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IDENTIFICATION OF PURINE NUCLEOSIDE PHOSPHORYLASE
DEFICIENCY IN DRIED BLOOD SPOTS BY A NON-RADIOCHEMICAL
ASSAY USING REVERSED-PHASE HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY

A. B. P van Kuilenburg," L. Zoetekouw, J. Meijer," and T. W. Kuijpers?

! Academic Medical Center, Emma Children’s Hospital, Laboratory Genetic Metabolic
Diseases, Amsterdam, the Netherlands

2Academic Medical Center, Emma Children’s Hospital, Division of Pediatric Hematology,
Immunology, and Infectious Diseases, Amsterdam, the Netherlands

o Purine nucleoside phosphorylase (PNP) deficiency results in severe T cell dysfunction and hy-
pouricemia. An assay to measure PNP activity in dried blood spots was developed using reversed-
phase HPLC. The assay was linear with reaction times between 5 and 12.5 minutes, and protein
concentrations ranging from 0.4 to 1.8 mg/ml. The intra-assay CV and the inter-assay CV for the
complete assay was <3.6%. The PNP activity in a control blood spot, stored at 4 C, remained sta-
ble for at least one year. In a patient suffering from a PNP deficiency, the residual PNP activity was
only 0.3% compared to that observed in controls (1431 &= 238 nmol/mg/h, n = 114). The PNP
activity (483 £ 35 nmol/mg/h, n = 3) in heterozygotes for the c.614A > C mutation (p.E205A)
in the PNP gene was 34% compared to controls. Thus, the analysis of the PNP activity in blood
spots can readily detect patients with a PNP deficiency.
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INTRODUCTION

Purine nucleoside phosphorylase (PNP) is an enzyme of the purine
salvage pathway and catalyses the conversion of (deoxy)inosine and (de-
oxy)guanosine to hypoxanthine and guanine, respectively. Patients with PNP
deficiency suffer from recurrent infections, neurological impairment and
lymphoid malignancy, resulting in early fatality unless rescued by hematopoi-
etic stem cell transplantation.l:? Patients with PNP deficiency are diagnosed
by severe lymphopenia, hypouricemia, and extremely low PNP activity in red
blood cell lysates.[>#! Since the collection of blood, especially from neonates,
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might be difficult and the shipment of frozen erythrocytes expensive, the use
of blood spots for analysis of PNP activity offer the advantage of easy collec-
tion, transport and storage. In this article, we developed a fast and sensitive
assay of the PNP activity using dried blood spots and reversed-phase HPLC.
In addition, we have established reference values for the PNP activity in the
Dutch population.

MATERIALS AND METHODS

The blood spot (containing &= 10 ul EDTA blood) was soaked in 500 ul
50 mM potassium phosphate (pH 7.4) for 90 minutes and the eluate was
used for analysis of PNP activity. The reaction mixture contained an aliquot
of cell sample (40-180 pg), 50 mM potassium phosphate (pH 7.4) and 30
mM inosine in a total volume of 100 ul. The reaction was started by the
addition of the sample. After 10 minutes incubation at 25°C, the reaction
catalysed by PNP was terminated by the addition of 4 ul of ice-cold 8 M
HCLOy4 and kept on ice for 10 minutes. After centrifugation, the resulting
supernatant was saved for analysis by reversed-phase HPLC. Protein concen-
tration in the supernatant was determined by the copper-reduction method
using bicinchoninic acid, essentially as described by Smith et al.l>!

The supernatant (100 ul) was injected into the HPLC system and sepa-
ration of inosine from hypoxanthine was performed using a gradient from
buffer A [0 mM KHePO4 (pH 6.5)] to buffer B [50 mM KHyPO, (pH
6.5) and 20% (v/v) methanol] at a flow rate of 0.6 ml/min by HPLC on a
reversed-phase column (Phenomenex, Torrance, CA, USA; C18 Gemini, 150
x 4.6 mm, 3 um particle size) and a guard column with online UV detection
at 260 nm. Quantification of the amounts of hypoxanthine was performed
by comparison with an external standard.

DNA was isolated from EDTA-blood using the NucleoSpin Tissue kit
(Macherey-Nagel, GmbH & Co. KG, Diiren, Germany). PCR amplification
of all 6 coding exons and flanking intronic regions of the PNP gene (NP) was
carried out using intronic primer sets. Sequence analysis of genomic frag-
ments amplified by PCR was carried out on an Applied Biosystems (Carlsbad,
CA, USA) model 3730 automated DNA sequencer using the dye-terminator
method.

RESULTS AND DISCUSSION

In this study, we developed an accurate assay for PNP using blood
spots followed by separation of inosine and hypoxanthine by reversed-phase
HPLC. Figure 1 shows that a complete baseline separation was obtained
within 30 minutes for hypoxanthine and inosine and that the amount of
hypoxanthine produced by PNP from a blood spot was readily detectable.
The detection limit of hypoxanthine in the HPLC system, defined as three
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FIGURE 1 HPLC elution profile. The elution profile was obtained of a reaction mixture after incubation
of a control sample for 10 minutes at 25°C.

times the value of the baseline noise, was approximately 0.5 pmol. The high
activity of PNP prompted us to perform the assay at 25°C and a substrate
concentration of 30 mM. This is in contrast to Jacomelli and coworkers who
measured the PNP activity in bloodspots at 37°C and a substrate concen-
tration of 1.5 mM.[® Unfortunately, it was not reported whether their assay
conditions ensured linearity of the reaction with protein and incubation
time.

Figure 2 shows that, under our assay conditions, the amount of hypox-
anthine produced by PNP from a blood spot increased linearly with protein
concentrations ranging from 0.4 to 1.8 mg/ml and reaction times between
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FIGURE 2 Protein dependence and time dependence of the PNP reaction. A) The amount of product
(hypoxanthine) at various protein concentrations in the assay. The reaction was allowed to proceed
for 10 minutes at 25°C. Each data point represents the mean of three experiments & SD. B) The
amount of product produced by PNP at various time points. The PNP activity was measured at a protein
concentration of 0.4 mg/ml (M) and 1.4 mg/ml (e).
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FIGURE 3 PNP activity in controls, carriers, and a PNP patient. The PNP activity in controls (n = 114)
is depicted as a box plot. The whiskers on the bottom extend from the 2.5th percentile and top 97.5th
percentile. The circles represent outliers. The carriers were heterozygous for the c.614A > C mutation
(p- E205A) in the PNP gene. The patient was homozygous for the c.614A > C mutation.

5 and 12.5 minutes. The intra-assay CV and the inter-assay CV for the com-
plete assay, HPLC detection and protein determination, were 3.3% (n = 10)
and 3.6% (n = 10), respectively. The PNP activity (1478 £ 63 nmol/mg/h;
CV 4.3%) in a control blood spot, stored at 4°C, remained stable for at least
one year.

In a patient suffering from a PNP deficiency due to a novel c.614A>C
mutation (E205A) in the PNP gene (NP), the residual PNP activity (4.5
nmol/mg/h) was only 0.3% compared to that observed in controls (1431
£+ 238 nmol/mg/h, n = 114; Figure 3). The PNP activity (483 £ 35
nmol/mg/h, n = 3) in heterozygotes for the c.614A > C mutation was
34% compared to controls. Thus, the analysis of the PNP activity in blood
spots can readily detect patients with a PNP deficiency.

REFERENCES

1. Giblett, E.R.; Ammannn, A J.; Wara, D.W.; Sandman, R.; Diamond, L.K. Nucleoside-phosphorylase
deficiency in a child with severely defective T-cell immunity and normal B-cell immunity. Lancet 1975,
305, 1010-1013.

2. Hershfield, M.S.; Mitchell, B.S. Immunodeficiency diseases caused by adenosine deaminase de-
ficiency and purine nucleoside phosphorylase deficiency. In: The Metabolic and Molecular Basis of
Inherited Disease (Scriver, C.R., Beaudet, A.L., Sly, W.S., Valle, D., eds.). New York: McGraw-Hill; 2001,
pp- 25685-2625.



19: 07 25 January 2011

Downl oaded At:

470 A. B. P. van Kuilenburg et al.

3. Rijksen, G.; Kuis, W.; Wadman, S.K.; Spaapen, L.].M.; Duran, M.; Voorbrood, B.S.; Staal, G.EJ.;
Stoop, ].W.; Zegers, B.].M. A new case of purine phosphorylase deficiency: enzymologic, clinical, and
immunologic characteristics. Pediat. Res. 1987, 21, 137-141.

4. Fairbanks, L.D.; Goday, A.; Morris, G.S.; Brolsma, M.F.J.; Simmonds, H.A.; Gibson, T. Rapid de-
termination of enzyme activity in intact and lysed cells using HPLC with and without radiolabeled
substrates. J. Chrom. 1983, 276, 427-432.

5. Smith, P.K.; Krohn, R.I.; Hermanson, G.T.; Mallia, A.K.; Gartner, F.H.; Provenzano, M.D.; Fujimoto,
E.K.; Goeke, N.M.; Olson, B.J.; Klenk, D.C. Measurement of Protein Using Bicinchoninic Acid. Anal.
Biochem. 1985, 150, 76-85.

6. Jacomelli, G.; Micheli, V.; Peruzzi, L.; Notarantonio, L.; Cerboni, B.; Sestini, S.; Pompucci, G. Simple
non-radiochemical HPLC-linked method for screening for purine metabolism disorders using dried
blood spot. Clin. Chim. Acta 2002, 324, 135-139.



