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SUMMARY 

Mammalian hver hexose-I-phosphate urldylyltransferase (UDP-glucose a-O-ga- 
lactose-I-phosphate urldylyltransferase, EC 2 7 7 12) has been shown to be inhibited by 
various nucleotldes The nature of the Inhibition has been examined with regard to the 
structural requirements of the inhibitory compounds and the possible regulatory, 
function of intracellular nucleotIdes on enzyme activity The most potent inhlbItors 
were UTP and UDP which produced significant inhibition of the enzyme at concentra- 
tions normally found in liver tissue UTP, UDP and UMP were linear competitive 
lnhlbitors of UDP-glucose with K, of o 13, o 35, and 2 3 mM, respectively, and un- 
competitive lnhibitors of galactose I-phosphate UDP-glucuronlc acid and UDP- 
mannose caused similar inhibition 

The urxdine moiety appeared necessary for competition with substrate UDP- 
glucose since substitution of cytldine, adenine or guanoslne In the nucleotlde as In 
CDP-glucose, ADP-glucose or GDP-glucose produced uncompetitlve inhibition of 
UDP-glucose Nucleotldes containing glucose were competitive inhxbltors of galactose 
I-phosphate while those containing other sugars or without a sugar moiety caused 
uncompetIt lve inhibition of the sugar phosphate site 

INTRODUCTION 

Although many  recent studies have centered about alternate pathways of D- 
galactose metabohsm in mammalian tissue1, ~, our knowledge of the conventional 
pathway involving urIdIne nucleotide sugarsa, 4 whereby most galactose is metabolized 
under normal circumstances is far from complete The importance for understanding 
the regulation and control of the nucleotlde sugar pathway stems not only from the 
fact that  n-galactose is a major nutrient in most mammals  but also from the existence 
of the devastating syndrome of galactose toxicity in the human inherited disorder, 
congenital galactosemla, where there is a deficiency of the enzyme, galactose-I-phos- 
phate urldylyltransferase (UDP-glucose a-I>galactose-I-phosphate urldyltransferase, 
EC 2 7 7 12) 5 This enzyme catalyzes the reversible reaction 

a-n-galactose-I-P + UDP-glucose ~ UDP-galactose + a-D-glucose-I-P 
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Since the liver is the principle organ involved In galactose metabohsm, ~ e have been 
concerned with the developmental, regulatory and kinetic characteristics of the en- 
zyme in rat and human liver6, 7 

Our previous studIea sought to determine nucleotide sugar substrate specificity 
and showed that only UDP-glucose and UDP-galacto~e fulfilled this role, there being 
no reactlvit} of ADP-glucose, CDP-glucose, TDP-glucose, GDP-glucose, UDP-xyloae, 
UDP-mannose or GDP-mannose with galactose 1-phosphate The work described 
here focuses on the inhibitory effect~ of nucleotlde compounds on galactose-i-phos- 
phate uridylyltransferase activity This was done from t~o points of view, first, to 
determine the structural requirements of inhibitory compounds in relation to the 
substrates, and secondl}, to assess the possible role of normally occurring Intracellular 
nucleotides in regulation of enz 3me activity Our findings indicate that uridine 
nucleotides are potent Inhlbitors of the reaction at physiological comentratlon% 
suggesting the enz}me may be tightly regulated by the metabolic state of cellular 
nucleotide~ 

METHODS AND MATERIALS 

The enzymatic procedure employed which has been described in detail by 
BERTOLI AND SEGAL 6 involves the determination of radioactive UDP-galactose formed 
by interaction of [14Clgalactose 1-phosphate with UDP-glucose The lncubatlon 
mixture contained o 25 mM UDP-glucose, o 35 mM galactose 1-phosphate (o oo56 
#C), IOO mM glycme buffer pH 8 2 and IO mM mercaptoethanol m a total volume 
of 2oo/~1 The reaction was started by adding enzyme, incubated at 37 ° for 5 mln 
~ lth liver supernatants and 2 min with purified enzyme, and stopped by boxhng for 
9 ° sec 2o#1 was spotted on 21 cm DEAE-cellulose ion exchange paper strips for 
chromatography with o 5 M LIC1 by the descending method The product radio- 
activity ~ as determined by counting the area of the paper containing the E14C]UDP - 
galactose with a liquid scintillation spectrometer using diluted LIqmfluor as the 
scintillator The amount of product formed could be calculated using the specific 
activity of radioactive substrate Mercaptoethanol replaced dtthlothreltol used 
previously as a sulfhydryl reagent 

Several different enzyme preparations were utilized (1) A 3o ooo >, g super- 
natant with activity of io nmoles UDP-galactose formed per rain per mg protein 
prepared after homogenization of livers of 35-45-day-old Sprague Da,~ley rats at a 
I 2o dilution in 2o mM KC1 as described previously b BERTOLI AND SEGAL 6 using this 
preparation demonstrated the stoichlometrxc conversion of I14Clgalactose 1-phosphate 
to [14C]UDP-galactose Such supernatants under the assa3 conditions described aboYe 
have no UDP-glucose or UDP-galactose pyrophosphorylase and no UDP-galactose- 4- 
epImerase activity Since glucose 1-phosphate IS a known transferase inhibitor 6 incuba 
txon mixtures were tested for glucose I-phosphate after the addition of the various 
glucose containing nucleotlde inhmbltors None was found as indicated by the m- 
ability to detect glucose oxldase after treatment with alkahne phosphatase In addi- 
tion, after incubation of inhibitory amounts of [14C]ADP-glucose for 5 mln with thi~ 
preparation, no labeled compound other than ADP-glucose was found on chromato- 
graphy of the mixture (2) A Ioo-fold partially purified rat liver enzyme, 115o nmoles 
UDP-galactose formed per mm per mg protein, prepared by minor modifications of 
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the method of MAYES AND HANSON s The steps involved precipitation of a 2o mM 
KC1 homogenate with (NH4)~SO 4 at 500/0 saturation, dialysis against distilled water, 
adsorption and elution from calcium phosphate gel, chromatography of a gel eluate 
on DEAE-cellulose using batches of 20 and 80 mM phosphate buffer The enzyme at 
this stage wab diluted again, placed on DEAE-cellulose column, and eluted with 
80 mM KC1 This enzyme was very unstable and deteriorated at --45 ° within two 
days (3) A 5o-fold puilfied preparation made according to M~,YES AND HAN',ON s from 
human hver obtained at autopsy, 327 nmoles UDP-galactose formed per rain per mg 
protem 7 (4)A partially purified calf liver enzyme purchased from Boehringer, Mann- 
helm This preparation had about 70°0 of transferase activity per mg protem as our 
Ioo-fold purified rat hver but the extent of purification could not be ascertamed from 
the supplier The method of LOWRY et al 9 was used for determination of protein 

All assays were determined usmg hnear imtial rates of reaction and protein 
concentrations wlthm the range of proportlonahty of the reaction Data from the In- 
hibition studies were plotted according to the IANEWEAVER--BuRK 1°, HOFqTEE 11, 
CLELAND 12, and DIXON x3 methods The type of inhibition was discerned from these 
plots according to the criteria of WEBB 14 Apparent K, value~ were calculated from 
the abscissa intercepts of the LINEWEaVER BURK plot and CLELAND replot (slope or 
intercept z,s i) Where the inhlbltmn was competitive the intersection of lines in the 
DixoN plot was employed Values obtained were comparable 

Various nucleotides were purchabed from Calbiochem, Los Angeles, Callf, or 
Sigma, St Louis, Mo Solutions of nucleotides were adlusted to pH 9 2 before addition 
to lncubatmn mixtures [14ClGalactose 1-phosphate (specific activity 32 mC/mmole 
was obtained from International Chemical and Nuclear Corp, City of Industry, Callf 
Chromatography on DEAE-cellulose anion exchange paper (Whatman DESI) re~ eal- 
ed less than 2% neutral sugar impurity 

RESULTS 

Nucleot,de ~nh~b#zon of galactose-z-phosphate ur,dylyltransferase 
The inhibition of transferase activity of rat hver homogenate by a large group 

of nucleotldes is shown in Table I At concentlatlons of 5 raM, uridlne and adenine 
nucleotldes, and diverse sugar nucleotldes containing both pyrlmldlne and purine 
bases and a variety of sugars are potent lnhlbltors The inhibition appears to be 
dependent on inhibitor concentration in those cases tested The most potent lnhlbltors 
appear to be UTP and UDP with inhibition seemingly related to the number of 
phosphate groups in the molecule This relationship is also observed with adenine 
nucleotides UDP-glucuronlc acid which is of physiological importance also shows 
significant Inhibition at lower concentrations Transferase activity in the supernatant 
liver preparation was not inhibited bv 5 mM of Inorganic phosphate or comparable 
amounts of Na +, K + or C1- 

The Inhibition observed by these compounds in the 30 ooo × g supernatant 
fraction of liver homogenates was seen to be ot the same extent in partially purified 
enzyme prepared from rat, calf and human liver (Table II) The percent inhibition seen 
at the 5 mM lnl~lbltor concentration in Table I I  for Ioo-fold purified rat liver enzyme is 
essentially the same for eight of the inhibltors tested as shown in Table I for the 
hver supernatant prepararion The only exception is the effect of ATP and ADP The 
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T A B L E  I 

G A L A C T O S E - I - P H O S P H A T E  U R I D Y L Y L T R A N S F E R A S E  I N H I B I T I O N  B Y  N U C L E O r I D E S  

i n c u b a t i o n  c o n d i t i o n s  d e s c r i b e d  u n d e r  METHODS e m p l o y i n g  20 p l  (60 t t g  p r o t e i n )  o f  a 30 o o o  × g 
s u p e r n a t a n t  f r a c t i o n  o f  r a t  l i v e r  h o m o g e n a t e s  \ a l u e s  a r e  a v e r a g e s  o f  a t  l e a s t  t h r e e  d L t e r m m a t l o n s  
A s s e s s m e n t  o f  i n h i b i t o r y  a c t i v i t y  o f  A q  P a n d  ~ D P  ~ a a  ( tone  b o t h  ~ l t h  a n d  x~] thou t  e q u a l  m o l a r  
a m o u n t s  o f  M g  2+ w i t h o u t  anF  d i f f e r e n c e  m r e s u l t s  

l nhzbtto~ °/o Inhzbttwn 

5 m3I  I m ~I o 5 m3I  o 2 5 m M  

U 1 P 99  99  5 ° 47 
U D P  65 ( '4 413 :~o 
U M I  ) 48 9 
~Jl l ) 30  2{} 
A D P  3 2 i 8  
A M P  o o 
U D P - g l u e u r o m c  a c i d  80 46  3 ~ t 4  
U D P - m a n n o s e  54 
1 H ) P - x y l o ~ e  70 
T D P - g l u c o s c  9 o  ~o I ~ 4 
( D P - g l u c o s e  75 33 16 
A D P - g l u c o s e  74 45 3 ° I 8 
G D P - m a n n o ~ e  5 ° 28 
G D P - g l u c o ~ e  64 
I . ,  r d c l  I 1 2  

U r l d m c  32 
\ d e n u I e  16 

A d e n o s i n e  t 7 
( d u e u r o m c  a c M  5 

1 A B L E  I I  

N U C L B O T I D E  IN  H I B I T I O N  O F  P &R f l  ~ L L ~  P U R I I ,  I E D  P R E P A R  ~tTIONS O F  L I \ / 2 R  C, K L A C T O % E - I - P H O S P H  A.TE 

U R I D Y L Y L T R A N S F E R  ~_SE 

E n z y m e  p r e p a r a t i o n s  a n d  i n c u b a t i o n  c o n d a t m n s  a r e  d e s c r i b e d  in  METHODS I O tLg Ol p r o t e i n  ~ a s  
u s e d  a n d  i n c u b a t i o n  t i m e  ~ a s  2 m m  V a l u e s  a r e  a~ e r a g e  o f  t h r e e  d e t e r m m a t m n ~  A s s e s s m e n t  o l  
l n h a b l t o r 3  a c t i v i t y  o f  A T P  a n d  A D P  w a s  d o n e  b o t h  w i t h  a n d  w i t h o u t  e q u a l  m o l a r  a m o u n t s  o t  
M g  -'+ w i t h o u t  a n y  d i f f e r e n c e  in  r e s u l t s  

lnhtbttor % Inhtbttwn 
( ~ m~I)  

l'~nzwnc prepa~atwn 

Rat hve~ Calf hvcr 
zoo-fold pumfied 13oehmnge~ 

U 2  P 9 ° 
I T D p  65 
\ T P  o - 9 
~ D P  o - - 4  

T D P - g l u c o s e  b 7 91 77 
(2 D P - g l u c o s e  7z  71 77 
G D P - m a n n o s e  62 15 4 ° 
U D P - x v l o s e  75 79 77 
A D P - g l u c o s e  74 
U D P - g l u e u r o m c  a c i d  8o 

Human hvc~ 
5o-fold p**~ tried 

t~wchzm Bzophys dcta 25 ° ( 1 9 7 t ) ~ 5 t - 3 0 o  
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mhlbmon observed with these compounds with the cruder enzyme preparation was 
not seen with the pamally purified preparanons This was not the case with the ade- 
nine sugar nucleotlde, ADP-glucose, however Over a broad ADP-glucose concentra- 
tion range from o 25 to 5 mM the percent inhibition of purified and unpunfied super- 
natant enzymes was the same The purified rat liver enzyme was more sensmve to 
inorganic phosphate than the homogenate supernatant fraction, 5 mM causing a 200o 
mhlbmon of activity of the former but no inhibition of the latter 

Nature of the ~nhzbztwn 
The type of inhibition was studied b 5 analysis of initial velocity changes caused 

by several mhlbltors at varying substrate concentratmns with the 30 ooo × g liver 
supernatant preparation At least three inhibitor concentrations were used The fixed 
substrate concentrations were o 25 mM for UDP-glucose and o 35 mM for galactose 
1-phosphate The apparent Km for these substrates in this preparation is o 16 mM 
for UDP-glucose and o 14 mM for galactose i-phosphate n Higher substrate levels in 
relation to the apparent Km cannot be employed because of substrate inhibition 

T A B L E  l i I  

T Y P E  OF I N H I B I T I O N  A N D  ~ V A L U E S  OF V ~ R I O U S  N U C L E O T I D E S  V : I T H  G A L A C T O S E - I - P H O N P H A . T L  

U R I D Y L Y L T R  ~ N S F E R A S E  

All lnh lb l to r s  were s tud ied  in a t  l eas t  th ree  concen t r a t i ons  2o/*1 of a 3 ° ooo g ~upe rna t an t  of 
r a t  h v e r  h o m o g e n a t e  p repa red  as descr ibed under  METHODS WAS used W h e n  UDP-glucose  x~as 
v a n e d ,  the  ga lac tose  i - p h o s p h a t e  level  was  o 35 mM UDP-glucose  was  k e p t  a t  o 25 mM x~hen 
g a l a c t o s e - i - p h o s p h a t e  was  var ied  

Inhzb~tor Type of *nh~bztwn and Kt (raM) 
( varzable subst~ ate) 

UDP-Ghtcose Galactose z-phosphate 

UMP Compet l t l~  e 2 3 
U D P  Competata~ e o 35 
U T P  Com pe t i t i ve  o 13 
U D P - g l u c u r o m c  acid Com pe t i t i ve  o 4 ° 
U D P - m a n n o s e  Compe t i t i ve  I 6 
TDP-g lucose  N o n c o m p e t i t i v e  I o 
CDP-glucose  U n c o m p e t l t l v e  o 88 
ADP-glucose  U n c o m p e t l t l v e  o 7 ° 
G D P - m a n n o s e  U n c o m p e t m v e  5 3 

U n c o m p e t l t l ~ e  6 9 
Uncompe t l t l~e  o 45 
U n c o m p e t i t l v e  o 08 
Uncompe t i t l~e  o 09 
U n c o m p e t l t i ~ e  5 7 
Compet l t l~  e o 28 
Compet l t l~  e o 75 
Compe t i t i ve  o 67 
U n c o m p e t l t l \  e 3 6 

The results of these are shown in Table I I I  which also indicates the apparent Ki value 
for each inhibitor The Ks value for the inhibitor was acceptable only when there ~ as 
agreement of the result of the determination of K, from the LINEWEAVER--BURK, 

DIXON and CLELAND plots of the data The undlne nucleotldes UMP, UDP and UTP 
were linear competmve mhlbltors when UDP-glucose was the variable substrate and 
uncompetltlve lnhabltors of galactose 1-phosphate A typical experiment is sho~n 
m Fig I where UTP is the inhibitor and the data plotted according to LINEWEAVER- 
B U R K  10 

The undlne containing sugar nucleotldes, UDP-mannose and UDP-glucuromc 
acid exhibit the same types of mhlbmon as the nucleotldes being competmve with 
UDP-glucose and uncompetltlve with galactose 1-phosphate Fig 2 shows the 

Bzoch~m Bwphys .4cta, 25 ° '  1971 ) 35 I -~6o  



356 s SEGAL, S ROGERS 

m l  

-15 

A 

0 50- 
• CONTROL / 
r-t OI mM UTP 

040" z~ 02mM UTP 
~, o 04raM UTP ~ /  
V 0 '30. / 

0 20-- / J 

[UDPG] 

o25[ 
020 I 

'/v o,,I 

-I0 -5 0 

B 

I -I ,.I I ~  
5 I0 15 90 

I 
~ol--i~-P] 

l~lg I Effects  ot UTP  on g a l a c t o s e - i - p h o s p h a t e  urld} 1}ltransferasL ~ elocltms A \5 l th  respec t  to 
UDP-g lucose  (UDPO) ~ h e n  galac tose  1-phosphate  x~as o 35 mM B W i t h  respect  to galactose-  
1 -phospha te  (Gal- I -P)  ,~hen l ' D P - g l u c o s e  was o 25 mM UTP  c o n c e n t r a t m n  is denoted  by  the  
same symbols  m bo th  g raphs  I m t l a l  v e l o o t m s  (v) are nmoles  of UDP-ga l ac to se  formed per  m m  
per  mg soluble  p ro te in  Subs t r a t e  concen t ra t ions  are mM 20 /~1 of the  3 ° ooo g h~er  super-  
n a t a n t  f rac t ion  x~as Incuba t ed  for 5 m m  unde r  e x p e r i m e n t a l  cond~ttons descr ibed in METItODS 

velocity da ta  with UDP-glucuronlc acid ab inhibitor Substitution of cytosine or a 
purlne base for uracil in the sugar nucleotide as m CDP-glucose, ADP-glucose or 
GDP-mannose changes the lnhlbmon with UDP-glucose as substrate to the linear 
uncompetlt lve type This is shown m Fig 3 where ADP-glucose is the inhibitor 
TDP-glucose was the only sugar nucleotIde tested ~hlch showed linear non-competi- 
t ive inhibition of UDP-glucose 

The configuration of the sugar moiety appears to determine the type of inhibi- 
tion when galactose 1-phosphate is the variable substrate In tho~e instances where 
glucose is the sugar component of the nucleotlde the compound it a linear competmve 
Inhibitor of galactose I-phosphate (Fig 3) When both the uracil structure is altered 
and the sugar configuration is not that  of glucose such as GDP-mannose, the inhibi- 
tion becomes uncompetlt lve for both substrates Current experiments in progress to 
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A 

o2o I 

o 15 T ~ . o  

I 

[GaI-I-P] 
• CONTROL 
o 025ram UDPGA 010- B / 

05raM UDPGA p /  ~.~ 
o ,0mM uOPGA 008" / A /  

25 -20 -15 -I0 -5 0 5 I I0 15 20 

I m 

Fig  2 Effects  of o 25, o 5 and  i o mM U D P- g lu ru r on l c  acid (UDPGA) on enzyme  a c t i v i t y .  
A A c t i v i t y  w i t h  respec t  to ga lac tose  1 -phospha te  (Gal-I -P)  a t  o 25 mM UDP-glucose  B A c t i v i t y  
wi th  respec t  to  UDP-g lucose  (UDPG) a t  o 35 mM galac tose  1 -phospha te  I n h i b i t o r  concen t r a t ion  
is deno ted  by  the  same symbol s  in bo th  g raphs  Subs t r a t e  concen t r a t i ons  are  mM and  in i t i a l  
ve loc i ty  (v) is nmoles  of UDP-ga l ac to se  formed per  mln  per  mg soluble p ro te in  20 /*1 of the  
3 ° ooo ~ g l iver  s u p e r n a t a n t  f rac t ion  was Incuba t ed  5 rain unde r  condi t ions  descr ibed in M~THODS 

determine the nature of previously reported substrate inhibition of the enzyme 6 
indicate that UDP-glucose is a competitive inhibitor of galactose 1-phosphate 

The ATP and ADP inhibition mechanism was studied but not as extensively 
as the other nucleotldes At 5 mM concentration these adenine nucleotldes were com- 
petitive lnhibltors of galactose 1-phosphate and non-competitive mhlbitors of UDP- 
glucose The K, for the ATP inhibition of galactose 1-phosphate was relatively high 
at 8 mM 

DISCUSSION 

The present observations furnish some mslght regarding the stereospecificity 
of tile enzyme and the structural requirements of nucleotldes for mterference with 
enzyme activity Of the various nucleotldes and sugar nucleotldes exammed, only 
those with a pyrimidlne base with carbonyl function at positions 2 and 4 as m uracil 
are competitive mhlbltors of UDP-glucose The potency of the competitive mhlbltlon 
of UDP-glucose also depends on the phosphorylatlon of the rlbose moiety of uridine 
since uracil and undlne have only little inhibitory capacity even at high concentra- 
tions, while UMP, UDP and UTP have a progressive increase m apparent affimty for 
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A 
• CONTROL 

~,r~ I o 0 25  mM ADPG r, 
~ T  ,, 0 5 0 r a M  ADPG ~ "  

I 
o,Om ,OP  / 

I 
[G01-I-p] 

I a 0 16=- 

- - I  ~ ' , ~  "T ' I I' l I ~  
-15 -I0 -5 0 5 I0 15 20  

I 

Fig 3 Effects of  ADP-g lucose  (ADPG) on ga lac tose - i -phosphat¢  ur ldylv l transterase  actlxltV 
With  respect  to galactose 1-phosphate  (Gal-I-P)  at  o 25 mM b D P - g l u c o s e  B W i t h  respect  

to  U D P - g l u c o s e  (UDPG)  at o 35 nlM galactose i - p h o s p h a t e  Inhib i tor  concentra tmn is denoted 
by  the  same symbol s  m both  graphs In l tml  ~ e loc l ty  (v) is nmoles  UDP-ga lac tose  formed per m m  
per m g  soluble  prote in  The  concentra tmns  of  substrates  are mM 2o /21 of  the  3o ooo z g h~er  
~upernatant  fractmn was  incubated  5 rain under  condl tmns  described in MXTHODS 

the  enzyme Subs t i tu t ion  of  sugars  such as mannose  for the  t e rmina l  phospha te  of 
U T P  to give U D P - m a n n o s e  appears  to  increase the  K ,  of the  inhib i tor  compound  
Tile fact  t ha t  UDP-mannose  or UDP-xy lose  cannot  act as a subs t ra te  for the  enzyme 6 
mus t  indica te  t ha t  the  configurat ion of the  h y d r o x y l  a t  C-2 of  the  hexose carbon chain,  
as well as the  6-carbon chain length,  are cr i t ical  s t ruc tu ra l  requi rements  of the  sugar  
nucleot ide  to pa r t i c ipa te  m the t ransferase  react ion An a l te ra t ion  of the  p y n m ] d l n e  
moie ty  as in CDP-glucose or subs t i tu t ion  of a pur lne  such as In G D P - m a n n o s e  changes 
the  Inhibi t ion of UDP-glucose  from a compet i t ive  to an uncompe t i t i ve  type  where 
though the  a p p a r e n t  aff ini ty for UDP-glucose  is greater ,  the  ve loc i ty  of the  react ion 
IS slower 

Glucose I -phospha t e  has been r epor t ed  to  be a po ten t  inhib i tor  of galacto~e-I-  
phospha te  u r ldy ly l t rans fe rase  6 I t  is perhaps  not  su rpnsmg  then t ha t  nucleot lde sugar~ 
wi th  a glycosyl  u m t  such as ADP-glucose,  TDP-glucose  and UDP-glucose  are com- 
pe t i t ive  mhlb l to rs  of  galacto~e 1-phosphate  Subs t i tu t ion  of  mannose  for glucose 

B~och~m ldzophvs Acta, 250 (1971) 3Ol-36o 
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changes the inhibition of galactose 1-phosphate to the uncompetltlve form It  should 
be noted m Table I n  that competitive inhibition of one substrate is generally associ- 
ated with uncompetitive inhibition of the other substrate in the reaction 

The nature of the inhibition by ATP of the homogenate enzyme preparation 
does not fit the patterns described above with ATP being a competitive mhlbltor of 
galactose 1-phosphate The reason for the disappearance of the ATP effect when the 
enzyme it purified is unexplamed and remains to be determmed 

The assignment of physiological significance to nucleotlde inhibition of trans- 
ferabe is open to speculation The assessment of a physiologic role can only be tenta- 
tive, especially in view of possible compartmentatlon of substrates within cells The 
amount of inhibition would be dependent on the normal cellular concentration of 
substrates and inhibitors as well as the/fz  of the inhibitor Hepatic cellular levels of 
compounds such as UDP-mannose, TDP-glucose and ADP-glucose are probably so 
low that it is unhkelv that they exert any control on the reaction This is probably 
not the ca~e with the undine nucleotide~, UMP, UDP, UTP as well as UDP-glucuromc 
acid 

KEPPLER et al ~-18 have accurately determined the rat hver cell concentration 
oI various undine nucleotldes as well as galactose 1-phosphate They found normal 
UDP-glucose levels of o 32/~moles/g wet wt ,  UTP + UDP of o 34 #mole/g wet wt ,  
and UMP of about o 04/,mole/g wet wt Loading an animal with galactose is produces 
galactose 1-phosphate levels of o 18 Fmole/g wet wt These UDP-glucose and galac- 
tote 1-phosphate levels are comparable to those used in our standard asqay for the 
inhibitions shown m Table I Under these conditions a concentration of UTP and 
UDP of o 34 #mole/g or about o 43/~mole/ml cell water (assuming 80°,0 of wet weight 
is water) would gl~ e an enzyme inhibition of about o/ 50/o The K, for UTP (Table III)  
is about o IO raM, uell below the normal intracellular level One of the Interesting 
findings of KEPPLER et al is is that galactote loading causes hver UTP + UDP to 
decrease to about o I/~mole/ml This suggests that the mhibltlon of transferase is 
diminished as the need to metabolize galactose increases and may be a significant 
regulatory mechanism Liver cell lexels of UDP-glucuromc acid of about o 3 mM 
(ref 16) are within the inhibitory range of the compound and below the observed K~ 
Also, ATP levels in hver have been reported to be about 3 mM (refs I8,Iq) which is 
also in the inhibitory range of ATP shown in Table I 

Galactose-I-phosphate uridylyltransferase has been reported to show both sub- 
strate and product inhibition which has possible regulatory features 6 From the data 
presented here it appears likely that this transferase activity may also be regulated 
by cellular nucleotldes and be dependent on multiple factors of cell metabolism Our 
present findings underscore the need for examination of galactose metabolism in liver 
under physmlogmal circumstances where cellular nucleotlde levels may be altered 
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