
voL.  2 7  ( z958)  PRELIMINARY NOTES 221  

The enzymic conversion of D-glucuronate to L-ascorbate 
and C-xylulose in animal tissues* 

This  repor t  charac ter izes  t he  e n z y m i c  reac t ion  p a t t e r n  in t he  convers ion  of D-g lucurona te  t o  
L-ascorbate  1- and  L-xylulose ~ wh ich  occurs  in l iver and  kidney.  

Pa r t i a l ly  purif ied p repa ra t ions  f rom hog  k idney  ca ta lyze  t he  reversible  r educ t ion  of D-glu- 
cu rona te  to L-gulonate,  which  is specifically l inked to T P N :  

T P N H  + n - g l u c u r o n a t e  + H + ~ T P N  + + L-gulonate  (i) 

The  free acid an ions  are t he  i m m e d i a t e  s u b s t r a t e s  and  t he  ~- lac tones  appea r  to  be a t t a c k e d  only  
a f te r  hydrolys is .  D-ga lac tu rona te  is reduced  and  L-galac tonate  is oxidized a t  r a tes  of t he  s ame  order  
as for D-glucuronate  and  L-gulonate .  

The  convers ion  of L-gulonate  to L-ascorbate  appea r s  to occur  in two sepa ra t e  s tages :  

L-gulonate  + D P N  + ~ -  [3-keto-L-gulonate3 + D P N H  + H + (if} 

[3-keto-L-gulonate] > L-ascorbate  + H 2 0  (iii) 

However ,  t he  pos tu l a t ed  in te rmedia te ,  3-keto-L-gulonate ,  m a y  a l t e rna t ive ly  unde rgo  deca rboxy -  
la t ion to L-xyluloxe and  CO2 ~. 

[3-keto-L-gulonate] ~ -  L-xylulose + CO 2 (iv) 

These  fo rmula t ions  are suppo r t ed  b y  t he  following evidence :  W h e n  L-gulonate  and  D P N  were  
i ncuba t ed  wi th  re la t ive ly  h igh  concen t r a t ions  of r a t  l iver or  p ig  k idney  f ract ions ,  t h e n  D P N H ,  CO v 
and  a pentose ,  identif ied ch roma tog raph i ca l l y  as xy lu lose  3, were fo rmed  accord ing  to reac t ions  (if) 
+ (iv) (Table I). U n d e r  these  condi t ions ,  no L-ascorbate  was  formed.  Th i s  reac t ion  is specific for  
D P N  a n d  for t h e  L-s tereoisomer  of gu lona te  and  ga lac tona te ;  t h e  lac tones  were ac t ive  only  a f te r  
hydrolys is .  W h e n  14CO~ was  i ncuba t ed  wi th  L-gulonate ,  D P N ,  a n d  t h e  e n z y m e  fract ion,  a D P N -  
d e p e n d e n t  incorpora t ion  of 14C in to  t he  ca rboxy l  ca rbon  of L-gulonate  was  observed.  These  e n z y m e  
p repa ra t i ons  do no t  con ta in  t h e  xyl i to l  dehyd rogenase s  descr ibed b y  HOLLMAN AND TOUSTER ¢. 
These  facts  indica te  t h a t  t he  xy lu lose  fo rmed  is t he  L-stereoisomer.  These  reac t ions  can  the re fo re  
a ccoun t  for t he  fo rma t ion  of L-xylulose f rom n - g a l a c t u r o n a t e  5 a n d  L-gulonatee, 7. 

T A B L E  I 

F O R M A T I O N  O F  A S C O R B A T E  AND XYLULOSE FROM L-GULONATE 

Enzyme D P N H  L-xylulose CO 2 H+ Ascorbate 

I. R a t  l iver (16.8 mg) 207 167 .208 208 o 
2. P ig  k idney  (13. 5 mg) 183 i59  - -  - -  2 

P ig  k idney  (0.54 mg) 2340 133o - -  - -  432 

The  s y s t e m  con ta ined  15 / ,moles  KHCO3,  5 ° / * m o l e s  p o t a s s i u m  L-gulonate ,  2o/~moles DPN,  and  
e n z y m e  as no ted  in a v o l u m e  of 1. 3 ml.  T h e  gas  phase  was  95% N2-5% COy and  t h e  reac t ion  
period was  i h a t  37 °. Xylu lose  was  e s t i m a t e d  b y  t h e  m e t h o d  of KI3LKA s and  ascorbic  acid by  t h e  
m e t h o d  of RoE AND KUETHER 1~. D a t a  in m / , m o l e s / m g  enzyme .  

On  t he  o the r  hand ,  w h e n  t he  concen t r a t i on  of t h e  p ig -k idney  f rac t ion  in t h e  t e s t  s y s t e m  was  
lowered (Table I), re la t ive ly  less xy lu lose  was  fo rmed  f rom L-gulonate ,  b u t  some  of t he  l a t t e r  was  
now conve r t ed  in to  L-ascorbate ,  wh ich  was  identif ied ch romatograph ica l ly .  Th i s  f inding sugges t s  
t h a t  t he  i m m e d i a t e  ox ida t ion  p r o d u c t  of L-gulonate  h a s  two  p a t h w a y s ,  t he  p ropor t ion  depend ing  
on e x p e r i m e n t a l  condi t ions .  Di lu t ion  of t he  e n z y m e  p r e s u m a b l y  causes  d issocia t ion  of a co-factor  
and /o r  inh ib i to r  for one of t he  p a t h w a y s .  

The  enzymic  m e c h a n i s m  of ascorbic  acid fo rma t ion  in an ima l  t i s sues  ind ica ted  by  t h e s e  
e x p e r i m e n t s  is  in accordance  wi th  resu l t s  of isotopic e x p e r i m e n t s  9 i n  v i vo ,  b u t  differs in some  w a y s  
f rom t h a t  in p l an t s  TM. The  pa r t i c ipa t ion  of these  two  reac t ions  in m e t a b o l i s m  of L-gulonate  b y  
p r i m a t e s  a n d  t he  gu inea  pig, wh ich  requi re  d i e t a ry  ascorbic  acid, is be ing  inves t iga t ed  11. 

* Suppor t ed  b y  g r a n t s  f rom t h e  N a t i o n a l V i t a m i n  F o u n d a t i o n  and  t h e  N u t r i t i o n  Founda t i on ,  Inc .  
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ADP-polynucleotide phosphorylue 
T h e  e n z y m e  polynuc leo t ide  phospho ry l a se  ca ta lyzes  t h e  reversible po lymer i za t ion  of va r ious  
nuc leos ide  d i p h o s p h a t e s  to  f o rm  s y n t h e t i c  po lynuc leo t ides  con ta in ing  one or more  bases  x. B o t h  the  
e n z y m e  a n d  t h e  p o l y m e r s  h a v e  been s t ud i ed  b y  a n u m b e r  of inves t iga to r s  z-6. Ev idence  p resen ted  
here  ind ica tes  t h a t  severa l  e n z y m e s  m a y  be invo lved  in th is  overal l  react ion.  

I n  Tab le  I t h e  resu l t s  of e x p e r i m e n t s  are p re sen t ed  in wh ich  each  d i p h o s p h a t e  was  i ncuba t ed  
w i th  e i ther  a c rude  or pa r t i a l ly  pur i fed  e n z y m e  p repara t ion .  I n  t he  fo rmer  cases  t he r e  was  h igh  
po lymer i z ing  ac t i v i t y  t o w a r d  A D P  and  C D P  b u t  m u c h  less t o w a r d  G D P  and  U D P .  Inorgan ic  
p h o s p h a t e  p roduc t ion  grea t ly  exceeded po l ymer  fo rmat ion ,  ind ica t ing  t h e  presence  of phospha t a se s .  

T A B L E  I 

],:ach i ncuba t ion  vessel  con ta ined  t he  following in a final v o l u m e  of o.32-o.35 ml :  nucleoside  
d iphospha te ,  i . o /*mole ;  Mg ++, 0.46 #,mole; E D T A ,  o .o5#mole ;  g lu ta th ione ,  1.8 4 /*moles; glycine 
buffer,  p H  io . I ,  92 /*moles; and  e n z y m e  solut ion,  o.2o ml. I n c u b a t i o n s  were carr ied ou t  for 90 min  
a t  37 ° and  s topped  by  boiling. The  va lues  repor ted  are averages  of t he  n u m b e r  of e x p e r i m e n t s  

ind ica ted  in pa ren theses .  

Substrate 

Polymer ]ormed (t~mole) as determined by : 

Ckromatogram 
origin a. Polymer b P i e 

Crude  p r epa ra t i ons  A D P *  (9) 0.33 o.31 0.53 
G D P  (4) o.oi  0.09 
U D P  (4) ° .o4 °.13 
C DP  (9) o.26 0.54 

Pa r t i a l l y  purif ied p r epa ra t i ons  A D P *  (4) 0 '30 ° '25  0"35 
G D P  (2) o,oo o.oo 
U D P  (2) o.oo 0.03 
C DP  (4) 0"03 0'o4 
C D P  + poly-C d (I) o.oo 0.o 4 
C DP  + R N A  e (I) o.oo 0.o 7 

The  r ad ioac t iv i ty  r ema in ing  a t  t h e  origin a f te r  pape r  c h r o m a t o g r a p h y .  
b Ul t r av io l e t - abso rb ing  ma te r i a l  p rec ip i t a ted  wi th  HC10~ and  redissolved in buffer.  
e Inorgan ic  p h o s p h a t e  appear ing .  
a o . i o / , m o l e  of po ly-cy t idy l ic  acid was  added  to th i s  vessel.  
e o . io /~mole  of M. lysodeikticus nucleic  acid was  added  to th i s  vessel.  


