e d  O u r  r e s u l t s  s h o w  t h a t  o x y g e n  c o n s u m p t i o n  occur.q in 
t w o  p h a s e s ,  o n e  r a p i d  a n d  t h e  o t h e r  s l o w  [of- r e f  9 )  S i n c e  t h e  r a p i d  p r imary , ,  p h a s e  
is  a s s o c i a t e d  w i t h  t h e  d i s a p p e a r a n c e  o f  m ~ b s t r a t e ,  t h e  ~ e c o n d a r y  p h a s e  is p r o b a b l y  
c o m l e c t e d  w i t h  t h e  b r e a k d o w n  o f  p r , ~ d u c t  an t i  t h e  f o r m a t i o n  o f  t a r t r < m a t e ,  m c . ~ ) x a -  
l a t e .  a n d  o x a l a t O  z, b u t  c o n d i t i o n s  l e a d i n g  t o  a p r i m a r y  consumpt i<>n  cff m - r e  t h a n  
x a t o m  p e t  m o l e c u l e  m a y  r e f l e c t  t h e  a c c u m u l a t i , , n  o f  ] ] :O .  z (ref.  r ) .  

%'e c a n n o t  i n t e r p r e t  t h e  s m a l l  <legrc,: ,ff 1"a,~d]ing o f  p r o d u c t  w.lth ¢~xygen 
f r o m  a~O a b e c a u s e  t h e  h i g h  r a t e s  <>f e x c h a h g q  t ,f  ~ . ib~Lrate  a n d  p r o d u c t  nx.s'g~,n,~ w i t h  
l'-I~taO m a ~ k  t h e  t r u e  d e g r e e  o f  l a b e l l i n g .  T h e  o b s e r v e d  a m o u n t s  o f  l a b e l l i n g  a r e ,  
h o w e v e r ,  xo t i m e s  g r e a t e r  t h a n  c~mld I ~  :it-re,tinter-| for  b v  b i n d i n g  o f  H~t*() f o r m e d  

• (;-.,C-- C (),t- (-~ ¢'- (-'()2- 

II -- ; 
O:C C ()1 i - t ) , : t - - - (  ( ~1-! 

I 1[ 

b y  t h e  r e d u c t i o n  o f  taOz a n d  a r e  t h e r e f o r e  r ea l .  I ' e rhap .~  t l , e  ~ imp les ' .  h y p ~ t l , u . s i -  
i n v o l v e s  t h e  a s s u m p t i o n  t h a t  m t , , , , d e h y d r o d i h y d r < ) x y f , , m a r a t e  ~ x i s t s  a s  a re_~un- 
a n c e  h y b r i d  (I a n d  I I ) ,  c a p a b l e  o f  d i r e c t  r e a c t i o n  w i t h  o x y g e n  a n d  sub~cqu~-nt  re-  
d u c t i o n  t o  d i h y d r o x y t a a t r a t e ,  b u t  ~mr r e s u l t s  g a v e  n o  r e a l  c l u e  t o  t h e  n a t u r e  tff t i re  

a c t i v a t e d  o x y g e n .  
T h i s  r e s e a r c h  w a s  s u p l x ~ r t e d  b y  a g r a n t .  A - 9 7  I, f r o m  t h e  L.-.S. I 'ubli<:  t l c a l t h  

:Serv ice .  
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