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The formation of uridine pyrophosphoglucuronic acid from uridine 
pyrophosphoglucose by extracts of a noncapsulated strain 

of pneumococcus* 

The i so la t ion  of l J PPG* * a nd  U P P G A  from the  n o n c a p s u l a t e d  s t r a in  of Strep tococcus  p n e u m o n i a e  
RI 9, der ived  f rom a s t r a in  of capsu la r  t y p e  I I ,  has  been descr ibed 1. The i n a b i l i t y  to  d e m o n s t r a t e  
s p e c t r o p h o t o m e t r i c a l l y  by  the  m e t h o d  of STROMINGER et al. 2 the  convers ion  of U P P G  to U P P G A  
by  e x t r a c t s  of t h i s  o rgan i sm has  been found to  be due to  the  presence  in t h e m  of an  e x t r e m e l y  
ac t ive  D P N H  oxidase  (H. BERNHEIMER: unpub l i shed  observa t ions) .  The p re sen t  c o m m u n i c a t i o n  
descr ibes  the  fo rma t ion  of U P P G A  from U P P G  by  a p p r o p r i a t e l y  p repa red  e x t r a c t s  of th i s  s t r a in  
of pneumococcus ,  the  reac t ion  being d e m o n s t r a t e d  by c h r o m a t o g r a p h i c  t echn iques .  

A n o n c a p s u l a t e d  s t r a i n  of pneumococcus ,  R I 9  (k ind ly  supp l i ed  by  Dr. R. D. HOTCHKISS, 
The Rockefe l le r  I n s t i t u t e  for Medical  Research ,  New York,  N.Y.,  U.S.A.) der ived  from the  
capsu l a t ed  t y p e  I I  s t ra in ,  D39S, was employed .  Glucuronic  acid is a c o n s t i t u e n t  of t y p e  I I  capsu la r  
po lysacchar ide .  The o rgan i sm was  g rown in 500 ml of Difco B r a i n - H e a r t - I n f u s i o n  m e d i u m  con- 
t a i n i n g  o. i % neopeptone .  Af te r  i n c u b a t i o n  overn igh t ,  glucose was  added  to a final concen t r a t i on  
of z % and  the  lac t ic  acid formed on subsequen t  i n c u b a t i o n  was  neu t r a l i zed  wi th  3 N N a O H  
accord ing  to t he  m e t h o d  of MACI,EOD AND KRAUSS 3. The bac te r i a  were h a r v e s t e d  by  cen t r i f uga t i on  
a t  i5oo × g for 20 rain a t  4 ° , t he  packed  cells suspended  in io  ml 0.067 M p h o s p h a t e  buffer, 
p H  6.6, and  sub jec ted  to  d i s r u p t i o n  in a Mickle  d i s i n t e g r a t o r  a t  o ° for 3 ° min  in the  presence 
of 2 drops  of n-oc tanol  and  an a m o u n t  of d r y  Ba l lo t in i  e q u i v a l e n t  to  the  vo lume of p a c k e d  cells. 
The suspens ion  of d i s rup t ed  pneumococc i  was d ia lysed  aga i n s t  severa l  changes  of d i s t i l l ed  w a t e r  
a t  o ° for 48 h, the  r e s u l t a n t  ce l lu lar  debr is  and  p r ec i p i t a t e  were  r emoved  by cen t r i fuga t ion  and  
solid (NH4)2SO a was  a d d e d  to  the  s u p e r n a t a n t  to  a concen t r a t i on  of 3 M fol lowed by  equ i l i b ra t ion  
a t  o ° for 18 h. The p r e c i p i t a t e  formed was  t h e n  removed  bv  f i l t ra t ion  in the  presence of S t a n d a r d  
Super-Cel  (Celite 519 A, Johns -Manvi l l e  Corporat ion)  and  the  fi l ter  cake  was  e lu ted  wi th  Io-ml  
por t ions  of decreas ing  molar i f i es  of (NHa) 2SOu as descr ibed by  SMITH AND MILLS 4. The a m o u n t  
of (NH4)2SO 4 in each f rac t ion  of e lua te  was  a d j u s t e d  to  a final concen t ra t ion  of 3 AJ wi th  the  
solid sa l t ;  t he  r e su l t i ng  p r ec ip i t a t e s  were  col lected by  cen t r i fuga t ion  a t  o °, d i sso lved  in a m i n i m u m  
vo lume  of w a t e r  and  d ia lysed  o v e r n i g h t  a t  o °. 

300/zl  of the  enzyme  e x t r a c t  e lu ted  be tween  2.0 M (NH4)2SO 4 and  1. 5 M (NHa)2SO4 were 
i n c u b a t e d  w i t h  2 ml  of o.1 M T R I S  buffer, p H  9.1, 2 ,umoles of c h r o m a t o g r a p h i c a l l y  pure  U P P G  
and  5 pmole s  D P N  for 3 ° rain a t  room t e m pe r a tu r e .  The reac t ion  was  s topped  by  the  a d d i t i o n  
of HC10 a to  a final c o n c e n t r a t i o n  of 1 %  a nd  the  p r ec i p i t a t ed  p ro te in  was  e l i m i n a t e d  by  cent r i fu-  
ga t ion .  D P N  and  D P N H  were r e m ove d  f rom the  depro te in i sed  so lu t ion  by  pas s ing  it  t h rough  
a Dowex-5o  H + co lumn accord ing  to  the  m e t h o d  of SMITrt A N D  M I L L S  5 for the  r emova l  of AMP. 
The nuc leo t ides  r e m a i n i n g  in the  effluent f rom the  co lumn were adsorbed  on to Nor i t e  and  prepared  
for c h r o m a t o g r a p h y  by t he  m e t h o d  of SMITH AND MILLSS. 

C h r o m a t o g r a p h y  of the  nuc leo t ides  was  car r ied  ou t  in the  neu t r a l  e t h a n o l - a m m o n i u m  
a c e t a t e  so lven t  of PALADINI AND LELOIR 6 and  a componen t  was ob t a ined  h a v i n g  the  same R F  
va lue  as U P P G A .  Af te r  w a s h ing  of the  pape r  wi th  abso lu te  e thanol ,  th i s  componen t  was  e lu ted  
from the  c h r o m a t o g r a m  wi th  wa te r  and  the  m a t e r i a l  was  ident i f ied as I ' P P G A  by methods  

Material 
Rgl~wose 

Ethanol-ammonium Butanol-acetic 
acetate solvenl acid-water solvent 

Glucurono lac tone  ~ • 04 i. 80 
Glucuronic  ac id  o. 7 ° o.03 
Ga lac tu ron ie  acid o.OO o 55 
H y d r o l y s e d  c h r o m a t o g r a m  e x t r a c t  i .04 i. 7 s 

* This  i n v e s t i g a t i o n  was  suppor t ed  in p a r t  by a research g r a n t  f rom the  Medical  Research  
Council  and  t he  R a n k i n  F u n d  of the  U n i v e r s i t y  of Glasgow and  by research g r a n t  E - I o i 8  (C2) 
f rom the  I n s t i t u t e  of Al le rgy  and  Infec t ious  Diseases,  Uni ted  S ta t e s  Publ ic  Hea l th  Service.  

** The fol lowing a b b r e v i a t i o n s  h a v e  been used t h r o u g h o u t  : U P P G A  = ur id ine  pyrophospho-  
g lucuronic  ac id ;  U P P G  = ur id ine  py rophosphog lucose ;  D P N  = d i p h o s p h o p y r i d i n e  nuc leo t ide ;  
D P N H  = reduced d i p h o s p h o p y r i d i n e  nuc leo t ide ;  AMP = adenos ine -5" -monophospha te ;  UMP = 
u r id ine -5" -monophospha te ;  U P P  = u r id ine  p y r o p h o s p h a t e ;  T R I S  = t r i s ( h y d r o x y m e t h y l ) a m i n o -  
methane .  
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descr ibed previouslyS, 7. F u r t h e r  con f i rma to ry  ev idence  for i d e n t i t y  of the  uronic acid c o m p o n e n t  
of th i s  nuc leo t ide  was  o b t a i n e d  by  hyd ro ly s i s  of the  e lu ted  m a t e r i a l  w i th  N HCI (1oo °, 15 min) 
followed by  e v a p o r a t i o n  in  vacuo  and  c h r o m a t o g r a p h y  in the  neu t r a l  e thano l  a m m o n i u m  ace t a t e  
so lven t  ~ and in the  b u t a n o l  acet ic  a c i d - w a t e r  so lven t  of PARTRIDGE 8. The me thod  of hydro lys i s  
y ie lds  the  lac tone  of g lucuronic  acid which  can  be s e p a r a t e d  read i ly  f rom ghlcuronic  and  ga lac t -  
uronic  acids  in the  so lven t s  employed .  

The  ev idence  recorded ind ica tes  t h a t  the  s t r a in  of pneumococcus  under  s t u d y  is capable  of 
ox id i s ing  U P P G  to U P P G A  w i t h  an  enzyme  s y s t e m  d e p e n d e n t  upon DPN.  

A l though  it  had  been found p rev ious ly  1 t h a t  d i s rup t i on  of pneumococc i  w i th  Ba l lo t in i  in 
a Mickle d i s i n t e g r a t o r  is a c c om pa n ie d  by  apprec iab le  loss of enzymic  ac t i v i t y ,  the  presence of 
a smal l  a m o u n t  of n -oc tano l  wil l  reduce s ign i f i can t ly  the  i n a c t i v a t i o n  of severa l  enzymes  under  
the  cond i t ions  employed .  

Unf rac t ioned  e x t r a c t s  of pneumococcus  p roduced  in the  Mickle d i s i n t eg ra to r  are capab le  
of b r e a k i n g  down r a p id ly  ur id ine  py rophosphog lycosy l  compounds  to  U P P  and UMP, p r e s u m a b l y  
because  of the  presence of phos pha t a s e s  and  of organic  py rophospha ta se s .  F r a c t i o n a t i o n  wi th  
(NHa)2SOa employ ing  Celite as an adso rben t  appea r s  to remove  the  ma jo r  por t ion  of such hydro-  
ly t ic  enzymes ,  for the  b r e a k d o w n  of ur id ine  py rophosphog l ycosy l  c o m p o u n d s  by the  f rac t ions  
so o b t a i n e d  is reduced s igni f icant ly .  
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Two-dimensional paper chromatography of higher fatty acids 

l~,eversed-phase paper  ch roma tog ra t )hy  has  been proved  to he the  niost  s a t i s f ac to ry  n le thod for 
the  sepa ra t ion  of longer-chain  f a t t y  acids I 4. The main  d i s a d v a n t a g e  is the  incomple te  s epa ra t ion  
of var ious  "c r i t i ca l  pa i r s "  of acids  (e.g. pa lmi t i c  oleic, nayrist ic linoleic), the  RF values  of which 
are the  same. 

[£OBRLE AND ZAHRADN[K 5 conver ted  the  u n s a t u r a t e d  acids  to the  ha logen de r i va t i ve s  wi th  
the reagent  of HanuS, bu t  the  sepa ra t ion  from the  s a t u r a t e d  acids was r a the r  incomplete .  [NOUYE 
el al. ~ p repa red  the  niercuric  a c e t a t e  add i t ion  p roduc t s  of u n s a t u r a t e d  f a t t y  acid esters  which 
were de tec ted  on the  c h r o m a t o g r a m s  l)y the  sens i t ive  color reac t ion  wi th  d ipheny lca rbazone .  
The esters  of s a t u r a t e d  acids  give no color reac t ion  anti  do not  interfere.  Ox ida t i on  of u n s a t u r a t e d  
ac ids  wi th  a lka l ine  KMnO 4 and compar i son  of the  s p e c t r u m  of the  t o t a l  ac ids  w i t h  t h a t  of the  
s a t u r a t e d  acids left a f te r  o x i d a t i o n  was  descr ihed by  ~IICHALEC 7. SCHLENK 8 has  recen t ly  sugges ted  
at one-d imens iona l  t echn ique  a t  low t e m p e r a t u r e s  us ing papers  i m p r e g n a t e d  wi th  si l icone for the  
sepa ra t ion  of the  s a t u r a t e d  and  u n s a t u r a t e d  h igher  f a t t y  acids. 

Our modif ica t ion  using two-d imens iona l  c h r o m a t o g r a p h y  is a c o m b i n a t i o n  of the  sepa ra t ion  
a t  l abo ra to ry  and lower t e m p e r a t u r e s .  Fig. ~ shows the  resu l t s  ob t a ined  wi th  a s y n t h e t i c  m i x t u r e  
of s a tu ra t e ( l  anti  u n s a t u r a t e d  f a t t y  acids whi le  Fig. - shows the  resu l t s  ob ta ined  wi th  h u m a n  
blood serum. 


