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Introduction

GTPCH, PTPS, SR, PCD/DCoH, and DHPR are each encoded by single genes (GCH1,
PTS, SPR, PCBD, and QDPR), and the corresponding loci are mapped to chromosomes
14q21-q22.2, 11q22.3-q23.3, 2p13, 10q22, and 4p15.3, respectively (see Chapters 2.2).
BH4 deficiencies, a group of rare inherited neurological diseases with catecholamines and
serotonin deficiency, may present phenotypically with or without hyperphenylalaninemia
(HPA) [1]. BH4 deficiency presenting with hyperphenylalaninemia can be caused by muta-
tions in genes encoding the enzymes involved in its biosynthesis (GTPCH and PTPS) [2]
or regeneration (PCD/DCoH and DHPR) [3, 4]. The mutations are all inherited autosomal-
recessively. Biochemical, clinical, and DNA data of patients with BH4 deficiencies are
tabulated in the BIODEF and BIOMDB databases and are available via the 
internet (www.bh4.org). BIOMDB is a locus-specific database with detailed records of
disease-producing allelic variations and natural polymorphic markers. It was founded and
designed according to the recommendations of the HUGO Mutation Database
Association, and fits the proposals of the Working Group of Nomenclature, and 
Locus-specific Databases. Details of these proposals can be obtained at URL:
http://www.gene.ucl.ac.uk/nomenclature/.

The autosomal-dominantly inherited form of GTPCH deficiency (adGTPCH; Dopa-respon-
sive dystonia; DRD), initially described as Segawa’s disease [5], together with the recent-
ly described autosomal-recessive SR deficiency [3] present both without elevated plasma
phenylalanine levels in infancy, and thus, in contrast to classical BH4 deficiencies, cannot
be detected through newborn screening for phenylketonuria (PKU). For a more detailed
summary of BIOMDB mutations see review article by Thöny and Blau [6].

GCH1

A total of 90 mutations are distributed across all 6 exons and 5 introns (Figure 1). Among
patients with HPA four were found to be homozygotes (R184H, M211I, M211V, and
M213T) and one was compound heterozygote (Q110X, second allele not defined). Two
patients with homozygous mutations (P199A and R249S) presented without HPA. All oth-
er mutations occurred in heterozygous state and were associated with DRD: 52 missense
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mutations, 13 nonsense mutations, 17 frameshift mutations, 12 splice-site mutations,
6 deletions, one insertion, and two located in the 3’-promotor region (Figure 1).

Figure 1: Genomic structure and location of mutations in human GGCCHH11 gene.

PTS 

A total of 43 mutations are distributed across all 6 exons and the first 3 introns (Figure 2).
Two mutations, N52S and P87S, appear to be relatively frequent in the Asian population.
Among the exonic mutations there are, besides the 34 substitutions, 1 insertion and 5
deletions. The 3 splice-site mutations are distributed in the first 3 introns, and two of them
lead to skipping of exon 3. The E81E mutation is not a polymorphism, but rather leads to
a splicing defect and skipping of exon 4. 
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Figure 2: Genomic structure and location of mutations in human PPTTSS11 gene

SPR 

Four different disease-causing alleles are known that are all located in exon 2, one dele-
tion and 3 substitutions. Whereas 2 of the 4 mutations cause premature stop codons, the
other 2 generate an amino acid exchange (Figure 3). One intronic mutation (IVS2-2A>G)
was found to be frequent in the Maltese population [7].
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Figure 3: Genomic structure and location of mutations in human SSPPRR gene.

PCBD 

So far 9 different mutations were detected in patients with PCD deficiency, most of them
located in exon 4 (Figure 4). All these mutations are associated with a benign form of BH4

deficiency (primapterinuria), characterized by excretion of 7-substituted biopterin
(primapterin) and transient HPA. 
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Figure 4: Genomic structure and location of mutations in human PPCCBBDD gene.

QDPR 

33 different mutations are tabulated in the BIOMDB database: 17 missense mutations,
three nonsense mutations, three frameshift mutations, four splice-site mutations, inser-
tions, and four polymorphisms (Figure 5). Two mutations were found to be associated
with a mild form of DHPR deficiency (G151S, F212C). 
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Figure 5: Genomic structure and location of mutations in human QQDDPPRR gene.

Acknowledgements

This work was supported by the Swiss National Science Foundation grant no. 3100-
066953.01.

References

1. Blau N, Thöny B, Cotton RGH, Hyland K. Disorders of tetrahydrobiopterin and relat-
ed biogenic amines. In The Metabolic and Molecular Bases of Inherited Disease.
(Scriver CR, Beaudet AL, Sly WS, Valle D, Childs B, Vogelstein B, Eds.). 8th ed. New
York: McGraw-Hill; p. 1725–1776, 2001.

2. Thöny B, Blau N. Mutations in the GTP cyclohydrolase I and 6-pyruvoyl-tetrahy-
dropterin synthase genes. Hum Mutat 10:11–20.1997

E1 E2 E6E3 E5E4 E7

ATG TAG

2.7kb 1.9kb 2.5kb 10kb 1.7kb 2.7kb

L14P
G17R
G17V
G18D
G23D
A32A
W35fs

W36R
S39R
Q66R

L74P
C85C
W90X
S97fs

W108G
S115S
T123ins
L132L
P145L

G149R
Y150C
G151S
H158Y
G170S

P182fs
L205X

F212C
G218ins
R221X

IVS4+1G>C
IVS4+2.6kbA>G
IVS4-1G>A

IVS5+1G>A

Black = missense
Blue = nonsense
Green = frameshifts
Insertions = pink
Polymorphisms = brown

Black = missense
Blue = nonsense
Green = frameshifts
Insertions = pink
Polymorphisms = brown

QDPR

718



3. Bonafé L, Thöny B, Penzien JM, Czarnecki B, Blau N. Mutations in the sepiapterin
reductase gene cause a novel tetrahydrobiopterin-dependent monoamine neuro-
transmitter deficiency without hyperphenylalaninemia. Am J Hum Genet
69:269–277.2001

4. Dianzani I, de Santis L, Smooker PM, Gough TJ, Alliaudi C, Brusco A, Spada M, Blau
N, Dobos M, Zhang HP, Yang N, Ponzone A, Armarego WLF, Cotton RGH. Dihy-
dropteridine reductase deficiency: Physical structure of the QDPR gene, identification
of two new mutations and genotype-phenotype correlations. Hum Mutat
12:267–273.1998

5. Segawa M, Hosaka A, Miyagawa F, Nomura Y, Imai H. Hereditary progressive dysto-
nia with marked diurnal fluctuation. In Advances in Neurology. (Eldridge R, Fahn S,
Eds.). New York: Raven Press; p. 215, 1976.

6. Thöny B, Blau N. BIOMDB Database: Mutations in the GTP Cyclohydroalse I, 6-Pyru-
voyl-Tetrahydropterin Synthase, Sepiapterin Reductase, Carbinolamine-4a-Dehy-
dratase, and Dihydropteridine Reductase Genes. Human Mutat: in press.2005

7. Farrugia R, Felice AE. BH4 deficiency in a small island population. Human Genome
Meeting Berlin, Germany:(abstract).2004

ADDRESS FOR CORRESPONDENCE:

B. Thöny
Division of Clinical Chemistry and Biochemistry
University Children’s Hospital
Zurich
Switzerland
Tel.:
Fax:
E-Mail: 

719



720


