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The enzymic conversion of L-gulonate to L-ascorbate 
by rat-liver enzymes 

In  earl ier  communica t ions  1, 2 i t  was r epor t ed  t ha t  L-gulonate is oxidized by  a D P N -  
l inked L-gulonate dehydrogenase  in l iver and  k idney  p repara t ions  to L-xylulose and 
L-ascorbate.  The L-ascorbate  so found was identif ied b y  paper  c h r o m a t o g r a p h y  ~ and  
e s t ima ted  b y  the RoE AND KI:ErHER method .  4 However ,  recent ly  it has been found 
t h a t  r ad ioac t ive  "L-ascorba te"  formed from L-[i-z4Cjgulonate b y  the ac t ion of D P N -  
gulona te  dehydrogenase  is not  ident ica l  wi th  au then t ic  L-ascorbate  when chromato-  
g raphed  on Dowex I columns.  Al though  the i den t i t y  of the  chromogen has not  ye t  
been establ ished,  this  repor t  character izes  the  enzymic  react ion pa t t e rn  in the  
conversion of L-gulonate to true L-ascorbate  in ra t - l iver  ext rac ts .  

The d a t a  in Table  I demons t r a t e  t ha t  ra t - l iver  microsomes,  previous ly  shown 
to be involved  in the  synthesis  of L-ascorbate  z, 5, conta in  an enzyme,  p robab ly  s imilar  
to the  au tooxid izab le  f lavoprote in  found in p lan ts  ", which in the  presence of oxygen is 
able to oxidize L-gulono-y-lactone to L-ascorbate.  The rad ioac t ive  L-ascorbate  formed 
from L-EI-14C]gulono-7-1actone was ident if ied wi th  ce r t a in ty  b y  paper  chromatog-  
r a p h y  8, c h r o m a t o g r a p h y  on Dowex I 7,8, and  recrys ta l l iza t ion  f rom e thanol -wate r  to 
cons tan t  specific ac t i v i t y  af ter  add i t ion  of carr ier  L-ascorbic acid. This react ion was 
prev ious ly  observed  b y  BURNS et al.5; the  present  exper iments  (Table I) demons t r a t e  
t h a t  the  react ion occurs wi th  L-gulono-7-1actone bu t  not  wi th  free L-gulonate.  

TABLE I 

The system contained in a total vol. of 2.0 ml: 4 ° #moles imidazole-HC1, pIK 6.8; i /zmole MnC18; 
io/*moles substrate, and where indicated: 3-times washed microsomes prepared by the method of 
SCHNEIDER AND HOGEBOOM 13 from o.75 g rat liver, and]or 136 units aldonolactonase (i unit = 
i /zmole CO 8 released from a bicarbonate buffer/i 5 min with D-galactono-7-1actone as substrateg). 
The aldonolactonase was prepared from rat-liver homogenates by isoelectric precipitation, heat 
treatment, and chromatography on cellulose CM columns. After a reaction period of 2 h at 37 ° 

ascorbate was determined by the method of RoE AND KUETHI~R 4. 

A scorbic acid 
Enzyme(s) Gas phase Substrate (t,moles) 

i .  M i c r o s o m e s  O 8 L - g u l o n o - 7 - 1 a c t o n e  5 .7  ° 
M i c r o s o m e s  N 8 L - g u l o n o - y - l a c t o n e  o .oo  

2. Microsomes O8 L-gul°n°-7-1act°ne 6. i o 
Microsomes O 8 L-gulonate o.oo 
Microsomes and Aldonolactonase O 8 L-gulonate i .3 ° 
Aldonolactonase O 2 L-gulonate o.o3 
Microsomes and Aldonolactonase 02 L-gulono-7-1actone 2.6o 

L-ascorbate  is fo rmed from free L-gulonate,  however,  if the  microsomes are 
supp lemen ted  wi th  a soluble hea t - lab i le  fac tor  from the lO5,OOO × g supe rna t an t  
f ract ion of r a t  l iver  (Table I). No o ther  cofactors  are required.  On the  o ther  hand,  
this  soluble fac tor  inhibi ts  the  ox ida t ion  of L-gulono-7-1actone to  L-aseorbate  b y  the  
microsomes (Table I). These facts  sugges ted  t ha t  the  act ive fac tor  in the  soluble 
f ract ion is the  a ldonolac tonase  recent ly  descr ibed 9, p r e sumab ly  capable  of ac t ing  
reversibly.  Expe r imen t a l  suppor t  for such a role of the  a ldonolac tonase  was p rov ided  

A b b r e v i a t i o n :  D P N ,  d i p h o s p h o p y r i d i n e  n u c l e o t i d e .  
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by comparing the stimulation of formation of L-ascorbate from L-gulonate in the 
presence of microsomes with the aldonolactonase activity during a 6o-fold purification 
of the factor; the activities were found to be parallel. The purified enzyme catalyzes 
the accumulation of L-gulonolactone from L-gulonate, measured by conversion to the 
hydroxamate following addition of alkaline hydroxylamine after the incubation 
period. 

These results, which are consistent with isotopic experiments TM and with the 
independent work of YAMADA et al. n, indicate the following reaction sequence: 

L-gulonic acid ~ L-gulono-y- lac tone  (i) 

L-gulono-y- lac tone  O~ > L-ascorbic acid (ii) 

These results thus demonstrate a role for the aldonolactonase present in liver and 
kidney of many species~, n and show that L-gulono-y-lactone is the immediate 
precursor of L-ascorbate. On the other hand, L-gulonate rather than the lactone appears 
to be the direct precursor of L-xylulose ~, 12. 
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Transfer of radioactive sulfate 
from phosphoadenosine phosphosUlfate to heparin 

The description of a transplantable mouse mast-cell tumor by DUNN AND POTTER 1 
suggested the possibility that this mastocytoma could be used for a study of heparin 
biosynthesis in vitro. Homogenates of this tumor were prepared, and incubated with 
inorganic ~S04 =. The heparin was extracted, and purified by paper chromatography, 
according to methods recently developed in this laboratory 2, 3, 4. It  was observed that,  
under certain conditions, labeled inorganic sulfate was incorporated into heparin by 
the tumor homogenate. These results were recently reported in part 3. In view of the 
work by LIPMANN and co-workers on the role played by PAPS in a number of different 

Abbrev ia t ions :  P AP S ,  3 ' - phosphoadenos ine -5 ' - phosphosu l f a t e ;  DPN,  d iphosphopyr id ine  
nuc leo t ide ;  ATP,  adenos ine  t r i p h o s p h a t e ;  U T P ,  ur id ine  t r i phospha t e .  


