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.~ t_~.xI~M A R Y  

E v i d e n c e  is p r e s e n t e d  f o r  t h e  p r e s e n c e  o f  a n  a c t i v e  e n z y m e  s y s t e m  i n  r a t  k i d n e y  
f o r  t h e  c o n v e r s i o n  o f  i . - g u l o n o l a c t o n e  o r  L - g u l o n i c  a c i d  t o  L o x y l u l o s e .  I d e n t i f i c a t i o n  
o f  t h e  e n d  p r o d u c t  w a s  e s t a b l i s h e d  b y  a c a r r i e r  d i l u t i o n  t e c h n i q u e ,  s p e c i f i c  e n z y m a t i c  
a n d  c o l o r i m e t r i c  a s s a y s ,  a n d  c o l u m n  a n d  p a p e r  c h r o m a t o g r a p h i c  d a t a .  E v i d e n c e  i s  
a l s o  p r e s e n t e d  f o r  t h e  f o r m a t i o n  o f  a s m a l l  a m o u n t  o f  xylitoI a s  a f u r t h e r  product in 
t h i s  r e a c t i o n .  A s c h e m e  f o r  t h e  m e t a b o l i s m  o f  L - g u l o n o l a c t o n e  i n v o l v i n g  t h e  p e n t o s e  
p h o s p h a t e  p a t h w a y  i s  p r e s e n t e d .  

" S u b m i t t e d  in p a r t i a l  ful f i ! lment  of t h e  r eq u i r e me n t s  for  t h e  degree  of Mas t e r  of Science in  
13i¢:~cho.mistry ..t C o,J~g* Wash ing ton  Lrnivers i ty ,  \Vash ing ton ,  D.C. 

Rel~r~ces p. 459, 
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IN'I RODUCTION 

L-Xylulose, a sugar excre ted  by  pat ients  with essential pentosuria,  is present nor-  
mol ly  in urine of man  t, guinea, pig x and rat  e. ])-glucuronolactone has been shown to 
be a precursor  of L-xylulose in subjects  with essentiM peutosuria'% 4. L-Gulonie acid, 
which is excre ted  in urine after  atdministra.tion of l)-glucuronolactone to rats and  
guinea pigs ~, has been pos tu la ted  to be an in termedia te  in this react ion 1. Other  
s tudies have shown tha t  l.-[I~x~C~guhmolactone is oxidized extens ively  to resp i ra to ry  
14C0~ in rats  and  guinea pigs mid is conver ted  to L-ascorbic acid in the former but  
not  in the  la t te r  species ¢. 

The first clue to the nmchanism for the formation of L-xylulose came from the 
t racer  studies of RABINOWITZ AND S . \ I . I .  7 who demons t ra t ed  tha t  a particle-free enzyme 
sys tem in ra t  k idney  deea rboxy la t ed  D-glucuronic acid and  u-glucuronolactone.  
Al though  the  in te rmedia ry  step was not idetatified it now appears  tha t  r~-glucuronic 
acid was most  likely conver ted  to L-gulonic acid before undergoing decarboxyla t ion .  
P re l iminary  repor ts  on the  conversion of L-gulonic acid to  L-xylulose in mammal ian  
liver and k idney  ex t rac t s  have appeared  recently s 1,,. i t  is the purpose of the present  
paper  to present  fu r ther  details on the occurrence of this react ion in ra t  k idney 
ext rac ts .  

M.\TEI~IALS A.Xl) MI':TtM,I)S 

Radioactive compotvmts 
Uniformly  and carboxyl- labeled L-TxtClguhmolactone, having a specific ac t iv i ty  

of o.2o pC per mg and o.Io /~C per mg respectively,  were prepared by  sodium boro- 
hydr ide  reduct ion of the correspondingly  labeled D-glucuronolactone "~- L - I I - b t C ]  - 

gulonie acid was prepared  by  t rea t ing L-FI-14C]gulonotactone with a s toichiometr ic  
a m o u n t  of N a O H in aqueous  solution. I.-~i-ltC]ascorbic acid with a specific ac t iv i ty  
of o . Io /~C per mg was synthesized 1)y a previously  !,td)lished procedure n.  

Preparation o/the enzyme syst,m~ 
All p repara t ive  manipula t ions  were carried out  at 4 °. Kidneys  f rom m-,de rats  

of the Wis ta r  s train were removed  immedia te ly  af ter  slterificing. A 20-% homogena te  
(based on wet  weight of tissue) was prepared  uMng k Po t t e r  Elvejhena type  homo- 
genlzer in p H  7.o buffer which was 0.2 31 with respect to phosphate  and o.ofi .l[ 
wi th  respect to  nicot inamide.  The  homogenate  was centr ifuged at  too,ooo :< , for  
I h and  the supe rna tan t  fraction was used as the enzyme source. 

I~tcubation procedure 
The condit ions empioyed  were esselltially those described by  N_u~tNowrrz -~ND 

SALt 7 for the deca rboxy la t ion  of D-glucuronolactone.  Unless specifically noted,  the 
following mix t a r e  was used for each incubat ion  vessel. To 3 taxi of the enzyme solutiott 
was added  1.2/~moles uridine t r iphosphate ,  I.O t~moles d iph0sphopyr id ine  nucleotide,  
x.3/~moles adenosine t r iphosFhate ,  1.8 btmolcs th iamine  pyrophospha te ,  x8/Lmoles 
MgCl~ and  2.o mg of subs t ra te  and the mixture  was adjus ted  to  a to ta l  volume of 
6.5 mL The  incubat ion  was carr ied out  aerobical ly for 9 ° nlin a t  35 °. The  react ion 

" U n i f o r m l y  l abe led  D-g lucu rono lac tone  was  o b t a i n e d  t h r o u g h  t h e  g e n e r o s i t y  of  Dr .  N.  E .  ARTZ 
of  t h e  Corn  Produe~,s Re l in ing  ( 'o. ,  Argo.  I l l inois .  

ICe]eve~ces p. 469. 
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at  5 ° with 0.02 Iv /bora te .  An aliquot of each tube was ana lyzed  for both  14C and  for 
pentoses by the orcino] method.  A peak was obtained by  the x4C and  orcinol assay  
in the region expected for ~-xylulose. The labeled L-xylulose in this fract ion,  was 
equivalent  to  I6 % of the substra te  incubated.  The free pentose af ter  removal  of the  
borate  esters TM was chromatographed  on paper in a solvent sys tem consisting of e thy l  
ace ta te -ace t ic  acid-HaO, (3:~:3). Under  such conditions, the unknown sugar co- 
chromatographed  with au thent ic  L-xylulose and  exhibi ted the characterist ic  blue- 
gray  fluorescence in the ul t ra  violet a f ter  spraying with  orcinol reagent  m. In  addi t ion,  
the ketopentose in this fract ion was characterized by its reaction with  TPN-xyl i to l  
(L-xylulose) dehydrogenase.  When the fract ion was assayed with  purified DPN-  
xyli tol  (1)-xyhilose) dehydrogenase l~ no D-xylulose was detected.  

A second small peak of radioact iv i ty  was obtained which gave no reaction with  
the orcinol test.  The  fraction appeared to be a pent i tol  by  its characterist ic  reaction 
in the periodate and  chromatropic acid assays.  The iden t i ty  of the product  as xyl i tol  
was established by  addi t ion of carrier xyl i tol  to a pooled mix tu re  of this fract ion 
after  removal  of the borate  esters TM. The xyli tol  was i :o la ted  as its pen taace ta te  
derivat ive ~x and  it was found to contain x.3 To of the to ta l  x4C incubated.  The re- 
maining radioact iv i ty  equivalent  to  about  25 % of tha t  incuba ted  was recovered 
after  total  elution of the  column with  o.I M KCI. The identif icat ion of this mater ia l  
has not  been established. 

Possible implicat.ion o/L-ascorbic acid 

Exper iments  were carried out  to  see whether  L-ascorbic acid was involved in 
this  reaction. This was of importance  since L-gulonola~tone has been shown to be a 
precursor of L-ascorbic acid 6,,e,a,. This was accomplished by  incubat ing  L-[x-t4C] - 
gulonolactone with  the ra t  k idney  systexn. Carrier t -ascorbic acid (~.oo mg) was then  
added to the  tf ichloroacetic acid ex t rac t  of the incubat ion mix tu re  and  the  resulting 
solution was pa.~sed through an  Ambefl i te  IR-4B (acetate) column. The adsorbed  
mater ia l  was eluted with  2 ,V formic acid arid L-ascorbic acid was isolated from the  
eluate as the 2,4-dinitrophenylosazone derivat ive.  From the amoun t  of 14C present 
it: this derivat ive it was es t imated  tha t  less t h a n  o . i  7 % of the  incubated  L-gulono- 
Iactone was conver ted  to L-ascorbic acid. These results indicated t h a t  the v i tamin  
did not  accumula te  in this system. However,  the possibility t ha t  g-ascorbic acid 
might  be act ively  me:abolized,  had  to be considered since ra t  k idney  homogenates  
have been reported to degrade L..ascorbic acid 12. However, when ea iboxyl  labeled 
L-ascorbic acid was incubated  under  the same conditions, used for the decarboxyla t ion  
of L-gulouolactone, less than  o . Io  % of the v i tamin was decarboxyla ted .  

DISCUSSION 

E ;idence has been presented indicating tha t  the  soluble port ion of ra t  k idney  is 
capable of decarboxyta t ing  L-gulonolactone to iorm ~.-xylulose. This finding completes 
the following p a t h w a y  for the metabol ism of L~gulonolactone: L-gulonolactone 
L-xylulose ~ .xylito! ---~ D-xylulose---~ D-xylulosc-5-PO4 --9 pentose phosphate  
p a t h w a y  .... ~ glucose. TOUSTEI~ et al. 2~ have denmnst ra ted  an enzyme sys tem Jp. guinea  
pig liver capable of reversibly reducing both L-xylulose and  D-xylulose to a common 
intermediate ,  xylitol,  thereby  providing a mechanism for the interconversic~- of the  
.tee/ere~2ce~ p. 469. 
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stereoisomers of this ketopentose.  The subsequent finding by HlCV.~AN AND ASH~,VELL ~s 
of  a specific liver kinase capable of ¢orming D-xylulos~-5-phosph~te from the free 
sugar indicated that m~mmalian tissues possesses the complete enzymic struct,tre 
necessary to carry out the conversion of .~-xylulose to g!ueose via the pentose cycle 
as originally posttflated by TOUSIER et al31. Evidence for the occurrence of these 
reactions i;, sire comes from recent findings that l .-gulonolactone is converted to  
liver glycogen in accordance with this pathway ~6. 

NOTE ADDED IN PROOF" 

Recent studies z7 have provided experimental evidence fur 3-keto-L-gulonic acid 
being an intermediate in ¢he conversion of L-gulonic acid to L-xylulose by an enzyme 
in the soluble fractt~n of kidney. This enzyme,  L-gulonic acid dehydrogenase, has 
been purified about 35-fold from hog kidney and a requirement for diphosphopyridine 
nuclectide has been demonstrated. 

(Received April I4th, 195c~) 
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