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Abstract

GTP cyclohydrolase | (GCH) isresponsible for the
first step of tetrahydrobiopterin (BH,) biosynthesis.
BH, is an important molecule, because it isthe
cofactor of phenylalanine hydroxylase, tyrosine
hydroxylase, tryptophan hydroxylase and nitric oxide
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synthase. GCH gene mutations are associated with
wither malignant phenylketonuria and dopa-responsive
dystonia (DRD). Both of them are responsive to
L-dopatreatment. DRD is mostly dominantly inherited,
and through the dominant-negative mechanism.

In the past years, we have isolated a 13kb DNA
from human genomic library containing the 5’ region
(including part of exon 1) of GCH gene. We have
shown that both a 2.8 and 5kb fragments possessed
promoter activity. We connected the 2.8kb fragment to
LacZ gene. The construct was injected into mouse
fertilized egg. We have screened FO and F1 for the
LacZ mice, but the gene was not expressed. We
inserted a GCH cDNA containing the G201E DRD
mutation after the 5kb promoter. Both FO and F1
G201E mice were produced.

The phenotype of the transgenic mice was
checked by Rota-Rod. Several mice were found to
have poor performance on the Rota. These mice may
have decreased GCH activity because of the
expression of the dominant negative GCH gene.
However, the offspring of these mice could not
express stably the same phenotype. Therefore, we can
not make conclusion on the association between motor
defect and the transgene.

When the mice were getting old, some of them
demonstrated behavior problem. They tended to make
purposeless circling movement. This could be alate
onset motor abnormality, and may be associated with
the GCH gene. Some mice were from the same
ancestor. These mice have low fertility power, and
many of their babies died shortly after birth. Further
studies on them are going now.

Keywords: GTP cyclohydrolase |, Dopa-responsive
dystonia, transgenic mice
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GTP cyclohydrolase | (GTP-CH) catalyzesthe rate
limiting step of tetrahydrobiopterin (BH,4) biosynthesis
(Nichol, 1985). BH, is the cofactor of severa
important human enzymes including phenylalanine
hydroxylase, tyrosine hydroxylase, tryptophan
hydroxylase (Kaufman 1959, Nagatsu 1964,
Lovenberg 1967) and nitric oxide synthase (Griffith
and Dennis, 1995). The latter three are responsible for
the production of bioactive humeral factors dopamine,



serotonin and nitric oxide. GTP-CH mutations have
been found in patients with hyperphenylalaninemia
(malignant phenylketonuria), and dopa-responsive
dystonia (DRD) (Segawa et a., 1971; Nygaard, 1988).

In hyperphenylalaninemia, patients are not able
to metabolize phenylalanine and have multiple
neurotransmitter deficiency. In DRD, it looks like only
nigro-striatal dopaminergic neurons are affected, and
the main symptom is dystonia (Segawa 1976, 1986).
The GTP-CH activitiesin hyperphenylalaninemia
patients are very low, while the activities are usually
10 to 20% in HPD/DRD patients (Segawa 1996,
Ichinose and Nagatsu, 1997). After the cloning of
human GTP-CH gene (Ichinose, 1994), recessive
mutations were found in hyperphenylalaninemia and
dominant mutations were found in DRD (Ichinose,
1994; Ichinose et a., 1995; Furukawa et &l ., 1996;
Bandmann et al., 1996; Blau et al., 1995). The enzyme
isahomodecamer (Nar et a, 1995). In our previous
work, we have found a case of DRD who has a
homologous GTPCH gene mutation (R249S).

It will be very useful if there is an animal model
of GTPCH deficiency to solve the unusual inheritance
in GTPCH deficiency, explore the disease mechanism
and improve the treatment, and understand more about
Dopa metabolism. Our hypothesisis that residual
enzyme activity (gene dosage) determines the
phenotype, and inheritance depends on the
mechanisms of mutations (loss-of-function or
dominant-negative).

The hph-1 mouse has BH4 deficiency and
reduced levels of dopamine, norepinephrine and
serotonin (Hyland, 1996), however, the underlying
defect of the Aph-1 mouseis till not known (Gutlich
et al., 1994). Transgenic mice expressing COL/IA1
gene with Gly859Cys mutation died intrauterine or
shortly after birth (Stacey et al., 1988). Both the
endogenous and mutant pro-a1(l) collagen was
expressed, but a striking reduction of the total collagen
| content was proportional to the level of mutant gene
expression. Mutations in the p53 tumor suppressor
gene are found at high frequency in awide range of
cancers (Hollstein et al., 1991). Wild-type p53 acts as
anegative regulator of cell growth (Kuerbitz et al.,
1992). Mutant forms of p53 no longer possess the
ability to arrest cell growth and are unable to bind to
specific DNA response sequences (Michalovitz et dl.,
1990). Mutant p53 actually inhibit wild-type p53in a
“dominant negative” manner through a complex
formation between the two forms (Milner et a., 1991).

In this study, we tried to make a mouse model
for GCH deficiency. Our strategy isto make
transgenic mice with a dominant negative GCH mutant
cDNA.

N R

LRI
Tissue section preparation
The animal iskilled by CO2. Itisfirst perfused with
warm normal saline, followed by 2%
paraformal dehyde. Organs are dissected and fixed for
another two hours. The organs are then soaked in 30%
sucrose in PBS with 2 mM MgCl2. Brain and organs
are then embed in OCT compound and ready for
frozen section.
Beta-galactosidase staining
To determine the patterns of b-galactosidase
expression, tissue sections will be fixed and stained for
b-gal actosidase activity.
Fixation and section as described in previous
section
Thedidesare rinsed in PBS with 2 mM MgCl2
Staining buffer
PBS
1 mM MgCl,
1.5 mM K4[Fes(CN)g]
1.5 mM Kj3[Fey)(CN)g]
Substrate: 1 mg/ml
5-bromo-4-chloro-indoyl-[1-D-galactopyranosi
de (X-Gal)
Incubation at 37°C for 3 hr
Counter stain with hematoxylin and mount
PCR detection
PCR will be done by primer pair P1F/P4R. This pair
of primer specifically amplify human GCH promoter
sequence with no cross amplification of the mouse
DNA.
Southern blot analysis
Southern blot will be performed with a 700 bp DNA
fragment located at the proximal human GCH
promoter. This probe detects no cross-hybridization
signal with mouse DNA. A non-radioisotope method
will be used in the study. DNA will be cut by different
enzyme for the purposes of both verification of
integration and estimation of copy number.

Map of human GCH promoter.

One positive phage clone was obtained from Human
genomic library (ClonTech, USA). A Xhol/EcoRI
13kb fragment was subcloned into pBluescriptl|
vector.

Promoter activity

Promoter fragments of different lengths were ligated
before the CAT reporter gene. The vectors were
transfected into BHK cells, and CAT activity was
assayed by standard method.
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PCR and Southern analyses of Lacz-mice
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Fig. PCR screening of LacZ mice. Lane 2: the G2
mouse, lane 12: negative control, lane 13: positive
control, lanes 1 and 14: marker
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Fig. Southern blot analysis of LacZ mice. Lane 1:
marker, lane 2: human DNA EcoRI cut, lane 3: human
DNA Pstl cut, lane 4, 5: LacZ mice number 2 and 7,
EcoRI cut. The probe is a human promoter fragment
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These results are still under calculation and
analysis. The phenotype of the transgenic mice was
checked by Rota-Rod. Several mice were found to
have poor performance on the Rota. These mice may
have decreased GCH activity because of the
expression of the dominant negative GCH gene.
However, the offspring of these mice could not
express stably the same phenotype. Therefore, we can
not make conclusion on the association between motor
defect and the transgene.

When the mice were getting old, some of them
demonstrated behavior problem. They tended to make
purposeless circling movement. This could be alate
onset motor abnormality, and may be associated with
the GCH gene. Some mice were from the same
ancestor. These mice have low fertility power, and
many of their babies died shortly after birth. Further
studies on them are going now.
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