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Uridine Diphosphate Galactose Pyrophosphorylase from Calf Liver*t
(32845)

W. K. Ting! anD R. G. HANSEN
Department of Biochemistry, Michigan State University, East Lansing, Michigan 48823

That nucleoside diphosphate sugars re-
present a metabolically important class of
compounds is now well documented (1).
Their importance lies not only in their in-
termediacy in monosaccharide formation, but
also in their role in glycosyl ‘transfer reaction.
The pyrophosphorylase catalyzed synthesis
of uridine diphosphate glucose (UDP-Glc)
from uridine triphosphate (UTP) and glu-
cose-1-phosphate (Glc-1-P) is of primary sig-
nificance.

pyrophosphorylase
—_—

UTP + Gle-1-P

_UDP-Qle + PP, (1)

With crude extracts of mammalian tissues, a
number of nucleoside diphosphate sugars
(NPD-sugars) have been biosynthetically
prepared, many of them novel, from the ap-
propriate nucleoside triphosphate and the
sugar-1-phosphate (2,3). These NDP-sugars
have been prepared where the nucleoside is
adenosine, guanosine, inosine, uridine, cyti-
dine, or thymidine and the sugar is glucose,
galactose, mannose, or xylose. From calf liver
extracts it has been possible to identify and
purify about 500-fold a guanosine diphos-
phate hexose pyrophosphorylase (4) and
crystallize a UDP-Glc pyrophosphorylase
(5). Neither enzyme is highly specific for
substrate at this stage of purification.
Isselbacher (6) has implicated a UDP-

* Michigan State Journal No. 4218.

t Supported by Grant No. AM 11156 from the
National Institutes of Health.

1 Present address: Department of Biochemistry,
National Defense Medical Center, Taipei, Taiwan.

galactose (UDP-gal) pyrophosphorylase from
rat and bovine liver in an accessory pathway
of galactose (Gal) metabolism as follows:

kinase

Gal + ATP Gal-1-P 4+ ADP, (2)
pyrophosphorylase

Gal'l-P + UTP /—/——————> UDP-Gal+PP,, (3)

epimerase

UDP-Gal. ———————= UDP-Gle, 1)
pyrophosphorylase

UDP-Gle + PP; —————= UTP + Gle-1-P, (5)

Sum of Egs. (3,4,and 5) Gal-1-P = Gle-1-P

Since the catalyst for Reaction (5) was
obtained in cystalline form (5) and the
epimerase for Reaction (4) is widely dis-
tributed in nature and well described, it be-
came of interest to attempt to characterize the
UDP-Gal pyrophosphorylase. Consequently,
it appears that in calf liver all activity for
UDP-Gal is inseparably associated with the
UDP-Glc pyrophosphorylase. The evidence
for the common identity of these enzymes
together with some considerations of the
specificity are the subject of this report.
Procedures. The chemicals and other
materials have been described in detail else-
where (5,7). For estimating enzyme activity
in the direction of pyrophosphorolysis, the
formation of Glc-1-P (8) or UTP (9) were
measured. The chromatographic procedures
for identifying the various substrates have
been described (10). The extraction of calf
liver and the detailed purification and crystal-
lization procedures for UDP-Glc pyrophos-
phorylase are reported elsewhere (5).
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TABLE I. Summary of the Purification and Crystallization of Uridine Diphosphate Glucose

Pyrophosphorylase.
Specific activity
Protein Ratio
Fraction (mg) UDP-Gle®* UDP-Gal® X 10 UDP-Gle/UDP-Gal

1. Crude 101,200 0.43 0.56 77
2. (NH,),80,(40-58%) 25,900 1.03 1.6 65
3. Cay(PO,),Gel 15,200 1.50 2.1 71
4. DEAE-cellulose 2,000 10.8 16 68
5. Crystallization 57.4 223 290 77
6. Recrystallization

1. 38 189 260 73

2. 10 193 310 62

3. 5.6 235 380 61

%A unit of enzyme is that amount which

catalyzes the pyrophosphorolysis of 1 umole of

substrate/min at 25°C. Specific activity is the units of enzyme/mg of protein.

Results and Discussion. In the initial ex-
tracts of calf liver and throughout purification
and recrystallization of the enzyme, the cata-
lytic activity towards UDP-Glc and UDP-
Gal remains in constant ratio within experi-
mental error. A summary of this purification
is given in Table I. It can be calculated from
the table that, since the initial 101 gm of
protein in the extract contained 43,000 units
of UDP-Glc pyrophosphorylase and since the
crystalline protein has a specific activity of
235 units/mg, the extract initially contained
approximately 180 mg of enzyme. Thus,
almost 0.2% of the extractable protein of
calf liver is UDP-Glc pyrophosphorylase. Ac-
tivity for UDP-Gal remained at about 1.5%
that of UDP-Glc throughout the isolation
and crystallization procedures. It was not pos-
sible by the methods employed to find a frac-
tion in the extracts with a higher relative
specific activity for UDP-Gal. Electrophore-
sis on polyvinyl geon resin (11) failed to
separate a fraction with a different ratio of
activity towards UDP-Glc and UDP-Gal.
The occurrence of some activity towards both
substrates in a different ammonium sulfate
fraction than the one used for crystallization
complicates the results somewhat (5). How-
ever, crystals have recently been obtained
from this second fraction which have been
found to have the same ratio of activity
towards the two substrates. Thus the ratio of
activity towards UDP-Glc and UDP-Gal was
similar in all fractions of calf liver.

Using *C labeled substrates, the formation
of UDP-Gal from UTP and Gal-1-P was dem-
onstrated by chromatographic techniques
(10). When added as noncompeting sub-
strates, the recrystallized enzyme has a low
but significant activity for other NDP-sugars.
The reaction rate is appreciable and varies
from 0.1 to 4.0% where the uracil of UDP-
Glc is replaced by other pyrimidines and
purines, and also when glucose is replaced by
other saccharides.

Thus as an isolated laboratory reaction
UDP-Gal can be synthesized using the sev-
eralfold purified and recrystallized enzyme as
a catalyst. Within the liver tissue, catalysis of
such a reaction would depend on the relative
amounts of other substrates for the same en-
zyme, UDP-Glc, Glc-1-P and Gal-1-P, etc.
Until this can be more carefully evaluated
with appropriate studies with human liver,
caution should be exercised in attributing sig-
nificance to the pyrophosphorylase pathway
for the metabolism of galactose,

Summary. The biosynthesis of UDP-Gal
from UTP and Gal-1-P is catalyzed by ex-
tracts of calf liver. At all stages of purification
and after several recrystallizations, catalytic
activity for UDP-Gal is inseparably con-
nected with the enzyme catalyzing the biosyn-
thesis of UDP-Glc. These findings are dis-
cussed from the standpoint of galactose me-
tabolism in the galactosemic.
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“Alveolar” and Whole Lung Phospholipids of Newborn Lambs* (32846)

TeTsuro Fujiwara, ForREST H. ApAMS, ADEL EL-SALAWY, AND
Sara Sipos (Introduced by Arthur J. Moss)
Division of Cardiology, Department of Pediatrics, UCLA School of Medicine,
Los Angeles, California 90024

The mammalian lung requires a surface-
active material for its alveolar stability (1-4).
This material, presumably a lipoprotein com-
plex(2,5,6) containing a highly saturated
phosphatidylcholine (7-9) can be isolated
from the internal surface of the lung by
washing with saline.

The purpose of the present study was to
determine the qualitative and quantitative
nature of “alveolar” phospholipids and of
whole lung tissue phospholipids of newborn
lambs following the onset of breathing. Such
biochemical data are a prerequisite for an
understanding of the synthesis and control of
secretion of pulmonary surface-active material
during the neonatal period.

Materials and Methods. Fifteen newborn
lambs were studied; 12 were delivered spon-
taneously and three were delivered by cesar-
ean section. Each lamb was sacrificed by in-
jection of 1% Xylocaine intracisternally, the
trachea was ligated, the lamb was exsan-
guinated by transection of the abdominal
aorta, and the lungs were removed. The right
major bronchi were ligated and the left lung
was separated. About 60 ml of normal saline
was introduced by a syringe into the left lung
through a cannulated trachea. The saline was
withdrawn and returned to the lung five times.

* Supported by funds from the United States
Public Health Service and the Tuberculosis and
Health Association of California.

Care was taken to wash both the upper and
lower lobes uniformly. The left lung was then
sequentially washed five times, each with 30
ml of saline for a total of 1200 ml. Each
30-ml portion. of lung wash was shaken
several times and then centrifuged at 1000g
at 5°C for 10 min to remove cells and debris.
The supernatant was lyophilized.

In order to estimate the reliability of lung
wash as a sampling procedure, 32 sequential
saline washings of 30 ml each were carried
out on the left lungs of three lambs. The lipid
phosphorus was measured in the lyophilized
lung wash of each 60-ml (two 30-ml washes)
cell-free fraction.

Lipid analysis. The lipid was extracted
from the lyophilizate with CHCl;-MeOH
(2:1, v/v) and washed(10). Paired samples
of the extract were taken to dryness and ana-
lyzed for lipid phosphorus content(11). The
lipids were fractionated into neutral lipid,
nonacidic and acidic phospholipids on a
DEAE! cellulose acetate column. The DEAE
cellulose was activated according to Rouser ef
a.(12).

The lipids were eluted from the column
according to the elution schema described by
Gluck et al.(13) and the lipid phosphorus
was determined on each eluent fraction. To
estimate the percentage distribution of each

I Diethylaminoethyl from Appled Science Lab-
oratories.




