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The work  of BADDILEY and co-workers has demons t r a t ed  the  oxistence of a large 
va r i e ty  of r ibi tol  phosphate  po lymers  (ribitol te ichoic acids) as cell-wall components  
of Gram-pos i t ive  bac te r ia  1. The  common feature of these polymers  is a chain of ribito! 
phosphate  uni ts  l inked by  phosphodies ter  l inkages. The  polymers  is 'rtted from 
different  bac te r ia  differ in thei r  chain length and  in the  na ture  and l inkage of var ious 
hexoses to the  r ibi tol  units.  T h e y  all conta in  n-a lanine  esterified to one of the  ribitol 
hydroxy l  groups. In  a previous  communica t ion ,  BURGER AND GLASER 2 have  presented  
ev idence  for the  enzymic  synthesis  of a g lycerolphosphate  po lymer  by a par t icu la te  
enzyme  from B a c i l l u s  l i chen i fo rmi s .  We have  now examined  a s imilar  enzyme  prepa-  
ra t ion  f rom Laclobacil lz ts  p ian ta r z tm  (ATCC 8o14) which incorporates  r ibitol  phosphate  
f rom CDP-r ib i to l  in to  a polymer .  The  ribitol  teichoic acid from this organism has 
been isola ted by  ARCHIBALD et al. 3 and shown to conta in  glucose and I)-alanine as 
subs t i tuen t s  on the  r ibi tol  phospha te  polymer.  

Lyophi l ized  cells of Lactobaci l lus  p l a n t a r u m  harves t ed  dur ing the loga~ithmic 
g rowth  phase were p repared  as descr ibed previously 4. 1 g ot dried cells was suspended 
in 8 ml  of 0.05 M Tris-c t l lor ide,  o .o i  M MgC1 v o .ooi  M E D T A  (pH 8.0) and shaken 
wi th  8 g of glass beads in a Nossal shaker  for 3 2o-sec periods. The  s u p e r e a t a n t  fluid 
a f te r  cen t r i fuga t ion  at  12o00 >i g for z 5 rain was cent r i fuged  at 105000 ,: g for 2 h. 
The  par t i cu la te  f ract ion was washed by  cen t r i fuga t ion  wi th  the  same buffer and used 
as an  e n z y m e  source in the  expe r imen t s  indica ted  below. 

As shown in Table  I, the  par t i cu la te  enzyme  will s3mthesizt, f rom CDP-r ib i to l  
a rad ioac t ive  ma te r i a l  which p rec ip i t a ted  wi th  the  prote in  on acidification. The  re- 
ac t ion  appears  to be specific since ne i ther  D-ribitol 5-phosphate  nor CDP-gly-cerol 
are ac t ive  as subs t ra tes  for the  enzyme.  Un incuba ted  controls  showed no act iv i ty .  

The  enzymic  synthes is  of the  r ibitol  phosphate  po lymer  is dependen t  on the 
add i t ion  of Mg 2+ and  shows a p H  o p t i m u m  be tween  7 and  8. The Km for CDP-r ib i to l  
i~ a p p r o x i m a t e l y  o,I  mM. 

TA BLE I 
ENZYMIC SYNTHESIS OF POLYRIBITOLPHOSPHATE 

The reaction mixtures contained zo ttmoles of Tris-chloride, 4/,moles of MgCI~, o. 4/Lmole of 
EDTA, o.o 3 ttmole of the substrates indicated and enzyme in a final volume of 0.6 ml (pH 8.0). 
At the end of the incubation the reaction was stopped by the addition of 0.08 ml of 3 N HCIO 4. 
The precipitate was washed three times by centrifugation with I ml of o.z5 N HC1Oa and once 
with t m! of water. It was dissolved in I ml of i % of NH~OH and a suitable aliquot counted 
in a low background counter. The specific activity of CDP-ribitol and ribitol-5-P was 30000 
counts/min/pmole. CDP-glyceroi had tSOOO counts/min/t tmole.  Different enzymes were used in 

Expts..X, B, and C. 

Time  mltmoles incorporated 
E t;p . .4 ~w.!ition.~ (h) into polym~ 

CDP-ribitol o o 
CDP-ribitol z.5 z.8 
Ribitol-5-P z.5 o 
CDP-ribitol 3.0 -".34 
CDP-glycerol 3.0 o 
CDP-ribitol o o 
CDP-ribitol 0.5 i.64 
CDP-ribitol I .o 2.38 
CDP-ribitoi z.5 3.05 
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The identification of the product  of the reaction as a ribitol phosphate polymer 
is based on the i~,Uowing observations. "['he synthesized mater ial  can be freed of 
protein by  phenol t rea tment  2. The aqueous phase after the phenol t rea tment  was 
ext rac ted  with chloroform and dialyzed overnight against a large volume of distilled 
water without loss of radioact ivi ty.  The radioactive mater ia l  in o.oi M Tris--chloride 
buffer (pH 8.0) is completely excluded from Sephadex G-5o. 

After  alkaline hydrolysis  (I N KOH, Ioo °, 3 h) the radioact ive mater ial  is con- 
verted to a mixture  of r ibitol  diphosphates,  ribitol monophosphates  and ribitol in 
a rat io approaching 1:2 : i ' .  

The radioact ive mater ia l  is not hydrolyzed by  ribonuclease, deoxvribonuclease 
or by Escherichia coli alkaline phosphatase.  

After  par t ia l  alkaline hydrolysis  (o.I N KOH, ~oo °, IO rain), a compound(s)" 
with mobil i ty  relat ive to r ibitol  5-phosphate of 0.67 in the neutra l  e thanol  ammonium 
acetate solvent ~ cotdd be isolated. On further alkaline hydrolysis  it gave rise to ribitol 
diphosphate(s), ribitol monophosphate(s) and ribitol. After  t r ea tment  with E. coli 
alkaline phosphatase a compound(s) with Rrfbftol.5.P 1.5 was formed. Tbis second 
compound on further alkaline hydrolysis  gave rise to r ibitol  monophosphate  and 
ribitol, but  no ribitol diphosphate  was formed. On the basis of these observations,  
the compound isolated from the par t ia l  hydrolysate  appears  to  be one or more of 
the isomers of r ibi tol-phosphate-r ibi tol-phosphate which by  t r ea tment  with phos- 
phatase is converted to r ibi tol-phosphate-r ibi tol .  

The products from the exhaust ive alkaline hydrolyses,  as well as the  "d imer"  
isolated from the par t ia l  alkaline hydrolyses,  are the products  expected from a l inear 
chain of ribitol units l inked by  phosphodiester  linkages. By analogy with the obser- 
vations of ARCHIBALD et al. a, the phosphate  linkage can be assumed to be between 
C-I and C-5 of successive ribitol units. I t  is not known whether  the ribitol  phosphate  
polymer synthesized by  the enzyme is free or l inked to some other mater ia l  present  
in the par t iculate  fraction. 

I t  is known that  this strain of L. Plantarum ~ produces a glycerol teichoic acid 
as well as a ribitol teichoic acid. We have so far been unable to synthesize a glycerol 
phosphate polymer  with enzyme preparat ions  from this organism. 
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* Alkaline hydrolysis will give a mixture of D-ribitol 5-phosphate and D-ribitol 4-phosphate. 
The ribitol diphosphate will consist of a similar mixture of isomers. The chromatographic methods 
used will not distinguish these compounds. 
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