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Extract

Transient elevation of the activity of adenine phosphoribosyltransferase (APRT)
was found along with hyperuricemia in an infant in the neonatal period. A syste-
matic investigation was begun of the activity of the phosphoribosyltransferases in the
first days of life. Adenine phosphoribosyltransferase and hypoxanthine guanine phos-
phoribosyltransferase (HGPRT) were assayed using radiochemical methods in which
the nucleotide products of the enzymatic reactions are precipitated with lanthanum
chloride. Phosphoribosyl pyrophosphate (PRPP) was assayed using a method based
on the utilization of PRPP in a system containing (*#C)adenine and APRT. The ac-
tivity of APRT in the neonate was found to exceed consistently that of the adult. The
degree of elevation was as great as that observed in patients with Lesch-Nyhan syn-
drome. The mean value of APRT in the adult was 665 nmol AMP/min/ml packed
cells, whereas in the neonate the mean value was 1,150. The difference between
neonate and adult was significant statistically at the <0.001 level.

Erythrocytes of adults were fractionated into young and old cells. The activity of
APRT in the young cells from each individual was 1.5-2.1 times that of the old cells.
The concentrations of PRPP were significantly greater in the erythrocytes of neonates
than in those of adults (P < 0.001). The mean concentration in the infants was 2.4
times the adult mean value.

It was concluded that the elevated activity of APRT in the neonate reflected partly
a young population of cells and partly a stabilization by PRPP of APRT against the
attrition of aging.

Speculation

The activity of APRT was first found to be elevated in the erythrocytes of patients
with the Lesch-Nyhan syndrome. It has been found to be elevated to an identical
degree in patients with partial deficiency of HGPRT and with overproduction of
uric acid without abnormality in HGPRT. Now it is apparent that APRT is elevated
to precisely the same degree in the normal newborn infant. These observations speak
for a common mechanism of biologic control.
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Introduction

Adenine phosphoribosyltransferase (adenylate: pyro-
phosphate phosphoribosyltransferase EC. 2.4.2.7) cat-
alyzes the conversion of adenine to its nucleotide,
AMP. The activity of this enzyme is elevated in the
erythrocytes of patients with the Lesch-Nyhan syn-
drome, in which the activity of HGPRT (IMP: puro-
phosphate phosphoribosyltransferase EC. 2.4.2.8) is
virtually absent [4, 17, 18, 20]. Adenine phosphoribo-
syltransferase activity is also increased in patients with
partial deficiency of HGPRT [10, 11]. The activity of
this enzyme may also be increased in patients in whom
there is hyperuricemia and an overproduction of pu-
rine de novo and no abnormality in HGPRT [14].
Therefore, we regularly examine the blood for APRT
as well as HGPRT activity in patients found to have
large amounts of uric acid in the blood and urine.

This investigation was begun after observations on a
very young infant who was found to have elevated
concentrations of uric acid in body fluids and elevated
activity of APRT in the erythrocytes with normal
activity of HGPRT. By the time another sample of
blood could be obtained to pursue these findings the
hyperuricemia had disappeared and the activity of
APRT was normal. These observations suggested that
there might be developmental changes in APRT in
the first days of life. Therefore, a systematic investiga-
tion was begun of the activity of the purine phosphori-
bosyltransferases in the newborn infant. It is clear that
the establishment of normal values in the neonate is a
prerequisite for the early detection of disorders of
purine metabolism.

Materials and Methods

Venous blood was collected from healthy adults and
from normal newborn infants in the first week of life
in tubes which contained heparin. Data were obtained
for comparison on patients with the Lesch-Nyhan
syndrome. Assays of APRT and HGPRT were made
using the radiochemical method of Bakay et al. [4] in
which the product of the reaction, AMP or IMP, is
precipitated with lanthanum chloride.

Assays of HGPRT and APRT were also made after
separation by polyacrylamide gel electrophoresis as
described previously [1, 2]. In order to maintain the
precise timing that would permit their use as quantita-
tive assay of enzyme activity, the gels were cooled in an
ice water bath immediately after electrophoresis. Ice-
cold substrate was added, and the reaction was permit-
ted to proceed at 37° for 30 min. Thereafter the tubes

were placed in an ice water bath and cold lanthanum
chloride solution was added 5 min later. After the gels
were washed in water, they were fractionated in a
mechanical fractionator. Measurement of radioactivity
in the gel was performed in a scintillation spectrome-
ter equipped with a digital printer as well as a chart
recorder. The efficiency of counting of C, as deter-
mined using an internal standard, was 74%.

Concentrations of PRPP were also measured in
neonates and adults. The assay was based on the
utilization of PRPP in a system containing (*C)ade-
nine. The incubation was carried out in 0.1 m Tris-HCI
buffer containing 0.01 m MgSO, and 0.2 ml whole blood
in a final volume of 1.5 ml.

For this assay blood was drawn into heparinized
tubes, placed on ice, and the assay started immediately.
Blank and test samples were set up in duplicate in
counting vials standing on ice. The vials were then
capped, swirled, and placed in a 87° metabolic shaker
bath for 20 min. After incubation, 4 ml 0.4 ~ HCI
were added to each vial.

Aliquots were then applied to Dowex columns
according to the method of Sweetman et al. [21] for
chromatographic analysis of purines. Fractions of ap-
proximately 7 ml were collected and an aliquot of each
counted in a scintillation counter. Detectable activity
was found only in the ATP and ADP in the usual
blood sample. In samples with extremely elevated
concentrations of PRPP activity was also found in the
AMP area. Peak areas were calculated and corrected to
disintegrations per minute per milliliter of whole
blood. Hematocrits were determined on each blood
sample.

Erythrocytes of normal adults were separated into
young and old cells by sedimentation [5]. Aliquots of
10 ul were taken in triplicate from each sampling and
assayed directly for APRT activity or lysed in 19 or 39
volumes of cold water in samples to be assayed by
electrophoresis.

Results

APRT Activity in Neonates

Comparison of the activities of APRT in the eryth-
rocytes of newborn infants and adults is shown in
Figure 1. In the neonate the activity of APRT was
found consistently to be elevated. The degree of
elevation was as great as that observed in patients with
the Lesch-Nyhan syndrome. The mean value of APRT
in the adult was 665 nmol AMP/min/ml packed cells
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Fig. 1. Activity of APRT in erythrocytes of normal neonates
and adults. NB: newborn; M: adult male; F: adult female; L-N:
patients with the Lesch-Nyhan syndrome. The bars represent
mean activities and the bracketed lines the sp. The numbers of
subjects were 13 infants, 18 adults, and 6 patients with the
Lesch-Nyhan syndrome.

and the sp was 67. Among adults there was no
significant difference between males and females.

The mean value for APRT in the neonate was 1,150
nmol AMP/min/ml packed cells and the sp was 140.
The difference between neonate and adult was found
to be highly significant statistically (¢ = 10.79, P <
0.001). The difference between the adult mean and
that of patients with the Lesch-Nyhan syndrome was
also highly significant (¢ = 11.77, P < 0.001). The
means of the normal neonates and the patients with
the Lesch-Nyhan syndrome did not differ significantly.

In contrast to the data on APRT the activity of
HGPRT was not different in populations of erythro-
cytes from neonates and from adults. The mean in the
adult was 1,269 nmol IMP/min/ml packed cells,
whereas that in the neonate was 1,196 nmol IMP/
min/ml packed cells.

APRT in Young and Old Cells

The activity of APRT in young and old erythro-
cytes derived from the blood of adults is shown in
Figure 2. The young cells always had greater APRT
activity than the older cells. The APRT of the old
cells ranged from 374 to 512 nmol AMP /min/ml
packed cells, whereas the activity of the young cells
from each individual was 1.5-2.1 times that of old
cells. Both young and old cells from females were
slightly higher in activity than those from males.

Similar observations were made using the electro-

phoretic method. In Figure 3 the areas under the
APRT were measured by a planimeter and expressed
in terms of square centimeters per peak produced by 1
ul packed cells. The activity in the young cells was 1.7
times that found in the old cells. The value for the
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Fig. 2. Activity of adenine phosphoribosyltransferase in young
and old erythrocytes of four normal adults. In each instance the
stippled bar to the left represents the young cells.
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Fig. 3. Activity of adenine phosphoribosyltransferase (APRT) in
fractionated and unfractionated erythrocytes of normal adults
and patients with the Lesch-Nyhan syndrome. Hemolysates were
prepared from young and old and from unfractionated cells of
three normal individuals. Fractionation was also carried out in
three patients with the Lesch-Nyhan syndrome. Hemolysates
were electrophoresed on polyacrylamide gel and developed for
APRT. The activity was determined by measuring the area of
the APRT peak with a planimeter. The data shown are the
means. PRPP: phosphoribosyl pyrophosphate; RBC: red blood
cells, :
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unseparated cells of these normal adults was closer to
that of the old cells, approximating 1.3 times the mean
for the old cells. In this system the activity of APRT
in patients with the Lesch-Nyhan syndrome was 1.8
times that of the normal unfractionated adult cell.
This figure is quite comparable to the difference
shown in Figure 1, in which the ratio of patient to
adult control was of the order of 1.9 times. Supplemen-
tation of the adult cells with PRPP increased the activ-
ity of APRT considerably, but not to the level found
in the fractionated young cells.

The difference between the APRT activity of young
and old cells was observed at three different dilutions
of hemolysate, and in neither the young nor the old
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Fig. 4. Activity of adenine phosphoribosyltransferase (4dPRT)
and hypoxanthine guanine phosphoribosyltransferase (HGPRT)
in young and old erythrocytes of blood from adults. Three
different aliquots of 1/40 hemolysate were prepared from cells
and separated by density centrifugation, after which they were
subjected to electrophoretic separation on polyacrylamide gel.

Table I. Concentrations of phosphoribosyl pyrophosphate in
erythrocytes of adults and newborn infants!

Subject No. Mean, nmol/ml

packed cells =b
Adults 7 5.72 0.8647
Infants 12 13.17 2.343

! The means were compared using the ¢ test; the value for ¢
was 7.66 (P < G.001).

did the plot depart from linearity (Fig. 4). The activity
of HGPRT was identical in both cell populations.

The concentrations of PRPP found in the blood of
adults and of newborn infants are shown in Table I.
The concentrations in the infants were significantly
greater than those in the adult (P < 0.001). The mean
concentration in the infants was 2.4 times the adult
mean value.

Discussion

The data obtained in this study indicate that the
activity of APRT in the erythrocytes of the human
newborn infant is significantly greater than that of the
adult. The values obtained in the infants were compa-
rable to those of patients with the ILesch-Nyhan
syndrome. The greater activity of APRT in the neo-
nate was not due to the presence of small or large
molecules in the hemolysate, as it was also demon-
strated when the enzyme was separated from other
molecules by electrophoresis.

A similar difference was found between the activities
of young and old erythrocytes fractionated from the
blood of adults. This is consistent with the concept
that the erythrocyte population of the neonate con-
tains a larger proportion of young cells [15]. Similarly,
the activity of glucose 6-phosphate dehydrogenase is
greater in the neonate than in the mother, and greater
in the young cells than in the old cells of the blood of
adults [3].

The activities of a number of enzymes have been
found to be higher in erythrocytes from neonates than
from adults [12]. However, these changes do not all
correlate well with the age of the erythrocyte. Glucose
6-phosphate dehydrogenase, hexokinase, and pyruvate
kinase were found to be about as high in the blood of
adults with hemolytic anemias as they were in the
neonate, and reticulocyte counts were also comparable.
Four other enzymes were found to have significantly
higher activities in the neonate than in adults with
reticulocytosis. Four enzymes, including adenylate ki-
nase, were found to have lower activities in the neonate
than in adults with or without reticulocytosis [12].
Thus, there are many differences in enzyme activity
between erythrocytes from neonates and from adults,
some of which appear to be related to the age of the
cell.

It is likely that each enzyme protein has a unique
biologic half-life. Some very stable proteins may not
change at all as the cell ages. Others may decay at very
different rates. Even among those enzymes in which
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the changes appear to be age related the mechanisms
may be different. Changes in glucose 6-phosphate
dehydrogenase with age appear to reflect a decrease in
the amount of NADP bound. Measures which increase
the amounts of NADP bound to the enzyme restore to
the glucose G-phosphate dehydrogenase of old erythro-
cytes the characteristics of young cells.

The erythrocytes of newborn infants carry out glycol-
ysis more actively than those of adults, and they
contain higher concentrations of adenine nucleotides
[16, 19]. We have found that they also contain higher
concentrations of PRPP. The differences in PRPP
concentration between the neonate and the adult are
of the same order of magnitude as the differences in
APRT activity. The changes in PRPP could explain
the changes in APRT.

APRT activity is elevated in the erythrocytes of
patients with the Lesch-Nyhan syndrome [4, 17, 18,
20]. The halflife of APRT in normal children is 34
days, whereas, in patients with the Lesch-Nyhan syn-
drome, it is 86 days [17]. Thus, when erythrocytes from
these patients are fractionated according to age the
greatest difference between patient and control occurs
in the fractions containing the oldest cells. The APRT
found in the erythrocytes of the patient with the
Lesch-Nyhan syndrome is stabilized so that decay does
not take place at the usual rate. There are various
ways in which an altered biochemical environment can
provide substrate, products, or other chemicals which
can bind to an enzyme and protect it against inactiva-
tion [8]. Phosphoribosyl pyrophosphate has been
shown to protect the APRT of murine tumor cells
from inactivation by heat [13]. Increased concentra-
tions of PRPP have been demonstrated in erythrocytes
of patients with the Lesch-Nyhan syndrome [7]. Hu-
man APRT purified from erythrocytes was found to
be stabilized by PRPP against thermal inactivation [7].
Seegmiller and colleagues [7] interpreted these obser-
vations, and the fact that the erythrocytes of patients
with the Lesch-Nyhan syndrome contained twice as
much activity in the oldest 10% of their cells as in the
control, to indicate that PRPP was responsible for a
chemical stabilization of APRT against the in wivo
attrition of enzyme that is a normal consequence of
aging.

Elevated enzyme activity of APRT in the neonate
could reflect an actual elevation in the amount of
enzyme protein. This seems unlikely in view of the
fact that similar activities could be demonstrated in
the young cells of a population of erythrocytes from
adults. It is also possible that the metabolic environ-

ment of erythrocytes from adults contains an inhibitor
[9] not present in that from neonates. This is unlikely
because the difference was also demonstrable after
electrophoresis of the enzyme. Thus, any small mole-
cule responsible for differences in activity would have
to be firmly bound to the enzyme. This condition
could be met by PRPP [6]. It seems likely, in view of
the demonstration that there are increased concentra-
tions of PRPP in the erythrocyte of the neonate, that
the elevation of activity of APRT is due partly to a
stabilization of the enzyme induced by PRPP. It is also
partly due to the youth of the population of erythro-
cytes found in the neonate.

Summary

The activity of APRT was found to be elevated in
the erythrocytes of normal newborn infants. The levels
of activity obtained were almost twice those of normal
adults and approximated those found in patients with
the Lesch-Nyhan syndrome. Fractionation of erythro-
cytes of adults into populations of young and old cells
revealed significantly higher activity of APRT in the
young cells. The concentration of PRPP was signifi-
cantly higher in the erythrocytes of neonates than of
adults. It was concluded that the elevated activity of
APRT in the neonate reflected partly a young popula-
tion of cells and partly a stabilization of APRT by
PRPP against the inactivation of aging.
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