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VECTORS AND SEQUENCES FOR THE TREATMENT OF DISEASES 

FIELD OF THE INVENTION 

The present invention relates to vectors useful for the expression of 

proteins of interest and their utilization in gene therapy. The present invention 

also relates to vectors and nucleic acid sequences helpful for the treatment of 

mucopolysaccharidoses 	(MPS), 	and 	in 	particular, 	for 	the 	treatment 	of 

mucopolysaccharidoses type III or Sanfilippo syndrome. 

BACKGROUND OF THE INVENTION 

The lysosome is an organelle founded in the cytoplasm of eukaryotic 

cells, which serves as storage for many hydrolytic enzymes and as a center for 

degrading and recycling cellular components. This organelle contains several 

types of hydrolytic enzymes, 	including 	proteases, 	nucleases, 	glycosidases, 

lipases, phospholipases, phosphatases and sulfatases. All enzymes are acid 

hydrolases. 

Lysosomal storage diseases (LSDs) are caused by genetic defects that 

affect one or more lysosomal enzymes. These genetic diseases result generally 

from a deficiency in a particular enzyme activity present in the lysosome. To a 

lesser extent, these diseases may be due to deficiencies in proteins involved in 

lysosomal biogenesis. 

LSDs are individually rare, although as a group these disorders are 

relatively common in the general population. The combined prevalence of LSDs 

is approximately 1 	per 5,000 live births. See Meikle P, et al., JAMA 1999; 

281:249-254. 	However, 	some 	groups 	within 	the 	general 	population 	are 

particularly afflicted by a high occurrence of LSDs. For instance, the prevalence 

rates of the Gaucher and Tay-Sachs diseases in descendants from Jewish 

Central and Eastern European (Ashkenazi) individuals is 1 per 600 and 1 per 

3,900 	births, 	respectively. 	The 	Finnish 	population 	is 	also 	afflicted 	by 	an 

uncommonly high LSDs prevalence rate. 



2 

Type 	III 	mucopolysaccharidoses 	(MPSIII), 	known 	collectively 	as 

Sanfilippo syndrome, are LSDs caused by a deficiency in one of the enzymes 

involved 	in 	the degradation 	of heparan 	sulfate, 	leading 	to 	its pathological 

accumulation. MPSIII is classified into four subtypes depending on the enzyme 

deficiency. Loss of sulfamidase activity causes subtype IIIA and has been 

reported to be the most severe, with the earliest disease onset and shortest 

survival. 	Symptoms 	of MPSIIIA occur in 	the first years 	of life, 	and 	are 

characterized 	by 	severe 	neurodegeneration 	that 	leads 	to 	deep 	mental 

retardation, 	aggressiveness, 	hyperactivity, 	and 	sleep 	alterations. 	Patients 

progressively 	lose 	the 	capacity 	of 	speech, 	swallow, 	and 	basic 	motor 

coordination. In addition to the neurological symptoms, MPSIIIA patients suffer 

non-neurological alterations, including hepato- and splenomegaly, skeletal and 

joint 	malformations, 	as 	well 	as 	frequent 	diarrhoea 	and 	respiratory 	tract 

infections. The progressive worsening of symptoms results in the death of the 

patient 	during 	adolescence. 	See 	Neufeld 	E, 	Muenzer 	J, 	"The 

mucopolysaccharidoses" 	in 	Scriver 	C, 	et 	al., 	Eds., 	"The 	metabolic 	and 

molecular basis of inherited disease" (McGraw-Hill Publishing Co., New York, 

NY, US, 2001, pp. 3421-3452). 

There is no cure for MPSIIIA currently and, therefore, existing treatments 

are aimed at controlling symptoms of the disease in order to improve the poor 

quality of life of the patients. MPS disorders can be treated by bone marrow 

transplantation or enzyme replacement therapy (ERT). Both approaches rely in 

the endocytosis of lysosomal enzymes from extracellular medium and their 

targeting to lysosomes via the mannose-6-phosphate receptor (M6PR) present 

at 	the 	cell 	membrane. 	Nevertheless, 	bone 	marrow 	transplantation 	has 

demonstrated 	to 	be 	inefficient 	in 	the 	treatment 	of 	MPSIII 	patients. 	See 

Sivakamur P, Wraith J, J. Inherit. Metab. Dis. 1999; 22:849-850. ERT has been 

extensively 	proven 	to 	be 	effective 	in 	counteracting 	the 	non-neurological 

accumulation in other lysosomal storage diseases, including MPSI, II and VI. 

See Harmatz P, et al., J. Mol. Genet. Metab. 2008; 94:469-475; Muenzer J, et 

al., Genet. Med. 2006; 8:465-473 and Wraith J, et al., J. Pediatr. 2004; 144:581- 

588. In addition to the high cost of these treatments, it has been shown that 
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ERT does not result in correction or preservation of neuronal function due to the 

insufficient delivery of the exogenously provided enzyme through the blood-

brain barrier (BBB). See Enns G, Huhn S, Neurosurg. Focus 2008; 24:E12. 

More recently, 	it 	has 	been 	demonstrated 	that high-dose 	ERT 	is 	partially 

successful in clearing CNS storage in MPS VII, possibly due to the saturation of 

M6PR and mannose receptors that lead to a longer half-life of the protein in 

circulation. See Vogler C, et al., Proc. Natl. Acad. Sci. USA 2005; 102:14777- 

14782. This study demonstrates that high levels of the enzyme in circulation 

during long periods of time correlate with a better correction of the pathology. 

Intracerebral and intra-CSF delivery of the enzyme have also been proved to be 

efficient in reducing CNS pathology in MPS IIIA mice. See Hemsley K, et al., 

Genes Brain Behay. 2008; 53(2):161-8 and Savas P, et al., Mol. Genet. Metab. 

2004; 82:273-285. However, this approach is highly invasive due to the need for 

multiple repeated injections and could increase the risk of damage and/or 

infections in the brain. 

Given the limitations of current therapeutic options for MPSIII, alternative 

approaches are needed. Gene transfer could provide the means to achieve a 

permanent production of the missing enzyme from a single intervention. Adeno-

associated vectors (AAV) are rapidly emerging as the vector of choice for many 

gene therapy applications, due to their high transduction efficiency and their 

lack of pathogenicity. AAV vectors efficiently transduce post-mitotic cells and 

several pre-clinical and clinical studies demonstrated the potential of AAV 

vector-mediated 	gene transfer to 	efficiently drive 	sustained 	expression 	of 

therapeutic transgenes for a variety of diseases. See Daya S, Berns K, Clin. 

Microbiol. Rev. 2008; 21:583-593. 

It has been shown that the administration of an AAV5 vector co-

expressing sulfamidase and the sulfatase activator SUMF1 in lateral ventricles 

of newborn MPSIIIA mice is able to correct many neurological and behavioral 

alterations. 	See 	Fraldi 	A, 	et al., 	Hum. 	Mol. 	Genet. 	2007; 	16:2693-2702. 

However, this proposed course of action has several shortcomings. First, the 

CMV promoter utilized has been reported to silence. Second, the long term 

effects of the co-expression of sulfamidase and SUMF1 	have not been 
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assessed yet. It is not clear if the co-expression of SUMF is even necessary 

and provides any additional permanent benefits in comparison to the treatment 

with sulfamidase only. Third, AAV5 vectors have a low distribution within the 

parenchyma, and more importantly, the delivery of sulfamidase into the brain by 

using these vectors does not result in any transduction of the cerebral tissue, 

thus, no correction of somatic phenotype is achieved by following this approach. 

Finally, Fraldi, 2007, supra demonstrated the efficacy of gene transfer in only 

newborn MPSIIIA mice. No experiments were reported in older mice. Since 

MPSIIIA is usually diagnosed after 3-4 years of age, the newborn animal model 

is not adequate for predicting the effects of this treatment in human beings. 

In view of the difficulties for diagnosing MPSIIIA at birth, the development 

of therapeutic interventions starting in early adulthood has been proposed. It 

has been reported that the intravenous delivery of a lentiviral vector expressing 

sulfamidase in adult mice resulted in little amelioration of the CNS phenotype, 

likely due to the relatively poor transduction performance of these vectors in 

vivo. See McIntyre C, et al., Mol. Genet. Metab. 2008; 93:411-418. Thus, the 

use of viral vectors with higher transduction efficacy in vivo, such as AAV 

vectors, 	may provide higher circulating 	levels of sulfamidase, which could 

potentially ameliorate or correct the neurological pathology. 

The treatment of MPSIIIA via gene therapy requires more efficient vectors and 

sulfamidase coding sequences. Therefore, there is a long-felt need for an 

effective treatment of MPSIIIA. There is also the need for novel approaches to 

the treatment of this disease that would have enhanced security features. 

MPSIIIA 	is 	a 	rare 	disease 	and 	is 	therefore 	an 	orphan 	disease. 	The 

pharmaceutical agents developed specifically to treat this rare medical condition 

will be orphan drugs. 

SUMMARY OF THE INVENTION 

The present invention provides a new nucleotide sequence for the 

treatment of diseases, preferably for the treatment of mucopolysaccharidoses 

(MPS). 	Therefore, 	the first aspect of the 	invention 	refers to a 	nucleotide 
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sequence that is a codon optimized sequence of human sulfamidase that allows 

the transcription of a more stable mRNA. This sequence is transcribed at higher 

rates, and therefore, produces higher yields of the sulfamidase enzyme. The 

sequence has a better expression profile and is more effective therapeutically 

than other attempts to codon optimize the sulfamidase nucleotide sequence. 

These increased levels in the enzyme expression are followed by an increase in 

the 	serum 	sulfamidase 	activity, 	allowing 	the 	reduction 	of 	the 

glyocosaminoglycan 	(GAG) 	accumulation 	that 	causes 	the 	disease. 	Said 

sequence is SEQ ID NO: 1 or a sequence having at least 85% sequence 

identity to SEQ ID NO: 1 that codifies for the protein SEQ ID NO: 2. 

In 	a 	second 	aspect, 	the 	invention 	relates 	to 	a 	gene 	construction 

comprising the nucleotide sequence of the first aspect of the invention. 

The present invention also provides new AAV vectors with serotype 9 

that are capable of passing across the blood-brain barrier (BBB) and show more 

tropism for different brain structures. This allows the sulfamidase activity to be 

increased 	specifically 	in 	the 	brain, 	reducing 	the 	GAG 	accumulation 	and 

therefore improving the neurological symptoms of MPS. The AAV serotype 9 

shows also an unexpectedly high tropism for heart, pancreas and muscle 

tissue, thus potentiating the overall therapeutic benefits of the invention. 

For example, after administrating AAV serotypes 8 and 9 (AAV8 and 

AAV9) vectors to adult MPSIIIA mice by intravenous (iv) injection, to target the 

liver, 	or 	by 	intramuscular 	(im) 	injection, 	to 	target 	the 	skeletal 	muscle, 	or 

intracisteranally 	(ic), 	to 	target 	the 	central 	nervous 	system, 	the 	levels 	of 

sulfamidase expression achieved with im- vector delivery were not therapeutic. 

The intracisternal administration was able, not only to increase the level of 

circulating sulfamidase, but also, to revert the somatic phenotype of MPSIIIA in 

several types of tissue, including brain tissue. The liver-directed approach was 

also able to 	produce 	high 	levels of circulating 	sulfamidase activity, which 

surprisingly corrected the somatic storage phenotype of MPSIIIA in full and 

significantly the neuropathology associated with the disease. These results 

provide evidence of the efficacy of AAV-mediated gene transfer of sulfamidase 

in adult MPSIIIA mice, a disease model closely resembling a human clinical 
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setting. The inventors were able to completely correct both 	somatic and 

neurological alterations of MPSIIIA. 

The gene constructions of the present invention may further comprise 

adequate promoters, such the CAG or hAAT promoters, to control and 

potentiate the expression of sulfamidase. For instance, the CAG promoter is 

more stable than the CMV promoter, and is thus more amenable to induce the 

expression of sulfamidase for longer periods of time. On the other hand, the 

safety and efficacy of the hAAT promoter make it an ideal vehicle for delivering 

follow-up or maintenance doses of sulfamidase. The control of the expression of 

SEQ ID NO: 1 by the CAG or hAAT promoters has potentiated significantly its 

therapeutic effects. 

Also, the AAV vectors of the present invention increase the sulfamidase 

activity, 	which 	reduces the 	GAG 	accumulation 	and 	improves the 	clinical 

outcome of individuals suffering from MPS. Only one administration may be 

sufficient 	because 	the 	promoter 	and 	the 	nucleotide 	sequence 	of 	the 

sulfamidase, 	located 	between 	the 	inverted 	terminal 	repeats 	(ITR) 	are 

incorporated in the genome of the cells of the individual. Therefore, a single 

parenteral administration is enough to get a long-term effect. 

In a third aspect, the invention relates to a pharmaceutical composition 

comprising the nucleotide sequence of the first aspect of the invention, the gene 

construction or the expression vector of the invention. 

In a fourth aspect, the invention relates to the nucleotide sequence, the 

gene construction, the expression vector or the pharmaceutical composition of 

the invention for use as a medicament. The medicament may be used for 

increasing 	the 	sulfamidase activity 	in 	the 	body, 	for enzyme 	replacement 

therapy, for gene therapy or for the treatment of MPS. 

In a fifth aspect, the invention relates to a method for the production of 

the expression vectors of the first and second aspect of invention. 

In a sixth aspect, the invention relates to a method for manufacturing the 

pharmaceutical compositions of the third aspect of the invention. 
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In a seventh aspect, the invention relates to a method for treating a 

subject having mucopolysaccharidosis type IIIA with the first, second and third 

aspects of the invention. 

The present invention also relates to the use of a nucleotide sequence, gene 

construction, expression vector or pharmaceutical compositions of the invention 

in the manufacture of a medicament for increasing the sulfamidase activity in 

the body, for enzyme replacement therapy, for gene therapy or for the treatment 

of mucopolysaccharidoses or mucopolysaccharidosis type IIIA. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 	1. 	Intramuscular 	delivery 	of 	AAV1-CAG-mu-SFMD-WPRE. 	(A) 

Sulfamidase activity in skeletal muscle of control, MPS and treated mice. (B) 

Sulfamidase 	activity 	in 	serum 	of 	control, 	MPS 	and 	treated 	mice. 	(C) 

Glycosaminoglycan (GAG) quantification in liver of control, MPS and treated 

mice. Values are means ± SEM of 4 to 8 mice per group. Y P<0.05 vs. control, 

OP<0.05 vs. males, * P<0.05 vs. untreated MPS. ND: not detected. 

Figure 	2. 	Intramuscular 	delivery 	of 	AAV8-CAG-mu-SFMD-WPRE. 	(A) 

Sulfamidase activity in skeletal muscle of control, MPS and treated mice. (B) 

Sulfamidase 	activity 	in 	serum 	of 	control, 	MPS 	and 	treated 	mice. 	(C) 

Glycosaminoglycan (GAG) quantification in liver of control, MPS and treated 

mice. Values are means ± SEM of 4 to 8 mice per group. Y P<0.05 vs. control, 

OP<0.05 vs. males, * P<0.05 vs. untreated MPS. ND: not detected. 

Figure 	3. 	Intravenous 	delivery 	of 	AAV8-CAG-mu-SFMD-WPRE. 	(A) 

Sulfamidase activity in liver of control, MPS and treated mice. (B) Sulfamidase 

activity in serum of control, MPS and treated mice. (C) Glycosaminoglycan 

(GAG) quantification in liver of control, MPS and treated mice. Values are 

means ± SEM of 4 to 8 mice per group. Y P<0.05 vs. control, OP<0.05 vs. 

males, * P<0.05 vs. untreated MPS. ND: not detected 

Figure 4. 	Intravenous delivery of AAV8-hAAT-mu-SFMD. (A) Sulfamidase 

activity in liver of control, MPS and treated mice. (B) Sulfamidase activity in 

serum of control, 	MPS and treated mice. 	(C) Glycosaminoglycan 	(GAG) 
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quantification in liver of control, MPS and treated mice. Values are means ± 

SEM of 4 to 8 mice per group. Y P<0.05 vs. control, OP<0.05 vs. males, * 

P<0.05 vs. untreated MPS. ND: not detected. 

Figure 5. Amelioration of the neurological pathology of MPSIIIA mice after 

intravenous delivery of AAV8-hAAT-mu-SFMD. 	(A) Sulfamidase activity in 

different parts of the brain (depicted in the diagram) of control, MPS and treated 

males. (B) Glycosaminoglycan (GAG) quantification in the same parts of the 

brain. Values are means ± SEM of 4 to 8 mice per group. Y P<0.05 vs. control, * 

P<0.05 vs. 	untreated 	MPS. 	ND: 	not detected. 	(C) Transmission 	electron 

microscopy of Purkinje cells in the cerebellum. Somas of Purkinje neurons of 

non-treated MPSIIIA mice were filled with many large electron-dense inclusions 

(white arrows), whereas in iv-AAV8-hAAT treated males less and smaller 

inclusions were found (black arrows). 

Figure 	6. 	Intravenous AAV9-CAG-mu-SFMD. 	(A) 	Sulfamidase 	activity 	in 

different parts of the brain (depicted in the diagram) of control, MPS and treated 

mice. (B) Glycosaminoglycan (GAG) quantification in the same parts of the 

brain. (C) Assessment of motor function by accelerating Rotarod test. Values 

are means ± SEM of 4 to 8 mice per group. Y P<0.05 vs. control, * P<0.05 vs. 

untreated MPS. 

Figure 7. Brain transduction after intracisternal delivery of adeno-associated 

virus serotypes 1, 2, 5, 7, 8 and 9 GFP vectors. A dose of 5 x 1010  vector 

genomes of the appropriate vector was administered intracisternally to 2 month 

old 	animals, which were sacrificed 	and 	analyzed 	2 weeks later. Adeno- 

associated virus serotype 9 demonstrated the highest efficiency of transduction 

in all analyzed areas. Syringe indicates the route of vector delivery, the cisterna 

magna. P: Pons, Cb: cerebellum, OB: olfactory bulb, Ht: hypothalamus, Cx: 

cerebral cortex. 

Figure 	8. 	Intracisternal 	delivery 	of 	AAV9-CAG-mu-SFMD 	vectors. 

Glycosaminoglycan (GAG) quantification in different parts of the brain (depicted 

in the diagram) of control, MPS and treated mice. Values are means ± SEM of 3 

mice per group. Y P<0.05 vs. control, * P<0.05 vs. untreated MPS. 
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Figure 9. Intravenous delivery of AAV9-CAG-hu-co-SFMD. Sulfamidase activity 

in the liver of control mice, MPS mice and mice treated either with AAV9-CAG-

mu-SFMD (non-optimized gene) or AAV9-CAG-hu-co-SFMD (optimized gene). 

Figure 10. Reduction of lysosomal pathology in perineuronal glial cells of the 

occipital cortex. Transmission electron microscopy depicting cortical neurons of 

the occipital cortex and their associated glial cells. MPSIIIA lysosomal pathology 

was much more evident in perineuronal glial cells than neurons. The presence 

of large electro-lucent vacuoles in the glial cells from MPSIIIA untreated male 

samples (white arrows, upper right panel) and not in WT samples (upper left 

panel) is shown. This enlargement of the lysosomal compartment was greatly 

reduced in iv-AAV8hAAT-treated mice, and most of the perineuronal glial cells 

in these samples presented an aspect similar to that of WTs (bottom panels). 

(1) neuron, (2) perineuronal glial cell. 

Figure 11. Survival in intravenous AAV8-hAAT-SFMD treated males and 

females. (A) Kaplan-Meier survival analysis in WT, MPSIIIA and intravenous 

AAV8-hAAT-SFMD treated males. Treatment with AAV-mediated liver-directed 

gene therapy considerably extended the lifespan of MPSIIIA animals (p<0.001). 

(B) Kaplan-Meier survival analysis in WT, MPSIIIA and iv-AAV8-hAAT-SFMD 

treated females. Treatment with AAV-mediated liver-directed gene therapy did 

not extend the lifespan of MPSIIIA females (p= 0.467). 

Figure 12. Survival in intracisternal and intravenous AAV9-CAG-mu-SFMD 

treated males and females. Kaplan-Meier survival analysis in WT, MPSIIIA and 

AAV9-treated males (A) and females (B). Both intracisternal and intravenous 

treatment with AAV-mediated gene therapy extended the lifespan of MPSIIIA 

animals. 

Figure 13. 	Intrascisternal administration of AAV9 vectors to dogs leads to 

transduction 	of widespread 	CNS 	areas 	and 	liver. 	Immunohistochemichal 

detection of GFP in CNS and liver sections of a dog injected with AAV9-GFP 

through the cisterna magna. The images correspond to: (a) spinal cord, (b) 

olivary body of the 	medulla 	oblongata, 	(c) 	raphe 	nuclei 	of the 	pons, 	(d) 

hypothalamic nuclei (e) rhinencephalon (f) occipital cortex, (h) frontal cortex, (i) 



10 

cerebellum, (j) dentate gyrus of the hippocampus. Scale bar: 1mm for (a), 500 

pm for (b)-(h), 100 pm for (i)-(j). 

Figure 14. Liver transduction after intracisternal delivery of AAV9-GFP vector in 

healthy Beagle dogs. Immunohistochemic detection of GFP in liver sections 

counterstained with hematoxilin. Representative images of Dog 1 (A) and Dog 2 

(B) are shown. Original magnification 200X. 

Figure 15. Serum sulfamidase activity and liver GAG content in intravenous 

AAV9-co-hu-SFMD injected animals. (A) Sulfamidase activity in the serum 

measured with a fluorogenic substrate. (B) GAG storage in the liver 2 months 

after vector administration. 

DEPOSIT OF MICROORGANISMS 

The plasmid pAAV-CAG-co-hu-SFMD was deposited on May 16th, 2011, 

under access number DSM 24817 at the DSMZ — Deutsche Sammlung von 

Mikroorganismen und Zellkulturen, InhoffenstraRe 7 B, D-38124 Braunschweig, 

Federal Republic of Germany. 

The plasmid pAAV-CAG-mu-SFMD was deposited on May 16th, 2011, 

under access number DSM 24818 at the DSMZ — Deutsche Sammlung von 

Mikroorganismen und Zellkulturen, InhoffenstraRe 7 B, D-38124 Braunschweig, 

Federal Republic of Germany. 

The plasmid pGG2-hAAT-mu-SFMD was deposited on May 16th, 2011, 

under access number DSM 24819 at the DSMZ — Deutsche Sammlung von 

Mikroorganismen und Zellkulturen, InhoffenstraRe 7 B, D-38124 Braunschweig, 

Federal Republic of Germany. 

DEFINITIONS 

The term "nucleotide sequence" refers to a nucleic acid molecule, either 

DNA or RNA, containing deoxyribonucleotides or ribonucleotides. The nucleic 

acid may be double stranded, single stranded, or contain portions of both 

double stranded or single stranded sequence. 
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The term "% sequence identity" refers to the percentage of nucleotides of 

a candidate sequence that are identical to the nucleotides in SEQ ID NO: 1, 

after aligning the sequences to achieve the maximum % sequence identity. The 

% 	sequence 	identity can 	be determined 	by any methods or algorithms 

established in the art, such as the ALIGN, BLAST and BLAST 2.0 algorithms. 

See Altschul S, et al., Nuc. Acids Res. 1977; 25:3389-3402 and Altschul S, et 

al., J. Mol. Biol. 1990; 215:403-410. 

Herein, the % sequence identity is calculated dividing the number of 

nucleotides that are identical after aligning SEQ ID NO: 1 and the candidate 

sequence, by the total number of nucleotides in SEQ ID NO: 1 and multiplying 

the result by 100. 

The term "codify" refers to the genetic code that determines how a 

nucleotide sequence is translated into a polypeptide or a protein. The order of 

the nucleotides in a sequence determines the order of amino acids along a 

polypeptide or a protein. 

The term "protein" refers to a linear chain of amino acids or a polypeptide 

that 	is 	folded 	into 	a 	globular form. 	Proteins 	can 	suffer 	post-translational 

modifications, 	like 	the 	conversion 	of a 	cysteine 	residue 	to 	3-oxoalanine, 

glycosylation or metal binding. 	Glycosilation of a protein 	is the addition of 

different carbohydrates that are linked covalently to the amino acid chain. 

The term "effective amount" refers to an amount of a substance sufficient 

to achieve the intended purpose. For example, an effective amount of an 

expression vector to increase sulfamidase activity is an amount sufficient to 

reduce glycosaminoglycan accumulation. A "therapeutically effective amount" of 

an expression vector to treat a disease or disorder is an amount of the 

expression vector sufficient to reduce or remove the symptoms of the disease 

or disorder. The effective amount of a given substance will vary with factors 

such as the nature of the substance, the route of administration, the size and 

species of the animal to receive the substance and the purpose of giving the 

substance. The effective amount in each individual case may be determined 

empirically by a skilled artisan according to established methods in the art. 
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The term "individual" refers to an arbitrary animal, preferably human or 

non-human mammal, more preferably mouse, rat, other rodents, rabbit, dog, 

cat, pig, cow, horse or primate, further more preferably human. 

The term 	"operably linked" 	refers to the functional 	relation 	and the 

location of the promoter sequence with respect to the gene of interest (e.g. a 

promoter or enhancer is operably linked to a coding sequence if it affects the 

transcription 	of the 	sequence). 	Generally, 	a 	promoter 	operably 	linked 	is 

contiguous to the sequence of interest. However, an enhancer does not have to 

be contiguous to the sequence of interest to control its expression. 

The term "tropism" refers to the way in which different viruses have evolved to 

preferentially target specific host species, or specific cell types within those 

species. 

The term "gene therapy" refers to the transfer of genetic material (e.g. 

DNA or RNA) of interest into a host to treat or prevent a genetic or acquired 

disease or condition. The genetic material of interest encodes a product (e.g. a 

protein polypeptide, peptide or functional RNA) whose production in vivo is 

desired. For example, the genetic material of interest can encode an enzyme, 

hormone, receptor, or polypeptide of therapeutic value. 

The term "CAG promoter" refers to the combination formed by the 

cytomegalovirus early enhancer element and chicken 8-actin promoter (i.e. 

SEQ ID NO: 3). See Alexopoulou A, et al., BMC Cell Biology 2008; 9(2): 1-11. 

The 	term 	"hATT 	promoter" 	refers 	to 	the 	human 	alphal-antitrypsin 

promoter (i.e. SEQ ID NO: 4). See Hafenrichter H, et al., Blood 1994; 84: 3394- 

3404. 

The term "viral vector particle" refers to the genetically modified virus used for 

the delivery of genes into an organism. The viral vector particles carry the viral 

genome. The viral genome comprises the nucleotide sequence that is located 

between the ITRs in the expression vector used for the production of the viral 

vector particles. The adeno-associated viral vector particles are called AAV. 

The term "AAV vector" refers to the adeno-associated viral vector particles. 
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DETAILED DESCRIPTION OF THE INVENTION 

In a preferred embodiment, the sequence of the first aspect of the 

invention has at least 85%, sequence identity to SEQ ID NO: 1 that codifies for 

the protein SEQ ID NO: 2. Preferably, the sequence identity is at least 87%. 

More preferably, the sequence identity is at least 90%. Much more preferably, 

the sequence identity is at least 95%. Even more preferably, the sequence 

identity is at least 98%. Most preferably, the sequence identity is at least 99%. 

In a more preferred embodiment, the sequence of the first aspect of the 

invention is nucleotide sequence SEQ ID NO: 1. In another embodiment, the 

invention relates to a nucleotide sequence SEQ ID NO: 1 or a biologically active 

variant of this sequence. A biologically active variant includes a molecule having 

the same biological activity as SEQ ID NO: 1 and at least 85% sequence 

identity. Biological activity refers to the fact that the nucleotide sequence SEQ 

ID NO: 1 can be transcribed into a messenger RNA that has increased stability 

and therefore presents high translation rates, therefore allowing the expression 

of high levels of active human sulfamidase. 

In a preferred embodiment of the second aspect, the gene construction 

comprises a nucleotide sequence having at least 85%, preferably 87%, 90%, 

95%, 98%, 99% sequence identity to SEQ ID NO: 1. In a more preferred 

embodiment, the gene construction comprises nucleotide sequence SEQ ID 

NO: 1. A gene construction is nucleic acid molecule where different elements 

have been engineered in a specific and desired manner. These elements may 

be, 	among 	others, 	replicating 	sequences, 	control 	sequences, 	codifying 

sequences, multicloning sequences or recombination sequences. In a preferred 

embodiment, the gene construction is a vector. A vector is a nucleic acid 

molecule used to transfer genetic material into a cell. Apart form the said 

genetic material, a vector may also contain different functional elements that 

include 	control 	elements 	for 	transcription, 	like 	promoters 	or 	operators, 

transcription factor binding regions or enhancers, and control elements for the 

initiation or termination of translation. Vectors include, but are not limited to: 

plasmids, cosmids, viruses, phages, recombinant expression cassettes and 
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transposons. The adeno-associated vectors (AAV) are the viral vector particles, 

therefore they are not a nucleic acid molecule but a genetically modified virus 

used for the delivery of genes into an organism. 

In a preferred embodiment of the second aspect of the invention, the 

gene construction is a vector that is used for the translation and transcription of 

a gene of interest, usually controlled by a promoter. A promoter is a nucleotide 

sequence that controls the translation of the gene of interest. The promoter is 

operably linked to the gene of interest. 

Another preferred vector is an adeno-associated vector. In a preferred 

embodiment, the adeno-associated vector is used to produce adeno-associated 

particles where the serotype 	is 	1, 	2, 	5, 	7, 	8 or 9. 	In 	a 	more 	preferred 

embodiment, the serotype is 9. An adeno-associated vector is a vector derived 

from the genome of an adeno-associated virus (AAV) of the family Parvoviridae. 

The AAV genome is built of single-stranded deoxyribonucleic acid (ssDNA). 

AAV infect humans but are non-pathogenic (i.e. do not cause a disease). They 

can infect dividing and non-dividing cells, and their tropism changes depending 

on the serotype. The serotype is the classification of the viruses in groups, 

depending on their capsid antigens. The serotype of the AAV, determined by its 

capsid proteins, defines the virus tropism and allows its entry into a specific cell 

type. The production of the adeno-associated vector particles is described 

below. 

In a first preferred embodiment of the second aspect, the expression 

vector comprises the CAG promoter operably linked to SEQ ID NO: 1. 

A preferred vector is an expression vector comprising the CAG promoter, 

the promoter sequence being SEQ ID NO: 3. Therefore, one embodiment of the 

second aspect of the invention is an expression vector comprising CAG 

promoter, the promoter sequence being SEQ ID NO: 3 suitable for treating 

MPS. 

In a second preferred embodiment of the second aspect, the expression 

vector comprises the liver-specific hAAT promoter operable linked to SEQ ID 

NO: 1. 
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A preferred vector is an expression vector comprising the liver-specific 

hAAT promoter, the promoter sequence being SEQ ID NO: 4. Therefore, one 

embodiment of the second aspect of the invention is an expression vector 

comprising the liver-specific hAAT promoter, the promoter sequence being SEQ 

ID NO: 4 suitable for treating MPS. 

Another aspect of the present invention refers to a viral vector particle, 

also called expression vector, which carries the nucleotide sequences of the 

first aspect of the invention, or the gene construction or expression vector of the 

second aspect of the invention. 

A preferred expression vector has serotype 1, 2, 5, 7, 8 or 9. A more 

preferred viral vector particle has serotype 9. 

A preferred expression vector has serotype 9 and comprises a viral 

genome comprising a CAG promoter operably linked to SEQ ID NO: 1. 

A preferred expression vector has serotype 8 or 9 and comprises a viral 

genome comprising a hAAT promoter operably linked to SEQ ID NO: 1. 

A preferred expression vector has serotype 9 and comprises a viral 

genome comprising a hAAT promoter operably linked to SEQ ID NO: 1. 

In a preferred embodiment, the expression vector is AAV-CAG-co-hu-SFMD 

and more preferably, AAV9-CAG-co-hu-SFMD. 

In yet another preferred embodiment, the expression vector is AAV-

hAAT-co-hu-SFMD, and more preferably, AAV8-hAAT-co-hu-SFMD or pAAV9-

hAAT-co-hu-SFMD. The most preferred vector utilized when the hAAT promoter 

is used is AAV9-hAAT-co-hu-SFMD. 

In 	a 	preferred 	embodiment of the third 	aspect, 	the pharmaceutical 

composition 	is 	administered 	by 	parenteral 	administration. 	Parenteral 

administration 	refers 	to 	the 	route 	of 	administration 	of 	a 	pharmaceutical 

composition as an injection or infusion. Examples of parenteral administration 

are 	intravenous, 	subcutaneous, 	intracisternal 	and 	intramuscular 	injections. 

Preferably, the pharmaceutical composition is administered by intravenous or 

intracisternal administration 

In 	another 	preferred 	embodiment, 	the 	pharmaceutical 	composition 

comprises a therapeutically effective amount of the nucleotide sequence, the 



16 

gene construction, the viral vector particle or the expression vector of the 

invention. 

In a preferred embodiment of the fourth aspect, the nucleotide sequence, 

the gene construction, the expression vector, the viral vector particle or the 

pharmaceutical composition of the invention are used as a medicament. In a 

preferred embodiment, they are used for increasing the sulfamidase activity in 

the body. 

In another preferred embodiment, the nucleotide sequence, the gene 

construction, 	the 	expression 	vector, 	the 	viral 	vector 	particle 	or 	the 

pharmaceutical composition of the invention are used as a medicament for 

enzyme replacement or gene therapy, preferably gene therapy. The inventors 

propose a new gene therapy approach for the treatment of MPSIIIA therapeutic 

that is more efficacious than other known in the art. This approach is based on 

AAV vectors expressing sulfamidase. The enzyme replacement therapy (ERT) 

is a medical treatment that consists in replacing an enzyme in patients where a 

particular enzyme is deficient or absent. The enzyme is usually produced as a 

recombinant protein and administrated to the patient. 

In a further embodiment, the nucleotide sequence, the gene construction, 

the 	expression 	vector, 	the 	viral 	vector 	particles 	or 	the 	pharmaceutical 

composition 	of 	the 	invention 	are 	preferably 	used 	for 	the 	treatment 	of 

mucopolysaccharidoses, more preferably of mucopolysaccharidosis type III or 

Sanfilippo 	syndrome, 	preferably 	through 	gene 	therapy. 	Within 	the 

mucopolysaccharidosis type III syndrome the subtype A is especially amenable 

to respond to treatment with the present invention. 

In a preferred embodiment of the fifth aspect, a method for the production of the 

expression vectors of the invention is claimed. The process comprises the steps 

of: 

i) providing a first vector comprising the SEQ ID NO: 	1 	interposed 

between a first AAV terminal repeat and a second AAV terminal repeat, a 

CAG or hAAT promoter operably linked to the SEQ ID NO: 1; a second 

vector comprising an AAV rep gene and a AAV cap gene; and a third 

vector comprising the adenovirus helper function gene; 
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ii) co-transfecting competent cells with the vectors of step i); 

iii) culturing the transfected cells of step ii); and 

iv) purifying the expression vectors from the culture of step iii). 

In a preferred embodiment, the AAV first and second terminal repeats of 

the first vector are ITRs from the AAV serotype 2. 	In another preferred 

embodiment, the AAV rep genes of the second vector are from the AAV 

serotype 2. In yet another preferred embodiment, the AAV cap genes of the 

second vector are from the AAV serotypes 1, 2, 5, 7, 8 or 9. More preferably, 

the AAV cap genes of the second vector are from the AAV serotype 9. 	In 

another preferred embodiment, the competent cells are HEK293 cells. 

The viral vectors are administered in sufficient amounts to transfect the 

cells and to provide sufficient levels of gene transfer and expression to provide 

a 	therapeutic 	benefit 	without 	undue 	adverse 	effects, 	or 	with 	medically 

acceptable physiological effects, which can be determined by those skilled in 

the medical arts. 

In 	a 	preferred 	embodiment 	of 	the 	sixth 	aspect, 	a 	method 	for 

manufacturing the pharmaceutical compositions of the invention is claimed. This 

method 	comprises 	combining 	any 	of 	the 	nucleotide 	sequences, 	gene 

constructions, viral vector particles or expression vectors of the invention and a 

pharmaceutically acceptable vehicle or carrier to facilitate administration to yield 

the pharmaceutical compositions of the invention. 	The 	carrier 	is, 	for 

instance, water, or a buffered saline solution, with or without a preservative. The 

pharmaceutical compositions may be lyophilized for re-suspension at the time 

of administration or in solution. 

In a preferred embodiment of the seventh aspect, a method for treating a 

subject having mucopolysaccharidosis type IIIA with the nucleotide sequences, 

gene constructions, viral vector particles, expression vectors or pharmaceutical 

compositions of the invention is claimed. Schedules and dosages for the 

administration 	of 	the 	nucleotide 	sequences, 	gene 	constructions, 	vectors, 

expression vectors or pharmaceutical compositions according to the present 

invention can be determined in accordance to dosage protocols known in the 

art. In a preferred embodiment, the nucleotide sequences, gene constructions, 
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viral 	vector 	particles, 	expression 	vectors 	or 	pharmaceutical 	compositions 

according to the present invention are administered once. 

In one additional embodiment, a pharmaceutical composition for gene 

therapy treatment of MPS consists in the parenteral administration of an 

expression vector comprising a nucleotide sequence having 90% sequence 

identity to SEQ ID NO: 1. 

In another additional embodiment, a viral vector comprising the CAG 

promoter and a nucleotide sequence having 95% sequence identity to SEQ ID 

NO: 1 is used for gene therapy for the treatment of a lysosomal storage disease 

(LSD) by an intramuscular injection. 

In 	another additional embodiment, 	an AAV vector with 	serotype 	1 

comprising 	the CAG 	promoter and 	a 	nucleotide sequence 	having 	87% 

sequence identity to SEQ ID NO: 1 is used as a medicament to treat MPS and 

is administered intravenously. 

In 	another 	additional 	embodiment, 	a 	pharmaceutical 	composition 

comprising a nucleotide sequence having 98% sequence identity to SEQ ID 

NO: 	1 	and an ubiquitous promoter is administered 	parenterally to treat a 

disease. 

Having described the invention in general terms, it will be more easily 

understood by reference to the following examples which are presented as an 

illustration and are not intended to limit the present invention. 

GENERAL PROCEDURES 

1. Recombinant AAV Vectors 

The 	AAV 	vectors 	described 	herein 	were 	constructed 	by 	triple 

transfection. The materials required for making the vectors were: HEK293 cells 

(expressing El genes), helper plasmid providing adenovirus function, helper 

plasmid providing AAV rep genes from serotype 2 and cap genes from the 

desired serotype (i.e. AAV1, AAV2, AAV5, AAV7, AAV8, AAV9) and, finally, the 

backbone plasmid with ITRs and the construct of interest. 
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To 	generate 	sulfamidase-expressing 	AAV 	vectors, 	the 	cDNA 	of murine 

sulfamidase was cloned into an AAV backbone plasmid under the control of the 

ubiquitous hybrid CAG promoter or the liver-specific hAAT promoter. 

Vectors 	(viral 	vector particles) were 	generated 	by 	helper virus-free 

transfection of HEK293 cells using three plasmids with modifications. See 

Matsushita T, et al., Gene Ther. 1998; 5:938-945 and Wright J, et al., Mol. Ther. 

2005; 12:171-178. Cells were cultured to 70% confluence in roller bottles (RB) 

(Corning, Corning, NY, US) in DMEM (Dulbeccos's Modified Eagle Medium) 

supplemented with 10% FBS (Foetal Bovine Serum) and then co-transfected 

with: 1) a plasmid carrying the expression cassette flanked by the viral ITRs 

(described 	above); 	2) a 	helper plasmid 	carrying 	the AAV rep2 	and 	the 

correspondent cap (cap1 and cap9 genes; and 3) a plasmid carrying the 

adenovirus helper functions. Vectors were purified by two consecutives cesium 

chloride gradients using either a standard protocol or an optimized protocol as 

previously described. 	See Ayuso E, 	et al., Gene Ther. 2010; 	17:503-510. 

Vectors were dialyzed 	against 	PBS, 	filtered, 	titred 	by qPCR 	(quantitative 

Polymerase Chain Reaction) and stored at -80°C until use. 

a. Construction of pAAV-CAG-mu-SFMD-WPRE 

Murine sulfamidase cDNA was utilized as starting material (Clone ID: 

D330015N16; Riken, Saitama, JP). The cDNA was received inside the plasmid 

pFLCI-Sgsh. 	High-fidelity PCR was performed to amplify the sulfamidase 

codifying region with primers that included Mlul restriction sites at both ends. 

The sequences of the respective sense and antisense primers were: SEQ ID 

NO: 5 (Fw) CTTACTTATGACGCGTATGCACTGCCCGGGACTG and SEQ ID 

NO: 6 (Rv) TATCCTATCGACGCGTTCAGAGTTCATTGTGAAGCGGTC. 

The backbone plasmid pAAV-CAG-WPRE was generated previously and 

contained both ITRs from the AAV2 genome, the CAG promoter, the WPRE 

element and the polyA signal of rabbit 6-globin. The CAG promoter is a hybrid 

promoter composed of the CMV early/intermediate enhancer and the chicken 6-

actin promoter. This promoter is able to drive a potent expression ubiquitously. 
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The woodchuck hepatitis virus post-transcriptional regulatory element (WPRE) 

is a hepadnavirus sequence that is widely used as a cis-acting regulatory 

module in various types of plasmid or viral gene vectors. When placed in the 3' 

untranslated region of gene transfer cassettes, the WPRE enhances the 

production of the transgene by increasing both nuclear and cytoplasmic mRNA 

levels. See Zanta-Boussif M, et al., Gene Ther. 2009; 16:605-619. 

The PCR-amplified sulfamidase coding region was cloned into the Mlul 

restriction site of the AAV backbone plasmid pAAV-CAG-WPRE, and the 

resulting plasmid was named pAAV-CAG-mu-SFMD-WPRE. See SEQ ID NO: 

7. 

b. Construction of pAAV-CAG-mu-SFMD 

The WPRE element in the pAAV-CAG-mu-SFMD-WPRE plasmid is 

flanked by two EcoRl restriction sites. To generate the pAAV-CAG-mu-SFMD 

plasmid (accession number DSM 24818), the pAAV-CAG-mu-SFMD-WPRE 

plasmid was digested with EcoRl, to eliminate the WPRE sequence, and was 

then subsequently religated. See SEQ ID NO: 8. 

c. Construction of pAAV-CAG-co-hu-SFMD 

The pAAV-CAG-mu-SFMD plasmid was digested with Mlul and EcoRl to 

remove the murine sulfamidase codifying region. Subsequently, the cDNA of 

the codon optimized human sulfamidase (co-hu-SFMD) was digested and 

cloned at the same restriction sites to generate the pAAV-CAG-co-hu-SFMD 

plasmid (accession number DSM 24817). See SEQ ID NO: 9. 

d. Construction of pAAV9-CAG-hu-SFMD 

The pAAV9-CAG-hu-SFMD plasmid was obtained by co-transfecting 

293HEK cells with the pAAV-CAG-co-hu-SFMD plasmid, a plasmid encoding 
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the adenovirus helper function and a plasmid encoding the AAV2 rep and AAV9 

cap genes. 

e. Construction of pGG2-hAAT-mu-SFMD 

The murine sulfamidase codifying region was excised from the pAAV-

CAG-mu-SFMD-WPRE plasmid by digestion with Mlul. This region was then 

cloned into the Mlul site in the AAV backbone plasmid pGG2-hAAT to yield the 

pGG2-hAAT-mu-SFMD plasmid (accession number DSM 24819). See SEQ ID 

NO: 10. 

f. Construction of pGG2-hAAT-co-hu-SFMD 

The codon optimized human sulfamidase codifying region was excised 

from the pAAV-CAG-co-hu-SFMD plasmid (accession number DSM 24817) by 

digestion with 	Mlul-EcoRl. The pGG2-hAAT-mu-SFMD plasmid (accession 

number DSM 24819) was digested with Mlul to remove mu-SFMD gene and, 

afterwards, the codon optimized human sulfamidase codifying region was 

cloned in this site by blunt-end ligation. The resulting plasmid was named as 

pGG2-hAAT-co-hu-SFMD. See SEQ ID NO: 11. 

The pGG2-hAAT-co-hu-SFMD plasmid contained both AAV2-ITRs, the hAAT 

promoter and the SV40-derived poly-adenylation signal. 

g. Construction of pAAV9-hAAT-co-hu-SFMD and pAAV8-hAAT-co-hu- 

SFMD. 

Vectors were generated by helper virus-free transfection of HEK293 cells 

using three plasmids with modifications. See Matsushita, 	1998, supra and 

Wright, 2005, supra. Cells were cultured to 70% confluence in roller bottles (RB) 

(Corning, Corning, NY, US) in DMEM supplemented with 10% FBS and then 

co-transfected with: 1) a plasmid carrying the expression cassette flanked by 

the viral ITRs (pGG2-hAAT-co-hu-SFMD); 2) a helper plasmid carrying the AAV 
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rep2 and the correspondent cap genes (cap8 or 9); and 3) a plasmid carrying 

the adenovirus helper functions. Vectors were purified by two consecutives 

cesium chloride gradients using either a standard protocol or an optimized 

protocol 	as previously described. 	See Ayuso, 	2010, supra. Vectors were 

dialyzed against PBS, filtered, titred by qPCR and stored at -80°C until use. 

The pGG2-hAAT-mu-SFMD 	plasmid 	contained bothAAV2-ITRs, the 

hAAT promoter and the SV40-derived 	poly-adenylation 	signal. The hAAT 

promoter is a hybrid promoter composed of the 4 tandem repeats of the 

hepatocyte control region (HCR) enhancer from the apolipoprotein E and the 

human a-anti-trypsin promoter. Its expression is restricted to hepatocytes. See 

Mingozzi F, et al., J. Clin. Invest. 2003; 111:1347-1356. 

The vectors of the present invention were constructed according to 

molecular biology techniques well known in the art. See Brown T, "Gene 

Cloning" (Chapman & Hall, London, GB, 1995); Watson R, et al., "Recombinant 

DNA", 2nd Ed. (Scientific American Books, New York, NY, US, 1992); Alberts B, 

et al., "Molecular Biology of the Cell" (Garland Publishing Inc., New York, NY, 

US, 2008); 	Innis M, 	et al., Eds., "PCR Protocols. A Guide to Methods and 

Applications" (Academic Press Inc., San Diego, CA, US, 1990); Erlich H, Ed., 

"PCR Technology. Principles and Applications for DNA Amplification" (Stockton 

Press, New York, NY, US, 1989); Sambrook J, et al., "Molecular Cloning. A 

Laboratory Manual" (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 

NY, US, 	1989); 	Bishop T, et al., 	"Nucleic Acid 	and Protein Sequence. A 

Practical 	Approach" 	(IRL Press, 	Oxford, 	GB, 	1987); Reznikoff W, Ed., 

"Maximizing Gene Expression" (Butterworths Publishers, Stoneham, MA, US, 

1987); Davis L, et al., "Basic Methods in Molecular Biology" (Elsevier Science 

Publishing Co., New York, NY, US, 1986), Schleef M, Ed., "Plasmid for Therapy 

and Vaccination" (Wiley-VCH Verlag GmbH, Weinheim, DE, 2001). 

2. Animals 

A congenic C57BI/6 sulfamidase-deficient mouse colony (MPSIIIA) was 

used. See Crawley A, et al., Brain Res. 2006; 1104:1-17. Affected MPSIIIA and 
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healthy control mice were inbred from heterozygous founders. Genotype was 

determined by PCR analysis on genomic DNA from tail-clipped samples, which 

amplifies a sequence encompassing the mutation, and its subsequent digestion 

with MspA1I restriction enzyme, as previously described. See Bhattacharyya R, 

et al., Glycobiology 2001; 11:99-103. Mice were fed ad libitum with a standard 

diet (Panlab, Barcelona, ES) and maintained under a light-dark cycle of 12 h 

(lights on at 9:00 A.M.). 

3. Vector administration and sample collection 

For intravenous delivery of AAV vectors, a total dose of 1012  vector 

genomes of the appropriate AAV vector were injected into 2-month-old MPSIIIA 

animals via tail vein. For intramuscular injection, 2-month-old MPSIIIA animals 

were anesthetized with a mixture of ketamine (100 mg/kg) and xylacine (10 

mg/kg), and a total dose of 1012  vector genomes of the appropriate AAV vector 

were injected into 6 muscles of the hind limbs (quadriceps, gastrocnemius and 

tibialis anterior from both legs). At 10 months of age, mice were anesthetized 

and then transcardially perfused with 10 ml of PBS to completely clear blood 

from tissues. The entire brain and 	multiple somatic tissues (including liver, 

spleen, 	pancreas, 	kidney, 	lung, 	heart, 	skeletal 	muscle and 	testicles) were 

collected and either frozen in liquid nitrogen and stored at -80°C or immersed in 

formalin for subsequent histological analyses. 

4. RNA analysis 

Total RNA was obtained from skeletal muscle and liver samples by using 

TriPure Isolation Reagent (Roche Diagnostics, Barcelona, ES) and analyzed by 

Northern blot. Blots were hybridized with a murine sulfamidase probe, labeled 

with 32P-dCTP by random priming with Ready-to-Go DNA Labelling Beads 

(Amersham Biosciences, Piscataway, NJ, US). 

5. Sulfamidase activity and glycosaminoglycan quantification 
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Liver, skeletal muscle and brain samples were sonicated in water and 

sulfamidase activity was assayed in supernatants with a 4-methylumbelliferone- 

derived fluorogenic substrate (Moscerdam Substrates, Oegstgeest, 	NL) as 

described 	previously. 	See Karpova 	E, 	et al., 	J. 	Inherit. 	Metab. 	Dis. 	1996; 

19:278-285. 	Sulfamidase 	activity 	levels were 	normalized 	against the total 

amount of protein, 	quantified 	using 	the 	Bradford 	protein 	assay 	(Bio-Rad, 

Hercules, CA, US). 

For 	glycosaminoglycan 	(GAG) 	quantification, 	tissue 	samples 	were 

weighted and then digested with proteinase K and extracts were clarified by 

centrifugation 	and filtration. 	GAG 	levels in 	tissue extracts and 	urine were 

determined 	using 	Blyscan 	sulfated 	glycosaminoglycan 	kit 	(Biocolor, 

Carrickfergus, County Antrim, GB) with chondroitin 4-sulfate as the standard. 

GAG levels in tissues were normalized to wet tissue weight and in urine to 

creatinine concentration, measured with a specific kit (Horiba ABX, Irvine, CA, 

US). 

6. Histological analyses 

Tissues were fixed for 12-24 h in formalin, embedded in paraffin and 

sectioned followed by heat-induced epitope retrieval (citrate buffer, pH 6). For 

immunohistochemical detection of LAMP1, paraffin sections were incubated 

overnight 	at 	4°C 	with 	rat 	anti-LAMP1 	antibody 	(1D4B; 	Santa 	Cruz 

Biotechnology, 	Santa 	Cruz, 	CA, 	US) 	diluted 	at 	1:100 	and 	subsequently 

incubated with 	biotinylated 	rabbit anti-rat antibody (Dako, 	Glostrup, 	DK) at 

1:300. LAMP1 signal was amplified by incubating sections with ABC-Peroxidase 

staining kit (Thermo Scientific, Waltham, MA, US) at 1:100 and visualized by 

using 	3,3-diaminobenzidine 	(Sigma-Aldrich, 	St. 	Louis, 	MO, 	US) 	as 	a 

chromogen. 	Brightfield 	images were 	obtained with 	an 	optical 	microscope 

(Eclipse 	E800; 	Nikon, 	Tokyo, 	JP). 	For 	parvalbumin 	and 	calbindin 

immunostaining, paraffin sections were incubated overnight at 4°C with rabbit 

anti-calbindin D28k (Swant, Marly, CH) diluted at 1:2000 or with rabbit anti- 
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parvalbumin (Swant, Manly, CH) diluted at 1:100. Afterwards, samples were 

incubated with the biotinylated goat anti-rabbit IgG (Vector Labs., Burlingame, 

CA, 	US), 	and then with 	streptavidin-Alexa 488 (1:100, 	Molecular Probes, 

Invitrogen, Carlsbad, CA, US), and nuclei were stained with TOPRO-3. Images 

were obtained with a confocal microscope (Leica Microsystems, Heidelberg, 

DE). 

For double 	immunostaining 	LAMP1 	and 	Mac2, 	sections were first 

incubated overnight at 4°C with rat anti-LAMP1 antibody at 1:100, then with 

biotinylated rabbit anti-rat antibody at 1:300 followed by an incubation with 

streptavidin-Alexa 488 (1:300). Afterwards, sections were incubated with rabbit 

anti-Mac2 at 1:50, then with biotinylated goat anti-rabbit at 1:300 followed by 

incubation with streptavidin-Alexa 568 (1:300; 	Molecular Probes, 	Invitrogen, 

Carlsbad, CA, US). Finally, nuclei were stained with Hoechst (1:100; Sigma- 

Aldrich, St. Louis, MO, US). 

7. Western blot analysis 

Halves of cerebellum were homogenized in protein lysis buffer. Ten 

micrograms of protein were run on a 10% (wt/vol) SDS-PAGE, transferred to 

polyvinylidene difluoride membranes and probed overnight at 4°C with primary 

antibodies 	against 	calbindin 	(Swant, 	Marly, 	CH) 	and 	a-tubulin 	(Abcam, 

Cambridge, MA, US). Detection was performed using horseradish peroxidase-

labelled swine anti-rabbit antibody (Dako, Glostrup, DK) and ECL Plus Western 

blotting detection reagent (Amersham Biosciences, Piscataway, NJ, US). 

8. Transmission electron microscopic analysis 

Mice were sacrificed 	by an 	overdose of isofluorane 	(Isofluo, 	Labs. 

Esteve, Barcelona, ES) and perfused via inferior vena cava with 1 ml of 2.5% 

glutaraldehyde and 2% 	paraformaldehyde. A small 	portion 	(approximately 

1mm3) of the lateral lobe of the liver and of the culmen of the cerebellum were 

sectioned and incubated for 2 hours at 4°C in the same fixative. After washing 
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in 	cold 	cacodylate 	buffer, 	the 	specimens were 	postfixed 	in 	1% 	osmium 

tetroxide, stained in aqueous uranyl acetate, and then dehydrated through a 

graded ethanol series and embedded in epoxy resin. Ultrathin sections (600- 

800 A) from the resin blocks were stained using lead citrate and examined in a 

transmission electron microscope (H-7000; Hitachi, Tokyo, JP). 

9. Statistical analysis 

All results are expressed as mean ± SEM. Statistical comparisons were 

made using 	either t-test or one-way ANOVA. 	Statistical significance was 

considered if P < 0.05. 

EXAMPLES 

Example 1: 

Intramuscular delivery of AAV1-CAG-mu-SFMD-WPRE 

A total dose of 1012  vector genomes of the AAV1-CAG-mu-SFMD-WPRE 

vector was injected into 6 muscles of the hind limbs (quadriceps, gastrocnemius 

and tibialis anterior from both legs) of 2-month-old male and female MPSIIIA 

mice. 

Eight months after the administration, the injected muscles displayed 

high levels of vector-derived sulfamidase expression and activity, but very low 

levels of sulfamidase activity were observed in serum (6-7% of control mice), 

suggesting low secretion efficiency from the skeletal muscle. See Figures 1A 

and 	1B. 	In 	addition, 	very 	low 	but 	significant 	vector-derived 	sulfamidase 

expression was observed in the liver of these mice, indicating that, at the 

moment of injection, 	the vector leaked from the skeletal 	muscle into the 

circulation and transduced the liver. Even with the low levels of circulating 

sulfamidase activity achieved, correction of GAG accumulation was seen in 

liver, and a significant reduction in some other somatic tissues (spleen, heart, 
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pancreas), but not in others (kidney, lung). See Figure 1C. No reduction of the 

GAG storage was achieved in the brain. 

Example 2: 

Intramuscular delivery of AAV8-CAG-mu-SFMD-WPRE 

A total dose of 1012  vector genomes of the AAV8-CAG-mu-SFMD-WPRE 

vector was injected into 6 muscles of the hind limbs (quadriceps, gastrocnemius 

and tibialis anterior from both legs) of 2-month-old male and female MPSIIIA 

mice. 

Eight months after the administration, the injected muscles displayed 

sulfamidase activity levels similar to those of a healthy control animal. See 

Figure 2A. Low levels of sulfamidase activity were observed in serum (10-15% 

of control mice). See Figure 2B. Vector leakage to the liver was also observed, 

since vector-derived sulfamidase expression and activity was seen in the liver, 

even at higher levels than in mice treated with intramuscular AAV1. See 

Example 1. Correction of GAG accumulation was seen in liver and spleen, and 

a greater reduction was observed in other somatic tissues (heart, pancreas, 

urinary bladder), but kidney and lungs remained largely uncorrected. See Figure 

2C. No reduction of the GAG storage was achieved in the brain. 

Example 3: 

Intravenous delivery of AAV8-CAG-mu-SFMD-WPRE 

A total dose of 1012  vector genomes of the AAV8-CAG-mu-SFMD-WPRE 

vector was injected into 2-month-old MPSIIIA mice via tail vein. 

Eight 	months 	after 	administration, 	the 	treated 	males 	displayed 

sulfamidase activity in the liver at levels similar to those of control mice, but 4-

fold lower in females. See Figure 3A. Consistently, circulating sulfamidase 

activity was high in males (similar levels to those of control mice), and lower in 

females (25% of control mice). See Figure 3B. Those high levels of circulating 

sulfamidase were able to correct GAG accumulation in liver, heart, spleen, 
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pancreas and urinary bladder, and significantly reduce it in lungs, but not in 

kidney. See Figure 3C for liver GAG quantification. No reduction of GAG 

storage was observed in the brain. 

Example 4: 

Intravenous delivery of AA V8-hAA T-mu-SFMD 

A total dose of 1012  vector genomes of the AAV8-hAAT-mu-SFMD vector 

was injected into 2-month-old MPSIIIA mice via tail vein. 

Eight months after administration, the treated males displayed a sulfamidase 

activity level in the liver 500% higher than in control animals. In the female 

subjects, the liver sulfamidase level reached the same level of the control 

subjects. 	See 	Figure 4A. 	Circulating 	sulfamidase 	activity was 	consistently 

higher in males than in females (500% in males vs. 160% in females). See 

Figure 4B. These supraphysiological levels of circulating sulfamidase were able 

to correct GAG accumulation in all somatic organs, including the kidney. See 

Figure 4C for liver GAG quantification. 

Treated males showed low levels of sulfamidase activity, and reduced 

GAG accumulation in brain. See Figures 5A and B. Purkinje cells of the 

cerebellum of treated males displayed less electron-dense inclusions when 

examined by electron microscopy. See Figure 5C. The intravenous treatment 

with AAV8-hAAT-mu-SFMD vector ("iv-AAV8-hAAT-mu-SFMD") achieved the 

correction of the somatic pathology but only ameliorated the neurodegeneration 

characteristic of MPSIIIA mice. 

The 	cortex 	ultrastructure 	was 	analyzed 	by 	transmission 	electron 

microscopy. No distinguishable differences were noted in the ultrastructure of 

occipital cortical neurons of MPSIIIA treated and untreated subjects. A clear 

enlargement of the lysosomal compartment was observed in the perineuronal 

glial cells of the MPSIIIA untreated mice which was practically absent in treated 

animals. See Figure 10. These results suggest that sustained high circulating 

sulfamidase activity prevents neuronal degeneration in MPSIIIA subjects. 
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By 17 months of age, all untreated MPSIIIA males had died while 100% 

of iv-AAV8-hAAT-mu-SFMD treated males were still alive (Median survival = 

14.2 ± 0.5 vs 18.8 ± 0.9 months for MPSIIIA untreated and treated males 

respectively, p= 0.001) This improvement was not evident in the female group, 

where 	both treated 	and 	untreated 	subjects showed 	similar survival 	rates 

(Median survival = 13.1 ± 0.5 vs. 13.9 ± 1.2 months for MPSIIIA untreated and 

treated females, respectively, p= 0.467). This result is consistent with the lower 

levels of sulfamidase activity measured in serum and brain and the lower 

degree of GAG reduction observed in female animals. See Figure 11. 

The greater survival of iv-AAV8-hAAT-mu-SFMD treated MPSIIIA males 

further demonstrated the therapeutic potential of sustained supraphysiological 

levels of circulating sulfamidase obtained through liver-directed gene transfer. 

Treatment with iv-AAV8-hAAT-mu-SFMD extended the lifespan of MPSIIIA 

male subjects. See Figure 11. 

Example 5: 

Intravenous delivery of AAV9-CAG-mu-SFMD 

A total dose of 1012  vector genomes of the AAV9-CAG-mu-SFMD vector 

was injected into 2-month-old MPSIIIA mice via tail vein. 

Both 	treated 	males 	and females 	showed 	high 	levels 	of circulating 

sulfamidase (500% of control levels in males and 150% in females), which 

efficiently corrected all somatic tissues in both genders. In addition, given the 

high 	efficiency 	of 	brain 	transduction 	of 	the 	AAV 	serotype 	9, 	significant 

sulfamidase 	activity was 	observed 	in 	the 	brains 	of both 	genders, 	which 

efficiently corrected GAG storage in all areas of the brain. See Figures 6A and 

6B. Neuroinflammation (astrogliosis and microgliosis), characteristic of MPSIIIA, 

was completely normalized in AAV9-treated mice. In addition, AAV9-treated 

mice performed better in the Rotarod test than untreated animals. See Figure 

6C.  

The intravenous treatment with the AAV9-CAG-mu-SFMD vector ("iv- 

AAV9-CAG-mu-SFMD") extended the lifespan of MPSIIIA animals. See Figure 
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12. By 17 months of age, all untreated MPSIIIA males had died while 100% of 

iv-AAV9-CAG-mu-SFMD treated males were still alive at 20 months of age (p< 

0.001 and p= 0.037 for MPSIIIA treated versus untreated males, respectively). 

See Figure 	12. The female group showed a similar but less impressive 

improvement (p= 0.063 and p= 0.057 for MPSIIIA treated versus untreated 

females, 	respectively). 	This 	result 	is 	consistent 	with 	the 	lower 	levels 	of 

sulfamidase activity measured in serum of female animals after iv-AAV9-CAG-

mu-SFMD treatment. 

Example 6: 

Intracisternal delivery of AAV9-CAG-mu-SFMD 

A total dose of 5x101°  vector genomes of the AAV9-CAG-mu-SFMD 

vector was injected into the cisterna magna of 2-month-old anaesthetized 

MPSIIIA animals in a total volume of 5 pl. 

Three months after the administration, a complete correction of the GAG 

accumulation was achieved throughout the entire brain of treated animals. See 

Figure 8. Vector-derived sulfamidase expression was also found in the liver of 

treated animal, suggesting that, after an intracisternal delivery, some vectors 

reach circulation and are taken up by the liver. In agreement with this result, 

GAG accumulation was also normalized in the liver. 

The intracisternal delivery of the AAV9-CAG-mu-SFMD vector ("ic-AAV9- 

CAG-mu-SFMD") extended the lifespan of MPSIIIA animals. See Figure 12. By 

17 months of age, all untreated MPSIIIA males had died while 100% of ic- 

AAV9-CAG-mu-SFMD treated males were still alive at 20 months of age (p< 

0.001 and p= 0.037 for MPSIIIA treated versus untreated males, respectively). 

See Figure 	12. The female group showed a similar but less impressive 

improvement (p= 0.063 and p= 0.057 for MPSIIIA treated versus untreated 

females, 	respectively). 	This 	result 	is 	consistent 	with 	the 	lower 	levels 	of 

sulfamidase activity measured in serum of female animals after ic-AAV9-CAG-

mu-SFMD treatment. 
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Example 7: 

Intravenous delivery of AAV9-CAG-co-hu-SFMD (codon optimized human 

sulfamidase) 

The codon usage of the human sulfamidase was optimized in order to 

reduce the vector administered dose. The object of this approach was to 

stabilize the sulfamidase mRNA and increase its translation, thus favoring a 

higher production of sulfamidase from the same vector dose. 

1012  viral genomes (vg) of the AAV9-CAG-hu-co-SFMD vector were 

administered intravenously to 2-month-old MPSIIIA mice via tail vein. At least a 

3-fold increase in the sufamidase level in the liver was obtained in comparison 

with the non-optimized gene. See Figure 9. 

Example 8: 

Intravenous delivery of AAV9-hAAT-co-hu-SFMD 

Following the same procedure than the one described in example 7, two 

month-old MPSIIIA mice are treated with 1012  vg of AAV9-hAAT-co-hu-SFMD 

vector by intravenous administration into the tail vein. The sulfamidase level is 

measured in the same way than for example 7. The results show a substantial 

increase with respect to the non optimized gene. 

Example 9: 

Intracisternal delivery of different serotypes of AAV-CAG-GFP-WPRE 

To evaluate the tropism in the brain of the different AAV serotypes when 

administered into the cerebrospinal fluid, 5x101°  vector genomes of AAV1, 

AAV2, AAV5, AAV7, AAV8 and AAV9 vectors carrying the GFP reporter gene 

(CAG-GFP-WPRE 	construct) 	were 	administered 	to 	MPSIIIA 	mice 

intracisternally. 

Significant 	transduction 	of 	cells 	was 	achieved 	in 	the 	pons 	by 	all 

serotypes, with the highest and lowest efficacies achieved by AAV9 and AAV1, 
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respectively. In the cerebellum, the reporter signal was located mostly in axons 

identified morphologically as mossy fibers, and especially with AAV1 and AAV9, 

but also with the other serotypes, except for AAV8, in Purkinje neurons. Greater 

differences in gene transfer efficiency were observed amongst serotypes in 

distant brain 	regions. 	Many cells were transduced 	in the cerebral cortex, 

olfactory bulb and hippocampus in the AAV9-injected group, and to a lesser 

extent in the AAV7 group, whereas no GFP-positive cell bodies were observed 

with 	AAV1, 	AAV2, 	AAV5 	or AAV8 	serotypes 	in 	these 	areas. 	In 	the 

hypothalamus, the AAV9 serotype transduced efficiently neurons, and the AAV1 

serotype led to a few scattered GFP+ cells. Occasional GFP-positive axons 

could be observed throughout the whole brain in all groups, which possibly 

projected from 	neurons infected 	near the cisterna magna. AAV9 vectors 

showed the highest transduction efficiency among the different serotypes. See 

Figure 7. 

Example 10: 

Scalability of the intracisternal delivery of AAV9-CAG-co-hu-SFMD for clinical 

use 

	

As 	a 	first 	step 	toward 	the 	potential 	clinical 	application 	of 	AAV9 

intracisternal delivery, whether the pattern of transduction observed in mice was 

maintained in an animal with a more relevant brain size was evaluated. To this 

end, 1.5x1012  vg/kg of AAV9-CAG-GFP-WPRE were delivered to the cisterna 

magna of healthy Beagle dogs. A total of 4 dogs were injected; in two animals 

(dogs nos. 1 and 4) a pump was used to infuse the viral vector solution at a flux 

similar to the rate of CFS formation (1 m1/10 minutes), in the other two (dogs 

nos. 2 and 3) the vector was infused in a few seconds. Figure 13 shows the 

immunological detection of GFP in samples from dog 1. A strong labelling was 

	

observed 	in 	regions 	close 	to the 	cisterna 	magna, 	such 	as 	the 	medulla 

oblongata, the pons and the hypothalamus. See Figure 13b, c and d. In the 

cerebellum, despite being close to the point of injection, only few isolated 

Purkinje cells were transduced, whereas in the hippocampus, a region far from 



33 

the 

the 

The 

i and 

areas 

frontal, 

greater 

astrocytes 

comparison 

infusion 

distribution 

delivery 

average 

suggested 

cisterna, efficient transduction of the dentate gyrus occurred. See Figure 

j. The distribution of the virus through the CSF allowed the transduction 

distant to the point of injection, such as the rhinencephalon and the 

parietal and occipital cortex, where more superficial areas showed 

transduction. See Figure 13e, h and f. Finally, the vector reached also 

spinal cord and GFP signal was detected in ventral motoneurons and 

from the nearby ganglia. See Figure 13a. The semiquantitative 

of GFP localization in all four dogs suggested that the rate 

of the viral solution did not influence significantly the efficacy or the 

of the AAV9 vector. See Table 1. 

Finally, 	similar to the observations made in 	mice after intracisternal 

of AAV9, GFP was also detected in the liver of Beagle dogs, where 

of 3.7% of hepatocytes was transduced. See Figure 14. These results 

systemic distribution of the AAV9 vector after intracisternal delivery. 

13 

of 

of 

an 

of 

Brain Area Dog 1 Dog 2 Dog 3 Dog 4 

Frontal cortex +++ +++ ++ +++ 

Parietal cortex ++++ +++ +++ +++ 

Occipital cortex ++++ ++++ ++++ ++ 

Hippocampus ++++ ++++ +++ +++ 

Hypothalamus ++++ N.D. ++++ + 

Cerebelum + ++ ++ N.D. 

Brainstem +++ +++ +++ ++ 

Medula oblongata +++ ++++ +++ +++ 

Spinal cord +++ ++ ++ N.D. 

Table 

AAV9-GFP 

were 

cells/10X 

1. Semi-quantitative analysis of brain transduction after is delivery 

vectors in healthy beagle dogs. Several pictures of each brain area 

counted by three independent observers and the average is represented. 

semi-quantitative criteria was the following: (+) less than 10 GFP-positive 

microscopic field; (++) 10-30 GFP-positive cells/10X microscopic field; 
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(+++) 30-60 GFP-positive cells/10X microscopic field and (++++) more than 60 

GFP-positive cells/10Xmicroscopic field. N.D. not determined. 

Example 11: 

Functional efficacy of codon-optimized human sulfamidase (co-hu-SFMD) 

Expression cassettes including a codon optimized version of the human 

sulfamidase cDNA sequence (co-hu-SFMD) were designed and obtained. 

Codon optimization was performed to increase the efficiency of SFMD protein 

production in human beings by utilizing the most abundant tRNAs to the species 

and by also taking into account its particular translation profile. 	Mice were 

utilized for experimental purposes due to their similarity to human beings and 

the predictive capacity of the mouse animal model. 

To ensure that this sequence led to the production of active sulfamidase, 

male MPSIIIA mice were intravenously injected with 1x1012  vg of an AAV9 

vector in which co-hu-SFMD was expressed under the control of the ubiquitous 

CAG promoter. The activity of sulfamidase in the serum of these mice reached 

levels similar to that of healthy wild-type animals and was maintained for the 

duration of the study (2 months). See Figure 15a. This sustained sulfamidase 

activity led to the normalization of the GAG content in the livers of these 

animals, similar to what had been observed with the AAV9-delivered murine 

transgene. See Figure 15b. 

All publications mentioned hereinabove are hereby incorporated in their 

entirety by reference. 

While the foregoing invention has been described in some detail for 

purposes of clarity and understanding, it will be appreciated by one skilled in the 

art from a reading of this disclosure that various changes in form and detail can 

be made without departing from the true scope of the invention and appended 

claims. 
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sequence list PCT2212.2_ST25 

tacgacagaa gccgggaccc ccacgagaca cagaacctgg ccaccgaccc cagattcgcc 1380 

cagctcctgg aaatgctgcg ggaccagctg gccaagtggc agtgggagac acacgaccct 1440 

tgggtctgcg ctcccgacgg cgtgctggaa gagaagctgt ccccccagtg ccagccactg 1500 

cacaacgagc tgtga 1515 

<210> 	2 
<211> 	502 
<212> 	PRT 
<213> 	Homo sapiens 

<400> 	2 

Met Ser Cys Pro Val Pro Ala Cys Cys Ala Leu Leu Leu Val Leu Gly 
1 	 5 10 15 

Leu Cys Arg Ala Arg Pro Arg Asn Ala Leu I eu Leu Leu Ala Asp Asp 
20 25 30 

Gly Gly Phe Glu Ser Gly Ala Tyr Asn Asn Ser Ala Ile Ala Thr Pro 
35 40 45 

His Leu Asp Ala Leu Ala Arg Arg Ser Leu Leu Phe Arg Asn Ala Phe 
50 55 60 

Thr Ser Val Ser Ser Cys Ser Pro Ser Arg Ala Ser Leu Leu Thr Gly 
65 70 75 80 

Leu Pro Gln His Gln Asn Gly Met Tyr Gly Leu His Gln Asp Val His 
85 90 95 

His Phe Asn Ser Phe Asp Lys Val Arg Ser Leu Pro Leu Leu Leu Ser 
100 105 110 

Gln Ala Gly val Arg Thr Gly Ile Ile Gly Lys Lys His Val Gly Pro 
115 120 125 

Glu Thr val Tyr Pro Phe Asp Phe Ala Tyr Thr Glu Glu Asn Gly Ser 
130 135 140 

Val Leu Gln Val Gly Arg Asn Ile Thr Arg ile Lys Len Leu Val Arg 
145 150 155 160 

Lys Phe Leu Gln Thr Gln Asp Asp Arg Pro Phe Phe Leu Tyr Val Ala 
165 170 175 

Phe His Asp Pro His Arg Cys Gly His Ser Gln Pro Gln Tyr Gly Thr 
180 185 190 

Phe Cys Glu Lys Phe Gly Asn Gly Glu Ser Gly met Gly Arg Ile Pro 
195 200 205 
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Asp Trp Thr Pro Gln Ala Tyr Asp Pro Leu Asp Val Leu Val Pro Tyr 
210 215 220 

Phe val 	Pro Asn Thr Pro Ala Ala Arg Ala Asp Leu Ala Ala Gln Tyr 
225 230 235 240 

Thr Thr Val Gly Arg Met Asp Gln Gly Val Gly Leu val Leu Gln Glu 
245 250 255 

Leu Arg Asp Ala Gly val Leu Asn Asp Thr Leu Val Ile Phe Thr ser 
260 265 270 

Asp Asn Gly Ile Pro Phe Pro ser Gly Arg Thr Asn Leu Tyr Trp Pro 
275 280 285 

Gly Thr Ala Glu Pro Leu Leu Val Ser Ser Pro Glu His Pro Lys Arg 
290 295 300 

Trp Gly Gln Val Ser Glu Ala Tyr Val Ser Leu Leu Asp Leu Thr Pro 
305 310 315 320 

Thr Ile Leu Asp Trp Phe ser Ile Pro Tyr Pro Ser Tyr Ala Ile Phe 
325 330 335 

Gly Ser Lys Thr Ile His Leu Thr Gly Arg Ser Leu Leu Pro Ala Leu 
340 345 350 

Glu Ala Glu Pro Leu Trp Ala Thr Val Phe Gly Ser Gln Ser His His 
355 360 365 

Glu Val Thr Met Ser Tyr Pro Met Arg Ser val Gin His Arg His Phe 
370 375 380 

Arg Leu val His Asn Leu Asn Phe Lys Met Pro Phe Pro Ile Asp Gin 
385 390 395 400 

Asp Phe Tyr Val Ser Pro Thr Phe Gln Asp Leu Leu Asn Arg Thr Thr 
405 410 415 

Ala Gly Gln Pro Thr Gly Trp Tyr Lys Asp Leu Arg His Tyr Tyr Tyr 
420 425 430 

Arg Ala Arg Trp Glu Leu Tyr Asp Arg Ser Arg Asp Pro His Glu Thr 
435 440 445 

Gln Asn Leu Ala Thr Asp Pro Arg Phe Ala Gln Leu Leu Glu Met Leu 
450 455 460 

Arg Asp Gln Leu Ala Lys Trp Gln Trp Glu Thr His Asp Pro Trp val 
465 470 475 480 
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Cys Ala Pro Asp Gly Val Leu Glu Glu Lys Leu Ser Pro Gln Cys Gin 
485 	 490 	 495 

Pro Leu His Asn Glu Leu 
500 

<210> 	3 
<211> 	1726 
<212> 	DNA 
<213> 	Artificial Sequence 

<220> 
<223> 	CAG Promoter. 

<400> 	3 
tcgacattga ttattgacta gttattaata gtaatcaatt acggggtcat tagttcatag 60 

cccatatatg gagttccgcg ttacataact tacggtaaat ggcccgcctg gctgaccgcc 120 

caacgacccc cgcccattga cgtcaataat gacgtatgtt cccatagtaa cgccaatagg 180 

gactttccat tgacgtcaat gggtggagta tttacggtaa actgcccact tggcagtaca 240 

tcaagtgtat catatgccaa gtacgccccc tattgacgtc aatgacggta aatggcccgc 300 

ctggcattat gcccagtaca tgaccttatg ggactttcct acttggcagt acatctacgt 360 

attagtcatc gctattacca tggtcgaggt gagccccacg ttctgcttca ctctccccat 420 

ctcccccccc tccccacccc caattttgta tttatttatt ttttaattat tttgtgcagc 480 

gatgggggcg gggggggggg gggggcgcgc gccaggcggg gcggggcggg gcgaggggcg 540 

gggcggggcg aggcggagag gtgcggcggc agccaatcag agcggcgcgc tccgaaagtt 600 

tccttttatg gcgaggcggc ggcggcggcg gccctataaa aagcgaagcg cgcggcgggc 660 

gggagtcgct gcgttgcctt cgccccgtgc cccgctccgc gccgcctcgc gccgcccgcc 720 

ccggctctga ctgaccgcgt tactcccaca ggtgagcggg cgggacggcc cttctcctcc 780 

gggctgtaat tagcgcttgg tttaatgacg gcttgtttct tttctgtggc tgcgtgaaag 840 

ccttgagggg ctccgggagg gccctttgtg cggggggagc ggctcggggg gtgcgtgcgt 900 

gtgtgtgtgc gaggggagcg ccgcgtgcgg ctccgcgctg cccggcggct gtgagcgctg 960 

cgggcgcggc gcggggcttt gtgcgctccg cagtgtgcgc gaggggagcg cggccggggg 1020 

cggtgcggcg cggtgcgggg ggctgcgagg ggaacaaagg ctgcgtgcgg ggtgtgtgcg 1080 

tgggggggtg agcagggggt gtgggcgcgt cggtcgggct gcaacccccc ctgcaccccc 1140 

ctccccgagt tgctgagcac ggcccggctt cgggtgcggg gctccgtacg gggcgtggcg 1200 

cggggctcgc cgtgccgggc ggggggtggc ggcaggtggg ggtgccgggc ggggcggggc 1260 

cgcctcgggc cggggagggc tcgggggagg ggcgcggcgg cccccggagc gccggcggct 1320 

gtcgaggcgc ggcgagccgc agccattgcc ttttatggta atcgtgcgag agggcgcagg 1380 

gacttccttt gtcccaaatc tgtgcggagc cgaaatctgg gaggcgccgc cgcaccccct 1440 

ctagcgggcg cggggcgaag cggtgcggcg ccggcaggaa ggaaatgggc ggggagggcc 1500 

4/25 
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sequence list PCT2212.2_ST25 
tatcctatcg acgcgttcag agttcattgt gaagcggtc 39 

<210> 	7 
<211> 	8445 
<212> 	DNA 
<213> 	Artificial sequence 

<220> 
<223> 	pAAV-CAG-mu-SFMD-WPRE. 

<220> 
<221> 	misc_feature 
<222> 	(3466)..(3470) 
<223> 	n is a, 	c, 	g, 	or t 

<400> 	7 
atgcagctgc gcgctcgctc gctcactgag gcccagctgc gcgctcgctc gctcactgag 60 

gccgcccggg caaagcccgg gcgtcgggcg acctttggtc gcccggcctc agtgagcgag 120 

cgagcgcgca gagagggagt ggccaactcc atcactaggg gttccttgta gttaatgatt 180 

aacccgccat gctacttatc tactcgacat tgattattga ctagttatta atagtaatca 240 

attacggggt cattagttca tagcccatat atggagttcc gcgttacata acttacggta 300 

aatggcccgc ctggctgacc gcccaacgac ccccgcccat tgacgtcaat aatgacgtat 360 

gttcccatag taacgccaat agggactttc cattgacgtc aatgggtgga gtatttacgg 420 

taaactgccc acttggcagt acatcaagtg tatcatatgc caagtacgcc ccctattgac 480 

gtcaatgacg gtaaatggcc cgcctggcat tatgcccagt acatgacctt atgggacttt 540 

cctacttggc agtacatcta cgtattagtc atcgctatta ccatggtcga ggtgagcccc 600 

acgttctgct tcactctccc catctccccc ccctccccac ccccaatttt gtatttattt 660 

attttttaat tattttgtgc agcgatgggg gcgtgggggg ggggggggcg cgcgccaggc 720 

ggggcggggc ggggcgaggg gcggggcggg gcgaggcgga gaggtgcggc ggcagccaat 780 

cagagcggcg cgctccgaaa gtttcctttt atggcgaggc ggcggcggcg gcggccctat 840 

aaaaagcgaa gcgcgcggcg ggcgggagtc gctgcgttgc cttcgccccg tgccccgctc 900 

cgcgccgcct cgcgccgccc gccccggctc tgactgaccg cgttactccc acaggtgagc 960 

gggcgggacg gcccttctcc tccgggctgt aattagcgct tggtttaatg acggcttgtt 1020 

tcttttctgt ggctgcgtga aagccttgag gggctccggg agggcccttt gtgcgggggg 1080 

agcggctcgg ggggtgcgtg cgtgtgtgtg tgcgtgggga gcgccgcgtg cggctccgcg 1140 

ctgcccggcg gctgtgagcg ctgcgggcgc ggcgcggggc tttgtgcgct ccgcagtgtg 1200 

cgcgagggga gcgcggccgg gggcggtgcc ccgcggtgcg gggggctgcg aggggaacaa 1260 

aggctgcgtg cggggtgtgt gcgtgggggg gtgagcaggg ggtgtgggcg cgtcggtcgg 1320 

gctgcaaccc cccctgcacc cccctccccg agttgctgag cacggcccgg cttcgggtgc 1380 

ggggctccgt acggggcgtg gcgcggggct cgccgtgccg ggcggggggt ggcggcaggt 1440 

gggggtgccg ggcggggcgg ggccgcctcg ggccggggag ggctcggggg aggggcgcgg 1500 

6/25 



SZ/L 

OVSE 	211PbE1D1D DPPD1PV1P6 33311PP6UP 3633E63636 DD1P561066 U1D3E6DiP1 

08VE 	pEo1p6p135 uuuuu16DEID Pu6aD1DPE6 1ep3ep11D6 DDP6)3516E. DDDDPDPD1] 

OZVE 	beeep66p66 13p16p661p 6p3DDD6D61 6166513D3D .E.61P3E3PEIU 6654PP3664 

09EE 	6ur31611DO rp136upE61 361E6E661) 616PE34D56 11DP6PDDDE 6106336610 

00EE 	3ee660p3e6 u6e6313DDe 666DD6r31e DE6Du1D1DP p666135DET 666DiPlpra 

OVZE 	De116DDPDD 1D3U66PEDP 1661D666De DD)66D366P DEODUDDUP6 Dpee61D013 

08TE 	3p66e3311p 3e63D63131 61P13111r6 peDDpEolpp 33111uD)61 p6eeD136p 

OZTE 	6133RE3p31 1.ep1336331 1DPP6PDDUD 3U46166313 6D61P6DDDe 1D)161pD3e 

090E 	3166p6op3) e336p6u3D6 pD6pplapa6 aprap66611. 1D33p6r6v) 66e661D636 

000E 	6036133133 D1P6DDEI6E0 U31D6P33IX 6DP6PPP313 66111D1P0D 61P1D6eDDD 

0176Z 	Te16Dp31e0 31)11661)P 661i01pDpp 4DDDDEO1DD P6P1D11DDE0 P6163PaD06 

088Z 	Dr606p3165 PD36666136 APDPiDaeD 6P6U331D1P 3161661361 113D6P63A 

(RH 	UDU166DD36 513U1513DP P3DU66E066 36P0D33111 3331P1661U PDP61DaE'DP 

09LZ 	311DIeD1e3 1D33PDP6DP U64DE11.665 1A166E636 136U66e3D1 3616613466 

OOR 	U16665PPDD E561E66365 bDZUDDEDDP ae16P310161. Ae1D3P5P3 6P63D3ET36 

OV9Z 	E33U3E3P66 DD316111DP 1DD361661U 6161U66PD1 0D3U63E101 U6PD3D3PDP 

08SZ 	561Dv6u331 TeDv166661 uP6616u6pb p660upD661 116pp6u616 13113Teu66 

OZSZ 	Te16uDDDD6 ED1310P366 661i6DTeD b333U51P33 111A6153U 1_61DD11311 

09VZ 	DDD66pDve1 p66p313e6v 3640111pee 6u0316610p pD6up11pP6 P13PD1P3Ue 

00171 	66D6666166 e364p61.613 436Eopp6p6 6p6p3pD11e D61113P611 1.3331p1616 

OVEZ 	6ou6p66DD1 66616DED6P P6Ee66611e 31pp66r3p) 63616P663D 66VDDPEOlD 

OSZZ 	61DE136D3/ 1336PEe3E1 66PPDP6111 1D1DUP0110 P31U)6161E 66E3DE361D 

OZZZ 	6661P161TD 661PE6PD1U 36V33D3643 D6E03E01.33 1DAP33616 DDEIP6DDDD1 

09TZ 	16136pD6up ablDlEoPpl 1DD5DPP16D Dal.DaPaDD bEDPDADDD 1E1DDD51e6 

OOTZ 	613DE3133D YeDADITDD baDUDPEOPP TelP161661 6P6P611136 6U663E61P6 

OVW 	636116P4e6 13P13616DP P36D63DE3 6D6D66D6TD aiPbbEappl 661161D11p 

0861 	E3p361)61) 06613.6663 DD61DED61u 1606yep636 p6311pu11u 611pp6ppp) 

OZ6T 	661141pDlE 0131613616 11P11661D6 16D'ePD66E1 D336P3P13 DllaalDa4D 

098T 	113361U011 61UDDPP1D6 1D1D3EebP1 D1D66366D3 Ub1516D661 311366D116 

0081 	6653666P36 b66Du66666 660133613 66)666666 3633161366 6631DAp3D 

OVLT 	13103D1311 DD3D16D363 36DE0D6D16 361E0113)6 66p6666D66 E1ppp66pp6 

0891 	6pD6630636 6)6166App 63666636A 66D6p31D0 DDDPADAD 36366e6661 

OZ9T 	D1ppp6DD6u 66D61.61D1V ReDDD16111 Dp41DE.666e 363666P6u6 D616D1PP16 

09ST 	61u1111336 11PD06PAD AuE066D6D 65P6316136 6066D36D6P 66DDDDD66p 
SZIS—Z.ZTUIDd lsq aDuanbas 



SVO 

08SS 	1314E1.3166 3131P13DDP P313PDPPDP P6613PUPDD 11611D1D26 616p3pp111 

OM 	31.1.53E3316 E661163E61 1133363114 1166DP6P1P 613336D1ED D66616P163 

09VS 	E311661E61 666P11P611 DPUPPEPDDO D2631DDPD6 63E1113516 Ea11e63311 

00175 	666p1113D3 106666631p PP131D6PPD 1633331143 663363116) P3D6D1D111 

OVES 	3311DDD113 111D6D1113 31363)3636 113DD636P3 D611DPDP/D 6DDP616D61 

08ZS 	36363E1166 1661615663 66p6p6vE14 EA36536ea 61a336363E 15EluppEup 

OZZS 	6eee316313 6163E1vi16 De36EuE66E 63ev131lE6 13136D331D 6P11161331 

09TS 	DD66D4PP11 133D1PPEP1 D161DD116D DP16366132 1P66ED1311 DEOPPPPP1P 

OOTS 	11u613u3lo D6616631DP 111134DP6P 3E661v61.63 61.1.aeu1.66 DPP3P63611 

WS 	E16PP6PPPD 1PP1DP11P1 161P616PPD 65up1ye131 13116E6111 6e1E6D355E 

08617 	PD6eDDP11P 1.E6e131.164 1ulEu16535 61.D651E-E36 1163311.v53 56aEv63661 

0Z6V 	PP61DD6PD6 D6116PDPPD 3311373631 P6DDPD6DDD 66P6PP6D6P 1PP16D661D 

098V 	6rD6D6D6v6 D6v6D6p616 ED13D66D66 6D)D641.1D6 56pDo6DuEp 3D6D166Pep 

008V 	Dye6o666DD 66p6Dp31) 6D1D631363 6361D1D1DD D1DEDD66aa 6P6501x616P 

OVLV 	1pi33pu662 ppvlaeelap p1Er11566D 551E35E16E Ear5ra6136 PP33D6P361 

089V 	DDP6D1DDD1 P6P661P11D 1311313331 6136P1PD16 P3DD1DP13P 61DD1D1DD1 

OZ9V 	DD11111P6P DD6P13P111 161PDP1133 1111PPPP1D DD1PDPP111 plilallap 

09S1 	4616111161 111P1P1111 111-1v6E146 6E6113v6la 3D6PPPP6P1 P3311P11D3 

00SV 	11P33161D6 1D33DD6PDP EE61eaE16e 31E3166E5E Ee1ua36511 56EEEDEE61 

OVVV 	e3DE11366a3 51EavpD361 E1eDEED661 145E6E1116 6111E1_6E6a Ev6EDIT3EE 

08E17 	pElllEparE E3666E666. E1EDE55re6 631DP31313 1616111111 EP66116161 

OZEt7 	6v1pp36a1p Dlllaulllp up66ppp1eu 1D661.311DP 61D1PD6P61 apiDAPP61 

09ZV 	P31P3P6666 4P11PPUPE3 3613133311 41131e6e61 DED3P1PPPD PD1D66133D 

(0V 	61PUDD6616 1661366166 166PP6PD1P 13361366P3 6166P313D1 D1D11PU31U 

OVTV 	E666p3pe16 63136E6311 Ey6663aE36 3333133633 6661113331 31E6633.5E6 

08017 	Dp6eD13D36 plappopalp 1636Dp1a3a D366361a1D 663)6D63.3 3663633314 

OZOV 	DD113DP560 6eDD1PRD1D 3366D11333 16DP1D61D1 1DD16DP666 36D61D11P6 

096£ 	61331233611 6161DD6D13 61366atpp1 11JJa6Je61 D6eu6666D1 011616616) 

006£ 	311PPDP610 1366611613 66D1D6666P DP661D61D6 DDD6113D61 DDEIDDEID1PD 

O18£ 	1ppu66366D PDD611P1DD D1DDDDD111 D6D111DP66 5D31113D13 6PD161DDPD 

08LE 	3PDD611PD6 66611661DP DDDDDPPD6D E513511464. 61313616z6 616366163E 

clez 	ED66pD1611 6y)3661611. 5E55E5aul1 13x3161361 1551.331EuE 1E1541D313 

099£ 	D1D1111PD4 14Db61P16D DD11D611P1 D61P31P161 113D61PP11 1D61D6DP1P 

009£ 	65151E1363 v111-133136 1161P1DPE1 131.1.E1.661.3 v611e6EEp6 161aaureup 
SZIS—UZTUIDd 1sil aDuanbas 



92/6 

OZ9L 	66pup71e6E PEE6P26DD7 7E6E71676E 627E332263 14116e6167 EP117D71EE 

09SL 	peD3u61E71 D1PP1P6111 11DD1e6Ep6 166-e17u66 vppullauel lall-epalor 

00SL 	EeP111-e611 EET4413e1p 1P2E713E11 16PU7DE6E3 1617EP1661 1276PE12E6 

OttL 	17p3133616 6E1E6E6176 D1e6upe6v1 rve67eu61u 661u17uE36 6E716E6666 

08EL 	DE6DEDE231 E116P16D1P 163)3433)6 pe1b61P6e3 7666613e76 e3611p71e1 

OZEL 	6676317166 61676p61.66 776v66171p pP1P61D61. e114661766 1766374177 

09eL 	766736761 7117E77E66 p76116Eeu1 p66D66P661 p6647pEeau E12EP7EE76 

007L 	6DD72176E1 D17E117E17 u-e676617EP 11P17epp76 761167uepp v7661.-eu7ET 

OtTL 	1610D61P67 E77E7E6267 6E6DE67UEE 77E1E776PE 61EP6276P6 6D7EE66611 

080L 	671E611776 717rP161r7 1e666661p7 EE7E761111. 11.7677EE17 6u66pr677e 

OZOL 	66E667e67 pp7P617113 E17-ep7366 3617u7pulr 616p61u77u v1eDD61761 

0969 	6p761p11e 6p6vp16rDE 61E7661E66 7e1171e76P EPP6E7E716 E7DED17E16 

0069 	P61166117P 61Ep6p7171 lulDpuTeD 6776716671 DEE76r6PED 6667767E61 

Ot89 	1P167771P1 1p16676766 161p1D6174 46ppp1111p pp6p61u61p ED7111167P 

08L9 	P6EP67DDD6 D12116E6E6 11D71P6PE1 66D6P7PE71 D1P6617EP6 71E7P12666 

OZL9 	16E67E7616 66116p71e6 pE61761p6t.  upv16ppu61 661D67EEP6 PD3DE71762 

0999 	allllappll 7761111e76 6761111117 DD11E11D77 671616D711 1E7EE711E1 

0099 	6E61E16E6E E66EEEEE61 Tpluelrupa 1D61uPpap6 1D7DEP1EED E6E61E7176 

01759 	772P161E1P EE711EDE1E EE1711111E 1116111E1D 77DEE66763 616aPpv666 

OM 	6711143p76 6166r3167e 6E12721166 lEP1EE2E61 E7161PE116 6E2E11112E 

OM 	17763p1p61 631DD666eu U6DE6E676D 67EPE673e3 2E7I677E71 11266E6E71 

09E9 	6161p76176 p666371316 77P616276P E7E6E3P127 6731E36673 3176131611 

00E9 	76667E6177 7676De6176 73DEDEE7D6 777E7E6337 76E736EP11 6V2E767361 

0VZ9 	e6171761.31 EE7E26E713 17u764664e 2P3637E7E7 111u166761 6171e767e1 

08T9 	177171111E 166D61e61D 7671uv6611 61x66a.1e11 1p61r16473 6117764117 

0ZT9 	11EE176111 1ue117611e 111766E617 4D64r11.176 p111p6D7vu 7E16611111 

0909 	61eu1t0166 6EDE14E16E EPE76DD717 11366PEE2P PU61167611 771E11111E 

0009 	uPPP171166 5E61P1E1uE Pv1a1e761.1 E766E71DE1 1EDEDE1DDE 1117aEE611 

OV6S 	1.6DD7E71D1 14076677I7 1.617v611e 61661p611p aepapaeuEll 1657ppEe17 

088S 	6p71u11app 61E7667717 2777E176E1 PEEPE71717 7E6P6P1611 1776P1P617 

MS 	Dp61.Ye766u 71D17E6ED7 176111611) 1D12E671E7 11677E12P6 7E11126E17 

09LS 	64p7r611E6 lear7u1666 677ve71u11 p6171111D6 6661111161 771171EE7E 

OOLS 	1p11)5allp TepullauPD E1176DET11 ElPEEPDPE1 111PE6D67E elalveprup 

0179S 	pE111u6176 pEoluppPuel 16611P1DA 67111p6336 1111e666pu 1e111E6111 
SZIS—UZIZZIDd asq aDuanbas 



gZ/01. 

OZL 	366E336363 6366666666 6666666636 66661e636E 06161111E1 lee111111E 

099 	1.11E111E16 1111UPD0D3 DPD3DD1DD3 DDDDD1D1P] DDD1D1DPD1 136131163E 

009 	33336E6166 v631661E33 E11e13631E 31.6E11E163 e171EDE16E 366113E103 

017S 	1113e6661e 1133E61E3E 16E33361E4 1E36613363 3366aEEE16 63E61uE316 

0817 	3E611E1333 3363E16Ee7 361e1r01e1 616Eu71E3E 16E366113E 333613Eue1 

oet, 	663E114E16 E6616661EE 3163E611E3 p1110u666P 1PPD6DPP1 6E1E333146 

09f 	1E163E61EE 1eE3163E61 1U7DD6333D DP6DPP7DD6 3DP61D6647 36333661EE 

00E 	E1663E113E PIX3P41606 33116U661P 1P1P0DD6P1 P3116P11P0 1.6666DP11P 

OVZ 	P31Pe16P1P P11P116e1D P611P11U61 1P3P633P1 01P11DU1D6 1P736DDDEP 

021 	11E61EE116 E1614331.16 666E13E31E 034DPP3066 16E666E6E6 E363636E63 

OZI 	6E636E616E 3133663336 31661.1130E 6366631636 663336evE3 6663336336 

09 	6E613E3136 31.36313636 36136E3336 6E643E3136 3136313636 361361361E 

	

8 	<00-17> 

a JO 	'6 	'D 	'P s!_ u 	<Eu> 

	

(EL170"(69-170 	<ZZZ> 

	

affla2a4-3spil 	<1ZZ> 
<OZZ> 

- avas-nw-DvD-Avvd 	<Ezz> 
<OZZ> 

apuanbaS 	LuP!-4!-I-JV 	<fIZ> 

	

VN0 	<ZTZ> 

	

f-178L 	<ITZ> 
8 	<OIZ> 

Ci7172 P41P3 12P6306614 636D63D0D1 D1DD633ETP 36DP1PPD3D 

00178 	635P6PP663 61E66P6D6P 61.6P316P63 6PD606P633 P60PP5DD6P 3633634363 

0142 	3E1E6136E6 16E6111336 33P11P1633 VP1P65161D 11P6133331 E116361331 

08Z8 	1231161E3E 01)6111130 661)61114D 3661331166 3e11111336 6363E,E36E3 

OZZB 	363ETPPP66 1P1036P6bD 666666E316 33.361E6161 1111E63163 6E6113e613 

09T8 	133E336311 1666D1610D 16E1E11131 E16613353E EE66666E70 1436E666E6 

0018 	3E3636E6E6 6E3eE66316 66E36636.er 166331E166 p3E66366EE E6E666EE63 

01702 	3311363E33 636-evE6E61 P136P61636 P0P133P1P6 P61DPP6DDE DP1DDP63PP 

026/ 	605U661136 P3036P3P3P D516011666 6667PP6136 66D16606P0 6356er1E66 

OZ6/ 	33u116E1r6 0r6EE313E6 61.166633E1 131616316E r1e636616p 3361361366 

098/ 	16E33E1161 331EE4.3643 4D6D1D3P1P Dr1D36DDPD 6E61313EP 6UP311DE3D 

008/ 	E0366E116E 16336E1616 m.314.311_61 DP1PUP70P1 PET3636P6P D6P01.10661 

OtLL 	0ee166up63 011111313E PDDP106u6e u31PMD061. 1161116616 6D6P3De136 

089/ 	DDPDDPEPPE pP0epPD611 D61D6a01Eu 1bD6D61D11 11111001E6 P511D11D1P 
SZIS—Z'ZIZZIDd 1SH.  aDuanbas 



SKILL 

09LZ 	)1E31E31» 3E3E63E-E64 36161.661)6 166E6361)6 E66p»1361 6613166E16 

OOLZ 	666EE))E66 1E66366631 E»E33r3E1 5P3136136P 13DEET36P6 DDDEreDereDD 

0179Z 	P3V3E,66DD3 15113P1DD 361.661Pb16 1EEIEWD13DD e63E131e6E DDDDPDP661 

ORSZ 	pu6E3)41E) E166661.-ep6 616E6E6E66 DEE3661116 E.E6E61613 133rE661E1 

OZSZ 	6p3D3AP34 313'e366616 13633E36DD 3e61PD3111 D66163r161 )311311DDD 

0917Z 	66E3E64E66 PD10u6P361 DllapPPOVD 316613uE36 rE11PubP1D ED1E3PP663 

0017Z 	6666166E36 1E6161)1)6 EDEE6E66E6 PDPDEDEla 11DE611133 p1r16166)E 

Ot7EZ 	6E663)1656 163E36pp6u E66641E31u )66E3E)636 16P66DD66E DDPPD1063 

08ZZ 	6436)311.)3 6E6E3E166E. P3u6111131 DPE011DP31 E361.61e66E 3)E)613666 

OZZZ 	1E1.61E)661 ye6e31E36e 3DiD613D66 DDUD1D3IOD 6e33616DD6 u6)33)1.161 

09TZ 	36P36P3161 )163ED14D3 63EE6331.1 31E11)36E3 E336333161 )3361E661) 

OOTZ 	DuDaDDDDED 3EID1E0D61.3 PDUEDEeDpa e161661.5E6 P6111)66'25 63p61U6636 

0t,0 	116P1P613e 13616yerD6 D6D13ED636 366361)13r 6661.3)1.661 161.311EEDE 

0861 	361361)366 1.3E666)336 1.3E361u16) 6)Eu636E6) 11vE11P611 EE6EEE3661 

OZ6T 	111E34ED1D 161D61614P 1166136163 PED6661D31 DOEDElppal 1_41)11D11) 

098T 	)61E)116E 33UE1361D1 336EbE431.) 6636633E6 6163661)11 )66)416666 

008T 	3666E36666 3E66666663 11»613663 p666666363 p16136666) 1336E3)1)1 

0.17LI 	3331.311333 31.63)6)363 63)63163b1 5311)3666E 666636661E EE66EE66E3 

089T 	6633636636 16636EE636 666)636663 6E313DD33 PADADAD 66E666131E 

OZ9T 	EE6)36E66) 6164)EEED 33161113)1 13E666E363 666E6E6)61 6)1EE1661.E 

09ST 	1141.3)611E 336e36»6r 636636366e 63161)66)6 6)36)6E66) 33)3663663 

00ST 	6)6666E666 66313666E6 666)366631 3)63366663 6666)66633 63.6666666 

0-17171 	E)66366166 6666)6663) 6163363436 666363b616 366663E16) )136666361 

08E1 	6663.3663 3)663E36E6 36116E633 DDaDDiDDDP 36133DD3DD EE36136663 

OZEI 	166316)6)6 6616166666 E36E616666 6661636161 566663616 361366EEP) 

09Z1 	pE6666E636 1366666666 3616636)3) 3616636666 6)3663636E 6666E63636 

0OZT 	1646E36331 3E06161113 666636)663 6366636136 )6E6161366 36633)61)6 

WET 	36)3136636 16)6336)6E 666616)616 1616161636 16317166666 6)1366)6E6 

080T 	6666636461 11)33666E6 56331DE1666 U611DD6ppp 6153613661 Ell_Da111.011_ 

OZOT 	1611)66,3E6 1EE1116611 3636e11ue1 613666331) 313113)366 3E6663666) 

096 	6E6166E3E) 3313E11636 33E613E61) 13663)3363 )36)36)631 3)6)363363 

006 	D136DDDD61 63D3DE0413 A116361)6 316e566366 6D6636D636 PEEOCIPPUPP 

0178 	1e3336636 6)66366366 366E63661.E 1111331116 PPP53336D 6)6636PEeD 

08L 	1EE»6E3606 366)6166e6 E66366E636. 6663666636 666E6)6666 3666606666 
SZis—UZIZZIDd 1sq apuanbas 



SZ/Zl 

00817 	11666E1113 DD1366666D IEEP4D1D6P PD1E0DDDal 1D66D36311 63877EI7171 

017L17 	11DDI-DDD1 1711136711 1331363336 Db8lDDDE06 PJJ611JEDE 13EID3P6163 

08917 	68363671 661666166 636036D6uu 1187636636 p1613D3636 7E16P1T7DP 

OZ917 	UD5EPPD1.6) 13516DPIT1 16JP76PEP6 6v6DTe1311 P61i1D6DDD 1D6811164D 

09517 	D13D66D48u aalppparru papablppaa 6D3816D661 311u66-e7a7 alpupeuueu 

OM 	1r11v6a38p 1776616671 DPallaDTDP 6878661861 6761118e11 66D88D8636 

Ottt 	11U16UP6PP E71PP13Pal E1161U616U PDHU743P1 3110116e61 1168186776 

08E17 	68835E7381 1818661D11 61181eU166 766116618e 361163D18 6D661PP6D6 

OZEI7 	618e63D6-E. D6D6116e38 UD7D11D336 DlECIDDPAD 3306P6PV6D 6818846366 

09Zt7 	1768763636 u6D6p636e6 1683133663 6663DD6111. 3666D736Dp 677363166P 

00Z17 	upDDE63666 7766861383 136313E017 6763617131 DDD17u3366 416p661p61 

OVIV 	6813373886 ETEDP1DEP1 1831881166 6366183681. E8818681.61. 7ETPD736P7 

OSOV 	617DUEI31DD D1E6p66181 17171.171D3 3161D6P1PD 16ED031D81 3U6TDD1D1D 

OZOt7 	D1D)11111P 6PD76E17e1 11161PDr11 3711118888 1703I87881 11D141_aaa 

096E 	p1a6a61111 6111181811 arnalp6e1 166P6117Eb 113D6uppu6 -elTDDlapll_ 

006E 	33aleDD46 D64)D33D6P 7888E118181 6831E7466V 6888481366 1.1.66ePU7ee 

0178E 	6183761366 136181833D 61raupep36 611686811 1661118168 6Ter6e7a83 

08LE 	peuulaluDa 88eD066E66 61uTeDE66u 866313ED17 1016161111 1lpp661161 

OZLE 	61681ErD61 	.PD111.1e1.1 1vuu66-ePe1 v8136N.3l1 3u61D1p35-e 6143D7D68p 

099E 	6applvDp66 6618118888 EDD61D133D 1l11131x6e 6138738188 878D1D6617 

009E 	336ITE3366 161661D661 66166vPbP7 1ulD361D66 upWleceplp DliuDaluea 

0175E 	app666D33v 16631D6U63 alUPUPPAD 365D636371 8661066raD 7567181857 

0817E 	130r1D6uuu uu1636)12E6 17138E6188 DuDD637p 637516E773 7EDED17ETE 

OZ17E 	pu66p66133 1.6u661v6up 3336361616 6617D77P61 p3e7p6P666 appD6616vp 

09EE 	3161.1.36871 D6pup6176 p6u6613E16 uu7176611D PbUDDDEbaD 6D3661D78e 

00EE 	663u3u6p6p 6713DDE.666 D36e31eye6 7817178860 6135788666 33P3PI.7U1 

0172E 	1E073E73177 u66ueDu166 a3666DuD33 66DD66EDE7 DE77PU67DP p6aDD1Dpp6 

08TE 	6eD7a1ppe6 D36D43161e Tpllauftup 3e631P3731 11u7361E6e p71136e613 

OZTE 	38eDPD11.P3 17363311De P6E77P3DE1 6166717676 186333ET33 1618738316 

090E 	6P63PD7PDD ee68336E36 831131613P 7766611177 3D6E6PD66P 6617636633 

000£ 	61001DDD1P 63766U38D1 3687318678 6PUP317E061 1174833618 135P33D3P4 

0176Z 	E0D3D1PDD1D 1166138661 D7ITDDP1D3 D3U7TD3P6P 1D11DD6U64 6381776786 

0882 	D5831668DD 66667636p DPDDDPAVEI P3D1D1PD1b 4661D61117 76P6336PDE 

OZ8Z 	1663376613 E.16aDDevD3 E66UDE6D6E DDDDlalDDD 4816618838 6131878Dl1 
SZIS—Z .ZTUIDd asq apuanbas 



SZ/£ L 

OV89 	861D8717D6 16bp1uEe61 D674p6e7E6 P1PPPE0P-2b 1866181788 766P76PE06 

08L9 	667e67pDP1 71e116e167 1P16DDD13D 36881661E5 8D7666617e 76PD611T31 

OZL9 	u16636D171 6661676861 6677686617 1p8e1u61D6 1181116617 6613667711 

0999 	D7D66D1D6D 613143FD7E. 66pD6116PP 8186676686 6186617868 TevlluPDYe 

0099 	D66D3711D6 P1DI.DP1DP 1affe6D661D PP1.1P1OPPE 3636116DEP 7ET0661PPD 

OVS9 	6E.61DD61p 6D-EoppDp61 6D6P6DP53U 'ePDDP1P776 885886106 866DD88666 

08V9 	116D18511D JbJ1JEP161 ED1p666661. P7UP7'e761.1 1176D78U 1D6866er67 

OZV9 	Dr66p66D18 67ee7e6171 17e113PeD7 66)61D8D8E 18616861e3 D88187D61.D 

09E9 	6168D61e1.1 pp6P6Re16p De51uD661p 66Dp1171eD 6puep6uppa 168D78717e 

00E9 	1686146611 De61PE6p31 D11E17P7P1 PD6DD6D166 713887686U 8765637678 

OVZ9 	611e167DD1 P1I.P1.66D5D 66161E2761 D11688E111 17u76p61p6 1eeDD41416 

0819 	DEP6PP6DDD 76D1114686 E61177I868 81667E0E7E8 D1DIX651DP p6D1eDp116 

OZT9 	66118EI7e7b 15661.16eD1. PET2b17E1p fteuelErepp 64661D6DeP U6PDDDPDa7 

0909 	6111116177 117761111E 7667641111 17DD11p117 DD6D1616DD 411De8D11 

0009 	p16p61p16p 68866888ep 611e1up1pp allDbapPpl. ublDDDpulx E786861874 

OV65 	76DDI81618 1pprDllpDP 1PEP131-111 1-P1116111P 1D)D388663 E06161PUP6 

0885 	666711117u D66166u316 7868117111 Mappapplp 6187161881 1668181111 

OZ8S 	181D76D8IX 616D1D3666 PPP67V5U6D 6D6DETP6DD PD1U)163DP D141166P6P 

09LS 	716161eDb1 D6e666DD1D 16DD86161.D 6UUDPETDP4 1ADD1PD66 OD776171.6 

OOLS 	11D6663U61 DDD6363E61 D6)DaeDUE) D6DDD8D86D DDD6eD36eR 1.16.e1e76D7 

0V9S 	6186171761 71EE7E16R7 171D1D6166 1p1eD6D7pD ep111p166D 6161.D1uD6D 

0855 	plaDD1D114 1E166D61e6-17D6D1PP66 116186611p 1118618161 77611DD611 

OZSS 	1013881761 1118811761 1u111D66p6 1DI.D6lrlal 76e1118577 e87E166111 

09VS 	1161PE1PJ1 666upp11e1 6EUPP76D77 171I.766e8U 1ETP6116D6 11371-P111Z 

0017S 	1EPPPP4D11 b66p61-e1p1 8888111E76 14PD66Pi1D 'ell.PDPDUD 7811131885 

OVES 	1116aD7e71 71117)6677 13161.78614 1P61661e61 1P1P3481Ue 61166DPE5P 

08ZS 	1D6-eD1e111 Re61eD66DD 1DaDDDE176 PaPPePPD13 17786e6816 111p6p1p6 

OZZS 	1DDp61puD6 6p71717e6E Dp176141.61 474D1186D1 ppaabppral 867811146p 

09TS 	1D61t.DE61.1 8618187816 666D08p71p 1186171111 D666611111 baDDilDlep 

OM 	DP1P1.1D612 TelerllaR U7E11767PP ZlpapPPUDP P1111Pr676 DePllarEPP 

OtOS 	vDPullauba 76p61pEupp p1.1661P1D D66D11.1v6D D64111P656 PP1E11.1P61 

0866 	1117118171 66D1D1e1D3 788317EDEU DEP661DPPP D71.1641)13 v6616e1ue1 

R617 	1171167873 168661167e 6111DDD671 141166786r .v5137D6D1 e7766616e1 

0986 	6Dv711661p 61.66681186 113EPPEPP7 DDD8631778 D667811176 16p11116DD 
sz1S—Z- ZIZZIDd 1sq aDuanbas 



qz/17L 

OZL 	D66PDD6D63 6D66666666 66666656D6 66661E6D6e D6161411ra 1vP1111112 

099 	alaPlaava6 1411EVDDDD DP3D3D1DDD DDDDD1D1ED DDD1D1DPD1 1D61D116DP 

009 	DDDD6e6466 p6D1661eDD PllylDbpa.p D16-e11p16D E1D1P1U16P )6611De1D3 

OVS 	1113P6661P 41DDE61P3P 46P13D64P1 1E0661)D63 D0661PPP16 6DP61PP716 

08P 	Dr611e1DDD DD6DP16PPD D61R1ED1P1 616UED1PDP 46PD6641DP )7761DPEP2 

N't 	66DP/11E16 E6616661EE D16DP611ED D11a3P666E apuppeouvl 6v1ropp116 

09£ 	1r16)P61pu 1FP346DP61 1P3DD6DD33 DE6DUPDDD6 DDP61)661D D6DDD661Pe 

00E 	P166ae11DE plp.ellbA DD1.16e661u 1u1Eopp61 PD116u11up 46666DP11r 

OVZ 	PDlepabEav P41P116P10 P611P1.1261 1EJE6J1JE1 p1e11pv1D6 lUDADDTee 

08T 	11e61ep1a6 P1613)116 666e1ovp1v 3313PUDD66 16p666e6u6 pp6D6D6e6D 

OZT 	6pEo6u616E. D1DA6DDD6 D156111Dpu 6D666D46a6 66D)D6rupD 666DDADD6 

09 	6p61Dup1D6 D1D6D1D6D6 D61D6EDDD6 6Pb1DvD436 D1D6DaD6D6 D6136up61p 
6 	<0017> 

'awes-rig-oD-DvD-Avvd 	<Ezz> 
<OZZ> 

apupnbaS LEP!-J44-lv 	<ETZ> 
VNO 	<ZTZ> 

96LL 	<ITZ> 
6 	<OTZ> 

EV8L Pal up11p6DA6 116D6D6DDD D1D4DD6DDP EPADP1PED 

008E 	Da6D6p6eu5 6D6eu66-e6D 6u616pp1ET 6DfteD6D6U6 DDE6DPU6D3 6PADD6D1D 

OtLL 	Copp1v61D6 p616P64143 ADDP11E16 DDEP1V6616 1311E61D3D D1P116,61D 

089L 	3141.D11.61p Dp31D61141 DAb1D6114 4Di661Dp11 66Dr11.1113 36636Derib 

OZ9L 	eDD6DPPREE 661.P1pp6e6 6D666666PD 16DaD61u64 6a1111e6D1 6D6v611pu6 

09SL 	171)317D6D 1.11666a461 D316E1P411 D1P4661DD6 DPVP66666E 3311D6e666 

00Si 	P6DPD6D6P6 pb6eDET653 1666pD66D6 pp166DD1E1 66pDp66D66 EEE6e666Ee 

01717L 	6Dp311obie DAD6EuP6P 61P1D6P616 DeeDP4D3P1 U6P61DPE6D DPDP1DDP6D 

OSL 	Ue6D6P6611 D6PDDAUDP DeD616p146 66666Dpv61 D666a166D6 up6366eele 

OZEL 	66D3p116E1 ubDP6PPD1D u6611666D) r11p1E1631 6ep1p63661 6EDD61)61D 

OWL 	661.6upDu11 610D1EV1D6 1D1D6D1DDE 4PDP1DADD PD6P461D1D UP6PP011DP 

00-LL 	Dpepabbpla 6e163Dbe16 16v4311.D11 61Delereop e1e6ED6obe 6eD6PD11D6 

OtTL 	613pp1E6eP 63D1111104 DPPD3U1a6P 6UPD1P66DD 6441611166 166D6eppr1 

0801 	ADDriDPRP EPPPDPETD6 11D61)64)1 PP25D6D61D 11111a1DD1 E6P611D13D 

OZOL 	4r66.epp1p 5eupp6u1E0 DDDP6PD16D 6P64DUDD11 6D1116u61. 6DPR1DDD1 

0969 	PUPPDDE61P 3131ve1e61 1114)31e6u p6166u1D1T 66PPEP111P P11111UD11 

0069 	ppppp111p6 11u6p111Dp 1P1P1E013P 1126rupDp6 r)161DE,P16 611pa6Ee11 
Sz1S—UZTUIDd lsq aDuanbas 



g4SL 

09LZ 	)16613)3p3 E63eE61361 63661363e6 66e613eP66 p361361661 3366616366 

OOLZ 	6e31e661EE 6E36661633 ep)ppelft) 3363366131 P6136U6P33 633613333P 

OV9Z 	3EPDD36163 133P4D3)61 66136163P6 63.31333E63 P1P366P333 3DDP6613E6 

08SZ 	33331ee6P3 6661PD6636 V6P63663U 3663116PP6 P636101133 PD66DP16PD 

OZSZ 	3336P336123 P3D66361P6 P3P)13D3P6 DP33117366 163U161)31 1311333663 

09VZ 	ppEop66e3) DP6E03131.1 1bET663616 D1D61D6PP3 1P66333PD1 PDET663366 

00VZ 	D166E06136 1636P7663P P6E6PP6DDP 3e13363113 E6311.33DD3 1616P3P6P6 

017E? 	33)3666163 EDETE6PP36 631P31P366 3DET6P6163 66366P3P3 16331.3613 

OSZZ 	U3361336U6 63616PUE3P 631.136P3PP 3113e31E36 161E66PDDE 36133663P1 

OZZZ 	61U3661PE6 E31P36E333 3643366P3P 61.36133311 36P6P36P3 336p364.36p 

09TZ 	33461636P3 3P3113)63E P66331161.3 61336PP6EE 6€03664DD3 63eb6131p3 

OOTZ 	103331?3361 1P33636e3E PDUPDU1336 36636e6r61 11e663661E 60E633661D 

OVOZ 	6106136131 363PE66333 3P6VD36U6P D61613E666 13616E14364 360)36161 

0861 	1613363336 1613)36436 p61p331336 16363Ee636 p6311Pp11p 614P-e6E-pp) 

0Z61 	661111e31e 313161.363.6 11E11661)6 163pu36661 331)61)213 3141413413 

0981 	113361p311 61p3ppp136 3.31.3)6p6p1 3136636633 P616163661 3143663116 

008T 	6663666p36 6663p66666 6631433613 663p666666 363)1.61366 6631))6p33 

0-17LT 	1)13331311 3D33163363 363633631.6 3516341336 66P6666366 64ppp66Ep6 

089E 	6e36633636 636166)6pp 6366663636 6636p13133 333P3b336) 36366e6661 

OM 	3PET6336P 663616131E UP3)31.61.11 D3143E6662 363666P6P6 361.6)1pp16 

09ST 	61p11413)6 11p)36p36) 36p6366363 66P6316136 636633636E 6633333663 

00ST 	6636)6666e 6666631366 6E66663366 6313)6)366 6636666366 6336166666 

OVVT 	266p)66)66 1666666366 6336163363 1)666636)6 61636666)e 1.633136666 

08E1 	3616663143 66333663p3 6E6436146U 6)3331333D DDP36103)] pa3re)6136 

OZEI 	6631.663163 636661.6466 666p36p616 6666661.636 4616166663 616361.366p 

09ZT 	eu3er6666p 6361366666 6361.663633 3361.663666 6633663636 E6666E6363 

0021 	6163.6p3633 1363616144 3666636366 36)666)613 636E61.6136 63663)36) 

OBIT 	606331.3663 6163633636 p666616361 61.64616163 6163616666 663136636p 

080T 	6666663616 111))36661! 6663313666 6E611336Ee P616361366 1613111131 

OZOT 	116113663E 6Pe114661 13636E11EE 16136663D1 331.3110336 63p6663666 

096 	36e6165PDV )D313E1163 633E613P61 3136633336 3336336363 13363363b3 

006 	3136DDDD61 6333363113 36116361.36 316U666366 6366363636 PU636P2PPP 

0178 	1p43)36636 6366366366 366p6366e 141133116 PPE6DD1363 636636U6P3 

08L 	1pp336p)66 36636166e6 p66366e636 6663666636 666e5)6666 3666636666 
SZ15Z'ZIZZIDd 1sq apuanbas 



gz/9[ 

002V 	6bP11P611D ETRUPPDDDD U671D)D66 De111D616p 111p63D115 66r111DDD1 

OVLV 	DE16666D1pp u1D1D6EPD1 6DDDD114D6 6DD6D1163E. DD6D1D111D D11DDD11D1 

029V 	11D63114D3 1ADDA36p 1D3D606upp 611DPDPaD6 3DP61636-eD 6367e11664 

OZ917 	66461666a6 6D6D6ue11e 36)66)6p16 1DDAD6D-e1 621EDDPPD6 Eepp16D136 

09St 	16yelp116D pAprr6be6 Dmo11u61 p136DD31D6 p111613D13 )66pluu111 

00St 	DDDlpePulp 1613)11.63D p16)661)11 E.66p31D11D EOPPEPPITa 1P61DP)13D 

OVVV 	661.66D1De1 111D1DU6PD P661X61.6D6 111EP11667 PPDP67611P 16UP6PPPD1 

08E17 	uplyelaeal 51616euD6 6PD1Dv1711 D116P61116 u1p6D366pp DETDDualP 

OZEV 	r661D11611 e1Pe16bD6b 1Ab1eeD61 16)D11T6D6 61-ev6Ab1e v6TDDETD53 

09Zt 	6416pDEEDD 311D3a6DIT 6DpeD6DDD6 6Ebep636p1 eP163661D6 eD636D6p6o 

out, 	6u636p646p 31x 6)666 DDD6111)66 6DDADP6DD 36)166EPED DP6D666DA 

OVTV 	6v61ppi1D6 31D6D1D6D6 D61D1D4DDD lir3366116 P661P616r1 DD3DPP66Pe 

02017 	oplouplapp 1pp11.666D6 61pp6E1.6ve 1P6P16135P PDDD6PD61D  DP6D1DDD1P 

NOV 	6P661P11.)1 D41D1DOD16 1D6P1P316P DDD13P13P6 aDD131D31D D11111P6PD 

096E 	AP1DP1111 b1eDE11D31 111PEEPIDD DEOUU111D M1111X21 6161111611 

006E 	llelup„1111 111e621166 p611DP6143 APPPE6P1P DD41P11331 1eD3161061 

OVGE 	O3DD36P3EP Eb1e1p16PD 1eD166p6re p1pap66116 6pvppuub1P D361.366136 

OGLE 	1U1eDDD61U 1PDPP)6611 16E6V1116b 411P16V61P E6ED1P3PPP P111rD1PPP 

OZLE 	D666u6661E 1uDr66pe66 p1pto131D1 616111111.P pb61161.66 U1PED61.1PD 

099E 	11.11P414PP u66upe1up1 De161D11DE6 1.31p36r611 iDDAPU6IX DaDP66661. 

009E 	P11PEPUE37 64)13D)141 11p1p6e61) EDDPaPPEDV D1D661.3)D6 1peop66161 

OVSE 	661D664661 66er6up1p4 Dp61D66/eD6 166p313)1D ED11PUDlee 666DD3U166 

0817E 	31D6u6D11P P6P61r6161 D6P6DPPDP3 61DPDAPDD 616PDDDDDa 16136PP6P6 

OZVE 	EP66106163 663e6D)D1D 6)61316661 1DDDP63PDP DP6U66646P DEI616eP3D6 

09EE 	61.D6PDDP66 6D61D64ppp 661.3a1D6rD D6D11r6PD DDDP6DDUDD 661DDET6PD 

00E£ 	PJP6P6JPJJ DDDU666DD6 PU6UDP6DE1 64D6P6661U 6PDA66DDP 10P1TeaDPD 

OVZE 	66D61DDPb6 PPDU1.651A 6DDUDDD6PD D66DAPDPD JEP6PJPP61 Dbloyaftp 

08TE 	D11)Dp3ppD D1616Du111 1oe66e37P6 p1ue3D31.13 3361e6eep1 apePblapep 

OZTE 	De36166136 bpp113p366 DDpAPD616 D6e66D61up D3Du1D6u61 rDyeb16pu6 

090E 	DVDDPDAUB PDAPD6E01 16160DP3D6 66161D1D6 U61APP661 DDDE113D613 

000E 	61D1DvP6eD 66Dpeo1D3E D3aUDDe6PP App66111D 1r)D6Dr1D6 PD3D7eaD3D 

OV6Z 	DITAPD1.16 61.DP661D31 PDDEDD3DDP 6133P661DE 13D31616DV 13D66P6DD1 

OM 	61.66PD656 61u6PEeP1p DDPAU5DDD DETDDElabb 1J61J1JJPP 63APDPD56 

OZ8Z 	DDD661Du16 1p1upppeb6 )366D6eDDD 311VDD31P3 663PPDV603 13De311D1e 
SZIS—Z'ZTZZ1Dd 1-Sq aDuanbas 



ML L 

Ot89 	oulllyelpl ul_epaDulal 6ve3pebeD1 613pp1661.1. eD6Pellu61 DpD1DD6166 

08/9 	plp6p64)60 1pfteDubplp ppEopp61p6 64P1DpuD66 PD16P66663 P6DPDP1D1P 

OM 	116p16D1r1 633313336E P1661P6PDD 66661DPAP D611PD1P16 6363131666 

0999 	1636e61663 36p66101pE plr61D611 111661)661 D663311DDD 66)1D6D61D 

0099 	11DrDDE66p D51.1.6ppulp 66D66p661p 661pp6p1R 11PPDPpD66 DDD1136P1D 

01759 	apealDuaDu p6D661Dpu1 lvl7eeeD6D 61163ppyev 3661.eeD6e1 613361e6Du 

08t9 	D3pDp61.6D6 P6DP63PPP3 3P1p3D6PE6 1PP6136P66 33PP666116 D1P6113D6D 

om 	lopE16TeD1 p666661uDe pDpD611111 zpEoppE1D6 E66rE6DDP6 6p66D1p6Dp 
09E9 	PDP61311DP 11DPVDD663 61Dp3PP1P6 16P61PDDPP 1PDD613616 ED61P11pP6 

00E9 	p6ppl6Eop6 1E0661E56D P11D1PD6Pp PE6PDPD16E DDPD1DP16P 61166113E6 

OtZ9 	lEE6e31J11 ulDvDpapp6 DD6D165)1.D ruAvEevo6 66DDEIDe6al PlEoppl_Pal 

08119 	u166D6D661 61u1D61)11 6erualz1Dp 36e61u61Pe 3311416puu CseuEopppeo 

01119 	11116E6E6L 2Di1p6p16 6D6PDPPD1D 1E661DPP63 1PDP1Z6661 6p63PD6166 

0909 	6116ED1p6p u61D61ubuu epl6upp616 baD6Deppesp DpDv31)641 11161DDllp 

0009 	D61.111r366 Dbal1111DD 311P113336 D161633111 PDpp311P16 E61E16E6EE 

0176S 	66EEEEE611 P1PP1PP311 D61UPV1E61 DDDPP4PpDV 6p61pD13643 D1P164P1PP 

088S 	p311pDpipp pa311111p1 116a11P1D3 3D1?v663636 161uue6666 31111DP366 

OM 	166E3163E6 P113111661 PP1PE1P61P D161PP1166 E1E11111e1 DD63pr616 

09LS 	D1D3606eru 6DP6P6o6D6 DPPP6DDED1 9316339311 1166P6P316 161P361Dbe 

OOLS 	666331316) DP61.61D6pP 3P6PDP1136 DD1P3663DD 136131611D 66631th133D 

Oi'9S 	6363-e61363 DDP3PPDD6D DDPDP6DDDD 6PDAPP116 PlEADD61E 61D1D61DIT 

08SS 	uDul6eD131 DP361661P1 PD6DDPDe71 11P166D616 1p1ro6DP11 D3134111v1 

(MSS 	56)61pb1D3 6Dlye66116 1e6611E111 p61p161D36 11D)6/1131 lep1061114 

09VS 	ppalDEalea 11D6Ee61D1 D51p111D6e 114pEoppup pl_561.11.11.5 4rul.PD1666 

°DVS 	PDV11P16PP PPD633D1D1 1366PPPlue P6116D6113 D1P11111PP P9P1311666 

OVES 	E61E1E1EEE Pz11PD611P 366PD1DP11 pppDpapprl 1131Ee6111 6DDDP31311 

08ZS 	13J66JJ1J1 613e6141P6 abbapblaul upwelerEql 66puebeaD6 uDullixe6 

OM 	1e366DD131 DDDP136plp pppPD131DD E6E6E16111 3D6P1P6133 r6lpeD66-eD 

0915 	zplyauppl. D6111611D1 D11P6DP31. 16JJE11E6J P14146v1D6 luDP611P61 

OOTS 	ElvDe16666 3DPP31P11P 6131111366 661111161) 311D1PeDe1 plaAllaul. 

OtOS 	PPP111PPDP 1136DPP11P 1PEPPDPP11 11PP6D6DPv 111PPPPPDP P111P6136P 

086t 	Eappepueal 6614P1DDE6 plale6pD61 111E666EE1 Pa2P61111 DI1e1D4663 

OZ6V 	131P1D3DPP D13P3PPDeP 661DPPPDD1 161131D P66 16P1PE111D 1.16DP3)16P 

09817 	66116Dp611 1D3D6D1111 166De6ele6 1DDADTeDD 66616p16Dr D14661p616 
SZIS—Z'MZ1Dd lsLj apuanbas 



g&/8 

08L 	6e636136r6 6eD3136166 1.3166e16b6 6eeppv661-e. 66D66631PD DPDDPDP1OU 

OZt 	Dli61D6P1) 3P6PD6P5DD D6P36PDDPD PDP66DDD16 1113E1DDA 1661P6161P 

099 	65PDDDDU6 DelDaPETDD DDU3P6613V 6EDD11PDP1 66661EE661 OPOPOPOODU 

009 	P366111.6ur 6P6161.3113 Tep661.p16e DDDDOUDDI. DUD666161D ODDUDODDDU 

OVS 	64PDD1llD6 6163P161DD 1lpl1DDD66 E.Du61e66e3 1pP6rD6131. 11.pep6eDD1. 

ORV 	661DPPD6PP 14PP6P13reD 1PDPUE06D66 66165P761U 616131D6PD UPOUMPOPD 

OZ-V 	EJ11EJ6111 JE6111JJJ1 P16166DUOP 6633166616 DED6PPOPP6 b611'eD1ED6 

09E 	6pDp)636160 u663366u3D EED1D61D61 36331.3D6-2 6p31166-e1?p E611} 31.3u 

00E 	rD1lDPD1PD 6161U66UDD U76136664E 161PA61PP bUD1PDETDD DA1D)66DD 

OVZ 	PD1D31336P 3i6163D6U6 DDDD11.61.D6 PAPD161D1 63PD1IDAD uP1.6i31131 

08T 	UDDOPTeD ADD316130 D61P661iDe DaDDDDUDD6 D1PDA1DeD PPDUPDP1P 

OZT 	616616E6E6 111,36612663 p61p663611 6p1.-e6lop1p 61.63-ep3636 31.3u3636D6 

09 	6)61.313166 61.331661.16 1311peye36 1D63)661.3 u6663DD613 P361P1636D 
OT 	<00t> 

'awds-nw-1vV4-ZDDd 	<EZZ> 
<OZZ> 

pivanbas Lppw.I.Jv 	<ETz> 
VNG 	<z-Lo- 

E6TL 	<HZ> 
OT 	<OTZ> 

96Z1 	EllEol. lE6DD66116 DEID6ODDD1.3 I.DADDURED 63PTePDDA D6POPP6606 

OVLL 	PEE6TEID6E6 46eD1Ee6D6 PDODOPODDP ODPPODAUD 6DAD1D6DD u1-2636p61 

089Z 	6v61113363 yeli_r16Dpv pr661.61)1. 1e61.333D1P 1.163643311 131161upup 

OZ9L 	1361111336 6136111133 661331166a e111113366 DEoPPAVDD 63ePePe661 

09SZ 	p1336p66D6 66666p3163 1361P61611 141E631636 E61.13u61D1 DDPDAD114 

00SL 	66631.61)D1 6elUll1DIT 1561DADUE PE06666PDD1 106U666PEID PAD6P6P66 

OVVL 	EDPP660165 6UD6EID6PP1 66DDIX1.66.2 DPOODOOPEP 6E666EP6DD p11363p336 

08EZ 	36euv6u6le 136e61636p 3u133r4r6r 61DPE6DDEO P1D3U6DUP6 D6v661.D6e 

OZEZ 	DDAPDPDPD 61.63146666 663uP61366 6316636u36 366uvle663 ov116v1u63 

09ZZ. 	u5ee31ae66 11666Dye11 31616316vP 1u636616p3 361D613661 6E.33461.3 

OOZL 	3 -ev136131 363133r1P3 u1.33633p36 E161D1DUU6 PEDIaDUDDP DA5P146E1 

°VIZ 	603D6p61.6e 1311314613 PaPPPDDV1U 6PDOD6PETD 6PD11D661D Ev166eP633 

080Z 	1M1D1DPP 3DU1D6P6PP D1P6633611 1.611166165 APDDU4D6D DEDDPPPPET 

OZOL. 	PDPETAllp 61D6131PU1 636D61D111 llalpplp&e 61.1.31.31p6 Eepv31p6up 

0969 	pp6p163333 u6P31636p6 1.3v3311.631 1116r61.6ye P1IDDD1UPP EDDP6TeD1D 

0069 	1pulublrn 1331E6EE61 661E.13E616E EEE111EE11 111PD113PP PP111P611P 
SZIS—Z- ZIZZIDd i.sq oDuanbas 



SZ/6[ 

OM Pa111u61.36 U64PPePP1 31163E.DD16 266116DP61 113)363111 11663u6E1e 

09R 61DDD6D1E3 D66615v163 eD116b1PE1 666e112611. DEVPPPEDDD DP6D1DDP)6 

OOLZ 3116DEDD16 E661463U61 413))63114 41-06326242 61333634PD 366616P163 

0179Z rD14661r61 6662112611 DPP2'OPP))3 DP6D1DDP36 6321113616 2114260311 

08SZ 060E111333 1366666)1P PE131)6PPD 163)33114D 66)3631163 P33b313111 

OZSZ )341)3311D 111)63111D D136)33636 P1D)36)6pD )611D2)213 633v616362 

09tZ D6D6DP1166 166161666) 66D6D6ye11 PD6D66D6u1 613D363632 16U1PD3PUO 

00tZ 6P'eP346D1) 6163P1P116 DPAPPE66U 6DE21341E6 4313673)4D 6E14161331 

OVEZ DD66D1e211 1DD31uupe1 D161D31463 3e16D661D1 1P66P31)11 DPDPeePlE 

OSZZ 11E61DPD1D 366466)13P 1.111-31326P DU661P610D 01112721166 DPUDP03014 

OZZZ 21622622E3 1PP4DU11B1 1612646UPD 66ED1DP1D1 1Dal6P61a1 61E6DD56P 

0911 UD6PD3211p 1E661)4161 Te1ur16636 6136612236 1163311111 636PbaPDD1 

OOTZ 11e166P161 2uPPD1bD6u 611r6D26e3 DalurOblee 6D661Yeb1D D6up6D611.6 

OVOZ PDU))3113 3363126)3P 3633)66P6P P6D6E1PP16 3664D6P3)6 3636U636P6 

086T D6p66PD1D D66D66633D 63,1.1366633 D63E633363 166E223326 3666D36626 

0161 1DED1D6D4D 634)6)6364 )131)3343P DD66116P66 1264621333 DPP66UPDP1 

09ST DPP11PD1EP 11666)661P 3621622126 p16DE4D661 VD6U6P1)E6 6bv2126DD1 

0081 puvp66161 PEPD24)1D) 2PPP46UUD6 EP/e1111116 6266616126 E06566P311 

OtLT 662311161e allxeDlluD 614UU3EPDP EDEU1162ED PEP1UPD61) 6UE1U11UD3 

0891 PE161.1.1P11 1361121D61 P616111-eu2 6161112111 361PETU2PP 616PD6EP6 

019T plyeuDuDDp puDe661116 u61u611pDe lubuElebl.0 326rD6p6D4 1D61-e2166 

09ST 6p616e1113 DDI4D6DD66 D663DHD33 1r66D1.plu6 1636DP261D aDrebaruDp 

00ST 311363DP63 3616UDDDDE DED1D6PePP 66E6643316 E661U6eDDD 3636161666 

OttT 43)DDe64PD PDP6E6661P PD6616PPD1 614D6PD1D6 ERP61361E6 'e661D6162p 

OSEI D1D6611DP6 uDDDP6136D D6E1DDP266 Dup26u6p6D 1DDDe666DD 6ED1U3P5DP 

OUT 1D1DuE6661. D6Dpv666DD e1DP4DP116 DDPDD1DDP6 6peDr1661D 666DeDDD66 

0911 3366PDPDDP DDPP6DDVP6 1D)13DU66P 3314)Dp6D3 601316121) 1/12622D32 

001T 6D4pDDD11 EDD61u622D 11D6261D32 EDED11E01) )6)311DPE6 2DDPDJP161 

O1T1 66D136D61p 6DDDP1DD16 1PDD2D166p 63pDDEDD6P 6233623623 413164D2DD 

HOT 6661.11DDDD 6p6pD661P616 1DO366DD61 DD1DDD1P63 3662323136 upplubDeop 

0101 223D66141 DIXDD61.1.3 bEODDDEILD DD1EDD4311 661DP66133 TeDDrIODDD 

096 2D1D3P6p1D 11)36E616D P4)36)P6D6 2316623366 661363623E DDDPD6U6PD 

006 D1D1vD1616 61D6111D36 p6D36EDu16 6DDD661DE1 613322D3e6 EeD66D6rDD 

OS DDalaDDDlp 1.664pEop61 312D2311D1 PD4PD1D)DP DP6DEP6136 1616613616 
SZIS—Z.UZZIDd 1sH.  aDuanbas 



SZ/N 

098V 	33eD3PUPPU eeDeVED641 36436131TP 4E06364311 11114331P6 u611D11Dae 

00817 	66ereple6e eue6e16DDD Dr6eDa6D6e 61DeDD116D aall6e616D Pe113331ee 

OVLV 	PUDDEtleD4 aleuae6114 laDDau6ee6 166eaDae66 peeellayea aalarDalDe 

08917 	eeellau611 eftalaDele aeleDaDeal 16PPDDP6UD 1613PP1661 leD6relae6 

OZ9V 	aDeDaDD616 6ele6e61D6 Dae6eDe6ea eee6Dre6au 661eaDee36 6eDa6e6666 

09S17 	De6DeDelDa eal6e16Dle 1603D3aD3D6 rea661p6eD D6666aDeD6 up6aleDael 

00517 	66D6DaDa66 616D6e6a66 3D6p66aDae eele61D611 m41_661)66 aD663D1aDD 

OVVV 	D663aD6361 DaaDeDDe66 e36146e2ea r66366e661 e66aDe6ele ealeupteD6 

08E17 	6733110nel 313e413V13 ye6D66a3ue llelDePPD6 D6116DeeDe eD66aveD6e 

REV 	a6aDD6ar6D P33PDP6153 6P63P6DePe D3rar3D6er 6aer6aD6e6 63Dee66611 

09Z17 	6DaeolaDD6 DaDue161eD le66666aeD eeDeD61a1a laD6DDeelo 6e66ue6DDE 

00Z-V 	66e66Dap6D PUDP61)113 P113PeDD66 3613P3Rele 646U64P33e P4eD361361 

OVIV 	6e36lealey 6e6eel6eDe 61eD66ae66 3el131ED5P eeebe3eD16 eDDeDaDel6 

080 	e6a16611ae 6lee6eDaDa aelauDeleD 6D36D166D1 Dee36e6euD 666DD63e61 

OZOV 	ara6DDDlea lea66D6D66 a6leaD61D1 16PM-1-lap eD6e6ar6ae upplaaa6De 

096E 	e6up63D3D6 )11116e6e6  113D1Pbeel 66D6PDEPD1 Dle6613PP6 DauDeaa666 

006E 	16p6DeD616 661.16eDle6 re6a36ar6e erea6ver61 66a36Deee6 U3DDE31361 

OV8E 	alla6aDDla D3611.11-E06 636111/114 3311e11333 6)1616D341 le3reDlle1 

08LE 	6e6aul6e6e e66-eeeee61 aeleeleeDa aD6leerae6 43D4ee4PUD e6e6ae4aD6 

OZLE 	4Dlea6arle PeDlle3P4P YelD11111e 1116111V13 33Dee66363 6161PPE666 

099E 	6DalaaDeD6 6166e4a6De 6ela3ala66 leeareae6a rDa6leela6 6Eataalaav 

009E 	aD4Eople61 6Da3D66bee e64e6e6D6D 63PPP6D4e4 1P31633PD1 11166e6e3a 

OVSE 	6a6TeD6136 e666DDa3a6 D3e6161D6e eDu6rDelaD 6DDle466DD D1D61D1611 

0817E 	D666De6aDD D6D6De6aD6 D4De3ee336 DD3e3eb3D4 APDDEleell 6U4VAD4E14 

OZ-V£ 	P613136131 Peael6eD1D 13PD61664P 1PADDeDe3 laaea6636a 6131e36Del. 

09EE 	aDDaDaaaau 166)61E61.D D6Dape6611 6ae6baleal aubael6a3D 61a4361a13 

00EE 	a4eulD6ala auela36ale alaD66e6aD aD6lealaD6 P414e633Pe De166a4111 

OVZE 	6leeleDa66 6e3ualea6e PeeD6D3313 laD66uyele re6116D6la Dparaaalle 

08TE 	upeeaD1166 6E64P1E1PP Pe111PD611 eD66PD1Del 4PDPDP1DDP 41131PP611 

OZTE 	16DDDeDaDa laDD66DDaD 16aDe6alle 61661e6ale ap4aelee61 a66Dee6raD 

090E 	6eDaulaave 6auD6643aD aDDDeaD6e1 PPPETD1DZD 3P6Pbe1611 1336E4P613 

000E 	De6aeeD65e Da4aDe6ED4 a461a16a1D apaae6DaeD 116DDeaar6 3elaaa6raD 

OVU 	6aeDe6ale6 leauDea666 CoDurDaela P613111aD6 6661114a6a DDlaplerpu 

088Z 	aeaaa6aaae lEPPaapED eaDa6Deela eapepuDera allee646De ealleupepp 
511S—Z'ZIZZIDd asq aDuanbas 



96,12 

0069 	6661DDP61D PDDEDDU366 ED1436E01D 313161DDA 66PDP6626D P663P1.PPP1 

OV29 	1D61DEDDI:e 661.D13DDD6 116DDDDD1D D6PDETDDED 11e1EE1166 113DP61666 

08L9 	61DePaPEID7 1DD1D61416 1DDDDEre11) P661.6E0D6U DDDIXEceD13 p6)666D66.2 

OM 	16D6eD666D D16D6eeepb 6eDD3613p7 e161D6er66 16Pp616eE1 6631117p1p 

0999 	p61:er3u1b6 uppbe61D11 1.661.6336pp 66PDUDP661 133PDD1)73 DDEDADeDa 

0099 	DP643161DP 6p6up7p1o1 3v16616Pe1 76ppD666p6 up6p6r616u D61311v66p 

OVS9 	UlDPDAPDP P6616PDDP1 DE011D1P666 63Daelb6D7 DE61DP6336 6P6P11e16D 

08179 	16p616p1u1 DD31D6p5DE 6D16D11pp6 613p6p1D1D 61176yeD6 PDPUPDP3P7 

0ZV9 	6pD66u6PD1 1DP661616E D1.161.116E%. 61)66u16E6 1PDP666P11 11PD3D6111 

09E9 	61ePD61136 1D61.416176 111616ablo 666p666p36 6RAPD166P PDD1D6PDDD 

00E9 	D61D1ppr61 D1D166U6P6 VDVD16PDD 11PP6D6117 6PPD6POPPU DPDPAPD56 

01Z9 	u6pD413p66 1616uD1161 116ye61D66 v16p61pae6 66p141.1pD3 )611161.upp 

0819 	611D61DE111 16ao6a4161 6161D666p5 66vD65EDET 3155UPDD13 6PDDDD61D1 

OM 	DD261D1D16 6P6V6PDE13 46PD31.12U6 D61176PPD6 PDPPEDUDPD 6PDE6P62D1. 

0909 	1Dv661.616u )1.61116eE 61366v16u6 1ppub66P11 11PD3D6111 6lee3611A 

0009 	4)61116136 111616161) 666p666u36 6vD61D166u POD136P3D) )6101DDE61 

Ot6S 	D1D166e6P6 EDP1316ED) 11PE6D6117 fteabuipep eaplullael D61PDD6DDD 

0885 	ep11u61yp1 16P114113D1 16666u1ipp aPDDlaUPDD 6616u666u6 p6eD6a6D6y 

OZ8S 	6D6p636u61 6pD1D36637 P1D1P11DP1 D61EDD5D3D PellrEappl 16e1611pp1 

09LS 	16666P1DPD 1e3D1DETOD 6616e666E6 p6pD63636p 6D6P6D6P61 6PD1DD667D 

OOLS 	7EID1661.11D Dp6D666D16 D6663DD6up PD666aDAD D66-e61Tepa D6D1D6D1D6 

01795 	D6D61D6uD6 uoblyealuo 11e6pD6611 60606)3D71 D1D76DDEPP 363rTerDD3 

08SS 	6D6p6pp56D 6pp66P6D6p 616E716u6D ET7636e6DD u6Dep6776.2 D67ADD63 

OZSS 	Dp1p61D6E6 1.6E61110A DDP11P16DD pu1p66161D 1p61DD3D1 p115D61DD1 

091'5 	1103.161E0u 71D61.111DD 5617611.41D D661DD1166 DP11111DA 676DPED6P3 

00t5 	DbDueeee66 1r1776e663 666666e)16 DaD61u6161 1141r6D16D bebalpuolp 

OtES 	1D3P3O6D11 16667161D7 16e1E11131 u1661D3Eor eeb66b6up7 11D6u666y6 

08ZS 	DuD6D6u6e6 6P3uP66716 66p)66D6pp 1667Dap166 upu66)66rp p6u666up63 

OM 	3711D6DeDD 676yrE6P61 r1a6p616)6 PDP17DP1P6 U61DPP6DDE DP1DDP6DUE 

0915 	6D6u6614D6 UDDAUDPDP D616D11666 6663ru6136 6631.66DET7 6D66Tele66 

OM 	Dye116P1P6 DeETP713P6 614666)Dr1 131616316e P1u6D6616T D761D61D66 

OtOS 	16pDpellba pplrylDblo 4D6D1DDrlu DPaDD6DDPD 6p161D1DET brupalptop 

0861' 	EopMealbe 1.6)76p1.616 paplapplEll DU1PUPDDP1 PET76D6P6e AP,113661 

OZ6V 	ppp165E.E6D 711111717E EDJE1D6E6E pD1v66D361 1151416616 636u3aelD6 
SZIS—Z'ZTUIDd as!A aDuanbas 



9Z/ZZ 

OVVI 	D1116D611.D 1.De6uubu6u DububD1611 D6661Duuu6 eluuDDP6e6 6eu11166eD 

08E1 	u6EeDu1166 puplulftel 66uD6661De D66u616316 6116eu6eD6 11DD6e166u 

OZEI 	P11D1D4DP6 16)366061D 1Pb1DDDDD1 61PP616PD 5564D3P613 EDDPDDE066 

09ZT 	epalpftpap D1D161DDD6 66-eDu66-e6D u66De1euva 1D61Dep31u 661D1DDDD6 

00ZI 	1163DDDDI_D D6ED6PD3PD 11P1PP1166 11DDP51.666 61Duu1e6DD 1DD1D61116 

OVIT 	13DDD6u113 P6616UDDEIP D3D1P6P31) U6D666066P 1636PD6663 D16D6UPU36 

0801 	6PDDD613PD P1E1D6PPE6 16PD616PP1 66D111DD1] a1PPDP166 rDD6u61D11 

OZOI 	1661.64D6Du 66eDPDP661 1DDP731DD) 3DUDADVD1 3E61D164DU 6EETDDD1D1 

096 	Dr1661.6uu1 DETDD666r6 uD6u6u616u D61D11e.66u P1DPDD6P3P r6616eDDR1 

006 	3b1D1e666 6D3De166DD DE61DP6DD6 6P5P11P16D 16E616e1e1 DDD1D6E6DE 

OV8 	6D16D11PU5 61DP6P1D1D 6111APPD6 eDUPEDPDPD 6P366E6ED1 1Du661616u 

081 	D1161116uu 61.366p46u6 1uTe666u11 41PDDD6111 61upD61.1D6 IJ61116136 

OZL 	111616161) 666u666u36 6PAED1.662 PD31DEeDDD 36131DDU61 31D166P6P6 

099 	PDP1016EDD 41PP6D611D 6PPD6UDPPP DPDPAPD66 P6UD11DP66 1.616-eD1161 

009 	116e-e61D66 e16v61xD16 66u1111eDD D611161ueD 6113613614 16aD6a1161 

OVS 	6161D666u6 56PD66ED6E )466PPDD1D 6PDDDD61i1 DOP613101_6 6P6E6PDP1p 

08V 	16eDD11Re6 D611DETP36 P3UeP3EDUD 6uD66e6eD1 1Du661616u D4161116eu 

OZV 	61D66u16u6 1eDu666e11 11uDDD6111 61yeD611D6 1D611161.D6 1116161613 

09£ 	666u666-eD6 ETAVD166P PDD1D6eDDD D61D4DDu61 D1D166e6e6 PDP1316RD3 

00E 	11uu6D611D 6eu16u1Dup au361u1eu6 plulDuTebq 66e11au6eD 6DD66DDDP1 

OVZ 	b6D1D6e6D1 auu61e6D1u D1e1u61D1u EeDu6D1D66 luDe6e4D1D 61eDD6u46D 

08T 	P1D1P11DP1 AlUDADDD EE11E61EE1 16r1611DD1 16666m.Dup ITDD1DPPDD 

OZI 	b616u666e6 u6eD6D6D6e 6D6u6D6e61 6v3D366DD D6D66414D Du6D666D6 

09 	D666DDD6uu u3666DDAD D66e61DuD1 D6D1D6DaD6 DE06106PD6 P361UP11PD 
TT 	<00V> 

-awds-nu-op-Ivvq-ZDDd 	<Ezz> 
<OZZ> 

aDuanbaS CeP!-JA-1JV 	<ETZ> 
VNO 	<ZTZ> 

66TL 	<IR> 
TT 	<OTZ> 

E6IL 	 u6e 6D1DDu6D13 D6u4D66e1v 1DeD1Du6Du 1ue11De16u 6e1D66uu11 

OOTL 	D1D6eDu11r up1161DDDI. DuDD16166u DeDDI.DaDll aDD61413u3 31uae61Du1 

080L 	1016611u1D DuD66u1u61 D1116Db11D 1Jebei6EbE Du6u6D1611 36661.DP2P6 

OZOL 	e1ueD3e6u6 6eu11166u3 eftuDu1166 upplulftel 66e36661Du D66r616D16 

0969 	6116uu6uD6 11DD6u1.66u E11DlD1DP6 16DA6D51D aP61DDDDD1 61UP616UDP 
SZISZ.ZUZIDd zs!A.  aDuanbas 



9Z/CZ 

081E 	1D1D1DDD1D eDD66116E.6 61P646P1D3 DDPPEI6UPDP aDev11eD1e ell6b6D661 

WeVE 	vAplEirEap 6p16Dp1D66 arD6TET1Dp 6b6p-eDp6DD 1PPPP16616 1PEPDU1D13 

09EE 	DueTeabeuD 6ETE111111 b6p666161p bp66666ED1 166eD11161 v1111.pplap 

00EE 	DbllueDeED eppre116pu DepeleeD61 D6PPle11e) DEP46411e1 117611e1D6 

0171E 	1e616111up p616111E11 1D61.euppev E616pD61rr 6plyepyeDD rpvDp6611.1 

08TE 	6u61p611ED Ezu6epDp6 pDp6rD6r6D 11D61ppl16 66v516e111 DDD11D5DD6 

OZTE 	6D66DD66DD D1u66Daele 646DbDpE6l baDbuoDupD eD61DPDAR DD616eDDDD 

090E 	DD161DETp6 p6ep661D61 6D66Dp6DDD 1D6D61D166 61.1DaDvEou DrDp6e5661 

000E 	6pD661burD DE061D6uDDe 666D61D61p VP661D711.D6 PDDD6D11P6 PDDDDP6DDP 

Ot6Z 	DD661DDev6 upuDebe6Dr DDDDDP606D DEleVETDEEID V151D6E666 1PETDD6653 

0881 	DP1DU1DP1D ED663610DU 66-eP3e1661 D66DDP3D36 U3366D36U0 EDDPP6PDPP 

OZ8Z 	64D61DD.e66 PDD41DDPDD DDD1616DP1 112DE66PDD P6D1PPDD71 1D)D61:26VP 

09LZ 	Dl1Dup51DD uppeD61661 D66DD11DPD 6E0DED5PDE, 46D6P66361 PDDDDEaD6P 

OOLZ 	61eDDr616y P6DVDDPDA r6rDD6rD6b D11616DDPD D6661.61DaD D6e61D6er6 

OV9Z 	61DDD61DD6 1D61D1D1u6 pD66DDr6lD DEDDITDDP6 PP36PE651.1 aD1PDD6DP1 

OSSZ 	D6PDDDDUlD DDDPD6PD1 165a3P661D DI_PDDPDDDD Dp61DDP661_ D61DDD1616 

OZSZ 	DuaDDNebD D1b166eDD6 6661y6u6eu 1DDDED6v6o DDD6vDD161 661D61a1DD 

0917Z 	PEEIDAPDPD 563)3661'3P 461DITPDDE 663D66D6P3 DDDlaRDDDl. PA6DVPDP6 

0017Z 	DO1DDPDalD 1UD1.564DDD PDE6DPU613 516D661.D5D P666E61DPP 65vD61D616 

OVEZ 	61DD6b616D 66buD1r661 ep6pD66616 DDP3DeDe16 vDDD6DD661 DlublDbeft 

08ZZ 	DADDEI1DDD DPDEVDDD61 63113PIODD 61661D616D U6613437DP 6DPIXD66PD 

OZZZ 	DDDDDE661D u6DDDD1ue6 pD6661pD66 D6r6p6D66D prD66D116r p6E6D61Dl1 

09TZ 	DDeD6bDul6 UDDDD6P3D6 eDEDD6bD61. E6T3PDaDDD P5EDD11DD 66163V1613 

OM 	DllplaDDD6 63DeEIDP66P D3DP6PDD1D 1116PP6E06 16D1D61)6U "031.P66DDDe 

OVOZ 	31P3PP66D) 66D166PD61 D61.5D6ED66 DEP6e6EV6D DPDP1DAD1 1DP6Da1DDD 

086T 	Du161.6pDe6 v6DDDD66E1 6DuDrPe6Pu 35501eDlED 66DDPU6P51 6D661D6ETD 

016T 	eDDEI1DD1D6 1DPDAIDD6 P66366UPP De5Da1D6ED PPD11DPD1U D6161U66P3 

098T 	TeD61DD66D p161uD661E. P6PD1PD6PD DDD613D66P DP61361DDD aaDET6ED6p 

008T 	1DDDETD6aD EeDD1.616D6 uDDE.D11DD6 DEE66DD416 1D61DAye6 pv6pDD661D 

OLT 	3363P66131 ED13DDDE33 611PDAD6E DeeDEUDP3D D6D66)6e6e bllauffIDN 

0891 	1P6DP6DD66 1D61D61D61 D1D6Dvp66D iDDE6VDD6U 6PD6461DE6 661)616613 

OZ9T 	61D64DDA1 61161336pp DE161DDD61. D6P6aPDDED D616)6DP6P 6D1DDP6D4) 

09ST 	DbulD66p1p 1DeD1Du6De leelaDelbp Se1D66ep11 D1D6PDE1lP PD146EDDD1 

00ST 	DEoDababEee DEDD1D1D11 1DD6111Dup D1uDv6aDv1 1D15611uD DED66Plu61 
SZ1S—UZIZZIDd asq aDuanbas 



ggIVE 

MS 	611DDE6Pp 166D6vDeep aplubCaDPe 674-e7u11b6 b1bp67pp61 b6611.6ED1p 

O9tS 	6uP61D61P6 pvEu4bppp6 1b61D6DPEU 6PDDDPD1D6 1111164DD1 1.DD6PD 

0017S 	66D64411a1 Dp311E117D 7631516771 lluDeepaae 16rb1P16e6 pe66euuee6 

OVES 	11P1eP1Ee7 11761vpp1u 6437DePlUe 7u6e61E317 6731p161e1 prEplaxDul 

OKS 	Eee1711111 e1116111E1 7ppopp66,6 761.61uue66 6631111Dpp 66166p716) 

OZZS 	u6P11p1116 61pp1ep1v6 1eD161pp11 66E1E11111 p1aD6Dp1P6 a631)D666r 

09TS 	UP67P6P6D6 D6DPUVE0DP 7IX716DDPD 111166E6E7 161.61PD613 6P666DD1D1 

OOTS 	' 	S7Dp616136 uPDP6Ppu11 D6p71uD66D DD1D613161 1D5667p61.3 DADEou61) 

OVOS 	67DDPDUPDD 6D3DPDP6DD DAPDD6PPI. 1ET1UA7D6 1E6171D610 1PPDP16P71 

02617 	D1DE751661 P1P67DP7E 71.11.P1.6676 16171P76DP 117D1D1141 P166D61P61 

OZ6V 	DAD1pp661 161E6611E1 14E61E161D 76117A111 D4PP1D611 11Ee117611 

09817 	p11D66p61 D1761p1117 6p411E6D7e u7p1661411 1.61pu1p316 66upp11p16 

002V 	eureD6DDD1 p11D66.euv1 rpp6116D61. 1Dpaullall- uePeeD116  6561P1u1'e 

OVLV 	emlleaba 1e366P31De 11P7E7U177 e11101PP51 11EIDDDPD1D 111D)66D71 

0891' 	a161Du6111 E61661E611 u1eplu1ue6 11667ue6u1 D6ea1e111P p61uD66D71 

OZ9V 	DaDDDE1D6P 1PPPPPD171 p7p6p6u161 lap76ulu61 DDP61rED66 pp1D13p6up 

09S1' 	D1D6441614 D1D41P6D1r D11637r11u 63p11146p1 D61p7v611E E1P1v7e466 

00St 	66DDru71e1 1u61Dallap 6666141116 17D11D1PuD E1E1176111 P1eru111PP 

Mt 	DP17157ru1 1PITEUP7PE 1441eubAD PP111perpu 7er111p61D 6u61vurEpp 

08Et 	1.16611v1p7 66D111P6DD 6111P666v E1E111E611 11311P1)16 631D1v17DD 

OZEt 	EUDI.DDUED PP661DEEPD D41.61171DU 6616-e1pu11 17116DEDD1 6p66116Dp6 

09Z17 	111DD76D11 11166D 6E1 u61.377671p 7D66616u16 TeD14661E6 1666u11p61 

00Z17 	1DEETPUU77 77U671DDP7 6E0E141361 6p111E6D31. 1666v111pp DI.766656D1 

Otit 	uee1Da76ep D16DDDD1.1 D6637631.16 7E77bD1711 aDDIaDDDll plalD6Dala 

0801? 	3743677AD 6e4D3D6Dbe )3611713U1 7673U64606 U7b363e1.1.6 6166164666 

°Mt 	36636D6re1 1up6D6676v 161377676D E16P1VDDEP D6UUD1634 )6163e1U41 

096E 	6Du76ppp66 E6DUP1714P 64a1363DD1 AP1116107 10366D1PP1 113D7IXEPP 

006E 	1D1.61D7116 7DP16)6617 11P66P7171 1DU7EPEVEZ E11P64De31 D3661.663ap 

Ot8E 	p1111Dlpe6 pDp661x616 36414pu116 6Deppr6D61 1P16tp6pue Dappapulap 

08L£ 	1161P616UP D66E71DP1D 117116E611 16E1P67DE06 PPAPD7P/1 P1P661D11b 

OZLE 	a1r1pu166D 661D661re7 6116771111 16D6P61.PDD 111u166p16 1urup716D6 

099E 	P614u6DE6P DD11rP661u P67661re61 736E0E051.1 6EDUPD7D11 D7ADITE0D 

009E 	pD6D3D66u6 up6D6p1pu1 6D661D6EDD 6D676p6D6p 676E616pp1 D7667666DD 

0-17S£ 	A111D6660 DADP6D7A DZHEPPDDP E06667D66E 61.3PD17531 ADI.76D636 
SZIS—Z'ZTZZIDd asq aDuanbas 



CZ/9Z 

661L 11P6D661 16D6D6DDDD 131DDEIDDPP PD6DP1VPDD D6D6P5UP66 D6PU66P636 

017TL P61eep16e6 D6PD6D6P6D DP6DRE6DD6 PD6DD6D136 DDP1r61D0P 615P611DD 

080L 6D.DP11e16D DPu1P66161 311P61»» 1P146)61DD 141D4161PD PD1D61111D 

INN. D661)61111. )3661)D116 6DP11111DD 66D6DPpD6u 3D6DPEPPP6 61PD)6P66 

0969 D666666p31 6D4D61e616 11111p6D16 D6p611Dp61 D13DUD36D1 11666D1613 

0069 Dabelu111D 1e1661DAD ppu66666eD DllDbebbbu 6DeD6D6P6e 66eDrE66D1 

01789 666uD66D6e E166DD1p46 6pDP66D66v UP6P666PU6 DDD11D6DPD D6D6UPP6P6 

08L9 1E1J6E616a ETDE1DDPIX 6E61DEPE03 UDE1DDUE.DE P6D6P66410 6PDDD6PDPD 

OZL9 PD616D1166 6665DPV610 566D166D5E D5D66euu6 6DDP116U1P 6D26PPD1DE 

0999 6611.6663DP 11D161.6D16 Relp6D6616 rDD61D61D6 616rDDE.116 1DD1rE1D51. 

0099 D4D6D1Dael PDP1336DDU 36P164D1De P6PPD11DUD DPD66U116 P1E0DAP161 

01759 6p10113D16 1DP1PEPDDP 1E6PD636P6 PD6PD11D56 1DPP166PP6 DD111a1D1D 

0819 EEDDE1D6E6 uvD1r66DD6 1136114661. 6576uDDp4D 63DPDDPPEP EPeDPPP361 

01179 1D61D61ple P1E063610/ 121111D]lE 6u611a11D1 v66preDar6 ueerbezbDD 

09E9 DDebuD1bD6 e61DEDD16 D1111bPb46 DUP11DDDIP PPED7PE11PD 1a1PP1P611 

00E9 111DD1r6ev 0166P1D1p6 beuppllapp 11.11.1pDlap Repp111p61 lairlazDpa 

01729 V1E1PD1Ye1 116UEDDP0U 3161DEP166 11eD6PU11E 61DPJ1» 61 66PP6P61D 

0819 6D1p6pDp6p 1prE6Dpr61 P661-e1Depp 66pD16e666 6Dp6DpDp1D 1u116e16D1 

OZ19 P1.63)313DD 6UP1661P6P DD6666aDUD 6eD611rp1u 1.66D6D1D16 b616D6p616 

0909 6DD6U66101 EPP1E61D61 1P211661D6 613663311D DD66D1D1D6 1D11D17D.E6 

0009 6uA116rEP 4P66 3166P66 1e661Debu1 PulauuDvE0 66DDD11D6P lolaellpul 

0176S Duv6D661De vazelDepeD 6a6116DeuD euD661eu16 p161.DD61e6 DeDDeDe616 

0885 D6P6DPEoPP PODU1PD6P P61.2e61.D5ce 56DDPP6561 16D1P611DD 631Duv1b1u 

OM D1P666661P YETDP10111 111ADDPP1 D6E66PP5DD P66P6E0D1P6 DPPDP51D11 

09LS DP11DUPDD6 6D6aDeDPPI. P616E61UDD PPIXD)61)6 16PD61e11P p6e6ve16pD 

00L.S p61ED661p6 E0D-e11DluD6 Eurv5pDpD1 6pDpeD1.Du1 6e6116611D p61er6pD1D 

Ot9S 11u4DEou1e ADD6D166D 4Duvp6P6re D666)D6DE6 11E16DDDIT 41U166D6D6 

HS S 61.61e1.364D alfteellal DPD6u61P61 PPDD11116) PE6PEE0D3D3 6D11.116P6P 
SZIS—UZIZZIDd lsu aDuanbas 



35 

CLAIMS 

1. An isolated 	nucleotide sequence having at least 85% sequence identity 

to SEQ ID NO: 1 that codifies for the protein SEQ ID NO: 2. 

2. The isolated nucleotide sequence according to claim 1, wherein said 

sequence is SEQ ID NO: 1. 

3. A gene construction comprising the nucleotide sequence according to 

any of claims 1 or 2. 

4. The 	gene 	construction 	according 	to 	claim 	3, 	wherein 	said 	gene 

construction is a vector. 

5. The gene construction according to claim 4, wherein said vector is an 

expression vector. 

6. The expression vector according to claim 5, wherein said vector is an 

adeno-associated vector. 

7. The expression vector according to claim 6, wherein the serotype is 1, 2, 

5, 7, 8 or 9. 

8. The expression vector according to claim 7, wherein the serotype is 9. 

9. An expression vector according to claim 6 comprising a CAG promoter 

operably linked to SEQ ID NO: 1. 

10.The expression vector AAV9-CAG-co-hu-SFMD according to claim 9 

wherein the adeno-associated vector is serotype 9. 
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11. The plasmid vector pAAV-CAG-co-hu-SFMD according to claim 10 with 

accession number DSM 24817. 

12.An expression vector according to claim 5 comprising a hAAT promoter 

operably linked to SEQ ID NO: 1. 

13.The plasmid vector pAAV-hAAT-co-hu-SFMD according to claim 12 

wherein the adeno-associated vector is serotype 8 or 9. 

14.The plasmid vector pAAV9-hAAT-co-hu-SFMD according to claim 13 

wherein the adeno-associated vector is serotype 9. 

15.A pharmaceutical 	composition 	comprising: 	the 	nucleotide 	sequence 

according to any of claims 1 or 2; the gene construction according to any 

of claims 3 to 5; or the expression vector according to any of claims 6 to 

14. 

16.The pharmaceutical composition according to claim 15 for parenteral 

administration, preferably for intravenous or intracisternal administration. 

17.The pharmaceutical composition according to any of claims 15 or 16 

comprising 	a 	therapeutically 	effective 	amount 	of: 	the 	nucleotide 

sequence according to any of claims 1 	or 2; the gene construction 

according to any of claims 3 to 5; or the expression vector according to 

any of claims 6 to 14. 

18.The pharmaceutical composition according to claim 15 comprising a 

therapeutically 	effective 	amount 	of the 	adeno-associated 	vector 	of 

serotype 9 according to claim 9 for intracisternal administration. 

19. The nucleotide sequence according to any of claims 1 or 2; the gene 

construction according to any of claims 3 to 5; or the expression vector 
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according to any of claims 6 to 14; or the pharmaceutical composition 

according to any of claims 15 to 18 for use as a medicament. 

20. The nucleotide sequence according to any of claims 1 or 2; the gene 

construction according to any of claims 3 to 5; or the expression vector 

according to any of claims 6 to 14; or the pharmaceutical composition 

according to any of claims 15 to 18 for increasing the sulfamidase activity 

in the body. 

21. The nucleotide sequence according to any of claims 1 or 2; the gene 

construction according to any of claims 3 to 5; or the expression vector 

according to any of claims 6 to 14; or the pharmaceutical composition 

according to any of claims 15 to 18 for use as medicament for enzyme 

replacement or gene therapy, preferably for gene therapy. 

22. The nucleotide sequence according to any of claims 1 or 2; the gene 

construction according to any of claims 3 to 5; or the expression vector 

according to any of claims 6 to 14; or the pharmaceutical composition 

according 	to 	any 	of 	claims 	15 	to 	18 	for 	the 	treatment 	of 

mucopolysaccharidoses, preferably of mucopolysaccharidosis type IIIA 

or Sanfilippo syndrome. 

23.A method of producing the expression vectors according to claim 6 

comprising the steps of: 

i) providing a first vector comprising the SEQ ID NO: 1 interposed 

between a first AAV terminal repeat and a second AAV terminal 

repeat, a CAG or hAAT promoter operably linked to the SEQ ID NO: 

1; a second vector comprising an AAV rep gene and a AAV cap gene; 

and a third vector comprising the adenovirus helper function; 

ii) co-transfecting competent cells with the vectors of step i); 

iii) culturing the transfected cells of step ii); and 

iv) purifying the expression vectors from the culture of step iii). 
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24.An isolated cell transfected with: the nucleotide sequence according to 

any of claims 1 or 2; the gene construction according to any of claims 3 

to 5; or the expression vector according to any of claims 6 to 14. 

25.A method of manufacturing the pharmaceutical compositions of any of 

claims 15 to 18 which comprises combining the nucleotide sequence 

according to any of claims 1 or 2; the gene construction according to any 

of claims 3 to 5; or the expression vector according to any of claims 6 to 

14; and a pharmaceutically acceptable vehicle or carrier. 

26.A 	method 	for 	treating 	mucopolysaccharidosis 	type 	IIIA 	comprising 

administering to a subject having mucopolysaccharidosis type IIIA the 

nucleotide sequence according to any of claims 	1 	or 2; 	the gene 

construction according to any of claims 3 to 5; or the expression vector 

according to any of claims 6 to 14; or the pharmaceutical composition 

according to any of claims 15 to 18. 


