
n 195o CAPUTTO, LELOIR, CARDINI AND PALADINI 1 

of the coenzyme for the enzyme galacto-waldenase 
,.rsion of galactose-I-phosphate into glucose-I-phos F 
ne to be uridine-diphosphate-glucose (UDPG). PAI 
preparations of UDPG from yeast contained uridine-~ 
Ler substance similar to UDPG, which was referre 
~nce has recently been uridine-di 
'AG) (CABIB, LELOIR AND CARDINI3). PARK 4-6 h a s  

res of Staphylococcus aureus H treated with penicillii 
compounds analogous to UDPG in which the carb( 

byrophosphate is an acetylamino uronic acid, and 
le, and a peptide containing alanine, lysine and glul 
xyl group of the acetyl amino uronic acid. 
)UTTON AND STOREY 7 showed that  a boiled extract of 1 
'er homogenates to promote glucuronide synthesis, 
)stance, which, on the basis of analytical data, m 
ronic acid. When incubated with liver homogenates at 
they found a transfer of approximately one equivalel 

)emclllm, ot tIlree unmne pyropno 
carbohydrate portion at tached t 

in two of these compoun( 
lutamic acid, are bound to tt  

liver was a necessary additic 
and they isolated from live 

might be uridine diphosphal 
and o-aminophenol or (--)me1 

uivalent of glucuronic acid for ea( 
)resent in the compound with the formation of the corr 

he function of these uridine diphosphate compounds, apa 
ty of UDPG. TRucco 9 found that  the incubation of uridh 
ine triphosphate (ATP) and glucose-I-phosphate with 
rmation of UDPG. Recent work ~°-n indicates that  th 

-- UTP ~- ADP 

>I-phosphate ~- UDPG + pyrophosphate, 

he main interest is in the isolation and properties of ti 

t ry  Depar tment ,  University of Glasgow, Scotland. 

the p? 
alanine 
carbox' 

Dux 
to liver 
a substance 
glucu 
thol, 
equivalent of uridylic acid 
sponding glucuronide. 

Little is known about the 
from the co-waldenase activit~ 
diphosphate (UDP), adenosine 
yeast  extract led to the formation 
reaction occurs in two steps; 

UDP + ATP 

UTP + glucose-I- t 

both reactions being reversible. 
In the present work, the 
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~P labelled inorganic pyrophosphate was prepared from Na2H 
cal Centre, Amersbam,  England) by  the method of KORNBE~ 
~ridine triphospha/e was a synthet ic  preparat ion,  prepared 
TODD, Cambridge University,  and found to contain 5o% 1 

romatography  and enzymic assay by  the method of BERG AI~ 
;lucose-6-phosphate dehydrogenase (Zwischen ]ermenl) was pre  
ms, Copenhagen) by  the method of LE PAGE AND MULLER 18. 
l tain the enzyme uridyl t ransferase 11 which catalyses the r 
"P + glucose-l-phosphate,  and the enzyme nucleoside diphc 
~n : U T P  + A D P  ~- ATP + UDP.  This Zwischen [erment pre t 
se lat ter  two enzymes as well as glucose-6-phosphate dehydr, 
Yeast hexokinase was prepared and purified by  the method o 
?, 

4denylic acid deaminase was prepared from rabbi t  muscle by  
Phosphoglueomutase was prepared and purified from rabbi t  m 
UDPG and UDPA G were prepared from yeast  by the methoc 
per chromatography .  
Nuclei were isolated from guinea pig liver by the isotonic 
nitial liver homogenate  in ice cold 0.25 b /  sucrose was stra 
fuging. The nuclear fraction obtained at  6o0 g was washe( 
oo g wi th  0.25 21// sucrose, at which t ime it was found to b 
Jged microscopically. Centrifuging was carried out  at o ~ 

Paper chromatography of the nucleotides was carried out  o: 
2 N acetic acid, using the neutral  a m m o n i u m  a c e t a t e - - e  
:R 2. Solutions were applied to the paper  from Carlsberg micro 
d air. Drying of ch romatograms  after development  (24-40 

sucrose method of SCHNEIDER 
strained th rough  nylon gauze befe 

washed five t imes on the centrifuge 
be free from cytoplasmic partiel 

in an In ternat ional  Refrigerat 

on W h a t m a n  No. 1 paper  wash 
ethanol solvent of PALADINI A~ 

torero-pipettes and dried with a strea 
g~ ,pment (24-4o hours) was carried out  at roc 
ition of some of the labile nucleotide compounds.  The nucleotid 
the method of MARKHAM AND SMITI{ 21 using a Mineralight lain 
leotides were obtained by  scanning a I cm strip in the Beckm~ 
tsing an appara tus  based on tha t  Of TENNI~NT, WHITLA AND FLOREY 
)matogram since RF values vary  considerably with temperature .  
ugars  was carried out with the ethyl acetate-pyridine-water  solve 

paper was carried out by  the method of CONSDEN AND STANIEI 
l d a  borate buffer of p H  8.6. Sugars were located by the anili 
25 or wi th  the modified ELSEN AND MORGAN reagent 26. 
carried out  by  the method of BERG AND JOKLIK 1° using the enzyi 

ch catalyses the reaction: UTP + ADP ~ ATP + UDP, and t 
of 1KORNBERG AND PRICER eT, the formation of reduced TPN bei 
at 34o m/x. 

:ed by  the spectrophotometr ic  method of KALCKAR 18 employi 

~G. In  addition to the identification of this compound  chromat  
ted by means of the reaction n :  UDPG + pyrophospha te  ~-  Ul 

centrifu 
5oo-6oo 
as judg 
Centrifuge using head No. 269. 

Pa 
with 
L E L O I R  2. 
of coh 
tempera ture  to avoid decomposit ion 
were localised on the paper  by  
Relative propor t ions  of the nucleotides 
Spect rophotometer  (Model DU) usm 
Standards  were run on each chromato  

Paper  ch roma tography  of sug 
of  JERMYN AND ISHER~VOOD 23. 

[onophoresis of sugars  on pa  F 
using W h a t m a n  No. I paper  and 
phtha la te  reagent of PARTRIDGE 25 

Enzymic assay o/ U T P  was 
nucleoside diphosphokinase which 
ATP est imated by  the method 
followed spectrophotometr ical ly  

.4denylic acid was est imated 
adenylic acid deaminase. 

Pyrophosphorolysis o/ UDPG. 
graphically, U D P G  was estimate~ 
+ glucose- i-phosphate .  
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is described in the text  were isolated fi 
prepared by  the method of MARSH 13. 
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solation ol uridine nucleotides. Two methods were emp 
nea pig liver : (a) ice cold trichloracetic acid extraetiol 
~richloracetic acid (TCA) extraction method. Guinea  
ng Blendor) in 3 volumes ice cold 8 % TCA within I mi 
by exsanguinat ion.  The homogenate was centrifug( 

: ted with an equal volume of ice cold ~ .... o TCA an( 
~xtraets were rapidly extracted three t imes with eth, 
Glycogen was precipi tated by the addi t ion of an ec 

ing at o ° for 3o minutes  and  centrifuging. The supe 
ith N KOH, ioo ml 25 % bar ium acetate solution add 
followed by  alcohol to a final concentra t ion of 8( 

' for one hour the bar ium salts were removed by  cent 
alcohol, and dried with absolute alcohol, ether and  fil 
7oiled liver extract. Guinea  pig liver was homogenised 
ed water  within i minute  of excision from animals  k 
omogenate  poured into an equal volume of boilin~ 
ag through in order to ma in ta in  tempera ture  at ioo 
] at zoo ° for I minu te  and  then rapidly cooled at -: 
, ttained, followed by  centr i fugat ion at 2o,ooo g for 5 
[sed as such in some experiments  and is referred to a~' 

. . . . . . . .  . , , • , 1  • • , , .  r 

OUTo i v / v ) . . ~ t t c t  ~L~U~Um 8 , 

centr ifngat ion,  washed with So' 
finally ]n a vacuum desiccate 

enised (Waring Blender) in 2 vol 
killed by  exsanguinat ion,  ar 
g distilled water  with stea 

ioo °. The suspension was marl 
-15 ° unt i l  a tempera ture  of { 

minutes  at o °. This solutic 
as boiled liver extract. Glycog( 

xtract by the addi t ion of an equal volume of 96% alcoh 
lloric acid and s tanding at o ° for 3o minutes  followed t 
an t  was adjus ted  to pH 9.o with N K O H  and  the bariu 

as for the TCA extract.  

~mrium salts 

• om both the T{;A extract ion and  the boiled extract  of liv 
race with the scheme presented in Fig. i .  A tempera tu  

ed for the cofactor of glucuronide synthesis, and the resu 

td in the H,20 soluble, 5o% E t O H  precipitable bar ium sa 
and that  this fraction from a boiled liver extract  is mn~ 
,, same fraction from the TCA extract ion method.  In  vie 

(v/v) 
Bo~ 

distilled 
the homo 
passing 
ra ined 
was a t ta ined  
was used 
was precipi tated from this extract  
and  I or 2 drops Io% perchk 
centrifugation.  The superna tan t  
salts precipi ta ted and  dried as 

Further iractionation o~ total i 

The total  bar ium salts from bot 
were fract ionated in accordance 
of o ° was ma in ta ined  throughout .  

Each fraction was assayed 
is shown in Table [. 

Cofaetor act ivi ty  is found 
fraction (B). I t  has been found 
richer in cofactor than is the 
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/ v o r t e d  t{:} ~ l u c o s o - 6 - p h o s p h a t t ~  b y  I}h, 
l n o t h o d  of KORNBERG ANI)  [)RICB'R 27. "[ 

lhesis w a s  d e t e r m i n e d  1)} a. m o t h o d  t)~ 
o n t a i n m ~  o.5 ml  0.2 M ~ l y c y l g I y c i n e  1)u 
3 m l  s u p c ~ r n a t a n t  o b t a i n e d  b y  c e n t r i t  
)oo g fo r  lo  m i n u t e s ,  w i t h  t h e  a d d i t i o n  
w e r e  i n c u b a t e d  a t  37 fo r  u spec i f i ed  t 
e a d d i t i o n  of 2 ml  M g l y c i n e - t r i e h l o r a c {  

ly lglucuronie l (~  w a s  e s t i m a t e d  m 3 ml  
~ p h t h y l ) e t h y l e n e d i a n l i n e  d i h y d r o c h h } r i  
535  m/~ ( C o l e m a n  J u n i o r  S p e c t r o p h o t o ]  

noel £reun a ca l i l : ) ra t ion  c u r v e  p r e p a r e  
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Washed  wi th  5 o %  E t O H  S t a n d  a t  
and dried wi th  E t O H ,  ether  

and in vacuo. 

I 
Precipitate  C 

H 2 0  s o l u b l e ,  8o  °/o E t O H  
insoluble  Ba  salts. 

Washed  wi th  8o % E t O H  
and dried with  EtOH,  ether 

and in vacuo. 

Fig .  i .  Scheme of fract ionat ion of tota l  bar ium salts t 

E X A M I N A T I O N  O F  T H E  B A R I U M  F R A C T I O N S  F R O M  G 

F O R  T H E  C O F A C T O R  O F  G L U C U R O N I D E  S~ 

3 ° m g  each of fractions A,  B a n d  C were dissolved in water  at 
ved wi th  K~SO 4 and centr i fugat ion,  the  supernatant  adjust  
1 a l iquots  were assayed for glucuronide synthes is  cofactor.  

o ° wi th  the  aid of N HC1, bari~ 
ljusted to p H  7 and di luted to 3 l 

Fraction o-aminophenylglucuronide 

ication of the cofactor was confined to Fraction B from t 
hromatographic examinat ion of this fraction (after r e m m  
ral a m m o n i u m  a c e t a t e - - e t h a n o l  solvent  2 gave the resl 

~sorbing areas of the chromatogram were e luted with  t 
t water, and the eluate assayed for the glucuronide synthe  
cofactor act iv i ty  was entirely located in area 4 of the ch~ 
same t ime,  each eluate was examined  for glucuronic a( 

rcinol reaction, and this substance was found to be presc 
e cofaetor act ivi ty .  
e R F value of the glucuronide synthes is  cofactor was alm( 
os ine-5-monophosphate  (AMP), and assay of the eluate 
,, buffer pH 6 by the deaminase m e t h o d  of KALCK~U~ ts in 

30  
remove,  
o.3 ml  

of this finding, further purifi¢ 
boiled l iver extract .  Paper chromat( 
of barium) using the neutral 
shown in Fig. 2. 

The individual U.V. absorbin 
m i n i m u m  vohlme of distilled water 
cofactor. It  was found that 
matogram in Fig. 2. At the 
by the Tollens naphthoresorcinol  
only in the same area as the 

It  was observed that the 
identical  with that of adenosine-,  
this area in o.2 M succinate 
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?ld o . I  N HC1, and the p H  adjusted 
at o ° for 1 hour  and centrifuge.  

. . . . . .  ] 

Supernatant  
ts E t O H  a d d e d  t o  a fin 
and centrat ion of 5 o ~ o  
and Stand a t  o ~ f o r  I hc 

centrifuge.  

I 
- I 

Supernatant  
O H  E t O H  a d d e d  t o  a fi~ 

centrat ion  of 8 o %  
o ° f o r  l hc 

centrifuge.  

I 
Supernatant  

from guine 

T A B L E  I 

G U I N E A  P I G  

S Y N T H E S I S  

formed (ml* moles) 

A 1. 5 
I3 38 .0  
C 2 .0  
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ua ,< 
• ~ ~ ~ 

O 0  Q o  o ,  
© g • 

Q • 
• Paper chromatography of t;ractions B 

from guinea pig liver using \Vhatman 
washed paper and ammonium 

e -  ethanol solvent; 30 hours develop- l:ig. 3. The 

W V 

0 o @  

0 
O O o  

effect of Dowex 5 ° t rea tment  c 
"MP, 4. AMP, fractions B and C. Details as Fig. 2. 
). Crude yeast 
.c UTP, UDP 
t,S markers. 

• A s s a y  b y  t h e  d e a m i n a s e  r e a c t i o n  18 s h o w e d  t h e  c o m p l e  

s y n t h e s i s  c o f a c t o r  s h o w e d  t h a t  no  loss o c c u r r e d  p r o v i d e  

o u t  a t  o °. P a p e r  c h r o m a t o g r a p h y  of a n  a l i q u o t  of t[  

H + c o l u m n  was  c a r r i e d  ou t ,  u s i n g  t h e  n e u t r a l  a m m o n i u l  

d t h e  r e s u l t  is s h o w n  in  Fig .  3. 
c h r o m a t o g r a m  were  e l u t e d  w i t h  t h e  m i n i m u m  v o l u m e  

for  t h e  g l u c u r o n i d e  s y n t h e s i s  f ac to r .  T h i s  s u b s t a n c e  w~ 

4. T h i s  a r e a  was  also a s s a y e d  for  A M P  b y  t i le  deamina~  

~ j s  

Fig. 2. 
and C 
No. I acid 
acetate 
ment.  ~. UDPAG, 2. UDPG, 3. I;MP, 
5. UDP, 6. ADP, 7. UTP, 8. ATP. 
UDPG preparat ion and synthetic 

and UMP mixture were used as 

p H  7.o a n d  s t o r e d  a t  - - 1 5  °. 
a b s e n c e  of A M P .  

A s s a y  of t h e  g l u c u r o n i d e  

al l  o p e r a t i o n s  we re  c a r r i e d  

e f f luen t  f r o m  t h e  D o w e x  5 ° 

a c e t a t e - - E t O H  s o l v e n t  2, a n d  

T h e  c o m p o n e n t s  of t h i s  

d i s t i l l ed  w a t e r  a n d  a s s a y e d  

c o n f i n e d  e n t i r e l y  to  p o s i t i o n  
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LV. a b s o r b i n g  m a t e r i a l  c l u t c d  fro1 

ter -sotubl~ . . . .  3o ,,' E t O H  p r e c i p i t a l  

s a l t s  w, 'rc ( l i sso lved  in ice cold  o.1 

/ 1.5 cm 2.t) c m  2 for  a p t w o x i m a t  

) s o r p t i o n  for u r i d i n e  c o m p o u n d s )  

m w a s h e d  w i t h  d i s t i l l ed  w a t e r .  (" 

m d  c o n t i n u e d  u n t i l  t i le  p H  rose tc 

~ u e n t  co l l ec t ed  on  ice. T h e  e lua tc  
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. . . . . . . . . . . . . . . .  1 -  . . . . . . . . . . . . . . . . .  o . . . . . . . .  

ons were collected on an automatic fraction collectoi 
on at 26o m/~ was determined in the Beckman spect~ 
hown in Fig. 4. 

ar~ 

zo .~.I 

g t.2 
..a 
5 

o.,9 

°'-) 
I 

tO 20 

~. Dowex I fractionation of total  bar ium salts of guinea pig 
area indicates the posit ion of the cofactor of gluct 

#0 50 60 70 80 
tom( FRACTIONS 

liver. Details in text.  "File shad 
icuronide synthesis. 

was assayed for glucuronide synthesis cofactor and it w 
eak between fractions 63-74. These fractions were poole 
:OH, and the barium salts precipitated with barium aceta 
fter standing at - -15  ° for one hour, the barium salts we 
ed. The barium salts were dissolved in ice cold o.oi N H( 
zS04 and the solution neutralised. This solution was assay 
ofactor and ehromatographed in the neutral ammoniu 
indicated that it contained only 2o% cofactor and that t 

In view of the fact that free UMP is eluted from the eolun 
lat the UMP in the cofactor fraction arises from breakdov 
lpon the poor yields obtained by this method, it was decid 
~e barium fractionation and paper chromatographic meth~ 

Fig. 4. 

Each of the main peaks 
found to be present in a peak 
the pH adjusted to 9 with KOH 
and EtOH to 5o% (v/v). After 
centrifuged, washed and dried. 
the barium removed with Kzl 
for glucuronide synthesis cofactor 
acetate solvent ~. The results 
main component was UMP. 
in o.0o5 N HC1 it is likely that 
of the cofactor. Consequent u t 
to abandon it in favour of the 
outlined in the previous section. 
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LV. absorbing mater ia l  consisted almost ent i rely of [ 
O/ ox. 5/o) of UMP. Analysis of the preparat ion for he  

)d of KORNBER(; AND PRICER ~7, indicated that  not  r 
~ts are present  in this material .  

',rties o / g l u c u r o n i d e  s y n t h e s i s  co~actor 

iver U D P A G  o 

~oth of these compounds prepared 
,ove were isolated in chromatogra- . . . . . . . . .  
lly pure form by  chromatographing 
te band  (IO cm) of the solution on 
:man No. I paper for about  30 hours b 
~' neu t ra l  a m m o n i u m  aceta te-e thanol  / 

/ 

/ at 2, and  eluting the . . . .  , _- 

?he effects of acid hydrolysis were 
ed, the solutions being hydrolysed 
)0 ° for I0 rains at  pH 2 (HC1 or 
)~) and  for 9 ° rains at pH I. The . . . .  - - : - -  

ons were subsequent ly  neutralised,  i t  ~ i 
and chromatographed in 07 

leut ra l  a m m o n i u m  acetate-ethanol  050 

/ k.,,x 
appropriate . . . . . . . . . .  

. . . . . . . . . . . .  J ~  . . . . . . . .  

UOP UtqP 

:ption in the . . . . . . . .  ? - - " 
2O NtIGRA HON (cm,) 

,r the glucu- Fig. 5. Chromatograms of the hydrolysis produc 
nd  in Fig. 6 of the cofactor of glucuronide synthesis. Sampl 

ammonium 
ethanol solvent for 36 hours and scanned in tl 

lronide syn- Beckman spectrophotometer at 26o m#. 
at  p U  2 and a. Glucuronide synthesis cofactor; 

b. the same after heating at ioo ° for to mins 
of act ivi ty  
system and  c. heated at mo° for 90 mins at pH ~ ; 

lg carbohy- d. UDP and UMP markers. 

ionophoresis 
id. No other free carbohydrate  was produced by these col 

band  in distilled water. 
The 

studied 
at Ioo ° 
H~SO~) 
solutions 
concentra ted 
the neut ra l  
solvent. The resul t ing chromate 
were scanned for U.V. absor 
Beckman spectrophotometer  and  
results are shown in Fig. 5 for 
ronide synthesis  cofactor, and  in 
for liver UDPAG.  

Hydrolysis  of the glucuronide 
thesis cofactor for Io mins 
IOO ° caused a complete loss 
in the glucuronide synthesis  
the release of a free reducin 
drate which was identified by  ionof 
on paper 24 as glucuronic acid. 
ditions of hydrolysis. 
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M~GRZ, r,,C~ ,.era; uridine spe, 
• 6, Chromatograms  of the hydrolysis products  pate in the 
iver UDPAG. Samples run  s imultaneously in 
~nonium acetate-ethanol  solvent for 36 hours  
scanned in the Beckman spec t rophotometer  

and would t he same heated at  lOO ° for io mins at p H  2; 

Uridin 
uridine dip 

ently found in liver extracts prepared either by extrac 

)ectrum. I t  was louna to par~ 
pyrophosphorolysis reactic 

UDPG + pyrophosphate ~ UTP + 
glucose-I-phosphat 

would therefore appear to be ident 
with the UDPG of yeast. 

Uridine-5-monophosphate (UMP) 
phosphate (UDP) have been 

xtraction with TCA or boiling wa 
by its U.V. absorption spectrum which showed a maxin 
t reatment  with bromine water/). Chromatographically, 
L identical manner  to uridine-5-monophosphate (Nutriti 
dentified by its uridine spectrum, by hydrolysis to UMP 
°), and also by phosphorylation to UTP as shown in Fi 
ing chromatographically to UTP was eluted and fur 

of BERG AND JOKLIK 1°. This conversion of UDP to [ 
~ORNBERG 33 who reported that  UDP was phosphorylate 
and pyruvatephosphokinase.  

omponent with the same RF value as UTP was freque 
e boiled liver extract. This compound was eluted and fc 
n. I t  was also shown to be a nucleoside triphosphate by 
CLIId °. I t  appears probable that  this substance is UTP, 
resent for a complete analysis. 

of liver 
a m m o n i u m  
and 
at  26o m/z. 
a. Liver UDPAG;  
b. the same 
c. heated at  lOO ° for 9 ° mins at p H I  ; 
d. U D P  and UMP markers.  
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method of BERG AND JOKLIK 1°. 
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y m i c  s tudies  on U D P A G  

It was shown by MUNCH-PETERSEN et al. n that UDPC 
ergoes pyrophosphorylation 
st enzyme to produce UTP and glucose-l-phosphate 
erupts to carry out the analogous reaction with live1 
PAG failed to show any production of UTP as deter 
ed by chromatography or by the method of BERG AI~ 
.2IOGEBOOM AND SCHNEIDER 34 that the enzyme respons 

? + nicotinamide mononucleotide ~- diphosphopyridi 

)resent in isolated rat liver nuclei, it was decided 
:ce of an enzyme which would pyrophosphorylate UD 
UDPG, prepared from yeast and purified by paper cl 
a suspension of guinea pig nuclei and inorganic py 

hyl) amino methane buffer (TRIS) pH 7.8, and the r 
The chromatographic area corresponding to UTP 
substance confirmed by the assay method of BERG AN 

JDP and UMP was also observed in this experiment  
The analogous reaction with UDPAG isolated fron 

ophosphate labelled with a~p. The chromatogram 

to investigate liver nuclei a 
UDPG and UDPAG. 

chromatography, was incuba 
pyrophosphate in Tris (hydro 

result is shown in Fig. 8. 
was eluted, and the identity 

BERG AND JOKLIK 10. A large product 
mrlment .  

from l iver  was car r ied  out,  us 
of the reaction products 

n in the  Beckman  spectrophotometer. The I cm wide st] 

Fig .  8. The pyrophosphoro ly s i s  of U£  
b y  i s o l a t e d  g u i n e a  p i g  l i v e r  nuc le i .  
m o l e s  U D P G  (yeas t )  i n c u b a t e d  w i t h  

uMP m o l e s  MgC12, IO /* m o l e s  p o t a s s i u m  p: 
p h o s p h a t e ,  400/*1 n u c l e i  s u s p e n s i o n  

u~PG 0.25 M suc rose  ( e q u i v a l e n t  t o  IOO 
o r i g i n a l  l iver )  a n d  0.2 M T R ! S  buffer ,  
7.8, t o  a f ina l  v o l u m e  of i m l  for 30 
a t  25 ° . R e a c t i o n  s t o p p e d  a n d  pro 

- - "  r e m o v e d  w i t h  ioo /*1  i o  °/o p e r c h l o r i c  
a n d  c e n t r i f u g a t i o n .  N u c l e o t i d e s  adsor 

M/SFtAr/ON (cm) on 5 ° m g  a c i d  w a s h e d  c h a r c o a l  fo~ 
:coal  a f t e r  r e n m v a l  of r e a c t i o n  m e d i u m  w i t h  2 m l  5o % e t h a n o l  f 
L b y  a n  a i r  s t r e a m  a t  r o o m  t e m p e r a t u r e ,  a n d  c h r o m a t o g r a p h e (  

4 ° hou r s .  C h r o m a t o g r a m  s c a n n e d  in  B e c k m a n  s p e c t r o p h o t o m e t e  
m s  of s p o t s  i d e n t i f i e d  b y  m a r k e r s  r u n  s i m u l t a n e o u s l y .  

with  
meth,  

this  
of U D P  

pyro~ 
scanned  for U.V. absorp t ion  

~ UDP 

~ 0.75 

..a 

~0.2~ 

,'o ,'5 Jo 

r a in s  a n d  e l u t e d  f r o m  t h e  c h a r c o a l  
hour.  The  e l u a t e  c o n c e n t r a t e d  
a m m o n i u m  a c e t a t e - e t h a n o l  for 

26o m/z. P o s i t i o n s  
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urP ! ~ ~ I k 4300,0 0.02 ]I] t]11Ol 
/-'t ,] ~, d r  ~ I ~ ~aoo~ this  breakdc , 
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cons iderab le  ! 

4oo a n d  U M P ;  so: 
oo in this  exper  
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• 9. The pyrophosphorylation of ac t ive  in th( 
PAG by isolated guinea pig liver nuclei• 
2 # moles UDPAG incubated with 5/x moles 
2,1~, 4oo#1 nuclei suspension in o•25M 
rose (equivalent to 30o mg original liver) E n z y m i c  stud 

0.2 M TRIS buffer pH 7.8 to a final 
llile of 3 ml for 3 ° rains at 25 ° . (b). The 
le as (a) with the addition of 2 / ,  moles in- Since t~ 
tnic pyrophosphate labelled with a2p (i /2c). to i nd ica t e  
The same as (b) with the addition of 60 

roles NaF. Reaction mixtures treated as in d i p hospha t e  
• 8. Chromatogram developed for 24 hours m a d e  to py i  
h the ammonium acetate-ethanol solvent. 
ition of spots identified by markers run . . . . . . . .  

the  pyropnospnoro tysas  oI u J_ 

s t u d i e s  on  the co/ac tor  o / g l u c u r o ~  

the  a n a l y t i c a l  d a t a  would  apl 
t h a t  th i s  c o m p o u n d  is uri~ 
g lucu ron ic  acid, a t t e m p t s  

p y r o p h o s p h o r y l a t e  th is  compo  
a m a n n e r  ana logous  to U D P G  

:pyrophosphate U D P A G .  These  a t t e m p t s  were un i fo r  
raphed without nega t i ve  w h e t h e r  a yeas t  p r epa ra t i on  
:anned in Beck- l iver  nuc le i  were used  as source of enzv 60 m/, and for 

(b) and (c) the Us ing  ch roma tog raph i ca l l y  pur i f ied  cofa 
:t with inorganic one typ ica l  e x p e r i m e n t  u s ing  l iver  nuc le i  

32P-pyrophosphate  is recorded  in  Fig.  I 
) ing ma te r i a l  p roduced  in th is  e x p e r i m e n t  was UMP,  
P or U D P .  A n  u n e x p l a i n e d  f inding  was the  presence  of a .' 
,vhich showed no  U.V. absorp t ion .  The  g ranu le s  a n d  su 
f p y r o p h o s p h o r o l y t i c  ac t iv i ty .  
,, MUNCH-PETERSEN el al. n of the  revers ib i l i ty  of the  p 
DPG,  sugges ted  the  poss ib i l i ty  of an  e n z y m i c  syn thes i  
ronic ac id  (UDPGA)  b y  the  r eac t ion :  
nic a c i d - l - p h o s p h a t e  ~ U D P G A  + p y r o p h o s p h a t e  

/ a ) .  2 

MgC1 
sucrose 
and 
volulne 
same 
orgamc 
(c). 
12 moles 
Fig. 
with 
Posil s t y 
simultaneously• (d). Inorganic 
marked with 32p chromatogra F 
treatment. Chromatograms scanned 
man spectrophotometer at 260 
radioactivity. In experiments 
charcoal used was also washed 

phosphate and pyrophosphate. 

The  on ly  U.V. abso rb in  
no fo rma t ion  of e i ther  U T P  
m o v i n g  rad ioac t ive  spot  which  
n a t a n t  were also devo id  of 

The  d e m o n s t r a t i o n  by  
phosphoro ly t i c  spl i t  of U D P G  
u r id ine  d i p h o s p h a t e  g lucuron ic  

U T P  q- g lucuron ic  
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i t r o  synthes is  of o-aminoi,henyi '-  
uronide.  
Inves t iga t ions  have been carr ied 
on the  t ransfer  reac t ion  be tween  Fig. ~o. Theeffe, 
cofactor  and  o-aminophenol .  This  and pyrophospL 

synthesis.  (a). 
Lion was found to proceed jus t  as with 5/2 moles 
e n t l y  in g lycylg lyc ine  or  phosphate  label 

suspension in o.: 
ers as in phospha te  buffers, and  original l iver)a 
~ed a b r o a d  p H  o p t i m u m  a round  a final volume o 
7. 7. I t  was found t ha t  wa te r  homog- mixture treated 

charcoal, which 
es of l iver  were as efficient phospha te  and 
ce of con juga t ing  enzyme as KC1 of UTP, UDPm 
ogenates,  and  t ha t  the  ac t i v i t y  of for 2 4 hours wi 

solvent and sc 
enzyme was und imin i shed  in the  photometer  a t :  

r n a t a n t  from a wa te r  homogena te  
r i fuged at  io ,ooo g for IO minutes .  Storage of homc 

day, s a t  o ° or 

~ _  The conju t 
be very  rapid,  
scr ibed in the  

scanned in the Beckman spect 
260 m/2 and also for radioactivi 

~genates or supe rna tan t s  foJ 
- -  15 ° caused comple te  loss 

t lugation react ion was found 
and  using the  technique  ( 
me thods  section, the react i  

was comple te  in IO-I5  minutes .  
There  was found to be a s t ra igh t  li 

re la t ionship  be tween  the  amoun t  of o-amfi 
phenylg lucuronide  formed and  the amoun t  
cofactor  used, and  such an exper iment ,  usin 
crude cofactor  p repara t ion ,  is shown in Fig.  : 

In  the  case of the ch romatograph iea  
it was found t ha t  

i amoun t  of glucuronide formed was equi~ 
lent  on a molar  basis, to the  amoun t  of ( 

used (rag) factor  used (calculated on the basis of a mo 
dnophenyl-  ext inc t ion  of IO 4 for the  cofactor).  The cc 
amount  of cen t ra t ion  of o-aminophenol  used  made  li t  

difference, p rov ided  sufficient o-aminophm 
mjugat ion of the  amoun t  of cofactor  used. 

supe rna t an t  
centrifu 

I 
4oi 

~ 30 

F / /  
(o 

0 0.8 1.6 2.4 3.2 
Amount crude cofactor 

Fig. I I .  The relation of o-amino 
glucuronide formed to the amoun t  

glucuronide synthesis  cofactor used. 

was present  for comple te  conluga 
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dques ~, ~2 and the isolation of a cofactor of glucuronide 
ted s, which, on analysis appears to be UDPGA. Pri 
m was available concerning the presence of free uridi 
Le present work, evidence has been presented for th 
, UTP, UDPG, UDPAG, and a uridine diphosphate 

is the cofactor of glucuronide synthesis. Considerable 
in liver, and it has been possible to isolate approxima 
Initial assay of a boiled extract of liver shows the pres 

tor per IOO g liver. Considerable losses occur during 
~een possible to recover more than approximately 25 
rots of UMP and UDP are also present in liver, but tl 
ars to be small. Only the water-soluble barium salts 
]etail, however, and it is quite probable that  UTP w 
rater-insoluble barium salts. Examination of this fra 

l'he great loss of the glucuronide synthesis cofactc 
~x CI' column, indicates the unstable nature of this c 
the use of Dowex I formate columns and formate buff 
lpler preparation with larger yields to be devised. T 

Chemical studies on the UDPAG of liver make it fai 
mtical with the UDPAG of yeast a. The fact that  livc 

wilt occur m larger amounts 
fraction will be the subject ot 

cofactor during purification on t 
compound. I t  is very probat 

formate buffers of a higher pH will enat 
This problem is also at prese 

fairly certain that  this mater  
er UDPAG undergoes a pyt 

UTP is further evidence for the structure of this compoun 
Lt the pyrophosphorolysis of UDPAG occurs only with liv 
: with yeast  preparations which rapidly pyrophosphoryla 
t Fig. 9 indicate that  the UTP formed in the pyrophosphc 
down to UDP, as indicated by the formation of radioacti 
UTP appears to be inhibited somewhat by fluoride io 
~ver, UDPAG is degraded by nuclei preparations to gi 
and free uridine. A similar pat tern is observed when UDt  
ei preparations and pyrophosphate;  in this case, howew 
eater than that  obtained by corresponding pyrophosphoI 

Le glucuronide synthesis cofactor would appear to indica 
~t of UDPG and UDPAG. When one turns to the enzyrr 
in anomalies are found. The cofactor will not undergo pyr 

further  communication. 
Th~ 

Dowex 
that  
a sim 
under investigation. 

Ch, 
is identical 
phosphorolytic split to give UTP 
I t  is a significant finding that  
nuclei preparations, and not 
UDPG. The results shown in 
olysis of UDPAG is broken down 
UDP. This breakdown of UTP 
(0.o2 M). In addition, however 
non-radioactive UDP, UMP 
is incubated with liver nuclei 
the formation of UTP is greater 
lysis of UDPAG. 

Chemical analysis of the 
a structure analogous to that  
experiments, however, certain 
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"tie rapidity of the reaction for the synthesis of glucur 
the ratio of unity for the molar amount of glucuroni 
tct that the o-aminophenol concentration has little ef 
Lhe overall reaction is a simple transference of glucm 
,rmation of UDP. A study of this reaction and the end 
Aglucuronide might provide some information on the 
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:. Un cofacteur de la synthbse des glucuronides, qui semble 5t 
cide glucuronique a dt6 isold du role. Uridine diphosptlate a, 
lu foie de plus, et c 'est identique avec I 'UDPAG de la levure 
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Cofaktors der Synthese yon Glucuronk 
Verbindung verschieden ist yon d~ 

ieser Uridinverbindungen in Leber wird besprochen. 
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