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mation of a phospholipid. The observations may support the hypothesis made here
that the soluble relaxing factor isolated directly from muscle is a phospholipid.
This work was done during the tenure of an Established Investigatorship of
the American Heart Association and supported by the U.S. Public Health Service
grant H-6782.
‘ Departwment of Physiology, - F. N. BrigGs
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PN 1187

Uridine diphosphate fructose and uridine diphosphate
acetyligalactosamine from dahlia tubers

During an investigation of the nucleotides of Dahlia tubers, UDP-glucose and UDP-
galactose have been isolated. Evidence is presented here which indicates that these
nucleotides are accompanied by an hitherto undescribed compound which appears
to be UDP-fructose. Furthermore, UDP-acetylgalactosamine has also been isolated
accompanying UDP-acetylglucosamine. Whereas UDP-acetylgalactosamine has been
found in bacteria® and animal tissnes?:3, it has not been detected in higher plants.
An alcoholic extract of Dahlia tubers was subjected to a preliminary purification
by passing it through a column of Dowex-1 X4 in the acetate form, elution being
effected by a solution 0.2 M NaCl-0.003 M HCL The fraction containing the uridine
diphosphate sugars was recovered by adsorption on charcoal, followed by elution with
aq. 50% ethanol®. Further purification was effected by paper chromatography in
ethanol-ammonium acetate, pH 3.8 (ref. 5), followed by rechromatography in
ethanol-ammonium acetate, pH 7.5 (ref. 5), or by chromatography on Dowex-1 X4
resin in the chloride form using a gradient elutiori with NaCl (ref. 6). In this form,

two fractions containing mainly UDP-glucose and UDP-acetylglucosamine, respec-
tively, were obtained.
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All the UDP-glucose fractions prepared by these procedures liberate reducing
substances on hydrolysis at pH 2 for 15 min at 100°. These were submitted to paper
chromatography in phenol-water? and butanol-pyridine—water® followed by de-
velopment of the papers with alkaline AgNQO, (ref. g). Three spots were observed with
the Rypose values of glucose, galactose and fructose. The same results were obtained
by ionophoresis!® and chromatography in butanol-pyridine—water?, both on borate-
buffered papers. Fructose was further identified by its reaction with the resorcinol-
HCI1 reagent of Rog!L

Hydrolysis at pH 2 for 15 min at 100° yielded UDP and heating in 1 N acid
for 30 min at 100° liberated UMP as observed by paper chromatography in the acidic
and neutral ethanol-ammonium acetate solvents. After treatment of the UDP-
glucose fraction with snake-venom pyrophosphatase (EC 3.6.1.9), the only nucleoside
formed wa: uridine, identified chromatographically (two solvents) and from its
absorption spectrum. The organic phosphates formed during the enzymic hydrolysis
were examined by paper electrophoresis on cetyltrimethylammeonium borate buffer!2.
Three sugar phosphates were observed with mobilities close to that of glucose 1-phos-
phate, galactose 1-phosphate and fructose r-phosphate.

Chromatography of the UDP-glucose fraction in isopropyl alcohol-ammonia—
water led to the formation of UMP and cyclic phosphates. The latter were isolated,
hydrolysed in 1 IV acid for 30 min at 100° and submitted to paper chromatography
in butanol—pyridine—water using borate-buffered paper and in phenol-water. Three
sugars with the Rywose value of glucose, galactose and fructose were obtained.

The ratio uridine: total phosphate®?:reducing sugars was 1.1:2:1.04 (total phos-
phate taken as z). The reducing value of a hydrolysate was determined by Parx
AND JoHNsON method! in which the three sugars give the same colour intensity.
The amount of fiructose in the mixture was determined after separation by paper
chromatography. The values obtained varied for different batches and showed that
it comprised approx. 5% of the total sugars present in the UDP-glucose fraction.

The fructose-containing compound could not be separated from UDP-glucose and
UDP-galactose despite the different isciution procedures tried. This is an indication
that the substances are closely related in structure. These observations indicate the
presence in Dahlia tubers of a nucleotide in which uridine is joined at the 5'-position
through a pyrophosphate residue to fructose. However, it is not possible to say
through which carbon the fructose is linked to the nucleotide. The rate of liberation
of fructose on acid hydrolysis as judged by paper chromatography is similar to that
of glucose and galactose. Synthetic UDP-fructose!s (prepared by condensation of
uridine 5’-phosphomorpholidate with a salt of fructose 1-phosphate) liberates fructose
on acid hydrolysis at a rate appreciably slower than that of glucose from UDP-
glucose. This could indicate that in the natural nucleotide, fructose is linked
through C-2.

The presence of UDP-fructose in Dahlia tubers is of interest as a possible inter-
mediate in the biosynthesis of fructosans.

The UDP-acetylglucosamine fraction was found to liberate on acid hydrolysis
acetylgalactosamine besides acetylglucosamine, indicating the presence of UDP-
acetylgalactosamine®., The sugars were separated by paper chromatography in
butanol-pyridine—water on borate-buffered paper* and the substance with the same
mobility as acetylgalactosamine was submitted to hydrolysis under conditions which
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led to complete deacetylation?. Paper chromatography of the hydrolysate showed
one spot having the same Ryrucose as galactosamine, Furthermore, when the hexosamine
obtained by deacetylation of the free sugar was treated with ninhydrin??, the corre-
sponding pentose, lyxose was obtained. After acid hydrolysis, UDP and UMP were
the only nucleotides observed by paper chromatography in the acidic and neutral
ethanol-ammonium_1icetate solvents, These observations indicate that the mixture
of UDpuacetynglucos‘umne and UDP—acetylgalactosamme present in Dahlia tubers
is similar to the one isolated from liver2.
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the National Institvtes of Health, U.S. Public Health Service, by the Rockefeller
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A possible route of acetate oxidation in Rhodopseudomonas spheroides

ELsDEN AND ORMEROD! have shown that fluoroacetate sirongly inhizits oxidation of
acetate in Rhodospirillum rubrusn both under dark-aerobic and light-anaercobic con-
ditions. In this laboratory, when [Clacetate was metabolized by this organism,
1“CO, formation was inhibited nearly completely by 1-10-%* M fluoroacetate under
either of these conditions?. Similar results were obtained with Rhodopseudomonas
spheroides under dark-aerobic conditions. With the latter organism, however, under
light-anaerobic conditions fluoroacetate inhibited 1*CQO, formation only to the extent
of 40-509% (refs. 2, 5). This indicated the possibility that a pathway of acetate
oxidation other than the citric acid cycle operates in R. spheroides under these
particular conditions. To elucidate its nature, the R. spheroides cells were exposed
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