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Galacto-waldenase and the enzymic incorporation of 9alactose 
1-phosphate in mammalian tissues 

I t  has  been  found  p r e v i o u s l y L 2  t h a t  e x t r a c t s  of g a l a c t o s e - a d a p t e d  Naccharomyce.~ ./ragi/i., 
c a t a l y z e  t he  i n c o r p o r a t i o n  of ga l -1 - I  )*, ** in to  u r i d v l i c - b o u n d  g a l a c t o s e  a c c o r d i n g  to  t h e  f()llowin~ 
e q u a t i o n  : 

g a l - I - P  U 1 ) I ) ( ; ~  ITI)l)gal  I ( ; - i - l '  !I i  

[n t he  c o n v e r s i o n  of g a l - [ - l )  to  G - l - I  ), UDI>(;  ac t s  c a t a l y t i c a l l y  s ince  i t  c an  I)e r e g e n e r a t e d  by  
LELOIR'S g a l a c t o - w a l d e n a s e  4 : 

I ' I ) I ) g a l  ~_ lTl) l ) ( ;  (-) 

R e a c t i o n  (]) is a n o n - p y r o p h o s p h o r o l y t i c  t y p e  of u r i d y l  t r a n s f e r  c a t a l y z e d  by  an  e n z y m e  whiuh  
we cal l  G P  u r i d y l  t r a n s f e r a s e  in c o n t r a s t  to  P l  ) u r i d y l  t r a n s f e r a s e  a which  c a t a l y z e s  the  r e v e r s i b l e  
p y r o p h o s p h o r o l y s i s  of U D | ) ( ;  : 

I I ) I ) G  ; l ) I ) ,  -~- l - I l '  : ( ; - l - l )  (3! 

\Ve h a v e  n o w  d e m o n s t r a t e d  t he  p r e s e n c e  of l a rge  a m o u n t s  of bo th  ( ;1 '  u r i d y l  t r a n s f e r a s e  
a n d  g a l a c t o - w a l d e n a s e  in r a t  a n d  ca l f  l iver .  Moreover ,  s ince  t he  t r a n s f e r a s e  is ab le  to  r e s i s t  h e a t i n g  
to  5 ° c e n t i g r a d e  a t  p H  5.9, i t  c an  be s e p a r a t e d  f rom the  h e a t  lab i le  g a l a c t o - w a l d e n a s e .  The  
s e p a r a t i o n  of t h e  t w o  e n z y m e s  m a k e s  
i t  p o s s i b l e  t o  p r e p a r e  U D P g a /  of 
su f f i c ien t  p u r i t y  for use  in a s i m p l e  
s p e c t r o p h o t o m e t r i c  a s s a y  for g a l a c t o -  
w a l d e n a s e .  U D P g a l  was  f o r m e d  f rom 
U D P G  in t h e  f o l l o w i n g  s y s t e m  : l ive r  
G P  u r i d y l  t r a n s f e r a s e  (I o m g  p ro te in ) ,  
g a l - x - P  28 /*moles ,  U D P G  [o t, moles ,  
T P N  20 # m o l e s ,  g lucose  [ , 6 -d iphos -  
p h a t e  o .oI  /nno les ,  c y s t e i n e  3oo 
# m o l e s ,  MgC12 5 0 o / , m o l e s ,  phos -  
p h o g l u c o m u t a s e  a n d  g lucose- ( ) -phos-  
p h a t e  d e h y d r o g e n a s e  in 2o ml  of o. i 
3 I  t r i s  buf fer  p H  8. G-z - l )  f o rmed  
in  t h i s  s y s t e m  ( E q u a t i o n  [) w a s  
r e m o v e d  b y  t he  s u c c e s s i v e  a c t i o n  of 
p h o s p h o g l u c o m u t a s e  a n d  g lucose-0-  
p h o s p h a t e  d e h y d r o g e n a s e .  The  over -  
al l  cou r se  of t h e  r e a c t i o n  was  fo l lowed 
b y  m e a s u r i n g  T P N  reduced .  F o u r  
Hmoles  of U D P g a l  c o n t a i n i n g  801) 
i m p u r i t y  of U D P G  was  i s o l a t e d  from 
the  r e a c t i o n  m i x t u r e  b y  a d s o r p t i o n  
a n d  e l u t i o n  ' f rom D a r c o  s fo l lowed  
b y  p a p e r  c h r o m a t o g r a p h y  in n e u t r a l  
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Fig. I. Assay  m i x t u r e  c o n t a i l ] e d :  [ Dl)ga l ,  DI )N o. 5 
/~moles, a n d  c y s t e i n e  5 / , ,moles  in 0. 5 ml  o . i  31 g l y c i n c  
buffer  a t  p H  8.6. U D P G  d e h y d r o g e n a s e  a d d e d  a t  o t i m e  

G a l a c t o - w a l d e n a s e  a d d e d  a t  i n d i c a t e d  t ime .  

e t h a n o l  a m m o n i u m  a c e t a t e  s o l v e n t  6. U D l ) g a l  was  a s s a y e d  1)y c o n v e r s i o n  t(, I 'D1)G which  is abh.  
to  r e d u c e  D P N  in t he  p resence~) f  I ! D P G  d e h y d r o g e n a s e  7 (see Fig. [). 
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The rate of conversion of UDPgal to UDPG by galacto-waldenase can be measured by 
DPN reduction in the presence of an excess of UDPG dehydrogenase.  Using this assay, galacto- 
waldenase has been partially purified from a water  ext rac t  of calf liver acetone powder by repeated 
ammonium sulfate fractionation at different hydrogen ion concentrations.  

Galacto-waldenase has been demonst ra ted  also in other  mammal ian  tissues. Mammary  
glands from lactating rats contained about  twice as much enzyme as the corresponding amoun t  
of protein from m a m m a r y  glands of non-lactat ing rats  (see Table I). Interest ingly enough the 
same preparat ions  were unable to incorporate gal-I -P into uridyl nucleotide according to reaction 
(i), al though they contained PP  uridyl transferase and were able to form UDPG and UDPgal  
from G-I -P  and UTP. I t  is known tha t  G-I -P  is used in lactose synthesis 8. Similar results were 
encountered in exper iments  using brain extracts  from two weeks old rats, i.e., active galacto- 
waldenase and active PP  uridyl transferase were present  bu t  no reaction occurred between 
galactose-I -phosphate  and UDPG. The livers of these animals contained, in addition to galacto- 
waldenase and P P  uridyl transferase, the enzyme GP uridyl t ransferase which catalyzes the 
reaction between gal- i -P and UDPG. 

TABLE I 

GALACTO-WALDENASE IN MAMMARY GLAND 

Assay mixture  contained: Crude protein fractions from m a m m a r y  glands o.4 mg protein, UDPgal 
o.o 4/ ,moles.  DPN o. 5 pmoles, cysteine 5 pmoles, and UDPG dehydrogenase in o. 5 ml o.i M 

glycine buffer p H  8.6. 

Time UDPG lormed (Itmoles) 

(minutes) non-laaating* lactating** 

IO o.oo6 O.Ol 3 
2o o.o12 o.o23 
3 ° o.o16 0.030 

* Values obtained with pooled m a m m a r y  glands from 6 rats. 
* * Average of values obtained with m a m m a r y  glands from 3 rats  tested separately and agreeing 

within io ° o. 

Galacto-waldenase has also been found in H. influenza B and E. coli, when these organisms 
were grown on glycogen or glucose as the sole carbohydrate  sources. I t  is known tha t  E. coil 
contains galacto lipids ~. 
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• We take pleasure in expressing our thanks  to Drs. L. LELOIR and J. REISSIG, Buenos Aires 
and Dr. L. ANDERSON, Universi ty  of Wisconsin, for generous gifts of galaetose-I-phosphate.  

• * The following abbreviat ions are used: gal - i -P  = a-D-galactose-I-phosphate,  G- I -P  ~ a-D- 
glucose- l-phosphate ,  UDPgal  = uridine diphospho galactose, U D P G  : uridine diphospho 
glucose, T P N  = t r iphosphopyridine nucleotide, D P N  = diphosphopyridine nucleotide, UTP : 
uridine t r iphosphate ,  P P  = inorganic pyrophosphate .  


