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( I { c c c t v e d  J u n e  zS th .  10G-'] 

S L:.M.M A i('~' 

The  p roduc t  of  glucose oxida t ion  by  three par th 'u la te  and two soluble glucosc- 
oxidizing enzyme~ was de te rmined .  The par t icula te  enzymes  yield gIucono-;,-lactone, 
whereas  the  ~fluble oncs produce  glucono-5-1actone. 

I N  r R O l ) [ - ( " l  I O N  

A va r i e ty  of  enzymes  has been described that  ar,- capable e f  ca ta lyzing the oxidat ion  
o f  gl'_tcose to  gluconate.  In general,  the evidence i~ clear tha t  the actual  product  - f  
ox ida t ion  is a lactone of gluconie acid. Howev'.'x. because of  the  labifi ty of  both  7- 
and  6-gluconolactones under  the  condi t ions  of  the reaction, most  investigator.~ have 
no t  de t e rmined  which Lactone was produc~t .  In tho~0, few cases where the  configatra- 
t ion of  the  laetone was de te rmined ,  it w,a~ concluded tha t  it wa~ the <5-1actone a-~. 

In  a s t u d y  of  the specificity of  an aldc)~ dehydr~)gena~e in Psettdomonas fragi. 
it was found tha t  L-arabinose. xylose, ribose, galactose, and gluco.~e were oxidized 
to the cor responding  a ldonolactones  ~. Since the produc ts  from the first four .~ugar~ 
were easily identified as ~,,-lactones and  since the oxidat ion o f  all .~vgar~ wa~ catalvzt:d 
by  a single e n z y m e  sys tem,  it  ~eemett logical to a.~.~ume tha t  the product  of  g tuco~  
ox ida t ion  should be the  7-1actone also. 

Peceu~e oxid.O;,,v ,-f gl:~,.,,~q to glucone-F-iactone by biological systems has not 
been r epor t ed  previously,  de termining  the prtntuct of  this oxidat ion  by enzyme~ 
f rom several  microbial  sources seemed ~ orlhwhile.  Al though of  linfited uti l i ty,  an 
assay was deve loped  to dist inguish between the 7- and ~ l a c t o n e s  of gluconic acid, 
based on  JERMYN'S kinetic studies of  tile hydrolysis  of  these two isomers t. This 
assay  m e t h o d  was used to de te rmine  the products  genera ted  by  the par t icula te  
enzymes  f rom P. f r ag i  and from Pseudomonas fluorescens and by  the extracel lu lar  
soluble enzyme,  gluccrse oxidiLse. Acetobacter suboxydom,, contains  two glucose de- 
hydrogenases  one par t icu la te  and the  o ther  an intraceHular  soluble enzyme.  The  
p roduc t  of  ox ida t ion  b} each of  these two enzymes  wa_~ deterrnined aim. 

" T ~ s  ~s a I r J b o r a t o r y  o f  t h e  . '~or th l :cn  [ Y t i l i z a t l o u  ~ - ~ , ~ ¢ h  amd l O e v e t o p m e n t  UL,,-]~ton, 
A g r i c u l t u r a l  R ~ - , ~ x ~ h  ~ r v i ~ : ,  IL_~ r~,p~rtm~:3~t  o f  A g r i ~ ' u l t u r e .  
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E X P E R I M E . ~ T A 1 .  

.llethods ~,,d m:,te¥ials 
P. fvagi N R R L  Bz5  was  g r o w n  o:a a m e d i u m  c~m,posed of  o.25'~/o g lucose ,  o.53"o 

3"ca~t e x t r a c t  at~tl o . 5 ' ~  t r y p t ( m e  in o.033 M phos .pha te  buffer  {pl i  (~.8). P. fluovescens 
A3. I2  was  g r o w n  in o.z5O.{~ gluco.~ ,  o.l'~:~ N H , C I ,  o.o5'> 0 MgSO~. o.uI'~/o ferr ic  a m -  
m o n i u t n  c i t r a t e  a n d  0.005o./0 CaCI z in o .o33 M p h o s p h a t e  ( p H  6.8). A f t e r  x8 h g r o w t h  
a t  30", the  cells were  h a r v e s t e d  b y  c e n t r i f u g a t i o n  a n d  washexl in o .oo3 M p h o s p h a t e  
( p H  6.8}. T h e  w a s h e d  pel le t  w a s  s u s p e n d e d  in a n  a m o u n t  of  o.tx)3 M l)ho~;phate 
bu f f e r  t h a t  was  th roe  t i m e s  the  we t  w e i g h t  o f  the  cells a n d  t h e n  wa~ i r r a d i a t e d  xo m i n  
in a ~o kc R a y t h e o n "  ~,mic osc i l la tor .  T h e  p r e p a r a t i o n  wa.~ c e n t r i f u g e d  I o  ra in  a t  
l o  ooo × e. "rite s u p e r n a t a n t  w~s  c e n t r i f u g e d  a g ~ n  for  6o mira a t  t 4 o  ooo × g. T h i s  
c lear  s econd  s u p ~ r n a t a n t  w a s  removc~d; the  pa r t i c l e s  we~,-, w a s h e d  t~.t, tiine~ a~xd 
f inal ly  resu.~pended in a h a l f  w ) l u m e  o f  0.003 M pht~sphate  ( p i t  6.81. 

:lcetobact,'r .subo.u,,dans N R R I .  B72 w a s  g r o w n  in R o u x  b o t t l e s  in a m e d i u m  
prcvi ,~usly d e s c r i b e d  a. A f t e r  3 d a y s '  g r o w t h  a t  3 o°, t h e  cells were  washer[  off the  a g a r  
su r face  wi th  0.o03 bI p h o s p h a t e  ( p l I  6.8)+ Cel l - f -ee  extract .~ were  obtaint.~l e x a c t l y  
as  desc r ibed  for  I'. fragi a n d  I'. fluov¢scens. 

C. lucono-y- l ac tone  was  p r e p a r e d  f r o m  c a l c i u m  g l u c o n a t e .  T h e  c a l c i u m  sa l t  w<'as 
disst~lved in w a t e r  a n d  the  c a l c i u m  remt~ved b y  p r e c i p i t a t i o n  w i t h  o x a l a t e .  T h e  
s:)lution w a ,  c o n c e n t r a t e d  b y  d i s t i l l a t ion  u n d e r  v a c u u m ,  a n d  t h e  kts t  t r a c e s  of  w a t e r  
were  renxox ed b y  a d d i n g  b u t a n o l - x  a n d  c c m c e n t r a t i n g  b y  v a c u u m  d i s t i l l a t ion  s e v e r a l  
t ime~.  Tire y - l a c t o n e  c r y s t a l l i z e d  f r o m  the  c o n c e n t r a t e d  b u t a n o l  so lu t ion .  All o t h e r  
c h e m i c a l s  a n d  enzvme.~ were  c o m m e r c i a l  p r e p a r a t i o n s .  

"l'h~: g h h , n . - h - l a c t o n a s e  u sed  in th is  w o r k  w a s  pre.sent  in c o m m e r c i a l  g lucose-  
oxida~e p reva ra .dons .  All g l t / ( : o s e  o x i d a s e  p r e p a r a t i o n s  t e~ ted  c o n t a i n e d  l a rge  
amount .~  of  the  lac to t tase .  T h e  p r e p a r a t i o n s  va r i ed  o n l y  s l igh t ly  in t he  r e l a t i v e  con-  
t e n t  o f  l a c t t m a s e  to  uxida~e.  

i~roductron and assay of lacto~te 
G l u c o n o l a c t o n e  wa_~ p r n d u c e d  e n z y m i c a l l y  as  fol lows:  o.z ml  o f  o.3 M g l u c o s e  

wa.~ mixext w i th  2.o m l  of  z.o M a c e t a t e  bu f fe r  ( p H  5.5), o.x m l  o f  o.o5 M MgSO~ a n d  
o,8 ml  e n z y m e  in suff icient  c o n c e n t r a t i o n  t~, ox id ize  all t he  s u b s t r a t e  c o m p l e t e l y  in 
3~ min .  T h e  r eac t i on  wa.~ fi~llowc'd b y  m e a s u r i n g  O 2 u p t a k e  in a VCarburg  r e s p i r ~ m e t e r .  
\Vhen  t h e  o x i d a t i o n  w a s  ove r ,  the  f lask eontent,~ were  chi l led  in an  ice. b a t h .  I f  m ~ r e  
t h a n  one. f lask was  used,  t h e  ccmten t s  . f  all f lasks  w e r e  t x - d c d .  

T h e  c o n f i g u r a t i o n  o f  t h e  l a c t o n e  w a s  a s c e r t a i n e d  b y  fo l lowing  the  r a t e  of  h w l r e -  
lvsis  in t h e  prt~sence a n d  ahgence  nf a g lucono-3 -1ac tonase  a t  o ° a n d  3o °. "F~o p,~rt ions 
r-f 2.5 ml  each  were  r e m o v e d  f r o m  the  poo led  r e a c h o n  m i x t u r e s .  1"o one  w a s  a d d e d  
0.5 ml  , ,f  lac ton~ne a n d  to  the  o t h e r ,  a l ike a m o u n t  o f  wa t e r .  T h e  c o n c e n t r a t i o n  o f  
l a c t o n a s e  wa~ .~nch t iaat  o.5 m l  w o u l d  c o m p l e t e l y  h y d r o l y z e  30 ktmoles  o f  g lueono -  
h- I~ot , , ,~  iT, :,p!w**~ 5 rain a t  o ° a n d  t~H 5.~- W i t h  a g lucose  <~xida~¢ prepara t ior~  
p u r c h a s e d  f r o m  N u t r i t i o n a l  B i o c h e m i c a l  Cor l~ I r a t l on  ° ' .  for e x a m p l e ,  th is  h y d r o l y s i s  
was  a c c o m p l i s h e d  w i th  n.x°/,, p r o t e i n  so lu t ion .  

" R a y t h e o n .  ~,t~'althittlrt, .%|~L~-s. [~t'otluc~$ m e n t i o n e d  ~rc  n o t  ~n(IorwetI Ioy thu  17..%. ] . ~ p a r t m u n . t  
o f  Agr icu l tu re"  o v e r  o t h t ' r  p t t a . l gc t s  9 f  t h e  ~ m e  ¢lualiLv. 

"" N u t r i t i o n a l  B i o c h e m i c a l  C , ~ r p o r a t i ,  n.  C l e v e l a n d .  O h i o .  l~r~duc'-g m e n t i ~ n c t l  lsve n o t  e n -  
dor.~-d b y  t h e  U.S.  [ ' ~ e p a r t m e n t  o f  A g r i c u l t u r e  o v e r  o t h e r  l)rO<luets o f  t h e  s a m e  q u a l i t y .  
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S a m p l e s  were remov(~l at  int(:rvals and a.~_.-ax'ed fl)r lac tone e, Af t e r  ~ e v e l o p m c n t  
of  color,  t he  in.soluble ma te r i a l  was rer.~o~'cd by  cen t r i f : :ga t ioa  and  th~ ab~orhancy  
m e a s u r e d  on the  clear  .~upernatant.  

I¢ E,~ I." I. i-~ 

Gh:cose oxidation by particldatc et~=ymes 

Whi le  glucose is r ap id ly  oxid ized  b y  part]ci~.~ frtml P. fra,.~i, P. fluoresceTts and 
A .  ~,,boLv',la~t.~, I:trg*~r ,pl~ntitie~ of  ()~ than  the  thc~rct icai  a m o u n t  fl)r th*" oxidat~tm of 
the  ~ubs t ra te  to t4hmonate wer:~ t:tTnsunl,..d÷ lh i>  i~ pr , ,babl; :  due  to a g lucona te  
d d t y d r o g e n a s e  al.~o p r t~en t  in tlw p:trtit-h:b, i-[~wever. ~itlcc the  rate of  g lucona te  
o x i d a t i o n  is on ly  2o-3o~'o of  the ra te  Jot glm',~,,~ ,,yid~tti¢,n, tht" presence of  thi~ 
e n z y m e  should  no t  in terfere  wi th  the  a~s:tv fi)r g lu t :onolactone.  The  Im'tcmas~,s 
p resen t  in these  three  organi~m~ are all ~p,,¢:itic for glucono-~Ll:xctone a s  ,]ERMVN 
r e p o r t e d  for I'. fluorescens~. The enzyme,, howev¢.r, is found  only  in the soluble 
f r ac t ion  of  cell-free ex t r ac t s .  The  washed  par t i ch ' s  ar,~ frye of  l.'~ctona~e activity~ 

The  two  lac tones  of  g luconic  acid are uns t ab l e  in ~ l ~ t i , m  w e n  at  pH  5.5~ In  
r,_~:onstructed ex | x , r im en t s  where  3o pmole~ - f  each lact,,n,,- are mixed  wi th  part icles  
a n d  i n c u b a t e d  at 3o ° for 3o rain at  pH  5-5. ab~,ut 5o¢~.o and  6B~;, of  the  7-1actotte a n d  
?~-lactone, respec t ive ly ,  are  hyd ro lyz , : d  in t ha t  leugth o f  t ime.  \Vhun glut:o.k.: i.~ 
c o m p l e t e l y  oxid ized  b v  t he  par t ic les  in a 3o-t[m~ per iod,  the  pr¢~dm:t is recovere,  t 
as l ac tone  in a 4o-5og' , ,  yieh: .  "l he configu~a'.iut~ of  the lacton(" was  d e t e r m i n e d  a-; 
desc r ibed  in EXPERIMENTAL. 

The  resul ts  ,~f severa l  expe r imen t~  wi th  the  difit.rt'tlt parti~:ulate prel)aratitm.~ 
a re  prt.'sente~l in Figs. x a n d  3. The  c~mt:entratio~'., are cortecteO, fl,r ,ndogen¢~us 
values ,  w h i c h  were  large fl)r the  P. f l ,  or~.scens enzyrrw ~ystt'r[][~, At  3o ~, the  ra te  fi~r 
the  s p o n t a n e o u s  h y d r o l y s i s  of  thv lactt,rtc p r o d t : t e d  e n z y m k : a l l y  hAlowcd tha t  ~,f 
glttcono-~,-lacto~le fa i r ly  wfqt (Fig. t). 

C 

\ - " 
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Minutes  

Fig.  ,. Hydrolysis at  30 ° or" glucono- F- anti glucono-6-lactor~,~ and of the lactones produced by 
the  oxide*ion of the glucose by glu¢o~e dehytlrogcnase~ from various microbial .'.ourccs. Curve A. 
o.:  m! o fo . [  M glucono-~-lactonc; 2.o ml of t.o M acetate (pi! ~.5); o.t ml ofo.o5 M Mg.~O, ~nd 
o .8  ml  P.  / ra~i  I~rti¢lt~'n; Curve D. ~rne a-~ c.urvt- A. except -~h~t vubstrate is glucono-Z~-Iar.tonc; 
Curve C lactone produc~cl b y  dehydroguna.~e it', p. fragi pa.rticle~t; Curve D. lactt)~c produced 
by dchydrogena~ in P. fluc~csce~s partide~; Curve E, [actone proauced by dehydrogenate ilt 

.4. ~t, bc,x-).da**s particles; Curve F, ]actone produced by gluc,~e oxida.se. 
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The effect of the  enzyme lactonase on the hydrolys is  was s tudied  at  o ~ since the  
enzyme had no measurable  effect on glucono-y- lactonc dur ing the  t ime of the ex- 
tmriment  at this t e m p e r a t u r e  and, also. because the  ra te  of  spontaneous  hydro lys i s  
of  the lactones was grea t ly  reduced (Fi~. 2). Results  similar to  those in Fig. z were 

)i- 

1 . . . . . . .  ","~ • . . . . . . . .  I _1 
0 ' IS l O  4.5  I 0  

Minutes  
Fig .  z. l - i y d r o l v s i s  o f  T- a n d  ~ - g l u c o n o l a c t o n e  i n  t h e  p r e s e n c e  a n d  a~.~t.*ttce o f  a , , ~ - g l u e o n o l a c t o n a s e  
a t  o °. C u r ~ ' e  A.  - ' .2~ m l  o f  s ~<, M a c e t a t e  ( p H  5 .5)  ; o . u 5  m l  o f o .  5 M g l u c o n o - 6 - l a c t o n e  a n d  e n o u g h  
w a t e r  t o  b r i n g  v o l u m e  t o  2 .5  m l ;  C u r v e  B ,  ~ m e  a,~ c u r v e  A.  e x c e p t  t h a t  o . t  m l  o f  o . z  ~'o g l u c o s e  
oxit ia.~e w a s  a d d e d ;  C u r v e  C. s a m e  a~ c u r v e  A.  e x c e p t  t h a t  s u b s t r a t e  ~'a-q g i u c o n o - F - l a e t o n e ;  C u r v e  

D.  s a m e  a s  c u r v e  C. e x c e p t  t h a t  o . t  m l  o f  o.= ~]/e g l u c o s e  o x i d a e e  w a g  a d d e d .  

,~btained when known sample.~ of  the two lactones were added to  washed particle~. 
When the  eXl~rriment is r<,peatc~I with lactone pro~luced enzymicaUy,  t he re  is 

some rapid hydrolysis  of  the lactone in the  presence of lactona.se t h a t  accoun t s  for 
a few percent  of  the  to ta l  amoun t  (Fig. 3). The  remain ing  lactone is unaf fec ted  b y  

4~-" . . . .  -:  . . . . . . . . . . . . . . . .  - - - - ~ v ~ ;  

. . . . .  . . . . . . . . . . . . . . . . . . . .  

t 

q I I I 
IS 30 45 i,O 

e, C l n u t o s  

Fi~ .  3. : l y d r o | y m ~  a t  o ~ o f  t h e  ; x c t o n c ~  p r o d u c e d  Uy t i l e  o x i d a t i o n  o f  l~]uco.~u b y  g l u c o s e  d c h y -  
drog( 'n~t .~ '~ f r o t h  v~ri+)u~ m , c r ~ b i a l  ~ u r ¢ ~ .  C o n d i t i o n s  e a e  am dce~criUed i n  F.XPERZUENT^'--. T i r e  
" a "  c u r x , ~  a r e  t h e  h y d r o l y s / s  o f  t h e  l a c t o o e  i n  t h e  p r ~ n c ~ ¢  o f  ] ~ e t o ~ e  &rid t h e  " b ' "  c ~ r v e ~  a r e  
the.  hyclrol~.~ts  t n  i t s  absence.+ Curvp .  i ,  l a . c t one  p r o d u c e d  b y  pat-t-icle~ t ¥ o m  P .  f ragi -"  C u r v e  IT. 
l a c t o n e  p r o d u c e d  b y  p a r t i c l . ~  f r o m  /I .  a u o r ~ s c a , t s ;  C u r v e  I I I .  l ax : tone  p r o d u c e d  b y  p a r t i c | e , t  

f r o m  ,4. s~J~o~ns;  C u r v e  I V ,  L a c t o n e  p r o d u c e d  b y  g l u c o s ~  o x ; : + ' ~ .  
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the  e n z y m e .  T h u s  it  a p p e a r s  t h a t  whi le  a smal l  a m o u n t  ,,f l a c tone  is p r e s e n t  ~Ls t h e  
5-1actone,  t h e  m a j o r  p r o d u c t  o f  g lucose  o x i d a t i o n  is th~ ) ,- lact~ne.  

T h e  r e su l t s  o f  t hese  k i ae t i c  a_~sa.V, were  r o n f i r m e d  c h r o m a t o g r a p h i c a l l y .  A 
r e a c t i o n  m i x t u r e  which  c u n t a i n e d  IO/zmoles . /ml  nf  the  e n z y m i e a l l y  p r o d u c e d  l ac tone  
w a ~  u c a t u d  wi~.i~ ~.~owu. '~-3u t i - i '  ~ t o  r e i n , I r e  c a t i u n ~  a n d  t i l t ' n  c~21~tmlifU~¢d l.t) l e l U O V e  

p a r t i c u l a t e  m a t t e r .  KBOWH s a m p l e s  of  t he  two  l a e toncs  a n d  g l u c o n a t e  were  m i x e d  
w i t h  e n z y m e  a n d  t r e a t e d  e x a c t l y  time s a m e  wav .  T h e  , u I ~ r n a t a n t s  were  : ;ubiucted 
to  p a p e r  c h r o m a t o g r a p h y  u.~iag th ree  ~>lw)nt .ws temg (Tab le  I). T h e  product.~ were  

TABLE I 

C H R U I H A ~ O G R A I ' H Y  O F  G L U C O N | C  A C I D  A N D  I T ' ~  T ' , V U  I . , g t ' T O N F . h ;  

S ( , l v e n t  Z, p r o p a n o l - t - H C O ( l H - H ~ ( )  (6 : 3 : t ) ; 5 o h ' c n t  : ,  e t h y l  p . t e ta t c  g l a c i a l  a c e U c  a r i d - I f . . < )  
(3  : I : 3 ) :  S O | V e f l t  , ,  "~ . . . . . . . . . . .  I . ~ , . + . . ~ l  : , . . . . .  I l l  IRA-) 5 J -  

( ; l u c o n i c  =.,' : .ul 
G h i c o n o - 7 - 1 a c t o n c  

(;  lucono-~- la , :  t (mc  
R e a c t i o n  m i × t u r e  
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l o c a t e d  e i t h e r  w i t h  a h y d r o x y i m n i n e  s p r a y  fi~r l ac tunes  7 or witl ,  br,mt.t:re.~ol b lue  fi~r 
ac ids  a. B o t h  g lucon ic  ac id  a n d  g lucon~-b - ] ac tone  h a v e  the  . ~ m e / ¢ ~ .  in these  soh '~n t s .  
A s m a l l  a m o u n t  o f  t h e  ac id  l ac ton izcs  u n d e r  these  c o n d i t i o n s  b u t  o n l y  ~u th~  d - l ac tone .  

W h e n  the  r e a c t i o n  w i x t u r e  wag c h r o m a t o g r a p h e d ,  t he  o n l y  l a c t o n e  d e t e c t e d  was  
g l u c o n o - y - l a c t o n e . . ' k s  e x p e c t e d ,  the  ac id  s p r a y  r e v e a l e d  the  p r e s e n c e  o f  g iuc0n ic  
ac id  also.  N o  s p o t  e o r r e s ~ m d i n g  t ~  the  h - l a c t o n e  wa.~ o b s P r v e d  p roha i J ly  hecau~e the  
am:: .dnt  s p o n t a n e o u s l y  f o r m e d  f r o m  t h e  f ree  a d d  W~L'~ t~x~ l - w  t o  t~e d e t e c t e d .  

Glucose oxidation by gl,cose cxklas¢ 

C o m m e r c i a l  p r e p a r a t i o n s  o f  g lucose  oxida_~ all c , Jn ta ined  a l a c t o u a s e  in h igh  
c o n c e n t r a t i o n  a n d  t l m s  c o u l d  no t  be  d i r e c t l y  a s s a y e d  ,as w e r e  t h e  p a t r i c k , .  T h e  
ladona_se  cou ld  be  r e m o v e d  b y  pa.~sing a 5 %  .~olution ot g lucose  ux ida se  t h r o u g h  a 

• 0, o f  t h e  oxicEL,~e was  w a s h e d  c o l u m n  o f  A m b e r l i t e  X E - 6 4 .  B y  this  p r o c e d u r e  a b o u t  z o / o  
t h r o u g h  t h e  c o ! u t a h  w i t h  w a t e r  whi le  on ly  a p p r o x ,  z%, o f  t h e  lactona_se fai led to  be  
a t r so rb~d  to  t h e  resin.  T h e  p r o c e d u r e  wag r e p e a t e d .  T h e  y i e ld  o f  o x i d a s c  ~ ' .~  ex-  
t r e m e l y  low,  b u t  i t  w a s  f ree  o f  lac tona~e.  Thi~ e l u a t e  wa.~ tt~ed to  ox id ize  a .gample of  
g lucose .  A m u c h  smaLler a m o u n t  o f  l a c t o n e  w a s  p r e s e n t  in t he  r e a c t i o n  m i x t u r e  a t  t h e  
e n d  o f  zo  ra in  t i t an  w h e n  a ~isnilar a m o u n t  .~f g lucose  wag oxidizex-1 b y  pa r t i c l e s  o f  
t h e  b a c t e r i a l  p r e p a r a t i o n s  (Fig. T). U p o n  a d d i t i o n  o f  the  -~pecitic glu,:ono-d-lactona-c,e, 
t he  l a c t o n e  t h a t  w a s  p r o d u c e d  b y  the  pur i f i ed  g lucose  o -&lase  was  r a p i d l y  l aydro iyzed  

Diochim. Ri,,phys. Acta, 67 ( [ 9 6 3 )  t 5 ~ - 3 6 5  
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( F i g  3)- This  hyd ro ly s i s  conf i rms  the  earl ier  resul ts  o b t a i n e d  b y  BENTLI~Y AND 
.~ EL'BE RGER g . 

" " ~ . . . . . .  . . . . . . . . . . . .  ~ . . . . . . . . . . . . .  : ~ ;  . . . .  I ~  l ~''~t~l .ol--,','~e," d~,h~,droo,,:*ta~.. ~ . t ' r r m t  A c e t o b a c t c t  s v b o x y d a n s  

The  soluble  gluct~ve d e h y d r 0 g e n a s e  f rom A. subo.wdans util izes T P N  as the  
hy, d regen  accep to r  '~. The  p H  o p t i m u m  o f  the  o x i d a t i o n  wi th  th is  enz~vne i~ neat" p H  8. 
U n d e r  these cond i t i ons  b o t h  l ac tones  h y d r o l y z e  so r a p i d l y  t h a t  ne i the r  w o u l d  
a c c u m u l a t e  in t he  re.~ction m i x t u r e .  Therefore ,  t he  specif ic i ty  o f  the  reac t ion  was  
d e t e r m i n e d  b y  s t u d y i n g  the  reverse  re.action, i.e. r e d r c t i o n  o f  lac tone  by  T P N H ,  
The  revers~ r t ' ac t ion wa~ s tud ied  a t  p H  6.0. T h e  soluble  f rac t ion  f rom A. suboxydans 

u~+O-9onl 

~ O,ICIO 

0.700 

O.~'JO 

I t I I ! I t 0~500 I 2 ~1 4 S 
M i r ~ t e s  

Fig. 4- Reduction of glucorto-b-lactot~c hy "['|>.NII tn the prc.~enc¢ of glucose dehydrogcnu.~ froln 
A. mcbox;'dans. Curvt: A, o.t mI of enzyme, 0.05 ml of o.o5 M MR.%O~, o.oz ml of o.I °/a TPNH, 
o.t/lul of o~l .~I phosphat*:. (pH 61 and 5 mg of gluC.anc~-h-lact~.~¢; Curve B, ~ m e  a~ curve A, 
t:×cot~t that  sub~trate was gh~cona-),-lactone; Curve C, -~me as curve A, except that ~ul~tl-~to 

• t-a~ otnitted. 

txmta ins  a g lucono-b - l ac tonase  which  in te r fe res  wi th  the  as~'~y; h()wever, t h e  effect 
of  the  l ac tonase  cou ld  be r educed  by  us ing a d i lu te  solut i tm ol e n z y m e .  T h e  resul ts  
i l lus t ra ted  in Fig. 4 show t h a t  it is g lucono-h - l ac tone  which  is r educed  u n d e r  these  
cond i t ions  a n d  b y  inference,  mu~t  be the  p r o d u c t  o f  g lucose  ox ida t i on  b y  the  soluble  
g luco~,  d e h y d r o g e n a s c .  

DISt.;U$SIO N 

T h e  o x i d a t i o n  of  sugars  b y  b r o m i n e  i n v a r i a b l y  yie lds  the  b - lac tones  o f  the  suga r  
acid~*J. ~o. This  r eac t ion  hz'~ been t a k e n  to  m e a n  t h a t  sugars  exis t  in the  p y r a n o a e  
fo rm in a q u e o u s  solut ion.  Couseque, , t l . , ,  it h a s  gene ra l ly  been  a s s u m e d  t h a t  g lucose  
is ox id ized  to glucono-b-lact<me in b io logical  s y s t e . ~  01~o. Support i tLg ~vidence  
usua l ly  offered ig t h a t  cell-free e x t r a c t s  c o n t a i n  a l ac tonase  ac t i ve  on  this  p r o d u c t  ~t-~a. 
More definite c h a r a c t e r i z a t i o n  o f  the  c o m p o u n d  was  u n d e r t a k e n  in o n l y  a few cases~, ~. 
Glucose  6 - p h o s p h a t e  o x i d a t t o n  has  been  s t ud i ed  in m u c h  t h e  s a m e  w a y  w i t h  the  
conc lus ion  t h a t  it, too,  is ox id ized  t o  a 6-1aetone z°--re. On the  o t h e r  h a n d ,  s tud ies  
w i th  sugars  o t h e r  t h a n  glucose  h a v e  shown  t h e  p r o d u c t  of  enzynf ic  o x i d a t i o n  is the  
~,-lactone o f  the  co r r e spond ing  a ldonie  ac id  tT-a~. Th i s  sugges t s  t h a t  it is the  furane~e  
¢~rm ,~¢ t he  "~,lg'or t h a t  is oxid ized .  

Bi~hh , .  Biophys. Aaa. b7 {t963) ~q-365  
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T h e  r e s u l t s  r e p o r t e d  h e r e  s h o w  t h a t  t h e r e  a r e  t w o  d i f f e r e n t  k i n d s  o f  n n z y m e s  fi)r 
o x i d i z i n g  glueo~_e based ,  u p o n  p r ~ x l u c t  ~,f t h e  re ; t t : t i , :n .  ( ) h e  g r o u p o f  e n z y m e s  o x i d i z e s  
g l u c o s e  t o  g l u c o n o - : - l a c t o n e ,  w h i l e  a n , t h e r  g r o u p  p r ~ l u c e s  t h e  y - l a c t o n ¢ .  ~A~ile i t  
m a y  p o s s i b l y  I,e f o r t u i t o u s ,  i t  ~ h o u h i  b,~ nor~,,:. ",i::-t ".!:~ tb, r c c  enzyrn,7 ~ y s t e m s  o x i d i z -  
i n g  g l u c o . ~  t o  g l u c o n o - ~ , - h t c t o n e  ;trc p a r t i c u ! a t e  a n d  t h a t  t h e  t w o  o x i d i z i n g  t h e  
s u g a r  t o  g I u c o n o - 6 - 1 a c t o n e  a r e  s o l u b l e .  T h o u g h  t h e r e  is n o  d i r e c t  e v i d e n c e ,  i t  m a y  
w e l l  b e  t h a t ,  s i n c e  t h e  p r e d o m i n a t e  f iwm o f  g l u c o s e  in s o l u t i o n  is  t h e  p y r a n o s e  
s t r u c t u r e ,  a n  e n z y m e  m i g h t  b e  a s - ~ w i a t e d  w i t h  t h c  p a - * i c u l a t e  f r a c t i o n  t h a t  c o n v e r t s  
t h e  g l u c o s e  i n t o  a f o r m  a c c e p t a b l e  t o  t h e  o x i d i z i n g  e n z y m e ,  i .e .  i n t o  g l u c o f u r a n o s e .  

T h e  ~ o u r c e  o f  t h e  s m a l l  a ~ o u n t  ,.>f 6 - 1 a c t o n e  a l s o  p r e s e n t  in  t h e  r e a c t i o n  m i x t u r e  
w i t h  p a r t i c u l a t e  e n z y m e s  ; e q u i r e s  f u r t h e r  inve .~t ig ;~d,m.  I t  h a s  I)t,en c l a i ; ne ( I  t.'~' tha t  
t h e r e  is  a n o n - e n z y m i c  m t e r c r m x e r ~ i o n  o f  t h e  t w -  g l u c o n o l a c t o n e s  w i t h o u t  a n y  
o p e n i n g  o f  i h e  r i t ig .  -~ucl, ~t t taeci i : , i t inm mRS" b e  ,q>*:rating h e r r .  TAKAHA.'~HI AND 
~IlTS, L1MOTO *'~ h a v e  r e p o r t e d ,  r e c e n t l y ,  t h a t  g lucono- '~ , - l ac t t ]ne  is a n  i n t e r m e d i a t e  in 
t h e  f o r m a t i o n  o f  D-arz, ooa .~corb ic  a c i d  in  P e n i c i l l i t t m  m~la&,m+ ' l ' t t ey  inft~r, howt 'x '~ 'r ,  
t h a t  t h e  y - l a c t o n :  is f o r m e d  b y  suc l ,  a met :hu t , i . sm f r o m  t h e  ~ - l a c t o n e  rathe_r  th i rn  
d i r e c t l y  b y  t h e  o x i d a t i o n  o f  gluco.~. .  
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