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URIDINE DIPHOSPHATE GLUCOSE: THE COENZYME OF
THE GALACTOSE-GLUCOSE PHOSPHATE
J ISOMERIZATION

A prEvVIOUS report 1 dealt with the enzyma-
tic conversion of galactose-1-phosphate into
glucose-1-phosphate and mentioned that a
thermostable factor is necessary for the reac-
tion. This factor has now been obtained prac-
tically pure, and for reasons given below will
be referred to as uridine diphosphate gluco-
sc.

The preparation of uridine diphosphate
was effected by extraction of bakers’ yeast with
one volume of ethanol, followed by fractional
precipitation with mercuric acetate, adsorp-
tion on charcoal, elution with ethanol and
treatment with a cation-exchange resin.

During the last stages of purification, it
was observed that the activity ran parallel
with a substance showing absorption at 260
my. The same parallelism was observed dur-

ing paper chromatography with 77 per cent:

ethanol. The absorption spectrum of the subs-
tance is identical with that of uridine, and
shows the same changes in acid and alkali,
and after treatment with bromine. For each
uridine calculated. from its absorption coef-
ficient2, the substance contains two phospha-
tes and two. nitrogens.

On mild acid hydrolysis, uridine diphos-
phate loses its coenzymatic activity and yields
a molecule of a reducing sugar which was
identified as glucose by selective fermenta-
tion, paper chromatography, and the carba-
zole reaction ® after removing interfering subs-
tances with ion exchange resins. The rate of
glucose liberation in 0.01 N acid at 1009C. is
higher than that of glucose-1-phosphate (half-
life-time tiy, = 0.8 and 3.8 min. respective-
ly). i

Intact uridine diphosphate is non-reducing,
and, together with the liberation of glucose,
there occurs a change in the titration curve:
it has two primary phosphoric acid groups and
no secondary, while removal of the glucose
unmasks a secondary acid group. This indi-
cates that the glucose must be combined at

position 1 with a phosphate group. Further
evidence on the linkage of glucose to phos-
phate was obtained by treatment of uridine
diphosphate with a suspension of washed kid-
ney particles. A substance was liberated which
behaved like glucose-1-phosphate under the
action of phosphoglucomutase. Oxidation of
uridine diphosphate with periodate gave one
molecule of formic acid and no formaldehy-
de, as would be expected from a glucopyra-
nosyl residue.

The substance remaining after removal of
the glucose contains two phosphate groups,
one of which is 90 per cent hydrolysed.in N
acid at 100°C. in 15 min. After hydrolysing
this labile phosphate, the reaction mixture
shows two primary and two secondary acid
groups. The second phosphate group is very
stable, and its rate of hydrolysis was found
to be nearly equal to that given by Gulland
and Smith4 for uridine-2-phosphate. Howe-
ver, uridine-5-phosphate cannot as yet be ex-
cluded.

The substance remaining after removal of
the two phosphate groups was identified as
uridine by paper chromatography. The pen-
tose could be estimated by the orcinol reac-
tion after bromination 5. Further hydrolysis
in 6 N hydrochloric acid for 2 hr. at 120°C.
gave uracil as judged by chromatography and
by its spectrum at various pH.

On the basis of this evidence, uridine di-
phosphate can be tentatively assigned the ac-
companying formula, which shows a pyro-
phosphate linkage and explains the facts that
it has only two primary acid groups, and that
one secondary acid group appears on remo-
val of the glucose residue and another on hy-
drolysis of the labile phosphate. Molecular
weight calculated from the dry weight and
uridine content gave a value of 630, which is
not too far from the theoretical value of 566.

One point is not yet clear; that is the ac-
tion of alkali. Treatment with 0.1 N alkali at
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100°C. destroys the activity in a few minutes.
No phosphate is liberated; but there occurs
a stabilization of the glucosidic linkage so that
the glucose now undergoes hydrolysis at the
same rate as the first phosphate group. Pre-
sumably alkali brings about a rearrangement
of the molecule.
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The mechanism by which uridine diphos-
phate accelerates the conversion of galactose
into glucose will require further investiga-
tion. The fact that glucose phosphate can be
recognized as a part of the coenzyme suggests
that this portion may exchange with the subs-
trate during the reaction cycle.

An interesting fact is the similarity of uri-
dine diphosphate with the compound which
Park and Johnson é have found to accumula-
te in Staphylococcus aureus grown in the pre-
sence of penicillin. It is not possible from
their data to conclude that it is the same com-
pound; but the resemblance is striking.

A full account of this investigation will be
published elsewere.
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