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L-Ribulokinase and the formation of D-xylulose phosphate in 
Lactobacillus pentosus 

I somer iza t ion  of L-arabinose to L-ribulose (L-erythro-pentulose), t he  first s tep  in the  f e rmen ta t i on  
of L-arabinose by  Lactobacillus pentosus, was d e m o n s t r a t e d  by  LAMPEN 1. SIMPSON AND WOOD 2 
have  repor ted  the  pur i f icat ion of L-ribulokinase f rom A erobacter aerogenes and  h a v e  also provided  
evidence  for t he  convers ion  of L-ribulose p h o s p h a t e  to D-xylulose p h o s p h a t e  (D-threo-pentulose). 
We have  now purified L-r ibulokinase f rom ex t rac t s  of L. pentosus and  have  isolated and  identif ied 
the  reac t ion  product ,  L-ributose phospha t e .  W e  have  also shown  t h a t  ex t r ac t s  of L. pentosus 
ob ta ined  f rom cells g rown on L-arabinose ca ta lyze  the  reversible convers ion  of L-ribulose p h o s p h a t e  
to D-xylulose phospha t e .  

P repa ra t ions  of L-ribulokinase,  purified Ioo-fold f rom the  ex t r ac t s  of L. pentosus, show 
negligible ac t iv i ty  wi th  L-arabinose,  D-xylose, D-ribose and  D- or L-xylulose;  however ,  t hey  are 
act ive  wi th  D-ribulose (Table I). The  rat io  of act iv i t ies  wi th  D- and  L-ribulose was  4 :1  in the  
crude ex t r ac t  and  r ema ined  c o n s t a n t  t h r o u g h o u t  t he  pur i f icat ion procedure.  

T A B L E  I 

SPECIFICITY OF PURIFIED L-RIBULOKINASE FROM L. pentosus 

E a c h  reac t ion  was  carr ied ou t  for 15 rain a t  35 ° in 0.75 ml  wi th  5 #mo le s  pentose ,  12. 5 #mo le s  
ATP,  4 ° #mo le s  t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e  buffer  (pH 7.o), 5 #mo le s  MgCI,,  I2.5 # m o l e s  
NaF ,  15 #mo le s  g lu t a th ione  and  i o o # g  of an  a m m o n i u m  sul fa te  f rac t ion f rom L. pentosus. 
A control  was  run  w i thou t  pentose .  The  a m o u n t  of A D P  formed was  m e a s u r e d  by  P E P - k i n a s e  

and  lactic dehyd rogenase  3. 

Substrate 12moles/is rain 

I . -Ribulose 2.00 
D-Ribulose 0.50 
L-Arabinose o.oo 
D-Xylulose 0.09 
L-Xylulose  0.09 

For  ident i f icat ion of the  p h o s p h a t e  ester ,  t he  react ion was  carried ou t  a t  35 ° in 3 ° ml  wi th  
200 #mo le s  L-ribulose, 50o #mo l e s  ATP*,  i6oo # m o l e s  t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e  buffer  
(pH 7.0), 200 # m o l e s  MgC1 v 5o0 # m o l e s  NaF ,  600 #mo l e s  g lu t a th ione  and  1. 4 m g  enzyme.  After  
20 min ,  200 #mo le s  A D P  were formed.  Aden ine  nucleot ides  were r emoved  f rom t h e  i ncuba t ion  
m i x t u r e  b y  ~/dsorption on ac id -washed  charcoal ,  and  t he  b a r i u m  sal t  of the  p h o s p h a t e  es ter  was  
p rec ip i ta ted  a t  p H  6.5 wi th  80 % e thanol .  75 #mo l e s  of t he  dried b a r i u m  sa l t  were dissolved in 
cold o . o 2 M  acetic acid, conver ted  to t he  s o d i u m  salt ,  a n d  hydro lyzed  wi th  po t a to  acid phos-  
p h a t a s e  4. The  suga r  b e h a v e d  in pape r  c h r o m a t o g r a p h y  and  in t he  cys te ine-carbazole  s t e s t  as did 
a u t h e n t i c  r ibulose;  no t race  of xy lu lose  or o ther  ke tose  was de tec ted .  I den t i t y  wi th  L-ribulose 
was  p roved  q u a n t i t a t i v e l y  by  a s say  wi th  L-arabinose isomerase ,  which  is specific for L-ribulose. 
On  incuba t ion  wi th  th i s  enzyme,  9o % of the  cys te ine-carbazole  react ive  subs t ance  d i sappeared  
owing to its convers ion  to L-arabinose,  exac t ly  as wi th  an  a u t h e n t i c  sample  of L-ribulose. 

In  ex t r ac t s  of L. pentosus grown on L-arabinose,  L-ribulose p h o s p h a t e  is conver ted  to an  
equ i l ib r ium m i x t u r e  con ta in ing  near ly  equal  a m o u n t s  of L-ribulose p h o s p h a t e  and  D-xylulose 
phospha t e .  Essen t ia l ly  t he  s ame  equi l ib r ium m i x t u r e  is fo rmed  wi th  a u t h e n t i c  D-xylulose phos-  
p h a t e  as t he  s u b s t r a t e  (Fig. I). The  fo rma t ion  of D-xylu lose-5-phospha te  f rom L-ribulose p h o s p h a t e  
was  es tab l i shed  b y  (i) i ts  convers ion  to ace ty l  p h o s p h a t e  and  tr iose p h o s p h a t e  wi th  phospho-  
ketolase  6 a n d  (2) pape r  c h r o m a t o g r a p h y  a n d  r eac t iv i ty  of t he  suga r  wi th  purif ied D-xylulokinase:  
following enzymic  hydro lys i s  of  the  p h o s p h a t e  group.  T he  p roduc t  fo rmed  f rom D-xylulose phos-  
p h a t e  in th i s  reac t ion  was identif ied as L-ribulose phospha te ,  us ing  t he  m e t h o d s  described above  
for t he  k inase  reac t ion  product .  

The  e n z y m e  which  ca ta lyzed  th i s  convers ion  can  be a s sayed  wi th  L-ribulose p h o s p h a t e  as 
t he  subs t r a t e  us ing  phosphoke to lase  s to m e a s u r e  t he  fo rma t ion  of D-xylulose phospha te .  

* Ti}e following abb rev i a t i ons  have  been used : ATP,  adenos ine  t r i p h o s p h a t e  ; ADP,  adenosine 
d iphospha t e ;  P E P ,  p h o s p h o e n o l p y r u v a t e ,  T h P P ,  t h i a m i n  p y r o p h o s p h a t e .  
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Fig. i. In terconvers ion  of L-ribulose phospha te  
and D-xylulose phospha te  by  an L. pentosus ~ IOOq 
enzyme. The reaction was  carried out  a t  35 ° in < 
3.4 ml wi th  9 /zmoles L-ribulose phospha te  or 
D-xylulose phospha te  s, 200/zmoles t r is(hydroxy-  ~_ 80 
methy l )aminomethane  buffer (pH 7.0) and 80/zg 
of an a m m o n i u m  sulfate fraction. 0.4 ml aliquots 
were analyzed for xylulose phospha te  wi th  o 60 
phosphoketolase  as follows. Each was t reated 
wi th  0.02 ml o.I  M phospha te  (pH 6.0) and 0.05 
ml 0. 5 M succinate buffer (pH 6.0) and heated at  x, 40 
IOO ° for I min. Then 3/zmoles MgCI~, 9 / ,moles  c~ 
glutathione, o . I /zmoles  T h P P  and 0.37 mg phos- 
phoketolase were added to each, and the final ~ 2(3 
volume made  up to I ml. After incubat ion for 
20 rain, when the reaction was complete, acetyl o_ 
phospha te  formed was measured as described by  
LIPMANN AND TUTTLE 9. At 60 min the remaining 
incubat ion mixtures  were t reated with pota to  acid 
phospha tase  and the mix tures  were assayed for 

~ E  PHOSPHATE -~ J 

t 

0 I0 20 30 40 50 60 

MINUTES 

L-ribulose wi th  L-arabinose isomerase and for 
D-xylulose wi th  D-xylulokinaseL The values were in good agreement  with those calculated from 

the phosphoketolase assay. 

Since Lactobacillus pentosus grown on L-arabinose is known to have the enzyme phospho-  
ketolase, which splits D-xylulose phospha te  to acetyl phospha te  and triose phosphate ,  the sequence 
of reactions in the fermenta t ion of L-arabinose by  this organism can now be wri t ten  as follows: 

HCO H2COH H , C O H  H2COH 

I I I J 
HCOH C = O C = O C = O 

I I A T p  I I 
HOCH @ HOCH HOCH @ HOCH 

I I [ I 
HOCH HOCH HOCH HCOH 

I I I [ 
H~COH HzCOH H2COP0z = HzCOP0z = 

L-arabinose L-ribulose L-ribulose D-xylul0se 
phospha te  phospha te  
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