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Summary

Activities of phosphoribosyltransferase for hypoxanthine and
adenine were investigated in erythrocytes and human tissues of
fetuses and adults as well as in cultivated fibroblasts and amniotic
fluid cells. Kinetic characteristics of these enzymes were also
studied in patients with the Lesch-Nyhan syndrome and with
partial deficiency for hypoxanthine phosphoribosyltransferase
(HGPRTase), and their obligate heterozygotes. The affinity of
HGPRTase for both substrates in partial deficiency decreased to
13 to 20% of normal and by a less degree in its heterozygotes (50
to 65% of normal). A slight decrease in the K, for phosphoribo-
sylpyrophosphate was observed in the case of heterozygotes for
the Lesch-Nyhan syndrome.

Elevated erythrocytic adenine phosphoribosyltransferase
(APRTase) activity was found in fetuses, patients with the Lesch-
Nyhan syndrome or with partial deficiency. and in some hetero-
zygotes as well. However, the K, of APRTase for hypoxanthine
in these subjects was the same as that in the normal adults. The
HGPRTase activity in liver increased almost 4 times during the
developmental period, whereas the APRTase activity remained
approximately the same. In fetal liver, the APRTase activity was
almost two times higher than the HGPRTase activity, whereas in
fetal brain the HGPRTase activity was higher. The K., of
HGPRTase for hypoxanthine in cultivated cells and human tissues
were similar to that in erythrocytes and leukocytes. On the other
hand. the HGPRTase affinity for phosphoribosylpyrophosphate in
these cells was considerably larger than in erythrocytes or in
leukocytes.

Speculation

Aberration in active sites of hypoxanthine phosphoribosyltrans-
ferase may be one of the causes for the decrease in enzyme activity
in patients with partial deficiency. Phosphoribosylpyrophosphate
may stabilize adenine phosphoribosyltransferase but not affect the
stability of hypoxanthine phosphoribosyltransferase. Residual ac-
tivity is often observed in cultivated cells and liver of patients with
the Leach-Nyhan syndrome but rarely in their erythrocytes. This
may be cither due to the lower affinity of erythrocytic enzyme for
phosphoribosylpyrophosphate or to the existence of a quite differ-
ent enzyme in erythrocytes and leukocytes to that in cultivated
cells and liver.

The Lesch-Nyhan syndrome is an X-linked recessive disorder
characterized by mental retardation. choreoathetosis, and self-
mutilation (15). The primary biochemical defect is the absence of
hypoxanthine-guanine phosphoribosyltransferase (HGPRTase.
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EC 2.4.2.8) leading to increased production of uric acid (25). In
erythrocyte hemolysates from patients with the Leach-Nyhan
syndrome, phosphoribosyltransferase for hypoxanthine and gua-
nine is virtually absent. whereas that for adenine is increased (25).
Although the HGPRTase activity in erythrocyte hemolysates of
many obligate heterozygotes is not distinguishable from that of
normal (11, 20) in their fibroblast cultures. two clonal populations
are reported to be present (18, 19, 22, 24), one with normal
HGPRTase activity and the other with no activity. Partial defi-
ciency of HGPRTase was reported in a number of patients
accompanied by gout but mild or no neurologic abnormalities.
These patients were described as having a HGPRTase activity in
erythrocytes between 0.01 and 107 of normal (1. 5. 11. 13, 14, 30,
31). Several studies indicate that this low catalytic activity is
associated with altered properties in regard to the inhibition by
purine nucleotides, the kinetic characteristics, the sensitivity to
thermal inactivation. or the electrophoretic mobility (1. 2, 10, 11-
13,17, 21, 23. 33).

Willers er al. (32) have recently described genetic heterogeneity
of fibroblast HGPRTase from three families associated with
HGPRTase deficiency. They observed differences in hypoxan-
thine incorporation, resistance to 8-azaguanine., and activation by
lyophilization between fibroblast preparations from patients with
the Lesch-Nyhan syndrome and with partial HGPRTase defi-
ciency. In this report, we have further studied the kinetic charac-
teristics of erythrocytic phosphoribosyltransferase with hypoxan-
thine and adenine as substrates in these patients. We have also
investigated the characteristics of the enzymes in human fetal and
adult organs and cultivated amniotic fluid cells and fibroblasts. In
addition, we report a case of prenatal diagnosis of the Lesch-
Nyhan syndrome.

MATERIALS AND METHODS

[8-"'C]Hypoxanthine and [8-"'CJadenine were purchased from
Amersham-Buchler, Braunschweig, West Germany: phosphori-
bosylpyrophosphate (PRPP). thymidine triphosphate (TTP). and
inosine monophosphate (IMP) were purchased from Boehringer
Mannheim, Mannheim, West Germany: other chemicals were
purchased from E. Merck. Darmstadt. West Germany.

All fetal tissue samples were prepared from legally aborted
fetuses aged 22 to 28 wk. Tissues were homogenated in 5 volumes
of distilled water and kept frozen until used further.

Fibroblast cultures were prepared as described previously (26).
Amniotic fluid was obtained from mothers by transabdominal
amniocentesis during the 17th wk of gestation. Amniotic fluid
cells were cultured in the same manner as fibroblasts (26). Cul-
tured cells were collected by scraping, washed with saline. dis-
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solved in water. and sonified briefly. The supernatants were used
for the further assay. Lysates of human erythrocytes were dialyzed
and further prepared as reported previously (13).

The assay mixture for HGPRTase and APR Tase in erythrocytes
contained 0.4 mM [&-""C]hypoxanthine (0.04 uCi) or 0.2 mM [&-
""Cladenine (0.04 uCi), 0.53 mM PRPP. 70 mM Tris-HCI buffer.
pH 7.4. 3.3 mM MgCl.. and erythrocyte protein equivalent to 0.1
and 0.2 mg hemoglobin in a total volume of 150 ul. The mixture
was incubated for 10 min at 37°C, and the incubation was stopped
by heating at 95°C for 3 min. The phosphoribosyltransferases in
tissue and cell homogenates were assayed using 0.67 mM [''C]
hypoxanthine (0.07 uCi) or 0.33 mM ["*CJadenine (0.07 xCi). 0.88
mM PRPP. 1.7mM TTP 5.55 mM MgCl.. 0.1 M Tris-HCI buffer.
pH 7.4, and tissue extracts containing 10 10 30 ug protein in a total
volume of 150 ul. The mixture was incubated for 60 min. and the
reaction was terminated by treating at 95°C for 3 min. The blank
was prepared without the addition of PRPP. The reaction prod-
ucts. nucleotides. from the substrates. purine bases. were separated
with an anion exchange column chromatography using a small
plastic syringe. The procedure of the column chromatography is
principally the same as that for galactokinase assay or uridyltrans-
ferase assay (27, 28). The phosphate form of DEAE-cellulose was
applied for the chromatography because the OH form of DEAE-
cellulose reacts with purine bases and as a consequence disturbs
the separation. Purine bases were eluted with water and nucleo-
tides with phosphate buffer or HCI (Fig. 1).

5’-Nucleotidase which catalyses the conversion of IMP to ino-
sine was the highest in cultivated cells (Table 1). TTP was added
to the assay mixture to inhibit the breakdown of IMP to inosine.
5’-Nucleotidase activity was measured using 0.05 M Tris-maleate
buffer. pH 6.3 or pH 7.4, 1.0 mM inosine monophosphate, 5 mM
MgCl.. and the sample containing 10 to 20 ug protein in a total
volume of 200 ul. After incubating | hr at 37°C, the reaction was
stopped with 200 ul 207 trichloroacetic acid. The free phosphate
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Fig. 1. Separation of the product. ["'C]IMP, from ["“C]hypoxanthine.
Fractions 1 to 4 were eluted with water and contain hypoxanthine, and
fractions 5 to 7 were eluted with 0.1 N HCl and contain IMP. The reaction
mixture containing extract of amniotic {luid cells {equivalent to approxi-
mately 50 ug protein) was incubated for O min (@) and for 60 min () at
37°C.

Table 1. The activity of 5'-nucleotidase'

Sample pH 63 pH 74
Fetal liver 8.2-10.2 5.9-10.2
Adult liver S9-11.2 5258
F-etal brain 1.5-19 1.7-3.5
Amniotic fluid cells 61.3-94.3 59.3-84.6
Fibroblasts 23.6-140.0 37.0-160.0

"nmoles phosphate produced per min per mg protein.
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released from IMP in the supernatant was determined by using
the assay kit from E. Merck.

Protein was determined by the micro-method of Lowry er al.
(16).

RESULTS

THE PHOSPHORIBOSYLTRANSFERASE IN ERYTHROCYTES

As shown in Table 2, there was no difference in the HGPR Tase
activity between fetal and adult erythrocytes. whereas the
APRTase activity in fetal erythrocytes was much higher than that
in adult erythrocytes. The HGPRTase activity in erythrocytes
from the heterozygotes for the Lesch-Nyhan syndrome was in the
range of normal adults. but a slightly elevated level of APR Tase
activity was found in these heterozygous subjects (Table 2). Pa-
tients with the Lesch-Nyhan syndrome showed absolutely no
HGPRTase activity in erythrocytes, but had a three times higher
level of normal activity of APRTase. The phosphoribosyltransfer-
ase activities in erythrocytes from various genotypes of the partial
deficiency for HGPR Tase are also summarized in Table 2. T. H.
shows the symptoms of mild mental retardation and hyperuri-
cemia. and Hg. H. is aggressive and shows a minimal brain
dysfunction. The heterozygotes for the partial deficiency revealed
approximately 30 of the normal HGPRTase activity. and the
patients with the partial deficiency showed 12 to 18 of normal.

An increased amount of the APRTase activity was obtained
from the patients and also the heterozygotes for the partial defi-
ciency. The apparent K,,'s of HGPRTase and APRTase in eryth-
rocytes are shown in Table 3. The K,, of HGPRTase for hypo-
xanthine from mothers heterozygous for the Lesch-Nyhan syn-
drome is similar to the normal value (Table 3). On the other hand.
a slightly elevated K,, for PRPP was obtained from the same
subjects in comparison with the normal value. From two patients
with the partial deficiency, a much lower affinity of erythrocyte
HGPRTase for the substrates was found (Table 3; Figs. 2 and 3).
Also. a slightly lower affinity of HGPR Tase for the substrates was
obtained from the heterozygotes for the partial deficiency in
comparison with the normal values. In the case of APR Tase. there
was no significant difference among the K,,'s from various geno-
types of HGPRTase deficiency. For both phosphoribosyltransfer-
ases, no noticeable developmental changes occurred in regard to
the enzyme affinity for the substrates.

THE PHOSPHORIBOSYLTRANSFERASE IN HUMAN TISSUES AND
CULTURED CELLS

The specific activity of HGPRTase in liver tissues was somewhat
higher than that in cultured cells (Table 4) and that of previously
reported values of human liver enzymes (11). The HGPR Tase
activity in adult liver was much higher than that in fetal liver.
whereas the APRTase activity remained more or less the same
through the developmental period (Table 4). A considerable

Table 2. The activity of HGPRTuse and APRTase in ervthrocytes
Srom various variants (umol/min/g hemoglobin)

Source HGPRTase APRTase
Adult (5)' 33+ 0.5 (L72 2 016
Fetus (2) 321,237 1.45.1.47
Lesch-Nyhan syndrome (6) 0 220+ 024
Heterozygote for the Lesch-Nyhan 2.60, 2.88 081,093

syndrome (2)

Partial deficiency
T H. (.40 0.93
Hg. H. 0.63 1.63
Heterozygote for partial deficiency
C. W, 0.95 1.30

Hd. H. 1.03 0.70

' Numbers in parentheses. number of samples assaved.
“Mean + S.D.
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Table 3. The Michaelis constants of HGPRTase and APRTase in ervthrocytes

Source PRPP
Adult (3’ 0.20-0.25
fetus (2) 0.20, 0.25
Lesch-Nyhan syndrome (2) 0
Heterozygote tor the Lesch-Nyhan syndrome (2) 0.29.0.31
Partial deficiency
I'. H. 1.67
Hg. HL 1.67
Heterozygote tor partial deficiency
C.W 0.36
Hd. . 0.33
" Numbers in parentheses. number of samples assayed.
“Only one sample was examined.
4J'2 ¢}
s TH
4 HgH
17V d
+ HdH
2410 - - -~ CW
IS - - tet.
; - .o adl.
- >
s
I 4
50 100

1/ Hypoxanthine (mM)

Fig. 2. Lineweaver-Burk plots of HGPRTase in erythrocytes for hy-
soxanthine. C. W.and Hd. H. heterozygote. partial deficiency. T. H. and
Hg. H.. partial deficiency. fetr., tetus, adl. adult.
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g, 3. Lineweaver-Burk plots of HGPRTase in erythrocytes for PRPP.
Same abbreviations as in Figure 2.

amount of both phosphoribosyltransferases was found in fetal
brain. i.e.. the level is somewhat higher than that in fetal liver,
indicating a significant contribution of brain tissue to purine
metabolism.

K., (mM)
HGPRTase APRTase
Hypoxanthine PRPP Adenine

0.017-0.020 0.06-0.15 0.013-0.018
0.018, 0.020 0.093" 0.017°

0 0.010-0.017
0.020 -0.022
1.00 0.013
1.00 0.015
(0.042 0.015
0.044 LOIR

Table 4. Activities of HGPRTase and APRTase in human tissues,
cultivated cells, and leucocytes (nmoles/min/mg protein)

Sample n HGPRTase APRTase
Fetal liver 4 229 +0.12 4.27 + 0.18
Adult liver 3 9.14 + 297 488 + 0.96
IFetal brain 4 2.50 £ 0.35 1.27 £ 0.10
Amniotic cells 4 126 £ 0.25 1.59 + 0.5K
FFibroblasts 3 211 £ 0.30 1.70 + 0.57
Leukocytes 3 272 £ 018 292 +£0.12

"Mean + S.D.

Table 5. The Michaelis constants of HGPRTase in human tissues
and cultivated cells

Substrate (mM)

PRPP

(4.055. 0L075
0.070, 0.133
0.068, 0.080
0.044, 0.05

Sample Hypoxanthine
0.027, 0.033
0.022, 0.025
0.020, 0.031
0.018. 0.020

FFetal liver
Adult liver
FFetal brain
Amniotic cells

Fibroblasts 0.071 0.020
Leukocytes 0.20, 0.22 0.020, 0.015
Erythrocytes 0.20. 0.25 0.018, 0.020

The Michaelis constants of the phosphoribosyltransferases in
human tissues and cultured cells are summarized in Table 5. The
Michaelis constants of HGPRTase for hypoxanthine and PRPP
in fetal tissues are in the range of 0.018 t0 0.033 mM for hypoxan-
thine and 0.055 to 0.080 mM for PRPP. These values are similar
to the values found in adult liver, cultured fibroblasts, and am-
niotic fluid cells (Table 5).

In lcukocytes, however, the K,, for PRPP is much higher than
are those in other tissues except erythrocytes in which the K, was
the same as in leukocytes (Table 3). These results suggest that
HGPRTase in leukocytes and erythrocytes may possess somewhat
different characteristics to other tissues.

PRENATAL DIAGNOSIS OF THE LESCH-NYHAN SYNDROME

A case of prenatal diagnosis was performed by measuring the
HGPRTase activity in cultured amniotic fluid cells. Amniotic
fluid was obtained by a transabdominal amniocentesis of an
obligate heterozygote for the Lesch-Nyhan syndrome during the
mother's 17th gestational wk. The cells were cultured until con-
fluency. and the HGPRTase activity was measured in different
subcultures. As shown in Table 6. the HGPRTase activity in the
cultured amniotic fluid cells was much lower than the normal
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Table 6. Prenatal diagnosis of the Lesch-Nvhan syndrome

Amniotic fluid cells

Control' 0.92. 110
Zm. 0.033, 0.08
Fibroblasts

Control' 2,60, 3.00
Mutant” 0.05,0.08

Zm 0.25,0.22
Fetal Iiver
Control'
Zm.

253
0.04

"Control cells were grown and subcultured as the cells of Zm. and
values indicate the activity in the subculture.

“Mutant fibroblasts were obtained from the Human Genetic Mutant
Cell Repository, Camden, N.J.. U. S A,

value (7) and is in the range of pathologic values of cultured
fibroblasts. On the basis of these results together with other
pathologic indications (34), the parents decided 1o have the preg-
nancy terminated. The samples of cultured fibroblasts and liver
tissue from the aborted fetus were examined further. The
HGPRTase activity in the liver was much lower than the control
value (Table 6: Ref. &). However. from cultured fibroblasts, a
considerable amount of the HGPRTase activity was found (ap-
proximately 10 to 157 of normal). The existence of a considerable
amount of HGPRTase in homozygote fibroblasts is described
often in the literature (6. 29. 32, 33).

DISCUSSION

Borden er al. (4) reported that the mean value of the APRTase
activity in neonates is significantly higher than that in adults. The
elevated activity of APRTase was explained partly by a stabilizing
effect of PRPP on the enzyme in view of the higher concentration
of ervthrocyte PRPP in the neonate (4). The increased level of
APRTase in patients with the Lesch-Nyhan syndrome and the
partal deficiency for HGPRTase (5. 25, 31) may also be due to
the increased concentration of PRPP in these subjects (6. 9).

Almost no difference in the activity and also the affinity of
crythrocyte HGPRTase was observed between normal adults and
heterozygotes for the Lesch-Nyhan syndrome. However. the het-
erozygotes for the partial deficiency showed a much lower
HGPRTase activity in erythrocytes. and furthermore. the enzyme
characteristics were difterent from that of normal adults, ie.. the
K, for PRPP increased by 5077 and that for hypoxanthine in-
creased by more than 10077, In the case of HGPRTase. in red
blood cells there exists a parallel correlationship between the
enzyme aclivity and the enzyme affinity for the substrates. Several
other authors (3. 10, 11, 13, 17. 21) reported that a group of partial
deficiencies was associated with altered kinetic properties of
HGPRTase in red blood cells. The Michaelis constant for hypo-
xanthine or PRPP was considerably times higher in these patients.

Only a few studies on phosphoribosyltransferases in amniotic
flurd cells and leukocytes were reported until now. The
HGPRTase activity in amniotic fluid cells is considerably lower
than that in fibroblasts. but APRTase activity is in the same range
as in fibroblasts. The specific activity of HGPRTase is found to
be the highest in adult liver. showing a four-fold increase during
the development. The APRTase activity. on the other hand.
remains more or less the same during this period. This result is
comparable to the case of erythrocytes where a very high level of
the APRTase activity was found in fetuses and newborn infants.
In fetal brain. the specific activity of HGPRTase is relatively high.
whereas that of APRTase is lower than in other tissues investi-
gated. It would be interesting to study the level of the phosphori-
bosyltransferase activities in adult brain to compare the develop-
mental aspect with the liver enzymes. The apparent K, of
HGPRTase for hypoxanthine is similar in all tissues studied.
however. there is a tissue variation in the K,, for PRPP. je.. a
higher K,, was obtained from leukocytes and erythrocytes. and a
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lower K, was obtained from amniotic fluid cells compared 1o that
from other tissues. These observations suggest the heterogeneity
of phosphoribosyltransferases from various human tissues in re-
gard to their development or the kinetic characteristics such as the
affinity and the stability. [t may be necessary to study further the
kinetic characteristics as well as the isoenzyme patterns of cultured
cells and liver tissue from various types of HGPR Tase deficiencies.
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