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Systemic synthesis and regulation of L-DOPA

All patent and non-patent references cited in the present application, are hereby

incorporated by reference in their entirety.

I. Technical field of the invention

The present invention relates to expression systems comprising polynucleotide
sequences encoding polypeptides to be differentially expressed in a target cell; and
administered peripherally to a patient in need thereof for treating medical conditions
associated with catecholamine dysfunction, in particular diseases associated with
dopamine deficiency such as Parkinson’s disease and related disorders including L-
DOPA induced dyskinesia.

Il. Background of the invention

Parkinson’s disease (PD) is a common neurodegenerative disease characterized
clinically by resting tremor, rigidity, slowness of voluntary movement, and postural
instability. Loss of dopaminergic neurons within the substantia nigra pars compacta
(SNpc), intraneuronal cytoplasmic inclusions or “Lewy bodies,” gliosis, and striatal
dopamine depletion are principal neuropathological findings. With the exception of
inherited cases linked to specific gene defects that account for 10% of cases, PD is a

sporadic condition of unknown cause.

Dopamine does not cross the blood brain barrier. Striatal dopamine deletion cannot be
resolved by peripheral administration of dopamine. Therapy with the dopamine (DA)
precursor L-3,4-dihydroxyphenylalanine (L-DOPA) is the most effective treatment for
Parkinson’s disease. However, while treatment response is excellent initially, over the
course of several years most patients develop therapy-related adverse effects such as
L-DOPA-induced dyskinesias. (Obeso, Olanow, & Nutt, 2000) (Ahlskog & Muenter,
2001). These complications are thought to arise from the intermittent and pulsatile
stimulation of supersensitive DA receptors on striatal neurons. (Chase, 1998) (Nutt,
Obeso, & Stocchi, 2000)

Nigral dopamine neurons fire tonically at a steady rate of ~4 cycles/second. This
background firing is interrupted briefly by phasic bursts upon presentation of an

unexpected or rewarding stimulus such as food. Since the amount of neurotransmitter
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release generally reflects the rate of neuronal firing, striatal dopamine concentrations
remain within a fairly narrow range, and dopamine receptors at the nigrostriatal
synapses are exposed to fairly stable concentrations of their cognate neurotransmitter.
As denervation of the nigrostriatal dopaminergic neurons increases, exposure to striatal
dopamine formed from exogenous dopa becomes increasingly brief, and the relative
rise and fall of dopamine concentrations acquires an amplitude that is larger than the
amplitude that occurs physiologically. In early disease, the inevitable variability in the
delivery of dopa consequent upon oral administration goes largely unnoticed, and most
patients experience sustained benefit. This stable response reflects the capacity of
residual dopaminergic neurons to transform exogenous dopa into a long-duration motor
response. These observations are consistent with the notion that the presence of an
adequate surviving complement of nigral dopaminergic neurons in early Parkinson’s

disease shields the striatum from the vicissitudes of brain dopa.

As treatment continues, the pharmacokinetic properties of L-DOPA start to assume
greater clinical relevance, and a shorter-duration motor response predicted from the

90-minute half-life becomes apparent.

Continuous DA receptor stimulation using either duodenal (Syed, Murphy, Zimmerman,
Mark, & Sage, 1998) (Nyholm et al., 2003) or intravenous (Mouradian, Heuser, Baronti,
& Chase, 1990) infusion of L-DOPA, or subcutaneous infusion of the DA receptor
agonist apomorphine (Poewe & Wenning, 2000) has been shown to markedly reduce
the frequency and severity of abnormal involuntary movements in Parkinson’s disease

patients

Continuous delivery of a gel formulation of levodopa/carbidopa into the duodenum via a
percutaneous tube and a portable pump provides more constant plasma
concentrations than oral drug therapy. The therapy (Duodopa) has been approved in
the USA and in the EU under an orphan drug exemption and is currently used in ~800
patients. The evidence base for this therapy is still evolving. Nyholm conducted a
randomized crossover study and proved superiority of duodenal levodopa infusion over
oral polypharmacy in reducing off periods and on time with severe dyskinesia. (Nyholm
et al., 2005) This symptomatic benefit has been confirmed in open-label studies
(Nilsson, Nyholm, & Aquilonius, 2001), (Nyholm et al., 2008). More recently, (Antonini,
Chaudhuri, Martinez-Martin, & Odin, 2010) evaluated prospectively the longer-term
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impact of the therapy on health-related quality of life in nine patients with advanced
Parkinson’s disease. The therapy significantly shortened the daily duration of off
periods and dyskinesia. This led to significant improvements in four domains (mobility,
ADL, stigma, and bodily discomfort) of the PDQ-39. (Wolters, Lees, Volkmann, van
Laar, & Hovestadt, 2008)

A pharmacokinetic-pharmacodynamic study of duodopa for PD indicated a
concentration at 50% effect of 1.55 mg/L L-Dopa (Westin et al., 2011). A similar study
using an intra-intestinal infusion of levodopa methyl ester achieved improved control of

PD and dyskinesia with plasma levels of 3000-4000 ng/mL of Levodopa.

Direct injection of viral vectors in the parkinsonian brain provides a continuous and
local production of L-DOPA centrally at a specific target site in the brain, i.e. in the DA-
depleted striatum. Local L-DOPA delivery by in vivo gene therapy, using intrastriatal
gene transfer of DA-synthetic enzyme tyrosine hydroxylase (TH), has been explored as
a potential therapeutic intervention for Parkinson’s disease (Horellou et al., 1994)
(Kaplitt et al., 1994). It has been shown that the levels of DOPA production are very low
unless expression of TH is combined with exogenous administration of
tetrahydrobiopterin, the co-factor for TH, or with co-expression of its rate-limiting
synthetic enzyme, GTP cyclohydrolase 1 (GCH1) (Mandel, Spratt, Snyder, & Leff,
1997) (Bencsics et al., 1996) (Corti et al., 1999). The most promising long-term results
so far have been obtained using recombinant adeno-associated viral (rAAV) vectors
(Mandel et al., 1998) (Kirik, Rosenblad, & Bjoérklund, 1998), (Szczypka et al., 1999).

It has been shown that intrastriatal injection of high titre rAAV vectors encoding the
genes for TH and GCH1 can provide pronounced behavioural recovery in rats rendered
parkinsonian by injection of 6-hydroxydopamine (6-OHDA), provided that the level of
striatal DOPA production exceeds a critical threshold (Kirik et al., 2002). Further study
indicated that rAAV-mediated expression of the DOPA-synthesizing enzymes, TH and
GCHA1, in the striatum is capable of eliminating L-DOPA-induced dyskinesias in the rat
Parkinson’s disease model. In vivo gene therapy by rAAV-TH and rAAV-GCH1 vectors
has dual action: (i) alleviation of dyskinesias induced by systemic intermittent L-DOPA
treatment; and (ii) near complete reversal of the lesion-induced deficits in spontaneous
motor behaviour. These changes are associated with a normalization of striatal opioid

gene expression and reversal of the abnormal DFosB expression, both of which are
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considered as markers of maladaptive plasticity induced by the L-DOPA treatment.
(Carlsson et al., 2005).

An improved treatment for Parkinson’s disease would enable long term constant
administration of L-DOPA by a route which did not require interventional brain surgery,
life-long intravenous infusion or require surgical implantation of a percutaneous
endoscopic gastrostomy tube with the risks and complications associated with each

route of administration.

While direct production at the site of intended use has a number of advantages
(minimal dose requirement and lack of peripheral effects) the route of administration
requires neurosurgery. The requirement of intrastriatal injection is likely to limit clinical
application to a subset of patients expected to benefit from the intervention. There are
at present insufficient neurosurgical facilities and neurosurgeons to ensure that all

eligible patients could be treated by such methods.

lll. Summary of the invention

Direct continuous secretion of a therapeutic or sub-therapeutic level of L-DOPA into the
peripheral circulation would circumvent problems associated with enteral administration
including unwanted decarboxylation in the gut and inconsistent absorption due to
ingested food, Helicobacter pylori infection, variations in gut motility and gastric acidity,
competition for absorption across the gut wall from dietary neutral amino acids, and

DOPA metabolites formed by gut flora.

While direct continuous secretion into the vascular system of a therapeutic level of L-
DOPA might be optimal, continuous secretion of sub-therapeutic level may still be
valuable, thus facilitating sufficient constant background levels of striatal dopamine to
prevent or delay the development of dyskinesia and minimising the dose of oral L-

DOPA supplements needed for efficacy.

Rather than to continuously infuse L-DOPA via the gut or parenterally it is proposed to
enable one or more peripheral tissues such as liver or muscle to continuously secrete
L-DOPA into the peripheral circulation. This is achieved by introducing into the target

tissues the genes to enable L-DOPA. Tyrosine hydroxylase (TH) catalyzes the
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hydroxylation of tyrosine to L-DOPA and needs tetrahydrobiopterin (BH4) as cofactor.
BH4 biosynthesis may require the GTP cyclohydrolase 1 (GCH1).

Secretion of levels of L-DOPA into the peripheral circulation will reduce the requirement
for other forms of dopaminergic therapy such as oral L-DOPA or dopamine agonists in
conditions due to dopamine deficiency such as Parkinson’s disease. Optimal levels of
L-DOPA secretion would remove the need for additional dopamine agonist(s). Even
less than optimal levels of L-DOPA secretion would reduce the dose of additional
agonist(s). This could reduce the adverse events associated with use of oral or

parenteral L-DOPA or dopamine agonists or other treatments for dopamine deficiency.

Troublesome complications of oral and parenteral L-DOPA therapy and dopaminergic
agonists such as L-DOPA induced dyskinesia and on/off syndrome are believed due to
the fluctuations in the pharmacokinetic peak and trough levels of these agents following
oral or parenteral dosing. Achieving constant secretion of L-DOPA into the peripheral
circulation at therapeutic or sub-therapeutic levels would establish a raised baseline
level of plasma L-DOPA and facilitate reduction of the dose of additional dopaminergic

agents thus reducing peak to trough variation.

The purpose of the present invention has been to develop new molecular tools for the
treatment of disorders where the present treatment strategies are insufficient or where
present treatment is associated with severe side effects and/or where the treated
individual develops resistance against said treatment. More specifically, the present
invention relates to a novel expression construct regulating the level of enzymes
involved in catecholamine biosynthesis, thus being useful in a method for restoring

toward normal catecholamine balance in a subject in need thereof.

In particular the invention relates to use of said expression construct in a method of
treatment of neurological disorders, preferably non-curable degenerative neurological
disorders wherein the majority of the patient’s experience diminishing treatment

response and increased adverse events during prolonged treatment.

The present invention relates primarily to the treatment of Parkinson’s disease and L-
DOPA Induced Dyskinesia (LID), wherein the present treatment strategy involves the

administration of L-DOPA or other dopamine receptor stimulating agents. Current
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treatment regimens are efficient mainly in the early phase of the disease, but during
prolonged treatment most patients develop L- DOPA induced dyskinesia. Development
of dyskinesia is believed to be associated with non-continuous delivery of L- DOPA or
other dopamine receptor stimulating agents. It is thus a main object of the present
invention to refine the present treatment by supplying the compounds necessary for
treatment of particularly Parkinson’s disease locally where needed and at continuous

rates that diminishes any adverse effects.

The present invention relates to expression systems comprising expression systems, to

be administered in peripheral tissue for regulating systemic levels of L-DOPA.

In one aspect, the invention relates to an expression system comprising:

a polynucleotide which upon expression encodes a tyrosine hydroxylase (TH; EC
1.14.16.2) polypeptide or a biologically active fragment or variant thereof, wherein said

polynucleotide is operably linked to a promoter;

and/or

a polynucleotide which upon expression encodes a GTP-cyclohydrolase 1 (GCH1; EC
3.5.4.16) polypeptide or a biologically active fragment or variant thereof, wherein said

polynucleotide is operably linked to a promoter.

In one aspect, the present invention relates to a An expression system comprising:

a first polynucleotide (N1) which upon expression encodes a GTP-cyclohydrolase 1
(GCH1; EC 3.5.4.16) polypeptide or a biologically active fragment or variant thereof,
wherein said polynucleotide is operably linked to a first promoter, and wherein the
biological activity is enzymatic activity of GCH1;

and

a second polynucleotide (N2) which upon expression encodes a tyrosine hydroxylase
(TH; EC 1.14.16.2) polypeptide or a biologically active fragment or variant thereof,
wherein said polynucleotide is operably linked to a second promoter, and wherein the
biological activity is enzymatic activity of TH;

and
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a third polynucleotide (N3) which upon expression encodes a
6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12) polypeptide or a biologically
active fragment or variant thereof, wherein said polynucleotide is operably linked to a

third promoter, and wherein the biological activity is enzymatic activity of PTPS.

In one aspect, the invention concerns an isolated host cell transduced or transfected by

the expression system defined herein above.

In another aspect, the invention concerns a pharmaceutical composition comprising the
expression system defined herein above, and optionally a pharmaceutically acceptable

salt, carrier or adjuvant.

In one aspect, the present invention relates to an expression system as defined herein

above for medical use.

In a further aspect, the invention concerns the expression system as defined herein
above, for use in a method of treatment of a disease associated with catecholamine
dysfunction, wherein said expression system is administered peripherally, i.e.

administered outside the CNS.

In another aspect the invention concerns an expression system comprising one or
more nucleotide sequences which upon expression encodes one or more polypeptides

selected from the group consisting of:

a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically active fragment

or variant thereof; and/or

a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically active

fragment or variant thereof;

for use in a method of treatment of a disease associated with catecholamine

dysfunction, wherein said expression system is administered peripherally.

The invention in a further aspect concerns a method for maintaining a therapeutically

effective concentration of L-DOPA in blood, said method comprising peripheral
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administration (i.e. administration outside the CNS) of the expression system defined

herein above, to a person in need thereof.

In another aspect the invention concerns a method of treatment and/or prevention of a
disease associated with catecholamine dysfunction, said method comprising
peripherally administering to a patient in need thereof a therapeutically effective

amount of the expression system defined herein above, to a person in need thereof.

In yet another aspect, the invention concerns a method for maintaining a
therapeutically effective concentration of L-DOPA in blood of a patient, said method
comprising administering to said patient the expression system as defined herein

above.

In yet another aspect, the invention concerns a method for reducing, delaying and/or
preventing emergence of L-DOPA induced dyskinesia (LID), said method comprising
peripherally administering the expression system defined herein above to a patient in

need thereof.

In yet another aspect, the invention concerns a method of obtaining and/or maintaining
a therapeutically effective concentration of L-DOPA in blood, said method comprising
peripherally administering an expression system comprising a nucleotide sequence
which upon expression encodes at least one therapeutic polypeptide, wherein the at
least one therapeutic polypeptide is a tyrosine hydroxylase (TH; EC 1.14.16.2)

polypeptide, or a biologically active fragment or variant thereof.

In one aspect, the invention concerns a kit comprising the pharmaceutical composition

defined above, and instructions for use.

IV. Detailed description of the invention

Description of the drawings

Figure 1: Overview of L-DOPA biosynthesis
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Figure 2: AAV Vectors for continuous L-DOPA Synthesis in the Liver. A)
Bicistronic vector: ITR = inverted terminal repeat sequences, LP1= Liver
promoter/enhancer 1, HLP= hybrid liver-specific promoter (see McIntosh J et. al Blood
2013 121(17) 3335-3344), tTH = truncated Tyrosine Hydroxylase (SEQ ID NO: 24),
GCH1 = GTP cyclohydrolase 1 (SEQ ID NO: 20), WPRE = woodchuck hepatitis virus
posttranscriptional regulatory element (SEQ ID NO: 28 or 29). B-E) Monocistronic
Vectors . HLP: short liver-specific promoter (McIntosh J et al, Blood. 2013 Apr
25;121(17):3335-44) equally strong to LP1.

Figure 3: Animal Study. A) Mice were randomly allocated to 3 groups of 6 animals.
On day one the animals received either no treatment (naive), or viral vectors as
detailed in the table A), respectively. B) Mice were randomly allocated to 2 groups of 2
animals. On day one the animals received viral vectors as detailed in the table B). A)
and B): On day 28 the mice received 10 mg/kg beserazide to block decarboxylation of
L-DOPA and a COMT inhibitor to block metabolism of L-DOPA by catechol-O-methyl
transferase one hour before sacrifice and collection of plasma for L-DOPA assay and
liver for immunohistochemistry. The intended dose of COMT inhibitor was tolcapone 30
mg/g administered twice, 4 hours and 1 hour before sacrifice and collection of plasma
for L-DOPA assay. C) lllustration of the experimental setup: tail-vein injection followed
by low dose of benserazide and entacapone 1 hour before sacrifice and organ

harvesting at day 28.

Figure 4: GCH1 staining. A) Liver sections from naive mice or mice treated with
expression vector scAAV-LP1-GCH1 and/or scAAV-LP1-1TH at a total dose of
7.02x10" vg/mouse as described in relation to figure 3A. Sections demonstrate
transduction of <1%. B) Liver sections from naive mice or mice treated with expression
vectors scAAV-HLP-GCH1 and scAAV-HLP-tTH at a total dose of 3.6x10"? vg/mouse

as described in relation to figure 3B. Sections demonstrate transduction of ~25%.

Figure 5: Animal Study - Mouse Plasma L-DOPA concentrations. Plasma L-DOPA
levels in mice. A) is a table indicating the average L-DOPA level, whereas B) shows a
plot indicating the L-DOPA levels for all mice tested. The groups were treated as

follows:

A: No vector (control)

B: scAAV-LP1-tTH (3.5x10"%) + scAAV-LP1-GCH1 (3.5x10"°)
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C: scAAV-LP1-tTH (7.0x10")
D: scAAV HLP-tTH (1.8x10"?) + scAAV HLP-GCH1 (1.8x10"?)
E: scAAV-HLP-tTH (3.6x10"%)

Vectors were administered by an intravenous injection. Plasma was collected 28 days

after dosing, one hour after treatment with benserazide (10mg/kg) and entacapone..

Figure 6: Animal Study — H&E staining. Liver sections from naive mice or mice
treated with expression vectors scAAV-HLP-GCH1 and/or scAAV-HLP-tTH at a total
dose of 3.6x10"? vg/mouse as described in relation to figure 3B were stained with
hematoxylin and eosin. The stain shows no signs of tissue damage or leukocyte

infiltration.

Figure 7: Homologous recombination of bicistronic construct. During production
of the bicistronic ITR-LP1-GCH1-LP1-tTH-WPRE-ITR vector homologous
recombination at the common LP1 sites also results in the production of monocistronic
ITR-LP1-tTH-WPRE-ITR.

Figure 8: A tricistronic expression system. The figure shows an example of an
expression system of the invention. The system is tricistronic. The TH gene is under
the control of the constitutive promoter EF-1alpha, and comprises an IRES and a
sequence encoding 6-pyruvoyltetrahydropterin synthase (PTPS). ITR: inverted terminal
repeat sequences. WPRE: Woodchuck hepatitis virus post-transcriptional regulatory

element.

Definitions

Bicistronic: The term “bicistronic” as used herein may refer to an expression system, a
vector or a plasmid. A bicistronic plasmid or vector comprises two genes within a single
plasmid or vector. A bicistronic expression system refers to an expression system

comprising at least one bicistronic plasmid or at least one bicistronic vector.

Biologically active: The term ‘biologically active’ when used herein in connection with

enzymes encoded by the expression system construct of the invention, refers to the
enzymatic activity of said enzymes, meaning the capacity to catalyze a certain
enzymatic reaction. In particular biologic activity may refer to the enzymatic activity of

tyrosine hydroxylase (TH), GTP-cyclohydrolase (GCH-1) or 6-pyruvoyltetrahydropterin
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synthase (PTPS), or any other enzyme encoded by the expression system of the

present disclosure and which may help achieve the therapeutic effect.

Biologically active fragment: The term “biologically active fragment’ as used herein,

refers to a part of a polypeptide, including enzymes, sharing the biological activity of
the full length polypeptide. The biological activity of the fragment may be smaller than,
larger than, or equal to the enzymatic activity of the native full length polypeptide.
Biologically active fragments of polypeptides include fragments having at least 70%
sequence identity to any one of SEQ ID NO:s 1, 2, 3,4, 5,6,40,7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17 or 18. Biologically active fragments of a given polypeptide also include
fragments wherein no more than 30% of the amino acid residues of said polypeptide
have been deleted, such as no more than 29%, for example no more than 28%, such
as no more than 27%, for example no more than 26%, such as no more than 25%, for
example no more than 24%, such as no more than 23%, for example no more than
22%, such as no more than 21%, for example no more than 20%, such as no more
than 19%, for example no more than 18%, such as no more than 17%, for example no
more than 16%, such as no more than 15%, for example no more than 14%, such as
no more than 13%, for example no more than 12%, such as no more than 11%, for
example no more than 10%, such as no more than 9%, for example no more than 8%,
such as no more than 7%, for example no more than 6%, such as no more than 5%, for
example no more than 4%, such as no more than 3%, for example no more than 2%,
such as no more than 1% of the amino acid residues of said polypeptide have been
deleted.

Biologically active variant: The term “biologically active variant’ as used herein, refers

to a polypeptide part of a protein, such as an enzyme, having the same biological
activity as a native full length protein. The biological activity of the fragment may be
smaller than, larger than or equal to the enzymatic activity of the native full length

polypeptide.

Catecholamine dysfunction: The term catecholamine dysfunction as used herein refers

to abnormalities in catecholamine synthesis, regulation, storage, release, uptake or
metabolism as compared to the same parameters in a healthy individual. In particular
the catecholamine dysfunction is dopamine dysfunction, such as dopamine deficiency.

The person skilled in the art is capable of diagnosing catecholamine dysfunction.
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Cognitive impairment: The term ‘cognitive impairment’ used herein refers to a condition

with poor mental function, associated with confusion, forgetfulness and difficulty

concentrating.
Expression: The term ‘expression’ of a nucleic acid sequence encoding a polypeptide
is meant transcription of that nucleic acid sequence as mRNA and/or transcription and

translation of that nucleic acid sequence resulting in production of that protein.

Expression cassette: The term ’expression cassette' as used herein refers to a

genomic sequence that provides all elements required to result in the synthesis of a
protein in vivo. This could include, but is not necessarily limited to, a sequence that
drives transcription from DNA to mRNA, i.e., a promoter sequence, an open reading
frame that includes the genomic sequence for the protein of interest and a 3’
untranslated region that enables polyadenylation of the mRNA.

Expression system: The term ‘expression system’ as used herein refers to a system

specifically designed for the production of a gene product, in particular a polypeptide.
An expression system comprises a nucleotide sequence which upon expression
encodes a polypeptide. Expression systems may be but is not limited to, vectors such

as virus vectors, e.g. AAV vector constructs.

Functional in mammalian cells: The term ‘functional in mammalian cells’ as used

herein, means a sequence, e.g. a nucleotide sequence such as a expression system,
that when introduced into a mammalian cell results in the translation into a biologically

active polypeptide.

HLP: The term “hybrid liver-specific promoter” or “HLP” as used herein refers to a
promoter as described in MclIntosh J et. al Blood 2013 121(17) 3335. The HLP of the
present invention comprises a human liver specific enhancer, human

liver specific promoter, and a modified intron. In one embodiment the LP1 has the
polynucleotide sequence of SEQ ID NO: 45 or a biologically active fragment or variant

thereof.
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Homology: For the purposes of the present application, the terms sequence ‘homology’
and ‘homologous’ as used herein are to be understood as equivalent to sequence

‘identity’ and ‘identical’.

LP1: The term "liver promoter/enhancer 1" or “LP1” as used herein refers to a promoter
as described in Nathwani AC et al. Blood. 2006;107(7):2653-2661 and Miao HZ et al.
Blood. 2004;103(9):3412-3419. The LP1 of the present inventor comprises a truncated
liver-specific enhancer and truncated liver specific promoter. In one embodiment the
LP1 has the polynucleotide sequence of SEQ ID NO: 39 or a biologically active

fragment or variant thereof.

Operably linked: The term ‘operably linked’ as used herein indicates that the nucleic

acid sequence encoding one or more polypeptides of interest and transcriptional
regulatory sequences are connected in such a way as to permit expression of the

nucleic acid sequence when introduced into a cell.

Peripheral administration: The term ‘peripheral administration’ as used herein refers to

peripheral in relation to the central nervous system (CNS). In particular, peripheral
administration refers to administration to skeletal muscle and liver tissue. The person of
skill in the art is familiar with means for administering a pharmaceutical composition

and ingredients thereof to said tissue.

Pharmaceutical composition: or drug, medicament or agent refers to any chemical or

biological material, compound, or composition capable of inducing a desired
therapeutic effect when properly administered to a patient. Some drugs are sold in an
inactive form that is converted in vivo into a metabolite with pharmaceutical activity. For
purposes of the present invention, the terms "pharmaceutical composition" and

"medicament” encompass both the inactive drug and the active metabolite.

Plasmid: the term ‘plasmid’ refers herein to a polynucleotide which can be naked or
packaged within a vector. In the present disclosure, a plasmid is preferably physically
separated from the chromosomal DNA of the cell in which it is transferred, and can
replicate independently. In some embodiments, the expression system of the present
disclosure comprises one or more plasmids, either naked, i.e. unpackaged, or

packaged within a vector, as is known in the art.
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Polypeptide: The term 'polypeptide’ as used herein refers to a molecule comprising at

least two amino acids. The amino acids may be natural or synthetic. 'Oligopeptides are

defined herein as being polypeptides of length not more than 100 amino acids. The

term “polypeptide” is also intended to include proteins, i.e. functional biomolecules

comprising at least one polypeptide; when comprising at least two polypeptides, these

may form complexes, be covalently linked or may be non-covalently linked. The

polypeptides in a protein can be glycosylated and/or lipidated and/or comprise

prosthetic groups.

Polynucleotide: The term ‘polynucleotide’ used herein refers to a molecule which is an

organic polymer molecule composed of nucleotide monomers covalently bonded in a

chain. A “polynucleotide” as used herein refers to a molecule comprising at least two

nucleic acids. The nucleic acids may be naturally occurring or modified, such as locked

nucleic acids (LNA), or peptide nucleic acids (PNA). Polynucleotide as used herein

generally pertains to

i)

a polynucleotide comprising a predetermined coding sequence, or

a polynucleotide encoding a predetermined amino acid sequence, or

a polynucleotide encoding a fragment of a polypeptide encoded by
polynucleotides (i) or (ii), wherein said fragment has at least one

predetermined activity as specified herein; and

a polynucleotide the complementary strand of which hybridizes under
stringent conditions with a polynucleotide as defined in any one of (i), (ii)
and (iii), and encodes a polypeptide, or a fragment thereof, having at least

one predetermined activity as specified herein; and

a polynucleotide comprising a nucleotide sequence which is degenerate to

the nucleotide sequence of polynucleotides (iii) or (iv);

or the complementary strand of such a polynucleotide.
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Promoter: The term ‘promoter’ used herein refers to a region of DNA that facilitates the
transcription of a particular gene. A promoter is thus a region of an operon that acts as
the initial binding site for RNA polymerase. Promoters are typically located near the
genes they regulate, on the same strand and upstream. The term ‘promoter’ as used
herein is not limited by structure to classical promoters but should be understood as a

region of a nucleotide sequence which has the above described function.

Tricistronic: The term “tricistronic” as used herein may refer to an expression system, a
vector or a plasmid. A tricistronic plasmid or vector comprises three genes within a
single plasmid or vector. A tricistronic expression system refers to an expression

system comprising at least one tricistronic plasmid or at least one ftricistronic vector.

Vector: A vector according to the present invention is a DNA molecule used as a
vehicle to transfer foreign genetic material into another cell. The four major types of

vectors are plasmids, viruses, cosmids, and artificial chromosomes.

Viral vector: A viral vector is to be understood as a virus particle comprising a capsid

and a genome. The genome is typically enclosed by the capsid.

Expression system
Peripheral production and secretion of constant basal L-DOPA into the circulation could
achieve similar therapeutic effects as constant infusion into the small intestine via a

percutaneous gastrostomy, a mode of therapy currently used to treat PD.

The rationale behind the present invention is to provide a continuous daytime or
continuous 24 hours secretion of L-DOPA into the systemic circulation of patients with
Parkinson’s disease or any other condition in which elevating endogenous peripheral
secretion of L-DOPA may be indicated such as hereditary tyrosine hydroxylase

deficiency (Wevers et al., 1999) and restless legs syndrome.

The invention is the transduction or transfection of peripheral tissue to produce basal
levels of circulating L-dopa sufficient to be therapeutically useful in the treatment of
Parkinson’s disease or other conditions including tyrosine hydroxylase deficiency or

restless leg syndrome.
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Transduction of peripheral tissue is achieved by administration of a gene therapy
system consisting of an expression system transferring the genetic material enabling
targeted peripheral tissue to produce an enzyme able to convert tyrosine to L-3,4-
dihydroxyphenylalanine (L-DOPA). The expression system may be provided as one or
more vectors as detailed herein below. Preferably, the expression system allows for
expression of at least three polypeptides, namely TH, GCH1 and PTPS, and optionally
of a fourth polypeptide. In some embodiments, the expression system is provided as
two bicistronic vectors or plasmids. In other embodiments, the expression system is
provided as one tricistronic vector or plasmid, optionally with a monocistronic vector or
plasmid. In other embodiments, the expression system is provided as three or four

monocistronic vectors or plasmids.

The cells that are to be targeted by the present expression system may preferably be
cells that have a low cell turnover, at least in an adult subject. This is because it is
believed, without being bound by theory, that because the vectors or plasmids of the
present disclosure do not integrate in the chromosomal DNA of the target cell, the
vectors or plasmids are diluted with every cell division. Hence, it is expected that the
therapeutic effect fades out with time as cells regenerate. Cells that might be
particularly advantageous targets for gene therapy using the present expression

system are muscle cells, in particular striated muscle cells, and liver cells.

For example the invention could take the form of gene therapy based on an expression
system comprising at least one, such as two,adeno-associated viral vector serotype 8
(targeting hepatic transduction) and delivering the genetic sequence coding for a
human Tyrosine Hydroxylase (e.g. hTH2). The transfecting genome could include
hepatic specific promoter upstream of a TH gene sequence and may include a
woodchuck hepatitis virus post transcriptional regulatory element for maximum
expression (WPRE) downstream of the TH gene sequence. Treatment preferably
requires supply of tetrahydobiopterin either an oral supplement or produced
endogenously by co-transfection of the GPT-cyclohydrolase-1 (GCH1) gene. While co-
transfection would remove the need for oral supplementation, reliance on oral
supplementation offers the potential to “turn-off” L-dopa production at the site of
transfection should this be desired to manage toxicity or to provide periods of reduced
L-DOPA production during night. The extent to which GCH1 is required may vary

dependent upon the target tissue type (for example liver tissue has higher endogenous
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levels of GCH1 compared to striated muscle tissue). In preferred embodiments,
treatment also requires supply of 6-pyruvoyltetrahydropterin synthase (PTPS, EC
4.2.3.12) which catalyses the conversion of 7,8-dihydroneopterin triphosphate to 6-
pyruvoyltetrahydropterin and triphosphate. Preferably, PTPS is produced

endogenously by co-transfection of the PTPS gene as described herein.

In another embodiment, the expression system may comprise at least one, such as two
adeno-associated viral vector serotype 1 (targeting striated muscle). In such
embodiments, any of the promoters linked to the polynucleotides comprised within the
expression system may be muscle-specific. The turnover of muscle cells, in particular
of mature striated muscle cells, being very low, targeting of muscle cells, such as

mature striated muscle cells, is believed to be particularly advantageous.

The expression system may be bicistronic, i.e. comprises at least one bicistronic vector
or plasmid. The bicistronic system may further comprise a monocistronic vector or
plasmid. Alternatively, the expression system may be tricistronic, i.e. comprises at least
one tricistronic vector or plasmid. The tricistronic system may further comprise a

monocistronic vector or plasmid.

As with current oral L-DOPA medication a peripheral decarboxylase inhibitor (e.g,
benserazine or carbidopa) is preferably administered to block peripheral conversion of

the L-DOPA to dopamine thus improving tolerance and bioavailability to the striatum.

In one aspect, the invention relates to an expression system comprising:

a polynucleotide which upon expression encodes a tyrosine hydroxylase (TH; EC
1.14.16.2) polypeptide or a biologically active fragment or variant thereof, wherein said
polynucleotide is operably linked to a promoter;

and/or

a polynucleotide which upon expression encodes a GTP-cyclohydrolase 1 (GCH1; EC
3.5.4.16) polypeptide or a biologically active fragment or variant thereof, wherein said

polynucleotide is operably linked to a promoter.

In one aspect, the present invention relates to a An expression system comprising:
a first polynucleotide (N1) which upon expression encodes a GTP-cyclohydrolase 1

(GCH1; EC 3.5.4.16) polypeptide or a biologically active fragment or variant thereof,
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wherein said polynucleotide is operably linked to a first promoter, and wherein the
biological activity is enzymatic activity of GCH1;

and

a second polynucleotide (N2) which upon expression encodes a tyrosine hydroxylase
(TH; EC 1.14.16.2) polypeptide or a biologically active fragment or variant thereof,
wherein said polynucleotide is operably linked to a second promoter, and wherein the
biological activity is enzymatic activity of TH;

and

a third polynucleotide (N3) which upon expression encodes a
6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12) polypeptide or a biologically
active fragment or variant thereof, wherein said polynucleotide is operably linked to a

third promoter, and wherein the biological activity is enzymatic activity of PTPS.

In one aspect, the present invention relates to an expression system comprising:

a polynucleotide which upon expression encodes a tyrosine hydroxylase (TH; EC
1.14.16.2) polypeptide or a biologically active fragment or variant thereof, wherein said
polynucleotide is operably linked to a promoter;

and/or

a polynucleotide which upon expression encodes a GTP-cyclohydrolase 1 (GCH1; EC
3.5.4.16) polypeptide or a biologically active fragment or variant thereof, wherein said

polynucleotide is operably linked to a promoter.

In an embodiment the expression system of the present invention comprises:

a first polynucleotide which upon expression encodes a GTP-cyclohydrolase 1 (GCH1;
EC 3.5.4.16) polypeptide or a biologically active fragment or variant thereof, wherein
said polynucleotide is operably linked to a first promoter;

and

a second polynucleotide which upon expression encodes a tyrosine hydroxylase (TH;
EC 1.14.16.2) polypeptide or a biologically active fragment or variant thereof, wherein

said polynucleotide is operably linked to a second promoter.

In an embodiment the expression system of the present invention comprises:
a first polynucleotide which upon expression encodes a GTP-cyclohydrolase 1 (GCH1;
EC 3.5.4.16) polypeptide or a biologically active fragment or variant thereof, wherein

said polynucleotide is operably linked to a first promoter;
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and

a second polynucleotide which upon expression encodes a tyrosine hydroxylase (TH;
EC 1.14.16.2) polypeptide or a biologically active fragment or variant thereof, wherein
said polynucleotide is operably linked to a second promoter

and

a third polynucleotide which upon expression encodes a 6-pyruvoyltetrahydropterin
synthase (PTPS, EC 4.2.3.12) polypeptide or a biologically active fragment or variant

thereof, wherein said polynucleotide is operably linked to a third promoter.

In one aspect, the present invention relates to a bicistronic expression system
comprising a nucleotide sequence which upon expression encodes:
- atyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically active
fragment or variant thereof; and
- a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically
active fragment or variant thereof.
It will be understood that throughout this disclosure, the terms “first”, “second”, “third”
and “fourth” do not refer to a specific order, but instead are used for clarity’s sake.
Thus, the third polynucleotide of some embodiments may be located between the first

and the second polynucleotide.

The bicistronic expression system of the present invention is suitable for administration
to an individual such as a human being, for the treatment of diseases and disorders.
Thus in one aspect, the present invention relates to an expression system as defined

herein above for medical use.

The expression system of the present invention is particularly useful for treating
diseases and disorders associated with and/or resulting from, and or/resulting in an
imbalance in catecholamine levels. Accordingly, in one aspect, the invention concerns
the expression system as defined herein above, for use in a method of treatment of a
disease associated with catecholamine dysfunction, wherein said expression system is

administered peripherally, i.e. administered outside the CNS.

l.e. the invention in said aspect concerns a bicistronic expression system comprising a

nucleotide sequence which upon expression encodes a tyrosine hydroxylase (TH; EC
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1.14.16.2) polypeptide or a biologically active fragment or variant thereof; and a GTP-
cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically active fragment or
variant thereof; for use in a method of treatment of a disease associated with
catecholamine dysfunction, wherein said expression system is administered

peripherally, i.e. administered outside the CNS.

In another aspect the invention concerns an expression system comprising one or
more nucleotide sequences which upon expression encodes one or more polypeptides
selected from the group consisting of a tyrosine hydroxylase (TH; EC 1.14.16.2)
polypeptide or a biologically active fragment or variant thereof; and/or a GTP-
cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically active fragment or
variant thereof; for use in a method of treatment of a disease associated with
catecholamine dysfunction, wherein said expression system is administered

peripherally.

In one embodiment the expression system for said use comprises a bicistronic

expression system as defined herein above.

The expression system may also be a combination of either three monocistronic
expression systems or by one monocistronic expression system and one bicistronic
expression system. In embodiments where the expression system upon expression
encodes four polynucleotides, the system may be a combination of one monocistronic
expression system and one tricistronic expression system, or of two monocistronic
expression systems and one bicistronic expression system, or of four monocistronic

expression systems.

Thus in one embodiment the expression system of the present invention comprises:
a) a bicistronic expression system which upon expression encodes:
i) a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically
active fragment or variant thereof, and
i) a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically

active fragment or variant thereof.

In another embodiment the expression system of the present invention comprises:

a) a monocistronic expression system which upon expression encodes:
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i) a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically
active fragment or variant thereof; and
b) a monocistronic expression system which upon expression encodes:
i) a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a

biologically active fragment or variant thereof.

In yet another embodiment the expression system of the present invention comprises:

a) a monocistronic expression system which upon expression encodes:
i) a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically
active fragment or variant thereof; and

b) a monocistronic expression system which upon expression encodes:

i) GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically

active fragment or variant thereof.

In one embodiment the expression system of the present invention comprises:
a) a monocistronic expression system which upon expression encodes:
i) a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically
active fragment or variant thereof; and

b) a monocistronic expression system which upon expression encodes:

i) GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically

active fragment or variant thereof.

Thus in one embodiment the expression system of the present invention comprises:
a) a tricistronic expression system which upon expression encodes:
i) a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically

active fragment or variant thereof, and

i) a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically

active fragment or variant thereof; and

iii) a 6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12) polypeptide or a

biologically active fragment or variant thereof.

In another embodiment the expression system comprises:
a) a bicistronic expression system which upon expression encodes:
i) a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically

active fragment or variant thereof, and
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i) a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically
active fragment or variant thereof; and
b) a monocistronic expression system which upon expression encodes:
iii) a 6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12) polypeptide or a

biologically active fragment or variant thereof.

In another embodiment the expression system comprises:
a) a bicistronic expression system which upon expression encodes:
i) a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically
active fragment or variant thereof, and
i) a 6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12) polypeptide or a
biologically active fragment or variant thereof; and
b) a monocistronic expression system which upon expression encodes:
iii) a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically

active fragment or variant thereof.

In another embodiment the expression system comprises:
a) a bicistronic expression system which upon expression encodes:
i) a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically
active fragment or variant thereof, and
i) a 6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12) polypeptide or a
biologically active fragment or variant thereof; and
b) a monocistronic expression system which upon expression encodes:
iii) a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically

active fragment or variant thereof.

In another embodiment the expression system of the present invention comprises:
a) a monocistronic expression system which upon expression encodes:
i) a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically
active fragment or variant thereof; and
b) a monocistronic expression system which upon expression encodes:
i) a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a biologically
active fragment or variant thereof; and

¢) a monocistronic expression system which upon expression encodes:
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iii) a 6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12) polypeptide or

a biologically active fragment or variant thereof.

The expression system may additionally upon expression encode a fourth polypeptide

as detailed herein below.

The purpose of the use of the expression system of the present invention is to obtain
and/or maintain a therapeutically effective concentration of L-DOPA in blood of the

individual treated with the expression system of the invention.

The enzyme replacement therapy required for in vivo biosynthesis of L-DOPA applied
in the present invention relies on one or more of the three enzymes tyrosine
hydroxylase (TH; EC 1.14.16.2) and/or GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16)
and/or 6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12).

Said enzymes may be expressed as full length polypeptides or as biologically active
fragments or variants of the full length enzyme. By biological activity is meant that the
capacity to perform at least a fraction of the catalytic activity of the wild type full lengthy

enzyme should be retained by the fragment or variant.

Thus in one embodiment the expression system according to the present invention is
capable of expressing a GTP-cyclohydrolase 1 (GCH1) polypeptide or a biologically
active fragment or variant thereof which is at least 70% identical to a polypeptide
selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6.

In one embodiment the expression system according to the present invention is
capable of expressing a tyrosine hydroxylase (TH) polypeptide or a biologically active
fragment or variant thereof which is at least 70% identical to a polypeptide selected
from the group consisting of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID
NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO:
14, SEQ ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17.

In one embodiment the expression system according to the present invention is

capable of expressing a 6-pyruvoyltetrahydropterin synthase (PTPS) polypeptide or a
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biologically active fragment or variant thereof which is at least 70% identical to SEQ ID
NO: 41.

The expression system may in principle have any suitable form or structure provided
that said form or structure results in a gene product identical or essentially identical or
at least having a degree of identity as defined herein, to any one of the enzymes or

fragments or variants thereof as defined herein above

Viral vectors
Broadly, gene therapy seeks to transfer new genetic material to the cells of a patient
with resulting therapeutic benefit to the patient. Such benefits include treatment or

prophylaxis of a broad range of diseases, disorders and other conditions.

Ex vivo gene therapy approaches involve modification of isolated cells (including but
not limited to stem cells, neural and glial precursor cells, and foetal stem cells), which
are then infused, grafted or otherwise transplanted into the patient. See, e.g., U.S. Pat.
Nos. 4,868,116, 5,399,346 and 5,460,959. In vivo gene therapy seeks to directly target

host patient tissue in vivo.

Viruses useful as gene transfer vectors include papovavirus, adenovirus, vaccinia
virus, adeno-associated virus, herpesvirus, and retroviruses. Suitable retroviruses
include the group consisting of HIV, SIV, FIV, EIAV, MoMLV. A further group of suitable
retroviruses includes the group consisting of HIV, SIV, FIV, EAIV, CIV. Another group
of preferred virus vectors includes the group consisting of alphavirus, adenovirus,
adeno associated virus, baculovirus, HSV, coronavirus, Bovine papilloma virus, Mo-

MLV, preferably adeno associated virus.

Preferred viruses for transduction of hepatic or striated muscle cells are adeno-

associated viruses and lentiviruses.

Methods for preparation of AAV are described in the art, e.g. US 5,677,158.

A lentiviral vector is a replication-defective lentivirus particle. Such a lentivirus particle

can be produced from a lentiviral vector comprising a 5’ lentiviral LTR, a tRNA binding



10

15

20

25

30

35

WO 2017/021359 PCT/EP2016/068315

25

site, a packaging signal, a promoter operably linked to a polynucleotide signal encoding

said fusion protein, an origin of second strand DNA synthesis and a 3’ lentiviral LTR.

Expression vectors

Construction of vectors for recombinant expression of the TH and/or GCH1 and/or
PTPS polypeptides for use in the invention may be accomplished using conventional
techniques which do not require detailed explanation to one of ordinary skill in the art.
For review, however, those of ordinary skill may wish to consult Maniatis et al., in
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, (NY 1982).
Expression vectors may be used for generating producer cells for recombinant
production of TH and/or GCH1 and/or PTPS polypeptides for medical use, and for
generating therapeutic cells secreting TH and/or GCH1 and/or PTPS polypeptides for

naked or encapsulated therapy.

Briefly, construction of recombinant expression vectors employs standard ligation
techniques. For analysis to confirm correct sequences in vectors constructed, the
genes are sequenced using, for example, the method of Messing, et al., (Nucleic Acids
Res., 9: 309-, 1981), the method of Maxam, et al., (Methods in Enzymology, 65: 499,

1980), or other suitable methods which will be known to those skilled in the art.

Size separation of cleaved fragments is performed using conventional gel
electrophoresis as described, for example, by Maniatis, et al., (Molecular Cloning, pp.
133-134,1982).

For generation of efficient expression vectors, these should contain regulatory
sequences necessary for expression of the encoded gene in the correct reading frame.
Expression of a gene is controlled at the transcription, translation or post-translation
levels. Transcription initiation is an early and critical event in gene expression. This
depends on the promoter and enhancer sequences and is influenced by specific
cellular factors that interact with these sequences. The transcriptional unit of many
genes consists of the promoter and in some cases enhancer or regulator elements
(Baneriji et al., Cell 27: 299 (1981); Corden et al., Science 209: 1406 (1980); and
Breathnach and Chambon, Ann. Rev. Biochem. 50: 349 (1981)). Potent promoters and
other regulatory elements of the present invention are described in further detail herein

below.
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In one embodiment the expression system is a vector, such as a viral vector, e.g. a

viral vector expression system.

In another embodiment, the expression system is a plasmid vector expression system.

In yet another embodiment the expression system is based on a synthetic vector.

In yet another embodiment the expression system is a cosmid vector or an artificial

chromosome.

In certain embodiments, inclusion of an AADC gene into the vector can be
disadvantageous for any of a number of reasons. First, it generates a new system that
can without modulation convert tyrosine to dopamine. As the transduced cells lack the
mechanisms for sequestering the dopamine into vesicles, the dopamine can
accumulate rapidly in the cytosol. If the TH enzyme is left with the N-terminal regulatory
domain the dopamine produced can directly inhibit the DOPA synthesis through
negative feedback which can severely limit the efficacy of the treatment. On the other
hand, if the TH enzyme is truncated (e.g. SEQ ID NO: 40), the cytosolic dopamine
levels can rapidly increase as the transduced cells also lack mechanisms to release the

dopamine.

In one embodiment of the present invention the above defined expression system does
not comprise a nucleotide sequence encoding an aromatic amino acid decarboxylase
(AADC) polypeptide.

In one embodiment the expression system according to the present invention has a
packaging capacity from 1 to 40 kb, for example from 1 to 30 kb, such as from 1 to 20
kb, for example from 1 to 15 kb, such as from 1 to 10, for example from 1 to 8 kb, such

as from 2 to 7 kb, for example from 3 to 6 kb, such as from 4 to 5 kb.

In one embodiment the expression system according to the present invention is a viral

vector having a packaging capacity from 4.5 to 4.8 kb.
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In one embodiment the expression system according to the present invention is a viral
vector selected from the group consisting of an adeno associated vector (AAV),

adenoviral vector and retroviral vector.

In one embodiment the vector is an integrating vector. In another embodiment the

vector is a non-integrating vector.

In one embodiment the present the vector of the present invention is a minimally

integrating vector.

In a preferred embodiment the expression system according to the present invention is

an adeno associated vector (AAV).

Methods for preparation of AAV vectors are known by those of skill in the art. See e.qg.
US 5,677,158, US 6,309,634, and US 6,451,306 describing examples of delivery of

AAV to the central nervous system.

In one embodiment the AAV vector according to the present invention is selected from
the group consisting of serotypes AAVS5, AAV1, AAV6, AAVY and AAV2 vectors. These

are preferably used for targeting muscle cells such as myocytes or myoblasts.

In another embodiment the AAV vector according to the present invention is selected
from the group consisting of serotypes AAVS8, AAVS, AAV2, AAVY and AAV7 vectors.

These are preferably used for targeting cells of the liver, preferably hepatocytes.

Studies have demonstrated (McCarty (2008) Mol Ther.16(10):1648-56) the efficacy of
recombinant adeno-associated virus (rAAV) gene delivery vectors, and recent clinical
trials have shown promising results. However, the efficiency of these vectors, in terms
of the number of genome-containing particles required for transduction, is hindered by
the need to convert the single-stranded DNA (ssDNA) genome into double-stranded
DNA (dsDNA) prior to expression. This step can be entirely circumvented through the
use of self-complementary vectors, which package an inverted repeat genome that can
fold into dsDNA without the requirement for DNA synthesis or base-pairing between
multiple vector genomes. The important trade-off for this efficiency is the loss of half

the coding capacity of the vector, though small protein-coding genes (up to 55 kd), and
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any currently available RNA-based therapy, can be accommodated. The increases in
efficiency gained with self-complementary AAV (scAAV) vectors have ranged from
modest to stunning, depending on the tissue, cell type, and route of administration.
Along with the construction and physical properties of self-complementary vectors, the
basis of the varying responses in multiple tissues including liver, muscle, and central

nervous system (CNS) are outlined in the review by McCarthy.

Accordingly, in one embodiment the AAV vector of the present invention is a self-

complementary AAV (scAAV) vector.

In one embodiment the genome of the AAV8 vector is packaged in an AAV capsid
other than an AAVS8 capsid such as packaged in an AAV5, AAV9, AAV7, AAVG, AAV2
or AAV1 capsid.

In another embodiment the genome of the AAV7 vector is packaged in an AAV capsid
other than an AAV7 capsid such as packaged in an AAV8, AAVI. AAV5, AAVE, AAV2
or AAV1 capsid.

In yet another embodiment the genome of the AAV6 vector is packaged in an AAV
capsid other than an AAV6 capsid such as packaged in an AAV8, AAVY, AAV7, AAVS5,
AAV2 or AAV1 capsid.

In yet another embodiment the genome of the AAVS5 vector is packaged in an AAV
capsid other than an AAV5 capsid such as packaged in an AAV8, AAV9Y, AAV7, AAVE,
AAV2 or AAV1 capsid.

In another embodiment the genome of the AAV2 vector is packaged in an AAV capsid
other than an AAV2 capsid such as packaged in an AAV8, AAV9Y, AAV7, AAV6, AAV5S
or AAV1 capsid.

In another embodiment the genome of the genome of the AAV1 vector is packaged in
an AAV capsid other than an AAV1 capsid such as packaged in an AAV8, AAV9,
AAV7, AAV6, AAV2 or AAV5 capsid.
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In another preferred embodiment, the expression system is one or more plasmids,
which may be packaged in any of the above-listed vectors, or which may be naked, i.e.

unpackaged. In a preferred embodiment, the plasmid is naked.

In one embodiment the vector according to the present invention is capable of infecting

or transducing mammalian cells.

In an embodiment the vector according to the present invention is a vector selected
from the group comprising SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID
NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 52 and SEQ ID
NO: 53.

Promoters

A promoter is a nucleotide sequence that initiates transcription of a particular gene.
Promoters are located near the genes which they transcribe, on the same strand and
upstream on the nucleotide sequence (towards the 3' region of the anti-sense strand,
also called template strand and non-coding strand). Promoters typically consist of
about 100-1000 base pairs.

In an embodiment the expression system of the present invention comprises a first and
a second promoter as described herein. In an embodiment said first and said second
promoter sequence are different promoter sequences. In another embodiment said first

and said second promoter sequence are identical promoter sequences.

In an embodiment the expression system comprises a single promoter located between
two of the polynucleotides encoding the three polypeptides TH, GCH1 and PTPS,
together with an IRES.

In another embodiment of the expression system of the present invention comprises a
polynucleotide which upon expression encodes a tyrosine hydroxylase (TH; EC
1.14.16.2) polypeptide or a biologically active fragment or variant thereof as described

herein above, is operably linked to a liver specific promoter.

In another embodiment the expression system according to the present invention

comprises a polynucleotide which upon expression encodes a polynucleotide which
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upon expression encodes a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or
a biologically active fragment or variant thereof as described herein above, is operably

linked to a liver specific promoter.

In another embodiment the expression system according to the present invention
comprises a polynucleotide which upon expression encodes a polynucleotide which
upon expression encodes a 6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12)
polypeptide or a biologically active fragment or variant thereof as described herein

above, is operably linked to a liver specific promoter.

In a further embodiment the expression system according to the present invention
comprises a promoter as described herein above, wherein the promoter is a liver
specific promoter selected from the group consisting of liver promoter/enhancer 1 (LP1)
or a biologically active fragment or variant thereof and/or hybrid liver-specific promoter

(HLP) or a biologically active fragment or variant thereof.

In another embodiment the expression system according to the present invention
comprises a promoter as described herein above, wherein the promoter is a liver
specific promoter which is at least 70% identical to a polynucleotide selected from the
group consisting of SEQ ID NO: 38 (HLP) and/or SEQ ID NO: 39 (LP1), more
preferably at least 75% identical to a polynucleotide selected from the group consisting
of SEQ ID NO: 38 and/or SEQ ID NO: 39, more preferably at least 80% identical to a
polynucleotide selected from the group consisting of SEQ ID NO: 38 and/or SEQ ID
NO: 39, more preferably at least 85% identical to a polynucleotide selected from the
group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more preferably at least
90% identical to a polynucleotide selected from the group consisting of SEQ ID NO: 38
and/or SEQ ID NO: 39, more preferably at least 95% identical to a polynucleotide
selected from the group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more
preferably at least 96% identical to a polynucleotide selected from the group consisting
of SEQ ID NO: 38 and/or SEQ ID NO: 39, more preferably at least 97% identical to a
polynucleotide selected from the group consisting of SEQ ID NO: 38 and/or SEQ ID
NO: 39, more preferably at least 98% identical to a polynucleotide selected from the
group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more preferably at least
99% identical to a polynucleotide selected from the group consisting of SEQ ID NO: 38
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and/or SEQ ID NO: 39, more preferably 100% identical to a polynucleotide selected
from the group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39.

In another embodiment of the expression system of the present invention comprises a
polynucleotide which upon expression encodes a tyrosine hydroxylase (TH; EC
1.14.16.2) polypeptide or a biologically active fragment or variant thereof as described

herein above, is operably linked to a muscle specific promoter.

In another embodiment the expression system according to the present invention
comprises a polynucleotide which upon expression encodes a polynucleotide which
upon expression encodes a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or
a biologically active fragment or variant thereof as described herein above, is operably

linked to a muscle specific promoter.

In another embodiment the expression system according to the present invention
comprises a polynucleotide which upon expression encodes a polynucleotide which
upon expression encodes a 6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12)
polypeptide or a biologically active fragment or variant thereof as described herein

above, is operably linked to a muscle specific promoter.

In a further embodiment the expression system according to the present invention
comprises a promoter as described herein above, wherein the promoter is a muscle
specific promoter selected from the group consisting of pMCK1350, dMCK, tMCK and
promoters which are multiple copies of the human slow troponin | gene enhancer, or a

biologically active fragment or variant thereof.

In another embodiment the expression system according to the present invention
comprises a promoter as described herein above, wherein the promoter is a liver
specific promoter which is at least 70% identical to a polynucleotide selected from the
group consisting of SEQ ID NO: 38 (HLP) and/or SEQ ID NO: 39 (LP1), more
preferably at least 75% identical to a polynucleotide selected from the group consisting
of SEQ ID NO: 38 and/or SEQ ID NO: 39, more preferably at least 80% identical to a
polynucleotide selected from the group consisting of SEQ ID NO: 38 and/or SEQ ID
NO: 39, more preferably at least 85% identical to a polynucleotide selected from the
group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more preferably at least
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90% identical to a polynucleotide selected from the group consisting of SEQ ID NO: 38
and/or SEQ ID NO: 39, more preferably at least 95% identical to a polynucleotide
selected from the group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more
preferably at least 96% identical to a polynucleotide selected from the group consisting
of SEQ ID NO: 38 and/or SEQ ID NO: 39, more preferably at least 97% identical to a
polynucleotide selected from the group consisting of SEQ ID NO: 38 and/or SEQ ID
NO: 39, more preferably at least 98% identical to a polynucleotide selected from the
group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more preferably at least
99% identical to a polynucleotide selected from the group consisting of SEQ ID NO: 38
and/or SEQ ID NO: 39, more preferably 100% identical to a polynucleotide selected
from the group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39.

In one embodiment the expression system according to the present invention
comprises a promoter selective for mammalian cells, such as but not limited to
mammalian cells of the liver and skeletal or smooth muscle. In one embodiment the
promoter of the invention is specific for a mammalian cell selected from the group

consisting of hepatocytes, myocytes and myoblasts.

The promoter may be a naturally occurring promoter or a synthetic promoter.

In one embodiment the expression system according to the present invention
comprises a constitutive promoter such as but not limited to one or more promoters
selected from the group consisting of p-MCK (promoter for muscle creatine kinase), for
example p-MCK1350, promoters which are multiple copies of the human slow troponin
| gene enhancer, LB1, HLP, CAG, CBA, CMV, human UbiC, RSV, EF-1alpha, SV40,
Mt1, pGK, H1 and/or U3.

In some embodiments, the expression system comprises an EF-1alpha promoter. The
EF-1alpha promoter may be located upstream of TH or GCH1.

In one embodiment the expression system according to the present invention
comprises an inducible promoter such as but not limited to Tet-On, Tet-Off, Mo-MLV-

LTR, Mx1, progesterone, RU486 and/or Rapamycin-inducible promoter.

In one embodiment the expression system according to the present invention

comprises a promoter which is specific for liver cells, e.g. hepatocytes. Such promoters
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includes LP1, hAPO-HCR and/or hAAT. Any liver specific promoter may be useful in
the present invention, such as promoters found in genome databases such as the
Genbank which can be found at http://www.ncbi.nIm.nih.gov/genbank/, such as the
“The Liver Specific Gene Promoter Database” which can be found at
http://rulai.cshl.edu/LSPD/.

In another embodiment the expression system according to the present invention
comprises one or more promoter(s) specific for muscle cells, such as but not limited to

promoters selected from the group consisting of:

liver promoter/enhancer 1 (LP1),
hybrid liver-specific promoter (HLP) (see Mclntosh J et. al Blood 2013
121(17) 3335-3344),

¢. muscle specific combined or double promoter using elements of the CMV
promoter and SPc5-12,

d. SPc¢5-12 synthetic muscle specific promotor,

e. muscle specific creatine kinase promoter or abbreviated versions thereof
such as dMCK or tMCK, p-MCK1350, or promoters which are multiple

copies of the human slow troponin | gene enhancer

f. CMV promoter,
g. muscle CAT promoter,
h. skeletal alpha actin 448 promoter,

any active analogues or fragments of any of a through f.

In one embodiment the expression pattern of the promoter can be regulated by a
systemically administratable agent. e.g tetracycline on or tetracycline off gene

expression systems.

In a preferred embodiment the expression system according to the present invention
comprises one or more promoter(s) selected from the group comprising LB1 and HLP.
In a more preferred embodiment the expression system according to the present
invention comprises one or more promoter(s) selected from the group comprising SEQ
ID NO: 38 and SEQ ID NO: 39.
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In some embodiments, the expression system comprises a polynucleotide which upon
expression encodes TH and a polynucleotide which upon expression encodes GCH1,
and further comprises two promoters, where the first promoter is operably linked to TH

and the second promoter is operably linked to GCH1.

One or both of the two promoters may be a constitutive promoter selected from the
group consisting of LB1, HLP, CAG, CBA, CMV, human UbiC, RSV, EF-1alpha, SV40,
Mt1, pGK, H1 and/or U3. In one embodiment, both promoters are EF-1alpha.

One of the two promoters may be a constitutive promoter selected from the group
consisting of LB1, HLP, CAG, CBA, CMV, human UbiC, RSV, EF-1alpha, SV40, Mt1,
pGK, H1 and/or U3, and the other of the two promoters may be a promoter specific for
muscle cells, such as but not limited to promoters selected from the group consisting
of:

liver promoter/enhancer 1 (LP1),

hybrid liver-specific promoter (HLP) (see Mclntosh J et. al Blood 2013

121(17) 3335-3344),

¢. muscle specific combined or double promoter using elements of the CMV
promoter and SPc5-12,

d. SPc¢5-12 synthetic muscle specific promotor,

e. muscle specific creatine kinase promoter or abbreviated versions thereof
such as dMCK or tMCK, p-MCK1350, or promoters which are multiple
copies of the human slow troponin | gene enhancer,

f. CMV promoter,

g. muscle CAT promoter,

h. skeletal alpha actin 448 promoter,

any active analogues or fragments of any of a through f.

One of the two promoters may be a constitutive promoter selected from the group
consisting of LB1, HLP, CAG, CBA, CMV, human UbiC, RSV, EF-1alpha, SV40, Mt1,
pGK, H1 and/or U3, and the other of the two promoters may be an inducible promoter
such as but not limited to Tet-On, Tet-Off, Mo-MLV-LTR, Mx1, progesterone, RU486

and/or Rapamycin-inducible promoter.
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One of the two promoters may be a constitutive promoter selected from the group
consisting of LB1, HLP, CAG, CBA, CMV, human UbiC, RSV, EF-1alpha, SV40, Mt1,
pGK, H1 and/or U3, and the other of the two promoters may be a promoter which is

specific for liver cells, e.g. hepatocytes, as detailed herein above.

Regulatory elements
The expression system according to the present invention may in addition to promoters
discussed above also comprise other regulatory elements which when included results

in modulation of transcription of one or more of the genes encoding TH and/or GCH-1.

In one embodiment the expression system according to the present invention
comprises a polyadenylation sequence such as a SV40 polyadenylation sequence.
The polyadenylation sequence is typically operably linked to the 3’ end of the nucleic

acid sequence encoding said TH and/or GCH-1.

In one embodiment the expression system according to the present invention further
comprises a post-transcriptional regulatory element, e.g. a Woodchuck hepatitis virus

post-transcriptional regulatory element (WPRE).

In various embodiments said Woodchuck hepatitis virus post-transcriptional regulatory
element comprises the sequence of SEQ ID NO: 28 or 29. In a preferred embodiment
said Woodchuck hepatitis virus post-transcriptional regulatory element comprises the
sequence of SEQ ID NO: 29.

In one embodiment, the expression system further comprises an intron which typically

is operably linked to the 5" end of the TH and/or GCH-1 transcript.

In some embodiments, the expression system comprises an internal ribosome entry
site (IRES). Such IRES can allow for translation of a nucleotide sequence to be
initiated internally within an mRNA. Thus in some embodiments, the expression system
comprises a polynucleotide which upon expression encodes a tyrosine hydroxylase
(TH; EC 1.14.16.2) polypeptide or a biologically active fragment or variant thereof,
wherein said polynucleotide is operably linked to a promoter;

and

a polynucleotide which upon expression encodes a GTP-cyclohydrolase 1 (GCH1; EC
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3.5.4.16) polypeptide or a biologically active fragment or variant thereof, wherein said
polynucleotide is operably linked to a promoter,

and

at least one internal ribosome entry site. In such embodiments, the expression system
may further comprise a second polynucleotide which upon expression encodes a third
polypeptide or a biologically active fragment or variant thereof selected from the group
consisting of a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide, a GTP-
cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide, and a 6-pyruvoyltetrahydropterin
synthase (PTPS, EC 4.2.3.12), wherein said second polynucleotide is operably linked

to a promoter.

In some embodiments, the polynucleotide encoding GCH1 is located upstream of the
polynucleotide encoding TH and the IRES is located downstream of the polynucleotide
encoding GCH1 and upstream of the polynucleotide encoding TH. In other
embodiments, the polynucleotide encoding TH is located upstream of the
polynucleotide encoding GCH1, and the IRES is located downstream of the

polynucleotide encoding TH and upstream of the polynucleotide encoding GCH1.

Accordingly, in some embodiments, the expression system allows for independent
translation initiation events for TH and for GCH1. The protein synthesis levels of TH
and GCH1 may thus be different.

In one embodiment it is of particular interest to regulate the ratio between the enzymes

expressed such as the ratio between TH:GCH1.

In one embodiment the TH:GCH1 ratio is 7:1.

In some embodiments, the expression system comprises a polynucleotide which upon
expression encodes a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a
biologically active fragment or variant thereof, wherein said polynucleotide is operably
linked to a promoter;

and

a polynucleotide which upon expression encodes a 6-pyruvoyltetrahydropterin
synthase (PTPS, EC 4.2.3.12) polypeptide or a biologically active fragment or variant

thereof, wherein said polynucleoctide is operably linked to a promoter,
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and

at least one internal ribosome entry site.

In such embodiments, the expression system may further comprise a second
polynucleotide which upon expression encodes a tyrosine hydroxylase (TH; EC
1.14.16.2) polypeptide or a biologically active fragment or variant thereof operably

linked to a promoter.

In some embodiments, the polynucleotide encoding GCH1 is located upstream of the
polynucleotide encoding PTPS and the IRES is located downstream of the
polynucleotide encoding GCH1 and upstream of the polynucleotide encoding PTPS. In
other embodiments, the polynucleotide encoding PTPS is located upstream of the
polynucleotide encoding GCH1, and the IRES is located downstream of the

polynucleotide encoding PTPS and upstream of the polynucleotide encoding GCH1.

Accordingly, in some embodiments, the expression system allows for independent
translation initiation events for PTPS and for GCH1. The protein synthesis levels of
PTPS and GCH1 may thus be different.

In one embodiment it is of particular interest to regulate the ratio between the enzymes

expressed such as the ratio between PTPS:GCH1.

In one embodiment the promoter and/or other regulatory element of the expression
system of the present invention is capable of directing expression of both PTPS and
GCH-1, wherein the ratio of expressed PTPS:GCH1 is at least 3:1, such as at least 4:1,
for example at least 5:1, such as at least 6:1, for example at least 7:1, such as at least
10:1, for example 15:1, such as 20:1, for example 25:1, such as 30:1, for example

35:1, such as 40:1, for example 45:1, such as 50:1.

In one embodiment the PTPS:GCH1 ratio is 7:1.

In some embodiments, the expression system comprises a polynucleotide which upon
expression encodes a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide or a
biologically active fragment or variant thereof, wherein said polynucleotide is operably

linked to a promoter;
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and

a polynucleotide which upon expression encodes a 6-pyruvoyltetrahydropterin
synthase (PTPS, EC 4.2.3.12) polypeptide or a biologically active fragment or variant
thereof, wherein said polynucleotide is operably linked to a promoter,

and

at least one internal ribosome entry site.

In such embodiments, the expression system may further comprise a second
polynucleotide which upon expression encodes GTP-cyclohydrolase 1 (GCH1; EC
3.5.4.16) polypeptide or a biologically active fragment or variant thereof operably linked

to a promoter.

In some embodiments, the polynucleotide encoding TH is located upstream of the
polynucleotide encoding PTPS and the IRES is located downstream of the
polynucleotide encoding TH and upstream of the polynucleotide encoding PTPS. In
other embodiments, the polynucleotide encoding PTPS is located upstream of the
polynucleotide encoding TH, and the IRES is located downstream of the polynucleotide

encoding PTPS and upstream of the polynucleotide encoding TH.

Accordingly, in some embodiments, the expression system allows for independent
translation initiation events for PTPS and for TH. The protein synthesis levels of PTPS

and TH may thus be different.

In one embodiment it is of particular interest to regulate the ratio between the enzymes

expressed such as the ratio between TH:GCH1.

In one embodiment the promoter and/or other regulatory element of the expression

system of the present invention is capable of directing expression of both PTPS and
TH, wherein the ratio of expressed PTPS:TH is at least 3:1, such as at least 4:1, for
example at least 5:1, such as at least 6:1, for example at least 7:1, such as at least

10:1, for example 15:1, such as 20:1, for example 25:1, such as 30:1, for example

35:1, such as 40:1, for example 45:1, such as 50:1.

In one embodiment the PTPS:TH ratio is 7:1.
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The ratio between TH:GCH1, PTPS:TH or PTPS:GCH1 can be determined by
measuring the activity of the expressed TH and GCH1 enzymes in a sample from a

sample host transfected or transduced with the vector as defined herein above.

Alternatively the ratio is determined by measuring the amount of Tetrahydrobiopterin
(BH4) in @ sample from a sample host transfected or transduced with the vector as

defined herein above.

Alternatively the ratio is determined by the amount of mRNA transcribed in a sample

from a sample host transfected or transduced with the vector as defined herein above.

Alternatively the ratio is determined by the amount of protein expressed in a sample

from a sample host transfected or transduced with the vector as defined herein above.

Tyrosine hydroxylase

Tyrosine hydroxylase, abbreviated TH, is a monooxygenase that catalyzes the
conversion of tyrosine to 3,4-dihydroxyphenylalanine (DOPA), a precursor of
dopamine. TH activity is modulated by transcriptional and post-translational
mechanisms in response to changes in the environment and to neuronal and hormonal
stimuli. The most acute regulation of TH activity occurs through post-translational

modification of the protein via phosphorylation.

As mentioned, the main function of tyrosine hydroxylase is the conversion of tyrosine to
dopamine. TH is primarily found in dopaminergic neurons, but is not restricted to these.
The TH gene is essential in embryonic development as the TH knock out genotype is
lethal within embryonic day 14 in mice, whereas mice heterozygous for the TH
mutation develops normally with only a slight decrease in catecholamine levels.

The TH enzyme is highly specific, not accepting indole derivatives, which is unusual as
many other enzymes involved in the production of catecholamines do. As the rate-
limiting enzyme in the synthesis of catecholamines, TH has a key role in the physiology
of adrenergic neurons. Catecholamines, such as dopamine, are major players in the
signaling of said adrenergic neurons. Malfunction of adrenergic neurons gives rise to
several neurodegenerative disorders in general, such as peripheral neuropathy,
amyotrophic lateral sclerosis, Alzheimer's disease, Parkinson's disease, Huntington's

disease, ischemic stroke, acute brain injury, acute spinal cord injury, nervous system
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tumors, multiple sclerosis, peripheral nerve trauma or injury, exposure to neurotoxins,
metabolic diseases such as diabetes or renal dysfunctions and damage caused by

infectious agents, or to mood disorders such as depression.

TH administered with the constructs and methods of the present invention may be used
in treating Parkinson’s disease. As demonstrated in figure 1, L-DOPA is biosynthesized

from the amino acid L-tyrosine by the enzyme tyrosine hydroxylase (TH).

L-tyrosine is biosynthesized from the amino acid phenylalanine by the enzyme

phenylalanine hydrolase (PAH).

Phenylalanine is transported across the plasma membranes of cells including

hepatocytes and striated muscle cells (Thony, 2010).

Tyrosine hydroxylation is the rate-limiting step in the synthesis of catecholamines.

Humans have four isozymes of TH, which differ in their R domains, as pre-mRNA

splicing results in additional amino acids following met30.

Intricate regulation of the enzyme is known to occur, which falls into two broad
categories: short-term direct regulation of enzyme activity (substrate inhibition by
tyrosine (Reed, Lieb, & Nijhout, 2010) feedback inhibition (Kumer & Vrana, 1996),
allosteric regulation, and enzyme phosphorylation) and medium-to long-term regulation
of gene expression (transcriptional regulation, alternative RNA splicing, RNA stability,

translational regulation, and enzyme stability).

Once TH has been synthesized the enzyme is active without phosphorylation, unless it
binds with catecholamines in which case it then requires phosphorylation to be

activated (Bobrovskaya et al., 2007)

TH is a member of a family of enzymes that also contains the aromatic amino acid
hydroxylases (AAAHs) phenylalanine hydroxylase (PheH) and tryptophan hydroxylase
(TrpH). All three enzymes perform hydroxylation of the aromatic ring of an amino acid.
They all use diatomic oxygen and reduced biopterin in a reaction with a bound iron

atom. The iron atom is held in place in the active site cleft by two histidine residues and
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a glutamate residue, and it must be in the ferrous state to carry out catalysis. In
addition to these similarities in the active site, the family shares other features of three-
dimensional structure. TH has a multi-domain structure, with an amino-terminal
regulatory domain (R) of 160 amino acid residues, followed by a catalytic domain (C)
and a much shorter coiled-coil domain at the carboxyl terminus. The enzyme forms a

tetramer.

The R domain contains serines at positions 8, 19, 31 and 40. They are all
phosphorylated by cAMP-dependent protein kinase (PKA) (Fitzpatrick, 1999). When
TH is phosphorylated by PKA, it is less susceptible to feedback inhibition by
catecholamines (Daubner, Lauriano, Haycock, & Fitzpatrick, 1992) Although no crystal
structures prove it, it is logical to hypothesize that phosphorylation moves the R domain
out of the opening of the active site, and dephosphorylation by a phosphatase returns it

to its obstructive position (Daubner, Le, & Wang, 2011)

TH is activated after phosphorylation of any of three serine residues in its regulatory
domain. Ser40 is phosphorylated mainly by PKA, resulting in a decrease in affinity for
catecholamines. Ser31 is phosphorylated by several kinases, resulting in a decrease in
Kwm value for tetrahydrobiopterin. Ser19 is phosphorylated by enzymes that modify only
ser19 or both ser19 and -40, and does not result in activation in the absence of other
factors. Phosphorylation of ser19 by CaMKII accelerates phosphorylation of ser40 by
the same kinase. Any other result of multisite phosphorylation has not yet been
established, although stabilization and tighter binding to chaperone proteins are
possibilities. Dopamine, norepinephrine, and epinephrine are all feedback inhibitors of
TH, and the biggest alteration of TH activity upon ser40 phosphorylation is the change
in Kqvalue for catecholamines. DA affinity for TH is 300-fold decreased when the

enzyme is phosphorylated (Ramsey & Fitzpatrick, 1998).

Dopamine inhibition of deletion variants of rTyrH lacking the first 32 (THA32), the first
68 (THAB8), the first 76, or the first 120 amino acids has been studied (Daubner &
Piper, 1995). The deletion variants were tested for inhibition by preincubation with
stoichiometric amounts of dopamine; TyrHD32 was 90% inhibited by dopamine, but
TyrHD68 and the other truncates were not inhibited. Furthermore, when dopamine
binding and release rates were investigated dopamine was not released from THA32

but was rapidly released from THA68 (Ramsey & Fitzpatrick, 1998). Dopamine binds
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1000-fold more tightly than DOPA, and dihydroxyphenylacetate binds 100-fold times
less tightly than DOPA (Ramsey & Fitzpatrick, 2000).

TH also contains a second low affinity (K(D) = 90 nM) dopamine-binding site, which is
present in both the non-phosphorylated and the Ser40-phosphorylated forms of the
enzyme. Binding of dopamine to the high-affinity site decreases V(max) and increases
the Ky for the cofactor tetrahydrobiopterin, while binding of dopamine to the low-affinity
site regulates TH activity by increasing the Ky for tetrahydrobiopterin. Kinetic analysis
indicates that both sites are present in each of the four human TH isoforms.
Dissociation of dopamine from the low-affinity site increases TH activity 12-fold for the
non-phosphorylated enzyme and 9-fold for the Ser40-phosphorylated enzyme. The
low-affinity dopamine-binding site has the potential to be the primary mechanism
responsible for the regulation of catecholamine synthesis under most conditions
(Gordon, Quinsey, Dunkley, & Dickson, 2008).

Truncated TH lacking approximately the first 160 amino acids of the N terminus
regulatory domain is still active in catalyzing the conversion of tyrosine to DOPA (e.g.
SEQ ID NO: 40). Another truncated version of TH is to remove the first 155 amino
acids. The serines at position 8, 19, 31, 40 are considered particularly important site for
phosphorylation/dephosphorylaion in the regulation of feedback control or TH. Thus
other truncations may as well be useful in the present invention. In an embodiment TH
of the present invention is lacking the first 10-300 amino acids, such as lacking the first
100-250 amino acids, such as lacking the first 130-210 amino acids, preferably such as
lacking the first 140-170 amino acids, more preferably such as lacking the first 150-160

amino acids.

Given that the three aromatic amino acid hydroxylases TH, phenylalanine hydroxylase
(PAH) and tryptophan hydroxylase (TRPH) all share a highly homologous catalytic
domain of approximately 330 amino acids at the C terminus it has been proposed that
substrate specificity is in part due to the regulatory domain of each. Chimeric mutants
of TH and PAH in which the R domain of each enzyme is attached to the C domain of
the other were constructed (Daubner, Hillas, & Fitzpatrick, 1997). Using these chimeric
mutants, as well as truncated mutants lacking their N-terminal R domains, and the wild-
type enzymes, Daubner et al demonstrated the roles of the amino-terminal domains in

defining the amino acid substrate specificity of these enzymes. The truncated proteins
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showed low binding specificity for either amino acid. Attachment of either regulatory
domain greatly increased the specificity, but the specificity was determined by the

catalytic domain in the chimeric proteins.

The polynucleotide sequences encoding TH in the present invention is set forth in SEQ
ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26 and SEQ ID NO: 27.In a
preferred embodiment, the present invention relates to the polynucleotide encoding the
TH polypeptide comprising a sequence identity of at least 70% to SEQ ID NO: 23, SEQ
ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26 and SEQ ID NO: 27 more preferably 75%
sequence identity, for example at least 80% sequence identity, such as at least 85 %
sequence identity, for example at least 90 % sequence identity, such as at least 95 %
sequence identity, for example at least 96 % sequence identity, such as at least 97%
sequence identity, for example at least 98 % sequence identity, such as at least 99%
sequence identity with the SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID
NO: 26 and SEQ ID NO: 27.

The polynucleotide, encoding TH, comprised in the expression system construct of the
present invention may also encode biologically active fragments or variants of the TH

polypeptide.

In a preferred embodiment, such fragments or variants of the TH polynucleotide
encode a TH polypeptide which comprises at least 50 contiguous amino acids, such as
75 contiguous amino acids, for example 100 contiguous amino acids, such as 150
contiguous amino acids, for example 200 contiguous amino acids, such as 250
contiguous amino acids, for example 300 contiguous amino acids, such as 350
contiguous amino acids, for example 400 contiguous amino acids, such as 450

contiguous amino acids.

In one embodiment the biologically active fragment is the catalytic domain of tyrosine
hydroxylase (SEQ ID NO: 13) or (SEQ ID NO: 40).

In certain embodiments, the specified tyrosine hydroxylase is a mutated and/or
substituted variant of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16 and SEQ ID NO: 17 of the encoded TH polypeptide of
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the present invention are also covered. In one embodiment, the substitutions in the
amino acid sequence are conservative, wherein the amino acid is substituted with
another amino acid with similar chemical and/or physical characteristics. Mutations
may occur in one or more sites within SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 and SEQ ID NO: 17 and or in the encoded
TH polypeptide. In a preferred embodiment, the present invention relates to any
mutation that renders TH biologically active, such as for example neutral mutations or
silent mutations. In a more preferred embodiment, the present invention relates to
mutations, wherein one or more of the serine residues S8, S19, S31, S40 or S404 of
any one of SEQ ID NO: 7 or equivalent amino acid residue in any one of , SEQ ID NO:
40, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12,
SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 and SEQ ID NO: 17

have been altered.

In one embodiment the biologically active variant is a mutated tyrosine hydroxylase
polypeptide, wherein one or more of the residues S19, S31, S40 or S404 of SEQ Id

NO: 7 have been altered to another amino acid residue.

In one embodiment, the tyrosine hydroxylase (TH) polypeptide expressed by the
expression system construct according to the present invention is at least 70% identical
to a polypeptide selected from the group consisting of SEQ ID NO: 40, SEQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ
ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 and SEQ ID NO: 17, more
preferably at least 75% identical to a polypeptide selected from the group consisting of
SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ
ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID
NO: 16 and SEQ ID NO: 17, more preferably at least 80% identical to a polypeptide
selected from the group consisting of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 and SEQ ID NO: 17, more preferably at
least 85% identical to a polypeptide selected from the group consisting of SEQ ID NO:
40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11,
SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 and
SEQ ID NO: 17, more preferably at least 90% identical to a polypeptide selected from
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the group consisting of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16 and SEQ ID NO: 17, more preferably at least 95%
identical to a polypeptide selected from the group consisting of SEQ ID NO: 40, SEQ
ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:
12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 and SEQ ID NO:
17, more preferably at least 96% identical to a polypeptide selected from the group
consisting of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID
NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID
NO: 15, SEQ ID NO: 16 and SEQ ID NO: 17, more preferably at least 97% identical to
a polypeptide selected from the group consisting of SEQ ID NO: 40, SEQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ
ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 and SEQ ID NO: 17, more
preferably at least 98% identical to a polypeptide selected from the group consisting of
SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ
ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID
NO: 16 and SEQ ID NO: 17, more preferably at least 99% identical to a polypeptide
selected from the group consisting of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 and SEQ ID NO: 17, more preferably
100% identical to a polypeptide selected from the group consisting of SEQ ID NO: 40,
SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ
ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 and SEQ
ID NO: 17.

GTP-cyclohydrolase 1

GTP-cyclohydrolase | (GCH1) is a member of the GTP cyclohydrolase family of
enzymes. GCH1 is part of the folate and biopterin biosynthesis pathways. GCH1 is the
first and rate-limiting enzyme in tetrahydrobiopterin (BH,4) biosynthesis, catalyzing the
conversion of GTP into 7,8-DHNP-3'-TP. BH, is an essential cofactor required by the
aromatic amino acid hydroxylase (AAAH) in the biosynthesis of the monoamine
neurotransmitters serotonin (5-hydroxytryptamine (5-HT), melatonin, dopamine,
noradrenaline, and adrenaline. Mutations in this gene are associated with malignant

phenylketonuria and hyperphenylalaninemia, as well as L-DOPA -responsive dystonia.
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Several alternatively spliced transcript variants encoding different isoforms have been

described; however, not all of the variants give rise to a functional enzyme.

GCH1 has a number of clinical implications, involving several disorders. Defects in
GCH1 are the cause of GTP cyclohydrolase 1 deficiency (GCH1D; also known as
atypical severe phenylketonuria due to GTP cyclohydrolase | deficiency. GCH1D is one
of the causes of malignant hyperphenylalaninemia due to tetrahydrobiopterin
deficiency. It is also responsible for defective neurotransmission due to depletion of the
neurotransmitters dopamine and serotonin, resulting in diseases such as Parkinson’s
disease. The principal symptoms include: psychomotor retardation, tonicity disorders,
convulsions, drowsiness, irritability, abnormal movements, hyperthermia,
hypersalivation, and difficulty swallowing. Some patients may present a phenotype of
intermediate severity between severe hyperphenylalaninemia and mild dystonia type 5
(dystonia-parkinsonism with diurnal fluctuation). In this intermediate phenotype, there is
marked motor delay, but no mental retardation and only minimal, if any,
hyperphenylalaninemia. Defects in GCH1 are the cause of dystonia type 5 (DYT5);
also known as progressive dystonia with diurnal fluctuation, autosomal dominant
Segawa syndrome or dystonia-parkinsonism with diurnal fluctuation. DYT5 is a DOPA-
responsive dystonia. Dystonia is defined by the presence of sustained involuntary
muscle contractions, often leading to abnormal postures. DYT5 typically presents in
childhood with walking problems due to dystonia of the lower limbs and worsening of
the dystonia towards the evening. It is characterized by postural and motor
disturbances showing marked diurnal fluctuation. Torsion of the trunk is unusual.
Symptoms are alleviated after sleep and aggravated by fatigue and excercise. There is

a favorable response to L-DOPA without side effects.

GCH1 administered with the constructs and methods of the present invention may be

used in treating Parkinson’s disease.

The polynucleotide sequence encoding GCH1 in the present invention is set forth in
SEQ ID NO: 30. In a preferred embodiment, the present invention relates to SEQ ID
NO: 30 and sequence variants of the polynucleotide encoding the GCH1 polypeptide
comprising a sequence identity of at least 70% to SEQ ID NO: 30, more preferably
75% sequence identity, for example at least 80% sequence identity, such as at least 85

% sequence identity, for example at least 90 % sequence identity, such as at least 95
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% sequence identity, for example at least 96 % sequence identity, such as at least 97%
sequence identity, for example at least 98 % sequence identity, such as at least 99%
sequence identity with the SEQ ID NO: 30.

The polynucleotide, encoding GCH1, comprised in the expression system construct of
the present invention may also encode biologically active fragments or variants of the

GCH1 polypeptide.

In a preferred embodiment, such fragments or variants of the GCH1 polynucleotide
encoded by the present invention comprise at least 50 contiguous amino acids, such
as 75 contiguous amino acids, for example 100 contiguous amino acids, such as 150
contiguous amino acids, for example 200 contiguous amino acids, such as 250
contiguous amino acids, wherein any amino acid specified in the sequence in question
is altered to a different amino acid, provided that no more than 15 of the amino acids in

said fragment or variant are so altered.

Mutated and substituted versions of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6 and the encoded GCH1 polypeptide
of the present invention are also covered. In one embodiment, the substitutions in the
amino acid sequence are conservative, wherein the amino acid is substituted with
another amino acid with similar chemical and/or physical characteristics. Mutations
may occur in one or more sites within SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6 and or in the encoded GCH1
polypeptide. In a preferred embodiment, the present invention relates to any mutation
that renders GCH1 biologically active, such as for example neutral mutations or silent

mutations.

In one embodiment, the biologically active fragment expressed by the expression
system construct according to the present invention comprises at least 50 contiguous
amino acids, wherein any amino acid specified in the selected sequence is altered to a
different amino acid, provided that no more than 15 of the amino acid residues in the

sequence are so altered.

In one embodiment, the GTP-cyclohydrolase 1 (GCH1) polypeptide expressed by the

expression system construct according to the present invention is at least 70% identical
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to a polypeptide selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, more preferably at
least 75% identical to a polypeptide selected from the group consisting of SEQ ID NO:
1, SEQID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6,
more preferably at least 80% identical to a polypeptide selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:
5 and SEQ ID NO: 6, more preferably at least 85% identical to a polypeptide selected
from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO:
4, SEQ ID NO: 5 and SEQ ID NO: 6, more preferably at least 90% identical to a
polypeptide selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ
ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, more preferably at least
95% identical to a polypeptide selected from the group consisting of SEQ ID NO: 1,
SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, more
preferably at least 96% identical to a polypeptide selected from the group consisting of
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ
ID NO: 6, more preferably at least 97% identical to a polypeptide selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ
ID NO: 5 and SEQ ID NO: 6, more preferably at least 98% identical to a polypeptide
selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, more preferably at least 99%
identical to a polypeptide selected from the group consisting of SEQ ID NO: 1, SEQ ID
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, more
preferably 100% identical to a polypeptide selected from the group consisting of SEQ
ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID
NO: 6.

6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12)
6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12) is an enzyme which
catalyses the conversion of 7,8-dihydroneopterin triphosphate to 6-
pyruvoyltetrahydropterin and triphosphate. The reaction is reversible. 6-
pyruvoyltetrahydropterin is an intermediate in the biosynthesis of tetrahydrobiopterin
(BH,). In particular, PTPS appears to facilitate production and activity of GCH1. BH,
has been reported to play a role in the stability and activity of phenylalanine
hydroxylase, and thereby in the biosynthesis of L-DOPA. PTPS is expressed in the
liver. Without wishing to be bound by theory, it is hypothesised that the naive,
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endogenous expression levels of PTPS in the liver are sufficient to permit biosynthesis
of L-DOPA. Accordingly, the present expression systems to be transfected in a host
cell as detailed below may further comprise a polynucleotide which upon expression
encodes a 6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12). This is of
particular relevance in embodiments where the host cell is not a liver cell, for example
the host cell is a muscle cell such as a myocyte or a muscle cell precursor such as a

myoblast.

PTPS administered with the constructs and methods of the present invention may be

used in treating Parkinson’s disease.

The polynucleotide sequence encoding PTPS in the present invention is set forth in
SEQ ID NO: 41. In a preferred embodiment, the present invention relates to SEQ ID
NO: 41 and sequence variants of the polynucleotide encoding the PTPS polypeptide
comprising a sequence identity of at least 70% to SEQ ID NO: 41, more preferably
75% sequence identity, for example at least 80% sequence identity, such as at least 85
% sequence identity, for example at least 90 % sequence identity, such as at least 95
% sequence identity, for example at least 96 % sequence identity, such as at least 97%
sequence identity, for example at least 98 % sequence identity, such as at least 99%
sequence identity with the SEQ ID NO: 41.

The polynucleotide, encoding PTPS, comprised in the expression system construct of
the present invention may also encode biologically active fragments or variants of the

PTPS polypeptide.

In a preferred embodiment, such fragments or variants of the PTPS polynucleotide
encoded by the present invention comprise at least 50 contiguous amino acids, such
as 75 contiguous amino acids, for example 100 contiguous amino acids, such as 150
contiguous amino acids, for example 200 contiguous amino acids, such as 250
contiguous amino acids, wherein any amino acid specified in the sequence in question
is altered to a different amino acid, provided that no more than 15 of the amino acids in

said fragment or variant are so altered.

Mutated and substituted versions of SEQ ID NO: 41 and the encoded PTPS

polypeptide of the present invention are also covered. In one embodiment, the
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substitutions in the amino acid sequence are conservative, wherein the amino acid is
substituted with another amino acid with similar chemical and/or physical
characteristics. Mutations may occur in one or more sites within SEQ ID NO: 41 and or
in the encoded PTPS polypeptide. In a preferred embodiment, the present invention
relates to any mutation that renders PTPS biologically active, such as for example

neutral mutations or silent mutations.

In one embodiment, the biologically active fragment expressed by the expression
system construct according to the present invention comprises at least 50 contiguous
amino acids, wherein any amino acid specified in the selected sequence is altered to a
different amino acid, provided that no more than 15 of the amino acid residues in the

sequence are so altered.

In one embodiment, the PTPS polypeptide expressed by the expression system
construct according to the present invention is at least 70% identical to SEQ ID NO: 41,
more preferably at least 75% identical to SEQ ID NO; 41, more preferably at least 80%
identical to SEQ ID NO: 41, more preferably at least 85% identical to SEQ ID NO: 41,
more preferably at least 90% identical to SEQ ID NO: 41, more preferably at least 95%
identical to SEQ ID NO: 41, more preferably at least 96% identical to SEQ ID NO: 41,
more preferably at least 97% identical to SEQ ID NO: 41, more preferably at least 98%
identical to SEQ ID NO: 41, more preferably at least 99% identical to SEQ ID NO: 41,
more preferably 100% identical to SEQ ID NO: 41.

Cell lines
In one aspect the invention relates to isolated host cells genetically modified with the

vector/expression system according to the invention.

The invention also relates to cells suitable for biodelivery of TH and/or GCH-1 via
naked cells, which are genetically modified to overexpress TH and/or GCH-1, and
which can be transplanted to the patient to deliver bioactive TH and/or GCH-1
polypeptide locally in the peripheral tissue of interest. Such cells may broadly be

referred to as therapeutic cells.

For ex vivo gene therapy, the preferred group of cells includes isolated host cell

transduced or transfected by the expression system as defined herein above. The host
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cell is selected from the group consisting of eukaryotic cells, preferably mammalian

cells, more preferably primate cells, more preferably human cells.

In one embodiment the host cells are transfected ex-vivo and subsequently

administered such as transplanted into a mammal.

In one embodiment the host cell is selected from the group consisting of hepatocytes,

myocytes and myoblasts.

In one embodiment said mammalian cell is a liver cell such as a hepatocyte.

In another embodiment the mammalian cell is a muscle cell such as a myocyte or a
muscle cell precursor such as a myoblast. In such embodiments, the expression
system preferably also includes a polynucleotide encoding 6-pyruvoyltetrahydropterin

synthase (PTPS) operatively linked to a promoter.

Medical use of the expression system
As indicated herein above the expression system according to the present invention is

intended for medical use.

In a highly preferred aspect, the expression system according to the present invention
is for use in peripheral administration for the treatment of a disease or disorder

associated with catecholamine dysfunction.

Accordingly, in one embodiment, the expression system according to the present
invention is particularly well suited for use in a method of maintaining a therapeutically
effective concentration of L-DOPA in blood, said method comprising peripheral

administration of said expression system to a person in need thereof.

A therapeutically effective amount or in other words the therapeutic range for plasma L-
DOPA is normally within the range of 0.2-1.5 mg/L, but the correlation between plasma
level at any point in time and therapeutic status varies over the course of the day. This
variation is related to factors such as the lag between reaching plasma and crossing
the blood brain barrier and competition with other amino acids for active transport

across the blood brain barrier.
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Systemic gene therapy induced basal levels of L-DOPA smoothen out, which prevents
troughs in circulating levels of L-DOPA, which troughs would otherwise occur if
traditional oral L-DOPA was given. Accordingly the present invention is useful for

treating and/or preventing L-DOPA induced dyskinesia (LID).

The expression system is thus designed and formulated for peripheral administration
with the aim of treating of a condition or disease associated with catecholamine

dysfunction such as Parkinson’s Disease and L-DOPA induced dyskinesia.

The invention in a further aspect concerns a method for maintaining a therapeutically
effective concentration of L-DOPA in blood, said method comprising peripheral
administration (i.e. administration outside the CNS) of the expression system defined

herein above, to a person in need thereof.

In another aspect the invention concerns a method of treatment and/or prevention of a
disease associated with catecholamine dysfunction, said method comprising
peripherally administering to a patient in need thereof a therapeutically effective

amount of the expression system defined herein above, to a person in need thereof.

In yet another aspect, the invention concerns a method for maintaining a
therapeutically effective concentration of L-DOPA in blood of a patient, said method
comprising administering to said patient the expression system as defined herein

above.

In yet another aspect, the invention concerns a method for reducing, delaying and/or
preventing emergence of L-DOPA induced dyskinesia (LID), said method comprising
peripherally administering the expression system defined herein above to a patient in

need thereof.

In yet another aspect, the invention concerns a method of obtaining and/or maintaining
a therapeutically effective concentration of L-DOPA in blood, said method comprising
peripherally administering a vector comprising a nucleotide sequence which upon

expression encodes at least one therapeutic polypeptide, wherein the at least one
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therapeutic polypeptide is a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide, or a

biologically active fragment or variant thereof.

Indications treatable by the present invention include indications associated with
catecholamine dysfunction, in particular catecholamine deficiency such as dopamine

deficiency.

In one embodiment the disease associated with catecholamine dysfunction is a
disease, disorder or damage of the central and/or peripheral nervous system such as a

neurodegenerative disorder.

In one embodiment the disease treatable by the present invention is a disease of the

basal ganglia.

In one embodiment the expression system according to the present invention is
administered peripherally for use in the treatment of a disease selected from the group
consisting of Parkinson’s Disease (PD), dyskinesia, DOPA responsive dystonia, ADHD,
schizophrenia, depression, vascular parkinsonism, essential tremor, chronic stress,
genetic dopamine receptor abnormalities, chronic opoid, cocaine, alcohol or marijuana
use, adrenal insufficiency, hypertension, hypotension, noradrenaline deficiency, post-
traumatic stress disorder, pathological gambling disorder, dementia, Lewy body

dementia and hereditary tyrosine hydroxylase deficiency.

In an embodiment the expression system and/or the host cell according to the present
invention is for use in a method of treatment of Parkinson’s disease, atypical
Parkinson’s disease including conditions such as Multiple System Atrophy, Progressive
Supranuclear Palsy, Vascular or arteriosclerotic Parkinson’s disease, Drug induced
Parkisonism and GTP cyclohydrolase 1 deficiency and/or any dystonic conditions due

to dopamine deficiency.

In particular the expression system is useful for the treatment of Parkinson’s Disease

(PD) and symptoms and conditions associated therewith

In one aspect the present invention concerns a method for maintaining a

therapeutically effective concentration of L-DOPA in blood of a patient, said method
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comprising administering to said patient the expression system as defined herein

above.

In one aspect, the present invention concerns a method for reducing, delaying and/or
preventing emergence of L-DOPA induced dyskinesia (LID), said method comprising
peripherally administering the expression system as defined herein to a patient in need

thereof.

Administration of the expression system

In order to achieve appropriate effect of the present invention it is necessary to
administer the expression system peripherally, i.e. locally or systemically but in either
case outside the CNS — although some of the expression system may eventually
penetrate the CNS.

The expression system of the present invention is generally administered in the form of
a suitable pharmaceutical composition. Accordingly, the present invention also relates
to a pharmaceutical composition comprising the expression system as defined herein.
Such compositions typically contain the expression system and a pharmaceutically
acceptable carrier. As used herein the language "pharmaceutically acceptable carrier”
is intended to include any and all solvents, dispersion media, coatings, antibacterial
and antifungal agents, isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the expression system, use thereof in
the compositions is contemplated. Supplementary active compounds can also be

incorporated into the compositions.

A pharmaceutical composition of the invention is formulated to be compatible with its
intended route of administration. Examples of suitable routes of administration include
parenteral, e.g., intramuscular, intravenous, intrahepatic, intradermal, subcutaneous

and transmucosal administration, or isolated limb perfusion.

Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the

extemporaneous preparation of sterile injectable solutions or dispersions. For



10

15

20

25

30

35

WO 2017/021359 PCT/EP2016/068315

55

intravenous administration, suitable carriers include physiological saline, bacteriostatic
water, Cremophor EL.TM. (BASF, Parsippany, N.J.) or phosphate buffered saline
(PBS). In all cases, the composition must be sterile and should be fluid to the extent
that easy syringability exists. It must be stable under the conditions of manufacture and
storage and must be preserved against the contaminating action of microorganisms
such as bacteria and fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example, glycerol, propylene glycol,
and liquid polyethylene glycol, and the like), and suitable mixtures thereof. Prevention
of the action of microorganisms can be achieved by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and
the like. In many cases, it will be preferable to include isotonic agents, for example,

sugars, polyalcohols such as manitol, sorbitol, sodium chloride in the composition.

Sterile injectable solutions can be prepared by incorporating the expression system in
the required amount in an appropriate solvent with one or a combination of ingredients

enumerated above, as required, followed by filtered sterilization.

Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art,
and include, for example, for transmucosal administration, detergents, bile salts, and
fusidic acid derivatives. Transmucosal administration can be accomplished through the
use of nasal sprays or suppositories. For transdermal administration, the active
compounds are formulated into ointments, salves, gels, or creams as generally known
in the art.

In one embodiment, the agent is prepared with carriers that will protect the compound
against rapid elimination from the body, such as a controlled release formulation,
including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for
preparation of such formulations will be apparent to those skilled in the art. The
materials can also be obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected

cells with monoclonal antibodies to viral antigens) can also be used as



10

15

20

25

30

WO 2017/021359 PCT/EP2016/068315

56

pharmaceutically acceptable carriers. These can be prepared according to methods

known to those skilled in the art, for example, as described in U.S. Pat. No. 4,522,811.

It is especially advantageous to formulate parenteral compositions in dosage unit form
for ease of administration and uniformity of dosage. Dosage unit form as used herein
refers to physically discrete units suited as unitary dosages for the subject to be
treated; each unit containing a predetermined quantity of active compound calculated
to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the dosage unit forms of the invention are
dictated by and directly dependent on the unique characteristics of the active
compound and the particular therapeutic effect to be achieved, and the limitations
inherent in the art of compounding such an active compound for the treatment of

individuals.

Thus in one aspect the invention concerns a pharmaceutical composition comprising

the expression system as defined herein above.

The pharmaceutical compositions can be included in a container, pack, or dispenser

together with instructions for administration.

Thus in one aspect, the invention concerns a kit comprising the pharmaceutical

composition defined above, and instructions for use.

As described herein above, it is an aim of the present invention to provide an
expression system for gene therapy which expression system is administered
peripherally in relation to the CNS, i.e. outside the CNS in order to avoid use of brain

surgery, including injection into the brain.

In one embodiment the expression system according to the present invention is

administered peripherally by intravenous administration.

In one embodiment the administration is in the portal vein. Such administration targets

the liver.
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The expression system according to the present invention may also be administered

peripherally by intrahepatic administration.

In one embodiment the expression system according to the present invention is

administered peripherally by intramuscular administration.

In one embodiment the expression system according to the present invention is
administered by isolated limb perfusion. In this case, naked plasmid DNA can be
administered as described in Hagstrom et al. (2004) Mol. Ther. 10(2): 386-398.

Multiple administrations may be needed for the expression system to have a
therapeutic effect. In some embodiments, the expression system is administered at
least once, such as once, twice, thrice, four times, five times, six times, seven times,

eight times, nine times, ten times, or more.

The dosage to be administered may depend on multiple factors including the individual
to be treated, the expression system and the promoter. In some embodiments of the
invention, the expression system may be administered in a dosage of at least 1x10"’
vg/kg body weight, such as at least 1x10" vg/kg body weight. In some embodiments of
the invention, the expression system may be administered in a dosage of at least
1x10"" vg/kg muscle, such as at least 1x10" vg/kg muscle. Such dosages may for

example be applicable for a human being.

Combination treatment

The treatment regimen by the expression system defined herein above may be
supplemented by other suitable compounds. In one such embodiment the invention
further comprises supplementing the administration of the expression system with

systemic administration of a therapeutically effective amount of L-DOPA.
In one embodiment a therapeutically effective amount of tetrahydrobiopterin (BH,4) or

an analogue thereof is administered to the patient receiving gene therapy through the

expression system of the present invention.

In one embodiment the BH, analogue is sapropterin.
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In one embodiment of the invention a therapeutically effective amount of a peripheral
decarboxylase inhibitor is administered. The decarboxylase inhibitor is typically

selected from the group consisting of benserazine and carbidopa.

In a further embodiment a therapeutically effective amount of a catechol-O-

methyltransferase (COMT) inhibitor is administered to the patient in need thereof.

The catechol-O-methyltransferase (COMT) inhibitor is typically selected from the group

consisting of tolcapone, entacapone and nitecapone.

In certain embodiments, BH,, decarboxylase inhibitor and/or catechol-O-

methyltransferase (COMT) inhibitor is/are administered orally.

Alternatively, the BH,4, decarboxylase inhibitor and/or catechol-O-methyltransferase

(COMT) inhibitor is/are administered intravenously or intramuscularly.

In one combination treatment, the administration of BH,, decarboxylase inhibitors

and/or COMT-inhibitors and/or analogues thereof, is by systemic administration.

In one combination treatment, the administration of BH,, decarboxylase inhibitors
and/or COMT-inhibitors and analogues thereof, is by enteral or parenteral

administration.

In one combination treatment, the administration of BH4, decarboxylase inhibitors
and/or COMT-inhibitors and analogues thereof, is by oral, intravenous or intramuscular

administration.

VIl. Examples

Example 1: Vector construction Cloning of AAV Production Plasmids

Generation of Monocistronic Self-complementary AAV Production Plasmids

Briefly, the AAV production plasmids, scAAV-LP1-GCH1 (pAA0Q9) and scAAV-LP1-TH
(pPAA010) (SEQ ID NO: 34), used to produce the double-stranded rAAV2/8-LP1- GCH1
and rAAV2/8-LP1-1TH, respectively, were constructed by digesting scAAV-LP1-hFIXco
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with Xbal and Spel and ligating it with either the GCH1 or tTH Nhel/Nhel PCR fragment
isolated from pLA100 (ssAAV-SYN-GCH1-SYN-TH-WPRE) and pLA109 (ssAAV-SYN-
GCH1-SYN-tTH), respectively. The scAAV-LP1-GCH1 (pAA0Q9) (SEQ ID NO: 35) and
sCAAV-LP1-tTH (pAA010) (SEQ ID NO: 34) vectors were constructed as follows: The
992 bp GHC1 fragment of pLA100 (ssAAV-SYN-GCH1-SYN-TH) was amplified using
primers AA16 (forward primer containing Nhel site, 5'-
ccaagctagcATGGAGAAGGGCCCTGTG-3, SEQ ID NO: 42) and AA17 (reverse primer
containing Nhel site, 5’-ccaagctagcGGTCGACTAAAAAACCTCC-3’, SEQ ID NO: 43) at
a concentration of 0.75pmol/ul with 25ng template DNA, 200uM dNTPs (NEB) and
GoTaq Polymerase (Promega) in appropriate buffer. Conditions of the PCR
amplifications were as follows: 95°C (2min), followed by 30 cycles of 95°C (30s)/ 65°C
(30s)/ 72°C (30s), and a final extension at 72°C for 5 minutes. The 1858 bp tTH-WPRE
fragment of pLA109 (ssAAV-SYN-GCH1-SYN-tTH) was amplified using primers AA33
(forward primer containing Nhel site, 5'-
CCAAgctagcATGAGCCCCGCGGGGCCCAAG-3', SEQ ID NO: 44) and AA34 (reverse
primer containing Nhel site, 5-CCAAgctagcGGGGGATCTTCGATGCTAGAC-3’, SEQ
ID NO: 45) at a concentration of 0.4pmol/pl with 25ng DNA, 200uM dNTPs (NEB) and
Phusion Polymerase (Thermo Scientific) in appropriate buffer. Conditions of the PCR
amplifications were as follows: 98°C (30s), followed by 30 cycles of 98°C (10s)/ 63°C
(30s)/ 72°C (1min), and a final extension at 72°C for 10 minutes. The PCR products
(inserts) were digested with Nhel for 3h at 37°C and plasmid scAAV-LP1-hFIXco
(vector) (SEQ ID NO: 43) was digested with Xbal/Spel for 3h at 37°C in order to
remove the hFIXco gene. Digestions were analysed by gel electrophoresis after 1h
migration at 100V in a 1% agarose gel and visualised on a UV trans- illuminator.
Fragments (GCH1 insert: 992 bp; tTH insert: 1858; vector: 3525 bp) were cut out from
the gel using a scalpel blade and purified from the gel using the QIAquick Gel
Extraction Kit (Qiagen). Vector was ligated overnight at 16°C with either insert and
transformed into SURE bacteria. Colonies were picked and analysed by Xcml digestion
to check the presence of either GCH1 or tTH PCR fragments and subsequently sent for

sequencing to confirm that each construct contained the expected sequence.

The final transgene constructs are two plasmids for dsAAV production containing either
the human GCH1 or the truncated human TH gene (e.g. SEQ ID NO: 40) under the
control of the liver-specific LP1 enhancer/promoter, all flanked by AAV2Z ITRs.
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Replacement of LP1 promoter by HLP in pAA009 and pAA010

The AAV production plasmids, scAAV-HLP-GCH1 (pAA011) (SEQ ID NO: 31) and
sCAAV-HLP-tTH (pAA016) (SEQ ID NO: 32) were used to produce the double-stranded
rAAV2/8-HLP-GCH1 and rAAV2/8-HLP-tTH, respectively. Briefly, pAA011 (SEQ ID NO:
35) was constructed by amplifying the HLP promoter from AV-HLP-codop-hFVIII-V3
(gently provided by Amit Nathwani) with the primer set AA43/AA44 (5
CCAATGGCCAACTCCATCACTAGGGGTTCCTICTAGATGTTTGCTGCTTGCAATGT
TTGC 3/ 5 CCAAGAATTCGCTAGCGATTCACTGTCCCAGGTCAGTG 3, SEQ ID
NO: 46 and SEQ ID NO: 47, respectively) and cloning it with Mscl and EcoRl into
pAA009 (SEQ ID NO: 35) in place of the LP1 promoter. pAA016 (SEQ ID NO: 32) was
generated by amplifying the fragment HLP-tTH by overlapping PCR. Primer pairs
AAS57/AAG7 (5 CCAAGCTAGC TGTTTG CTG CTT GCAATGTTTGC 3/ 5
GATCCTTGCTACGAGCTTGAATGATTCACTGTCCCAGGTCAGT 3, SEQ ID NO: 48
and SEQ ID NO: 49, respectively) and AA68/RmuscTHext2 (5°
ACTGACCTGGGACAGTGAATCATTCAAGCTCGTAGCAAGGATC 3/ 5
AAAQgctagcTTCGATGCTAGACGATCCAG 3, SEQ ID NO: 50 and SEQ ID NO: 51,

respectively) were used to generate fragments HLP and tTH, respectively, containing

overlapping sequences. HLP was fused to tTH by an overlapping PCR using primers
AA57/AAB7 and subcloned into pcDNA3.1(+) using the Nhel restriction endonuclease,
thereby generating pAA015. At last, the HLP-tTH fragment was cut out from pAA015
using Nhel and ligated into the vector pAV-LP1-hFIXco between the restriction sites
Nhel and Spel, thereby generating pAA016 (SEQ ID NO: 32).

The 298 bp HLP fragment was amplified in a 20 yl PCR reaction using 20ng template
DNA, 200uM dNTPs (NEB) and Phision High Fidelity Polymerase (Fischer Scientific) in
appropriate buffer. Conditions of the PCR amplification was as follows: 98°C (30s),
followed by 30 cycles of 98°C (10s)/ 65°C (15s)/ 72°C (60s), and a final extension at
72°C for 10 minutes.

The 2.1 kb HLP-tTH fragment generated by overlapping PCR was amplified in a 20 ul
PCR reaction using 45ng of HLP template DNA and 306ng tTH template DNA, each
generated previsouly by PCR. 200uM dNTPs (NEB) and Phision High Fidelity
Polymerase (Fischer Scientific) were used in appropriate buffer and the cycling
conditions of the PCR amplification was as follows: 98°C (30s), followed by 30 cycles
of 98°C (10s)/ 60°C (15s)/ 72°C (60s), and a final extension at 72°C for 10 minutes.
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Generation of Bicistronic Single-stranded AAV Production Plasmid

AAV production plasmid ssAAV-LP11-GCH1-LP1-tTH (pAA019) (SEQ ID NO: 33) was
used to generate the single-stranded rAAV2/8-LP1-GCH1-LP1-1TH and its recombinant
by-product rAAV2/8-LP1-tTH. Briefly, the expression cassettes LP1-GCH1-LP1-tTH-
WPRE were subcloned into pBluescript 1| SK(+) making pAA018 prior to cloning in the
AAV backbone pSUB201 containing ITRs, thereby forming pAA019 (SEQ ID NO: 33).
The promoter LP1 was amplified with primers AAO1/AAO2 using 12.5ng scAAV-LP1-
hFIXco as a template and cloned into pTRUF11 using Blpl and Sbfl restriction sites,
thereby generating pAA0O1. Next, the GCH1 gene was amplified with primers
AA03/AA004 using 27ng pAAV-Syn-GCH1-Syn-TH as a template and subsequently
cloned into pAA0O1 using the Sbfl and Tth111I sites, thereby forming pAA002. Next,
the LP1-GCH1 fragment was amplified from pAA002 using the primer pair AA37/AA38,
which contained overhangs with the Xbal/Blpl and Xbal/Sphl/BstBI/Tth111] restriction
sites, respectively to allow the construction of a modular vector. The LP1-GCH1
fragment was ligated into the AAV backbone pSub201 through the Xbal restriction site,
thereby forming pAA0Q3. To avoid cloning difficulties due to the presence of ITRs in the
backbone, the LP1-GCH1 was transferred to the cloning vector pUC18 through the
Xbal site, thereby forming pAAQO4. The second LP1 promoter was added by amplifying
it from pAA010 with primer pairs AAO0O6/AAQ7 and cloning it into pAA004 using BstBI
and Tth111I restriction sites, thereby forming pAA005. In order to add the tTH gene to
the construct, the LP1-GCH1-LP1 fragment had to be changed into the backbone
pBluescript 1| SK(+) due to the presence of an extra Sphl site in pUC18. This was done
using the Xbal sites in pAA005 and after ligation into pBluescript Il SK(+) the new
construct was named pAA006. Next, the tTH-WPRE fragment was amplified from
pLA109 (AAV-Syn-GCH1-Syn-tTH) using primer pair AA53/AA65 and 50ng of
template. The tTH gene was inserted into pAA006through the restriction sites Sphl and
BstBlI, thereby forming pAA018. After sequencing of pAA018, a mutation on the
Tth1111 site was found and this was fixed by recloning the GCH1-LP1 sequence. Here,
a new primer set was designed to add a Bglll restriction site immediately downstream
of the Ttth111I site and to allow the incorporation of the exact same GCH1 kozak
sequence as in pLA100 and pLA109. Primer pairs AA73/AA84 and AA85/AAAQ7 were
used to amplify the new GCH1 sequence and the second LP1 promoter, respectively.
An overlapping PCR with primer pair AA73/AA07 was done to fuse GCH1-LP1, which

was subsequently cloned into pAA017 using restriction sites Sbfl and BstBI, thereby
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forming pAA018. Finally, the whole bicistronic LP1-GCH1-LP1-tTH expression cassette
was transferred back to the AAV backbone pSub201 to allow recombinant AAV
production and named pAA019 (SEQ ID NO: 33).

Monocistronic self-complementary AAV-HLP-tTH was generated by fusing the HLP
promoter to the tTH gene by overlapping PCR. The HLP sequence was amplified from
AV-HLP-codop-hFVIII-V3 (a plasmid provided by Amit Nathwani’s lab). The sequence
of the tTH is the sequence of TH from with the N terminus 160 amino acids have been
truncated (e.g. SEQ ID NO: 40) to remove the key serine phosphorylation sites
otherwise involved in enabling the feedback inhibition of TH by dopamine or L-DOPA.
Once HLP and tTH were ampliied, they were fused by overlapping PCR and subcloned
it into pcDNA3.1(+) using the Nhel restriction site. After the quality control digestions
and sequencing, the expression cassette HLP-tTH was cloned an AAV self-

complementary backbone provided by Amit Nathwani (Figure 2).

Monocistronic self-complementary AAV-HLP-GCH was generated by amplifying the
GCH1 gene from pGPT001 (SYN-GCH1-SYN-TH) and cloning it into a self-
complementary AAV backbone pAV-LP1-hFIXco (SEQ ID NO: 36) (provided by Amit
Nathwani), thereby generating AAV-LP1-GCH1. In a second step, the HLP promoter
sequence was amplified from AV-HLP-codop-hFVIII-V3 (SEQ ID NO: 37) and ligated
into scAAV-LP1-GCH1, thereby replacing the LP1 by HLP to form scAAV-HLP-GCH1
(Figure 2).

Bicistronic single-stranded AAV-LP1-GCH1-LP1-tTH was generated using the AAV
plasmid pSUB201 as a backbone. Optimal restriction sites flanked by the ITRs were
identified in order to produce a modular vector in which each element (gene or
promoter) could be easily removed or replaced. Both LP1 sequences were amplified by
PCR from pAV-LP1-hFIXco and cloned into pSUB201. GCH1 and tTH were amplified
from the pre-existing bicistronic vector used for the brain study (SYN-GCH1-SYN-tTH)
and cloned into pSUB201 to form ssAAV-LP1-GCH1-LP1-tTH. The chronology of the
cloning was first LP1 - GCH1 - second LP1 — tTH (Figure 2).

Other vectors were constructed by conventional methods known in the art. Sequences

of interest were subcloned into vectors by restriction, ligation and Gibson assembly.
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AAV vectors were prepared by triple transfection in adherent HEK293 cells, and

optionally concentrated by iodixanol gradient centrifugation.

Example 2: L-DOPA inhibition

5 The dosing regime has been designed to assess the ability of Adeno-associated virus

vectors carrying the gene with GTP cyclohydrolase 1 and/or tyrosine hydroxylase
(AAV2/8 GCH1 or AAV2/8 tTH, respectively), to induce the production of L-DOPA in

the liver of Parkinson’s disease (PD) patients.

10 Two studies were performed. In the first study 18 CD1 mice were randomly allocated to

3 groups of 6 animals. On day 1 animals were treated as indicated in the table below:

Group Vector (AAV2/8) Animals (vg/DrgZise)
1 - 6 -
5 scLP1-GCH1 . 3.51x10%
scLP1-tTH 3.51 x10%
3 scLP1-tTH 6 7.02 x10%

15 The vectors, scLP1-GCH1 (SEQ ID NO:35) and scLP1-tTH (SEQ ID NO:34) were

prepared as described in Example 1. The vectors were administered by bolus

intravenous (tail vein) injection.

In the second study 4 CD1 mice were randomly allocated to 2 groups of 2 animals. On

20 day 1 animals were treated as indicated in the table below:
Group Vector Animals Dose
(AAV2/8) (vg/mouse)
1 SCHLP-tTH 2 3.60x10"
scHLP-GCH1 5 1.80 x10"
SCHLP-tTH 1.80 x10"

The vectors, scHLP-GCH1 (SEQ ID NO:31) and scHLP-tTH (SEQ ID NO:32) were

25 prepared as described in Example 1.
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Both in the first and second study the vectors were administered by bolus intravenous

(tail vein) injection (Figure 3).

The mice were observed without further experimentation for 28 days. No adverse
events were noted. On day 28, one hour before sacrifice, the mice were dosed with
benserazide 10 mg/kg by intraperitoneal injection and with a low dose of entacapone
by intraperitoneal injection. The nominal injected dose of entacapone was 30mg/kg
(Figure 3).

At the time of sacrifice blood samples were obtained by cardiac puncture, after which

animals were perfused with PBS followed by PFA and the liver was harvested.

Blood was collected into vials containing heparin and stored on ice until the last animal
was sacrificed, then spun at 4 degrees with subsequent freezing of the plasma at -70°C

in the absence of antioxidants.

L-DOPA was assayed by ABS Laboratories Ltd, BioPark, Broadwater Road, Welwyn
Garden City, Hertfordshire, AL7 3AX, United Kingdom using a validated method and
conducted according to the European Medicines Agency bioanalytical guidelines with
appropriate calibration standards and quality control samples run in duplicate with the

samples and deuterated internal standardization.

The results are shown in figure 5, where the groups A, B and C are from the first

animal study, whereas the groups D and E are from the second animal study.

Liver was fixed in PFA then embedded in paraffin, mounted on slides and analysed.
The liver section were analysed for GCH1 expression using a GCH1 specific antibody.
Useful GCH1 specific antibodies are commercially available and include e.g. the the
mouse IgG MCA3138Z, Serotec,Oxford, UK, which may be used at 1:2000 AbD.

UK. The results obtained in the first animal study are shown in figure 4a. The
transduction was determined to be <1%. The results obtained in the second animal

study are shown in figure 4b. The transduction was determined to be ~25%.

Expression of TH may be determined using a number of anti-Tyrosine Hydroxylase

antibodies including those produced by Pel Freez and Abcam .
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Dilutions useful for the IHC with:
Pelfreez Anti-Tyrosine Hydroxylase rabbit polyclonal antibody. 1:750
Abcam Anti-Tyrosine Hydroxylase rabbit monoclonal [EP1532Y]- 1:1000

The liver sections were also stained with hematoxylin and eosin using standard
procedures. The hematoxylin and eosin stain shows no signs of tissue damage or

leukocyte infiltration (see figure 6)

Conclusion

In the first animal study a low dose of vector (7,02x10"° vg/mouse) was administrated.
As shown by liver immunohistochemistry this resulted in a transduction of <1% (see
figure 4a). In the second animal study a higher dose of vector (3.6x10" vg/mouse) was
administered and transduction was markedly higher, namely ~25% (see figure 4b).
Hiroyuki Nakai et al J. Virol. 2005, 79(1):214 has suggested that dose (vg/mouse) of
AAV8 vectors needs to exceed 2E12 to achieve >70% tranduction. Consisting with this,

the higher dose resulted in enhanced transduction.

HLP is a short liver-specific promoter equally strong to LP1 (Mcintosh J et al, Blood.
2013 Apr 25;121(17):3335-44). Internal controls on L-DOPA assay confirmed

consistent sensitivity across animal study 1 and 2

As shown in figure 5 systemic L-DOPA levels in mice of groups 2 and 3 in the first
animal study (denoted B and C, respectively) are slightly higher than the level in the
control. However, the systemic L-DOPA level in mice of both groups 1 and 2 of the
second animal study (denoted D and E, respectively) were markedly higher than the
control. The difference in systemic L-DOPA levels observed in the two studies is
believed to be caused by the difference in dose resulting in different transduction

efficiency.

In further studies two or three doses of benserazide and entacapone or tolcapone will
be administered during the 8 hours prior to collection of blood for L-DOPA assay and
plasma will be stored in the presence of antioxidant (25% w/v sodium metabisulphite in

water) prior to assay.



10

15

20

25

30

WO 2017/021359 PCT/EP2016/068315

66

Example 3: Vector synthesis

A series of vectors are synthesised to transfect and transduce peripheral tissues to

secrete L-dopa at a steady rate into the peripheral circulation from which it can cross

the blood brain barrier and be used as a prodrug for the synthesis of dopamine.

These include vectors with the following configurations or element:

The vector(s) include a nucleic acid sequence encoding a human tyrosine
hydroxylase isoform, wherein the nucleic acid sequence is configured as a self-
complementary genome.

In one embodiment the nucleic acid sequence is truncated to encode an N-
terminally truncated tyrosine hydroxylase enzyme lacking the about 160 N-
terminally amino acids of the functional enzyme (SEQ ID NO: 15) or (SEQ ID
NO: 40). The N-terminally truncated enzyme is functional but less prone to
feedback inhibition by the product(s) of the reaction catalyzed by the enzyme.
Accordingly an increased production to a therapeutically effective level of the
desired L-DOPA product is achieved.

In one embodiment the construct does not utilise a self-complementary
genome.

Vector construct are being produced with a variety of AAV serotypes targeting
liver and muscle. These include serotypes 8, 5, 2 and 7 for liver and 5, 1, 6 and
2 for muscle.

Vector constructs include a variety of tissue specific promoters such as LP1 for
liver.

A model vector sequence is provided by the attachment below from a paper
(attached) by Nathwani et al. In the case of our vector would have a similar
sequence to the Nathwani et all Factor IX genome but with a self-

complementary TH code inserted in place of the FIX code.

Example 4: Expression of GCH and TH in the liver

On day 1, the mice are receiving either: a bolus intravenous (tail vein) injection of 0.15
ml bicistronic vector preparation (ssAAV2/8-LP1-GCH1-LP1-truncated-TH) 3.60E+12

vg/mouse (this preparation including a proportion of monocistronic ssLP1-tTH formed

by homologous recombination); a bolus intravenous (tail vein) injection of 0.15 ml

vehicle preparation; or 10 mg/kg oral L-DOPA.
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The mice are observed for 10-15 days before sacrifice and collection of the plasma, as

described in example 3.
Analysis of the expression of GCH1 and TH in the liveris performed by gPCR.

Immunohistochemical analysis is performed as described in example 3 to show
expression of GCH1 in liver sections derived from the mice having received the

bicistronic vector. Expression of GCH1 may be used as a marker of vector transfection.

10 Western Blot analysis is performed to show that GCH1 is only expressed in the livers of

mice having received a bolus intravenous injection of vector.

Example 5: synthesis of L-DOPA in the liver
L-DOPA levels are determined in EDTA plasma by precipitating the proteins in the

15 plasma with 0.4M perchloric acid. After removal of the precipitated proteins by
centrifugation, a portion of the perchloric acid layer is transferred to a 96-well plate and
diluted with 0.1% formic acid. The L-DOPA (1) and its stable isotopically labelled
internal standard L-DOPA-d; (Il) are analysed by LC-MS/MS.

O

OH

HO NHz

20 OH ()

HO D
OH (N

As L-DOPA is unstable in plasma, all plasma containing L-DOPA is stabilised by the
25 addition of 1% sodium metabisulphite and stored frozen at a nominal temperature of -
80°C. Calibration standards are prepared at 0 (blank), 0.020, 0.050, 0.100, 0.250, 1.00,
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2.50, 5.00 and 10.0 pg/mL and quality control samples (QCs) at 0.060, 0.800 and 8.00
pg/mL.

The analysis is performed using a 0.1% formic acid acetonitrile gradient on an ACE AQ
50mm x 3mm liquid chromatography column using an Agilent 1100 series binary pump
and a CTC Analytics™ CTC HTS-xt PAL autosampler. The mass spectrometric
analysis is performed using an Applied Biosystems™ API4000 fitted with a
Turbolonspray™ ion source. The multiple reaction ions monitored (MRM) for L-DOPA
and L-DOPA-d; were m/z 198.2 — 152.1 and 201.2 — 155.1, respectively. Calibration

curves are fitted using a linear regression weighted 1/x2.

Example 6: Screening

o Each vector prepared as described herein above is injected into the tail vein or
hindlimb muscle bulk of a group of mice (approximately 6 per group). The mice
are observed for 2-6 weeks post dosing. Peripheral blood is collected and
assayed for L-dopa.

e Animals receive concomitant dosing with tetrahydrobioterin (oral or
intraperitoneal) or with an AAV vector transducing GCH1 and/or PTPS
production in liver or muscle in order to provide this cofactor necessary for L-
dopa synthesis.

e Animals receive systemically administered (oral or intraperitoneal)
decarboxylase inhibitor (e.g. benserazine) and catechol-O-methyltransferase
(COMT) inhibitor to limit catabolism of L-DOPA. These are administered for a
minimum of 24 hours before samples are collected to assess peripheral L-
DOPA levels.

e A control group of animals is treated in the same manner but without injection of
vector. This groups serves as control group against which to compare L-DOPA
levels from the vector treated animals.

+ Monocistronic, bicistronic or tricistronic vectors, plasmids or expression
systems expressing different ratios of TH, GCH1 and PTPS may be compared
to achieve optimal L-DOPA production.

o Different ratios of vectors (each expressing one or more genes) may be

compared to achieve optimal L-DOPA production.
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Example 7: Preclinical

The vectors producing the highest peripheral L-dopa levels are tested in acute
and chronic studies in rodents and non-human primates to demonstrate
sustained secretion of L-dopa at therapeutically relevant levels and to
demonstrate acceptable tolerance and safety.

In acute studies the vector is injected either intramuscularly or intravenously
(into a peripheral vein or directly into the portal vein) of rodents and non-human
primates. The animals are observed for 28 days post injection. Observations
include weight, food consumption, observation of any clinical signs or
symptoms, full blood count, urea and electrolytes, liver function tests, and
measurement of creatine phosphokinase. Following necropsy tissue will be
examined for evidence of any histopathological abnormality and biodistribution
of the vector will be assessed.

In chronic studies the vector is injected either intramuscularly or intravenously
(into a peripheral vein or directly into the portal vein) of rodents and non-human
primates. The animals are observed for six to 12 months post injection.
Observations include weight, food consumption, observation of any clinical
signs or symptoms, full blood count, urea and electrolytes, liver function tests,
and measurement of creatine phosphokinase. Following necropsy tissue will be
examined for evidence of any histopathological abnormality and biodistribution
of the vector will be assessed.

Additional preclinical studies will include mutagenicity test, carcinogenicity tests
and other tests necessary to enable clinical studies (e.g. assessment of effect

of vector or vector produced product on cardiac QT interval)

Example 8: Clinical

Subject to satisfactory outcomes of the above studies clinical studies are
designed based on the optimally performing vector(s) using either IM, 1V,
direction infusion into the portal vein or isolated limb perfusion.

Clinical studies will include detailed assessment of the pharmacokinetics of L-
DOPA in treated patients with and without concomitant administration of an
(oral or intraperitoneal) decarboxylase inhibitor (e.g. benserazine) and catechol-
O-methyltransferase (COMT) inhibitor and without administration of BH4 or oral
L-DOPA.
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e Clinical studies will assess acute L-DOPA production (approximately 4 to 8
weeks following injection of the vector) and chronic L-DOPA production at time
points including 3, 6, 12, 18 and 24 months after injection of vector.

o Clinical studies will include assessment of the acute and chronic safety and

efficacy of the invention as an adjunct to the treatment of Parkinson’s disease.
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Example 9: Overview of sequences

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

1:

o N o ok~ W N

9:

10
11
12

GTP cyclohydrolase 1 (human)

: GTP cyclohydrolase 1 Isoform GCH-2 (human)
: GTP cyclohydrolase 1 Isoform GCH-3 (human)
: GTP cyclohydrolase 1 Isoform GCH-4 (human)
: GTP cyclohydrolase 1 (rat)

: GTP cyclohydrolase 1 (mouse)

: Tyrosine 3-hydroxylase (human)

: Tyrosine 3-monooxygenase (human)

Tyrosine hydroxylase (human)
: Tyrosine hydroxylase (human)
: Tyrosine 3-monooxygenase (human)

: Truncated Tyrosine hydroxylase, TH (corresponding to catalytic

domain; human)

SEQ ID NO: 13: TH mutated at ser40

SEQ ID NO: 14: SEQ ID NO: 14: TH mutated at Ser19 + Ser40

SEQ ID NO: 15: SEQ ID NO: 15: TH mutated at Ser19 + Ser31 + Ser40
SEQ ID NO: 16: SEQ ID NO: 16: Tyrosine 3-hydroxylase (rat)

SEQ ID NO: 17: Tyrosine 3-hydroxylase (mouse)

SEQ ID NO: 18: Adeno-associated virus 2 left terminal nucleotide sequence

SEQ ID NO: 19: Adeno-associated virus 2 right terminal nucleotide sequence

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

20:
21:
22:
23:

Homo sapiens GTP cyclohydrolase 1 (GCH1), transcript variant 1
Simian virus 40 early poly-adenylation nucleotide sequence
Simian virus 40 late poly-adenylation nucleotide sequence

Homo sapiens tyrosine hydroxylase (TH), transcript variant 2

nucleotide sequence

SEQ ID NO: 24: Truncated TH, nucleotide sequence encoding catalytic domain
SEQ ID NO: 25: TH mutated at ser40, nucleotide sequence

SEQ ID NO: 26: TH mutated as ser19 and ser40, nucleotide sequence

SEQ ID NO: 27: TH mutated as ser19, ser31 and ser40, nucleotide sequence

SEQ ID NO: 28: Woodchuck hepatitis B virus (WHV8) post-transcriptional regulatory

element nucleotide sequence

SEQ ID NO: 29: Mutated Woodchuck hepatitis B virus (WHV8) post-transcriptional
regulatory element nucleotide sequence

SEQ ID NO: 30: Nucleotide sequence encoding GCH-1
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SEQ ID NO: 31: pAA011 - scAAV-HLP-GCH1

SEQ ID NO: 32: pAA016 - scAAV-HLP-tTH

SEQ ID NO: 33: pAA019 - scAAV-LP1-GCH1-LP1-tTH
SEQ ID NO: 34: pAA010 scAAV-LP1-tTH

SEQ ID NO: 35: pAA009 scAAV-LP1-GCH1

SEQ ID NO: 36: scAAV-LP1-hFIXco

SEQ ID NO: 37: pAV HLP FVIII V3 kan

SEQ ID NO: 38: Hybrid liver-specific promoter (HLP)
SEQ ID NO: 39: Liver promoter/enhancer 1 (LP1)
SEQ ID NO: 40: tTH = truncated Tyrosine Hydroxylase
SEQ ID NO: 41: PTPS = 6-pyruvoyltetrahydropterin synthase
SEQ ID NO: 42: Primer AA16

SEQ ID NO: 43: Primer AA17

SEQ ID NO: 44: Primer AA33

SEQ ID NO: 45: Primer AA34

SEQ ID NO: 46: Primer AA43

SEQ ID NO: 47: Primer AA44

SEQ ID NO: 48: Primer AA57

SEQ ID NO: 49: Primer AA67

SEQ ID NO: 50: Primer AAG68

SEQ ID NO: 51: Primer RmiscTHext2

SEQ ID NO: 52: Monocistronic delivery plasmid TH
SEQ ID NO: 53: Bicistronic delivery plasmid GCH1 PTPS

SEQ ID NO: 1: GTP cyclohydrolase 1 (human)

>sp|P30793|GCH1_HUMAN GTP cyclohydrolase 1 OS=Homo sapiens GN=GCH1 PE=1 SV=1
EC=3.5.4.16

Alternative name(s):

GTP cyclohydrolase |

Short names=GTP-CH-l or GCH-1 or GCH1 or GCH1

Organism: Homo sapiens (Human)

http://www.uniprot.org/uniprot/P30793
MEKGPVRAPAEKPRGARCSNGFPERDPPRPGPSRPAEKPPRPEAKSAQPADGWKGERPRSEEDNELNL
PNLAAAYSSILSSLGENPQRQGLLKTPWRAASAMQFFTKGYQETISDVLNDAIFDEDHDEMVIVKDIDMFS
MCEHHLVPFVGKVHIGYLPNKQVLGLSKLARIVEIYSRRLQVQERLTKQIAVAITEALRPAGVGVVVEATHM
CMVMRGVQKMNSKTVTSTMLGVFREDPKTREEFLTLIRS

SEQ ID NO: 2: GTP cyclohydrolase 1 Isoform GCH-2 (human)

>sp|P30793-2|GCH1_HUMAN Isoform GCH-2 of GTP cyclohydrolase 1 OS=Homo sapiens GN=GCH1
MEKGPVRAPAEKPRGARCSNGFPERDPPRPGPSRPAEKPPRPEAKSAQPADGWKGERPRSEEDNELNL
PNLAAAYSSILSSLGENPQRQGLLKTPWRAASAMQFFTKGYQETISDVLNDAIFDEDHDEMVIVKDIDMFS
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MCEHHLVPFVGKVHIGYLPNKQVLGLSKLARIVEIYSRRLQVQERLTKQIAVAITEALRPAGVGVVVEATSA
EP

SEQ ID NO: 3: GTP cyclohydrolase 1 Isoform GCH-3 (human)

>sp|P30793-3|GCH1_HUMAN Isoform GCH-3 of GTP cyclohydrolase 1 OS=Homo sapiens GN=GCH1
MEKGPVRAPAEKPRGARCSNGFPERDPPRPGPSRPAEKPPRPEAKSAQPADGWKGERPRSEEDNELNL
PNLAAAYSSILSSLGENPQRQGLLKTPWRAASAMQFFTKGYQETISDVLNDAIFDEDHDEMVIVKDIDMFS
MCEHHLVPFVGKVHIGYLPNKQVLGLSKLARIVEIYSRRLQVQERLTKQIAVAITEALRPAGVGVVVEAT

SEQ ID NO: 4: GTP cyclohydrolase 1 Isoform GCH-4 (human)

>sp|P30793-4|GCH1_HUMAN Isoform GCH-4 of GTP cyclohydrolase 1 OS=Homo sapiens GN=GCH1
MEKGPVRAPAEKPRGARCSNGFPERDPPRPGPSRPAEKPPRPEAKSAQPADGWKGERPRSEEDNELNL
PNLAAAYSSILSSLGENPQRQGLLKTPWRAASAMQFFTKGYQETISDVLNDAIFDEDHDEMVIVKDIDMFS
MCEHHLVPFVGKVHIGYLPNKQVLGLSKLARIVEIYSRRLQVQERLTKQIAVAITEALRPAGVGVVVEATKS
NKYNKGLSPLLSSCHLFVAILK

SEQ ID NO: 5: GTP cyclohydrolase 1 (rat)

>sp|P22288|GCH1_RAT GTP cyclohydrolase 1 OS=Rattus norvegicus GN=Gch1 PE=1 SV=1
MEKPRGVRCTNGFPERELPRPGASRPAEKSRPPEAKGAQPADAWKAGRPRSEEDNELNLPNLAAAYSSI
LRSLGEDPQRQGLLKTPWRAATAMQFFTKGYQETISDVLNDAIFDEDHDEMVIVKDIDMFSMCEHHLVPFV
GRVHIGYLPNKQVLGLSKLARIVEIYSRRLQVQERLTKQIAVAITEALQPAGVGVVIEATHMCMVMRGVQK
MNSKTVTSTMLGVFREDPKTREEFLTLIRS

SEQ ID NO: 6: GTP cyclohydrolase 1 (mouse)

>sp|Q05915|GCH1_MOUSE GTP cyclohydrolase 1 OS=Mus musculus GN=Gch1 PE=2 SV=1
MEKPRGVRCTNGFSERELPRPGASPPAEKSRPPEAKGAQPADAWKAGRHRSEEENQVNLPKLAAAYSSI
LLSLGEDPQRQGLLKTPWRAATAMQYFTKGYQETISDVLNDAIFDEDHDEMVIVKDIDMFSMCEHHLVPFV
GRVHIGYLPNKQVLGLSKLARIVEIYSRRLQVQERLTKQIAVAITEALQPAGVGVVIEATHMCMVMRGVQK
MNSKTVTSTMLGVFREDPKTREEFLTLIRS

SEQ ID NO: 7: Tyrosine 3-hydroxylase (human)

EC=1.14.16.2

Alternative name(s): Tyrosine 3-monooxygenase or Tyrosine 3-hydroxylase or Tyrosine hydroxylase

Short name=TH

Organism: Homo sapiens (Human)
MPTPDATTPQAKGFRRAVSELDAKQAEAIMSPRFIGRRQSLIEDARKEREAAVAAAAAAVPSEPGDPLEAV
AFEEKEGKAVLNLLFSPRATKPSALSRAVKVFETFEAKIHHLETRPAQRPRAGGPHLEYFVRLEVRRGDLA
ALLSGVRQVSEDVRSPAGPKVPWFPRKVSELDKCHHLVTKFDPDLDLDHPGFSDQVYRQRRKLIAEIAFQ
YRHGDPIPRVEYTAEEIATWKEVYTTLKGLYATHACGEHLEAFALLERFSGYREDNIPQLEDVSRFLKERT
GFQLRPVAGLLSARDFLASLAFRVFQCTQYIRHASSPMHSPEPDCCHELLGHVPMLADRTFAQFSQDIGL
ASLGASDEEIEKLSTLYWFTVEFGLCKQNGEVKAYGAGLLSSYGELLHCLSEEPEIRAFDPEAAAVQPYQD
QTYQSVYFVSESFSDAKDKLRSYASRIQRPFSVKFDPYTLAIDVLDSPQAVRRSLEGVQDELDTLAHALSAI

SEQ ID NO: 8: Tyrosine 3-monooxygenase (human)

>sp|P07101|TY3H_HUMAN Tyrosine 3-monooxygenase OS=Homo sapiens GN=TH PE=1 SV=5
MPTPDATTPQAKGFRRAVSELDAKQAEAIMVRGQGAPGPSLTGSPWPGTAAPAASYTPTPRSPRFIGRR
QSLIEDARKEREAAVAAAAAAVPSEPGDPLEAVAFEEKEGKAVLNLLFSPRATKPSALSRAVKVFETFEAKI
HHLETRPAQRPRAGGPHLEYFVRLEVRRGDLAALLSGVRQVSEDVRSPAGPKVPWFPRKVSELDKCHHL
VTKFDPDLDLDHPGFSDQVYRQRRKLIAEIAFQYRHGDPIPRVEYTAEEIATWKEVYTTLKGLYATHACGE
HLEAFALLERFSGYREDNIPQLEDVSRFLKERTGFQLRPVAGLLSARDFLASLAFRVFQCTQYIRHASSPM
HSPEPDCCHELLGHVPMLADRTFAQF SQDIGLASLGASDEEIEKLSTLYWFTVEFGLCKQNGEVKAYGAG
LLSSYGELLHCLSEEPEIRAFDPEAAAVQPYQDQTYQSVYFVSESFSDAKDKLRSYASRIQRPFSVKFDPY
TLAIDVLDSPQAVRRSLEGVQDELDTLAHALSAIG

SEQ ID NO: 9: Tyrosine hydroxylase (human)

>tr|Q2M3B4|Q2M3B4_HUMAN Tyrosine hydroxylase OS=Homo sapiens GN=TH PE=2 SV=1
MPTPDATTPQAKGFRRAVSELDAKQAEAIMSPRFIGRRQSLIEDARKEREAAVAAAAAAVPSEPGDPLEAV
AFEEKEGKAMLNLLFSPRATKPSALSRAVKVFETFEAKIHHLETRPAQRPRAGGPHLEYFVRLEVRRGDLA
ALLSGVRQVSEDVRSPAGPKVPWFPRKVSELDKCHHLVTKFDPDLDLDHPGFSDQVYRQRRKLIAEIAFQ
YRHGDPIPRVEYTAEEIATWKEVYTTLKGLYATHACGEHLEAFALLERFSGYREDNIPQLEDVSRFLKERT
GFQLRPVAGLLSARDFLASLAFRVFQCTQYIRHASSPMHSPEPDCCHELLGHVPMLADRTFAQFSQDIGL
ASLGASDEEIEKLSTLYWFTVEFGLCKQNGEVKAYGAGLLSSYGELLHCLSEEPEIRAFDPEAAAVQPYQD
QTYQSVYFVSESFSDAKDKLRSYASRIQRPFSVKFDPYTLAIDVLDSPQAVRRSLEGVQDELDTLAHALSAI
G
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SEQ ID NO: 10: Tyrosine hydroxylase (human)

>tr|B7ZL73|B7ZL73_HUMAN TH protein OS=Homo sapiens GN=TH PE=2 SV=1
MPTPDATTPQAKGFRRAVSELDAKQAEAIMVRGQSPRFIGRRQSLIEDARKEREAAVAAAAAAVPSEPGD
PLEAVAFEEKEGKAMLNLLFSPRATKPSALSRAVKVFETFEAKIHHLETRPAQRPRAGGPHLEYFVRLEVR
RGDLAALLSGVRQVSEDVRSPAGPKVYPWFPRKVSELDKCHHLVTKFDPDLDLDHPGFSDQVYRQRRKLI
AEIAFQYRHGDPIPRVEYTAEEIATWKEVYTTLKGLYATHACGEHLEAFALLERFSGYREDNIPQLEDVSRF
LKERTGFQLRPVAGLLSARDFLASLAFRVFQCTQYIRHASSPMHSPEPDCCHELLGHVPMLADHTFAQFS
QDIGLASLGASDEEIEKLSTLYWFTVEFGLCKQNGEVKAY GAGLLSSYGELLHCLSEEPEIRAFDPEAAAV
QPYQDQTYQSVYFVSESFSDAKDKLRSYASRIQRPFSVKFDPYTLAIDVLDSPQAVRRSLEGVQDELDTLA
HALSAIG

SEQ ID NO: 11: Tyrosine 3-monooxygenase (human)

>sp|P07101|TY3H_HUMAN Tyrosine 3-monooxygenase OS=Homo sapiens GN=TH PE=1 SV=5
MPTPDATTPQAKGFRRAVSELDAKQAEAIMVRGQGAPGPSLTGSPWPGTAAPAASYTPTPRSPRFIGRR
QSLIEDARKEREAAVAAAAAAVPSEPGDPLEAVAFEEKEGKAVLNLLFSPRATKPSALSRAVKVFETFEAKI
HHLETRPAQRPRAGGPHLEYFVRLEVRRGDLAALLSGVRQVSEDVRSPAGPKVPWFPRKVSELDKCHHL
VTKFDPDLDLDHPGFSDQVYRQRRKLIAEIAFQYRHGDPIPRVEYTAEEIATWKEVYTTLKGLYATHACGE
HLEAFALLERFSGYREDNIPQLEDVSRFLKERTGFQLRPVAGLLSARDFLASLAFRVFQCTQYIRHASSPM
HSPEPDCCHELLGHVPMLADRTFAQF SQDIGLASLGASDEEIEKLSTLYWFTVEFGLCKQNGEVKAYGAG
LLSSYGELLHCLSEEPEIRAFDPEAAAVQPYQDQTYQSVYFVSESFSDAKDKLRSYASRIQRPFSVKFDPY
TLAIDVLDSPQAVRRSLEGVQDELDTLAHALSAIG

SEQ ID NO: 12: Truncated TH (corresponding to Catalytic domain)
MPKVPWFPRKVSELDKCHHLVTKFDPDLDLDHPGFSDQVYRQRRKLIAEIAFQYRHGDPIPRVEYTAEEIA
TWKEVYTTLKGLYATHACGEHLEAFALLERFSGYREDNIPQLEDVSRFLKERTGFQLRPVAGLLSARDFLA
SLAFRVFQCTQYIRHASSPMHSPEPDCCHELLGHVPMLADRTFAQF SQDIGLASLGASDEEIEKLSTLYWF
TVEFGLCKQNGEVKAYGAGLLSSYGELLHCLSEEPEIRAFDPEAAAVQPYQDQTYQSVYFVSESFSDAKD
KLRSYASRIQRPFSVKFDPYTLAIDVLDSPQAVRRSLEGVQDELDTLAHALSAIG

SEQ ID NO: 13: TH mutated at ser40
MPTPDATTPQAKGFRRAVSELDAKQAEAIMSPRFIGRRQELIEDARKEREAAVAAAAAAVPSEPGDPLEAV
AFEEKEGKAVLNLLFSPRATKPSALSRAVKVFETFEAKIHHLETRPAQRPRAGGPHLEYFVRLEVRRGDLA
ALLSGVRQVSEDVRSPAGPKVPWFPRKVSELDKCHHLVTKFDPDLDLDHPGFSDQVYRQRRKLIAEIAFQ
YRHGDPIPRVEYTAEEIATWKEVYTTLKGLYATHACGEHLEAFALLERFSGYREDNIPQLEDVSRFLKERT
GFQLRPVAGLLSARDFLASLAFRVFQCTQYIRHASSPMHSPEPDCCHELLGHVYPMLADRTFAQFSQDIGL
ASLGASDEEIEKLSTLYWFTVEFGLCKQNGEVKAYGAGLLSSYGELLHCLSEEPEIRAFDPEAAAVQPYQD
QTYQSVYFVSESFSDAKDKLRSYASRIQRPFSVKFDPYTLAIDVLDSPQAVRRSLEGVQDELDTLAHALSAI
G

SEQ ID NO: 14: TH mutated at ser19 + ser40
MPTPDATTPQAKGFRRAVEELDAKQAEAIMSPRFIGRRQELIEDARKEREAAVAAAAAAVPSEPGDPLEAV
AFEEKEGKAVLNLLFSPRATKPSALSRAVKVFETFEAKIHHLETRPAQRPRAGGPHLEYFVRLEVRRGDLA
ALLSGVRQVSEDVRSPAGPKVPWFPRKVSELDKCHHLVTKFDPDLDLDHPGFSDQVYRQRRKLIAEIAFQ
YRHGDPIPRVEYTAEEIATWKEVYTTLKGLYATHACGEHLEAFALLERFSGYREDNIPQLEDVSRFLKERT
GFQLRPVAGLLSARDFLASLAFRVFQCTQYIRHASSPMHSPEPDCCHELLGHVPMLADRTFAQFSQDIGL
ASLGASDEEIEKLSTLYWFTVEFGLCKQNGEVKAYGAGLLSSYGELLHCLSEEPEIRAFDPEAAAVQPYQD
QTYQSVYFVSESFSDAKDKLRSYASRIQRPFSVKFDPYTLAIDVLDSPQAVRRSLEGVQDELDTLAHALSAI
G

SEQ ID NO: 15: TH mutated at ser19 + ser31 + ser40
MPTPDATTPQAKGFRRAVEELDAKQAEAIMEPRFIGRRQELIEDARKEREAAVAAAAAAVPSEPGDPLEAV
AFEEKEGKAVLNLLFSPRATKPSALSRAVKVFETFEAKIHHLETRPAQRPRAGGPHLEYFVRLEVRRGDLA
ALLSGVRQVSEDVRSPAGPKVPWFPRKVSELDKCHHLVTKFDPDLDLDHPGFSDQVYRQRRKLIAEIAFQ
YRHGDPIPRVEYTAEEIATWKEVYTTLKGLYATHACGEHLEAFALLERFSGYREDNIPQLEDVSRFLKERT
GFQLRPVAGLLSARDFLASLAFRVFQCTQYIRHASSPMHSPEPDCCHELLGHVPMLADRTFAQFSQDIGL
ASLGASDEEIEKLSTLYWFTVEFGLCKQNGEVKAYGAGLLSSYGELLHCLSEEPEIRAFDPEAAAVQPYQD
QTYQSVYFVSESFSDAKDKLRSYASRIQRPFSVKFDPYTLAIDVLDSPQAVRRSLEGVQDELDTLAHALSAI
G

SEQ ID NO: 16: Tyrosine 3-hydroxylase (rat)

>sp|P04177|TY3H_RAT Tyrosine 3-monooxygenase OS=Rattus norvegicus GN=Th PE=1 SV=3
MPTPSAPSPQPKGFRRAVSEQDAKQAEAVTSPRFIGRRQSLIEDARKEREAAAAAAAAAVASSEPGNPLE
AVVFEERDGNAVLNLLFSLRGTKPSSLSRAVKVFETFEAKIHHLETRPAQRPLAGSPHLEYFVRFEVPSGD
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LAALLSSVRRVSDDVRSAREDKVPWFPRKVSELDKCHHLVTKFDPDLDLDHPGFSDQVYRQRRKLIAEIAF
QYKHGEPIPHVEYTAEEIATWKEVYVTLKGLYATHACREHLEGFQLLERYCGYREDSIPQLEDVSRFLKER
TGFQLRPVAGLLSARDFLASLAFRVFQCTQYIRHASSPMHSPEPDCCHELLGHVPMLADRTFAQFSQDIG
LASLGASDEEIEKLSTVYWFTVEFGLCKQNGELKAYGAGLLSSYGELLHSLSEEPEVRAFDPDTAAVQPYQ
DQTYQPVYFVSESFNDAKDKLRNYASRIQRPFSVKFDPYTLAIDVLDSPHTIQRSLEGVQDELHTLAHALSA
IS

SEQ ID NO: 17: Tyrosine 3-hydroxylase (mouse)

>sp|P24529|TY3H_MOUSE Tyrosine 3-monooxygenase OS=Mus musculus GN=Th PE=1 SV=3
MPTPSASSPQPKGFRRAVSEQDTKQAEAVTSPRFIGRRQSLIEDARKEREAAAAAAAAAVASAEPGNPLE
AVVFEERDGNAVLNLLFSLRGTKPSSLSRALKVFETFEAKIHHLETRPAQRPLAGSPHLEYFVRFEVPSGD
LAALLSSVRRVSDDVRSAREDKVPWFPRKVSELDKCHHLVTKFDPDLDLDHPGFSDQAYRQRRKLIAEIAF
QYKQGEPIPHVEYTKEEIATWKEVYATLKGLYATHACREHLEAFQLLERYCGYREDSIPQLEDVSHFLKER
TGFQLRPVAGLLSARDFLASLAFRVFQCTQYIRHASSPMHSPEPDCCHELLGHVPMLADRTFAQFSQDIG
LASLGASDEEIEKLSTVYWFTVEFGLCKQNGELKAYGAGLLSSYGELLHSLSEEPEVRAFDPDTAAVQPYQ
DQTYQPVYFVSESFSDAKDKLRNYASRIQRPFSVKFDPYTLAIDVLDSPHTIRRSLEGVQDELHTLTQALSA
IS

SEQ ID NO: 18: Adeno-associated virus 2 left terminal nucleotide sequence
ttggccactccectctetgegegetegetegcetcactgaggeegggcegaccaaaggtegececgacgeccgggctttgecccgggeggectcagtgage
gagcgagcgcegcagagagggagtggcecaactccatcactaggggttect

SEQ ID NO: 19: Adeno-associated virus 2 right terminal nucleotide sequence
aggaacccctagtgatggagttggccactcectetetgegegetegetegcetcactgaggecgecegggcaaageccgggegtecgggegacctttg

gtcgeecggectcagtgagegagegagegegcagagagggagtggecaa

SEQ ID NO: 20: Homo sapiens GTP cyclohydrolase 1 (GCH1), transcript variant 1
ATGGAGAAGGGCCCTGTGCGGGCACCGGCGGAGAAGCCGCGGGGCGCCAGGTGCAGCAATGGGTT
CCCCGAGCGGGATCCGCCGCGGCCCGGGCCCAGCAGGCCGGCGGAGAAGCCCCCGCGGCCCGAG
GCCAAGAGCGCGCAGCCCGCGGACGGCTGGAAGGGCGAGCGGCCCCGCAGCGAGGAGGATAACG
AGCTGAACCTCCCTAACCTGGCAGCCGCCTACTCGTCCATCCTGAGCTCGCTGGGCGAGAACCCCC
AGCGGCAAGGGCTGCTCAAGACGCCCTGGAGGGCGGCCTCGGCCATGCAGTTCTTCACCAAGGGCT
ACCAGGAGACCATCTCAGATGTCCTAAACGATGCTATATTTGATGAAGATCATGATGAGATGGTGATT
GTGAAGGACATAGACATGTTTTCCATGTGTGAGCATCACTTGGTTCCATTTGTTGGAAAGGTCCATATT
GGTTATCTTCCTAACAAGCAAGTCCTTGGCCTCAGCAAACTTGCGAGGATTGTAGAAATCTATAGTAG
AAGACTACAAGTTCAGGAGCGCCTTACAAAACAAATTGCTGTAGCAATCACGGAAGCCTTGCGGCCT
GCTGGAGTCGGGGTAGTGGTTGAAGCAACACACATGTGTATGGTAATGCGAGGTGTACAGAAAATGA
ACAGCAAAACTGTGACCAGCACAATGTTGGGTGTGTTCCGGGAGGATCCAAAGACTCGGGAAGAGTT
CCTGACTCTCATTAGGAGCTAA

SEQ ID NO: 21: Simian virus 40 early poly-adenylation nucleotide sequence
TTCGAGCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAAT
AAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGA
TCGTCTAGCATCGAA

SEQ ID NO: 22: Simian virus 40 late poly-adenylation nucleotide sequence
CAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTA
TTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAA
CAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTT

SEQ ID NO: 23: Homo sapiens tyrosine hydroxylase (TH), transcript variant 2 nucleotide sequence
ATGCCCACCCCCGACGCCACCACGCCACAGGCCAAGGGCTTCCGCAGGGCCGTGTCTGAGCTGGA
CGCCAAGCAGGCAGAGGCCATCATGTCCCCGCGGTTCATTGGGCGCAGGCAGAGCCTCATCGAGGA
CGCCCGCAAGGAGCGGGAGGCGGCGGTGGCAGCAGCGGCCGCTGCAGTCCCCTCGGAGCCCGGG
GACCCCCTGGAGGCTGTGGCCTTTGAGGAGAAGGAGGGGAAGGCCGTGCTAAACCTGCTCTTCTCC
CCGAGGGCCACCAAGCCCTCGGCGCTGTCCCGAGCTGTGAAGGTGTTTGAGACGTTTGAAGCCAAA
ATCCACCATCTAGAGACCCGGCCCGCCCAGAGGCCGCGAGCTGGGGGCCCCCACCTGGAGTACTTC
GTGCGCCTCGAGGTGCGCCGAGGGGACCTGGCCGCCCTGCTCAGTGGTGTGCGCCAGGTGTCAGA
GGACGTGCGCAGCCCCGCGGGGCCCAAGGTCCCCTGGTTCCCAAGAAAAGTGTCAGAGCTGGACAA
GTGTCATCACCTGGTCACCAAGTTCGACCCTGACCTGGACTTGGACCACCCGGGCTTCTCGGACCAG
GTGTACCGCCAGCGCAGGAAGCTGATTGCTGAGATCGCCTTCCAGTACAGGCACGGCGACCCGATT
CCCCGTGTGGAGTACACCGCCGAGGAGATTGCCACCTGGAAGGAGGTCTACACCACGCTGAAGGGC
CTCTACGCCACGCACGCCTGCGGGGAGCACCTGGAGGCCTTTGCTTTGCTGGAGCGCTTCAGCGGC
TACCGGGAAGACAATATCCCCCAGCTGGAGGACGTCTCCCGCTTCCTGAAGGAGCGCACGGGCTTC
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CAGCTGCGGCCTGTGGCCGGCCTGCTGTCCGCCCGGGACTTCCTGGCCAGCCTGGCCTTCCGCGT
GTTCCAGTGCACCCAGTATATCCGCCACGCGTCCTCGCCCATGCACTCCCCTGAGCCGGACTGCTGC
CACGAGCTGCTGGGGCACGTGCCCATGCTGGCCGACCGCACCTTCGCGCAGTTCTCGCAGGACATT
GGCCTGGCGTCCCTGGGGGCCTCGGATGAGGAAATTGAGAAGCTGTCCACGCTGTACTGGTTCACG
GTGGAGTTCGGGCTGTGTAAGCAGAACGGGGAGGTGAAGGCCTATGGTGCCGGGCTGCTGTCCTCC
TACGGGGAGCTCCTGCACTGCCTGTCTGAGGAGCCTGAGATTCGGGCCTTCGACCCTGAGGCTGCG
GCCGTGCAGCCCTACCAAGACCAGACGTACCAGTCAGTCTACTTCGTGTCTGAGAGCTTCAGTGACG
CCAAGGACAAGCTCAGGAGCTATGCCTCACGCATCCAGCGCCCCTTCTCCGTGAAGTTCGACCCGTA
CACGCTGGCCATCGACGTGCTGGACAGCCCCCAGGCCGTGCGGCGCTCCCTGGAGGGTGTCCAGG
ATGAGCTGGACACCCTTGCCCATGCGCTGAGTGCCATTGG

SEQ ID NO: 24: Truncated TH (encoding catalytic domain), nucleotide sequence
ATGAGCCCCGCGGGGCCCAAGGTCCCCTGGTTCCCAAGAAAAGTGTCAGAGCTGGACAAGTGTCAT
CACCTGGTCACCAAGTTCGACCCTGACCTGGACTTGGACCACCCGGGCTTCTCGGACCAGGTGTACC
GCCAGCGCAGGAAGCTGATTGCTGAGATCGCCTTCCAGTACAGGCACGGCGACCCGATTCCCCGTG
TGGAGTACACCGCCGAGGAGATTGCCACCTGGAAGGAGGTCTACACCACGCTGAAGGGCCTCTACG
CCACGCACGCCTGCGGGGAGCACCTGGAGGCCTTTGCTTTGCTGGAGCGCTTCAGCGGCTACCGGG
AAGACAATATCCCCCAGCTGGAGGACGTCTCCCGCTTCCTGAAGGAGCGCACGGGCTTCCAGCTGC
GGCCTGTGGCCGGCCTGCTGTCCGCCCGGGACTTCCTGGCCAGCCTGGCCTTCCGCGTGTTCCAGT
GCACCCAGTATATCCGCCACGCGTCCTCGCCCATGCACTCCCCTGAGCCGGACTGCTGCCACGAGC
TGCTGGGGCACGTGCCCATGCTGGCCGACCGCACCTTCGCGCAGTTCTCGCAGGACATTGGCCTGG
CGTCCCTGGGGGCCTCGGATGAGGAAATTGAGAAGCTGTCCACGCTGTACTGGTTCACGGTGGAGT
TCGGGCTGTGTAAGCAGAACGGGGAGGTGAAGGCCTATGGTGCCGGGCTGCTGTCCTCCTACGGGG
AGCTCCTGCACTGCCTGTCTGAGGAGCCTGAGATTCGGGCCTTCGACCCTGAGGCTGCGGCCGTGC
AGCCCTACCAAGACCAGACGTACCAGTCAGTCTACTTCGTGTCTGAGAGCTTCAGTGACGCCAAGGA
CAAGCTCAGGAGCTATGCCTCACGCATCCAGCGCCCCTTCTCCGTGAAGTTCGACCCGTACACGCTG
GCCATCGACGTGCTGGACAGCCCCCAGGCCGTGCGGCGCTCCCTGGAGGGTGTCCAGGATGAGCT
GGACACCCTTGCCCATGCGCTGAGTGCCATTGGCTAA

SEQ ID NO: 25: TH mutated at ser40, nucleotide sequence
ATGCCCACCCCCGACGCCACCACGCCACAGGCCAAGGGCTTCCGCAGGGCCGTGTCTGAGCTGGA
CGCCAAGCAGGCAGAGGCCATCATGTCCCCGCGGTTCATTGGGCGCAGGCAGGAGCTCATCGAGGA
CGCCCGCAAGGAGCGGGAGGCGGCGGTGGCAGCAGCGGCCGCTGCAGTCCCCTCGGAGCCCGGG
GACCCCCTGGAGGCTGTGGCCTTTGAGGAGAAGGAGGGGAAGGCCGTGCTAAACCTGCTCTTCTCC
CCGAGGGCCACCAAGCCCTCGGCGCTGTCCCGAGCTGTGAAGGTGTTTGAGACGTTTGAAGCCAAA
ATCCACCATCTAGAGACCCGGCCCGCCCAGAGGCCGCGAGCTGGGGGCCCCCACCTGGAGTACTTC
GTGCGCCTCGAGGTGCGCCGAGGGGACCTGGCCGCCCTGCTCAGTGGTGTGCGCCAGGTGTCAGA
GGACGTGCGCAGCCCCGCGGGGCCCAAGGTCCCCTGGTTCCCAAGAAAAGTGTCAGAGCTGGACAA
GTGTCATCACCTGGTCACCAAGTTCGACCCTGACCTGGACTTGGACCACCCGGGCTTCTCGGACCAG
GTGTACCGCCAGCGCAGGAAGCTGATTGCTGAGATCGCCTTCCAGTACAGGCACGGCGACCCGATT
CCCCGTGTGGAGTACACCGCCGAGGAGATTGCCACCTGGAAGGAGGTCTACACCACGCTGAAGGGC
CTCTACGCCACGCACGCCTGCGGGGAGCACCTGGAGGCCTTTGCTTTGCTGGAGCGCTTCAGCGGC
TACCGGGAAGACAATATCCCCCAGCTGGAGGACGTCTCCCGCTTCCTGAAGGAGCGCACGGGCTTC
CAGCTGCGGCCTGTGGCCGGCCTGCTGTCCGCCCGGGACTTCCTGGCCAGCCTGGCCTTCCGCGT
GTTCCAGTGCACCCAGTATATCCGCCACGCGTCCTCGCCCATGCACTCCCCTGAGCCGGACTGCTGC
CACGAGCTGCTGGGGCACGTGCCCATGCTGGCCGACCGCACCTTCGCGCAGTTCTCGCAGGACATT
GGCCTGGCGTCCCTGGGGGCCTCGGATGAGGAAATTGAGAAGCTGTCCACGCTGTACTGGTTCACG
GTGGAGTTCGGGCTGTGTAAGCAGAACGGGGAGGTGAAGGCCTATGGTGCCGGGCTGCTGTCCTCC
TACGGGGAGCTCCTGCACTGCCTGTCTGAGGAGCCTGAGATTCGGGCCTTCGACCCTGAGGCTGCG
GCCGTGCAGCCCTACCAAGACCAGACGTACCAGTCAGTCTACTTCGTGTCTGAGAGCTTCAGTGACG
CCAAGGACAAGCTCAGGAGCTATGCCTCACGCATCCAGCGCCCCTTCTCCGTGAAGTTCGACCCGTA
CACGCTGGCCATCGACGTGCTGGACAGCCCCCAGGCCGTGCGGCGCTCCCTGGAGGGTGTCCAGG
ATGAGCTGGACACCCTTGCCCATGCGCTGAGTGCCATTGGC

SEQ ID NO: 26: TH mutated as ser19 and ser40, nucleotide sequence

ATGCCCACCCCCGACGCCACCACGCCACAGGCCAAGGGCTTCCGCAGGGCCGTGGAGGAGCTGGA
CGCCAAGCAGGCAGAGGCCATCATGTCCCCGCGGTTCATTGGGCGCAGGCAGGAGCTCATCGAGGA
CGCCCGCAAGGAGCGGGAGGCGGCGGTGGCAGCAGCGGCCGCTGCAGTCCCCTCGGAGCCCGGG
GACCCCCTGGAGGCTGTGGCCTTTGAGGAGAAGGAGGGGAAGGCCGTGCTAAACCTGCTCTTCTCC
CCGAGGGCCACCAAGCCCTCGGCGCTGTCCCGAGCTGTGAAGGTGTTTGAGACGTTTGAAGCCAAA
ATCCACCATCTAGAGACCCGGCCCGCCCAGAGGCCGCGAGCTGGGGGCCCCCACCTGGAGTACTTC
GTGCGCCTCGAGGTGCGCCGAGGGGACCTGGCCGCCCTGCTCAGTGGTGTGCGCCAGGTGTCAGA
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GGACGTGCGCAGCCCCGCGGGGCCCAAGGTCCCCTGGTTCCCAAGAAAAGTGTCAGAGCTGGACAA
GTGTCATCACCTGGTCACCAAGTTCGACCCTGACCTGGACTTGGACCACCCGGGCTTCTCGGACCAG
GTGTACCGCCAGCGCAGGAAGCTGATTGCTGAGATCGCCTTCCAGTACAGGCACGGCGACCCGATT
CCCCGTGTGGAGTACACCGCCGAGGAGATTGCCACCTGGAAGGAGGTCTACACCACGCTGAAGGGC
CTCTACGCCACGCACGCCTGCGGGGAGCACCTGGAGGCCTTTGCTTTGCTGGAGCGCTTCAGCGGC
TACCGGGAAGACAATATCCCCCAGCTGGAGGACGTCTCCCGCTTCCTGAAGGAGCGCACGGGCTTC
CAGCTGCGGCCTGTGGCCGGCCTGCTGTCCGCCCGGGACTTCCTGGCCAGCCTGGCCTTCCGCGT
GTTCCAGTGCACCCAGTATATCCGCCACGCGTCCTCGCCCATGCACTCCCCTGAGCCGGACTGCTGC
CACGAGCTGCTGGGGCACGTGCCCATGCTGGCCGACCGCACCTTCGCGCAGTTCTCGCAGGACATT
GGCCTGGCGTCCCTGGGGGCCTCGGATGAGGAAATTGAGAAGCTGTCCACGCTGTACTGGTTCACG
GTGGAGTTCGGGCTGTGTAAGCAGAACGGGGAGGTGAAGGCCTATGGTGCCGGGCTGCTGTCCTCC
TACGGGGAGCTCCTGCACTGCCTGTCTGAGGAGCCTGAGATTCGGGCCTTCGACCCTGAGGCTGCG
GCCGTGCAGCCCTACCAAGACCAGACGTACCAGTCAGTCTACTTCGTGTCTGAGAGCTTCAGTGACG
CCAAGGACAAGCTCAGGAGCTATGCCTCACGCATCCAGCGCCCCTTCTCCGTGAAGTTCGACCCGTA
CACGCTGGCCATCGACGTGCTGGACAGCCCCCAGGCCGTGCGGCGCTCCCTGGAGGGTGTCCAGG
ATGAGCTGGACACCCTTGCCCATGCGCTGAGTGCCATTGGC

SEQ ID NO: 27: TH mutated as ser19, ser31 and ser40, nucleotide sequence
ATGCCCACCCCCGACGCCACCACGCCACAGGCCAAGGGCTTCCGCAGGGCCGTGGAGGAGCTGGA
CGCCAAGCAGGCAGAGGCCATCATGGAGCCGCGGTTCATTGGGCGCAGGCAGGAGCTCATCGAGG
ACGCCCGCAAGGAGCGGGAGGCGGCGGTGGCAGCAGCGGCCGCTGCAGTCCCCTCGGAGCCCGG
GGACCCCCTGGAGGCTGTGGCCTTTGAGGAGAAGGAGGGGAAGGCCGTGCTAAACCTGCTCTTCTC
CCCGAGGGCCACCAAGCCCTCGGCGCTGTCCCGAGCTGTGAAGGTGTTTGAGACGTTTGAAGCCAA
AATCCACCATCTAGAGACCCGGCCCGCCCAGAGGCCGCGAGCTGGGGGCCCCCACCTGGAGTACTT
CGTGCGCCTCGAGGTGCGCCGAGGGGACCTGGCCGCCCTGCTCAGTGGTGTGCGCCAGGTGTCAG
AGGACGTGCGCAGCCCCGCGGGGCCCAAGGTCCCCTGGTTCCCAAGAAAAGTGTCAGAGCTGGACA
AGTGTCATCACCTGGTCACCAAGTTCGACCCTGACCTGGACTTGGACCACCCGGGCTTCTCGGACCA
GGTGTACCGCCAGCGCAGGAAGCTGATTGCTGAGATCGCCTTCCAGTACAGGCACGGCGACCCGAT
TCCCCGTGTGGAGTACACCGCCGAGGAGATTGCCACCTGGAAGGAGGTCTACACCACGCTGAAGGG
CCTCTACGCCACGCACGCCTGCGGGGAGCACCTGGAGGCCTTTGCTTTGCTGGAGCGCTTCAGCGG
CTACCGGGAAGACAATATCCCCCAGCTGGAGGACGTCTCCCGCTTCCTGAAGGAGCGCACGGGCTT
CCAGCTGCGGCCTGTGGCCGGCCTGCTGTCCGCCCGGGACTTCCTGGCCAGCCTGGCCTTCCGCG
TGTTCCAGTGCACCCAGTATATCCGCCACGCGTCCTCGCCCATGCACTCCCCTGAGCCGGACTGCTG
CCACGAGCTGCTGGGGCACGTGCCCATGCTGGCCGACCGCACCTTCGCGCAGTTCTCGCAGGACAT
TGGCCTGGCGTCCCTGGGGGCCTCGGATGAGGAAATTGAGAAGCTGTCCACGCTGTACTGGTTCAC
GGTGGAGTTCGGGCTGTGTAAGCAGAACGGGGAGGTGAAGGCCTATGGTGCCGGGCTGCTGTCCTC
CTACGGGGAGCTCCTGCACTGCCTGTCTGAGGAGCCTGAGATTCGGGCCTTCGACCCTGAGGCTGC
GGCCGTGCAGCCCTACCAAGACCAGACGTACCAGTCAGTCTACTTCGTGTCTGAGAGCTTCAGTGAC
GCCAAGGACAAGCTCAGGAGCTATGCCTCACGCATCCAGCGCCCCTTCTCCGTGAAGTTCGACCCGT
ACACGCTGGCCATCGACGTGCTGGACAGCCCCCAGGCCGTGCGGCGCTCCCTGGAGGGTGTCCAG
GATGAGCTGGACACCCTTGCCCATGCGCTGAGTGCCATTGGC

SEQ ID NO: 28: Woodchuck hepatitis B virus (WHV8) post-transcriptional regulatory element
nucleotide sequence
CGTCGACAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCC
TTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATT
TTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACG
TGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAG
CTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTG
CCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAGCTGA
CGTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGT
CCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCC
GCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGGAATTCGA
GCT

SEQ ID NO: 29: Mutated Woodchuck hepatitis B virus (WHV8) post-transcriptional regulatory
element nucleotide sequence
CGTCGATAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCC
TTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATT
TTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACG
TGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAG
CTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTG
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CCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCAT
CGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGT
CCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCC
GCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGGAATTCGA
GCT

SEQ ID NO: 30 GCH1 nucleotide sequence
ATGGAGAAGGGCCCTGTGCGGGCACCGGCGGAGAAGCCGCGGGGCGCCAGGTGCAGCAATGGGTT
CCCCGAGCGGGATCCGCCGCGGCCCGGGCCCAGCAGGCCGGCGGAGAAGCCCCCGCGGCCCGAG
GCCAAGAGCGCGCAGCCCGCGGACGGCTGGAAGGGCGAGCGGCCCCGCAGCGAGGAGGATAACG
AGCTGAACCTCCCTAACCTGGCAGCCGCCTACTCGTCCATCCTGAGCTCGCTGGGCGAGAACCCCC
AGCGGCAAGGGCTGCTCAAGACGCCCTGGAGGGCGGCCTCGGCCATGCAGTTCTTCACCAAGGGCT
ACCAGGAGACCATCTCAGATGTCCTAAACGATGCTATATTTGATGAAGATCATGATGAGATGGTGATT
GTGAAGGACATAGACATGTTTTCCATGTGTGAGCATCACTTGGTTCCATTTGTTGGAAAGGTCCATATT
GGTTATCTTCCTAACAAGCAAGTCCTTGGCCTCAGCAAACTTGCGAGGATTGTAGAAATCTATAGTAG
AAGACTACAAGTTCAGGAGCGCCTTACAAAACAAATTGCTGTAGCAATCACGGAAGCCTTGCGGCCT
GCTGGAGTCGGGGTAGTGGTTGAAGCAACACACATGTGTATGGTAATGCGAGGTGTACAGAAAATGA
ACAGCAAAACTGTGACCAGCACAATGTTGGGTGTGTTCCGGGAGGATCCAAAGACTCGGGAAGAGTT
CCTGACTCTCATTAGGA

SEQ ID NO: 31 pAA011 - scAAV-HLP-GCH1:
AAAGCTTCCCGGGGGGATCTGGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCG
ACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAG
AGGGAGTGGCCAACTCCATCACTAGGGGTTCCTTCTAGATGTTTGCTGCTTGCAATGTTTGCCCATTT
TAGGGTGGACACAGGACGCTGTGGTTTCTGAGCCAGGGGGCGACTCAGATCCCAGCCAGTGGACTT
AGCCCCTGTTTGCTCCTCCGATAACTGGGGTGACCTTGGTTAATATTCACCAGCAGCCTCCCCCGTTG
CCCCTCTGGATCCACTGCTTAAATACGGACGAGGACAGGGCCCTGTCTCCTCAGCTTCAGGCACCAC
CACTGACCTGGGACAGTGAATCGCTAGCGAATTCTAGCATGGAGAAGGGCCCTGTGCGGGCACCGG
CGGAGAAGCCGCGGGGCGCCAGGTGCAGCAATGGGTTCCCCGAGCGGGATCCGCCGCGGCCCGG
GCCCAGCAGGCCGGCGGAGAAGCCCCCGCGGCCCGAGGCCAAGAGCGCGCAGCCCGCGGACGGC
TGGAAGGGCGAGCGGCCCCGCAGCGAGGAGGATAACGAGCTGAACCTCCCTAACCTGGCAGCCGC
CTACTCGTCCATCCTGAGCTCGCTGGGCGAGAACCCCCAGCGGCAAGGGCTGCTCAAGACGCCCTG
GAGGGCGGCCTCGGCCATGCAGTTCTTCACCAAGGGCTACCAGGAGACCATCTCAGATGTCCTAAAC
GATGCTATATTTGATGAAGATCATGATGAGATGGTGATTGTGAAGGACATAGACATGTTTTCCATGTGT
GAGCATCACTTGGTTCCATTTGTTGGAAAGGTCCATATTGGTTATCTTCCTAACAAGCAAGTCCTTGGC
CTCAGCAAACTTGCGAGGATTGTAGAAATCTATAGTAGAAGACTACAAGTTCAGGAGCGCCTTACAAA
ACAAATTGCTGTAGCAATCACGGAAGCCTTGCGGCCTGCTGGAGTCGGGGTAGTGGTTGAAGCAACA
CACATGTGTATGGTAATGCGAGGTGTACAGAAAATGAACAGCAAAACTGTGACCAGCACAATGTTGG
GTGTGTTCCGGGAGGATCCAAAGACTCGGGAAGAGTTCCTGACTCTCATTAGGAGCTAATGCATCCC
CATCGATGATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAA
AAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACA
AGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAGTC
GACCGCTAGTCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCC
CGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGACAGATCCG
GGCCCGCATGCGTCGACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGT
TACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGC
ACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCC
TTACGCATCTGTGCGGTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCA
TAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCG
GCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCAT
CACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATA
ATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTT
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAA
AGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCT
GTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGG
GTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCA
ATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCA
ACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATC
TTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGC
CAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGAT
CATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACA
CCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCT
TCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCC
TTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGC
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AGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACT
ATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGA
CCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGA
TCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCG
TAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAA
AACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACT
GGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAA
GAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGC
GATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCT
GAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTAC
AGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCG
GCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTC
CTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCT
ATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGT
TCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCT
CGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACG
CAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGG
AAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTAC
ACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGC
TATGACCATGATTACGCCAAGCTCTCGAGATCTAG

SEQ ID NO: 32: pAA016 - scAAV-HLP-tTH:
AAAGCTTCCCGGGGGGATCTGGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCG
ACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAG
AGGGAGTGGCCAACTCCATCACTAGGGGTTCCTGGAGGGGTGGAGTCGTGACCCCTAAAATGGGCA
AACATTGCGCTAGCTGTTTGCTGCTTGCAATGTTTGCCCATTTTAGGGTGGACACAGGACGCTGTGGT
TTCTGAGCCAGGGGGCGACTCAGATCCCAGCCAGTGGACTTAGCCCCTGTTTGCTCCTCCGATAACT
GGGGTGACCTTGGTTAATATTCACCAGCAGCCTCCCCCGTTGCCCCTCTGGATCCACTGCTTAAATAC
GGACGAGGACAGGGCCCTGTCTCCTCAGCTTCAGGCACCACCACTGACCTGGGACAGTGAATCATTC
AAGCTCGTAGCAAGGATCCACCGGTCACCATGAGCCCCGCGGGGCCCAAGGTCCCCTGGTTCCCAA
GAAAAGTGTCAGAGCTGGACAAGTGTCATCACCTGGTCACCAAGTTCGACCCTGACCTGGACTTGGA
CCACCCGGGCTTCTCGGACCAGGTGTACCGCCAGCGCAGGAAGCTGATTGCTGAGATCGCCTTCCA
GTACAGGCACGGCGACCCGATTCCCCGTGTGGAGTACACCGCCGAGGAGATTGCCACCTGGAAGGA
GGTCTACACCACGCTGAAGGGCCTCTACGCCACGCACGCCTGCGGGGAGCACCTGGAGGCCTTTGC
TTTGCTGGAGCGCTTCAGCGGCTACCGGGAAGACAATATCCCCCAGCTGGAGGACGTCTCCCGCTTC
CTGAAGGAGCGCACGGGCTTCCAGCTGCGGCCTGTGGCCGGCCTGCTGTCCGCCCGGGACTTCCT
GGCCAGCCTGGCCTTCCGCGTGTTCCAGTGCACCCAGTATATCCGCCACGCGTCCTCGCCCATGCA
CTCCCCTGAGCCGGACTGCTGCCACGAGCTGCTGGGGCACGTGCCCATGCTGGCCGACCGCACCTT
CGCGCAGTTCTCGCAGGACATTGGCCTGGCGTCCCTGGGGGCCTCGGATGAGGAAATTGAGAAGCT
GTCCACGCTGTACTGGTTCACGGTGGAGTTCGGGCTGTGTAAGCAGAACGGGGAGGTGAAGGCCTA
TGGTGCCGGGCTGCTGTCCTCCTACGGGGAGCTCCTGCACTGCCTGTCTGAGGAGCCTGAGATTCG
GGCCTTCGACCCTGAGGCTGCGGCCGTGCAGCCCTACCAAGACCAGACGTACCAGTCAGTCTACTT
CGTGTCTGAGAGCTTCAGTGACGCCAAGGACAAGCTCAGGAGCTATGCCTCACGCATCCAGCGCCC
CTTCTCCGTGAAGTTCGACCCGTACACGCTGGCCATCGACGTGCTGGACAGCCCCCAGGCCGTGCG
GCGCTCCCTGGAGGGTGTCCAGGATGAGCTGGACACCCTTGCCCATGCGCTGAGTGCCATTGGCTA
ACTAGTGGATCCGTCGATAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAAC
TATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGT
ATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTT
GTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCC
ACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCG
CCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGT
CGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTC
CTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTG
CGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCG
CCTGGAATTCGAGCTCGGTACAGCTTATCGATACCGTCGACTTCGAGCAACTTGTTTATTGCAGCTTA
TAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGT
TGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGATCGTCTAGCATCGAAGATCCCCCGCT
AGTCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCC
CGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGACAGATCCGGGCCCG
CATGCGTCGACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCA
ACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGAT
CGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGC
ATCTGTGCGGTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTA
AGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCC
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GCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGA
AACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTT
TCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATA
CATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAG
AGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTG
CTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACAT
CGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGA
GCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
TCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGG
ATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTA
CTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAA
CTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGAT
GCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGC
AACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGC
TGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTG
GGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATG
AACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTT
TACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTT
TGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAA
AGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCAC
CGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTC
AGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTC
TGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAG
TCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACG
GGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGT
GAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGG
GTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTC
GGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGA
AAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTT
CCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCG
CAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAAC
CGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGC
GGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTA
TGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGAC
CATGATTACGCCAAGCTCTCGAGATCTAG

SEQ ID NO: 33: pAA©019 - scAAV-LP1-GCH1-LP1-tTH:
CAGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTT
TGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGG
GTTCCTTGTAGTTAATGATTAACCCGCCATGCTACTTATCTACGTAGCCATGCTCTAGAgctgagcCCCTA
AAATGGGCAAACATTGCAAGCAGCAAACAGCAAACACACAGCCCTCCCTGCCTGCTGACCTTGGAGC
TGGGGCAGAGGTCAGAGACCTCTCTGGGCCCATGCCACCTCCAACATCCACTCGACCCCTTGGAATT
TCGGTGGAGAGGAGCAGAGGTTGTCCTGGCGTGGTTTAGGTAGTGTGAGAGGGGAATGACTCCTTT
CGGTAAGTGCAGTGGAAGCTGTACACTGCCCAGGCAAAGCGTCCGGGCAGCGTAGGCGGGCGACT
CAGATCCCAGCCAGTGGACTTAGCCCCTGTTTGCTCCTCCGATAACTGGGGTGACCTTGGTTAATATT
CACCAGCAGCCTCCCCCGTTGCCCCTCTGGATCCACTGCTTAAATACGGACGAGGACAGGGCCCTGT
CTCCTCAGCTTCAGGCACCACCACTGACCTGGGACAGTGAATCCGGACTCTAAGGTAAATATAAAATT
TTTAAGTGTATAATGTGTTAAACTACTGATTCTAATTGTTTCTCTCTTTTAGATTCCAACCTTTGGAACT
GAcctgcaggATTCAAGCTGCTAGCAAGGATCCACCGGTAACATGGAGAAGGGCCCTGTGCGGGCACC
GGCGGAGAAGCCGCGGGGCGCCAGGTGCAGCAATGGGTTCCCCGAGCGGGATCCGCCGCGGCCC
GGGCCCAGCAGGCCGGCGGAGAAGCCCCCGCGGCCCGAGGCCAAGAGCGCGCAGCCCGCGGACG
GCTGGAAGGGCGAGCGGCCCCGCAGCGAGGAGGATAACGAGCTGAACCTCCCTAACCTGGCAGCC
GCCTACTCGTCCATCCTGAGCTCGCTGGGCGAGAACCCCCAGCGGCAAGGGCTGCTCAAGACGCCC
TGGAGGGCGGCCTCGGCCATGCAGTTCTTCACCAAGGGCTACCAGGAGACCATCTCAGATGTCCTAA
ACGATGCTATATTTGATGAAGATCATGATGAGATGGTGATTGTGAAGGACATAGACATGTTTTCCATGT
GTGAGCATCACTTGGTTCCATTTGTTGGAAAGGTCCATATTGGTTATCTTCCTAACAAGCAAGTCCTTG
GCCTCAGCAAACTTGCGAGGATTGTAGAAATCTATAGTAGAAGACTACAAGTTCAGGAGCGCCTTACA
AAACAAATTGCTGTAGCAATCACGGAAGCCTTGCGGCCTGCTGGAGTCGGGGTAGTGGTTGAAGCAA
CACACATGTGTATGGTAATGCGAGGTGTACAGAAAATGAACAGCAAAACTGTGACCAGCACAATGTTG
GGTGTGTTCCGGGAGGATCCAAAGACTCGGGAAGAGTTCCTGACTCTCATTAGGAGCTAATGCATCC
CCATCGATGATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGA
AAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAAC
AAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAGT
CGACCAGATCTGACAAGGTCCCCTAAAATGGGCAAACATTGCAAGCAGCAAACAGCAAACACACAGC
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CCTCCCTGCCTGCTGACCTTGGAGCTGGGGCAGAGGTCAGAGACCTCTCTGGGCCCATGCCACCTC
CAACATCCACTCGACCCCTTGGAATTTCGGTGGAGAGGAGCAGAGGTTGTCCTGGCGTGGTTTAGGT
AGTGTGAGAGGGGAATGACTCCTTTCGGTAAGTGCAGTGGAAGCTGTACACTGCCCAGGCAAAGCGT
CCGGGCAGCGTAGGCGGGCGACTCAGATCCCAGCCAGTGGACTTAGCCCCTGTTTGCTCCTCCGAT
AACTGGGGTGACCTTGGTTAATATTCACCAGCAGCCTCCCCCGTTGCCCCTCTGGATCCACTGCTTAA
ATACGGACGAGGACAGGGCCCTGTCTCCTCAGCTTCAGGCACCACCACTGACCTGGGACAGTGAAT
CCGGACTCTAAGGTAAATATAAAATTTTTAAGTGTATAATGTGTTAAACTACTGATTCTAATTGTTTCTC
TCTTTTAGATTCCAACCTTTGGAACTGATTCGAAATTCAAGCTGCTAGCAAGGATCCACCGGTCACCAT
GAGCCCCGCGGGGCCCAAGGTCCCCTGGTTCCCAAGAAAAGTGTCAGAGCTGGACAAGTGTCATCA
CCTGGTCACCAAGTTCGACCCTGACCTGGACTTGGACCACCCGGGCTTCTCGGACCAGGTGTACCG
CCAGCGCAGGAAGCTGATTGCTGAGATCGCCTTCCAGTACAGGCACGGCGACCCGATTCCCCGTGT
GGAGTACACCGCCGAGGAGATTGCCACCTGGAAGGAGGTCTACACCACGCTGAAGGGCCTCTACGC
CACGCACGCCTGCGGGGAGCACCTGGAGGCCTTTGCTTTGCTGGAGCGCTTCAGCGGCTACCGGGA
AGACAATATCCCCCAGCTGGAGGACGTCTCCCGCTTCCTGAAGGAGCGCACGGGCTTCCAGCTGCG
GCCTGTGGCCGGCCTGCTGTCCGCCCGGGACTTCCTGGCCAGCCTGGCCTTCCGCGTGTTCCAGTG
CACCCAGTATATCCGCCACGCGTCCTCGCCCATGCACTCCCCTGAGCCGGACTGCTGCCACGAGCT
GCTGGGGCACGTGCCCATGCTGGCCGACCGCACCTTCGCGCAGTTCTCGCAGGACATTGGCCTGGC
GTCCCTGGGGGCCTCGGATGAGGAAATTGAGAAGCTGTCCACGCTGTACTGGTTCACGGTGGAGTT
CGGGCTGTGTAAGCAGAACGGGGAGGTGAAGGCCTATGGTGCCGGGCTGCTGTCCTCCTACGGGG
AGCTCCTGCACTGCCTGTCTGAGGAGCCTGAGATTCGGGCCTTCGACCCTGAGGCTGCGGCCGTGC
AGCCCTACCAAGACCAGACGTACCAGTCAGTCTACTTCGTGTCTGAGAGCTTCAGTGACGCCAAGGA
CAAGCTCAGGAGCTATGCCTCACGCATCCAGCGCCCCTTCTCCGTGAAGTTCGACCCGTACACGCTG
GCCATCGACGTGCTGGACAGCCCCCAGGCCGTGCGGCGCTCCCTGGAGGGTGTCCAGGATGAGCT
GGACACCCTTGCCCATGCGCTGAGTGCCATTGGCTAACTAGTGGATCCGTCGATAATCAACCTCTGG
ATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGC
TGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCC
TGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGT
TTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGC
TTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGC
TCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTC
GCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAG
CGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTC
AGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGGAATTCGAGCTCGGTACAGCTTATCGAT
ACCGTCGACTTCGAGCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAA
TTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTAT
CATGTCTGGATCGTCTAGCATCGAAGATCCCCCGCATGCTCTAGAGCATGGCTACGTAGATAAGTAG
CATGGCGGGTTAATCATTAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCG
CTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCC
TCAGTGAGCGAGCGAGCGCGCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAA
CAGTTGCGCAGCCTGAATGGCGAATGGAATTCCAGACGATTGAGCGTCAAAATGTAGGTATTTCCATG
AGCGTTTTTCCTGTTGCAATGGCTGGCGGTAATATTGTTCTGGATATTACCAGCAAGGCCGATAGTTT
GAGTTCTTCTACTCAGGCAAGTGATGTTATTACTAATCAAAGAAGTATTGCGACAACGGTTAATTTGCG
TGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAAAAACACTTCTCAGGATTCTGGCGTAC
CGTTCCTGTCTAAAATCCCTTTAATCGGCCTCCTGTTTAGCTCCCGCTCTGATTCTAACGAGGAAAGC
ACGTTATACGTGCTCGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGT
GTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCT
TCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGG
GTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTG
GGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTC
TTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCG
ATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAA
CGTTTACAATTTAAATATTTGCTTATACAATCTTCCTGTTTTTGGGGCTTTTCTGATTATCAACCGGGGT
ACATATGATTGACATGCTAGTTTTACGATTACCGTTCATCGATTCTCTTGTTTGCTCCAGACTCTCAGG
CAATGACCTGATAGCCTTTGTAGAGACCTCTCAAAAATAGCTACCCTCTCCGGCATGAATTTATCAGCT
AGAACGGTTGAATATCATATTGATGGTGATTTGACTGTCTCCGGCCTTTCTCACCCGTTTGAATCTTTA
CCTACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATTTTTATCCTTGCGTTGAAA
TAAAGGCTTCTCCCGCAAAAGTATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAGCTTTATGCT
CTGAGGCTTTATTGCTTAATTTTGCTAATTCTTTGCCTTGCCTGTATGATTTATTGGATGTTGGAATTCC
TGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGGTGCACTCTCAGTACA
ATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGA
CGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTC
AGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATA
GGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAA
CCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAAT
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GCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTT
GCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCA
GTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGC
CCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATT
GACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCAC
CAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATG
AGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTT
GCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCA
AACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCG
AACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCA
CTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGT
CTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGAC
GGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAG
CATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAA
AAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCA
CTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCT
GCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAAC
TCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGT
AGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCA
GTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATA
AGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTAC
ACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCG
GACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAA
CGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCT
CGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTT
GCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCT
TTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAG
CGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGC

SEQ ID NO: 34: pAA010 scAAV-LP1-tTH
AAAGCTTCCCGGGGGGATCTGGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCG
ACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAG
AGGGAGTGGCCAACTCCATCACTAGGGGTTCCTGGAGGGGTGGAGTCGTGACCCCTAAAATGGGCA
AACATTGCAAGCAGCAAACAGCAAACACACAGCCCTCCCTGCCTGCTGACCTTGGAGCTGGGGCAGA
GGTCAGAGACCTCTCTGGGCCCATGCCACCTCCAACATCCACTCGACCCCTTGGAATTTCGGTGGAG
AGGAGCAGAGGTTGTCCTGGCGTGGTTTAGGTAGTGTGAGAGGGGAATGACTCCTTTCGGTAAGTGC
AGTGGAAGCTGTACACTGCCCAGGCAAAGCGTCCGGGCAGCGTAGGCGGGCGACTCAGATCCCAGC
CAGTGGACTTAGCCCCTGTTTGCTCCTCCGATAACTGGGGTGACCTTGGTTAATATTCACCAGCAGCC
TCCCCCGTTGCCCCTCTGGATCCACTGCTTAAATACGGACGAGGACAGGGCCCTGTCTCCTCAGCTT
CAGGCACCACCACTGACCTGGGACAGTGAATCCGGACTCTAAGGTAAATATAAAATTTTTAAGTGTAT
AATGTGTTAAACTACTGATTCTAATTGTTTCTCTCTTTTAGATTCCAACCTTTGGAACTGAATTCTAGCA
TGAGCCCCGCGGGGCCCAAGGTCCCCTGGTTCCCAAGAAAAGTGTCAGAGCTGGACAAGTGTCATC
ACCTGGTCACCAAGTTCGACCCTGACCTGGACTTGGACCACCCGGGCTTCTCGGACCAGGTGTACC
GCCAGCGCAGGAAGCTGATTGCTGAGATCGCCTTCCAGTACAGGCACGGCGACCCGATTCCCCGTG
TGGAGTACACCGCCGAGGAGATTGCCACCTGGAAGGAGGTCTACACCACGCTGAAGGGCCTCTACG
CCACGCACGCCTGCGGGGAGCACCTGGAGGCCTTTGCTTTGCTGGAGCGCTTCAGCGGCTACCGGG
AAGACAATATCCCCCAGCTGGAGGACGTCTCCCGCTTCCTGAAGGAGCGCACGGGCTTCCAGCTGC
GGCCTGTGGCCGGCCTGCTGTCCGCCCGGGACTTCCTGGCCAGCCTGGCCTTCCGCGTGTTCCAGT
GCACCCAGTATATCCGCCACGCGTCCTCGCCCATGCACTCCCCTGAGCCGGACTGCTGCCACGAGC
TGCTGGGGCACGTGCCCATGCTGGCCGACCGCACCTTCGCGCAGTTCTCGCAGGACATTGGCCTGG
CGTCCCTGGGGGCCTCGGATGAGGAAATTGAGAAGCTGTCCACGCTGTACTGGTTCACGGTGGAGT
TCGGGCTGTGTAAGCAGAACGGGGAGGTGAAGGCCTATGGTGCCGGGCTGCTGTCCTCCTACGGGG
AGCTCCTGCACTGCCTGTCTGAGGAGCCTGAGATTCGGGCCTTCGACCCTGAGGCTGCGGCCGTGC
AGCCCTACCAAGACCAGACGTACCAGTCAGTCTACTTCGTGTCTGAGAGCTTCAGTGACGCCAAGGA
CAAGCTCAGGAGCTATGCCTCACGCATCCAGCGCCCCTTCTCCGTGAAGTTCGACCCGTACACGCTG
GCCATCGACGTGCTGGACAGCCCCCAGGCCGTGCGGCGCTCCCTGGAGGGTGTCCAGGATGAGCT
GGACACCCTTGCCCATGCGCTGAGTGCCATTGGCTAACTAGTGGATCCGTCGATAATCAACCTCTGG
ATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGC
TGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCC
TGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGT
TTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGC
TTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGC
TCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTC
GCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAG
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CGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTC
AGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGGAATTCGAGCTCGGTACAGCTTATCGAT
ACCGTCGACTTCGAGCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAA
TTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTAT
CATGTCTGGATCGTCTAGCATCGAAGATCCCCCGCTAGTCCACTCCCTCTCTGCGCGCTCGCTCGCT
CACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCG
AGCGAGCGCGCAGAGAGGGACAGATCCGGGCCCGCATGCGTCGACAATTCACTGGCCGTCGTTTTA
CAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCG
CCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATG
GCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGGTGC
ACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTG
ACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGA
GCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACG
CCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAA
TGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAA
CCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTT
ATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGAT
GCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTG
AGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTA
TTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGT
TGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTG
CCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCT
AACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAAT
GAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAAC
TATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAA
GTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCG
GTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAG
TTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGC
CTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTT
CATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTG
AGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTC
TGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAA
GAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCT
AGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAA
TCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATA
GTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGC
GAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGG
GAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTC
CAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTT
TTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCC
TGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTA
TTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGA
GCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAAT
GCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTT
AGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTG
AGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCTCTCGAGATCTAG

SEQ ID NO: 35: pAA009 scAAV-LP1-GCH1
AAAGCTTCCCGGGGGGATCTGGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCG
ACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAG
AGGGAGTGGCCAACTCCATCACTAGGGGTTCCTGGAGGGGTGGAGTCGTGACCCCTAAAATGGGCA
AACATTGCAAGCAGCAAACAGCAAACACACAGCCCTCCCTGCCTGCTGACCTTGGAGCTGGGGCAGA
GGTCAGAGACCTCTCTGGGCCCATGCCACCTCCAACATCCACTCGACCCCTTGGAATTTCGGTGGAG
AGGAGCAGAGGTTGTCCTGGCGTGGTTTAGGTAGTGTGAGAGGGGAATGACTCCTTTCGGTAAGTGC
AGTGGAAGCTGTACACTGCCCAGGCAAAGCGTCCGGGCAGCGTAGGCGGGCGACTCAGATCCCAGC
CAGTGGACTTAGCCCCTGTTTGCTCCTCCGATAACTGGGGTGACCTTGGTTAATATTCACCAGCAGCC
TCCCCCGTTGCCCCTCTGGATCCACTGCTTAAATACGGACGAGGACAGGGCCCTGTCTCCTCAGCTT
CAGGCACCACCACTGACCTGGGACAGTGAATCCGGACTCTAAGGTAAATATAAAATTTTTAAGTGTAT
AATGTGTTAAACTACTGATTCTAATTGTTTCTCTCTTTTAGATTCCAACCTTTGGAACTGAAT TctagcATG
GAGAAGGGCCCTGTGCGGGCACCGGCGGAGAAGCCGCGGGGCGCCAGGTGCAGCAATGGGTTCC
CCGAGCGGGATCCGCCGCGGCCCGGGCCCAGCAGGCCGGCGGAGAAGCCCCCGCGGCCCGAGGC
CAAGAGCGCGCAGCCCGCGGACGGCTGGAAGGGCGAGCGGCCCCGCAGCGAGGAGGATAACGAG
CTGAACCTCCCTAACCTGGCAGCCGCCTACTCGTCCATCCTGAGCTCGCTGGGCGAGAACCCCCAG
CGGCAAGGGCTGCTCAAGACGCCCTGGAGGGCGGCCTCGGCCATGCAGTTCTTCACCAAGGGCTAC
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CAGGAGACCATCTCAGATGTCCTAAACGATGCTATATTTGATGAAGATCATGATGAGATGGTGATTGT
GAAGGACATAGACATGTTTTCCATGTGTGAGCATCACTTGGTTCCATTTGTTGGAAAGGTCCATATTG
GTTATCTTCCTAACAAGCAAGTCCTTGGCCTCAGCAAACTTGCGAGGATTGTAGAAATCTATAGTAGA
AGACTACAAGTTCAGGAGCGCCTTACAAAACAAATTGCTGTAGCAATCACGGAAGCCTTGCGGCCTG
CTGGAGTCGGGGTAGTGGTTGAAGCAACACACATGTGTATGGTAATGCGAGGTGTACAGAAAATGAA
CAGCAAAACTGTGACCAGCACAATGTTGGGTGTGTTCCGGGAGGATCCAAAGACTCGGGAAGAGTTC
CTGACTCTCATTAGGAGCTAATGCATCCCCATCGATGATCCAGACATGATAAGATACATTGATGAGTTT
GGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTA
TTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTC
AGGGGGAGGTGTGGGAGGTTTTTTAGTCGACCgCTAGTCCACTCCCTCTCTGCGCGCTCGCTCGCTC
ACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGA
GCGAGCGCGCAGAGAGGGACAGATCCGGGCCCGCATGCGTCGACAATTCACTGGCCGTCGTTTTAC
AACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGC
CAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGG
CGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGGTGCA
CTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGA
CGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAG
CTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGC
CTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAAT
GTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAA
CCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTT
ATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGAT
GCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTG
AGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTA
TTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGT
TGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTG
CCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCT
AACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAAT
GAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAAC
TATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAA
GTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCG
GTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAG
TTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGC
CTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTT
CATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTG
AGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTC
TGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAA
GAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCT
AGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAA
TCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATA
GTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGC
GAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGG
GAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTC
CAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTT
TTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCC
TGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTA
TTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGA
GCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAAT
GCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTT
AGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTG
AGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCTCTCGAGATCTAG

SEQ ID NO: 36: scAAV-LP1-hFIXco
AAAGCTTCCCGGGGGGATCTGGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCG
ACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAG
AGGGAGTGGCCAACTCCATCACTAGGGGTTCCTGGAGGGGTGGAGTCGTGACCCCTAAAATGGGCA
AACATTGCAAGCAGCAAACAGCAAACACACAGCCCTCCCTGCCTGCTGACCTTGGAGCTGGGGCAGA
GGTCAGAGACCTCTCTGGGCCCATGCCACCTCCAACATCCACTCGACCCCTTGGAATTTCGGTGGAG
AGGAGCAGAGGTTGTCCTGGCGTGGTTTAGGTAGTGTGAGAGGGGAATGACTCCTTTCGGTAAGTGC
AGTGGAAGCTGTACACTGCCCAGGCAAAGCGTCCGGGCAGCGTAGGCGGGCGACTCAGATCCCAGC
CAGTGGACTTAGCCCCTGTTTGCTCCTCCGATAACTGGGGTGACCTTGGTTAATATTCACCAGCAGCC
TCCCCCGTTGCCCCTCTGGATCCACTGCTTAAATACGGACGAGGACAGGGCCCTGTCTCCTCAGCTT
CAGGCACCACCACTGACCTGGGACAGTGAATCCGGACTCTAAGGTAAATATAAAATTTTTAAGTGTAT
AATGTGTTAAACTACTGATTCTAATTGTTTCTCTCTTTTAGATTCCAACCTTTGGAACTGAATTCTAGAC
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CACCATGCAGAGGGTGAACATGATCATGGCTGAGAGCCCTGGCCTGATCACCATCTGCCTGCTGGG
CTACCTGCTGTCTGCTGAGTGCACTGTGTTCCTGGACCATGAGAATGCCAACAAGATCCTGAACAGG
CCCAAGAGATACAACTCTGGCAAGCTGGAGGAGTTTGTGCAGGGCAACCTGGAGAGGGAGTGCATG
GAGGAGAAGTGCAGCTTTGAGGAGGCCAGGGAGGTGTTTGAGAACACTGAGAGGACCACTGAGTTC
TGGAAGCAGTATGTGGATGGGGACCAGTGTGAGAGCAACCCCTGCCTGAATGGGGGCAGCTGCAAG
GATGACATCAACAGCTATGAGTGCTGGTGCCCCTTTGGCTTTGAGGGCAAGAACTGTGAGCTGGATG
TGACCTGCAACATCAAGAATGGCAGATGTGAGCAGTTCTGCAAGAACTCTGCTGACAACAAGGTGGT
GTGCAGCTGCACTGAGGGCTACAGGCTGGCTGAGAACCAGAAGAGCTGTGAGCCTGCTGTGCCATT
CCCATGTGGCAGAGTGTCTGTGAGCCAGACCAGCAAGCTGACCAGGGCTGAGGCTGTGTTCCCTGA
TGTGGACTATGTGAACAGCACTGAGGCTGAAACCATCCTGGACAACATCACCCAGAGCACCCAGAGC
TTCAATGACTTCACCAGGGTGGTGGGGGGGGAGGATGCCAAGCCTGGCCAGTTCCCCTGGCAAGTG
GTGCTGAATGGCAAGGTGGATGCCTTCTGTGGGGGCAGCATTGTGAATGAGAAGTGGATTGTGACTG
CTGCCCACTGTGTGGAGACTGGGGTGAAGATCACTGTGGTGGCTGGGGAGCACAACATTGAGGAGA
CTGAGCACACTGAGCAGAAGAGGAATGTGATCAGGATCATCCCCCACCACAACTACAATGCTGCCAT
CAACAAGTACAACCATGACATTGCCCTGCTGGAGCTGGATGAGCCCCTGGTGCTGAACAGCTATGTG
ACCCCCATCTGCATTGCTGACAAGGAGTACACCAACATCTTCCTGAAGTTTGGCTCTGGCTATGTGTC
TGGCTGGGGCAGGGTGTTCCACAAGGGCAGGTCTGCCCTGGTGCTGCAGTACCTGAGGGTGCCCCT
GGTGGACAGGGCCACCTGCCTGAGGAGCACCAAGTTCACCATCTACAACAACATGTTCTGTGCTGGC
TTCCATGAGGGGGGCAGGGACAGCTGCCAGGGGGACTCTGGGGGCCCCCATGTGACTGAGGTGGA
GGGCACCAGCTTCCTGACTGGCATCATCAGCTGGGGGGAGGAGTGTGCCATGAAGGGCAAGTATGG
CATCTACACCAAAGTCTCCAGATATGTGAACTGGATCAAGGAGAAGACCAAGCTGACCTGACTCGATG
CTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAAC
AACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAACTAGTCCA
CTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGC
TTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGACAGATCCGGGCCCGCATGCG
TCGACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAAT
CGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCT
TCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGT
GCGGTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAG
CCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTAC
AGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCG
CGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGA
CGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAA
ATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGA
GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACC
CAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACT
GGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTT
TTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCG
CATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCA
TGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTG
ACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCC
TTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGT
AGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAAT
TAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTG
GTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCA
GATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAA
ATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCA
TATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAA
TCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCA
AAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTAC
CAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGA
GCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGC
ACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGT
CTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGT
TCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTAT
GAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGA
ACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTC
GCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGC
CAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGT
TATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCG
AACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCT
CCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAG
TGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTC
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CGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGAT
TACGCCAAGCTCTCGAGATCTAG

SEQ ID NO: 37: pAV HLP FVIII V3 kan
AGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAG
GTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCA
CCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCA
CACAGGAAACAGCTATGACCATGATTACGCCAAGCTTCCCGGGGGGATCTTTGGCCACTCCCTCTCT
GCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCGCC
CGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCGGA
GGGGTGGAGTCGTGACGTGAATTACGTCATAGGGTTAGGGAGGTCGTATACTGTTTGCTGCTTGCAA
TGTTTGCCCATTTTAGGGTGGACACAGGACGCTGTGGTTTCTGAGCCAGGGGGCGACTCAGATCCCA
GCCAGTGGACTTAGCCCCTGTTTGCTCCTCCGATAACTGGGGTGACCTTGGTTAATATTCACCAGCAG
CCTCCCCCGTTGCCCCTCTGGATCCACTGCTTAAATACGGACGAGGACAGGGCCCTGTCTCCTCAGC
TTCAGGCACCACCACTGACCTGGGACAGTGAATCGCGGCCGCCACCATGCAGATTGAGCTGAGCAC
CTGCTTCTTCCTGTGCCTGCTGAGGTTCTGCTTCTCTGCCACCAGGAGATACTACCTGGGGGCTGTG
GAGCTGAGCTGGGACTACATGCAGTCTGACCTGGGGGAGCTGCCTGTGGATGCCAGGTTCCCCCCC
AGAGTGCCCAAGAGCTTCCCCTTCAACACCTCTGTGGTGTACAAGAAGACCCTGTTTGTGGAGTTCAC
TGACCACCTGTTCAACATTGCCAAGCCCAGGCCCCCCTGGATGGGCCTGCTGGGCCCCACCATCCA
GGCTGAGGTGTATGACACTGTGGTGATCACCCTGAAGAACATGGCCAGCCACCCTGTGAGCCTGCAT
GCTGTGGGGGTGAGCTACTGGAAGGCCTCTGAGGGGGCTGAGTATGATGACCAGACCAGCCAGAGG
GAGAAGGAGGATGACAAGGTGTTCCCTGGGGGCAGCCACACCTATGTGTGGCAGGTGCTGAAGGAG
AATGGCCCCATGGCCTCTGACCCCCTGTGCCTGACCTACAGCTACCTGAGCCATGTGGACCTGGTGA
AGGACCTGAACTCTGGCCTGATTGGGGCCCTGCTGGTGTGCAGGGAGGGCAGCCTGGCCAAGGAG
AAGACCCAGACCCTGCACAAGTTCATCCTGCTGTTTGCTGTGTTTGATGAGGGCAAGAGCTGGCACT
CTGAAACCAAGAACAGCCTGATGCAGGACAGGGATGCTGCCTCTGCCAGGGCCTGGCCCAAGATGC
ACACTGTGAATGGCTATGTGAACAGGAGCCTGCCTGGCCTGATTGGCTGCCACAGGAAGTCTGTGTA
CTGGCATGTGATTGGCATGGGCACCACCCCTGAGGTGCACAGCATCTTCCTGGAGGGCCACACCTTC
CTGGTCAGGAACCACAGGCAGGCCAGCCTGGAGATCAGCCCCATCACCTTCCTGACTGCCCAGACC
CTGCTGATGGACCTGGGCCAGTTCCTGCTGTTCTGCCACATCAGCAGCCACCAGCATGATGGCATGG
AGGCCTATGTGAAGGTGGACAGCTGCCCTGAGGAGCCCCAGCTGAGGATGAAGAACAATGAGGAGG
CTGAGGACTATGATGATGACCTGACTGACTCTGAGATGGATGTGGTGAGGTTTGATGATGACAACAG
CCCCAGCTTCATCCAGATCAGGTCTGTGGCCAAGAAGCACCCCAAGACCTGGGTGCACTACATTGCT
GCTGAGGAGGAGGACTGGGACTATGCCCCCCTGGTGCTGGCCCCTGATGACAGGAGCTACAAGAGC
CAGTACCTGAACAATGGCCCCCAGAGGATTGGCAGGAAGTACAAGAAGGTCAGGTTCATGGCCTACA
CTGATGAAACCTTCAAGACCAGGGAGGCCATCCAGCATGAGTCTGGCATCCTGGGCCCCCTGCTGTA
TGGGGAGGTGGGGGACACCCTGCTGATCATCTTCAAGAACCAGGCCAGCAGGCCCTACAACATCTA
CCCCCATGGCATCACTGATGTGAGGCCCCTGTACAGCAGGAGGCTGCCCAAGGGGGTGAAGCACCT
GAAGGACTTCCCCATCCTGCCTGGGGAGATCTTCAAGTACAAGTGGACTGTGACTGTGGAGGATGGC
CCCACCAAGTCTGACCCCAGGTGCCTGACCAGATACTACAGCAGCTTTGTGAACATGGAGAGGGACC
TGGCCTCTGGCCTGATTGGCCCCCTGCTGATCTGCTACAAGGAGTCTGTGGACCAGAGGGGCAACC
AGATCATGTCTGACAAGAGGAATGTGATCCTGTTCTCTGTGTTTGATGAGAACAGGAGCTGGTACCTG
ACTGAGAACATCCAGAGGTTCCTGCCCAACCCTGCTGGGGTGCAGCTGGAGGACCCTGAGTTCCAG
GCCAGCAACATCATGCACAGCATCAATGGCTATGTGTTTGACAGCCTGCAGCTGTCTGTGTGCCTGC
ATGAGGTGGCCTACTGGTACATCCTGAGCATTGGGGCCCAGACTGACTTCCTGTCTGTGTTCTTCTCT
GGCTACACCTTCAAGCACAAGATGGTGTATGAGGACACCCTGACCCTGTTCCCCTTCTCTGGGGAGA
CTGTGTTCATGAGCATGGAGAACCCTGGCCTGTGGATTCTGGGCTGCCACAACTCTGACTTCAGGAA
CAGGGGCATGACTGCCCTGCTGAAAGTCTCCAGCTGTGACAAGAACACTGGGGACTACTATGAGGAC
AGCTATGAGGACATCTCTGCCTACCTGCTGAGCAAGAACAATGCCATTGAGCCCAGGAGCTTCAGCC
AGAATGCCACTAATGTGTCTAACAACAGCAACACCAGCAATGACAGCAATGTGTCTCCCCCAGTGCTG
AAGAGGCACCAGAGGGAGATCACCAGGACCACCCTGCAGTCTGACCAGGAGGAGATTGACTATGAT
GACACCATCTCTGTGGAGATGAAGAAGGAGGACTTTGACATCTACGACGAGGACGAGAACCAGAGCC
CCAGGAGCTTCCAGAAGAAGACCAGGCACTACTTCATTGCTGCTGTGGAGAGGCTGTGGGACTATGG
CATGAGCAGCAGCCCCCATGTGCTGAGGAACAGGGCCCAGTCTGGCTCTGTGCCCCAGTTCAAGAA
GGTGGTGTTCCAGGAGTTCACTGATGGCAGCTTCACCCAGCCCCTGTACAGAGGGGAGCTGAATGA
GCACCTGGGCCTGCTGGGCCCCTACATCAGGGCTGAGGTGGAGGACAACATCATGGTGACCTTCAG
GAACCAGGCCAGCAGGCCCTACAGCTTCTACAGCAGCCTGATCAGCTATGAGGAGGACCAGAGGCA
GGGGGCTGAGCCCAGGAAGAACTTTGTGAAGCCCAATGAAACCAAGACCTACTTCTGGAAGGTGCAG
CACCACATGGCCCCCACCAAGGATGAGTTTGACTGCAAGGCCTGGGCCTACTTCTCTGATGTGGACC
TGGAGAAGGATGTGCACTCTGGCCTGATTGGCCCCCTGCTGGTGTGCCACACCAACACCCTGAACCC
TGCCCATGGCAGGCAGGTGACTGTGCAGGAGTTTGCCCTGTTCTTCACCATCTTTGATGAAACCAAG
AGCTGGTACTTCACTGAGAACATGGAGAGGAACTGCAGGGCCCCCTGCAACATCCAGATGGAGGAC
CCCACCTTCAAGGAGAACTACAGGTTCCATGCCATCAATGGCTACATCATGGACACCCTGCCTGGCC
TGGTGATGGCCCAGGACCAGAGGATCAGGTGGTACCTGCTGAGCATGGGCAGCAATGAGAACATCC
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ACAGCATCCACTTCTCTGGCCATGTGTTCACTGTGAGGAAGAAGGAGGAGTACAAGATGGCCCTGTA
CAACCTGTACCCTGGGGTGTTTGAGACTGTGGAGATGCTGCCCAGCAAGGCTGGCATCTGGAGGGT
GGAGTGCCTGATTGGGGAGCACCTGCATGCTGGCATGAGCACCCTGTTCCTGGTGTACAGCAACAA
GTGCCAGACCCCCCTGGGCATGGCCTCTGGCCACATCAGGGACTTCCAGATCACTGCCTCTGGCCA
GTATGGCCAGTGGGCCCCCAAGCTGGCCAGGCTGCACTACTCTGGCAGCATCAATGCCTGGAGCAC
CAAGGAGCCCTTCAGCTGGATCAAGGTGGACCTGCTGGCCCCCATGATCATCCATGGCATCAAGACC
CAGGGGGCCAGGCAGAAGTTCAGCAGCCTGTACATCAGCCAGTTCATCATCATGTACAGCCTGGATG
GCAAGAAGTGGCAGACCTACAGGGGCAACAGCACTGGCACCCTGATGGTGTTCTTTGGCAATGTGGA
CAGCTCTGGCATCAAGCACAACATCTTCAACCCCCCCATCATTGCCAGATACATCAGGCTGCACCCCA
CCCACTACAGCATCAGGAGCACCCTGAGGATGGAGCTGATGGGCTGTGACCTGAACAGCTGCAGCA
TGCCCCTGGGCATGGAGAGCAAGGCCATCTCTGATGCCCAGATCACTGCCAGCAGCTACTTCACCAA
CATGTTTGCCACCTGGAGCCCCAGCAAGGCCAGGCTGCACCTGCAGGGCAGGAGCAATGCCTGGAG
GCCCCAGGTCAACAACCCCAAGGAGTGGCTGCAGGTGGACTTCCAGAAGACCATGAAGGTGACTGG
GGTGACCACCCAGGGGGTGAAGAGCCTGCTGACCAGCATGTATGTGAAGGAGTTCCTGATCAGCAG
CAGCCAGGATGGCCACCAGTGGACCCTGTTCTTCCAGAATGGCAAGGTGAAGGTGTTCCAGGGCAA
CCAGGACAGCTTCACCCCTGTGGTGAACAGCCTGGACCCCCCCCTGCTGACCAGATACCTGAGGATT
CACCCCCAGAGCTGGGTGCACCAGATTGCCCTGAGGATGGAGGTGCTGGGCTGTGAGGCCCAGGA
CCTGTACTGATCGCGAATAAAAGATCTTTATTTTCATTAGATCTGTGTGTTGGTTTTTTGTGTGATGCA
GCCCAAGCTGTAGATAAGTAGCATGGCGGGTTAATCATTAACTACACCCCTAGTGATGGAGTTGGCC
ACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGAC
CTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAAAGATCCGGGCC
CGCATGCGTCGACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACC
CAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCG
ATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCATCCATCACACTGGCGGCCGCTCGA
GCATGCATCTAGAGGGCCCAATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTAC
AACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGC
CAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGG
CGAATGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGAC
CGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCG
CCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCA
CCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTT
TTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTC
AACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATG
AGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATTCAGGGCGCAAGGGCTGCTAAAGGAAGC
GGAACACGTAGAAAGCCAGTCCGCAGAAACGGTGCTGACCCCGGATGAATGTCAGCTACTGGGCTAT
CTGGACAAGGGAAAACGCAAGCGCAAAGAGAAAGCAGGTAGCTTGCAGTGGGCTTACATGGCGATA
GCTAGACTGGGCGGTTTTATGGACAGCAAGCGAACCGGAATTGCCAGCTGGGGCGCCCTCTGGTAA
GGTTGGGAAGCCCTGCAAAGTAAACTGGATGGCTTTCTTGCCGCCAAGGATCTGATGGCGCAGGGG
ATCAAGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAG
GTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCT
CTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGT
CCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTT
CCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTG
CCGGGGCAGGATCTCCTGTCATCCCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAA
TGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGA
GCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGG
GCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGT
GACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACT
GTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAG
AGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGC
GCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAATTGAAAAAGGAAGAGTATGAGTATTCAACA
TTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCT
GGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAAC
AGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCT
GCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTAT
TCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAG
AGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCG
GAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTG
GGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGC
AACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACT
GGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGC
TGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAA
GCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAG
ATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTT



10

15

20

25

30

35

40

45

50

55

60

WO 2017/021359 PCT/EP2016/068315

88

TAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGA
CCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCT
TCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGT
GGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGA
TACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCT
ACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCG
GGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCA
CACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAG
CGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAG
AGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCT
CTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAAC
GCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCT
GATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCG
AGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAG

SEQ ID NO: 38: Hybrid liver-specific promoter (HLP)
TGTTTGCTGCTTGCAATGTTTGCCCATTTTAGGGTGGACACAGGACGCTGTGGTTTCTGAGCCAGGG
GGCGACTCAGATCCCAGCCAGTGGACTTAGCCCCTGTTTGCTCCTCCGATAACTGGGGTGACCTTGG
TTAATATTCACCAGCAGCCTCCCCCGTTGCCCCTCTGGATCCACTGCTTAAATACGGACGAGGACAG
GGCCCTGTCTCCTCAGCTTCAGGCACCACCACTGACCTGGGACAGTGAATC

SEQ ID NO: 39: Liver promoter/enhancer 1 (LP1)
CCCTAAAATGGGCAAACATTGCAAGCAGCAAACAGCAAACACACAGCCCTCCCTGCCTGCTGACCTT
GGAGCTGGGGCAGAGGTCAGAGACCTCTCTGGGCCCATGCCACCTCCAACATCCACTCGACCCCTT
GGAATTTCGGTGGAGAGGAGCAGAGGTTGTCCTGGCGTGGTTTAGGTAGTGTGAGAGGGGAATGAC
TCCTTTCGGTAAGTGCAGTGGAAGCTGTACACTGCCCAGGCAAAGCGTCCGGGCAGCGTAGGCGGG
CGACTCAGATCCCAGCCAGTGGACTTAGCCCCTGTTTGCTCCTCCGATAACTGGGGTGACCTTGGTT
AATATTCACCAGCAGCCTCCCCCGTTGCCCCTCTGGATCCACTGCTTAAATACGGACGAGGACAGGG
CCCTGTCTCCTCAGCTTCAGGCACCACCACTGACCTGGGACAGTGAATCCGGACTCTAAGGTAAATA
TAAAATTTTTAAGTGTATAATGTGTTAAACTACTGATTCTAATTGTTTCTCTCTTTTAGATTCCAACCTTT
GGAACTGA

SEQ ID NO: 40: tTH = truncated Tyrosine Hydroxylase
MSPAGPKVPWFPRKVSELDKCHHLVTKFDPDLDLDHPGFSDQVYRQRRKLIAEIAFQYRHGDPIPRVEYT
AEEIATWKEVYTTLKGLYATHACGEHLEAFALLERFSGYREDNIPQLEDVSRFLKERTGFQLRPVAGLLSA
RDFLASLAFRVFQCTQYIRHASSPMHSPEPDCCHELLGHVPMLADRTFAQFSQDIGLASLGASDEEIEKLS
TLYWFTVEFGLCKQNGEVKAYGAGLLSSYGELLHCLSEEPEIRAFDPEAAAVQPYQDQTYQSVYFVSESF
SDAKDKLRSYASRIQRPFSVKFDPYTLAIDVLDSPQAVRRSLEGVQDELDTLAHALSAIG

SEQ ID NO: 41: PTPS = 6-pyruvoyltetrahydropterin synthase

>ENA|BAA04959|BAA04959.1 Homo sapiens (human) 6-pyruvoyl-tetrahydropterin synthase
ATGAGCACGGAAGGTGGTGGCCGTCGCTGCCAGGCACAAGTGTCCCGCCGCATCTCCTTCAGCGCG
AGCCACCGATTGTACAGTAAATTTCTAAGTGATGAAGAAAACTTGAAACTGTTTGGGAAATGCAACAAT
CCAAATGGCCATGGGCACAATTATAAAGTTGTGGTGACAGTACATGGAGAGATTGACCCTGCTACGG
GAATGGTTATGAATCTGGCTGATCTCAAAAAATATATGGAGGAGGCGATTATGCAGCCCCTTGATCAT
AAGAATCTGGATATGGATGTGCCATACTTTGCAGATGTGGTGAGCACGACTGAAAATGTAGCTGTTTA
TATCTGGGACAACCTCCAGAAAGTTCTTCCTGTAGGAGTTCTTTATAAAGTAAAAGTATACGAAACTGA
CAATAATATTGTGGTTTATAAAGGAGAATAG

SEQ ID NO: 42: primer AA16
ccaagctagcATGGAGAAGGGCCCTGTG

SEQ ID NO: 43: primer AA17
ccaagctagcGGTCGACTAAAAAACCTCC

SEQ ID NO: 44: primer AA33
CCAAgctagcATGAGCCCCGCGGGGCCCAAG

SEQ ID NO: 45: primer AA34
CCAAgctagcGGGGGATCTTCGATGCTAGAC

SEQ ID NO: 46: primer AA43
CCAATGGCCAACTCCATCACTAGGGGTTCCTTCTAGATGTTTGCTGCTTGCAATGTTTGC
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SEQ ID NO: 47: primer AA44
CCAAGAATTCGCTAGCGATTCACTGTCCCAGGTCAGTG

SEQ ID NO: 48: primer AA57
CCAAGCTAGCTGTTTGCTGCTTGCAATGTTTGC

SEQ ID NO: 49: primer AA67
GATCCTTGCTACGAGCTTGAATGATTCACTGTCCCAGGTCAGT

SEQ ID NO: 50: primer AA68
ACTGACCTGGGACAGTGAATCATTCAAGCTCGTAGCAAGGATC

SEQ ID NO: 51: primer RmuscTHext2
AAAgctagcTTCGATGCTAGACGATCCAG

SEQ ID NO: 52: MLF003noefgp
GCGATCGCGGCTCCCGACATCTTGGACCATTAGCTCCACAGGTATCTTCTTCCCTCTAGTGGTCATAA
CAGCAGCTTCAGCTACCTCTCAATTCAAAAAACCCCTCAAGACCCGTTTAGAGGCCCCAAGGGGTTAT
GCTATCAATCGTTGCGTTACACACACAAAAAACCAACACACATCCATCTTCGATGGATAGCGATTTTAT
TATCTAACTGCTGATCGAGTGTAGCCAGATCTAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATA
TATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGC
CCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATG
GGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCC
CTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTT
CCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGCTGATGCGGTTTTGGCAGTACATC
AATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGA
GTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAA
ATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCA
GATCTTTGTCGATCCTACCATCCACTCGACACACCCGCCAGCTAGAGATCCCGGGACCATGAGCCCC
GCGGGGCCCAAGGTCCCCTGGTTCCCAAGAAAAGTGTCAGAGCTGGACAAGTGTCATCACCTGGTC
ACCAAGTTCGACCCTGACCTGGACTTGGACCACCCGGGCTTCTCGGACCAGGTGTACCGCCAGCGC
AGGAAGCTGATTGCTGAGATCGCCTTCCAGTACAGGCACGGCGACCCGATTCCCCGTGTGGAGTACA
CCGCCGAGGAGATTGCCACCTGGAAGGAGGTCTACACCACGCTGAAGGGCCTCTACGCCACGCACG
CCTGCGGGGAGCACCTGGAGGCCTTTGCTTTGCTGGAGCGCTTCAGCGGCTACCGGGAAGACAATA
TCCCCCAGCTGGAGGACGTCTCCCGCTTCCTGAAGGAGCGCACGGGCTTCCAGCTGCGGCCTGTGG
CCGGCCTGCTGTCCGCCCGGGACTTCCTGGCCAGCCTGGCCTTCCGCGTGTTCCAGTGCACCCAGT
ATATCCGCCACGCGTCCTCGCCCATGCACTCCCCTGAGCCGGACTGCTGCCACGAGCTGCTGGGGC
ACGTGCCCATGCTGGCCGACCGCACCTTCGCGCAGTTCTCGCAGGACATTGGCCTGGCGTCCCTGG
GGGCCTCGGATGAGGAAATTGAGAAGCTGTCCACGCTGTACTGGTTCACGGTGGAGTTCGGGCTGT
GTAAGCAGAACGGGGAGGTGAAGGCCTATGGTGCCGGGCTGCTGTCCTCCTACGGGGAGCTCCTGC
ACTGCCTGTCTGAGGAGCCTGAGATTCGGGCCTTCGACCCTGAGGCTGCGGCCGTGCAGCCCTACC
AAGACCAGACGTACCAGTCAGTCTACTTCGTGTCTGAGAGCTTCAGTGACGCCAAGGACAAGCTCAG
GAGCTATGCCTCACGCATCCAGCGCCCCTTCTCCGTGAAGTTCGACCCGTACACGCTGGCCATCGAC
GTGCTGGACAGCCCCCAGGCCGTGCGGCGCTCCCTGGAGGGTGTCCAGGATGAGCTGGACACCCT
TGCCCATGCGCTGAGTGCCATTGGCTAAGACGCCACCTAATCAACCTCTGGATTACAAAATTTGTGAA
AGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTG
TATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTT
ATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCC
CCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATT
GCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACT
GACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCCATCTTGACTGACTGAGATACAGCGTA
CCTTCAGCTCACAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAA
AAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACA
AGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAG
CAAGTAAAACCTCTACAAATGTGGTATTGGCCCATCTCTATCGGTATCGTAGCATAACCCCTTGGGGC
CTCTAAACGGGTCTTGAGGGGTTTTTTGTGCCCCTCGGGCCGGATTGCTATCTACCGGCATTGGCGC
AGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATATGCCAGATTCAGCAACGGATA
CGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAATTTATCCTTAAGGTCGTCAG
CTATCCTGCAGGCGATCTCTCGATTTCGATCAAGACATTCCTTTAATGGTCTTTTCTGGACACCACTAG
GGGTCAGAAGTAGTTCATCAAACTTTCTTCCCTCCCTAATCTCATTGGTTACCTTGGGCTATCGAAACT
TAATTAACCAGTCAAGTCAGCTACTTGGCGAGATCGACTTGTCTGGGTTTCGACTACGCTCAGAATTG
CGTCAGTCAAGTTCGATCTGGTCCTTGCTATTGCACCCGTTCTCCGATTACGAGTTTCATTTAAATCAT
GTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGG
CTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGA
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CTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGC
TTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAG
GTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCC
GACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCAC
TGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAA
GTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTA
CCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTT
GTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGG
GTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCT
TCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTC
TGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGT
TGCATTTAAATTTCCGAACTCTCCAAGGCCCTCGTCGGAAAATCTTCAAACCTTTCGTCCGATCCATCT
TGCAGGCTACCTCTCGAACGAACTATCGCAAGTCTCTTGGCCGGCCTTGCGCCTTGGCTATTGCTTG
GCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAATATCCGAGATCGGGATCACCCGAGAGAAGTT
CAACCTACATCCTCAATCCCGATCTATCCGAGATCCGAGGAATATCGAAATCGGGGCGCGCCTGGTG
TACCGAGAACGATCCTCTCAGTGCGAGTCTCGACGATCCATATCGTTGCTTGGCAGTCAGCCAGTCG
GAATCCAGCTTGGGACCCAGGAAGTCCAATCGTCAGATATTGTACTCAAGCCTGGTCACGGCAGCGT
ACCGATCTGTTTAAACCTAGATATTGATAGTCTGATCGGTCAACGTATAATCGAGTCCTAGCTTTTGCA
AACATCTATCAAGAGACAGGATCAGCAGGAGGCTTTCGCATGAGTATTCAACATTTCCGTGTCGCCCT
TATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGA
TGCTGAAGATCAGTTGGGTGCGCGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTT
GAGAGTTTTCGCCCCGAAGAACGCTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGT
ATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTG
GTTGAGTATTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGC
TGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATTGGAGGACCGAAGGAG
CTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAA
TGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACCTTGCGTAAA
CTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAGTTGATAGACTGGATGGAGGCGGATAA
AGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCC
GGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTA
GTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTG
CCTCACTGATTAAGCATTGGTAACCGATTCTAGGTGCATTGGCGCAGAAAAAAATGCCTGATGCGACG
CTGCGCGTCTTATACTCCCACATATGCCAGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCACTT
CCATACGTGTCCTCCTTACCAGAAATTTATCCTTAAGATCCCGAATCGTTTAAACTCGACTCTGGCTCT
ATCGAATCTCCGTCGTTTCGAGCTTACGCGAACAGCCGTGGCGCTCATTTGCTCGTCGGGCATCGAA
TCTCGTCAGCTATCGTCAGCTTACCTTTTTGGCA

SEQ ID NO: 53 MDL004
GCGATCGCGGCTCCCGACATCTTGGACCATTAGCTCCACAGGTATCTTCTTCCCTCTAGTGGTCATAA
CAGCAGCTTCAGCTACCTCTCAATTCAAAAAACCCCTCAAGACCCGTTTAGAGGCCCCAAGGGGTTAT
GCTATCAATCGTTGCGTTACACACACAAAAAACCAACACACATCCATCTTCGATGGATAGCGATTTTAT
TATCTAACTGCTGATCGAGTGTAGCCAGATCTAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATA
TATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGC
CCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATG
GGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCC
CTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTT
CCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGCTGATGCGGTTTTGGCAGTACATC
AATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGA
GTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAA
ATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCA
GATCTTTGTCGATCCTACCATCCACTCGACACACCCGCCAGCAATATGGCCACAACCGCGGCCGTAG
ATCCCGGGACCATGGAGAAGCCGCGGGGAGTCAGGTGCACCAATGGGTTCTCCGAGCGGGAGCTG
CCGCGGCCCGGGGCCAGCCCGCCTGCCGAGAAGTCCCGGCCGCCCGAGGCCAAGGGCGCACAGC
CGGCCGACGCCTGGAAGGCAGGGCGGCACCGCAGCGAGGAGGAAAACCAGGTGAACCTCCCCAAA
CTGGCGGCTGCTTACTCGTCCATTCTGCTCTCGCTGGGCGAGGACCCCCAGCGGCAGGGGCTGCTC
AAGACGCCCTGGAGGGCGGCCACCGCCATGCAGTACTTCACCAAGGGATACCAGGAGACCATCTCA
GATGTCCTGAATGATGCTATATTTGATGAAGATCATGACGAGATGGTGATTGTGAAGGACATAGATAT
GTTCTCCATGTGTGAGCATCACCTTGTTCCATTTGTAGGAAGGGTCCATATTGGCTATCTTCCTAACAA
GCAAGTCCTTGGTCTCAGTAAACTTGCCAGGATTGTAGAAATCTACAGTAGACGACTACAAGTTCAAG
AGCGCCTCACCAAACAGATTGCGGTGGCCATCACAGAAGCCTTGCAGCCTGCTGGCGTTGGAGTAGT
GATTGAAGCGACACACATGTGCATGGTAATGCGAGGCGTGCAGAAAATGAACAGCAAGACTGTCACT
AGCACCATGCTGGGCGTGTTCCGGGAAGACCCCAAGACTCGGGAGGAGTTCCTCACACTAATCAGG
AGCTGAGACTATAGGGTGGGTATTATGTGTTCATCAACCATCCTAAAAATACCCGGTAAACAGGTGCA
GCCCCAGATCTGGGCAGCAGGAGGGGGCAGTGGGAAGCTTAACGCGCCACGACTATAGGGTGGGT
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ATTATGTGTTCATCAACCATCCTAAAAATACCCGGTAAACAGGTGCAGCCCCAGATCTGGGCAGCAGG
AGGGGGCAGTGGGAAGCTTATCTAGTCTCGAGGTACCGAGCTCTTACGCGTGCTAGCTCGAGATCTG
GATATCGACTATAGGGTGGGTATTATGTGTTCATCAACCATCCTAAAAATACCCGGTAAACAGGTGCA
GCCCCAGATCTGGGCAGCAGGAGGGGGCAGTGGGTCTGTTCTATTTTTACCAGCCAGTTGCTGCTG
GACACAGTTTTCATAGCCTCCCCTCGGCTCTGCCCCTCACAGTCTGCAGTCTACGGCGAGGCACAGG
CCAGCCCAGCTCCACGAGGACTGAACAAGAAGCTTGATATCGAATTGGTACCATCGAGGAACTGAAA
AACCAGAAAGTTAACTGGTAAGTTTAGTCTTTTTGTCTTTTATTTCAGGTCCCGGATCCGGTGGTGGTG
CAAATCAAAGAACTGCTCCTCAGTGGATATCGCCTTTACTTCTAGGCCACCATGAGCGCGGCGGGTG
ACCTTCGTCGCCGCGCGCGACTGTCGCGCCTCGTGTCCTTCAGCGCGAGCCACCGGCTGCACAGCC
CATCTCTGAGCGATGAAGAGAACTTAAGAGTGTTTGGGAAATGCAACAATCCGAATGGCCACGGGCA
CAACTATAAAGTTGTGGTGACAGTCCATGGAGAGATTGATCCTGTTACAGGAATGGTTATGAATTTGA
CCGACCTCAAAGAATACATGGAGGAGGCCATCATGAAGCCTCTTGATCACAAGAACCTGGACCTGGA
TGTGCCGTACTTTGCGGATGCTGTGAGCACGACAGAAAATGTAGCTGTCTACATCTGGGAAAGCCTC
CAGAAACTTCTTCCAGTGGGAGCTCTTTATAAAGTAAAAGTGTTTGAAACCGACAACAACATCGTAGTC
TATAAAGGAGAATAGTAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTAT
GTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATG
GCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTC
AGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACC
ACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCG
CCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGG
GGAAATCATCGTCCTTTCCCATCTTGACTGACTGAGATACAGCGTACCTTCAGCTCACAGACATGATA
AGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATT
TGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTC
ATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGT
GGTATTGGCCCATCTCTATCGGTATCGTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGG
TTTTTTGTGCCCCTCGGGCCGGATTGCTATCTACCGGCATTGGCGCAGAAAAAAATGCCTGATGCGA
CGCTGCGCGTCTTATACTCCCACATATGCCAGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCA
CTTCCATACGTGTCCTCCTTACCAGAAATTTATCCTTAAGGTCGTCAGCTATCCTGCAGGCGATCTCTC
GATTTCGATCAAGACATTCCTTTAATGGTCTTTTCTGGACACCACTAGGGGTCAGAAGTAGTTCATCAA
ACTTTCTTCCCTCCCTAATCTCATTGGTTACCTTGGGCTATCGAAACTTAATTAACCAGTCAAGTCAGC
TACTTGGCGAGATCGACTTGTCTGGGTTTCGACTACGCTCAGAATTGCGTCAGTCAAGTTCGATCTGG
TCCTTGCTATTGCACCCGTTCTCCGATTACGAGTTTCATTTAAATCATGTGAGCAAAAGGCCAGCAAAA
GGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCA
TCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTT
CCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCT
TTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTC
GTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGT
AACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACA
GGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTA
CACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTA
GCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACG
CGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGA
AAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAA
AAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCA
GTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCATTTAAATTTCCGAACTCTC
CAAGGCCCTCGTCGGAAAATCTTCAAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGAACGAA
CTATCGCAAGTCTCTTGGCCGGCCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATT
ACTCCAATCCCGAATATCCGAGATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGAT
CTATCCGAGATCCGAGGAATATCGAAATCGGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTG
CGAGTCTCGACGATCCATATCGTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAA
GTCCAATCGTCAGATATTGTACTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATAT
TGATAGTCTGATCGGTCAACGTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATC
AGCAGGAGGCTTTCGCATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTG
CCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGC
GAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACG
CTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGC
AAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGAA
AAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACAC
TGCGGCCAACTTACTTCTGACAACGATTGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATG
GGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGC
GTGACACCACGATGCCTGTAGCAATGGCAACAACCTTGCGTAAACTATTAACTGGCGAACTACTTACT
CTAGCTTCCCGGCAACAGTTGATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCT
CGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAG
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GCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACC
GATTCTAGGTGCATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATAT
GCCAGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAA
TTTATCCTTAAGATCCCGAATCGTTTAAACTCGACTCTGGCTCTATCGAATCTCCGTCGTTTCGAGCTT

ACGCGAACAGCCGTGGCGCTCATTTGCTCGTCGGGCATCGAATCTCGTCAGCTATCGTCAGCTTACC

TTTTTGGCA
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Claims

1. An expression system comprising:
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a first polynucleotide (N1) which upon expression encodes a GTP-cyclohydrolase 1
(GCH1; EC 3.5.4.16) polypeptide or a biologically active fragment or variant
thereof, wherein said polynucleotide is operably linked to a first promoter, and

wherein the biological activity is enzymatic activity of GCH1;

and

a second polynucleotide (N2) which upon expression encodes a tyrosine
hydroxylase (TH; EC 1.14.16.2) polypeptide or a biologically active fragment or
variant thereof, wherein said polynucleotide is operably linked to a second

promoter, and wherein the biological activity is enzymatic activity of TH;

and

a third polynucleotide (N3) which upon expression encodes a
6-pyruvoyltetrahydropterin synthase (PTPS, EC 4.2.3.12) polypeptide or a
biologically active fragment or variant thereof, wherein said polynucleotide is
operably linked to a third promoter, and wherein the biological activity is enzymatic
activity of PTPS.

. The expression system according to claim 1, wherein the expression system

comprises:

a polynucleotide (N’) operably linked to at least one first promoter; wherein N" upon
expression encodes a first polypeptide (P1) and a second different polypeptide
(P2);

and

a second polynucleotide (N”) operably linked to at least one second promoter;

wherein N” upon expression encodes a third polypeptide (P3);
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wherein P1, P2 and P3 are different, and
wherein P1, P2 and P3 are independently selected from the group consisting of a
GCH1, a TH and a PTPS polypeptide, or a biologically active fragment or variant

thereof.

. The expression system according to claim 2, wherein the at least one first promoter

is two promoters.

. The expression system according to claim 3, wherein the two promoters are

identical.

. The expression system according to claim 3, wherein the two promoters are

different.

. The expression system according to claim 2, further comprising an Internal

Ribosome Entry Site (IRES) between the polynucleotide sequences encoding P1
and P2.

. The expression system according to any one of the preceding claims, wherein said

expression system comprises a first polynucleotide operably linked to a first

promoter,

wherein said first polynucleotide upon expression encodes
a first,
a second and

a third polypeptide,

wherein said first, second and third polypeptide are independently selected from
the group consisting of a GCH1 polypeptide, a TH polypeptide and a PTPS

polypeptide or a biologically active fragment or variant thereof.

. The expression system according to any one of the preceding claims, wherein the

GTP-cyclohydrolase 1 (GCH1) polypeptide is at least 70% identical to a
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polypeptide selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, more preferably
at least 75% identical to a polypeptide selected from the group consisting of SEQ
ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID
NO: 6, more preferably at least 80% identical to a polypeptide selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 5 and SEQ ID NO: 6, more preferably at least 85% identical to a
polypeptide selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, more preferably
at least 90% identical to a polypeptide selected from the group consisting of SEQ
ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID
NO: 6, more preferably at least 95% identical to a polypeptide selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 5 and SEQ ID NO: 6, more preferably at least 96% identical to a
polypeptide selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, more preferably
at least 97% identical to a polypeptide selected from the group consisting of SEQ
ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID
NO: 6, more preferably at least 98% identical to a polypeptide selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 5 and SEQ ID NO: 6, more preferably at least 99% identical to a
polypeptide selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, more preferably
100% identical to a polypeptide selected from the group consisting of SEQ ID NO:
1, SEQID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6.

. The expression system according to any one of the preceding claims, wherein the

tyrosine hydroxylase (TH) polypeptide is at least 70% identical to a polypeptide
selected from the group consisting of or SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID
NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 SEQ ID
NO: 13 and SEQ ID NO: 14, more preferably at least 75% identical to a polypeptide
selected from the group consisting of or SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID
NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 SEQ ID
NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17

more preferably at least 80% identical to a polypeptide selected from the group
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consisting of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ
ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 SEQ ID NO: 13, SEQ ID NO: 14, SEQ
ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17 more preferably at least 85%
identical to a polypeptide selected from the group consisting of SEQ ID NO: 40,
SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11,
SEQ ID NO: 12 SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16,
and SEQ ID NO: 17 more preferably at least 90% identical to a polypeptide
selected from the group consisting of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO:
8, SEQID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17 more
preferably at least 95% identical to a polypeptide selected from the group
consisting of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ
ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 SEQ ID NO: 13, SEQ ID NO: 14, SEQ
ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17 more preferably at least 96%
identical to a polypeptide selected from the group consisting of SEQ ID NO: 40,
SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11,
SEQ ID NO: 12 SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16,
and SEQ ID NO: 17 more preferably at least 97% identical to a polypeptide
selected from the group consisting of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO:
8, SEQID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17 more
preferably at least 98% identical to a polypeptide selected from the group
consisting of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ
ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 SEQ ID NO: 13, SEQ ID NO: 14, SEQ
ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17 more preferably at least 99%
identical to a polypeptide selected from the group consisting of SEQ ID NO: 40,
SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11,
SEQ ID NO: 12 SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16,
and SEQ ID NO: 17 more preferably 100% identical to a polypeptide selected from
the group consisting of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO:
9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 SEQ ID NO: 13, SEQ ID NO:
14, SEQ ID NO: 15, SEQ ID NO: 16 and SEQ ID NO: 17.

The expression system according to any one of the preceding claims wherein the
6-pyruvoyltetrahydropterin synthase (PTPS) is at least 70% identical to SEQ ID NO:
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41, more preferably at least 75% identical to SEQ ID NO; 41, more preferably at
least 80% identical to SEQ ID NO: 41, more preferably at least 85% identical to
SEQ ID NO: 41, more preferably at least 90% identical to SEQ ID NO: 41, more
preferably at least 95% identical to SEQ ID NO: 41, more preferably at least 96%
identical to SEQ ID NO: 41, more preferably at least 97% identical to SEQ ID NO:
41, more preferably at least 98% identical to SEQ ID NO: 41, more preferably at
least 99% identical to SEQ ID NO: 41, more preferably 100% identical to SEQ ID
NO: 41.

The expression system according to any one of the preceding claims wherein the
GTP-cyclohydrolase 1 (GCH1) polypeptide or the biologically active fragment or
variant thereof is at least 70% identical to a polypeptide selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQID
NO: 5 and SEQ ID NO: 6.

The expression system according to any one of the preceding claims, wherein the
tyrosine hydroxylase (TH) polypeptide or the biologically active fragment or variant
thereof is at least 70% identical to a polypeptide selected from the group consisting
of SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10,
SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15,
SEQ ID NO: 16, and SEQ ID NO: 17.

The expression system according to any one of the preceding claims, wherein the
6-pyruvoyltetrahydropterin synthase (PTPS) polypeptide or the biologically active
fragment or variant thereof is at least 70% identical to SEQ ID NO: 41.

The expression system according to any one of the preceding claims wherein the
biological activity of the fragment or variant is the enzymatic activity of the
corresponding full length enzyme selected from the group consisting of SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO:
6, SEQ ID NO: 40, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10,
SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15,
SEQ ID NO: 16, SEQ ID NO: 17 and SEQ ID NO: 41.
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The expression system according to any of the preceding claims, wherein the
biologically active fragment is the catalytic domain of tyrosine hydroxylase (SEQ ID
NO: 12) and/or (SEQ ID NO: 40).

The expression system according to any one of the preceding claims, wherein said
biologically active variant is a mutated tyrosine hydroxylase polypeptide, wherein
one or more of the residues S19, S31, S40 or S404 of SEQ ID NO: 7 have been

altered to another amino acid residue.

The expression system according to any one of the preceding claims, wherein the
nucleotide sequence encoding a GTP-cyclohydrolase 1 (GCH1) polypeptide or a
biologically active fragment or variant thereof comprises the sequence of SEQ ID
NO: 20.

The expression system according to any one of the preceding claims, wherein said

second nucleotide sequence encoding a tyrosine hydroxylase (TH) polypeptide or a
biologically active fragment or variant thereof comprises a sequence selected from

the group consisting of SEQ ID NO: 23, 24, 25, 26 and 27.

The expression system according to any one of the preceding claims, wherein said

first and said second and said third promoter are different promoter sequences.

The expression system according to any one of the preceding claims, wherein said

first and said second and said third promoter are identical promoter sequences.

The expression system according to any one of the preceding claims, wherein the

promoter is a promoter selective for mammalian cells.

The expression system according to any one of the preceding claims, wherein the

mammalian cell is a promoter selective for hepatocytes, myocytes and myoblasts.

The expression system according to any one of the preceding claims, wherein said

promoter is a constitutive promoter.
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The expression system according to any one of the preceding claims wherein said
promoter is a constitutively active promoter selected from the group consisting of
MCK such as p-MCK1350, multiple copies of the human slow troponin | gene
enhancer, CAG, CBA, CMV, human UbiC, RSV, EF-1alpha, SV40, Mt1, pGK, H1
and/or U3.

The expression system according to any one of the preceding claims, wherein said

promoter is an inducible promoter.

The expression system according to any one of the preceding claims, wherein said
promoter is an inducible promoter selected from the group consisting of Tet-On,
Tet-Off, Mo-MLV-LTR, Mx1, progesterone, RU486 and/or Rapamycin-inducible

promoter.

. The expression system according to any one of the preceding claims wherein said

promoter is LP1, hAPO-HCR and/or hAAT.

The expression system according to any one of the preceding claims wherein said

promoter is specific for muscle cells.

The expression system according to any one of the preceding claims, wherein said
promoter is a muscle specific promoter selected from the group consisting of:

a. muscle specific combined or double promoter using elements of the CMV
promoter and SPc5-12,

b. SPc5-12 synthetic muscle specific promoter,

c. muscle specific creatine kinase promoter or abbreviated versions thereof
such as dMCK or tMCK or p-MCK1350 or multiple copies of the human slow
troponin | gene enhancer,

d. CMV promoter,

e. muscle CAT promoter,
skeletal alpha actin 448 promoter,

g. any active analogues or fragments of any one of a through f.

The expression system according to any one of the preceding claims, wherein said

polynucleotide which upon expression encodes a tyrosine hydroxylase (TH; EC
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1.14.16.2) polypeptide or a biologically active fragment or variant thereof, is

operably linked to a liver specific promoter.

The expression system according to any one of the preceding claims, wherein said
polynucleotide which upon expression encodes a polynucleotide which upon
expression encodes a GTP-cyclohydrolase 1 (GCH1; EC 3.5.4.16) polypeptide or a
biologically active fragment or variant thereof, is operably linked to a liver specific

promoter.

The expression system according to any one of the preceding claims, wherein the
promoter is a liver specific promoter selected from the group consisting of liver
promoter/enhancer 1 (LP1) or a biologically active fragment or variant thereof
and/or hybrid liver-specific promoter (HLP) or a biologically active fragment or

variant thereof.

The expression system according to any one of the preceding claims, wherein the
promoter is a liver specific promoter which is at least 70% identical to a
polynucleotide selected from the group consisting of SEQ ID NO: 38 (HLP) and/or
SEQ ID NO: 39 (LP1), more preferably at least 75% identical to a polynucleotide
selected from the group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more
preferably at least 80% identical to a polynucleotide selected from the group
consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more preferably at least 85%
identical to a polynucleotide selected from the group consisting of SEQ ID NO: 38
and/or SEQ ID NO: 39, more preferably at least 90% identical to a polynucleotide
selected from the group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more
preferably at least 95% identical to a polynucleotide selected from the group
consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more preferably at least 96%
identical to a polynucleotide selected from the group consisting of SEQ ID NO: 38
and/or SEQ ID NO: 39, more preferably at least 97% identical to a polynucleotide
selected from the group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more
preferably at least 98% identical to a polynucleotide selected from the group
consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39, more preferably at least 99%
identical to a polynucleotide selected from the group consisting of SEQ ID NO: 38
and/or SEQ ID NO: 39, more preferably 100% identical to a polynucleotide selected
from the group consisting of SEQ ID NO: 38 and/or SEQ ID NO: 39.
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The expression system according to any one of the preceding claims wherein the
expression pattern of said promoter is regulated by a systemically administratable

agent.

The expression system according to any one of the preceding claims, wherein said

expression system is a plasmid.

The expression system according to any one of the preceding claims, wherein said

expression system is naked plasmid DNA.

The expression system according to any one of the preceding claims, wherein the

expression system is plasmid DNA packaged within a vector.

The expression system according to any one of the preceding claims, wherein said

expression system is a vector.

The expression system according to any one of the preceding claims, wherein said

vector is a viral vector.

The expression system according to any one of the preceding claims, wherein said

expression system is a synthetic vector.

The expression system according to any one of the preceding claims, wherein said

expression system is a cosmid vector.

The expression system according to any one of the preceding claims, wherein said

expression system is an artificial chromosome.

The expression system according to any one of the preceding claims, wherein said
expression system does not comprise a nucleotide sequence encoding an aromatic

amino acid decarboxylase (AADC) polypeptide.

The expression system according to any one of the preceding claims, wherein said

expression system has a packaging capacity from 1 to 40 kb, for example from 1 to
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30 kb, such as from 1 to 20 kb, for example from 1 to 15 kb, such as from 1 to 10,
for example from 1 to 8 kb, such as from 2 to 7 kb, for example from 3 to 6 kb, such
as from 4 to 5 kb.

The expression system according to any one of the preceding claims, wherein said

expression system has a packaging capacity from 4.5 to 4.8 kb.

The expression system according to any one of the preceding claims, wherein said
viral vector is selected from the group consisting of integrating and non-integrating

viral vectors.

The expression system according to any one of the preceding claims, wherein said
viral vector is selected from the group consisting of an adeno associated vector

(AAV), lentiviral vector, adenoviral vector and retroviral vector.

The expression system according to any one of the preceding claims, wherein said
viral vector is selected from the group consisting of an adeno associated vector

(AAV), an adenoviral vector and a retroviral vector.

The expression system according to any one of the preceding claims, wherein said

viral vector is an adeno associated vector (AAV).

The expression system according to any one of the preceding claims, wherein the

AAV vector is a self-complementary AAV (scAAV) vector.

The expression system according to any one of the preceding claims wherein the
nucleotide sequence encoding a tyrosine hydroxylase is a self-complementary

sequence.

The expression system according to any one of the preceding claims, wherein the
adeno associated vector (AAV) is selected from the group consisting of serotypes
AAV5, AAV1, AAV6 and AAV2 vectors.
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The expression system according to any one of the preceding claims, wherein the
adeno associated vector (AAV) is selected from the group consisting of serotypes
AAVSE, AAV5, AAV2, AAV9 and AAV7 vectors.

The expression system according to any one of the preceding claims, wherein the
genome of the AAV8 vector is packaged in an AAV capsid other than an AAV8
capsid such as packaged in an AAV5, AAVY, AAV7, AAV6, AAV2 or AAV1 capsid.

The expression system according to any one of the preceding claims, wherein the
genome of the AAV7 vector is packaged in an AAV capsid other than an AAV7
capsid such as packaged in an AAV8, AAV9, AAV5, AAV6, AAV2 or AAV1 capsid.

The expression system according to any one of the preceding claims, wherein the
genome of the AAV6 vector is packaged in an AAV capsid other than an AAV6
capsid such as packaged in an AAV8, AAV9, AAV7, AAV5, AAV2 or AAV1 capsid.

The expression system according to any one of the preceding claims, wherein the
genome of the AAVS5 vector is packaged in an AAV capsid other than an AAV5
capsid such as packaged in an AAV8, AAV9, AAV7, AAV6, AAV2 or AAV1 capsid.

The expression system according to any one of the preceding claims, wherein the
genome of the AAV2 vector is packaged in an AAV capsid other than an AAV2
capsid such as packaged in an AAV8, AAV9, AAV7, AAV6, AAV5 or AAV1 capsid.

The expression system according to any one of the preceding claims, wherein the
genome of the AAV1 vector is packaged in an AAV capsid other than an AAV1
capsid such as packaged in an AAV8, AAV9, AAV7, AAV6, AAV2 or AAV5 capsid.

The expression system according to any one of the preceding claims, wherein the
expression system is a vector capable of infecting, transfecting or transducing a

mammalian cell.

The expression system according to any one of the preceding claims, wherein said

mammalian cell is a liver cell such as a hepatocyte.
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The expression system according to any one of the preceding claims, wherein said
mammalian cell is a muscle cell such as a myocyte or a muscle cell precursor such

as a myoblast.

The expression system according to any one of the preceding claims, wherein said
biologically active fragment comprises at least 100 contiguous amino acids,
wherein any amino acid specified in the selected sequence is altered to a different
amino acid, provided that no more than 10 of the amino acid residues in the

sequence are so altered.

The expression system according to claim 60, wherein the enzymatic activity of the
fragment is at least 10% of the enzymatic activity of the full length enzyme,
preferably at least 20% of the enzymatic activity of the full length enzyme,
preferably at least 30% of the enzymatic activity of the full length enzyme,
preferably at least 40% of the enzymatic activity of the full length enzyme,
preferably at least 50% of the enzymatic activity of the full length enzyme,
preferably at least 60% of the enzymatic activity of the full length enzyme,
preferably at least 70% of the enzymatic activity of the full length enzyme,
preferably at least 80% of the enzymatic activity of the full length enzyme,
preferably at least 95% of the enzymatic activity of the full length enzyme,
preferably substantially the same as the enzymatic activity of the full length

enzyme.

The expression system according to any one of the preceding claims, wherein the
expression system is a vector selected from the group comprising SEQ ID NO: 31,
SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36
and SEQ ID NO: 37.

The expression system according to any one of the preceding claims, further

comprising one or more polyadenylation sequences.

The expression system according to any one of the preceding claims, wherein said

one or more polyadenylation sequences are SV40 polyadenylation sequence.
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The expression system according to any one of the preceding claims, wherein said
SV40 polyadenylation sequence or sequences has/have a sequence selected from
the group consisting of SEQ ID NO: 21 and 22.

The expression system according to any one of the preceding claims, wherein said
polyadenylation sequence is operably linked to the 3" end of the nucleic acid

sequence encoding said TH and/or GCH-1.

The expression system according to any one of the preceding claims, further

comprising a post-transcriptional regulatory element.

. The expression system according to any one of the preceding claims, wherein said

post-transcriptional regulatory element is a Woodchuck hepatitis virus post-

transcriptional regulatory element (WPRE).

The expression system according to any one of the preceding claims, wherein said
Woodchuck hepatitis virus post-transcriptional regulatory element comprises the
sequence of SEQ ID NO: 28 or 29.

The expression system according to any one of the preceding claims, further

comprising an intron.

. The expression system according to any one of the preceding claims further

comprising an intron wherein said intron is operably liked to the 5" end of the TH

and/or GCH-1 transcript.

The expression system according to any one of the preceding claims wherein the
ratio is determined by measuring the activity of the expressed TH and GCH1
enzymes in a sample from a sample host transfected or transduced with the

expression system of any of the preceding claims.

The expression system according to any one of the preceding claims wherein the
TH:GCH1 ratio is determined by measuring the amount of Tetrahydrobiopterin
(BH4) in a sample from a sample host transfected or transduced with the

expression system of any one of the preceding claims.
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The expression system according to any one of the preceding claims wherein the
TH:GCH1 ratio is determined by the amount of mMRNA transcribed in a sample from
a sample host transfected or transduced with the expression system of any of the

preceding claims.

The expression system according to any one of the preceding claims wherein the
TH:GCH1 ratio is determined by the amount of protein expressed in a sample from
a sample host transfected or transduced with the expression system of any of the

preceding claims.

The expression system according to any one of the preceding claims, wherein the

expression system is a minimally integrating expression system.

The expression system according to any one of the preceding claims, wherein the
expression system is a vector capable of infecting, transfecting or transducing a
mammalian cell such as a muscle cell such as a myocyte or a muscle cell precursor

such as a myoblast.

The expression system according to any one of the preceding claims, further

comprising a fourth polynucleotide.

The expression system according to any one of the preceding claims, wherein the
fourth polynucleotide upon expression encodes a reporter capable of reporting

expression of at least one of the polynucleotides encoding TH, GCH1 or PTPS.

The expression system according to any one of the preceding claims, wherein the

reporter is a fluorescent protein such as GFP or eGFP.

The expression system according to any one of the preceding claims, wherein the
fourth polynucleotide upon expression encodes a transport protein such as

vesicular monoamine transporter (VMAT).

The expression system according to any one of the preceding claims, wherein the

fourth polynucleotide upon expression encodes a VMAT inhibitor.
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An isolated host cell transduced or transfected by the expression system of any

one of the preceding claims.

The host cell according to any one of the preceding claims, wherein said cell is a

eukaryotic cell.

The host cell according to any one of the preceding claims, wherein said cell is a

mammalian cell.

The host cell according to any one of the preceding claims, wherein said cell is a

primate cell.

The host cell according to any one of the preceding claims, wherein said cell is a

human cell.

The host cell according to any one of the preceding claims, wherein said cell is

selected from the group consisting of hepatocytes, myocytes and myoblasts.

A pharmaceutical composition comprising the expression system or the host cell as

defined in any one of the preceding claims.

The expression system, the host cell, or the pharmaceutical composition according

to any one of the preceding claims, for medical use.

The expression system, the host cell, or the pharmaceutical composition according
to any one of the preceding claims, for use in a method of treatment of a disease
associated with catecholamine dysfunction, wherein said expression system is

administered peripherally.

The expression system, the host cell, or the pharmaceutical composition according
to any one of the preceding claims, wherein said use comprises obtaining and/or

maintaining a therapeutically effective concentration of L-DOPA in blood.
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96. The expression system, the host cell, or the pharmaceutical composition according
to any one of the preceding claims, for use in a method of maintaining a
therapeutically effective concentration of L-DOPA in blood, said method comprising

peripheral administration of said expression system to a person in need thereof.

97. The expression system, the host cell, or the pharmaceutical composition according
to any one of the preceding claims, further comprising supplementing the
administration of the expression system or the host cell with systemic

administration of a therapeutically effective amount of L-DOPA.

98. The expression system, the host cell, or the pharmaceutical composition according
to any one of the preceding claims, further comprising administering a
therapeutically effective amount of tetrahydrobiopterin (BH,) or an analogue

thereof.

99. The expression system, the host cell, or the pharmaceutical composition according
to any one of the preceding claims, further comprising administering a
therapeutically effective amount of a tetrahydrobiopterin (BH4) analogue, wherein

the analogue is sapropterin.

100. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, further comprising administering a

therapeutically effective amount of a peripheral decarboxylase inhibitor.

101. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, further comprising administering a
therapeutically effective amount of a peripheral decarboxylase inhibitor selected

from the group consisting of benserazine and carbidopa.

102. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, further comprising administering a
therapeutically effective amount of a catechol-O-methyltransferase (COMT)
inhibitor.
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103. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, further comprising administering a
therapeutically effective amount of a catechol-O-methyltransferase (COMT)
inhibitor selected from the group consisting of tolcapone, entacapone and

nitecapone.

104. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein said administration of BH,,
decarboxylase inhibitors and/or COMT-inhibitors and analogues thereof, is by

systemic administration.

105. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein said administration of BH,,
decarboxylase inhibitors and/or COMT-inhibitors and analogues thereof, is by

enteral or parenteral administration.

106. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein said administration of BH,,
decarboxylase inhibitors and/or COMT-inhibitors and analogues thereof, is by oral,

intravenous or intramuscular administration.

107. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein the peripheral administration

of the expression system is parenteral administration outside the CNS.

108. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein said administration of BH,,
decarboxylase inhibitors and/or COMT-inhibitors and analogues thereof, is by

isolated limb perfusion.

109. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein the peripheral administration

of the expression system is intramuscular administration.
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110. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein the peripheral administration

of the expression system is intravenous administration.

111. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein the intravenous

administration of the expression system is in the portal vein.

112. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein the peripheral administration

of the expression system is intrahepatic administration.

113. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein the peripheral administration

of the expression system is subcutaneous administration.

114. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein the catecholamine

dysfunction is catecholamine deficiency.

115. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein the catecholamine

deficiency is dopamine deficiency.

116. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein said disease associated with
catecholamine dysfunction is a disease, disorder or damage of the central and/or

peripheral nervous system.

117. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein said disease, disorder or
damage of the central and/or peripheral nervous system is a neurodegenerative

disorder.
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118. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein said disease associated with

catecholamine dysfunction is a disease of the basal ganglia.

119. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, for use in a method of treatment of a
disease selected from the group consisting of Parkinson’s Disease (PD); dyskinesia
including L-DOPA induced dyskinesia (LID); DOPA responsive dystonia; ADHD;
schizophrenia; depression; vascular parkinsonism; essential tremor; chronic stress;
genetic dopamine receptor abnormalities; chronic opoid; cocaine; alcohol or
marijuana use; adrenal insufficiency; hypertension; hypotension; noradrenaline
deficiency; post-traumatic stress disorder; pathological gambling disorder;

dementia; Lewy body dementia and hereditary tyrosine hydroxylase deficiency.

120. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, for use in a method of treatment of
Parkinson’s disease, atypical Parkinson’s disease including conditions such as
Multiple System Atrophy, Progressive Supranuclear Palsy, Vascular or
arteriosclerotic Parkinson’s disease, Drug induced Parkisonism and GTP
cyclohydrolase 1 deficiency and/or any dystonic conditions due to dopamine

deficiency.

121. The expression system, the host cell, or the pharmaceutical composition
according to any one of the preceding claims, wherein said neurodegenerative

disorder is Parkinson’s Disease (PD).

122. A method for maintaining a therapeutically effective concentration of L-
DOPA in blood of a patient, said method comprising administering to said patient
the expression system, the host cell or the pharmaceutical composition as defined

in any one of the preceding claims.

123. A method for reducing, delaying and/or preventing emergence of L-DOPA

induced dyskinesia (LID), said method comprising peripherally administering the
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expression system, the host cell or the pharmaceutical composition according to

any one of claims to a patient in need thereof.

124. A method of obtaining and/or maintaining a therapeutically effective
concentration of L-DOPA in blood, said method comprising peripherally
administering the expression system, the host cell or the pharmaceutical

composition.

125. A method of obtaining and/or maintaining a therapeutically effective
concentration of L-DOPA in blood, said method comprising peripherally
administering a vector comprising a nucleotide sequence which upon expression
encodes at least one therapeutic polypeptide, wherein the at least one therapeutic
polypeptide is a tyrosine hydroxylase (TH; EC 1.14.16.2) polypeptide, or a

biologically active fragment or variant thereof.

126. A method of treatment or prophylaxis of a catecholamine dysfunction
such as Parkinson’s Disease or L-DOPA induced dyskinesia, said method
comprising peripherally administering the expression system, the host cell or the
pharmaceutical composition expression system as defined in any one of ther

preceding claims.

127. The method according to claim 126, wherein the expression system is

administered via isolated limb perfusion.

128. The method according to claim 127, wherein the isolated limb perfusion
comprises at least one step of injecting the expression system in a muscle or in a

vein.

129. The method according to any one of claims 125 to 128, wherein the
expression system, the host cell or the pharmaceutical composition is injected at

least twice in a muscle.

130. The method according to any one of claims 125 to 128, wherein the
expression system, the host cell or the pharmaceutical composition is injected at

least once in a vein.
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131. A kit comprising the expression system, the host cell and/or the
pharmaceutical composition according to any one of the preceding claims, and

instructions for use.



WO 2017/021359 PCT/EP2016/068315

1/9

| tetrahydrobiopterin

e S

dihvdrobiopterin

tetrahydrobiopterin
» dihvdrobiopterin

L-DOPA

Fig. 1



WO 2017/021359 PCT/EP2016/068315
2/9

TR TR

Fig. 2



WO 2017/021359 PCT/EP2016/068315
3/9
Grou Vector (AAV2/8) Animals Dose
P (vg/mouse)
1 - 6 -
5 scLP1-GCH1 . 3.51x10%°
scLP1-tTH 3.51 x10%°
3 scLP1-tTH 6 7.02 x10%°
Grou Vector Animals Dose
P (AAV2/8) (vg/mouse)
1 SCHLP-tTH 2 3.60x10"2
5 scHLP-GCH1 5 1.80 x10*
SCHLP-tTH 1.80 x10*

L-DOPA levels

Fig. 3



WO 2017/021359 PCT/EP2016/068315

4/9

GCH1 Staining

No virus

GCH1 + tTH
VIirus

tTH virus

Scale bar 20pum

Fig. 4A



WO 2017/021359 PCT/EP2016/068315

5/9

GCH1 Staining

s

No virus

GCH1 + tTH
VIirus

Scale bar 50um

Fig. 4B



WO 2017/021359

6/9

PCT/EP2016/068315

A)

Group n Vector (scAAV2/8) Dose (vg) L-DOPA (ug/ml)
A 6 No virus - 0.149+0.04
LP1-tTH 3.51x10"°
B 6 - 0.157+0.02
LP1-GCH1 3.51x10
C 6 LP1-tTH 7.02x10"° 0.17010.02
D 2 HLP-tTH 3.6x10"2 0.298
HLP-GCH1 1.8x10"?

E 2 - 0.303
HLP-tTH 1.8x10
B)
E
@)
-
<
al
O
Q
—
@©
&
o
0
0

A B C D E

Treatment Group

Fig. 5




WO 2017/021359 PCT/EP2016/068315

7/9
No virus

.
.
i




WO 2017/021359 PCT/EP2016/068315

8/9

tTH




WO 2017/021359 PCT/EP2016/068315

9/9

GCHI1

PTPS ||2A




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/068315

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61K48/00 C12N15/86
ADD.

C12N15/864

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61K CI2N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 20117054976 A2 (BJOERKLUND TOMAS [SE];
BJOERKLUND ANDERS [SE]; KIRIK DENIZ [SE];
GENEP) 12 May 2011 (2011-05-12)

1-131

abstract

claim 9

[GB]) 2 May 2013 (2013-05-02)
claims 1, 17

A WO 02/29065 A2 (OXFORD BIOMEDICA LTD [GB];
KINGSMAN ALAN JOHN [GB]; MAZARAKIS
NICHOLAS) 11 April 2002 (2002-04-11)

A WO 2013/061076 Al (OXFORD BIOMEDICA LTD

1-131

1-131

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

12 October 2016

Date of mailing of the international search report

27/10/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Stoyanov, Borislav

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/068315
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2011054976 A2 12-05-2011 AU 2010316982 Al 14-06-2012
CA 2779437 Al 12-05-2011
CN 102695526 A 26-09-2012
co 6541559 A2 16-10-2012
EP 2498825 A2 19-09-2012
JP 5894535 B2 30-03-2016
JP 2013509890 A 21-03-2013
KR 20120089743 A 13-08-2012
NZ 600104 A 29-11-2013
RU 2012123943 A 20-12-2013
US 2012309816 Al 06-12-2012
US 2015065560 Al 05-03-2015
WO 2011054976 A2 12-05-2011

WO 0229065 A2 11-04-2002 AT 474058 T 15-07-2010
AU 9209301 A 15-04-2002
CA 2424738 Al 11-04-2002
CY 1110817 T1 10-06-2015
DK 1337655 T3 20-09-2010
EP 1337655 A2 27-08-2003
EP 2180057 Al 28-04-2010
ES 2348277 13 02-12-2010
JP 4224295 B2 12-02-2009
JP 2004520016 A 08-07-2004
PT 1337655 E 25-08-2010
US 2004013648 Al 22-01-2004
US 2007025970 Al 01-02-2007
US 2009111106 Al 30-04-2009
WO 0229065 A2 11-04-2002

WO 2013061076 Al 02-05-2013 AU 2012328166 Al 12-06-2014
CA 2849241 Al 02-05-2013
CN 104011213 A 27-08-2014
EP 2771471 Al 03-09-2014
JP 2014532402 A 08-12-2014
WO 2013061076 Al 02-05-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - claims
	Page 95 - claims
	Page 96 - claims
	Page 97 - claims
	Page 98 - claims
	Page 99 - claims
	Page 100 - claims
	Page 101 - claims
	Page 102 - claims
	Page 103 - claims
	Page 104 - claims
	Page 105 - claims
	Page 106 - claims
	Page 107 - claims
	Page 108 - claims
	Page 109 - claims
	Page 110 - claims
	Page 111 - claims
	Page 112 - claims
	Page 113 - claims
	Page 114 - claims
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - wo-search-report
	Page 125 - wo-search-report

