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ac id  deca rboxy lase  a c t i v i t y  in the  absence" of py r idoxa l  phospha te  s. Unde r  these 
condi t ions  oxoglutar ic ,  oxa loace t ic  and  py ruv ic  acids (mM) induced  deca rboxy la t ion  
of rnesodiaminopimelic acid  in t h e  W a r b u r g  a p p a r a t u s  (Qco2 of the  order  of 3.0) b u t  
the  r a t e  was abou t  3 ° % of t h a t  ob t a ined  in the  presence of IOO/zM p y r i d o x a l  phos- 
p h a t e  s. T r a n s a m i n a t i o n  b y  this  s t ra in  was slow wi th  all  th ree  ke to  acids in the  absence 
of p y r i d o x a l  phospha te ,  b u t  the  r a t e  was increased  progress ive ly  b y  g raded  add i t ions  
of p y r i d o x a l  phospha t e  (/zM to IOO/,M).  The  s t imu la t ion  of deca rboxy la t ion  b y  ke to  
acids has  no t  been exp la ined  e. 
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S U M M A R Y  

The three  s tereoisomers  of diaminopimelic acid t r ansamina t ed  w i th  one or more of the  ketoacids, 
pyruvic ,  oxoglutar ic  or  oxaloacetic acid, when  incubated  wi th  acetone-dried bacter ia  and pyridoxal  
phospha te .  In  certain cases, the  DD-isomer was  more  active t h a n  the  m e s o  form. Transamina t ion  of 
D-lysine also occurred. 
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P E N T O S E  P H O S P H A T E  C L E A V A G E  B Y  

L E U C O N O S T O C  M E S E N T E R O I D E S  

JERARD HURWITZ* 

Department o/Microbiology, Washington University School of Medicine. St. Louis, Mo. ( U.S..4.) 

The Lactobacillus species fe rment  pentoses  such t h a t  the  m e t h y l  and  ca rboxy l  groups 
of ace ta t e  arise from C-I and  C-2 of pentose,  respect ive ly ,  while l ac t a t e  arises from 
carbon  a toms  3, 4, and  51, 3. I t  has  r ecen t ly  been shown tha t  an enzyme p repa ra t ion  
purif ied from Lactoba¢illus pentosus ca ta lyzes  a phosphoro ly t i c  c leavage of xylulose-5-  
phospha te ,  resul t ing  in the  p roduc t ion  of ace ty l  P*" and  tr iose phospha te  3. The 

* Senior Post-doctoral Fellow of the National Institutes of Health. 
** The following abbreviations are used: acetyl P, acetyl phosphate; ADP, adenosine diphos- 

phate ; ATP, adenosine triphosphate, Pt, inorganic phosphate ; DPN, diphosphopyridine nucleotide, 
TPN, triphosphopyridinc nucleotide. 
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e n z y m e  r e s p o n s i b l e  for  t h i s  c l e a v a g e  h a s  b e e n  n a m e d  p h o s p h o k e t o l a s e .  Leuconostoc 
meseHh,roides, a h e t e r o f e r m e n t a t i v e  o r g a n i s m ,  p r o d u c e s  e q u i m o l a r  q u a n t i t i e s  of CO, ,  

e t h a n o l  a n d  l a c t a t e  f rom glucose .  CO 2 a r i ses  e x c l u s i v e l y  f r o m  C- I  of g lucose ,  e t h a n o l  

f rom c a r b o n  a t o m s  2 a n d  3, a n d  l a c t a t e  f r o m  c a r b o n  a t o m s  4, 5 a n d  6 *. D E M o s s  et al. 5-s 
h a v o  s h o w n  t h a t  e x t r a c t s  of L, mesenteroides c o n t a i n  b o t h  g lucose  6 - p h o s p h a t e  

, M ~ y d r o g e n a s e  a n d  t ) - p h o s p h o g l u c o n i c  d e h y d r o g e n a s e .  I n  a d d i t i o n ,  t h e y  were  ab l e  

to d e m o n s t r a t e  t h e  f o r m a t i o n  of a k e t o p e n t o s e  p h o s p h a t e  e s t e r  a n d  CO~ f r o m  g lucose-  

f , - t~hosphate .  T h e  s i m i l a r i t y  in o r ig in  of t h e  t w o - c a r b o n  a n d  t h r e e - c a r b o n  u n i t s  f r o m  

p e n t o s e ,  as d e s c r i b e d  a b o v e ,  s u g g e s t e d  a c o m m o n  m e c h a n i s m  of p e n t o s e  c l e a v a g e  

by L. mcsenteroides a n d  L. pentosus. T h e  r e s u l t s  p r e s e n t e d  b e l o w  are  in  a c c o r d  w i t h  

a l~hosphoro ly t i c  c l e a v a g e  of x y l u l o s e - 5 - p h o s p h a t e  b y  e x t r a c t s  of L. mesenteroides. 
l h c  p r o d u c t s  of t h i s  r e a c t i o n  h a v e  b e e n  s h o w n  to  b e  acetyl P a n d  t r i o se  phosphate. 
I n a d d i t i o n ,  a c e t y l  P c a n  b e  c o n v e r t e d  to  e t h a n o l  b y  c r u d e  e x t r a c t s  of L. mesenteroides. 

T h e s e  r e s u l t s  s ugges t  t h e  f e r m e n t a t i o n  of g lucose  b y  L, mesenteroides cons i s t s  of t h e  

fo l lowing  ser ies  of r e a c t i o n s :  

Glucose 
i + ATP 

Glucose-6-phosphate 
; + TPN 

6-Phosphogluconate 
-[- DPN 

Rilnflose-5-phosphate 
1L 

Xylulose-5-phosphate 
.I + Pt 

Acetyl P + triose phosphate  
v] ~ Emden-Myerhof scheme 

Ethanol  Lactate + 2 ATP 

METHODS 

The splitt ing of pentose phosphate  was measured by bo th  triose phosphate  ~ and acetyl P formation, 
The lat ter  was determined with acetokinase and ADP. 1° 

Start ing with ribose-5-phosphate, the reactions involved in determining phosphoketolase 
activity consisted of: 

Ilibose-5-phosphate ~ ribulose-5-phosphate ~-- xylulose-5-phosphate. 
Xylulose-5-phosphate + 32Pt ---> acetyl a~p + triose phosphate.  
Acetyl s~l? 4- ADP ~ acetate + ATa~P. 

Net reaction: Pentose-5-phosphate + ADP + 3~Pl----> acetate + triose phosphate  + ATa2P. 

h i  the presence of an excess of phosphoriboisomerase 11 (isomerase), phosphoketopentoepi-  
merase 1~ (epimerase) and acetokinase, the ATS2P formed is a direct measure of the phosphoketolase 
activity. AT32P was adsorbed to charcoal and determined by  radioact ivi ty measurement.  The 
assay mixture (o. 3 ml) conta;ned i ¢tmole of ribose-5-phosphate, 2 ttmoles of MgCI~, 0. 5 #mole of 
th iamine pyrophosphate,  2 uni ts  of isomerase, o.16 unit  of epimerase, io /zmoles of potassium 
buffer, pH 6.0 (30,000 counts/min//zmole), o. 5/~mole of ADP, 0. 4 unit  of acetokinase and  enzyme. 
Incubat ion  was for 15 rain at  38°; o.I ml of i N HC104 and 0. 5 ml of a 30 % suspension of charcoal 
were then added. The charcoal with  the  adsorbed nucleotides was washed three t imes with 2 ml 
] , .r t ions ~f water and linally suspended in ~ .o ml of e thano l -wa te r -ammonia  mixture  (ioo: ioo:2).  
Aliquots were plated on metal  planchets,  dried and counted. One unit  represents the amount  of 
enzyme which incorporates ~ /~mole of Pl into ATP per h as determined above. The specific 
act ivi ty is units  per mg of protein la. 
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P R E P A R A T I O N  OF P H O S P H O K E T O L A S E  

The enzyme phosphoketolase was purified from L.  mesenteroides as follows: Cells were grown in a 
medium supplemented with 5 % tomato  juice, as described by DEMoss et al. 5. After 17 h at  3 o°, 
the  cells were harvested,  washed with o.o2 M NaHCO3, and cell-free extracts  prepared by grinding 
2 g of cells for IO rain with 5 g of a lumina A-3ol (325 mesh, Aluminum Co. of America). The 
result ing paste was extracted with IO ml of IO -4 M versene and centrifuged for 20 min at  I o,ooo × g. 
The residue was reextracted with 5 ml more of lO -4 M versene, and after eentrifugation both  
superna tan t  fluids were combined (crude extract,  12. 5 ml; total  units, 225; specific activity, 1.5). 
The crude extract  was t reated with o.o 5 volumes of i M MnCI~ and centrifuged after 15 rain at  o °. 
The superna tan t  fluid (MnC12 supernatant ,  Io ml,  total  units, 197; specific activity, 4.2) was 
adjusted to pH 4.0 by  the addit ion of 0.3 ml of 2 M ammonium acetate buffer, pH 4.0. IO rain 
la ter  the  suspension was centrifuged and the precipitate discarded. To the supernatant  fluid 
(pH 4.0 supernatant ,  io ml; to ta l  units, 175; specific activity, 12.9) 0.05 ml of o.I M mercap- 
toethanol  and 2. 5 ml of acetone ( - - IO °) were added. The suspension was immediately centrifuged 
a t  io,ooo × g, and  to the  superna tan t  fluid (11. 5 ml) IO ml of acetone was added. The resul t ing 
precipitate was dissolved in 2.o ml of water  (acetone fraction ; total  units, ioo ; specific activity, 30). 

R E S U L T S  

W i t h  t h e  p u r i f i e d  e n z y m e  p r e p a r a t i o n ,  t h e  d i s a p p e a r a n c e  of r i b o s e  5 - p h o s p h a t e  14 

c o r r e s p o n d e d  c lose ly  t o  b o t h  a c e t y l  P a n d  t r i o s e  p h o s p h a t e  f o r m a t i o n  ( T a b l e  I, 

E x p t .  I ) .  I n  a s e c o n d  e x p e r i m e n t  ( T a b l e  I ,  E x p t .  2), 32pi f i x a t i o n  c o u p l e d  to  ace to -  

k i n a s e ,  as  d e s c r i b e d  a b o v e ,  a g r e e d  wel l  w i t h  t r i o se  p h o s p h a t e  p r o d u c e d .  T h e  i den t i f i ca -  

t i o n  of a c e t y l  P w a s  b a s e d  o n  i t s  r e a c t i v i t y  in  t h e  a c e t o k i n a s e  r e a c t i o n ,  p a p e r  c h r o m a -  

t o g r a p h y  of  t h e  h y d r o x a m a t e  15, a n d  i t s  r e a c t i o n  in  t h e  LIPMANN-TuTTLE t e sO  6. 

TABLE I 

STOICHIOMETRY OF REACTION 

In  Expt .  i,  the  reaction mixture  contained 2 /*moles of ribose-5-phosphate, 5 /zmoles of MgC12, 
IO/*moles of potassium phosphate  buffer, pH 6.0, 0.05/zmole of th iamine pyrophosphate,  1 /*mole 
of mercaptoethanol ,  2.5 units  of phosphoriboisomerase, 2 units  of phosphoketopentoepimerase,  
and  0. 5 mg of Acetone Fract ion in a to ta l  volume of o. 3 ml. In Expt .  2 the conditions were as given 

in the  text .  The above values are expressed in/zmoles]ml. 

Time (minutes) 
Expt. No. Compound measured 

o 30 6o 

I 1Ribose-5-phosphate 6.7o 5.2o 3.8o 
Acetyl P o 1.75 2.72 
Triose phosphate  o 1.67 2.38 

2 32P1 fixed o o.17 0.28 
Triose phosphate  o o.12 o.21 

E v i d e n c e  h a s  b e e n  o b t a i n e d  t h a t  x y l u l o s e - 5 - p h o s p h a t e  r a t h e r  t h a n  r ibose -5 -  

p h o s p h a t e  o r  r i b u l o s e - 5 - p h o s p h a t e  is t h e  t r u e  s u b s t r a t e  of  p h o s p h o k e t o l a s e  of 
L .  m e s e n t e r o i d e s  ( T a b l e  I I ) .  C r u d e  e x t r a c t s  r e a d i l y  f ixed  32pi i n t o  A T P  w i t h  r ibose -  

5 - p h o s p h a t e  as  s u b s t r a t e ,  w h i l e  w i t h  m o r e  pu r i f i ed  e n z y m e  p r e p a r a t i o n s ,  a d d i t i o n a l  

r e q u i r e m e n t s  we re  n e c e s s a r y .  T h e  A c e t o n e  F r a c t i o n  also r e q u i r e d  t h e  a d d i t i o n  of 
i s o m e r a s e  a n d  e p i m e r a s e  in  o r d e r  to  o b t a i n  32p i n c o r p o r a t i o n .  O m i s s i o n  of e p i m e r a s e  

led  to  neg l ig ib l e  32P 1 f i x a t i o n  in t h e  p r e s e n c e  of r i b o s e - 5 - p h o s p h a t e .  X y l u l o s e - 5 -  

p h o s p h a t e  a d d i t i o n ,  h o w e v e r ,  l ed  to  32P1 i n c o r p o r a t i o n  in t h e  a b s e n c e  of t h e s e  t w o  
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enzymes. In addition, fructose-6-phosphate and sedoheptulose-7-phosphate were 
inactive in the above assay. On the basis of these results, the substrate specificity of 
phosphoketolase purified from L. mesenteroides and L. pentosus appear to be identical. 

T A B L E  I I  

P i  FIXATION BY PURIFIED PHOSPHOKETOLASE (ACETONE FRACTION) 

All  add i t ions  were as descr ibed  in  t he  t ex t .  

a~p fixed Isomerase Epimerase (l, moles) 

Ribose -5 -phospha te  + + o. 18 
Xy lu lose -5 -phospha te  - -  - -  o.2o 
R ibose -5 -phospha te  + - -  0.02 
Sedoheptu lose  -7 -phospha te  - -  - -  o 
F ruc to se -6 -phospha t e  - -  - -  o 

Preliminary experiments indicate that  extracts of L. mesenteroides can convert 
acetyl P to acetaldehyde in the presence of pyridine nucleotides. This reaction may  be 
similar to the formation of acetaldehyde from acetyl Coenzyme A which occurs in 
Clostridium kluyveri 17. 
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S U M M A R Y  

An enzyme  p r e p a r a t i o n  has  been o b t a i n e d  f rom Leuconostoc mesenteroides which  ca t a lyzes  the  
phospho ro ly t i c  c l eavage  of pen tose  p h o s p h a t e  to  y ie ld  ace ty l  p h o s p h a t e  and  t r iose  phospha te :  
Pen tose  p h o s p h a t e s  are  c l eaved  on ly  a f te r  convers ion  to  xy lu lose  5-phosphate .  A scheme descr ib ing  
glucose f e r m e n t a t i o n  b y  Leuconostoc mesenteroides is also presen ted .  
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