
576 BIOCI~IMI~A El" I~IOPltY$lCh ACTA 

P .~.'. !2173 

B A C T E R I A L  A S C O R B I C  A C I D  O X I I ) A S E  

• ~b'ESLEY A. VOLK A.~ J. L. LARSEN 

DeparJment of blicroblotogy, .%:.ho~,( of JilediGi~e U~ivers~v of It~vginia. 
Clm,lotteavill*. Va. (U.S.A.) 
(,t~eceived August aTth. tgbz) 

SUM!M[ARY 

An ascort~ic a~id ox idase ,  s o m e w h a t  s imilar  to  t h a t  o f  p lan ts ,  h a s  been  iden t i f i ed  in 
s t ra in  o f  Aero/mcd~r aerogenes. 

Only  L-a~corbate  a n d  1)dsoascorbate  were  ox id i zed  b y  t h e  e n z y m e ;  ca t echo l ,  
pheno l ,  p .cresol ,  pyrcJgallo[, cys te ine ,  r e d u c e d  g l u t a t h i o n e ,  h y d r n q u i n o n e ,  a n d  p- 
p h e n y l e n e d i a m i n e  were  no t  ox id ized .  

I t  was  no t  i nh ib i t ed  b y  5 0 %  of  CO showing  t h a t  t h e  oxid~ttion ot" L-ascorba te  is 
no t  due  to  e i the r  pbeno l  ox idase  ov c y t o c h r o m e  oxidase .  

The  ox idase  has  m a x i m u m  a c t i v : t y  a t  p H  6.3;  K m  for L-ascorbic  ac id  was  
2 .35 .  xo -~ M. 

INTRODUCTION 

It  is known  t h a t  L-ascorbic acid m a y  be used  a.~ a c a r b o n  source  b y  a v a r i e t y  o f  
b a c t e r i a ' - s  I~ l,l~nt~ ascorbic  acid is ox id ized  to  d e h y d r o a s c o r b i c  ac id  b y  a specific 
ascorb ic  ac:d oxidase .  C y t o c h r o m e  ox idases  f r o m  a v a r i e t y  o f  s o u r c e ,  a n d  p h en o l  
ox idases  frc~m plants ,  also c a r r y  ou t  t he  same  reac t ion  4. 

T h i s  pa pe r  is c o n c e r n e d  wi th  a s t u d y  o f  the  m e c h a n i s m  of  th is  o x i d a t i o n  b y  a 
s t ra in  of  Aerobacttr aerogen,~s. T h e  resu l t s  s h o w  t h a t  L-ascorbic a.cid is ox id i zed  t o  
d e h y d r o a ~ o r b i c  ac id  b y  a bac te r i a l  a ~ o r b i c  ac id  ox idase  s imi lar  to  tF. ~,_ o ccu r r i n g  
in p lants .  

.~^IEal^ks ^Nr~ M ~ r a o o s  
Prep~alio~t of enzyme 

"Fl,e s t ra in  o f  A. aerogettes used was  i so la ted  b y  en r i ch tnen t  c u l t u r e  t e c h n i q u ~  
and  g rown  in F e r n b a c h  flasks each  con t a in in g  2noo ml  o f  m e d i u m  as  p r e v i o u s l y  
desc r ibed  ~. A f t e r  24 h o f  g rowth ,  t he  o rgan i sms  were  co l lec ted  b y  c o n t i n u o u s  cen-  
t r i fuga t ion  a n d  washed  3 t i m e s  wi th  water .  "l'he washed  o rg an i sm s  were  s u s p e n d e d  
in o.o2 M p h o s p h a t e  buf fer  ( p H  6.5) a n d  d i s r u p t e d  in a t o  kc R ~ y t h e o n  sonic  oscil- 
lator.  B r e a k a g e  was essent ia l ly  ccanplete  af~.er t o  mha. Th e  b r o k e n  cells war~ cen-  
t r i f uge d  a t  30 oo0 "< g fc r  t~" rnin, a n d  t h e  smal l  a m o u n t  o f  ceK~ a n d  ce l lu lar  debr i s  
which  s e d i m e n t e d  was  d i .~a rded .  T h e  s u p e r n a t a n t  so lu t ion  was  t h e n  c e n t r i f u g e d  a t  

Blockers. P,~opAys. Act" .  Gv (n~3) 576-5b~ 



B A C T E R I A L  ASCOFCBIC A C I D  O X I D A S E  ~ 7 ~  

8I ooo × g for 30 rain in a Spinco Model L centrifuge. The  r~.sulting pax~ticul~te 
mater ia l  which sedimented contoined almo.~t all of the a.scorbic acid oxida~e act ivi ty .  
This par t iculate  fraction was wa~iled 3 or 4 t imes with o.oz M phosphate  buffer (pH 
6.5) at  which t ime the wash was es,~entially free of protein. The  part iculate  enzyme 
was then suspended in o.oz M phosphate  buffer (pH 65)  so tha t  o.~ ml of  enzyme 
suspension would cau.~e the oxidat ion of  approx.  6/~moles of  ~ c o r b a t e  in zo rain 
under  the condit ions of the a~say. The ce.ll~ obtained from ~3 i of growth medium 
yielded from 75 to ioo ml of  enzyme suspengion after  dilution of the par t icu!ate  
n,,~terial to the desired act ivi ty .  

E~.z~vme assay 

Aseorbic acid oxida.~e ac t iv i ty  was nne~.~urecl at  37 ~ in Warburg  ve.~els of about  
5 ml to'.al volume. Each  a.~say flask ~:<:ntained zo ~zmoles of phosphate  buffer (pH f>.5) 
4 °/zmrqe.~ of  ascorbate,  and enzyme,  in :L total volume of  o.6 ml. The  rate of  oxygetn 
up' .ake remained linear between 5 and 25 rain. 

In the ear ly  phase of this work K O H  was added to the center  well of  the assay 
flasks. H,~wever, it  was subsequent ly  found that  no CO.z was evolved, and K O H  was 
therefore  Ro longer used. 

R E S U L  I'.~ 

Product of the enzymic oxidation of l.=ascorbic acid 

During the enzymic oxidat ion of L-a~orba te ,  x7. 9/zmoles of  oxygen were taken 
up  and 34.6;4mole~ of  dehydro-L-ascorbate  were fl)rrned. Dehydxo-L-a.~:orbate wiL~ 
es t imated  by the s]>ecific enzymic reduction of l~s nvdrolysis  product ,  2,3 diketo-L- 
gulonate ,  to  ~8-keto-L-gulonate 3, followed by decar~:-~xylation to form L-xylu lo~  
which was es t imated  by  the cysteine carbazole reactionL A control  flask using 
hea ted  enzyme  took up 1.6/~moles of  oxygen dur ing the same period. 

Of  the s u b s t r a t ~  tested only L-asc0rbic acid and D-i~oascorbic acid were oxidized 
by  the bacter ia l  enzyme.  Wi th  D-i.~ascorbate, 56 ~l of oxygen were used compared  
to 65/zl of  oxygen  for L-ascorbate in the same period of  time. This is similar to the 
results  of  DoI)l~s" who found that  plant  ascorbic acid oxkla.~e from cucumber  juice 
oxidized ~-isoaseorbic acid at  85%  of  the ra te  of L-ascorbic acid. The follox~'ing we.-e 
not  oxidized by  the bacter ia l  oxidase:  D-giuc0se. D-fruct~;e, catechol,  phenol, p- 
cresol, pyrogallol,  cysteine,  reduced glutathione,  hydroquinone,  and ib-phenylene- 
diamine. 

E~re.cl of subst~at~ concentration 

Fig. z shows the  LI.~EWEAVER-BuRk plot from which the Km for L-ascorbic 
g~.id is ~.3fi, To- |  M The re.~.ction was carried out with zoo% oxygen so t ha t  the 
concen t ra t ion  of  aseorbic acid in the Warburg  flask vcould be rate-limitir.g. Unde r  
these condit ions there  is a considerable oxygen up take  as a result o f  the  auto-  
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Fig, z.  Reaction veloci~/ as a function of L-aAcorbato concentra~on (see text for details). H J  
total a~orbate oxidized; O---O,a.scorbate oxtd:ized by autooxidation; ,,~l~[::], enzymica|ly 

oxicIized ascorbate; × -  ×. L]NEWEaV&R-BvRx plot of redprocal of reaction velocity. 

ox ida t ion  o f  ascorbic  ac id  which  was  s u b t r a c t e d  f r o m  the  t o t a l  o x y g e n  c o n s u m e d  
in o rde r  t,, ob taJo  a t rue  enzyn~ic rate .  

THIMANN et alfl c o m p a r e d  the  r a t e s  o f  o x i d a t i o n  b y  yeas [  c y t o c h r o m e  ox idase  
a n d  purified p l an t  ascorb ic  acid ox idase  u n d e r  d i f ferent  pa r t i a l  pressures  o f  oxygen .  
T h d r  va lues  show t h a t  c y t o c h r o m e  o ,idase will g ive  ha l f  m a x i m u m  a c t i v i t y  a t  
o .2-o ,5  ~o of  oxygen°  while p lan t  ascorb ic  ac id  ox idase  r equ i red  z 6 %  o f  o x y g e n  for  
ha l f  m a x i m u m  ac t iv i ty .  

To de t e rmine  the  o x y g e n  aff ini ty  o f  t h e  bac te r i a l  o x i d e s ,  a s says  were set  u p  
which  con t a ined  o.z ml  of  o.x M p h o s p h a t e  buffer  ( p H  6.5);  o .z  ml  o f  e n z y m e ;  a n d  
0.05 ml  o f  0.5 M L-a-~corbate (pH 6.5). The  l iquid v o l u m e  ~-a.s k e p t  v e r y  smal l  so as  

i k 

Fi N. z. ]~eaction velocity aa g fa3nction of oxygen Co~c¢~.t~ration. H *  total oxygelt consunXeti; 
O---O, cr, tygen consumed by the autnoxidation of L-mmcorb4tte; ~---f-l. oxygen consumed by 

entymlc reac~on. 
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to  p e r m i t  a r ap id  e q u i l i b r a t i o n  wi th  the  ga.~'~ in the  a tn tosphe r¢ .  E a c h  5-ml  W a r b u r g  
f lask  was  f lushed w i t h  I 1 of  the  i n d i c a t e d  n i t r o g e n - o x y g e n  m i x t u r e .  T h e  re_sults are  
s h o w n  in Fig. z. The  c0ncentr~t t ion  o f  o x y g o n  no , -o~a ry  t o  g ive  ha l f  t he  m a x i m u m  
ra te  is a p p r o x ,  5 ~'~- 

l Jd~ibitors 

A n u m b e r  o f  sc tcc t ive  i n h i b i t o ~  h a v e  been  used to  study" v a r i o u s  t e r m i n a l  
ox idases .  T a b l e  I lists o u r  resu l t s  for  a numbt~r o f  c o m p c m n d s  which  a_re r e p o r t e d  to  
i nh ib i t  p la , , t  ~ o r b l . c  ~ : : '  --x;.da~-~. pr~su~,,,d,i:~ by  co, up iex ing  wi th  the  c o p p e r  , f  
t h e  e n z y m e  a. In ~tddition. p -ch lo r~mercu~ ibenz~mte  (0 .5/~mole/0 .6  ml  ag~ay vo lume)  

TAI,Lt.; 1 
. . . . . . . . . . . . . . . . . . . . .  

ll.~3~*~d~r Ra. .~.e  g~cd  5o% *nbJv t / ion  ~i~i**~ 
( . ~ f  ".. t ,#~,  ; , 1 1  .~ .r,.,*) tT~°~ i n ~ i ~ ; t ~ , a  

( . ~ f  "-< s , ~  , 

Cyanide o8  3 a. o.¢~ 5 8.0 
Pota~ium etbylxanthate o.~ 33 u.Su 6~5 
Sodium ~ulfitte o.8~ 13 o.8 5.0 
l~."ridtn¢ -KC.~/S t 7 -$oo z..5<~." 500 
p-Nitrophenol 0+8 3o t~** 26+7 

" Showed 28% stimulation at 8o- to -a .~I. 
* • O/ Showed 36/o stimulation at 6. 5 • co .a M. 

O, + resultexi in a 5o. :o i nh ib i t i on  o f  ox ida se  ac t i v i t  3 wh ich  was  r e s to red  t o  90°/0 o f  the  
o r ig ina l  a c t i v i t y  b y  the  s u b s e q u e n t  addit i~m . f  5 / ~ m o l ~  of  r e d u c e d  g l u t a t h i o n e ,  bu t  
t h e r e  was  n o  i nh ib i t i on  b y  icxh)acetate  (2 Hmoles  per  a.~,~ay flask). 

G a s  mixtur~-~ c o n t a i n i n g  C O - O 2  (x : x) y ie lded  essen t ia l ly  the  s a m e  a c t i v i t y  
(72/A Oa u p t a k e )  as  d id  N a - O  2 (l : x) (7.$/~1 Oz up t ake ) ,  This  lack  o f  inh ib i t ion  b y  
CO was  t h e  .came w h e t h e r  the  r e a c t i o n  w a s  ca r r i ed  ou t  in t o t a l  darknes.-- or  w h e t h e r  
n o r m a l  l a b o r a t o r y  l ight  was  p resen t .  

p H  opt imum 

A c o m p o s i t e  buf fe r  wa_s p r e p a r e d  b y  m i x i n g  equa l  volum~-~ of  o . z t  M concen -  
t r a t i o n s  o f  e a c h  o f  the  fo l lowing  c o n s t i t u e n t s :  p o t a s s i u m  a c e t a t e ,  p o t a s s i u m  ac id  
p h o s p h a t e ,  a n d  Tris .  T h e  p H  was  a d j u s t e d  as  des i red  b y  t he  a d d i t i o n  o f  e i t he r  
HC I  or  K O H .  E n z y m e  a c t i v i t ' e s  were  d e t e r m i n e d  us ing  the  s t a n d a r d  Vearburg  
a s s a y .  A t  t he  e n d  o f  e a c h  a s s a y  t he  flask content.+ were  col lec ted  a n d  *.he p H  aga in  
d e t e r m i n e d .  M a x i m u m  a c t i v i t y  was  o b t a i n e d  a t  a p H  of  6. 3. a n d  5 8 %  and  5z"./0 
o f  t h e  a c t i v i t y  a t  p H  5-5 a n d  7-5 re~Ix~:tively. 

Occurrence. of  bacterial oxidase 

T h e  o x i d a s e  w a s  p r e s e n t  in the  s t r a in  of  A. aerogep~cs use3. w h e n  g r o w n  w i t h  
e i the r  g lucose  o r  a s c o r b a t e  as  a c a r b o n  source ,  w h e t h e r  u n d e r  ae rob ic  or  a n a e r o b i c  
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condi t ions .  T h e  fo l lowing o r g a n i s m s  t a k e n  f r o m  t h e  d e p a r t m e n t a l  c u l t u r e  co l lec t ion  
w ~ e ,  however ,  all  u n a b l e  to  oxid ize  ascorb ic  ac id :  A .  aerogm~,es, E s c h e r i c h i a  cot~, 
B a c i l l u s  m e g a t ~ i u m ,  M i c r o c o c ¢ u s  l ysod¢ ic t i cus ,  P~opConlbac, t e r i u m  pen~osaccum,  a n d  

G a f f k y a  t e ~ a g e n a .  

D I S C U S S I O N  

T h e s e  resu l t s  show t h a t  t he  b a c t e r i a l  e n z y m e  d ~ c r i b e d  he re  is a specif ic a sco rb i c  
acid  ox idase  wh ich  a p p e a r s  to  h a v e  a l im i t ed  s u b s t r a t e  speci f ic i ty .  T h e  i n s e n s i t i v i t y  
to  CO as  wel l  as  t h e  low o x y g e n  a f f in i ty  ~ r v e  to  d i f f e r en t i a t e  th i s  e n z y m e  f r o m  
c y t o c h r o m e  ox ida s e  a n d  p h e n o l  ox idase .  

T h e  af f in i ty  o f  t h e  b a c t e r i a l  ox i da s e  for  o x y g e n  a p p e a r s  t o  be. c o n s i d e r a b l y  
h ighe r  t h a n  t h a t  r e p o r t e d  b y  THKSA~.~" et a / 3  for  p l a n t  a sco rb ic  ac id  ox idase .  H o w e v e r ,  
the  l a t t e r  r e p o r t  s t a t e s  t h a t  a 5 .o -mt  ~L~ay v o l u m e  w a s  used  to  d e t e r m i n e  o x y g e n  
a f f .n i ty  wh ich  would ,  on the  bas i s  o f  o u r  resul t s ,  be  diff icult  t o  k e e p  e q u i l i b r a t e d  w i t h  
the  ga_~ou_~ a t m o s p h e r e  e x c e p t  w i t h  v e r y  low e n z y m e  ac t iv i t i es .  Th i s  m a y  a c c o u n t  
for the  r a t h e r  !ow ~ xygen  a f f in i ty  r e p o r t e d  for  p l a n t  a sco rb ic  ac id  ox idase .  

One  m a j o r  d i f fe rence  b e t w e e n  the  b a c t e r i a l  o x i d a s e  a n d  t y p i c a l  p l a n t  a s e o r b i e  
acid  ox ida se  is t h e  ease  w i t h  w h i c h  t h e  l a t t e r  e n z y m e  ~ b r o u g h t  i n to  so lu t ion .  
H o w e v e r ,  t he re  h a v e  been  a n u m b e r  of  r e p o r t s  i n d i c a t i n g  t h a t  in s o m e  p l a n t s  t h e  
a-~corbic ac id  o x i d a s e  a c t i v i t y  is a s soc i a t ed  w i t h  a p a r t i c u l a t e  f r a c t i on  ~--tt. B e c a u s e  
of  the  p a r t i c u l a t e  n a t u r e  o f  t he  b a c t e r i a l  ox idase ,  i t  h a s  ~ o t  been  poss ib l e  to  s e p a r a t e  
the  a c t i v i t y  f r o m  c a t a l a s e  a c t i v i t y ,  a n d  hence ,  i t  is no t  y e t  kno~aa w h e t h e r  H s O t  is  
the  e n d  p r o d u c t  as wi th  p l a n t  a.scorbic ac id  o x i d a s e  t t ,  or  w h e t h e r  i t  is a c o p p e r -  
c o n t a i n i n g  e n z y m e .  
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