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Uridine diphosphate acetylglucosamine phosphate and 
uridine cliphospate acetylgalactosamine sulfate 

In the  pas t  few years  a immber  of compounds  c o n t a i n i n g  ur id ine  p y r o p h o s p h a t e  l inked to 
a sugar  have  been i so la ted  from var ious  sources. Three compounds  I ) f  th is  t y p e  which c lmta in  a 
p a r t i a l l y  ident i f ied N - a c e t y l a m i n o  sugar  were isola ted by I)ARK from penici l l in  inh ib i ted  Slaphylo- 
co(cus aureus t, anti compounds  of th i s  t y p e  accumula t e  in pen ic i l l in - inh ib i t ed  l.aclobacillus helveticus 
335 also'-'. In addi t ion ,  u r id ine  p y r o p h o s p h a t e  N-ace ty lg lucosamine  has been isolated fr/)m yeas t  a, 
and  p r e s u m p t i v e l y  ident i f ied  in livera, 5. The purpose  of the presen t  c o m n m n i c a t i o n  is to repor t  the 
ident i f ica t ion  of two add i t i ona l  compounds ,  i sola ted 
from hen ' s  oviduct ,  which con ta in  ur id ine  pyrophos-  
pha t e  and an N-ace ty l amino  sugar.  

l ,a rge  anlounts / ) f  N-ace ty l amino  sugar  esters  were 
de tec ted  in several  an ima l  t i ssues  us ing a modif ica t ion  
(>f the  MORGAN AND F.LSON react ion  s. A hot  wa te r  
e x t r a c t  p repared  from one pound  of ov iduc t  fr(>m lay ing  
hens (whicl~ con ta ined  especia l ly  large a m o u n t s  of these 
esters, abou t  o. 5 HM/g) was b rough t  to pH 0 and placed 
on a co lumn of Dowex T CI (2 % cross-l inked),  5 cm2 <: 
15 cnl. The co lumn was eluted by g rad i en t  e lu t ion 
employ ing  m i x t u r e s  of NaC1 and HCI*. Three peaks  in 
the  e lut ion d i ag ram (lqg. i) which con ta ined  both  
2(>0 m/t ubsorpt i(m and N - a c e t y l a m i n o  sugar  were 
fu r the r  puri l ied by anion exchange  c h r o m a t o g r a p h y  
under  condi t ions  different  from the original  e lu t ion  and 
by  pape r  ch roma tog rap hy .  Ana ly t i ca l  d a t a  for these 
th ree  compounds  (UDPA 1, UDPA~, anti  I 'DPA1) are 
p resen ted  in Table  I. t l y d r o l y s i s  of each of the com- 
pounds  in o.ol N and i N HCI yie lded ur id ine  diphos-  
pha t e  (UDP) and ur id ine-5 '  p h o s p h a t e  (UMI') respec- 
t ive ly ,  ident i f ied by  paper  c h r o m a t o g r a p h y  aIM by 
chemical  and  enzymic  ana lys i s  of the  eluted spots**. 
The con lpounds  therefore  differ only in the  n a l u r e  of 
the i r  N-ace ty l amino  sugar  f ragments .  

UDI)AI has  the  same locat ion on the  chromato-  
g ram and the  same RI,. in e t h a n o l - a m m o n i u m  ace ta te  
as yeas t  UDP N-ace ty lg lucosamine  a, anti  i ts  sugar  
f raginent  has t i le  Salne R F in e thy l  ace ta t e -pyr id iue -  
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Fig. T. h m  exchange  ( 'h romatogram of 
hen 's  ov iduc t  e x t r a c t  developed by 
g rad i en t  elut ion.  In the  por t ion of the 
chromatograna  reproduced  the  g rad ien t s  
w e r e :  I. o.o 5 to o.l Al NaC1 in o.o[ N 
HC1, 2. o.1 31 to o.-, 5 .1I NaCI in o.ot N 
HCI, 3. o.oI N to  o. 3 N  HC1. The con- 
cen t r a t ion  of nuc leo t ide  was e s t i m a t e d  
a p p r o x i m a t e l y  using the molar  ex t inc t ion  
coefficient for uridine,  and N-ace ty l amino  
sugar  was e s t ima ted  using N-acety lg lucos-  

amine  as the  s t andard .  

* The procedure  used for the  separa t ion  of t i s sue  nucleot ides ,  based on COHN'S s tudies  (J. Cell. 
Comp. Physiol., 38 (Suppl. t), 2I (]95o)) of i o n  exchange  c h r o m a t o g r a p h y  of nucleot ides ,  is ve ry  
s imi la r  to the  procedure  employed  by HURLm~RT et al. ~. The procedure  dit ters ill t h a t  2 % r a the r  
t h a n  IO %, cross- l inked resin has  been used, and chlor ide  r a the r  t h a n  fo rmate  was the  e lu t ing  anion. 

** A th i rd  d i s t i nc t l y  sepa ra te  u r id ine  nuc leo t ide  con t a in ing  an N-ace ty l amino  sugar  (UDPAa) 
was  presen t  be tween  U1)PA 2 and UDPA a on two occasions. Only  small  a m o u n t s  of th i s  compound  
were obta ined,  sufficient for iden t i f ica t ion  ~)f its hydro lys i s  p roduc t s  as I ! I )P  and tTM 1'. 
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water :  as N-ace ty lg lucosamine ,  a pr~)cedure which (h)es not  separa te  N-ace ty lg lucosamiue  al/d N- 
ace ty lga lac tosamine ,  lh)we\ 'er ,  in tile deace ty la t ed  compound  ga lac tosamine  was de t e ( t ed  as well 
as gluc()samine {Table I). I)ONrls VII)ELA'S ~)bservation ~ of t i le  occurrence of [ : I )P  N-aee ty l -ga lac tos-  
amine  in s()me p repa ra t ions  e l  [ :I)I  ) N-metvlg lue()san/ ine  (from l iver  ill his case) is, therefore, 
e(mlirmed. 

"1".\ l~lA: 1 

A N A L Y T I C A L  DATA 

! t . l l  II.l[ u r u l [ m  "~1 . t  mzJm ~u~,ar, p i t  ccnl f 

] . l lhih "b Tola[  c .~- ilci.¢l,lc!ltllilJ ] .gill/clio,( ~ (~'lliCO~tl)~ll~lt" (~-(tltlc]cIS(gDI~ZI~II? 
pl to@llah" H m @ k a l c  sugar  

U I ) P , \  1 I . o  4 1.81,  ( ) . 78x  o 7 ° 7 5  25 -  3 ° 

UDI ' . \  2 o.94 2.8S i.o 4 o leo o 
U 1)P.\ a o.95 l .SN o.o3 h o.()(~ (> I oo 

a tCstinlated from 202 m/t al)sorpt ion us ing ~" = 9890 (J. M. I'LOESER AND H. .q .  IA)RING, 
J. ]Jio[.Ckcm., t78 (1949) 431). Conlplete  spect ra  in acid and a lka l i  corresponded t() expec ted  spect ra  
for ur idine.  

b l 'h(~sphate l ibera ted  by 1o iniu hydro lys i s  in i N HCI e s t i m a t e d  by method  of C. H. ]"ISKI:; 
AND Y. SUBBARO\V (J. IJiol. Ckem., O0 (19"5) 575). 

c F s t i m a t e d  by  lne thod of O. H. I.OWRY el a/. (J. l{iol, cae.. ,  eo 7 (I954) 1). 
d E s t i m a t e d  by an unpul) l ished modif ica t ion  of the  MORGAX AND ELSON react ion.  For  each 

f ragment  the  color produced in ti le tes t  has  a spec t rum ident ica l  to t h a t  produced by the s tandard ,  
N-ace ty lg lucosamine  (c/. D. AMINOIq,', \V.T. MORa.XN AND W. M. \V.aTK~NS, Biocaem. ,1., 5~ (195") 379). 

" Sulfate  was q u a l i t a t i v e l y  ident i f ied as a m a t e r i a l  l ibe ra ted  by sealed tul le  hydro lys i s  in 4 N 
HCI and p rec ip i t ab le  as a bar)ran sa l t  in 4 N HCI. I am indeb ted  to Dr . .kL~:RT DORFMAN for the  
q u a n t i t a t i v e  microsul fa te  ana lys i s  {procedure of 1...\XIlrRSOX, .4cla Chem. Sca~zd., 7 (1953) 089). 

f A t t e m p t s  to separa te  t i le  amino  sugars  l/y ti le procedure  of CAmB, I~ELOIR AND (*.ARI)INI a 
were sugges t ive  bu t  difficult  to reproduce.  Separa t ion  and s e r e )quan t i t a t i ve  e s t ima t ion  was, therefore,  
carr ied out  by the  procedure  of P. J. STOFFYN AND t)t. \V. JEAXLOZ (.Itch. t~iockem. I~iop/lys., 52 
(I954) 373) .  1 am \ c r y  grateful  to l)r. JI,:ANLOZ for these de t e rmina t ions .  

g /File low value ob ta ined  for N-ace ty lamino  sugar  is due to the  presence of [ ' D P  N-acety l -  
ga lac tosamine ,  as ill t i le tes t  N-ace ty lga l ac to samine  has  only abou t  3o'~, of the color given by the  
s tandard ,  N-ace ty lg lucosamine .  

h The sugar  f r a g m e n t  of th is  compound  has a very l~)w color yield in this  test.  This  in i t i a l ly  
posed the  ques t ion  of whe the r  th i s  ester  was ac tua l ly  l inked  to the  [ :DP. l lowever ,  it mig ra te s  
wi th  ti le ur id ine  por t ion  of the  molecule  Oil c h r o m a t o g r a p h y  ill several  solvents,  and  has not  been 
separa ted  by any  procedure  o ther  than  hydrolysis .  I t  has been concluded t h a t  the presence of sulfate  
is responsible  for a ve ry  low color y iehl  in the test. 

I.TDI~:\2 differs from [7D1):\1 in t h a t  it cou ta ius  one add i t i ona l  mole of s table  phosphorus .  Tile 
only amino  sugar  in th i s  nuc leo t ide  is g lucosamine.  II1)PA4, which has  a r e l a t i ve ly  high affinity 
for Dowex-I ,  conta ins  one sul fa te  residue*. The only  amino  sugar  in th is  compouud  is ga lac tosamine .  
The 17DI > i so la ted  from these compounds  fol lowing hydro lys i s  ill O.O1 N tfC1 did not  con ta in  ad- 
d i t iona l  phospha t e  or sulfate,  and no phospha t e  or sulfate  was l ibe ra ted  uuder  these condi t ions.  
The add i t i ona l  p h o s p h a t e  and  sul fa te  nmst ,  therefore,  be a t t ached  to the N-ace ty l amino  sugars  of 
UDI 'A  2 and U D I ' : \  4 respect ive ly .  

This  evidence  leads to the conclusion t h a t  these compounds  are u r id ine  d iphospha te  acetyl-  
g lucosamine  phospha t e  aml ur id ine  d iphos pha t e  ace ty lga l ac to samine  sulfate.  The exac t  pos i t ion  of 
the  add i t i ona l  s u b s t i t u e n t s  on t i le  N-ace ty l amino  sugars  and  whe the r  or not t hey  are monoes ter  
subs t i t uen t s  r ema ins  to be de termined**.  

* Dr. H. M. KAL(!KAR first suggested to ti le au tho r  t h a t  t i le behav iour  of this  nucleot ide  on ion 
exchange  c h r o n l a t o g r a p h y  m i g h t  be exp la ined  by  the presence of sulfate.  

** A compound  which con ta ins  two moles of phospha t e  per mole of N-ace ty lg lucosamine  has been 
der ived  from ITDIL-\,). Dr. J. g .  RHSS1G has k i n d l y  tes ted  th is  f r agmen t  and found it  to be a p o t e n t  
a c t i v a t o r  of Neurospora phos phoa c e ty lg luc os a m ine  nmtase .  I t  does not  a c t i v a t e  phosphoglucomutase .  
These d a t a  s t rong ly  sugges t  t h a t  the der ived  compound  is N-ace ty lg lucosamine  1,6-diphosphate,  
and, therefore,  t h a t  t i le add i t iona l  mole of phosphorous  in UDPA 2 is on the  6-posi t ion of N-acety l -  
g[ueosamine.  
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A s t r ik ing  fea ture  of the  ov iduc t  c h r o m a t o g r a m  is the  p r e d o m i n a n c e  of ur id ine  nucleot ides .  
For exanlple,  adenos ine  t r i p h o s p h a t e  ha s  no t  been found,  and  the  a m o u n t  p resen t  m u s t  be ex t r eme ly  
small  compa red  to a n y  one of the  u r id ine  nucleot ides .  A ma jo r  func t ion  of ov iduc t  is the  syn thes i s  of 
g lycopro te ins  con ta in ing  N-ace ty lg lucosamine  and  m a n n o s e  9. *. I t  also con ta ins  n lucnpolysacchar ides  
( including both  hya lu ron ic  acid and  chondro i t in  sulfate1°). These  facts  sugges t  t h a t  these  nucleot ides  
m a y  be the  m e a n s  of ac t iva t ion  of glycosyl  res idues  for incorpora t ion  into protein,  and  for syn thes i s  
Of son le  m u c o p o l y s a c c h a r i d e s .  
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* A m a n n o s e  con ta in ing  nucleotide,  guanos ine -  5'  p y r o p h o s p h a t e  mannose ,  has  also been identif ied 
in ov iduc t  (J. L. STROMINC, ER, Federatio~z Proc., 13 (1954) 3o7). Th i s  c o m p o u n d  is ident ical  to the  
c o m p o u n d  isolated f rom yeas t  by  C.aBIB AND LELOIR (J. Biol. Chem., 2o0 (1954) 779). 

Effect of substrate structure on the aldolase equilibrium* 

The purpose  of th i s  c o m m u n i c a t i o n  is to call a t t en t i on  to a re la t ionship  be tween t he  s t r uc tu r e  
ot the  a ldehyde  c o m p o n e n t  and  the  equ i l ib r ium c o n s t a n t  of aldolase reac t ion  sys t ems .  

In  the  aldolase reac t ion  

(i) D-3-phosphoglycera ldehyde  .~ d i h y d r o x y a c e t o n e  p h o s p h a t e  ~ D- f ruc tose - l ,6 -d iphospha te  

va r ious  a ldehydes  m a y  replace 3 -phosphoglycera ldehyde  (GAP) b u t  d i h y d r o x y a c e t o n e p h o s p h a t e  
(DAP) appea r s  to be specificl.~,a,4, ~. \Vhen " fo re ign"  a ldehydes  react  wi th  DAP,  cor respond ing  
k e t o s e - l - p h o s p h a t e s  are formed (i.e. D-f ruc tose - l -phospha te  f rom D-glycera ldehydeL3 and  D-xylulose- 
l - p h o s p h a t e  f rom glycolaldehyde3).  MEYERHOF el aL 1 observed  t h a t  the  aldolase reac t ion  was fully 
reversible wi th  G A P  or ace ta ldehyde.  On the  o ther  hand ,  f r u c t o s e d - p h o s p h a t e ,  readi ly  formed f rom 
D-glycera ldehyde and  DAI '  in muscle  ex t rac ts ,  was no t  de t ec t ab ly  spl i t  when  added  to such ext rac ts ,  
sugges t ing  " i r revers ib le"  format ion .  More recent  work2, 6 has  shown  t h a t  c rys ta l l ine  musc le  aldolase 
does effect some  cleavage of f ruc to se - I -phospha t e  which is grea t ly  e n h a n c e d  by t r a p p i n g  or enzymic  
r emova l  of reac t ion  products .  

\Ve have  e x a m i n e d  the  effect of " fo re ign"  aMehydes  on the  equ i l ib r ium sys t em resu l t ing  fronl 
the  ac t ion  of aldolase + i somerase  on f ruc tose - I ,6 -d iphospha te .  The  course of the  reac t ions  toward  
new equi l ibr ia  was  followed by  e s t i m a t i n g  DAP.  o ther  ke tose - I -phospha te s ,  and  free aldehydes1,7, ~. 
F rom the  new equi l ibr ia  reached t he  a ldehydes  tes ted  fell in to  two categor ies :  (A) a ldehydes  caus ing  
comple te  d i s appea rance  of D A P  from m e d i u m  (DL-glyceraldehyde, f l -hydroxyprop iona ldehyde ,  and  
f l - hyd roxybu ty r a ldehyde ) ;  and  (B) a ldehydes  which caused  e s t a b l i s h m e n t  of a new equ i l ib r ium in 
which s igni f icant ly  large a m o u n t s  of D A P  ren la ined  ( formaldehyde,  ace ta ldehyde ,  p rop iona ldehyde ,  
f l -me thoxyprop iona ldehyde ,  DL-lactic a ldehyde,  and  D-glycera ldehyde-3-phosphate) .  

If the  " fo re ign"  a ldehydes  condense  with D A P  in s t r i c t  ana logy  wi th  the  " n a t u r a l "  aldolase 
reac t ion  (no excep t ions  are known to date) t hen  it is seen t h a t  t he  new ke to se - I -phospha t e s  formed 
f rom ah tehydes  of group (A) m a y  ex i s t  in the  s table  py ranose  conf igura t ion  s ince a free hydroxy l  
group is p r e sen t  a t  c a rbon  6 (i.e., D-fructose (L-sorbose) 1 -phospha te  f rom DL-glycerahlehyde;  
5 - d e s o x y f r u c t o s e - l - p h o s p h a t e  f rom f l -hydroxyprop iona ldehyde ,  etc.). However ,  the  ke tose - t -phos -  
p h a t e s  p roduced  f rom a ldehydes  of group (B) have  no hyd roxy l  a t  ca rbon  6 and  m u s t  ex i s t  as the  
less s table  furanoses ,  or as acyelic s t ruc tu re s  (i.e. f ruc tose -z ,6 -d iphospha te  f rom D-glycerahiehyde-  

* Suppor ted  b y  g ran t s  f rom the  Na t iona l  I n s t i t u t e s  of Heal th ,  N u t r i t i o n  Founda t i on ,  Inc., and  
the  Amer ican  Cancer  Society, r e c o m m e n d e d  by  the  C ommi t t e e  on Growth,  Na t iona l  Research  Council. 


