
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
(1) Organization11111111111111111111111I1111111111111ii111liiili 

International Bureau (10) International Publication Number 

(43) International Publication Date W O 2022/183052 Al 
01 September 2022 (01.09.2022) W IP0I PCT 

(51) International Patent Classification: KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, 
C12N15/86 (2006.01) C12N 9/40 (2006.01) MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, 
A61K 48/00 (2006.01) C12N15/52 (2006.01) NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, 
A61P3/00 (2006.01) RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, 

(21) International Application Number: TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, 

PCT/US2022/017998 

(22) International Filing Date: (84) Designated States (unless otherwise indicated, for every 

25 February 2022 (25.02.2022) kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, 

(25) Filing Language: English UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 

(26)PublicationLanguage: English EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
(30) Priority Data: MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 

63/154,485 26 February 2021 (26.02.2021) US TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 

(71) Applicant: TAKEDA PHARMACEUTICAL COMPA- KM, ML, MR, NE, SN, TD, TG).  

NY LIMITED [JP/JP]; 1-1 Doshomachi 4-chome, Chuo- Published: 
ku, Osaka-shi, Osaka, 5410045 (JP). - with international search report (Art. 21(3)) 

(72) Inventors: ISLAM, Rizwana; 7 Simonds Road, Winches- - before the expiration of the time limit for amending the 

ter, MA01890 (US). DESHPANDE, Mugdha, Ravindra; claims and to be republished in the event of receipt of 
25 Pine Street, Arlington, MA 02474 (US). NATARAJAN, amendments (Rule 48.2(h)) 

Madhusudan; 202 Winslow Road, Waban, MA 02468 - with sequence listingpart of description (Rule 5.2(a)) 

(US). PARK, Yung, Hee; 5 Mayflower Road, Arlington, 
MA 02476 (US). CHOI, Vivian; c/o Takeda Pharmaceuti
cal Company Limited, 125 Binney Street, 2.200-02, Cam
bridge, MA 02142 (US).  

(74) Agent: KIM, Sang-A et al.; Proskauer Rose LLP, One In
ternational Place, Boston, MA 02110 (US).  

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, 
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, 
DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, HN, 
HR, HU, ID, IL, IN, IR, IS, IT, JM, JO, JP, KE, KG, KH, 

(54) Title: COMPOSITION AND METHODS FOR THE TREATMENT OF FABRY DISEASE 

rAAV9a(ubiquitous promoter) STUFFER 

FIG. 1 

(57) Abstract: The present disclosure provides, among other things, a method of treating Fabry disease in a subject, the method com
prising administering to a subject in need thereof a recombinant adeno-associated viral vector (rAAV) packaged in AAV capsid having 

C broad tissue tropism, the vector comprising: (a) a 5' inverted terminal repeat; (b) a ubiquitous promoter; (c) a nucleotide sequence en
coding wild-type a-GAL enzyme or a variant thereof; (d) optionally a woodchuck hepatitis virus posttranscriptional regulatory element 
(WPRE); (e) a poly A; and (d) a 3 'ITR.



WO 2022/183052 PCT/US2022/017998 

COMPOSITION AND METHODS FOR THE TREATMENT OF FABRY DISEASE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

100011 This application claims priority to, and the benefit of, U.S. provisional application 

No. 63/154,485, filed on February 26, 2021, the contents of which is hereby incorporated by 

reference in its entirety.  

INCORPORATION-BY-REFERENCE OF SEQUENCE LISTING 

[00021 The present specification makes reference to a Sequence Listing (submitted 

electronically as a.txt file named IL-014WOST25 on February 25, 2022). The.txt file was 

generated on February 24, 2022 and is 177 KB in size. The entire contents of the sequence 

listing are herein incorporated by reference.  

BACKGROUND 

[00031 Fabry disease is rare a progressive congenital metabolic disease caused by a 

deficiency in the lysosomal enzyme a -galactosidase A (a -GAL) as a result of a mutation in the 

GLA gene. If left untreated, Fabry patients have a reduced life expectancy, often dying around 

the age of forty or fifty due to vascular disease affecting the kidneys, heart and/or central nervous 

system.  

100041 Lack of u-GAL enzyme activity results in the progressive, systematic 

accumulation of its primary substrate, globotriaosylceramide (GB3) and its deacetylated soluble 

form, globotriaosylsphingosine (lysoGb3), resulting in a myriad of health issues including one or 

more of renal disease, cardiac disease, and/or cerebrovascular disease, with reduced life 

expectancy. Depending on the mutation and residual a -GAL enzyme level, the disease presents 

as a classical early-onset Fabry disease in childhood/adolescence or as an attenuated (adult) form 

later in life. Classical Fabry disease occurs when residual enzyme activity is <5% (Arends M, et 

al. (2017) PLoS ONE 12(8): e0182379.) and typically occurs in males.  

[0005] Fabry disease is also associated with the development of pain. Pain is possibly 

caused by the deposition of lipids in the dorsal root ganglia and sympathetic ganglia, or by small 
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fiber neuropathy. Generally, the pain is either chronic or episodic. Episodic pain in Fabry 

disease, termed "Fabry crises," typically begins in the extremities and radiates proximally, and 

may be triggered by exercise, illness, temperature changes, or other physical and emotional 

stresses. This neuropathic pain is also associated with a lack of temperature perception.  

100061 The specific treatment of Fabry disease that is currently approved is enzyme 

replacement therapy ("ERT") which involves treatment of patients with either of two versions of 

recombinant human a-GAL, agalsidase alfa, which is produced by cultured human cell lines; and 

agalsidase beta, which is produced by Chinese hamster ovary cells transduced with GLA gene.  

While ERT is effective in many cases, this treatment requires life-long intravenous 

administration of a-GAL every two weeks. ERT resolves symptoms associated with Fabry 

disease but is not curative and does not stop disease progression. For example, the two a-GAL 

products discussed above have not been shown to substantially reduce the risk of stroke, the 

myocardium responds slowly to treatment, and the elimination of lipid deposits from some cell 

types in the kidney is limited. The insufficient pharmacologic response is largely due to the short 

circulatory half-life of the enzyme and suboptimal cellular delivery. Thus, there remains a need 

for therapies for treating Fabry disease that can stop disease progression and potentially be 

curative.  

SUMMARY OF THE INVENTION 

[0007 The present application discloses methods and compositions for the treatment 

and/or prevention of Fabry disease. The present disclosure provides, in part, a gene therapy 

approach using recombinant adeno associated viral vectors (rAAV) to mediate transfer and 

expression of the GLA gene. This application is based on the discovery that gene delivery 

vehicles such as a rAAV vector that has broad tissue tropism and utilizes a ubiquitous promoter 

to drive widespread gene expression results in sustained high levels of protein expression and 

robust protein exposure to a wide range of tissues and/or decrease in GB3 or lysoGb3 levels.  

This application is also based on the discovery that codon optimized or engineered variants of 

GLA delivered using a rAAV vector with broad or tissue specific tropism and utilizing a 

ubiquitous or tissue specific promoter result in an increase in a-GAL activity in vivo, and/or a 

decrease in lysoGb3 or GB3 levels in vivo. Additionally, this gene delivery approach to drive 

expression of GLA variants that encode a-GAL protein with increased half-life and improved 
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cellular uptake provides further increases in a-GAL exposure in key target tissues. Collectively, 

these discoveries allow for the delivery vehicles described herein to achieve broad tissue 

distribution of administered transgenes, and also allows better treatment outcomes. The delivery 

vehicles comprising the GLA sequences described herein are particularly useful for the treatment 

of Fabry disease.  

[0008] Described herein are methods and compositions for effective delivery of a -

Galactosidase A (GLA) gene into cells of a subject in need thereof The delivered GLA 

transgene results in expression of a-GAL protein. The present disclosure is based, in part, on the 

development of a recombinant adeno associated viral (rAAV) vector that comprises a 

Galactosidase A (GLA) gene, among other things, and which demonstrates robust a-GAL 

protein expression once present in a cell. The present disclosure is based, at least in part, on the 

surprising discovery that a construct comprising a GLA gene under a ubiquitous promoter and 

packaged in a rAAV capsid with broad tissue tropism results in persistent a-GAL protein 

expression and robust tissue biodistribution in the kidney, heart, gastrointestinal tract, brain, and 

peripheral neurons even at a low dose. The broad distribution obtained using this vector allows 

for efficient delivery of a-GAL to tissues that are affected by Fabry disease, and consequently 

allows for a robust therapeutic result.  

[00091 The rAAV vectors described herein can be used with either a GLA gene having a 

wild type sequence (SEQ ID NO: 3) or a GLA gene having a modified sequence described 

herein. Such modified GLA sequences include, for example, codon optimized GLA and/or 

engineered variants of GLA. The rAAV vectors described herein allows for substrate clearance 

of globotriaosylsphingosine (lysoGb3) and/or globotriaosylceramide (GB3) in various tissues.  

10010] As described in more detail below, the gene therapy system described herein 

results in overall improvement in health as evidenced by gain in body mass, improved kidney 

function, and neurological symptoms in Fabry disease mouse models and is further expected to 

elicit the same in humans. The methods and compositions provided herein can be used to achieve 

sustained expression of GLA in a wide variety of tissues that are affected in Fabry disease. Thus, 

the present application provides composition and methods that are highly effective in the 

treatment of Fabry disease and alleviation of associated symptoms.  

100111 In some aspects, a recombinant adeno-associated virus (rAAV) vector with broad 

tissue tropism is provided, said vector comprising: (a) a 5' inverted terminal repeat (ITR); (b) a 
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ubiquitous promoter; (c) a nucleotide sequence encoding -GAL enzyme; (d) a poly A; and (e) a 

3' ITR.  

100121 In some aspects, a recombinant adeno-associated virus (rAAV) vector with broad 

tissue tropism is provided, said vector comprising: (a) a 5' inverted terminal repeat (ITR); (b) a 

ubiquitous promoter; (c) a nucleotide sequence encoding u-GAL enzyme; (d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); (e) a poly A; and (f) a 3' ITR.  

100131 Various kinds of AAV capsids with broad tissue tropism (the terms "broad tissue 

tropism" "wide-tropism" are used interchangeably herein) can be used in the rAAV vector 

described herein. For example, in some embodiments, the AAV capsid is a wide-tropism AAV 

capsid selected from an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4 capsid, AAV5 

capsid, AAV6 capsid, AAV7 capsid, AAV8 capsid, AAV9 capsid, AAV11, 12,13, AAVhu.37, 

AAVrh.8, AAVrh.10, and AAVrh.39, AAV-DJ, orAAV-DJ/8.  

[00141 Accordingly, in some embodiments, the AAV capsid with wide-tropism is AAV 

is AAV1. In some embodiments, the AAV capsid with wide-tropism is AAV is AAV2. In some 

embodiments, the AAV capsid with wide-tropism is AAV is AAV3. In some embodiments, the 

AAV capsid with wide-tropism is AAV is AAV4. In some embodiments, the AAV capsid with 

wide-tropism is AAV is AAV5. In some embodiments, the AAV capsid with wide-tropism is 

AAV is AAV6. In some embodiments, the AAV capsid with wide-tropism is AAV is AAV7. In 

some embodiments, the AAV capsid with wide-tropism is AAV is AAV8. In some 

embodiments, the AAV capsid with wide-tropism is AAV is AAV9.  

[00151 Various kinds of capsids and associated tropism are described in Curr Opin Vir.  

2016 December 21:75-80, the contents of which are incorporated herein by reference. By "broad 

tissue tropism" it is meant that the capsid is able to enable gene transfer to two or more than 2, 3, 

4, 5, 6, 7, 8 or more tissue types. For example, in some embodiments, a capsid having broad 

tissue tropism enable gene transfer to one or more of the following tissues: liver, kidney, heart, 

gastrointestinal tract, and/or peripheral neurons of the subject.  

[00161 In some embodiments, the ubiquitous promoter is selected from chicken 0actin 

(CBA) promoter, CAG promoter, EF-lu promoter, PGK promoter, UBC promoter, LSE beta

glucuronidase (GUSB) promoter, or ubiquitous chromatin opening element (UCOE) promoter.  

In some embodiments, the ubiquitous promoter comprises CBh (CMV enhancer, Chicken beta

actin promoter, Chicken-beta actin-MVM hybrid intron). Accordingly, in some embodiments, 
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the ubiquitous promoter is a chicken 0actin (CBA) promoter. In some embodiments, the 

ubiquitous promoter is anEF-lu promoter. In some embodiments, the EF-lu promoter is in 

combination with chimeric intron from chicken p-actin and rabbit p-globin genes. In some 

embodiments, the ubiquitous promoter is a UBC promoter. In some embodiments, the 

ubiquitous promoter is an LSE beta-glucuronidase (GUSB) promoter. In some embodiments, the 

ubiquitous promoter is a ubiquitous chromatin opening element (UCOE) promoter. (Powell SK, 

et al. Discov Med. 2015 Jan;19(102):49-57.) 

100171 In some embodiments, the ubiquitous promoter comprises a cyto-megalo-virus 

(CMV) enhancer, chicken beta actin promoter, and a rabbit beta globin intron.  

100181 In some embodiments, the ubiquitous promoter comprises a shortened EF-lu 

promoter and one or more introns.  

[0019 In some embodiments, the one or more introns are from chicken P-actin and/or 

rabbit P-globin genes.  

[00201 In some embodiments, the AAV9 capsid is naturally occurring or modified.  

[00211 In some embodiments, the WPRE sequence is optional or is modified.  

100221 In some embodiments, the WPRE sequence is WPRE mut6delATG.  

[00231 Exemplary polyA sequences that may be included in the gene therapy vectors 

encompassed by the present disclosure include human growth hormone polyA (hGHpA), 

synthetic polyA (SPA), Simian virus 40 late poly A (SV 40pA) and bovine growth hormone 

(BGH) poly A. In a particular embodiment, the poly A is bovine growth hormone (BGH) poly A.  

[00241 In some embodiments, the nucleotide sequence encoding u-GAL enzyme is codon 

optimized.  

[00251 In some embodiments, the nucleotide sequence encoding u-GAL enzyme is codon 

optimized for human cells.  

[00261 In some embodiments, the a-GAL enzyme has an unmodified sequence.  

100271 In some embodiments, the a-GAL enzyme has a modified sequence.  

100281 In some embodiments, the nucleotide sequence encoding the a-GAL enzyme is 

engineered.  

[00291 In some embodiments, the nucleotide sequence encoding the a-GAL enzyme is 

engineered and codon optimized.  
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[00301 In some embodiments, the modified sequence comprises one or more amino acid 

substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30).  

100311 In some embodiments, the modified sequence comprises between 1 and 25 amino 

acid substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). For example, in 

some embodiments, the modified sequence comprises between 5 and 25 amino acid substitutions 

in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the 

modified sequence comprises between 5 and 20 amino acid substitutions in comparison to wild

type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the modified sequence comprises 

between 5 and 15 amino acid substitutions in comparison to wild-type a-GAL enzyme (SEQ ID 

NO: 30). In some embodiments, the modified sequence comprises between 5 and 10 amino acid 

substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some 

embodiments, the modified sequence comprises between 10 and 25 amino acid substitutions in 

comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the modified 

sequence comprises between 10 and 20 amino acid substitutions in comparison to wild-type a

GAL enzyme (SEQ ID NO: 30). In some embodiments, the modified sequence comprises 

between 10 and 15 amino acid substitutions in comparison to wild-type a-GAL enzyme (SEQ ID 

NO: 30).  

100321 In some embodiments, the modified sequence comprises between 1 and 10 amino 

acid substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). For example, in 

some embodiments, the modified sequence comprises between 1 and 9 amino acid substitutions 

in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the 

modified sequence comprises between 1 and 8 amino acid substitutions in comparison to wild

type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the modified sequence comprises 

between 1 and 7 amino acid substitutions in comparison to wild-type a-GAL enzyme (SEQ ID 

NO: 30). In some embodiments, the modified sequence comprises between 1 and 6 amino acid 

substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some 

embodiments, the modified sequence comprises between 1 and 5 amino acid substitutions in 

comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the modified 

sequence comprises between 1 and 4 amino acid substitutions in comparison to wild-type a-GAL 

enzyme (SEQ ID NO: 30). In some embodiments, the modified sequence comprises between 1 

and 3 amino acid substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30).  
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[00331 In some embodiments, the modified sequence comprises 10 amino acid 

substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30).  

[0034] In some embodiments, a recombinant alpha galactosidase A is provided. In some 

embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having 

at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 9 2 %, 9 3%, 9 4 %, 9 5 %, 96 %, 9 7%, 98%, 9 9 %, or 

more sequence identity to SEQ ID NO: 30, or a functional fragment thereof In some 

embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having 

at least 85% sequence identity to SEQ ID NO: 30. In some embodiments, the recombinant alpha 

galactosidase A comprises a polypeptide sequence having at least 86% sequence identity to SEQ 

ID NO: 30. In some embodiments, the recombinant alpha galactosidase A comprises a 

polypeptide sequence having at least 87% sequence identity to SEQ ID NO: 30. In some 

embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having 

at least 88% sequence identity to SEQ ID NO: 30. In some embodiments, the recombinant alpha 

galactosidase A comprises a polypeptide sequence having at least 89% sequence identity to SEQ 

ID NO: 30. In some embodiments, the recombinant alpha galactosidase A comprises a 

polypeptide sequence having at least 90% sequence identity to SEQ ID NO: 30. In some 

embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having 

at least 91% sequence identity to SEQ ID NO: 30. In some embodiments, the recombinant alpha 

galactosidase A comprises a polypeptide sequence having at least 92% sequence identity to SEQ 

ID NO: 30. In some embodiments, the recombinant alpha galactosidase A comprises a 

polypeptide sequence having at least 93% sequence identity to SEQ ID NO: 30. In some 

embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having 

at least 94% sequence identity to SEQ ID NO: 30. In some embodiments, the recombinant alpha 

galactosidase A comprises a polypeptide sequence having at least 95% sequence identity to SEQ 

ID NO: 30. In some embodiments, the recombinant alpha galactosidase A comprises a 

polypeptide sequence having at least 96% sequence identity to SEQ ID NO: 30. In some 

embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having 

at least 97% sequence identity to SEQ ID NO: 30. In some embodiments, the recombinant alpha 

galactosidase A comprises a polypeptide sequence having at least 98% sequence identity to SEQ 

ID NO: 30. In some embodiments, the recombinant alpha galactosidase A comprises a 

polypeptide sequence having at least 99% sequence identity to SEQ ID NO: 30.  
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[00351 In some embodiments, the recombinant alpha galactosidase A comprises at least 

one substitution or substitution in SEQ ID NO:30 at one or more positions selected from: 

T41/M70/ L75/ S78/E79/Y123/R193/S197/K237/F248/N247/ N278/ L286/A292/ H302/ Q333/ 

K314/ L347/M353 /S364/A368/S371/ K374/K393/ F396/ E398/W399 /R404/ M423.  

100361 Additional exemplary GLA transgene and a-GAL enzyme sequences can be 

found in PCT publication nos: PCT/US2021/019811, PCT/US2019/067493 and 

PCT/US2015/063329, each of which is incorporated by reference herein, in its entirety.  

[00371 In some embodiments, the modified a-GAL enzyme is selected from one of SEQ 

ID Nos: 7-17, 33, 34, and 46-60.  

100381 In some embodiments, the modified a-GAL enzyme comprises amino acid 

sequence of SEQ ID NO: 7. In some embodiments, the modified a-GAL enzyme comprises 

amino acid sequence of SEQ ID NO: 8. In some embodiments, the modified a-GAL enzyme 

comprises amino acid sequence of SEQ ID NO: 9. In some embodiments, the modified a-GAL 

enzyme comprises amino acid sequence of SEQ ID NO: 10. In some embodiments, the modified 

u-GAL enzyme comprises amino acid sequence of SEQ ID NO: 11. In some embodiments, the 

modified u-GAL enzyme comprises amino acid sequence of SEQ ID NO: 12. In some 

embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID NO: 13.  

In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID 

NO: 14. In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of 

SEQ ID NO: 15. In some embodiments, the modified a-GAL enzyme comprises amino acid 

sequence of SEQ ID NO: 16. In some embodiments, the modified a-GAL enzyme comprises 

amino acid sequence of SEQ ID NO: 17. In some embodiments, the modified a-GAL enzyme 

comprises amino acid sequence of SEQ ID NO: 33. In some embodiments, the modified a-GAL 

enzyme comprises amino acid sequence of SEQ ID NO: 34. In some embodiments, the modified 

u-GAL enzyme comprises amino acid sequence of SEQ ID NO: 46. In some embodiments, the 

modified u-GAL enzyme comprises amino acid sequence of SEQ ID NO: 47. In some 

embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID NO: 48.  

In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID 

NO: 49. In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of 

SEQ ID NO: 50. In some embodiments, the modified a-GAL enzyme comprises amino acid 

sequence of SEQ ID NO: 51. In some embodiments, the modified a-GAL enzyme comprises 
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amino acid sequence of SEQ ID NO: 52. In some embodiments, the modified a-GAL enzyme 

comprises amino acid sequence of SEQ ID NO: 53. In some embodiments, the modified a-GAL 

enzyme comprises amino acid sequence of SEQ ID NO: 54. In some embodiments, the modified 

u-GAL enzyme comprises amino acid sequence of SEQ ID NO: 55. In some embodiments, the 

modified u-GAL enzyme comprises amino acid sequence of SEQ ID NO: 56. In some 

embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID NO: 57.  

In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID 

NO: 58. In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of 

SEQ ID NO: 59. In some embodiments, the modified a-GAL enzyme comprises amino acid 

sequence of SEQ ID NO: 60.  

100391 In some embodiments, the modified a-GAL enzyme has increased stability in 

comparison to wild-type a-GAL enzyme (SEQ ID NO: 30).  

[00401 In some embodiments, the modified a-GLA enzyme has increased intracellular 

activity in comparison to wild-type a-GLA enzyme (SEQ ID NO: 30).  

[00411 In some embodiments, the modified a-GLA enzyme has improved serum stability 

in comparison to wild-type a-GLA enzyme (SEQ ID NO: 30).  

[00421 In some embodiments, the modified a-GLA enzyme has improved lysosomal 

stability in comparison to wild-type a-GLA enzyme (SEQ ID NO: 30).  

[00431 In some embodiments, the modified a-GLA enzyme has increased specific 

catalytic activity in comparison to wild-type a-GLA enzyme (SEQ ID NO: 30).  

[00441 In some aspects, a method of treating Fabry disease in a subject is provided, the 

method comprising administering to a subject in need thereof a recombinant adeno-associated 

viral vector (rAAV) as described herein.  

100451 In some aspects, a pharmaceutical composition is provided, the composition 

comprising the rAAV vector as described herein.  

100461 In some aspects, a cell is provided, the cell comprising the rAAV vector as 

described herein. The cell can be any kind of mammalian cell. For example, in some 

embodiments, the cell is a heart cell. In some embodiments, the cell is a kidney cell. In some 

embodiments, the cell is a liver. In some embodiments, the cell is a skeletal muscle cell. In 

some embodiments, the cell is a cell of the gastrointestinal tract. In some embodiments, the cell 
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is a cell of the brain, such as for example a neuron or a glial cell. In some embodiments, the cell 

is a peripheral neuron.  

100471 In some aspects, a method of treating Fabry disease in a subject is provided, the 

method comprising administering to a subject in need thereof a recombinant adeno-associated 

viral vector (rAAV) packaged in a rAAV capsid having broad tissue tropism, the vector 

comprising: (a) a 5' inverted terminal repeat (ITR); (b) a ubiquitous promoter comprising a cyto

megalo-virus (CMV) enhancer, chicken beta actin promoter, and a rabbit beta globin intron; (c) a 

nucleotide sequence encoding -GAL enzyme; (d) a poly A; and (e) a 3' ITR.  

[00481 In some aspects, a method of treating Fabry disease in a subject is provided, the 

method comprising administering to a subject in need thereof a recombinant adeno-associated 

viral vector (rAAV) packaged in a rAAV capsid having broad tissue tropism, the vector 

comprising: (a) a 5' inverted terminal repeat (ITR); (b) a ubiquitous promoter comprising a cyto

megalo-virus (CMV) enhancer, chicken beta actin promoter, and a rabbit beta globin intron; (c) a 

nucleotide sequence encoding u-GAL enzyme; (d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); (e) a poly A; and (f) a 3' ITR.  

100491 In some embodiments, the AAV capsid is a wide-tropism AAV capsid selected 

from an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4 capsid, AAV5 capsid, AAV6 capsid, 

AAV7 capsid, AAV8 capsid, or AAV9 capsid. In some embodiments, the wide-tropism AAV 

capsid is an AAV1 capsid. In some embodiments, the wide-tropism AAV capsid is an AAV2 

capsid. In some embodiments, the wide-tropism AAV capsid is an AAV3 capsid. In some 

embodiments, the wide-tropism AAV capsid is an AAV4 capsid. In some embodiments, the 

wide-tropism AAV capsid is an AAV5 capsid. In some embodiments, the wide-tropism AAV 

capsid is an AAV6 capsid. In some embodiments, the wide-tropism AAV capsid is an AAV7 

capsid. In some embodiments, the wide-tropism AAV capsid is an AAV8 capsid. In some 

embodiments, the wide-tropism AAV capsid is an AAV9 capsid.  

100501 In some embodiments, the rAAV vector is administered by intravenous, 

subcutaneous, or transdermal administration. Accordingly, in some embodiments, the rAAV 

vector is administered intravenously to a subject in need thereof In some embodiments, the 

rAAV vector is administered subcutaneously to a subject in need thereof In some embodiments, 

the rAAV vector is administered transdermally to a subject in need thereof.  

[00511 In some embodiments, the transdermal administration is by gene gun.  
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100521 In some embodiments, the rAAV vector is episomal following administration.  

[0053] In some embodiments, a rAAV described herein is administered to a subject in 

need thereof at a dose lower than a dose expected to be used with a AAV vector that targets the 

liver for expression of u-GAL. In other embodiments, a rAAV described herein, when 

administered at an equivalent dose as a liver targeted rAAV exhibits higher u-GAL serum and 

tissue exposure.  

[0054] In some embodiments, the rAAV vector with broad tissue tropism and using a 

ubiquitous promoter achieves a therapeutic effect for treating Fabry disease at a lower dose than 

a rAAV vector comprising an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4 capsid, AAV5 

capsid, AAV6 capsid, AAV7 capsid, or AAV8 capsid using a liver specific promoter.  

Accordingly, in some embodiments, the rAAV vector with broad tissue tropism and a ubiquitous 

promoter achieves a therapeutic effect at a lower dose than a rAAV vector comprising an AAV1 

capsid with a liver specific promoter. In some embodiments, the rAAV vector with broad tissue 

tropism and a ubiquitous promoter achieves a therapeutic effect at a lower dose than a rAAV 

vector comprising an AAV2 capsid with a liver specific promoter. In some embodiments, the 

rAAV vector with broad tissue tropism and a ubiquitous promoter achieves a therapeutic effect at 

a lower dose than a rAAV vector comprising an AAV3 capsid with a liver specific promoter. In 

some embodiments, the rAAV vector with broad tissue tropism and a ubiquitous promoter 

achieves a therapeutic effect at a lower dose than a rAAV vector comprising an AAV3 capsid 

with a liver specific promoter. In some embodiments, the rAAV vector with broad tissue 

tropism and a ubiquitous promoter achieves a therapeutic effect at a lower dose than a rAAV 

vector comprising an AAV4 capsid with a liver specific promoter. In some embodiments, the 

rAAV vector with broad tissue tropism and a ubiquitous promoter achieves a therapeutic effect at 

a lower dose than a rAAV vector comprising an AAV5 capsid with a liver specific promoter. In 

some embodiments, the rAAV vector with broad tissue tropism and a ubiquitous promoter 

achieves a therapeutic effect at a lower dose than a rAAV vector comprising an AAV6 capsid 

with a liver specific promoter. In some embodiments, the rAAV vector with broad tissue 

tropism and a ubiquitous promoter achieves a therapeutic effect at a lower dose than a rAAV 

vector comprising an AAV7 capsid with a liver specific promoter. In some embodiments, the 

rAAV vector with broad tissue tropism and a ubiquitous promoter achieves a therapeutic effect at 

a lower dose than a rAAV vector comprising an AAV8 capsid with a liver specific promoter.  
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[00551 In some embodiments, a rAAV vector capable of expressing an u-GAL enzyme 

may comprise a tissue specific promoter, e.g., a liver specific promoter. Exemplary liver-specific 

promoters include, but are not limited to, for example, transthyretin promoter (TTR); thyroxine

binding globulin (TBG) promoter; hybrid liver-specific promoter (HLP), and alpha-1-antitrypsin 

(AAT) promoter.  

[0056] In some embodiments, following administration of the rAAV vector, the subject 

has detectable a-GAL in the serum for at least 5 weeks, 10 weeks, 15 weeks, 26 weeks, 1 year, 5 

years, 10 years, or 20 years. In some embodiments, following administration of the rAAV 

vector, the subject has detectable a-GAL in the serum for at least 5 weeks. In some 

embodiments, following administration of the rAAV vector, the subject has detectable a-GAL in 

the serum for at least 10 weeks. In some embodiments, following administration of the rAAV 

vector, the subject has detectable a-GAL in the serum for at least 15 weeks. In some 

embodiments, following administration of the rAAV vector, the subject has detectable a-GAL in 

the serum for at least 26 weeks. In some embodiments, following administration of the rAAV 

vector, the subject has detectable a-GAL in the serum for at least 1 year. In some embodiments, 

following administration of the rAAV vector, the subject has detectable a-GAL in the serum for 

at least 5 years. In some embodiments, following administration of the rAAV vector, the subject 

has detectable a-GAL in the serum for at least 10 years. In some embodiments, following 

administration of the rAAV vector, the subject has detectable a-GAL in the serum for at least 15 

years. In some embodiments, following administration of the rAAV vector, the subject has 

detectable a-GAL in the serum for at least 20 years. In some embodiments, following 

administration of the rAAV vector, the subject has detectable a-GAL in the serum for the life of 

the subject.  

[00571 In some embodiments, expression of modified a-GAL enzyme provides 3, 10, 30, 

100, 300 fold higher serum a-GAL levels compared to the expression of WT a-GAL. In some 

embodiments, expression of modified a-GAL enzyme provides, 3, 10, 30, 100, 300 fold higher 

intracellular enzyme levels compared to expression of WT a-GAL.  

[0058] In some embodiments, the administration results in a-GAL enzyme exposure in 

one or more of liver, kidney, heart, gastrointestinal tract, brain, and/or peripheral neurons of the 

subject. Accordingly, in some embodiments, administration results in u-GAL enzyme exposure 

in the liver. In some embodiments, administration results in a-GAL enzyme exposure in the 
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kidney. In some embodiments, administration results in a-GAL enzyme exposure in the heart.  

In some embodiments, administration results in a-GAL enzyme exposure in the gastrointestinal 

tract and cells associated with the gastrointestinal tract. In some embodiments, administration 

results in u-GAL enzyme exposure in the brain. In some embodiments, administration results in 

u-GAL enzyme exposure in peripheral neurons.  

100591 In some embodiments, administration of rAAV vector results in a survival benefit 

to Fabry mouse/patient. In some embodiments, administration of the rAAV vector results in 

reduced levels of globotriaosylceramide (GB3) in one or more of liver, heart, kidney and 

gastrointestinal tract of the subject. Accordingly, in some embodiments, administration of the 

rAAV vector results in reduced levels of GB3 in the heart. In some embodiments, administration 

of the rAAV vector results in reduced levels of GB3 in the skeletal muscle. In some 

embodiments, administration of the rAAV vector results in reduced levels of GB3 in the kidney.  

In some embodiments, administration of the rAAV vector results in reduced levels of GB3 in the 

gastrointestinal tract. Levels of GB3 can be assessed by any means known in the art including 

for example by chromatographic methods, including for example liquid chromatography-tandem 

mass spectrometry.  

[00601 In some aspects, the present disclosure encompasses a method of expressing u

GAL enzyme in a cell, the method comprising administering a rAAV vector packaged in an 

AAV9 capsid, said vector comprising: (a) a 5' inverted terminal repeat (ITR); (b) a ubiquitous 

promoter comprising a cyto-megalo-virus (CIV) enhancer, chicken beta actin promoter, and a 

rabbit beta globin intron; (c) a nucleotide sequence encoding u-GAL enzyme; (d) a bovine growth 

hormone (BGH) poly A; and (f) a 3'ITR.  

[00611 In some aspects, the present disclosure encompasses a method of expressing u

GAL enzyme in a cell, the method comprising administering a rAAV vector packaged in an 

AAV9 capsid, said vector comprising: (a) a 5' inverted terminal repeat (ITR); (b) a ubiquitous 

promoter comprising a cyto-megalo-virus (CIV) enhancer, chicken beta actin promoter, and a 

rabbit beta globin intron; (c) a nucleotide sequence encoding u-GAL enzyme; (d) optionally a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE) having mut6delATG 

mutation; (e) a bovine growth hormone (BGH) poly A; and (f) a 3' ITR.  

100621 In some aspects, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a 5' inverted 

13



WO 2022/183052 PCT/US2022/017998 

terminal repeat (ITR); a liver specific promoter; a nucleotide sequence encoding u-GAL enzyme; 

a poly A; and a 3' ITR.  

100631 In some aspects, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a 5' inverted 

terminal repeat (ITR); a liver-specific promoter; a nucleotide sequence encoding u-GAL enzyme; 

a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); a poly A; and a 3' 

ITR.  

BRIEF DESCRIPTION OF FIGURES 

[00641 FIG. 1 is a vector diagram of exemplary rAAV9 comprising wild-type GAL 

under the control of a ubiquitous promoter (referred to generally herein as "rAAV9") as 

described herein.  

100651 FIG. 2 is a graph that shows the level of alpha galactosidase in serum over a 

period of 12-weeks post injection with rAAV9 in a Fabry (GLAko) mouse model as described 

herein.  

100661 FIG. 3A-FIG. 3M are a series of graphs showing expression of alpha 

galactosidase in various tissues and reduction of GB3 in various tissues after administration of 

rAAV9-WT in Fabry GLAko mice. FIG. 3A shows expression of alpha galactosidase in liver, 

post administration of rAAV9 as compared to rAAV9 -null ("null" refers to a AAV9 that does 

not contain any transgene) and untreated control. FIG. 3B shows expression of alpha 

galactosidase in kidney, post administration of rAAV9-WT as compared to rAAV9-null and 

untreated control. FIG. 3C shows expression of alpha galactosidase in heart, post administration 

of rAAV9-WT as compared to and untreated control. FIG. 3D shows expression of alpha 

galactosidase in duodenum, post administration of rAAV9-WT as compared to rAAV9-null (null 

vector) and untreated control. FIG. 3E shows expression of alpha galactosidase in colon, post 

administration of rAAV9 as compared to rAAV9-null and untreated control. FIG. 3F shows the 

levels of GB3 in serum as compared to ERT and untreated controls. FIG. 3G shows the levels of 

GB3 in liver as compared to ERT and untreated controls. FIG. 3H shows the levels of GB3 in 

kidney as compared to ERT and untreated controls. FIG. 31 shows the levels of GB3 in heart as 

compared to ERT and untreated controls. FIG. 3J shows the levels of lysoGB3 in serum as 
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compared to ERT and untreated controls. FIG. 3K shows the levels of lysoGB3 in liver as 

compared to ERT and untreated controls. FIG. 3L shows the levels of lysoGb3 in kidney as 

compared to ERT and untreated controls. FIG. 3M shows the levels of lysoGb3 in heart as 

compared to ERT and untreated controls.  

100671 FIG. 4A-FIG. 4G are a series of graphs showing expression of alpha 

galactosidase in various tissues after administration of rAAV9 in severe Fabry-model 

(G3Stg/GLAko) mice. FIG. 4A shows dose dependent alpha galactosidase activity in serum 

compared to vehicle (i.e., formulation buffer alone) for 18 weeks. FIG. 4B shows dose 

dependent increase in alpha galactosidase activity in liver, compared to null vector and vehicle 

(i.e., formulation buffer alone). FIG. 4C shows dose dependent increase in alpha galactosidase 

activity in kidney, compared to null vector and vehicle (i.e., formulation buffer alone). FIG. 4D 

shows dose dependent increase in alpha galactosidase activity in heart, compared to null vector 

and vehicle (i.e., formulation buffer alone). FIG. 4E shows dose dependent increase in alpha 

galactosidase activity in duodenum, compared to null vector and vehicle (i.e., formulation buffer 

alone). FIG. 4F shows dose dependent increase in alpha galactosidase activity in colon, 

compared to null vector and vehicle (formulation buffer). FIG. 4G shows dose dependent 

increase in alpha galactosidase activity in brain, compared to null vector and vehicle (i.e., 

formulation buffer alone).  

[00681 FIG. 5A-FIG. 5F are a series of graphs showing reduction of GB3 in various 

tissues after administration of rAAV9 in severe Fabry-model mice. FIG. 5A shows reduction of 

GB3 in liver after administration of rAAV9-WT as compared to rAAV9-null, and vehicle (i.e., 

formulation buffer alone). FIG. 5B shows reduction of GB3 in kidney after administration of 

rAAV9-WT as compared to rAAV9-null, and vehicle (i.e., formulation buffer alone). FIG. 5C 

shows reduction of GB3 in heart after administration of rAAV9-WT as compared to rAAV9

null, and vehicle (i.e., formulation buffer alone). FIG. 5D shows reduction of GB3 in duodenum 

after administration of rAAV9-WT as compared to rAAV9-null, and vehicle (i.e., formulation 

buffer alone). FIG. 5E shows reduction of GB3 in colon after administration of rAAV9-WT as 

compared to rAAV9-null, and vehicle (i.e., formulation buffer alone). FIG. 5F shows reduction 

of GB3 in brain after administration of rAAV9-WT as compared to rAAV9-null, and vehicle 

(i.e., formulation buffer alone). FIG. 5G shows dose-dependent reduction of lysoGb3 in liver as 

compared to rAAV9-null. FIG. 5H shows dose-dependent reduction of lysoGb3 in kidney as 
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compared to rAAV9-null. FIG. 51 shows dose-dependent reduction of lysoGb3 in heart as 

compared to rAAV9-null. FIG. 5J shows dose-dependent reduction of lysoGb3 in duodenum as 

compared to rAAV9-null. FIG. 5K shows dose-dependent reduction of lysoGb3 in colon as 

compared to rAAV9-null. FIG. 5L shows dose-dependent reduction of lysoGb3 in brain as 

compared to rAAV9-null.  

[0069] FIG. 6 is a graph showing increase in body weight after administration of 

increasing concentrations of rAAV9-WT as compared to null vector (rAAV9-null) and vehicle 

(i.e., formulation buffer alone) in severe Fabry mice.  

[00701 FIG. 7A-FIG. 7B are series of graphs showing improvements in kidney function 

in 27-28 week old severe Fabry-model mice after administration of rAAV9-WT. FIG. 7A shows 

dose dependent normalization of serum BUN. FIG. 7B shows normalization of urine albumin 

levels after administration of rAAV9-WT.  

[00711 FIG. 8A-FIG. 8C are figures showing immunohistochemistry of paw pads of 

severe Fabry mouse model (G3Stg/GLAko). FIG. 8A shows an immunohistochemistry slide of 

paw pads of Fabry model mice showing reduction in vacuolation in dorsal root nerves. FIG. 8B 

shows an immunohistochemistry slide of dose-dependent normalization in PGP9.5 (neuronal 

marker) staining in Fabry-model mice. FIG. 8C shows an immunohistochemistry slide of dose

dependent increase in MPZ (Schwann cell marker) staining in Fabry-model mice.  

[00721 FIG. 9A-FIG. 91 show images histopathological features of kidney, heart and 

dorsal root ganglions (DRG). FIG. 9A shows p62 (autophagy marker) staining observed in a 

wildtype mouse-kidney collecting ducts. FIG. 9B shows p62 staining observed in a Fabry

untreated mouse-kidney collecting ducts. FIG. 9C shows p62 staining observed in a Fabry 

mouse-kidney collecting ducts, when treated with 6.25e12vg/kg of rAAV9-WT FIG. 9D shows 

p62 staining observed in a wildtype mouse-heart. FIG. 9E shows p62 staining observed in a 

Fabry-untreated mouse-heart. FIG. 9F shows p62 staining observed in a Fabry mouse-heart, 

when treated with 6.25e12vg/kg of rAAV9-WT. FIG. 9G shows CD68 staining observed in a 

wildtype mouse-DRG. FIG. 9H shows CD68 staining observed in a Fabry-untreated mouse

DRG. FIG. 91 shows CD68 staining observed in a Fabry mouse-DRG, when treated with 

6.25e12vg/kg of rAAV9-WT.  

100731 FIG. 1OA-10F shows the exposure of c-GAL variants in serum and tissues in 

Fabry mice 2 days after hydrodynamic tail vein injection of plasmids expressing a-GAL variants.  
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FIG. 1OA shows the exposure of a-GAL variants in serum. FIG. 1OB shows the exposure of a

GAL variants in kidneys. FIG. 1OC shows the exposure of a-GAL variants in heart. FIG. 10D 

shows the exposure of a-GAL variants in serum. FIG. 1OE shows the exposure of a-GAL 

variants in kidneys. FIG. 1OF shows the exposure of a-GAL variants in heart.  

[0074] FIG.11A is a graph that shows the level of alpha galactosidase in serum over a 

period of 12-weeks post injection with either a rAAV9 based construct with a ubiquitous 

promoter or a rAAV8 based construct with a liver specific promoter. FIG. 11B shows expression 

of alpha galactosidase in kidney, post administration of rAAV9-WT as compared to rAAV8-WT, 

as well as to alpha galactosidase protein dosed at 1mg/kg and an untreated control. FIG. 11C 

shows percentage reduction of GB3 in kidney after administration of rAAV9-WT as compared to 

rAAV8-WT, as well as to alpha galactosidase protein dosed at 1mg/kg and an untreated control.  

100751 FIG. 12A-12B are series of graphs showing kidney function in 27-28 week old 

Fabry-model mice after administration of rAAV9-WT and rAAV8-WT. FIG. 12A shows dose 

dependent normalization of blood urea nitrogen (BUN) with rAAV9-WT. FIG. 12B shows 

changes in serum BUN with rAAV8-WT.  

100761 FIG. 13A-13E are series of graphs showing serum and tissue galactosidase 

activities of a-GAL variants after treatment of severe Fabry mice with rAAV9 expressing a

GAL variants. FIG. 13A shows serum alpha galactosidase activity at 5.0 x 1010 vg/kg dose 

from Study 1. FIG. 13B shows serum alpha galactosidase activity at 2.5 x 10"dosage 

according to Study 1. FIG. 13C shows kidney alpha-galactosidase activity at two different 

dosages according to Study 1. FIG. 13D shows heart alpha-galactosidase activity at two 

different dosages according to Study 1. FIG. 13E shows liver alpha-galactosidase activity at two 

different dosages according to Study 1.  

100771 FIG. 14A-14D are series of graphs showing serum and tissue alpha-galactosidase 

levels of a-GAL variants after treatment of severe Fabry mice with rAAV9 expressing a-GAL 

variants, according to Study 2. FIG. 14A shows serum alpha galactosidase activity at 2.5 x 1011 

vg/kg dose from Study 2. FIG. 14B shows kidney alpha-galactosidase activity at two different 

dosages according to Study 2. FIG. 14C shows heart alpha-galactosidase activity at two 

different dosages according to Study 2. FIG. 14D shows liver alpha-galactosidase activity at 

two different dosages according to Study 2.  
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[0078] FIG. 15A-15D are series of graphs showing presence of GB3 in serum and tissues 

in mice treated with rAAV9 expressing a-GAL variants, according to Study 1. FIG. 15A shows 

serum GB3 in response to treatment with rAAV9 expressing a-GAL variants. FIG. 15B shows 

kidney GB3 in response to treatment with rAAV9 expressing a-GAL variants. FIG. 15C shows 

heart GB3 in response to treatment with rAAV9 expressing a-GAL variants. FIG. 15D shows 

liver GB3 in response to treatment with rAAV9 expressing a-GAL variants.  

100791 FIG. 16A-16D are series of graphs showing the presence of lysoGb3 in serum 

and tissues in mice treated with rAAV9 expressing a-GAL variants, according to Study 1. FIG.  

16A shows serum lysoGb3in response to treatment with rAAV9 expressing a-GAL variants.  

FIG. 16B shows kidney lysoGb3 in response to treatment with rAAV9 expressing a-GAL 

variants. FIG. 16C shows heart lysoGb3 in response to treatment with variants. FIG. 16D 

shows liver lysoGb3 in response to treatment with rAAV9 expressing a-GAL variants.  

100801 FIG. 17A-17D are series of graphs showing presence of GB3 in serum and tissues 

in mice treated with rAAV9 expressing a-GAL variants, according to Study 2. FIG. 17A shows 

serum GB3 in response to treatment with variants. FIG. 17B shows kidney GB3 in response to 

treatment with rAAV9 expressing a-GAL variants. FIG. 17C shows heart GB3 in response to 

treatment with rAAV9 expressing a-GAL variants. FIG. 17D shows liver GB3 in response to 

treatment with rAAV9 expressing a-GAL variants.  

100811 FIG. 18A-18D are series of graphs showing the presence of lysoGb3 in serum 

and tissues in mice treated with rAAV9 expressing a-GAL variants, according to Study 2. FIG.  

18A shows serum lysoGb3 in response to treatment with rAAV9 expressing a-GAL variants.  

FIG. 18B shows kidney lysoGb3 in response to treatment with rAAV9 expressing a-GAL 

variants. FIG. 18C shows heart lysoGb3 in response to treatment with rAAV9 expressing a

GAL variants. FIG. 18D shows liver lysoGb3 in response to treatment with rAAV9 expressing 

a-GAL variants.  

100821 FIG. 19A-19D are series of graphs showing in vitro a-GAL activity in HUH-7 

and HEK293 cells after transfection with plasmids expressing codon optimized a-GAL variants 

of 004 and D. FIG. 19A is a histogram showing in vitro a-GAL activity in HUH-7 cells 

transfected with variants of plasmid comprising D, D1-D6, as compared to WT a-GAL and no 

plasmid. FIG. 19B is a histogram showing in vitro a-GAL activity in HEK293 cells transfected 
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with variants of plasmid comprising D, D1-D6, as compared to WT a-GAL and no plasmid.  

FIG. 19C is a histogram showing in vitro a-GAL activity in HUH-7 cells transfected with 

variants of plasmid comprising 004, 004-1 to 004-5, as compared to WT a-GAL and no plasmid.  

FIG. 19D is a histogram showing in vitro a-GAL activity in HEK293 cells transfected with 

variants of plasmid comprising 004, 004-1 to 004-5, as compared to WT a-GAL and no plasmid.  

[00831 FIG. 20A-20D are series of graphs showing dose-dependent a-GAL activity in 

various tissues in severe Fabry-model mice, treated with rAAV9-D3 and rAAV9-004-3. FIG.  

20A is a histogram of dose-dependent a-GAL activity in serum, in severe Fabry-model mice 

treated with rAAV9-D3 and rAAV9-004-3. FIG. 20B is a histogram of dose-dependent a-GAL 

activity in kidney, in severe Fabry-model mice treated with rAAV9-D3 and rAAV9-004-3. FIG.  

20C is a histogram of dose-dependent a-GAL activity in heart, in severe Fabry-model mice 

treated with rAAV9-D3 and rAAV9-004-3. FIG. 20D is a histogram of dose-dependent a-GAL 

activity in liver, in severe Fabry-model mice treated with rAAV9-D3 and rAAV9-004-3.  

[00841 FIG. 21A-21H are series of graphs showing dose-dependent reduction in 

substrate in various tissues in severe Fabry-model mice, treated with rAAV9-D3 and rAAV9

004-3. FIG. 21A is a graph showing dose dependent reduction of GB3, in severe Fabry model 

mice treated with rAAV9-D3 and rAAV9-004-3 in serum. FIG. 21B is a graph showing dose 

dependent reduction of lysoGb3, in severe Fabry model mice treated with rAAV9-D3 and 

rAAV9-004-3 in serum. FIG. 21C is a graph showing dose dependent reduction of GB3, in 

kidney, in severe Fabry model mice treated with rAAV9-D3 and rAAV9-004-3. FIG. 21D is a 

graph showing dose dependent reduction of lysoGb3 in kidney, in severe Fabry model mice 

treated with rAAV9-D3 and rAAV9-004-3. FIG. 21E is a graph showing dose dependent 

reduction of GB3 in heart, in severe Fabry model mice treated with rAAV9-D3 and rAAV9-004

3. FIG. 21F is a graph showing dose dependent reduction of lysoGb3 in heart, in severe Fabry 

model mice treated with rAAV9-D3 and rAAV9-004-3. FIG. 21G is a graph showing dose 

dependent reduction of GB3 in liver, in severe Fabry model mice treated with rAAV9-D3 and 

rAAV9-004-3. FIG. 21H is a graph showing dose dependent reduction of lysoGb3 in liver, in 

severe Fabry model mice treated with rAAV9-D3 and rAAV9-004-3.  
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DEFINITIONS 

[00851 Approximately or about: As used herein, the term "approximately," as applied to 

one or more values of interest, refers to a value that is similar to a stated reference value. In 

certain embodiments, the term "approximately" refers to a range of values that fall within 25%, 

20%,19%,18%,17%,16%,15%,14%,13%,l12%,l11%,o10%,9%,8%,7%, 6%,5%, 4%, 3%, 

2%, 1%, or less in either direction (greater than or less than) of the stated reference value unless 

otherwise stated or otherwise evident from the context (except where such number would exceed 

100% of a possible value). It is understood that when the term "about" or "approximately" is 

used to modify a stated reference value, the stated reference value itself is covered along with 

values that are near the stated reference value on either side of the stated reference value.  

[0086] Administering: The terms "administer", "administration" and "administering" 

refer to providing a composition of the present invention (e.g., a recombinant gene therapy 

vector expressing alpha galactosidase) to a subject in need thereof (e.g., to a person suffering 

from the effects of Fabry disease).  

[00871 Administered in combination: As used herein, the term "administered in 

combination" or "combined administration" means that two or more agents are administered to a 

subject at the same time or within an interval such that there can be an overlap of an effect of 

each agent on the patient. In some embodiments, the administrations of the agents are spaced 

sufficiently closely together such that a combinatorial (e.g., a synergistic) effect is achieved.  

[00881 Allogeneic: As used herein, allogeneic refers to any material derived from a 

different animal of the same species as the individual to whom the material is introduced. Two or 

more individuals are said to be allogeneic to one another when the genes at one or more loci are 

not identical. In some aspects, allogeneic material from individuals of the same species may be 

sufficiently unlike genetically to interact antigenically 

[00891 Amino acid substitution: The term "amino acid substitution" refers to replacing an 

amino acid residue present in a parent or reference sequence (e.g., a wild type GLA sequence) 

with another amino acid residue. An amino acid can be substituted in a parent or reference 

sequence (e.g., a wild type GLA polypeptide sequence), for example, via chemical peptide 

synthesis or through recombinant methods known in the art. Accordingly, a reference to a 

"substitution at position X" refers to the substitution of an amino acid present at position X with 
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an alternative amino acid residue. In some aspects, substitution patterns can be described 

according to the schema AnY, wherein A is the single letter code corresponding to the amino 

acid naturally or originally present at position n, and Y is the substituting amino acid residue. In 

other aspects, substitution patterns can be described according to the schema An(YZ), wherein A 

is the single letter code corresponding to the amino acid residue substituting the amino acid 

naturally or originally present at position X, and Y and Z are alternative substituting amino acid 

residues.  

[0090] The abbreviations used for the genetically encoded amino acids are conventional 

and are as follows: alanine (Ala or A), arginine (Arg or R), asparagine (Asn or N), aspartate (Asp 

or D), cysteine (Cys or C), glutamate (Glu or E), glutamine (Gln or Q), histidine (His or H), 

isoleucine (Ile or I), leucine (Leu or L), lysine (Lys or K), methionine (Met or M), phenylalanine 

(Phe or F), proline (Pro or P), serine (Ser or S), threonine (Thr or T), tryptophan (Trp or W), 

tyrosine (Tyr or Y), and valine (Val or V). When the three-letter abbreviations are used, unless 

specifically preceded by an "L" or a "D" or clear from the context in which the abbreviation is 

used, the amino acid may be in either the L- or D-configuration about a-carbon (C ). In various 

embodiments described herein, one or more amino acids in the wild-type GLA sequence may be 

substituted with a different amino acid, thereby resulting in a variant of the a-GAL protein.  

[00911 Substitutions in a protein or polypeptide amino acid sequence may either be 

conservative or non-conservative in nature. A conservative amino acid substitution refers to a 

substitution of a residue with a different residue having a similar side chain, and thus typically 

involves substitution of the amino acid in a polypeptide (e.g., a-GAL amino acid sequence) with 

amino acids within the same or similar defined class of amino acids. By way of example and not 

limitation, an amino acid with an aliphatic side chain may be substituted with another aliphatic 

amino acid (e.g., alanine, valine, leucine, and isoleucine); an amino acid with hydroxyl side 

chain is substituted with another amino acid with a hydroxyl side chain (e.g., serine and 

threonine); an amino acids having aromatic side chains is substituted with another amino acid 

having an aromatic side chain (e.g., phenylalanine, tyrosine, tryptophan, and histidine); an amino 

acid with a basic side chain is substituted with another amino acid with a basis side chain (e.g., 

lysine and arginine); an amino acid with an acidic side chain is substituted with another amino 

acid with an acidic side chain (e.g., aspartic acid or glutamic acid); and/or a hydrophobic or 

hydrophilic amino acid is replaced with another hydrophobic or hydrophilic amino acid, 
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respectively. A non-conservative substitution refers to substitution of an amino acid in a 

polypeptide (e.g., u-GAL amino acid sequence) with an amino acid with significantly differing 

side chain properties. By way of example and not limitation, an exemplary non-conservative 

substitution can be an acidic amino acid substituted with a basic or aliphatic amino acid; an 

aromatic amino acid substituted with a small amino acid; and a hydrophilic amino acid 

substituted with a hydrophobic amino acid.  

100921 In the context of the present disclosure, substitutions (even when they referred to 

as amino acid substitution) are conducted at the nucleic acid level, i.e., substituting an amino 

acid residue with an alternative amino acid residue is conducted by substituting the codon 

encoding the first amino acid with a codon encoding the second amino acid.  

100931 Animal: As used herein, the term "animal" refers to any member of the animal 

kingdom. In some embodiments, "animal" refers to humans at any stage of development. In 

some embodiments, "animal" refers to non-human animals at any stage of development. In 

certain embodiments, the non-human animal is a mammal (e.g., a rodent, a mouse, a rat, a rabbit, 

a monkey, a dog, a cat, a sheep, cattle, a primate, or a pig). In some embodiments, animals 

include, but are not limited to, mammals, birds, reptiles, amphibians, fish, and worms. In some 

embodiments, the animal is a transgenic animal, genetically-engineered animal, or a clone.  

100941 Blood urea nitrogen: As used herein, the term "Blood urea nitrogen" or "BUN" 

refers to urea content in blood. Blood urea nitrogen is elevated in pathology associated with 

kidney. Chronic kidney disease is one of the main features of Fabry disease, causing end-stage 

renal failure. Gb-3 deposits in glomerular podocytes are thought to contribute at least in part, to 

the proteinuria or to the rates of progression or severity of kidney involvement in Fabry disease.  

Blood urea nitrogen measures the efficiency of kidneys to remove urea from the blood. High 

BUN levels indicate poor renal function.  

[0095] Chimera: As used herein, "chimera" is an entity having two or more incongruous 

or heterogeneous parts or regions. For example, a chimeric molecule can comprise a first part 

comprising a GLA polypeptide, and a second part (e.g., genetically fused to the first part) 

comprising a second therapeutic protein (e.g., a protein with a distinct enzymatic activity, an 

antigen binding moiety, or a moiety capable of extending the plasma half-life of u-GAL, for 

example, an Fc region of an antibody).  
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[00961 Codon substitution: As used herein, the terms "codon substitution" or "codon 

replacement" in the context of sequence optimization refer to replacing a codon present in a 

reference nucleic acid sequence with another codon. A codon can be substituted in a reference 

nucleic acid sequence, for example, via chemical peptide synthesis or through recombinant 

methods known in the art. Accordingly, references to a "substitution" or "replacement" at a 

certain location in a nucleic acid sequence (e.g., an mRNA) or within a certain region or 

subsequence of a nucleic acid sequence (e.g., an mRNA) refer to the substitution of a codon at 

such location or region with an alternative codon.  

[00971 Codon optimized: The term "codon optimized" or "codon optimization" refers to 

changes in the codons of the polynucleotide encoding a protein (e.g., GLA gene) such that the 

encoded protein is more efficiently expressed, e.g., in a cell or an organism. In some 

embodiments, the polynucleotides encoding the a-GAL enzymes may be codon optimized for 

optimal production from the host organism(s) and/or cell type(s) selected for expression 

accounting for GC content, cryptic splice sites, transcription termination signals, motifs that may 

affect RNA stability, and nucleic acid secondary structures, as well as any other factors of 

interest.  

100981 Engineered variants: The term "engineered a-GAL variants" or "engineered 

variants" refers to GAL proteins, where, when compared to the wild-type a-GAL, one or more 

amino acid residues have been modified by substitution, deletion or insertion. In some 

embodiments, engineered variants are characterized by improved efficacy and pharmacokinetic 

profiles, due to, for example, modified the structural attributes of the protein. In some 

embodiments, engineered a-GAL variants enhance clearing of substrates from tissues, such as, 

serum, kidney, heart and/or liver. The engineered variants may be synthesized or produced 

recombinantly.  

100991 Gb3: As used herein, the term "Gb3" or "globotriaosylceramide" or "GB3" or 

"gb3" or "CD77" or "GL-3" refers to a type of glycosphingolipid that accumulates in lysosomes 

in Fabry disease and is considered to be the main causative metabolite.GB3 is formed by a

linkage of galactose to lactosylceramide catalyzed by A4GALT.GB3 is hydrolyzed at the 

terminal alpha linkage by GLA. Fabry disease is exemplified by accumulation ofGB3 in in all 

organs (especially the heart and kidneys), as well as many cells and urine. Such accumulation is 

accompanied by a marked increase in the risk of stroke, heart disease (hypertrophic 
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cardiomyopathy, rhythm and conduction system disorders, coronary artery disease, valve 

abnormalities, etc.) and chronic proteinuria renal failure. In some embodiments, de-acylatedGB3 

or lysoGb3 is also a valuable biomarker for Fabry disease.  

[0100] Gene: The term "gene," as used herein, refers to a DNA region encoding a protein 

or polypeptide (e.g., an alpha-galactosidase enzyme, as described herein), as well as all DNA 

regions which regulate the production of the protein or polypeptide, whether or not such 

regulatory sequences are adjacent to coding and/or transcribed sequences. Accordingly, a gene 

includes, but is not necessarily limited to, promoter sequences, terminators, translational 

regulatory sequences such as ribosome binding sites and internal ribosome entry sites, enhancers, 

silencers, insulators, boundary elements, replication origins, matrix attachment sites and locus 

control regions.  

[01011 GLA gene: As used herein, the term "GLA gene" or "galactosidase gene" or 

"alpha-galactosidase gene" or "u-galactosidase gene" refers to a gene which encodes for the 

enzyme alpha-galactosidase that breaks down globotriaosylceramide. Genetic mutation in the 

GLA gene results in defective enzyme function of alpha-galactosidase. In humans, the GLA gene 

is located at Xq22.1, which is the long (q) arm of the X chromosome at position 22.1. Some of 

the other names by which the GLA gene may be referred to include AGAL HUMAN, Agalsidase 

alpha, Alpha-D-galactosidase A, alpha-D-galactosidase galactohydrolase, Alpha-galactosidase, 

alpha-Galactosidase A, ceramidetrihexosidase, GALA, galactosidase or Melibiase.  

[0102] Galactosidase: The term "galactosidase" or "alpha galactosidase A" or" u

galactosidase A" or "a-GAL", as used herein, refers to the enzyme encoded by the GLA gene.  

Human alpha galactosidase (EC 3.2.1.22) is a lysosomal enzyme which hydrolyses terminal 

alpha galactosyl moieties from glycolipids and glycoproteins. As used herein, the term a-GAL 

may refer to wild-type enzyme or a variant thereof. Deficiency of alpha galactosidase A causes 

Fabry disease (also referred to as angiokeratoma corporis diffusum, Anderson-Fabry disease, 

hereditary dystopic lipidosis, alpha-galactosidase A deficiency, a-GAL deficiency, and ceramide 

trihexosidase deficiency), which is an X-linked inborn error of glycosphingolipid catabolism. In 

various embodiments described herein, a gene therapy platform is provided for treatment of 

Fabry disease.  

10103] "Improved enzyme property": The term "improved enzyme property" refers to any 

property or attribute of an engineered a-GAL polypeptide that is an improvement relative to the 
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same property or attribute of a reference a-GAL polypeptide (e.g., as compared to a wild-type a

GAL polypeptide or another engineered a-GAL polypeptide). Improved properties include, but 

are not limited to such properties as increased gene expression, increased protein production, 

increased thermoactivity, increased thermostability, increased activity at various pH levels, 

increased stability, increased enzymatic activity, increased substrate specificity or affinity, 

increased specific activity, increased resistance to substrate and/or product inhibition, increased 

chemical stability, improved chemoselectivity, improved solvent stability, increased tolerance to 

acidic, neutral, or basic pH, increased tolerance to proteolytic activity (i.e., reduced sensitivity to 

proteolysis), reduced aggregation, increased solubility, reduced immunogenicity, improved post

translational modification (e.g., glycosylation), altered temperature profile, increased cellular 

uptake, increased lysosomal stability, increased ability to deplete cells of GB3, increased 

secretion from a-GAL producing cells, etc. In various embodiments, the gene therapy vectors 

encompassed by the present disclosure comprise a nucleic acid sequence encoding an a-GAL 

polypeptide comprising one or more improved enzyme properties relative to a reference a--GAL 

polypeptide. In some embodiments, the nucleic acid sequence encoding an a--GAL polypeptide 

exhibiting one or more improved enzyme properties, is codon optimized.  

101041 In various embodiments, codon optimized and/or engineered a--GAL variants 

exhibit one or more aforementioned improved properties. In a particular embodiment, a-GAL 

variant having amino acid sequence set forth in SEQ ID NO:10 or SEQ ID NO: 50 has improved 

serum and lysosomal stability and a-GAL variant having amino acid sequence set forth in SEQ 

ID NO:14 or SEQ ID NO: 55 has increased specific catalytic activity over wild type a-GAL 

polypeptide.  

[01051 "Increased enzymatic activity": The term "increased enzymatic activity" refers to 

an increase in specific activity (e.g., product produced/time/weight protein) or an increase in 

percent conversion of the substrate to the product (e.g., percent conversion of starting amount of 

substrate to product in a specified time period) using a specified amount of an engineered a

GAL enzyme as compared to a reference a-GAL enzyme (e.g., a wild type a-GAL enzyme or 

another engineered variant). Any suitable method known in the art and/or those described herein 

may be used to determine enzyme activity. Any property relating to enzyme activity may be 

affected, including the classical enzyme properties of Km, V. or k,, changes of which can lead to 
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increased enzymatic activity. Improvements in enzyme activity can be from about 1.1 fold the 

enzymatic activity of the corresponding wild-type enzyme, to as much as 2-fold, 5 -fold, 10-fold, 

20-fold, 25-fold, 50-fold, 75-fold, 100-fold, 150-fold, 200-fold or more enzymatic activity than a 

reference a-GAL enzyme.  

[01061 Intrinsic Expression: The term "intrinsic expression" and grammatical equivalents 

thereof refers to expression of a gene within one or more cells into which a transgene is 

introduced. Intrinsic expression uses the cell's own or pre-existing transcription or translation 

mechanisms and resources for expression of the transgene. For example, in some embodiments, 

when this term is used to refer to an "intrinsic a-GAL expression system" it means that a-GAL 

is expressed from within the cells of a tissue.  

104071 Nucleic acid: As used herein, the terms "nucleic acid," "polynucleotide," and 

"oligonucleotide" are used interchangeably and refer to a deoxyribonucleotide or ribonucleotide 

polymer, in linear or circular conformation, and in either single- or double-stranded form. For the 

purposes of the present disclosure, these terms are not to be construed as limiting with respect to 

the length of a polymer. The terms can encompass known analogues of natural nucleotides, as 

well as nucleotides that are modified in the base, sugar and/or phosphate moieties (e.g., 

phosphorothioate backbones). In general, an analogue of a particular nucleotide has the same 

base-pairing specificity; i.e., an analogue of A will base-pair with T.  

[018] Operative linkage: As used herein, the terms "operative linkage" and "operatively 

linked" (or "operably linked") are used interchangeably with reference to a juxtaposition of two 

or more components (such as sequence elements), in which the components are arranged such 

that both components function normally and allow the possibility that at least one of the 

components can mediate a function that is exerted upon at least one of the other components. By 

way of illustration, a transcriptional regulatory sequence, such as a promoter, is operatively 

linked to a coding sequence if the transcriptional regulatory sequence controls the level of 

transcription of the coding sequence in response to the presence or absence of one or more 

transcriptional regulatory factors. A transcriptional regulatory sequence is generally operatively 

linked in cis with a coding sequence, but need not be directly adjacent to it. For example, an 

enhancer is a transcriptional regulatory sequence that is operatively linked to a coding sequence, 

even though they are not contiguous.  
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101091 PhysiologicalpH: As used herein, "physiological pH" means the pH range 

generally found ina subject's (e.g., human) blood.  

[01101 BasicpH: The term "basic pH" (e.g., used with reference to improved stability at 

basic pH conditions or increased tolerance to basic pH) means a pH range of about 7 to 11.  

101111 Acidic pH: The term "acidic pH" (e.g., used with reference to improved stability 

to acidic pH conditions or increased tolerance to acidic pH) means a pH range of about 1.5 to 

4.5.Polypeptide: As used herein, the terms "polypeptide," "peptide" and "protein" are used 

interchangeably to refer to a polymer of amino acid residues. The term also applies to amino acid 

polymers in which one or more amino acids are chemical analogues or modified derivatives of 

corresponding naturally-occurring amino acids.  

10112] Promoter: As used herein, the term "promoter" as used herein encompasses a 

DNA sequence that directs the binding of RNA polymerase and thereby promotes RNA 

synthesis, i.e., a minimal sequence sufficient to direct transcription. Promoters and corresponding 

protein or polypeptide expression may be ubiquitous, meaning strongly active in a wide range of 

cells, tissues and species or cell-type specific, tissue-specific, or species specific. In some 

embodiments, liver-specific promoters include, for example, transthyretin promoter (TTR); 

thyroxine-binding globulin (TBG) promoter; hybrid liver-specific promoter (HLP), and alpha-I

antitrypsin (AAT) promoter. Promoters may be "constitutive," meaning continually active, or 

"inducible," meaning the promoter can be activated or deactivated by the presence or absence of 

biotic or abiotic factors. Also included in the nucleic acid constructs or vectors of the invention 

are enhancer sequences that may or may not be contiguous with the promoter sequence.  

Enhancer sequences influence promoter-dependent gene expression and may be located in the 5' 

or 3' regions of the native gene.  

10113] Sequence Optimization: As used herein, the term "sequence optimization" refers 

to a process or series of processes by which nucleobases in a reference nucleic acid sequence are 

replaced with alternative nucleobases, resulting in a nucleic acid sequence with improved 

properties, e.g., improved protein expression or increased activity.  

10114] Tropism: As used herein, the terms "tropism," or "tropicity" in the context of 

AAV refers to AAV capsid serotype having varying transduction profiles for different tissue 

types. In some embodiments, "systemic tropism" and "systemic transduction" (and equivalent 

terms) indicate that the virus capsid or virus vector of the invention exhibits tropism for or 
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transduces, respectively, more than one tissue, or multiple tissues or organs throughout the body 

(e.g., more than one of brain, lung, skeletal muscle, heart, liver, kidney and/or pancreas).  

[01151 Vector: As used herein, the term "vector" is capable of transferring gene 

sequences to target cells. Typically, "vector construct," "expression vector," and "gene transfer 

vector," mean any nucleic acid construct capable of directing the expression of a gene of interest 

and which can transfer gene sequences to target cells. Thus, the term includes cloning, and 

expression vehicles, as well as integrating vectors. In some embodiments, the vector is a virus, 

which includes, for example, encapsulated forms of vector nucleic acids, and viral particles in 

which the vector nucleic acids have been packaged. In some embodiments, the vector is not a 

wild-type strain of a virus, in as much as it comprises human-made mutations or modifications.  

In some embodiments, the vector is derived from a wild-type viral strain by genetic manipulation 

(i.e., by deletion) to comprise a conditionally replicating virus, as further described herein. In 

some embodiments, the vector is delivered by non-viral means. In some embodiments, vectors 

described herein are gene therapy vectors, which are used as carriers for delivery of 

polynucleotide sequences (e.g., an alpha galactosidase enzyme) to cells. In a particular 

embodiment, a gene therapy vector described herein is a recombinant AAV vector (e.g., AAV8 

or AAV9).  

101161 Wild-type: As used herein, the term "wild-type" and "naturally-occurring" refer to 

the form of a nucleic acid or protein found in nature. For example, a wild-type polypeptide or 

polynucleotide sequence is a sequence present in an organism that can be isolated from a source 

in nature and which has not been intentionally modified by human manipulation.  

101171 The recitation of numerical ranges by endpoints herein includes all numbers and 

fractions subsumed within that range (e.g. I to 5 includes 1, 1.5, 2, 2.75, 3, 3.9, 4 and 5). It is 

also to be understood that all numbers and fractions thereof are presumed to be modified by the 

term "about." 

10118] Various aspects of the invention are described in detail in the following sections.  

The use of sections is not meant to limit the invention. Each section can apply to any aspect of 

the invention. In this application, the use of "or" means "and/or" unless stated otherwise. As 

used herein, the singular forms "a", "an", and "the" include both singular and plural referents 

unless the context clearly dictates otherwise.  
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DETAILED DESCRIPTION 

[01191 Fabry disease is an X-linked inherited disease that results in the production of 

aberrant lysosomal hydrolase, a-galactosidase A (a-GAL), due to mutations in the GLA gene.  

Because a-GAL is necessary for catabolism of glycolipids, such as sphingolipids, deficiency or 

malfunction of a-GAL causes accumulation of sphingolipids in tissues. Fabry diseases affects 1 

in 40,000 males, who develop multisystem disease develops in childhood or adolescence.  

Clinical manifestations of Fabry disease include, but are not limited to burning, tingling, or 

pricking sensations or nurnbness in the extrernties, heat intolerance, skin lesions called 

angiokeratomas, corneal opacities, cardiac arrhythmias, left ventricular hypertrophy, proteinuria, 

renal insufficiency and cerebrovascular accidents such as stroke and/or seizure. Heterozygous 

females for the GLA gene can transmit the disease to their sons and are usually free of 

symptoms. However, some females develop corneal opacity or more severe manifestations due 

to uneven X chromosome inactivation.  

10120] Current treatment options for Fabry disease include recombinant enzyme 

replacement therapies (ERTs). ERTs slow the progression of the Fabry disease but do not 

completely halt or reverse the disease. Current treatment for Fabry disease predominantly 

achieves a slowing of disease progression limited to kidney and heart, with inadequate or no 

improvements in other organs/tissues. Fabry patients also require continuous protein-based 

infusion, sometimes resulting in infusion reactions and augmented immunogenicity. Such 

continuous disease management requirements also increase the "treatment burden" or the added 

and ongoing workload (i.e. necessities and demands) for patients in order for them to adhere to 

recommendations made by their clinicians to manage their morbidity and wellbeing. In severely 

affected classical male Fabry disease patients, yearly loss of renal function despite treatment is 

up to -6.82 mL/min/1.73 m 2/year (Germain et al, J Med Genet. 2015 May;52(5)353-8.2015), as 

compared to healthy subjects, who have a yearly loss of renal function of -1 mL/min/1.73 

m2/year. These needs could be addressed by vector delivery of GLA as described herein.  

[01211 One advantage of a gene therapy approach to the treatment of Fabry disease is 

continuous a-GAL exposure rather than an intermittent a-GAL exposure provided by ERT 

infusion. The gene therapy approach can potentially allow for uptake by certain tissues and cell 

types (e.g., cardiomyocytes, peripheral neurons and kidney podocytes) that is not easily achieved 
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by infused ERTs. The constant availability of a-GAL in the lysosomes can prevent 

glycosphingolipid re-accumulation between doses. The significant enhancement in enzyme 

distribution to target cells could provide a transformative therapy with the possibility of 

achieving superior clinical benefit over current therapies. In addition, gene therapy accompanied 

by hepatocyte transduction can harness the tolerogenic nature of the liver and induce systemic 

immunological tolerance to transgene product eliminating the risk of reduced treatment efficacy 

due to anti-drug antibodies. Without wishing to be bound by theory, it is believed that these 

benefits, combined with a single long-lasting dose, could both address the need for a treatment 

with a significantly higher treatment efficacy and reduce treatment burden on patients and 

caregivers.  

[0122] The present disclosure provides, among other things, (1) an intrinsic GLA 

expression system in tissues affected by Fabry disease, (2) methods to achieve sustained and 

high expression of a-GAL to reduce disease burden and treatment burden associated with 

progression of Fabry disease and (3) use of a vector encoding GLA to achieve reduction in Fabry 

disease associated phenotypes.  

[01231 In some embodiments, an intrinsic GLA expression system as provided herein 

comprises a viral vector, comprising a sequence encoding a-GAL, controlled by a ubiquitous 

promoter. In some embodiments, the promoter is a mammalian ubiquitous promoter. In some 

embodiments, it is believed that ubiquitous promoter achieves broad distribution of encoded a

GAL in a mammal. Current gene therapy approaches to treat Fabry disease mostly rely on the 

use of liver-specific promoters, unlike the delivery vehicles described herein. The gene therapy 

systems for Fabry disease that use a liver-specific promoter relies on a-GAL production from the 

liver and "cross-correction" of other tissues. This disclosure provides a system for intrinsic 

expression of a-GAL in multiple target tissues resulting in broader exposure of a-GAL and 

better treatment of Fabry disease and the associated symptoms using a gene therapy system using 

a ubiquitous promoter. As provided in more detail below, the ubiquitous promoter as used in this 

disclosure can be selected from one or more of EF-u promoter, UBC promoter, LSE beta

glucuronidase (GUSB) promoter, ubiquitous chromatin opening element (UCOE) promoter, 

GAPDH promoter, chicken 0actin (CBA) promoter, PGK promoter and mini EF1 promoter. In 

some embodiments, the ubiquitous promoter can be engineered from one of more known 

ubiquitous promoters.  
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[01241 This disclosure provides a system for broader exposure of a-GAL and a more 

effective treatment of Fabry disease and the associated symptoms using a gene therapy system 

which employs a ubiquitous promoter. As provided in more detail below, the ubiquitous 

promoter as used in this disclosure can be selected from one or more of EF-lu promoter, UBC 

promoter, LSE beta-glucuronidase (GUSB) promoter, ubiquitous chromatin opening element 

(UCOE) promoter, GAPDH promoter, chicken P actin (CBA) promoter, PGK promoter and mini 

EF1 promoter. In some embodiments, the ubiquitous can be engineered from one of more known 

ubiquitous promoters.  

[01251 In some embodiments, an intrinsic GLA expression system as provided herein 

comprises a viral vector that can improve the exposure or distribution of a-GAL in various 

tissues in a mammal. In some embodiments, the improved exposure or distribution of a-GAL in 

various tissues improves the symptoms associated with Fabry disease. In some embodiments, the 

use of a viral vector complements the use of ubiquitous promoter in providing wider tropism of 

GLA. It is generally anticipated that wider tropism of GLA will improve the symptoms of Fabry 

disease. In some embodiments, the viral vector is selected from one or more of AAV1, AAV2, 

AAV3, AAV4, AAV5, AAV6, AAV7, AAV8 or AAV9 having a ubiquitous promoter. In some 

embodiments, an appropriate viral vector with wide tropism can be engineered with combined 

elements of AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAV8 or AAV9 having a 

ubiquitous promoter.  

[01261 In some embodiments, a viral vector encompassed by the present disclosure 

comprises a tissue specific promoter, e.g., a liver specific promoter upstream of a nucleic acid 

sequence encoding an a-GAL polypeptide.  

101271 In some embodiments, an intrinsic GLA expression system as provided herein 

comprises a viral vector that can improve the exposure or distribution of a-GAL in various 

tissues in a mammal. In some embodiments, the improved exposure or distribution of a-GAL in 

various tissues improves the symptoms associated with Fabry disease. In some embodiments, the 

use of a viral vector complements the use of ubiquitous promoter in providing robust tissue 

distribution of a-GAL. It is generally anticipated that improved biodistribution of a-GAL will 

improve the symptoms of Fabry disease. In some embodiments, the viral vector is selected from 

one or more of AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAV8 or AAV9 having a 

ubiquitous promoter. In some embodiments, an appropriate viral vector with wide tropism can be 
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engineered with combined elements of AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, 

AAV8 or AAV9 having a ubiquitous promoter.  

101281 In some embodiments, an intrinsic GLA expression system as provided herein is a 

viral vector expressing a wild type or a variant a-GAL (e.g., an engineered variant). In some 

embodiments, the instant disclosure provides a viral vector system comprising a ubiquitous 

promoter for broad, tissue-wide distribution of wild-type a-GAL. In some embodiments, the 

instant disclosure provides a viral vector system comprising a ubiquitous promoter for broad, 

tissue-wide distribution of a a-GAL variant.  

[0129] In some embodiments, a GLA transgene encodes an enzyme with improved the 

serum or tissue stability of a-GAL, compared to wild-type a-GAL. In some embodiments, a 

GLA transgene encodes an enzyme with higher a-GAL activity compared to wild type enzyme.  

In some embodiments, a GLA transgene described herein encodes an a-GAL enzyme 

comprising one or more amino acid modifications at positions 1 to 100 of wild-type a-GAL.. In 

some embodiments, a a-GAL enzyme encoded by a GLA transgene comprises one or more 

amino acid modifications at positions 101-200 of wild-type a-GAL.. In some embodiments, a 

a-GAL enzyme encoded by a GLA transgene comprises one or more amino acid modifications 

at positions 201-300 of wild-type a-GAL. In some embodiments, a a-GAL enzyme encoded by 

a GLA transgene comprises one or more amino acid modifications at positions 301-400 of wild

type a-GAL. In some embodiments, a a-GAL enzyme encoded by a GLA transgene comprises 

one or more amino acid modifications at positions 401-429 of wild-type a-GAL. In some 

embodiments, the modification can be an amino acid substitution. In some embodiments, the 

modification can be an amino acid deletion. In some embodiments, the modification can be an 

amino acid insertion. In some embodiments, the amino acid substitution can be a conservative 

substitution. In some embodiments, the amino acid substitution can be a non-conservative 

substitution. In some embodiments, the a-GAL encoded by a GLA transgene comprises an 

amino acid sequence selected from SEQ ID NO: 7-17, 33 or 34.  

Gene Therapy Vectors 

[01301 The vectors described herein comprise a GLA sequence. In some embodiments, 

the GLA sequence can be naturally occurring (wild-type) sequence (SEQ ID NO: 30). In some 

embodiments, the GLA sequence can be a modified sequence, for example a codon-optimized 
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GLA sequence or an engineered or modified GLA sequence. Exemplary GLA sequences 

contemplated for use in the vectors of the present disclosure are provided in the Table 1 below.  

[01311 In some embodiments, an a-GAL encoded by a GLA transgene comprises an a 

signal peptide sequence MQLRNPELHLGCALALRFLALVSWDIPGARA (SEQ ID NO: 76).  

In some embodiments, an a-GAL encoded by a GLA transgene comprises an a signal peptide 

sequence at the N-terminus. In some embodiments, an a-GAL encoded by a GLA transgene 

comprises an a signal peptide sequence at the C-terminus. In some embodiments, an a-GAL 

encoded by a GLA transgene comprises SEQ ID NO: 76 at the N-terminus. In some 

embodiments, an a-GAL encoded by a GLA transgene comprises SEQ ID NO: 76 at the N

terminus.  

[01321 In some embodiments, a GLA sequence comprises a signal peptide sequence 

atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcctggccctcgtttcctgggacatccctggggctagagc 

a (SEQ ID NO: 77). In some embodiments, a GLA sequence comprises a signal peptide 

sequence at the 5' end. In some embodiments, a GLA sequence comprises a signal peptide 

sequence at the 3' end. In some embodiments, a GLA sequence comprises SEQ ID NO: 77 at 

the 5' end. In some embodiments, a GLA sequence comprises SEQ ID NO: 77 at the 3' end.  

Table 1: Exemplary a-GAL Amino Acid and GLA Transgene Nucleotide Sequences 

Exemplary a-GLA Amino Acid and GLA Transgene Nucleotide Sequences 

Identifier Sequence 

A LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAERMVSEGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANYVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR 

PIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMALWAIMAAPLFMSNDLRHISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG 

PRSYTIPVASLGKGVACNPACFITQLLPVKRQLGFYEWTSRLKSHINPTGTVLLQ 

LENTMQMSLKDLL (SEQ ID NO: 7) 

B LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTEGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANHVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR 

PIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMALWAIMAGPLFMSNDLPAISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG 

PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ 

LENTMQT SLKDLL (SEQ ID NO: 8) 

33



WO 2022/183052 PCT/US2022/017998 

C LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTEGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANHVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNKTGR 

PIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMALWAIMAGPLFMSNDL RAISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG 

PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ 

LENTMQTSLKDLL (SEQ ID NO: 9) 
D LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANHVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNKTGR 

PIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMALWAIMAGPLFMSNDLRAISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG 

PRGYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ 

LENTMQTSLKDLL (SEQ ID NO: 10) 
E LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANHVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNKTGR 

PIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMALWAIMAGPLFMSNDLRAISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG 

PRGYTIPVAKLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ 

LENTMQTSLKDLL (SEQ ID NO: 11) 
F LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANHVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNKTGR 

DIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMALWAIMAGPLFMSNDLRAISPQ 

AKALLQDTDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG 

PRGYTIPVAKLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ 

LENTMQTSLKDLL (SEQID NO: 46) 
002 LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAELMVSEGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANYVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR 

SIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSFNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMALWAIMAAPLFMSNDLRHISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRQGDNFEVWERPLSGLAWAVAVINRQEIGG 

PRSYTIAVASLGGGVACNPACFITQLLPVKRKLGLYEWTSRLKSHINPTGTVLLQ 

LENTMQMSLKDLL (SEQ ID NO: 12) 
003 LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAELMVSEGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANYVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR 

SIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWKSIKSILDWTSFNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWNQQVTQMALWAIMAAPLFMSNDLRHISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAMINRQEIGG 
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PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEWTSRLRSHINPTGTVLLQ 

LENTMQMSLKDLL (SEQ ID NO: 13) 
004 LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAERMVSEGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANYVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR 

SIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMASWAIMAAPLFMSNDLRHISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG 

PRSYTIPVASLGKGVACNPACFITQLLPVKRQLGFYNWTSRLKSHINPTGTVLLQ 

LENTMQMSLKDLL (SEQ ID NO: 14) 
005 LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANHVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR 

SIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWKSIKSILDWTSRNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWNQQVTQMALWAIMAAPLFMSNDLRHISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG 

PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEWTSRLRSHINPTGTVLLQ 

LENTMQMSLKDLL (SEQ ID NO: 15) 
006 LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAELMVSEGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANHVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR 

SIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWKSIKSILDWTSFNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWNQQVTQMALWAIMAAPLFMSNDLRHISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRQGDNFEVWERPLSGDAWAVAMINRQEIGG 

PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEWTSRLRSHINPTGTVLLQ 

LENTMQMSLKDLL (SEQ ID NO: 16) 
007 LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANHVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR 

SIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWKSIKSILDWTSRNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMALWAIMAAPLFMSNDLRHISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG 

PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLKSHINPTGTVLLQ 

LENTMQMSLKDLL (SEQ ID NO: 17) 

008 LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANHVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR 

SIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMALWAIMAAPLFMSNDLRHISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG 

PRSYTIPVASLGKGVACNPACFITQLLPVKRQLGFYNWTSRLKSHINPTGTVLLQ 

LENTMQMSLKDLL (SEQ ID NO: 33) 
009 LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANHVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNKTGR 

PIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE 
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RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMALWAIMAAPLFMSNDLRHISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG 

PRSYTIPVASLGKGVACNPACFITQLLPVKRQLGFYNWTSRLKSHINPTGTVLLQ 

LENTMQMSLKDLL (SEQ ID NO: 34) 
WT LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAELMVSEGWKDAGY 

EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANYVHSKGLKLGIYADVGNKT 

CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR 

SIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWKSIKSILDWTSFNQE 

RIVDVAGPGGWNDPDMLVIGNFGLSWNQQVTQMALWAIMAAPLFMSNDLRHISPQ 

AKALLQDKDVIAINQDPLGKQGYQLRQGDNFEVWERPLSGLAWAVAMINRQEIGG 

PRSYTIAVASLGKGVACNPACFITQLLPVKRKLGFYEWTSRLRSHINPTGTVLLQ 

LENTMQMSLKDLL (SEQ ID NO: 30) 
Exemplary a-GLAAmino Acid with Signal Peptide 

A MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPTMGWLHWERFMCNLD 

CQEEPDSCISEKLFMEMAERMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNRTGRPIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWDQQVTQMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRSYTIPVASLGKGVACNPACFIT 

QLLPVKRQLGFYEWTSRLKSHINPTGTVLLQLENTMQMSLKDLL (SEQIDNO: 
47) 

B MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPPMGWLHWERFMCNLD 

CQEEPDSCISEKLFEEMAERMVTEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNRTGRPIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWDQQVTQMALWAIMAGPLFMSNDLRAISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRSYTIPVASLGKGVACNPACFIT 

QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQ ID NO: 
48) 

C MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPPMGWLHWERFMCNLD 

CQEEPDSCISEKLFEEMAERMVTEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWDQQVTQMALWAIMAGPLFMSNDLRAISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRSYTIPVASLGKGVACNPACFIT 

QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQIDNO: 
49) 

D MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPPMGWLHWERFMCNLD 

CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWDQQVTQMALWAIMAGPLFMSNDLRAISPQAKALLQDKDVIAINQDPLGKQGYQ 
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LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRGYTIPVASLGKGVACNPACFIT 

QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQIDNO: 
50) 

E MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPPMGWLHWERFMCNLD 

CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWDQQVTQMALWAIMAGPLFMSNDLRAISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRGYTIPVAKLGKGVACNPACFIT 

QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQIDNO: 
51) 

F MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPPMGWLHWERFMCNLD 

CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNKTGRDIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWDQQVTQMALWAIMAGPLFMSNDLRAISPQAKALLQDTDVIAINQDPLGKQGYQ 

LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRGYTIPVAKLGKGVACNPACFIT 

QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQIDNO: 
52) 

002 MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPTMGWLHWERFMCNLD 

CQEEPDSCISEKLFMEMAELMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWASIKSILDWTSFNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWDQQVTQMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRQGDNFEVWERPLSGLAWAVAVINRQEIGGPRSYTIAVASLGGGVACNPACFIT 

QLLPVKRKLGLYEWTSRLKSHINPTGTVLLQLENTMQMSLKDLL (SEQIDNO: 
53) 

003 MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPTMGWLHWERFMCNLD 

CQEEPDSCISEKLFMEMAELMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWKSIKSILDWTSFNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWNQQVTQMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRKGDNFEVWERPLSGDAWAVAMINRQEIGGPRSYTIPVASLGKGVACNPACFIT 

QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMQMSLKDLL (SEQIDNO: 
54) 

004 MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPTMGWLHWERFMCNLD 

CQEEPDSCISEKLFMEMAERMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWDQQVTQMASWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRSYTIPVASLGKGVACNPACFIT 
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QLLPVKRQLGFYNWTSRLKSHINPTGTVLLQLENTMQMSLKDLL (SEQIDNO: 
55) 

005 MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPTMGWLHWERFMCNLD 

CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWKSIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWNQQVTQMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRSYTIPVASLGKGVACNPACFIT 

QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMQMSLKDLL (SEQIDNO: 
56) 

006 MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPTMGWLHWERFMCNLD 

CQEEPDSCISEKLFEEMAELMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWKSIKSILDWTSFNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWNQQVTQMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRQGDNFEVWERPLSGDAWAVAMINRQEIGGPRSYTIPVASLGKGVACNPACFIT 

QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMQMSLKDLL (SEQIDNO: 
57) 

007 MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPTMGWLHWERFMCNLD 

CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWKSIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWDQQVTQMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRSYTIPVASLGKGVACNPACFIT 

QLLPVKRKLGFYEATSRLKSHINPTGTVLLQLENTMQMSLKDLL (SEQIDNO: 
58) 

008 MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPTMGWLHWERFMCNLD 

CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWDQQVTQMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRSYTIPVASLGKGVACNPACFIT 

QLLPVKRQLGFYNWTSRLKSHINPTGTVLLQLENTMQMSLKDLL (SEQIDNO: 
59) 

009 MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPPMGWLHWERFMCNLD 

CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWDQQVTQMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRSYTIPVASLGKGVACNPACFIT 
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QLLPVKRQLGFYNWTSRLKSHINPTGTVLLQLENTMQMSLKDLL (SEQIDNO: 
60) 

WTwith MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPTMGWLHWERFMCNLD 

signal CQEEPDSCISEKLFMEMAELMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP 

peptide QRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD 

LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR 

QYCNHWRNFADIDDSWKSIKSILDWTSFNQERIVDVAGPGGWNDPDMLVIGNFGL 

SWNQQVTQMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ 

LRQGDNFEVWERPLSGLAWAVAMINRQEIGGPRSYTIAVASLGKGVACNPACFIT 

QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMQMSLKDLL (SEQIDNO: 
75) 

Nucleic Acid Sequences 
Nucleic ctggataatggattggctagaacacctactatggggtggcttcactgggagaggt 
acid tcatgtgcaacctcgactgtcaggaagaaccagacagctgcatctccgagaagct 
encoding gtttatggaaatggccgagcgaatggtgtcagaaggctggaaagatgcaggttac 
A gagtatctgtgtattgacgattgctggatggctccgcaacgggacagtgagggca 

gacttcaggcagatcctcagcgcttcccacatgggataaggcagctcgccaacta 
cgtccactctaagggactgaaactgggcatctatgctgacgtggggaataagacc 
tgtgcgggatttcccggtagcttcggctactacgacattgatgcccagacctttg 
ccgattggggagttgacctcctcaaattcgatggctgctattgtgactctttgga 
gaacctggcagacgggtacaagcatatgtccctggccctgaatcggacaggtaga 
cccatcgtgtatagttgcgaatggcccctttacatgtggccttttcaaaagccaa 
actacactgagattcgccagtattgcaatcactggaggaacttcgctgatatcga 
tgactcatgggcgagcatcaaatccatattggattggacctctcggaatcaggag 
cgcattgtagacgtcgcaggacccggcggctggaacgaccctgatatgctggtga 
tcgggaattttggtcttagctgggaccagcaagttacgcagatggctctgtgggc 
aattatggcagccccactcttcatgtccaacgatctgcgacacatctctcctcaa 
gctaaggctctgctgcaggacaaagatgtgattgccatcaatcaggacccactcg 
gaaagcagggctatcagctgagaaaaggcgacaacttcgaagtctgggaaaggcc 
actttcaggagacgcatgggctgtggccataataaaccggcaagagattggtggg 
cccaggagctacacaatccccgttgccagtttgggcaagggagtggcgtgtaatc 
ctgcctgctttatcactcagctgctcccagtcaaaagacagctggggttctatga 
gtggacctcccgcctcaagagccatattaatcccacaggtaccgtactgctgcaa 
cttgaaaacacgatgcagatgagtttgaaggacctcctgtag (SEQID NO: 18) 

Nucleic ctggataatggattggctagaacacctcctatggggtggcttcactgggagaggt 
acid tcatgtgcaacctggactgtcaggaagaaccagacagctgcatctccgagaagct 
encoding ctttgaggaaatggccgaacgaatggtgactgagggctggaaagatgcaggttac 
B gagtatctgtgtattgacgattgctggatggccccacaacgggattctgagggaa 

gacttcaggctgatccgcagcgcttccctcatggcataaggcagctggcaaacca 
cgtccacagtaaggggctcaaattgggaatctacgcggacgtgggcaataagacc 
tgtgccggttttccgggatcattcgggtattatgacattgacgcccaaacgtttg 
ctgattggggcgttgacctgctgaaattcgatggttgctactgtgacagcctcga 
aaacctggcagacggctacaagcatatgtctctcgccctgaatagaaccggtcgg 
ccaatcgtatattcctgcgagtggcctctttacatgtggccatttcagaaaccga 
actacacagaaattcgccagtattgcaatcattggaggaacttcgctgatatcga 
tgactcatgggcctccataaagagcatcttggactggaccagtcggaatcaggag 
cgaattgtggatgtcgcaggccctggaggatggaacgatccagacatgctggtga 
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tcggcaattttggcctctcttgggaccagcaggttacccaaatggctctgtgggc 
aattatggccggtcctcttttcatgagcaacgatctgcgcgcgatctcaccacag 
gcaaaggccctgctccaagacaaagatgtgatagccatcaatcaggacccgttgg 
gaaagcagggctaccagctgagaaaaggcgacaactttgaggtctgggaaaggcc 
tttgagtggagatgcgtgggctgtggccattattaatcggcaagagatcggaggt 
ccacgctcctatacaattcctgtagcatctcttggcaagggcgttgcctgtaacc 
cagcttgcttcatcactcagcttctgccggtgaagagaaaactgggtttctacga 
agctaccagcaggctccgatcccacatcaaccctacaggaaccgtcctcttgcag 
ctggagaatacgatgcagacttcactgaaggacctcctgtag (SEQID NO: 19) 

Nucleic ctggataatggattggctagaacacctcctatggggtggcttcactgggagaggt 
acid tcatgtgcaacctggactgtcaggaagaaccagacagctgcatctccgagaagct 
encoding ctttgaggaaatggccgaacgaatggtgactgagggctggaaagatgcaggttac 
C gagtatctgtgtattgacgattgctggatggccccacaacgggattctgagggaa 

gacttcaggctgatccgcagcgcttccctcatggcataaggcagctggcaaacca 
cgtccacagtaaggggctcaaattgggaatctacgcggacgtgggcaataagacc 
tgtgccggttttccgggatcattcgggtattatgacattgacgcccaaacgtttg 
ctgattggggcgttgacctgctgaaattcgatggttgctactgtgacagcctcga 
aaacctggcagacggctacaagcatatgtctctcgccctgaataaaaccggtcgg 
ccaatcgtatattcctgcgagtggcctctttacatgtggccatttcagaaaccga 
actacacagaaattcgccagtattgcaatcattggaggaacttcgctgatatcga 
tgactcatgggcctccataaagagcatcttggactggaccagtcggaatcaggag 
cgaattgtggatgtcgcaggccctggaggatggaacgatccagacatgctggtga 
tcggcaattttggcctctcttgggaccagcaggttacccaaatggctctgtgggc 
aattatggccggtcctcttttcatgagcaacgatctgcgcgcgatctcaccacag 
gcaaaggccctgctccaagacaaagatgtgatagccatcaatcaggacccgttgg 
gaaagcagggctaccagctgagaaaaggcgacaactttgaggtctgggaaaggcc 
tttgagtggagatgcgtgggctgtggccattattaatcggcaagagatcggaggt 
ccacgctcctatacaattcctgtagcatctcttggcaagggcgttgcctgtaacc 
cagcttgcttcatcactcagcttctgccggtgaagagaaaactgggtttctacga 
agctaccagcaggctccgatcccacatcaaccctacaggaaccgtcctcttgcag 
ctggagaatacgatgcagacttcactgaaggacctcctgtag (SEQ ID NO: 20) 

Nucleic ctggataatggattggctagaacacctcctatggggtggcttcactgggagaggt 
acid tcatgtgcaacctggactgtcaggaagaaccagacagctgcatctccgagaagct 
encoding ctttgaggaaatggccgaacgaatggtgactgacggctggaaagatgcaggttac 
D gagtatctgtgtattgacgattgctggatggccccacaacgggattctgagggaa 

gacttcaggctgatccgcagcgcttccctcatggcataaggcagctggcaaacca 
cgtccacagtaaggggctcaaattgggaatctacgcggacgtgggcaataagacc 
tgtgccggttttccgggatcattcgggtattatgacattgacgcccaaacgtttg 
ctgattggggcgttgacctgctgaaattcgatggttgctactgtgacagcctcga 
aaacctggcagacggctacaagcatatgtctctcgccctgaataaaaccggtcgg 
ccaatcgtatattcctgcgagtggcctctttacatgtggccatttcagaaaccga 
actacacagaaattcgccagtattgcaatcattggaggaacttcgctgatatcga 
tgactcatgggcctccataaagagcatcttggactggaccagtcggaatcaggag 
cgaattgtggatgtcgcaggccctggaggatggaacgatccagacatgctggtga 
tcggcaattttggcctctcttgggaccagcaggttacccaaatggctctgtgggc 
aattatggccggtcctcttttcatgagcaacgatctgcgcgcgatctcaccacag 
gcaaaggccctgctccaagacaaagatgtgatagccatcaatcaggacccgttgg 
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gaaagcagggctaccagctgagaaaaggcgacaactttgaggtctgggaaaggcc 
tttgagtggagatgcgtgggctgtggccattattaatcggcaagagatcggaggt 
ccacgcggttatacaattcctgtagcatctcttggcaagggcgttgcctgtaacc 
cagcttgcttcatcactcagcttctgccggtgaagagaaaactgggtttctacga 
agctaccagcaggctccgatcccacatcaaccctacaggaaccgtcctcttgcag 
ctggagaatacgatgcagacttcactgaaggacctcctgtag (SEQ ID NO: 21) 

Codon- atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
optimized tggccctcgtttcctgggacatccctggggctagagcactggataatggactggc 
nucleic cagaactcctcccatgggctggctgcactgggaaaggtttatgtgtaatctggac 
acid tgtcaagaggagccagattcctgcatctctgagaagctctttgaagagatggctg 
encoding agaggatggtgacagatggttggaaggatgctggttatgagtacctgtgcattga 
D tgactgctggatggccccccagagagattcagaaggcagactgcaagcagaccct 

cagaggttcccccatggcatccgccagcttgccaaccatgtccactccaagggcc 

(DI) tgaaactgggtatctatgctgatgtgggcaataagacctgtgctggctttcctgg 
ctcctttggctactatgacattgacgcccagacctttgctgactggggtgtggac 
ttgctgaagtttgatggctgctactgtgactccctggagaacctggcagatggat 
acaagcacatgtctctggctctgaacaagactggcagacccattgtttacagctg 
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga 
cagtactgcaatcattggaggaactttgccgacatcgatgattcttgggcctcca 
tcaagagcatcctggactggacatccagaaaccaagaaagaattgtggatgtggc 
tggacctggaggatggaatgatcctgacatgctggtgattggaaattttgggctg 
tcctgggaccagcaagtgactcagatggccctctgggccatcatggctgggcccc 
tcttcatgagcaatgacctgagggccatttccccccaagccaaggccctgcttca 
agacaaagatgtcattgctatcaatcaagatcccctggggaagcaaggctaccag 
ctcagaaaaggagacaacttcgaggtgtgggagagacctctgtctggagatgcct 
gggctgtggccatcatcaacagacaagagattggtggccccagaggttacaccat 
ccctgttgcttctcttggcaagggtgttgcctgcaacccagcttgcttcatcacc 
cagctgctcccagtgaagaggaagctgggcttctatgaagctacctctaggttga 
gatcccacatcaaccccactggtactgtgctgctgcagctggaaaacaccatgca 
gacttccctcaaggacctcctgtga (SEQ ID NO: 35) 

Codon- atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
optimized tggccctcgtttcctgggacatccctggggctagagcactggataatggacttgc 
nucleic aagaactcctcccatgggctggctgcactgggagaggtttatgtgtaatctggac 
acid tgtcaagaagaaccagattcctgcatctctgagaagctctttgaggagatggctg 
encoding agaggatggtgacagatggatggaaggatgctggttatgaatatctgtgcattga 
D tgactgctggatggcccctcagagagacagtgaaggccgcctgcaagcagacccc 

cagaggttcccccatggaatcagacagttggccaaccatgtccactccaagggcc 

(D2) tgaaactgggcatctatgctgatgtgggcaataagacctgtgctggcttccctgg 
ctcctttgggtactatgacattgacgcccagacttttgctgactggggtgtggac 
ttgctgaagtttgatggctgctactgtgactccctggaaaacctggcagatggtt 
acaagcacatgtctctggccctgaacaagactggcagacccattgtttacagctg 
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatccgc 
cagtactgcaatcattggaggaactttgcagacatcgatgattcttgggccagca 
tcaagtccatcctggactggacttccagaaaccaagagagaattgtggatgttgc 
tggacctggaggttggaatgatcctgacatgctggtgattggaaattttggactg 
tcctgggaccagcaagtgactcagatggccctctgggccatcatggctgggcccc 
tcttcatgagcaatgacctgagggccatttccccccaagccaaggctctgcttca 
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agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag 
ctcagaaaaggagacaacttcgaggtgtgggaaagacctctgtctggagatgcct 
gggctgtggctatcatcaacagacaagaaattggtggccccagaggctacaccat 
ccctgtggcctctcttggcaagggtgttgcctgcaacccagcttgcttcatcacc 
cagctgctcccagtgaagaggaagctgggtttctatgaggctacctctaggttga 
gatcccacatcaatcccactggtacagtgctgctgcagctggagaacaccatgca 
gacctccctcaaggacctcctttaa (SEQ ID NO: 36) 

Codon- atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
optimized tggccctcgtttcctgggacatccctggggctagagcattggacaatggactggc 
nucleic aagaactcctcccatgggctggctgcactgggaaaggtttatgtgtaatctggac 
acid tgtcaagaggagccagattcctgcatctctgagaagctctttgaagagatggctg 
encoding agaggatggtgacagatggatggaaggatgctggatatgagtacctgtgcattga 
D tgactgctggatggcccctcagagagacagtgaaggcagactgcaagcagacccc 

cagaggttcccccatggcattaggcagctggccaaccatgtccactccaagggcc 

(D3) tgaaactgggcatctatgctgatgtgggcaataagacctgtgctggtttccctgg 
ctcctttggatactatgacattgatgcccagacctttgctgactggggtgtggac 
ctgctcaagtttgatggctgctactgtgactccctggagaacctggctgatggtt 
acaagcacatgtctcttgctctgaacaagactggtagacccattgtttacagctg 
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga 
cagtactgcaatcattggaggaattttgcagatattgatgattcttgggcctcca 
tcaagagcatcctggactggacttccagaaaccaagaaagaattgtggatgttgc 
tggccctggaggttggaatgaccctgacatgctggtgattggcaactttgggctg 
tcctgggaccagcaagtgactcagatggccctctgggccatcatggctgggcccc 
tcttcatgtccaatgatctgagggccatttccccccaagccaaggccctgcttca 
agacaaagatgtcattgctatcaatcaagatcccctgggcaagcaaggctaccag 
ctcagaaaaggagacaactttgaggtgtgggagagacctctgtctggagatgcct 
gggctgtggccatcatcaacagacaagagattggtggccccagaggctacaccat 
ccctgtggcttccctggggaagggtgttgcctgcaacccagcttgcttcatcacc 
cagcttctgccagtgaagaggaagctgggcttctatgaagctaccagcagactga 
gatcccacatcaaccccactggcacagtgctgctgcagctggaaaacaccatgca 
gacttctctgaaggacctcctgtga (SEQ ID NO: 37) 

Codon- atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
optimized tggccctcgtttcctgggacatccctggggctagagcactggataatggactggc 
nucleic aagaactcctcccatgggctggctgcattgggagaggtttatgtgtaatctggac 
acid tgtcaagaggagccagactcctgcatctctgagaagctctttgaagagatggctg 
encoding agaggatggtgacagatggttggaaggatgctggatatgagtacctgtgcattga 
D tgactgctggatggccccccagagagacagtgaaggcagactgcaagcagaccct 

cagaggttcccccatggcattaggcagctggccaaccatgtccactccaagggcc 

(D4) tgaaacttggcatctatgctgatgtgggcaataagacctgtgctggcttccctgg 
ctcctttggctactatgacattgatgcccagacttttgctgactggggtgtggac 
ctgctcaagtttgatggctgctactgtgactctctggaaaacctggctgatggat 
acaagcacatgtctttggctctgaacaagactggtaggcccattgtttacagctg 
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga 
cagtactgcaaccactggaggaactttgcagatattgatgattcctgggcctcca 
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgttgc 
tgggcctggaggatggaatgatcctgacatgctggtgattggaaattttgggctg 
agctgggaccagcaagtgactcagatggccctctgggccatcatggctggtcccc 
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tcttcatgagcaatgacttgagggccatttccccccaagccaaggccctgcttca 
agacaaagatgtcattgctatcaatcaagatcccctgggcaagcaaggctaccag 
ttgagaaaaggagacaactttgaggtgtgggaaagacctctgtctggagatgcct 
gggctgtggccatcatcaacagacaagaaattggtggccccagaggttacaccat 
ccctgtggcttctcttggaaaaggggttgcctgcaatccagcttgcttcatcacc 
cagctcctgccagtgaagaggaagctgggtttctatgaagctacctctaggctca 
gatcccacatcaaccccactggcacagtgctgctgcagctggagaacaccatgca 
gacctccctgaaggacctcctttaa (SEQ ID NO: 38) 

Codon- atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
optimized tggccctcgtttcctgggacatccctggggctagagcactggataatggactggc 
nucleic aagaactcctcccatgggctggctgcactgggaaaggtttatgtgtaatctggac 
acid tgtcaagaggagcctgactcctgcatctctgagaagctctttgaagagatggctg 
encoding agaggatggtgacagatggatggaaggatgctggttatgagtacctgtgcattga 
D tgactgctggatggcccctcagagagattctgaaggcagactgcaagcagacccc 

cagaggttcccccatggcattaggcagctggccaaccatgtccactccaagggcc 

(D5) tgaaactgggcatctatgctgatgtgggcaataagacctgtgctggctttcctgg 
ctcctttggatactatgacattgatgcccagacctttgctgactggggtgtggac 
ctcctgaagtttgatggctgctactgtgactctctggagaacctggctgatggtt 
acaagcacatgtctcttgctctgaacaagactggtagacccattgtttacagctg 
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga 
cagtactgcaatcattggaggaattttgcagatattgatgattcctgggcctcca 
tcaagagcatcctggactggacatccagaaaccaagaaagaattgtggatgtggc 
tgggcctggaggttggaatgacccagacatgctggtgattggcaactttgggctg 
agctgggaccagcaagtgactcagatggccctctgggccatcatggctggacctc 
tcttcatgtccaatgatctgagagccatttccccccaagccaaggccctgctcca 
agacaaagatgtcattgctatcaatcaagatcccctggggaagcaaggctaccag 
ctcagaaagggtgacaactttgaggtgtgggagagacctctgtctggagatgcct 
gggctgtggccatcatcaacagacaagagattggtggccccagaggctacaccat 
ccctgttgcttccctgggaaaaggagtggcctgcaacccagcttgcttcatcacc 
cagcttctgcctgtgaagaggaagctgggcttctatgaagctacctctaggctga 
ggtcccacatcaaccccactggcacagtgctgctgcagctggaaaacaccatgca 
gacttccctcaaggacctgctttaa (SEQ ID NO: 39) 

Codon- atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
optimized tggccctcgtttcctgggacatccctggggctagagcactggacaatggcctggc 
nucleic cagaacccctcccatgggctggctgcactgggagagattcatgtgcaacctggat 
acid tgccaggaggagccagactcttgcatctctgaaaagctgtttgaggaaatggccg 
encoding agagaatggtgacagatggatggaaggatgccggatacgagtacctgtgtatcga 
D tgactgttggatggccccccagagagactccgagggccgtctgcaggctgaccca 

cagaggtttcctcatggaattaggcagttggccaaccatgtgcactccaagggac 

(D6) tgaagctgggcatctatgccgatgtgggcaacaagacctgtgctggcttcccagg 
cagctttggctattatgatattgatgcacaaacttttgcagactggggagttgat 
ctgctgaaatttgatgggtgttactgtgactccctggagaacctcgccgacggat 
acaagcatatgtcccttgctctgaacaagactggcaggcccattgtctactcttg 
tgagtggccactgtacatgtggcccttccagaagcccaactataccgagattcgc 
cagtactgcaatcactggaggaactttgcagacattgatgacagctgggcctcca 
ttaagtctatcctggattggacaagcagaaaccaagagagaattgtggatgtggc 
tggccctggtggttggaatgaccccgatatgctggtgattggcaactttggactg 
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tcttgggaccagcaggtgacccagatggctctgtgggctatcatggccggccccc 
tcttcatgtctaatgacctgagggccatctctcctcaggccaaggcacttctgca 
ggataaggacgtgattgccatcaatcaggatcctctggggaagcagggctatcag 
ctgagaaagggggacaatttcgaggtctgggagagacccctgagcggcgatgctt 
gggctgtggccatcatcaatagacaagagattggagggccaagaggctacaccat 
tcctgtggcaagcctaggaaaaggggttgcttgcaatccagcctgtttcatcacc 
cagctgctgcctgttaagagaaagttgggcttctatgaggccacctctaggctga 
ggtcccatatcaaccccactggcacagtgctgctgcagcttgaaaacaccatgca 
gACCtccctcaaggacctgctgtaa (SEQ ID NO: 40) 

nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcactggataatggattggc 
encoding tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac 
E tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggccg 

aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga 
cgattgctggatggccccacaacgggattctgagggaagacttcaggctgatccg 
cagcgcttccctcatggcataaggcagctggcaaaccacgtccacagtaaggggc 
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttccggg 
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggcgttgac 
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggct 
acaagcatatgtctctcgccctgaataaaaccggtcggccaatcgtatattcctg 
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcgc 
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcca 
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcgc 
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggcctc 
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggccggtcctc 
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggccctgctcca 
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag 
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgcgt 
gggctgtggccattattaatcggcaagagatcggaggtccacgcggttatacaat 
tcctgtagcaaagcttggcaagggcgttgcctgtaacccagcttgcttcatcact 
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggctcc 
gatcccacatcaaccctacaggaaccgtcctcttgcagctggagaatacgatgca 
gacttcactgaaggacctcctgtag (SEQ ID NO: 22) 

nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcactggataatggattggc 
encoding tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac 
F tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggccg 

aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga 
cgattgctggatggccccacaacgggattctgagggaagacttcaggctgatccg 
cagcgcttccctcatggcataaggcagctggcaaaccacgtccacagtaaggggc 
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttccggg 
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggcgttgac 
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggct 
acaagcatatgtctctcgccctgaataaaaccggtcgggatatcgtatattcctg 
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcgc 
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcca 
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcgc 
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aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggcctc 
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggccggccctc 
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggccctgctcca 
agacacggacgtgatagccatcaatcaggacccgttgggaaagcagggctaccag 
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgcgt 
gggctgtggccattattaatcggcaagagatcggaggtccacgcggttatacaat 
tcctgtagcaaagcttggcaagggcgttgcctgtaacccagcttgcttcatcact 
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggctcc 
gatcccacatcaaccctacaggaaccgtcctcttgcagctggagaatacgatgca 
gacttcactgaaggacctcctgtag (SEQ ID NO: 23) 

nucleic ttggacaatgggctggccaggacacctactatgggctggctccactgggagcgct 
acid ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt 
encoding gttcatggagatggctgagctgatggtgagcgaagggtggaaggatgcgggctat 
002 gagtatctctgtattgatgactgctggatggctccacagcgcgacagtgaaggcc 

ggctccaggccgatcctcagcggttcccccacggtatcagacaactggcgaatta 
cgtgcactcaaaaggccttaagctgggtatatatgctgatgtgggtaataaaaca 
tgtgcaggcttcccaggctcttttgggtactatgacatcgacgcccagacttttg 
cggactggggcgtggacctgctcaagtttgacggatgttactgtgactcccttga 
gaacctggccgacgggtacaagcatatgtcactggccctgaatcggacaggccga 
tccatcgtatactcttgcgagtggcctctgtacatgtggcccttccagaagccca 
actatacagaaatcaggcaatactgcaaccattggcggaacttcgcagacataga 
cgacagctgggctagcattaagtctattctggattggaccagtttcaatcaagaa 
aggattgtcgatgtcgcaggcccaggaggttggaatgacccagacatgctcgtga 
ttggaaatttcggtctgtcatgggaccaacaggtgactcagatggctctgtgggc 
aatcatggcagcaccactgttcatgagcaatgatttgcgacacatctcccctcag 
gcgaaagcccttctgcaggataaggacgttatcgccattaaccaggacccgctcg 
gtaagcaagggtaccagttgcgccagggagacaatttcgaggtctgggaacgacc 
cctgtctggactcgcttgggccgtagccgtaattaaccgacaagaaatcggcgga 
ccgcggagctataccatagctgtcgcctccctcggcgggggcgtagcttgtaacc 
cggcttgtttcataacccagctgctgcccgtcaagaggaaactggggctttatga 
gtggacaagtcggttgaagtctcatattaacccgacagggactgttctcctccag 
ctggaaaacacaatgcagatgagcctgaaggatctcttgtga (SEQ ID NO: 24) 

nucleic tttggacaatgggctggccaggacacctactatgggctggctccactgggagcgc 
acid tttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagt 
encoding tgttcatggaaatggccgagcttatggtctcagaggggtggaaagacgccggata 
003 tgagtatctgtgcatcgacgattgctggatggccccccaacgcgattccgaaggc 

cgcttgcaggctgatccgcagcgctttcctcacgggatccgccaattggcaaatt 
acgtgcactcaaaggggctcaagttgggcatctacgcagacgtgggaaacaagac 
atgtgctggatttcccgggagtttcggttattatgacattgacgcacagaccttt 
gctgattggggggtcgacctcctgaagtttgacggttgttattgcgacagccttg 
aaaatctggccgacggttacaaacacatgtcccttgcactgaatagaactggtcg 
gtccatcgtctatagttgtgagtggccgctttacatgtggccttttcagaaaccc 
aactacaccgagattcggcaatattgcaatcactggcgaaatttcgcagatatcg 
atgattcttgggctagtattaaatccatcctggattggacatcattcaaccagga 
gcgcatcgtggacgttgctggacctggcgggtggaatgatccagacatgcttgtg 
atcggaaacttcggtctctcttggaaccagcaagtcactcaaatggcactctggg 
caattatggccgcccccctctttatgtccaacgatctgaggcatatcagtcctca 
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ggctaaagccctgctgcaagacaaggatgtgattgctatcaaccaagatcccctt 
ggtaaacaggggtaccagttgcgcaaaggcgacaattttgaggtgtgggaaaggc 
cactttcaggcgatgcatgggccgttgcaatgatcaacaggcaagaaattggcgg 
acccaggagctatacaataccagtggcgtcactgggtaagggagtcgcctgtaac 
cccgcatgcttcattactcaacttctgccagtgaaacgaaaactcggattctatg 
agtggacctcaagactgaggtctcatattaacccgacagggactgttctcctcca 
gctggaaaacacaatgcagatgagcctgaaggatctcttgtga (SEQIDNO: 
25) 

nucleic ttggacaatgggctggccaggacacctactatgggctggctccactgggagcgct 
acid ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt 
encoding gttcatggagatggctgaacgcatggtttctgagggatggaaagatgcaggctac 
004 gagtacctgtgtatagacgattgttggatggccccacagcgggattcagaaggta 

gactccaggcggatccccagagattcccacatggaatcagacagctggccaatta 
cgtccattccaaaggccttaagttgggtatttacgccgacgtaggcaacaagact 
tgtgccggatttcccggcagtttcggatactatgacattgatgcacagactttcg 
ctgactggggggtggacttgctcaaatttgatggctgttattgcgatagcctcga 
aaatctggctgatggctacaagcacatgtcactcgctctcaaccgcactgggcgc 
tctatagtttactcctgcgagtggcctctgtatatgtggccgttccagaaaccca 
attacacagaaataaggcagtattgcaatcactggcgcaactttgctgatattga 
tgattcctgggcctccataaagagtatcttggactggactagtcgcaatcaggaa 
agaattgtcgacgtcgccggaccaggcggatggaatgatcctgatatgctcgtga 
tcgggaacttcggactctcatgggaccagcaggtgacccagatggctagttgggc 
tatcatggccgcccctctgtttatgagtaacgacctccgccacatcagcccccag 
gccaaggcgcttctgcaggataaagatgtcatcgccatcaaccaagatcccctgg 
gcaaacaaggctatcagctgcggaagggagacaattttgaggtgtgggaacgccc 
tttgagcggagacgcctgggctgtggctattataaatcgccaggagattgggggc 
ccgagaagttatactatccccgttgcaagcctgggaaagggcgtcgcctgcaacc 
ctgcctgcttcatcacacagctgcttcctgtcaaacgccaattggggttctacaa 
ttggacatccagactcaaatctcatattaacccgacagggactgttctcctccag 
ctggaaaacacaatgcagatgagcctgaaggatctcttgtga (SEQ ID NO: 26) 

Codon- atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
optimized tggccctcgtttcctgggacatccctggggctagagcactggataatggactggc 
nucleic aagaaccccaaccatgggctggctgcactgggaaagattcatgtgtaatctggac 
acid tgtcaagaggagcccgactcctgcatctctgagaagctcttcatggagatggctg 
encoding agaggatggtgagtgaaggatggaaggatgctggttatgagtacctgtgcattga 
004 tgactgctggatggccccccagagagattcagagggcagactgcaagcagatcct 

cagaggttcccccatggcatcagacagctggccaactatgtccactccaagggcc 

(004_1) tgaagctgggtatctatgctgatgtgggcaacaagacctgtgctggctttcctgg 
ctcctttggttactatgacattgacgcccagacctttgctgactggggagtggac 
ctgttgaagtttgacggctgctactgtgactctctggagaacctggctgatggct 
acaagcacatgtctcttgccctgaacagaactggtaggagcattgtttacagctg 
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatccgc 
cagtactgcaaccattggaggaactttgcagacatcgatgattcctgggcctcca 
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgttgc 
tggacctggaggttggaatgaccctgacatgctggtgattggaaattttgggctg 
tcctgggaccagcaagtgactcagatggccagctgggccatcatggcagcccctc 
tctttatgtccaatgatctcagacacatttccccccaagccaaggctctgctcca 
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agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag 
ctgaggaaaggagacaactttgaggtgtgggagagacctctgtctggagatgcct 
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat 
ccctgtggcttccctgggcaagggtgtggcctgcaatccagcttgcttcatcacc 
cagctcctcccagtgaagaggcagcttggcttctacaactggacatctaggctca 
agtcccacatcaaccccactggcacagtgctgctgcagctggaaaacaccatgca 
gatgagcctgaaagacctcctgtga (SEQ ID NO: 41) 

Codon- atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
optimized tggccctcgtttcctgggacatccctggggctagagcattggacaatggactggc 
nucleic taggaccccaaccatgggttggctgcactgggagaggtttatgtgtaatctggac 
acid tgtcaagaagaacctgactcctgcatctctgagaagctgttcatggagatggctg 
encoding agaggatggtgagtgaaggctggaaggatgctggttatgagtacctgtgcattga 
004 tgactgctggatggcccctcagagagattcagagggcagacttcaagcagacccc 

cagaggttcccccatggcatccgccagctggccaactatgtccactccaagggcc 

(004-2) tgaaactgggtatctatgctgatgtgggcaacaagacctgtgctggctttcctgg 
ctcctttggctactatgacattgacgcccagacctttgctgactggggtgtggac 
ctcctcaagtttgatggctgctactgtgactctctggaaaacctggcagatggtt 
acaagcacatgtctcttgccctgaacagaactggtaggagcattgtttacagctg 
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga 
cagtactgcaaccattggaggaattttgccgacatcgatgattcctgggccagca 
tcaagtccatcctggactggacttccagaaaccaagagagaattgtggatgttgc 
tggacctggaggatggaatgacccagacatgctggtgattggaaatttcgggctg 
tcctgggaccagcaagtgactcagatggcctcttgggccatcatggcagcccccc 
tcttcatgtccaatgatcttagacacatttccccacaagccaaggccctcctgca 
agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag 
ctcagaaaaggagacaactttgaggtgtgggaaagacctctgtctggagatgcct 
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat 
ccctgtggcctccctgggcaagggtgttgcctgcaatccagcttgcttcatcacc 
cagctgctcccagtgaagaggcagttgggcttctacaactggacatctaggttga 
agagccacatcaaccccactggcacagtgctgctgcagctggagaacaccatgca 
gatgagcctgaaggacctgctttaa (SEQ ID NO: 42) 

Codon- atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
optimized tggccctcgtttcctgggacatccctggggctagagcactggataatggactggc 
nucleic aagaaccccaaccatgggttggctgcactgggagaggtttatgtgtaatctggac 
acid tgtcaagaggagccagactcctgcatctctgagaagctcttcatggagatggctg 
encoding agaggatggtgagtgaaggctggaaggatgctggttatgagtacctgtgcattga 
004 tgactgctggatggcccctcagagagattcagagggcagactgcaagcagatccc 

cagaggttcccccatggcattaggcaactggccaactatgtccactccaagggcc 

(004-3) tgaagctgggcatctatgctgatgtgggcaacaagacctgtgctggcttccctgg 
ctcctttggctactatgatattgatgcccagacctttgctgactggggtgtggac 
ctgctcaagtttgatggctgctactgtgacagcctggagaacctggctgatggtt 
acaagcacatgtctcttgctctgaacagaactggtagaagcattgtttacagctg 
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga 
cagtactgcaaccattggaggaactttgcagacattgatgattcctgggcctcca 
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgttgc 
tggacctggaggatggaatgaccctgacatgctggtgattggaaattttgggctg 
tcctgggaccagcaagtgactcagatggccagctgggccatcatggcagcccccc 
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tgttcatgagcaatgatctcagacacatttccccccaagccaaggccctgcttca 
agacaaagatgtcattgctattaatcaagatcctttgggcaagcaaggctaccag 
ctgaggaagggagacaactttgaggtgtgggaaagacctctgtctggagatgcct 
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat 
ccctgttgcctctctgggaaaaggagtggcctgcaatccagcttgcttcatcacc 
cagctcctcccagtgaagaggcagctgggtttctacaactggacaagcagattga 
agtcccacatcaaccccactggcacagtgctgctgcagctggaaaacaccatgca 
gatgtccctgaaggacctcctgtga (SEQ ID NO: 43) 

Codon- atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
optimized tggccctcgtttcctgggacatccctggggctagagcacttgataatggactggc 
nucleic aagaaccccaaccatgggctggctgcactgggaaagattcatgtgtaatctggac 
acid tgtcaagaagaaccagattcctgcatctctgagaagctgtttatggagatggctg 
encoding agaggatggtgtcagaaggatggaaggatgctggttatgagtacctgtgcattga 
004 tgactgctggatggccccccagagagacagtgaaggcagacttcaagcagaccct 

cagaggttcccccatggcattaggcaactagccaactatgtccactccaagggcc 

(004-4) tgaaactgggcatctatgctgatgtgggcaacaagacctgtgctggcttccctgg 
ctcctttggctactatgacattgatgcccagacctttgctgactggggtgtggac 
ctcctcaagtttgatggctgctactgtgactccctggaaaacctggctgatggtt 
acaagcacatgagcctggccctgaacagaactggtaggagcattgtttacagctg 
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga 
cagtactgcaaccattggaggaactttgcagatattgatgattcttgggccagca 
tcaagtccatcctggactggacatccagaaaccaagagagaattgtggatgttgc 
tggacctggaggttggaatgatcctgacatgctggtgattggaaattttgggctg 
tcctgggaccagcaagtgactcagatggcctcctgggccatcatggcagcccctc 
tcttcatgtccaatgacttgagacacatttccccccaagccaaggccctcctgca 
agacaaagatgtcattgctattaatcaagatcccttgggcaagcaaggctaccag 
ctgaggaagggagacaactttgaggtgtgggagaggcccctgtctggagatgcct 
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat 
ccctgttgcctctcttggcaaaggagtggcctgcaatccagcttgcttcatcacc 
cagctccttcctgtgaagaggcagctgggtttctacaactggacttcaaggttga 
agagccacatcaaccccactggcacagtgctgctgcagctggagaacaccatgca 
gatgtctctgaaggacctgctttaa (SEQ ID NO: 44) 

Codon- atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
optimized tggccctcgtttcctgggacatccctggggctagagcactggataatggactggc 
nucleic aagaaccccaaccatgggctggctgcactgggagaggttcatgtgtaatctggac 
acid tgtcaagaggagcctgactcctgcatctctgagaagctgtttatggagatggctg 
encoding agaggatggtgtctgaaggatggaaggatgctggctatgagtacctgtgcattga 
004 tgactgctggatggcccctcagagggacagtgaaggcagactgcaagcagacccc 

cagagattcccccatggcattagacagcttgccaactatgtccactccaagggcc 

(004-5) tgaaactgggcatctatgctgatgtgggcaacaagacctgtgctggtttccctgg 
ctcctttggctactatgacattgatgcccagacctttgctgactggggtgtggac 
ctcctcaagtttgatggctgctactgtgacagcctggaaaacctggctgatggtt 
acaagcacatgtctctggccctgaacagaactggtaggagcattgtttacagctg 
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga 
cagtactgcaaccattggaggaactttgcagatattgatgattcctgggcctcca 
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgtagc 
tggacctggaggttggaatgacccagacatgctggtgattggaaattttgggctg 
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tcctgggaccagcaagtgactcagatggccagctgggccatcatggcagcccccc 
tcttcatgagcaatgatctcagacacatttccccccaagccaaggctctgctcca 
agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag 
ctgaggaagggagacaactttgaggtgtgggaaagacctctgtctggagatgcct 
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat 
ccctgttgcttctcttggcaaaggagtggcctgcaatccagcttgcttcatcacc 
cagctcctgcctgtgaagaggcagttgggcttctacaactggacatctaggttga 
agtcccacatcaaccccactggcacagtgctgctgcagctggagaacaccatgca 
gatgtccctgaaggacctgctttaa (SEQ ID NO: 45) 

Nucleic ttggacaatgggctggccaggacacctactatgggctggctccactgggagcgct 
acid ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt 
encoding gttcgaggagatggcagaacgaatggtgacagatggatggaaggacgctggctac 
005 gagtatctgtgcatagatgattgttggatggcccctcagcgagactcagagggga 

gactccaggccgacccccagcgatttccacacggaatccggcaactggctaacca 
tgtgcactcaaaagggctcaagctgggaatttatgctgacgtcgggaacaaaact 
tgtgcggggtttcccggctccttcggatattacgacatcgacgcccagactttcg 
cagactggggtgtggacctgcttaagttcgacggctgttactgcgatagtctgga 
aaacttggctgacggctataagcacatgagtctcgccctgaaccgaacaggcaga 
agcatagtctactcctgcgaatggccactttacatgtggccattccagaaaccta 
attataccgagatcagacaatactgtaaccattggcgaaacttcgccgacattga 
cgatagttggaagtcaatcaagtccatcctggattggacctctaggaaccaggaa 
aggatcgtggacgtggctggacctggcggatggaacgatccagacatgctcgtga 
taggaaactttggactgtcatggaatcagcaagtaacacagatggcgctctgggc 
cattatggctgcccccttgtttatgtctaacgacctgaggcatatctctcctcaa 
gccaaggcactcctgcaggacaaggacgttatcgccatcaaccaggacccactgg 
gcaagcagggataccagctgcggaaaggtgataacttcgaggtctgggagcgacc 
gctttcaggagacgcctgggcagttgcaatcatcaacaggcaagaaattggtggg 
ccacggtcttatactattcccgtggcttctctcggtaagggcgtcgcctgcaacc 
ccgcctgctttatcacccaattgttgcccgttaagagaaaactgggattttacga 
gtggacatccaggctgcggtctcatattaacccgacagggactgttctcctccag 
ctggaaaacacaatgcagatgagcctgaaggatctcttgtga (SEQ ID NO: 27) 

Nucleic ttggacaatgggctggccaggacacctactatgggctggctccactgggagcgct 
acid ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt 
encoding gttcgaagagatggctgaactgatggtgtccgaggggtggaaggatgcagggtac 
006 gagtacctttgcatagacgattgctggatggcaccacagcgggatagtgagggca 

ggttgcaggcggacccccaaagatttccacatggcatcagacagctggccaacca 
cgtgcactctaaaggcctgaagctggggatttacgccgatgtcggtaataaaaca 
tgtgctggtttccccggtagctttggatactacgacatcgacgcccagacatttg 
ctgattggggagtggacctgctcaagttcgacggctgctactgcgattctctgga 
aaatctggccgatgggtataagcacatgagtcttgctcttaatagaaccggacgc 
tctatagtctattcatgtgagtggccactgtacatgtggccatttcagaaaccca 
actataccgaaattagacagtattgtaaccactggcggaatttcgccgacataga 
cgatagctggaagagcatcaagtcaattctcgattggacttcattcaaccaggag 
cggatcgtcgacgtggccggccctgggggctggaatgatccagatatgctggtga 
tcggaaactttggtctctcctggaatcaacaggtcactcagatggccctctgggc 
cattatggcagcaccactctttatgagcaacgacctgagacacatttccccacag 
gccaaggcattgctgcaggacaaagacgtgatcgccattaaccaggacccactgg 
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gcaagcaagggtaccaacttaggcagggagataattttgaggtctgggagcgccc 
actcagcggagacgcctgggccgttgccatgataaacagacaggagattggcggc 
cccagatcctacacaattcctgtcgctagcctgggcaagggggtggcttgtaatc 
ccgcctgctttataacccagctgctgccagtgaaacggaaactcgggttctatga 
atggacttctaggctcaggtctcatattaacccgacagggactgttctcctccag 
ctggaaaacacaatgcagatgagcctgaaggatctcttgtga (SEQ ID NO: 28) 

Nucleic ttggacaatgggctggccaggacacctactatgggctggctccactgggagcgct 
acid ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt 
encoding gttcgaggagatggcagaacgaatggtgacagatggatggaaggacgctggctac 
007 gagtatctgtgcatagatgattgttggatggcccctcagcgagactcagagggga 

gactccaggccgacccccagcgatttccacacggaatccggcaactggctaacca 
tgtgcactcaaaagggctcaagctgggaatttatgctgacgtcgggaacaaaact 
tgtgcggggtttcccggctccttcggatattacgacatcgacgcccagactttcg 
cagactggggtgtggacctgcttaagttcgacggctgttactgcgatagtctgga 
aaacttggctgacggctataagcacatgagtctcgccctgaaccgaacaggcaga 
agcatagtctactcctgcgaatggccactttacatgtggccattccagaaaccta 
attataccgagatcagacaatactgtaaccattggcgaaacttcgccgacattga 
cgatagttggaagtcaatcaagtccatcctggattggacctctaggaaccaggaa 
aggatcgtggacgtggctggacctggcggatggaacgatccagacatgctcgtga 
taggaaactttggactgtcatgggatcagcaagtaacacagatggcgctctgggc 
cattatggctgcccccttgtttatgtctaacgacctgaggcatatctctcctcaa 
gccaaggcactcctgcaggacaaggacgttatcgccatcaaccaggacccactgg 
gcaagcagggataccagctgcggaaaggtgataacttcgaggtctgggagcgacc 
gctttcaggagacgcctgggcagttgcaatcatcaacaggcaagaaattggtggg 
ccacggtcttatactattcccgtggcttctctcggtaagggcgtcgcctgcaacc 
ccgcctgctttatcacccaattgttgcccgttaagagaaaactgggattttacga 
ggcgacatccaggctgaagtctcatattaacccgacagggactgttctcctccag 
ctggaaaacacaatgcagatgagcctgaaggatctcttgtga (SEQ ID NO: 29) 

Nucleic tggacaatggattggcaaggacgcctaccatgggctggctgcactgggagcgctt 
acid catgtgcaaccttgactgccaggaagagccagattcctgcatcagtgagaagctc 
encoding ttcgaggagatggcagagagaatggtcaccgacggctggaaggatgcaggttatg 
008 agtacctctgcattgatgactgttggatggctccccaaagagattcagaaggcag 

acttcaggcagaccctcagcgctttcctcatgggattcgccagctagctaatcac 
gttcacagcaaaggactgaagctagggatttatgcagatgttggaaataaaacct 
gcgcaggcttccctgggagttttggatactacgacattgatgcccagacctttgc 
tgactggggagtagatctgctaaaatttgatggttgttactgtgacagtttggaa 
aatttggcagatggttataagcacatgtccttggccctgaataggactggcagaa 
gcattgtgtactcctgtgagtggcctctttatatgtggccctttcaaaagcccaa 
ttatacagaaatccgacagtactgcaatcactggcgaaattttgctgacattgat 
gattcctgggccagtataaagagtatcttggactggacatctagaaaccaggaga 
gaattgttgatgttgctggaccagggggttggaatgacccagatatgttagtgat 
tggcaactttggcctcagctgggaccagcaagtaactcagatggccctctgggct 
atcatggctgctcctttattcatgtctaatgacctccgacacatcagccctcaag 
ccaaagctctccttcaggataaggacgtaattgccatcaatcaggaccccttggg 
caagcaagggtaccagcttagaaagggagacaactttgaagtgtgggaacgacct 
ctctcaggcgatgcctgggctgtagctatcataaaccggcaggagattggtggac 
ctcgctcttataccatccccgttgcttccctgggtaaaggagtggcctgtaatcc 
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tgcctgcttcatcacacagctcctccctgtgaaaaggcagctagggttctataac 
tggacttcaaggttaaagagtcacataaatcccacaggcactgttttgcttcagc 
tagaaaatacaatgcagatgtcattaaaagacttactttaa (SEQ ID NO: 31) 

Nucleic tggacaatggattggcaaggacgcctCCCatgggctggctgcactgggagcgctt 
acid catgtgcaaccttgactgccaggaagagccagattcctgcatcagtgagaagctc 
encoding ttcgaggagatggcagagagaatggtcaccgacggctggaaggatgcaggttatg 
009 agtacctctgcattgatgactgttggatggctccccaaagagattcagaaggcag 

acttcaggcagaccctcagcgctttcctcatgggattcgccagctagctaatcac 
gttcacagcaaaggactgaagctagggatttatgcagatgttggaaataaaacct 
gcgcaggcttccctgggagttttggatactacgacattgatgcccagacctttgc 
tgactggggagtagatctgctaaaatttgatggttgttactgtgacagtttggaa 
aatttggcagatggttataagcacatgtccttggccctgaataagactggcagac 
ccattgtgtactcctgtgagtggcctctttatatgtggccctttcaaaagcccaa 
ttatacagaaatccgacagtactgcaatcactggcgaaattttgctgacattgat 
gattcctgggccagtataaagagtatcttggactggacatctagaaaccaggaga 
gaattgttgatgttgctggaccagggggttggaatgacccagatatgttagtgat 
tggcaactttggcctcagctgggaccagcaagtaactcagatggccctctgggct 
atcatggctgctcctttattcatgtctaatgacctccgacacatcagccctcaag 
ccaaagctctccttcaggataaggacgtaattgccatcaatcaggaccccttggg 
caagcaagggtaccagcttagaaagggagacaactttgaagtgtgggaacgacct 
ctctcaggcgatgcctgggctgtagctatcataaaccggcaggagattggtggac 
ctcgctcttataccatccccgttgcttccctgggtaaaggagtggcctgtaatcc 
tgcctgcttcatcacacagctcctccctgtgaaaaggcagctagggttctataac 
tggacttcaaggttaaagagtcacataaatcccacaggcactgttttgcttcagc 
tagaaaatacaatgcagatgtcattaaaagacttactttaa (SEQ ID NO: 32) 

WT atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
tggccctcgtttcctgggacatccctggggctagagcactggacaatggattggc 
aaggacgcctaccatgggctggctgcactgggagcgcttcatgtgcaaccttgac 
tgccaggaagagccagattcctgcatcagtgagaagctcttcatggagatggcag 
agctcatggtctcagaaggctggaaggatgcaggttatgagtacctctgcattga 
tgactgttggatggctccccaaagagattcagaaggcagacttcaggcagaccct 
cagcgctttcctcatgggattcgccagctagctaattatgttcacagcaaaggac 
tgaagctagggatttatgcagatgttggaaataaaacctgcgcaggcttccctgg 
gagttttggatactacgacattgatgcccagacctttgctgactggggagtagat 
ctgctaaaatttgatggttgttactgtgacagtttggaaaatttggcagatggtt 
ataagcacatgtccttggccctgaataggactggcagaagcattgtgtactcctg 
tgagtggcctctttatatgtggccctttcaaaagcccaattatacagaaatccga 
cagtactgcaatcactggcgaaattttgctgacattgatgattcctggaaaagta 
taaagagtatcttggactggacatcttttaaccaggagagaattgttgatgttgc 
tggaccagggggttggaatgacccagatatgttagtgattggcaactttggcctc 
agctggaatcagcaagtaactcagatggccctctgggctatcatggctgctcctt 
tattcatgtctaatgacctccgacacatcagccctcaagccaaagctctccttca 
ggataaggacgtaattgccatcaatcaggaccccttgggcaagcaagggtaccag 
cttagacagggagacaactttgaagtgtgggaacgacctctctcaggcttagcct 
gggctgtagctatgataaaccggcaggagattggtggacctcgctcttataccat 
cgcagttgcttccctgggtaaaggagtggcctgtaatcctgcctgcttcatcaca 
cagctcctccctgtgaaaaggaagctagggttctatgaatggacttcaaggttaa 
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gaagtcacataaatcccacaggcactgttttgcttcagctagaaaatacaatgca 

gatgtcattaaaagacttactttaa (SEQ ID NO: 3) 

Nucleic Acid sequence Encoding a-GLA variants with signal peptide 
Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcactggataatggattggc 
sequence tagaacacctactatggggtggcttcactgggagaggttcatgtgcaacctcgac 
encoding tgtcaggaagaaccagacagctgcatctccgagaagctgtttatggaaatggccg 
A agcgaatggtgtcagaaggctggaaagatgcaggttacgagtatctgtgtattga 

cgattgctggatggctccgcaacgggacagtgagggcagacttcaggcagatcct 
cagcgcttcccacatgggataaggcagctcgccaactacgtccactctaagggac 
tgaaactgggcatctatgctgacgtggggaataagacctgtgcgggatttcccgg 
tagcttcggctactacgacattgatgcccagacctttgccgattggggagttgac 
ctcctcaaattcgatggctgctattgtgactctttggagaacctggcagacgggt 
acaagcatatgtccctggccctgaatcggacaggtagacccatcgtgtatagttg 
cgaatggcccctttacatgtggccttttcaaaagccaaactacactgagattcgc 
cagtattgcaatcactggaggaacttcgctgatatcgatgactcatgggcgagca 
tcaaatccatattggattggacctctcggaatcaggagcgcattgtagacgtcgc 
aggacccggcggctggaacgaccctgatatgctggtgatcgggaattttggtctt 
agctgggaccagcaagttacgcagatggctctgtgggcaattatggcagccccac 
tcttcatgtccaacgatctgcgacacatctctcctcaagctaaggctctgctgca 
ggacaaagatgtgattgccatcaatcaggacccactcggaaagcagggctatcag 
ctgagaaaaggcgacaacttcgaagtctgggaaaggccactttcaggagacgcat 
gggctgtggccataataaaccggcaagagattggtgggcccaggagctacacaat 
ccccgttgccagtttgggcaagggagtggcgtgtaatcctgcctgctttatcact 
cagctgctcccagtcaaaagacagctggggttctatgagtggacctcccgcctca 
agagccatattaatcccacaggtaccgtactgctgcaacttgaaaacacgatgca 
gatgagtttgaaggacctcctgtag (SEQ ID NO: 61) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcactggataatggattggc 
sequence tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac 
encoding tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggccg 
B aacgaatggtgactgagggctggaaagatgcaggttacgagtatctgtgtattga 

cgattgctggatggccccacaacgggattctgagggaagacttcaggctgatccg 
cagcgcttccctcatggcataaggcagctggcaaaccacgtccacagtaaggggc 
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttccggg 
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggcgttgac 
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggct 
acaagcatatgtctctcgccctgaatagaaccggtcggccaatcgtatattcctg 
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcgc 
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcca 
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcgc 
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggcctc 
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggccggtcctc 
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggccctgctcca 
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag 
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgcgt 
gggctgtggccattattaatcggcaagagatcggaggtccacgctcctatacaat 
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tcctgtagcatctcttggcaagggcgttgcctgtaacccagcttgcttcatcact 
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggctcc 
gatcccacatcaaccctacaggaaccgtcctcttgcagctggagaatacgatgca 
gacttcactgaaggacctcctgtag (SEQ ID NO: 62) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcactggataatggattggc 
sequence tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac 
encoding tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggccg 
C aacgaatggtgactgagggctggaaagatgcaggttacgagtatctgtgtattga 

cgattgctggatggccccacaacgggattctgagggaagacttcaggctgatccg 
cagcgcttccctcatggcataaggcagctggcaaaccacgtccacagtaaggggc 
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttccggg 
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggcgttgac 
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggct 
acaagcatatgtctctcgccctgaataaaaccggtcggccaatcgtatattcctg 
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcgc 
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcca 
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcgc 
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggcctc 
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggccggtcctc 
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggccctgctcca 
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag 
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgcgt 
gggctgtggccattattaatcggcaagagatcggaggtccacgctcctatacaat 
tcctgtagcatctcttggcaagggcgttgcctgtaacccagcttgcttcatcact 
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggctcc 
gatcccacatcaaccctacaggaaccgtcctcttgcagctggagaatacgatgca 
gacttcactgaaggacctcctgtag (SEQ ID NO: 63) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcactggataatggattggc 
sequence tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac 
encoding tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggccg 
D aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga 

cgattgctggatggccccacaacgggattctgagggaagacttcaggctgatccg 
cagcgcttccctcatggcataaggcagctggcaaaccacgtccacagtaaggggc 
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttccggg 
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggcgttgac 
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggct 
acaagcatatgtctctcgccctgaataaaaccggtcggccaatcgtatattcctg 
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcgc 
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcca 
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcgc 
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggcctc 
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggccggtcctc 
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggccctgctcca 
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag 
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgcgt 
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gggctgtggccattattaatcggcaagagatcggaggtccacgcggttatacaat 
tcctgtagcatctcttggcaagggcgttgcctgtaacccagcttgcttcatcact 
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggctcc 
gatcccacatcaaccctacaggaaccgtcctcttgcagctggagaatacgatgca 
gacttcactgaaggacctcctgtag (SEQ ID NO: 64) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcactggataatggattggc 
sequence tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac 
encoding tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggccg 
E aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga 

cgattgctggatggccccacaacgggattctgagggaagacttcaggctgatccg 
cagcgcttccctcatggcataaggcagctggcaaaccacgtccacagtaaggggc 
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttccggg 
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggcgttgac 
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggct 
acaagcatatgtctctcgccctgaataaaaccggtcggccaatcgtatattcctg 
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcgc 
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcca 
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcgc 
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggcctc 
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggccggtcctc 
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggccctgctcca 
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag 
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgcgt 
gggctgtggccattattaatcggcaagagatcggaggtccacgcggttatacaat 
tcctgtagcaaagcttggcaagggcgttgcctgtaacccagcttgcttcatcact 
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggctcc 
gatcccacatcaaccctacaggaaccgtcctcttgcagctggagaatacgatgca 
gacttcactgaaggacctcctgtag (SEQ ID NO: 65) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcactggataatggattggc 
sequence tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac 
encoding tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggccg 
F aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga 

cgattgctggatggccccacaacgggattctgagggaagacttcaggctgatccg 
cagcgcttccctcatggcataaggcagctggcaaaccacgtccacagtaaggggc 
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttccggg 
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggcgttgac 
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggct 
acaagcatatgtctctcgccctgaataaaaccggtcgggatatcgtatattcctg 
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcgc 
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcca 
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcgc 
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggcctc 
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggccggccctc 
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggccctgctcca 
agacacggacgtgatagccatcaatcaggacccgttgggaaagcagggctaccag 
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ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgcgt 
gggctgtggccattattaatcggcaagagatcggaggtccacgcggttatacaat 
tcctgtagcaaagcttggcaagggcgttgcctgtaacccagcttgcttcatcact 
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggctcc 
gatcccacatcaaccctacaggaaccgtcctcttgcagctggagaatacgatgca 
gacttcactgaaggacctcctgtag (SEQ ID NO: 66) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcattggacaatgggctggc 
sequence caggacacctactatgggctggctccactgggagcgctttatgtgtaacctcgac 
encoding tgccaagaggagccagactcatgcatctctgagaagttgttcatggagatggctg 
002 agctgatggtgagcgaagggtggaaggatgcgggctatgagtatctctgtattga 

tgactgctggatggctccacagcgcgacagtgaaggccggctccaggccgatcct 
cagcggttcccccacggtatcagacaactggcgaattacgtgcactcaaaaggcc 
ttaagctgggtatatatgctgatgtgggtaataaaacatgtgcaggcttcccagg 
ctcttttgggtactatgacatcgacgcccagacttttgcggactggggcgtggac 
ctgctcaagtttgacggatgttactgtgactcccttgagaacctggccgacgggt 
acaagcatatgtcactggccctgaatcggacaggccgatccatcgtatactcttg 
cgagtggcctctgtacatgtggcccttccagaagcccaactatacagaaatcagg 
caatactgcaaccattggcggaacttcgcagacatagacgacagctgggctagca 
ttaagtctattctggattggaccagtttcaatcaagaaaggattgtcgatgtcgc 
aggcccaggaggttggaatgacccagacatgctcgtgattggaaatttcggtctg 
tcatgggaccaacaggtgactcagatggctctgtgggcaatcatggcagcaccac 
tgttcatgagcaatgatttgcgacacatctcccctcaggcgaaagcccttctgca 
ggataaggacgttatcgccattaaccaggacccgctcggtaagcaagggtaccag 
ttgcgccagggagacaatttcgaggtctgggaacgacccctgtctggactcgctt 
gggccgtagccgtaattaaccgacaagaaatcggcggaccgcggagctataccat 
agctgtcgcctccctcggcgggggcgtagcttgtaacccggcttgtttcataacc 
cagctgctgcccgtcaagaggaaactggggctttatgagtggacaagtcggttga 
agtctcatattaacccgacagggactgttctcctccagctggaaaacacaatgca 
gatgagcctgaaggatctcttgtga (SEQ ID NO: 67) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcatttggacaatgggctgg 
sequence ccaggacacctactatgggctggctccactgggagcgctttatgtgtaacctcga 
encoding ctgccaagaggagccagactcatgcatctctgagaagttgttcatggaaatggcc 
003 gagcttatggtctcagaggggtggaaagacgccggatatgagtatctgtgcatcg 

acgattgctggatggccccccaacgcgattccgaaggccgcttgcaggctgatcc 
gcagcgctttcctcacgggatccgccaattggcaaattacgtgcactcaaagggg 
ctcaagttgggcatctacgcagacgtgggaaacaagacatgtgctggatttcccg 
ggagtttcggttattatgacattgacgcacagacctttgctgattggggggtcga 
cctcctgaagtttgacggttgttattgcgacagccttgaaaatctggccgacggt 
tacaaacacatgtcccttgcactgaatagaactggtcggtccatcgtctatagtt 
gtgagtggccgctttacatgtggccttttcagaaacccaactacaccgagattcg 
gcaatattgcaatcactggcgaaatttcgcagatatcgatgattcttgggctagt 
attaaatccatcctggattggacatcattcaaccaggagcgcatcgtggacgttg 
ctggacctggcgggtggaatgatccagacatgcttgtgatcggaaacttcggtct 
ctcttggaaccagcaagtcactcaaatggcactctgggcaattatggccgccccc 
ctctttatgtccaacgatctgaggcatatcagtcctcaggctaaagccctgctgc 
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aagacaaggatgtgattgctatcaaccaagatccccttggtaaacaggggtacca 
gttgcgcaaaggcgacaattttgaggtgtgggaaaggccactttcaggcgatgca 
tgggccgttgcaatgatcaacaggcaagaaattggcggacccaggagctatacaa 
taccagtggcgtcactgggtaagggagtcgcctgtaaccccgcatgcttcattac 
tcaacttctgccagtgaaacgaaaactcggattctatgagtggacctcaagactg 
aggtctcatattaacccgacagggactgttctcctccagctggaaaacacaatgc 
agatgagcctgaaggatctcttgtga (SEQ ID NO: 68) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcattggacaatgggctggc 
sequence caggacacctactatgggctggctccactgggagcgctttatgtgtaacctcgac 
encoding tgccaagaggagccagactcatgcatctctgagaagttgttcatggagatggctg 
004 aacgcatggtttctgagggatggaaagatgcaggctacgagtacctgtgtataga 

cgattgttggatggccccacagcgggattcagaaggtagactccaggcggatccc 
cagagattcccacatggaatcagacagctggccaattacgtccattccaaaggcc 
ttaagttgggtatttacgccgacgtaggcaacaagacttgtgccggatttcccgg 
cagtttcggatactatgacattgatgcacagactttcgctgactggggggtggac 
ttgctcaaatttgatggctgttattgcgatagcctcgaaaatctggctgatggct 
acaagcacatgtcactcgctctcaaccgcactgggcgctctatagtttactcctg 
cgagtggcctctgtatatgtggccgttccagaaacccaattacacagaaataagg 
cagtattgcaatcactggcgcaactttgctgatattgatgattcctgggcctcca 
taaagagtatcttggactggactagtcgcaatcaggaaagaattgtcgacgtcgc 
cggaccaggcggatggaatgatcctgatatgctcgtgatcgggaacttcggactc 
tcatgggaccagcaggtgacccagatggctagttgggctatcatggccgcccctc 
tgtttatgagtaacgacctccgccacatcagcccccaggccaaggcgcttctgca 
ggataaagatgtcatcgccatcaaccaagatcccctgggcaaacaaggctatcag 
ctgcggaagggagacaattttgaggtgtgggaacgccctttgagcggagacgcct 
gggctgtggctattataaatcgccaggagattgggggcccgagaagttatactat 
ccccgttgcaagcctgggaaagggcgtcgcctgcaaccctgcctgcttcatcaca 
cagctgcttcctgtcaaacgccaattggggttctacaattggacatccagactca 
aatctcatattaacccgacagggactgttctcctccagctggaaaacacaatgca 
gatgagcctgaaggatctcttgtga (SEQ ID NO: 69) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcattggacaatgggctggc 
sequence caggacacctactatgggctggctccactgggagcgctttatgtgtaacctcgac 
encoding tgccaagaggagccagactcatgcatctctgagaagttgttcgaggagatggcag 
005 aacgaatggtgacagatggatggaaggacgctggctacgagtatctgtgcataga 

tgattgttggatggcccctcagcgagactcagaggggagactccaggccgacccc 
cagcgatttccacacggaatccggcaactggctaaccatgtgcactcaaaagggc 
tcaagctgggaatttatgctgacgtcgggaacaaaacttgtgcggggtttcccgg 
ctccttcggatattacgacatcgacgcccagactttcgcagactggggtgtggac 
ctgcttaagttcgacggctgttactgcgatagtctggaaaacttggctgacggct 
ataagcacatgagtctcgccctgaaccgaacaggcagaagcatagtctactcctg 
cgaatggccactttacatgtggccattccagaaacctaattataccgagatcaga 
caatactgtaaccattggcgaaacttcgccgacattgacgatagttggaagtcaa 
tcaagtccatcctggattggacctctaggaaccaggaaaggatcgtggacgtggc 
tggacctggcggatggaacgatccagacatgctcgtgataggaaactttggactg 
tcatggaatcagcaagtaacacagatggcgctctgggccattatggctgccccct 

56



WO 2022/183052 PCT/US2022/017998 

tgtttatgtctaacgacctgaggcatatctctcctcaagccaaggcactcctgca 
ggacaaggacgttatcgccatcaaccaggacccactgggcaagcagggataccag 
ctgcggaaaggtgataacttcgaggtctgggagcgaccgctttcaggagacgcct 
gggcagttgcaatcatcaacaggcaagaaattggtgggccacggtcttatactat 
tcccgtggcttctctcggtaagggcgtcgcctgcaaccccgcctgctttatcacc 
caattgttgcccgttaagagaaaactgggattttacgagtggacatccaggctgc 
ggtctcatattaacccgacagggactgttctcctccagctggaaaacacaatgca 
gatgagcctgaaggatctcttgtga (SEQ ID NO: 70) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcattggacaatgggctggc 
sequence caggacacctactatgggctggctccactgggagcgctttatgtgtaacctcgac 
encoding tgccaagaggagccagactcatgcatctctgagaagttgttcgaagagatggctg 
006 aactgatggtgtccgaggggtggaaggatgcagggtacgagtacctttgcataga 

cgattgctggatggcaccacagcgggatagtgagggcaggttgcaggcggacccc 
caaagatttccacatggcatcagacagctggccaaccacgtgcactctaaaggcc 
tgaagctggggatttacgccgatgtcggtaataaaacatgtgctggtttccccgg 
tagctttggatactacgacatcgacgcccagacatttgctgattggggagtggac 
ctgctcaagttcgacggctgctactgcgattctctggaaaatctggccgatgggt 
ataagcacatgagtcttgctcttaatagaaccggacgctctatagtctattcatg 
tgagtggccactgtacatgtggccatttcagaaacccaactataccgaaattaga 
cagtattgtaaccactggcggaatttcgccgacatagacgatagctggaagagca 
tcaagtcaattctcgattggacttcattcaaccaggagcggatcgtcgacgtggc 
cggccctgggggctggaatgatccagatatgctggtgatcggaaactttggtctc 
tcctggaatcaacaggtcactcagatggccctctgggccattatggcagcaccac 
tctttatgagcaacgacctgagacacatttccccacaggccaaggcattgctgca 
ggacaaagacgtgatcgccattaaccaggacccactgggcaagcaagggtaccaa 
cttaggcagggagataattttgaggtctgggagcgcccactcagcggagacgcct 
gggccgttgccatgataaacagacaggagattggcggccccagatcctacacaat 
tcctgtcgctagcctgggcaagggggtggcttgtaatcccgcctgctttataacc 
cagctgctgccagtgaaacggaaactcgggttctatgaatggacttctaggctca 
ggtctcatattaacccgacagggactgttctcctccagctggaaaacacaatgca 
gatgagcctgaaggatctcttgtga (SEQ ID NO: 71) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcattggacaatgggctggc 
sequence caggacacctactatgggctggctccactgggagcgctttatgtgtaacctcgac 
encoding tgccaagaggagccagactcatgcatctctgagaagttgttcgaggagatggcag 
007 aacgaatggtgacagatggatggaaggacgctggctacgagtatctgtgcataga 

tgattgttggatggcccctcagcgagactcagaggggagactccaggccgacccc 
cagcgatttccacacggaatccggcaactggctaaccatgtgcactcaaaagggc 
tcaagctgggaatttatgctgacgtcgggaacaaaacttgtgcggggtttcccgg 
ctccttcggatattacgacatcgacgcccagactttcgcagactggggtgtggac 
ctgcttaagttcgacggctgttactgcgatagtctggaaaacttggctgacggct 
ataagcacatgagtctcgccctgaaccgaacaggcagaagcatagtctactcctg 
cgaatggccactttacatgtggccattccagaaacctaattataccgagatcaga 
caatactgtaaccattggcgaaacttcgccgacattgacgatagttggaagtcaa 
tcaagtccatcctggattggacctctaggaaccaggaaaggatcgtggacgtggc 
tggacctggcggatggaacgatccagacatgctcgtgataggaaactttggactg 
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tcatgggatcagcaagtaacacagatggcgctctgggccattatggctgccccct 
tgtttatgtctaacgacctgaggcatatctctcctcaagccaaggcactcctgca 
ggacaaggacgttatcgccatcaaccaggacccactgggcaagcagggataccag 
ctgcggaaaggtgataacttcgaggtctgggagcgaccgctttcaggagacgcct 
gggcagttgcaatcatcaacaggcaagaaattggtgggccacggtcttatactat 
tcccgtggcttctctcggtaagggcgtcgcctgcaaccccgcctgctttatcacc 
caattgttgcccgttaagagaaaactgggattttacgaggcgacatccaggctga 
agtctcatattaacccgacagggactgttctcctccagctggaaaacacaatgca 
gatgagcctgaaggatctcttgtga (SEQ ID NO: 72) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcatggacaatggattggca 
sequence aggacgcctaccatgggctggctgcactgggagcgcttcatgtgcaaccttgact 
encoding gccaggaagagccagattcctgcatcagtgagaagctcttcgaggagatggcaga 
008 gagaatggtcaccgacggctggaaggatgcaggttatgagtacctctgcattgat 

gactgttggatggctccccaaagagattcagaaggcagacttcaggcagaccctc 
agcgctttcctcatgggattcgccagctagctaatcacgttcacagcaaaggact 
gaagctagggatttatgcagatgttggaaataaaacctgcgcaggcttccctggg 
agttttggatactacgacattgatgcccagacctttgctgactggggagtagatc 
tgctaaaatttgatggttgttactgtgacagtttggaaaatttggcagatggtta 
taagcacatgtccttggccctgaataggactggcagaagcattgtgtactcctgt 
gagtggcctctttatatgtggccctttcaaaagcccaattatacagaaatccgac 
agtactgcaatcactggcgaaattttgctgacattgatgattcctgggccagtat 
aaagagtatcttggactggacatctagaaaccaggagagaattgttgatgttgct 
ggaccagggggttggaatgacccagatatgttagtgattggcaactttggcctca 
gctgggaccagcaagtaactcagatggccctctgggctatcatggctgctccttt 
attcatgtctaatgacctccgacacatcagccctcaagccaaagctctccttcag 
gataaggacgtaattgccatcaatcaggaccccttgggcaagcaagggtaccagc 
ttagaaagggagacaactttgaagtgtgggaacgacctctctcaggcgatgcctg 
ggctgtagctatcataaaccggcaggagattggtggacctcgctcttataccatc 
cccgttgcttccctgggtaaaggagtggcctgtaatcctgcctgcttcatcacac 
agctcctccctgtgaaaaggcagctagggttctataactggacttcaaggttaaa 
gagtcacataaatcccacaggcactgttttgcttcagctagaaaatacaatgcag 
atgtcattaaaagacttactttaa (SEQ ID NO: 73) 

Nucleic atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcc 
acid tggccctcgtttcctgggacatccctggggctagagcatggacaatggattggca 
sequence aggacgcctCCCatgggctggctgcactgggagcgcttcatgtgcaaccttgact 
encoding gccaggaagagccagattcctgcatcagtgagaagctcttcgaggagatggcaga 
009 gagaatggtcaccgacggctggaaggatgcaggttatgagtacctctgcattgat 

gactgttggatggctccccaaagagattcagaaggcagacttcaggcagaccctc 
agcgctttcctcatgggattcgccagctagctaatcacgttcacagcaaaggact 
gaagctagggatttatgcagatgttggaaataaaacctgcgcaggcttccctggg 
agttttggatactacgacattgatgcccagacctttgctgactggggagtagatc 
tgctaaaatttgatggttgttactgtgacagtttggaaaatttggcagatggtta 
taagcacatgtccttggccctgaataagactggcagacccattgtgtactcctgt 
gagtggcctctttatatgtggccctttcaaaagcccaattatacagaaatccgac 
agtactgcaatcactggcgaaattttgctgacattgatgattcctgggccagtat 
aaagagtatcttggactggacatctagaaaccaggagagaattgttgatgttgct 
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ggaccagggggttggaatgacccagatatgttagtgattggcaactttggcctca 
gctgggaccagcaagtaactcagatggccctctgggctatcatggctgctccttt 
attcatgtctaatgacctccgacacatcagccctcaagccaaagctctccttcag 
gataaggacgtaattgccatcaatcaggaccccttgggcaagcaagggtaccagc 
ttagaaagggagacaactttgaagtgtgggaacgacctctctcaggcgatgcctg 
ggctgtagctatcataaaccggcaggagattggtggacctcgctcttataccatc 
cccgttgcttccctgggtaaaggagtggcctgtaatcctgcctgcttcatcacac 
agctcctccctgtgaaaaggcagctagggttctataactggacttcaaggttaaa 
gagtcacataaatcccacaggcactgttttgcttcagctagaaaatacaatgcag 
atgtcattaaaagacttactttaa (SEQ ID NO: 74) 

[01331 In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 

more than 99% identity to any one of SEQ ID NOs: 18-29, 31, 32, 35-45 and 61-74. In some 

embodiments, the vector comprises a GLA sequence having between 70% and 100% identity to 

SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector comprises a 

GLA sequence having between 75% and 100% identity to SEQ ID NOs. 18-29, 31, 32, 35-45, 

and 61-74. In some embodiments, the vector comprises a GLA sequence having between 80% 

and 100% identity to SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the 

vector comprises a GLA sequence having between 85% and 100% identity to SEQ ID NOs. 18

29, 31, 32, 35-45, and 61-74. In some embodiments, the vector comprises a GLA sequence 

having between 90% and 100% identity to SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In 

some embodiments, the vector comprises a GLA sequence having between 95% and 100% 

identity to SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector 

comprises a GLA sequence at least 70% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45, 

and 61-74. In some embodiments, the vector comprises a GLA sequence at least 75% identity to 

one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector 

comprises a GLA sequence at least 80% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45, 

and 61-74. In some embodiments, the vector comprises a GLA sequence at least 85% identity to 

one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector 

comprises a GLA sequence at least 90% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45, 

and 61-74. In some embodiments, the vector comprises a GLA sequence at least 95% identity to 

one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector 

comprises a GLA sequence at least 96% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45, 
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and 61-74. In some embodiments, the vector comprises a GLA sequence at least 97% identity to 

one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector 

comprises a GLA sequence at least 98% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45, 

and 61-74. In some embodiments, the vector comprises a GLA sequence at least 99% identity to 

one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector 

comprises a GLA sequence 100% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61

74.  

[0134] In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 

more than 99% identity to SEQ ID NO: 35. In some embodiments, the present disclosure 

encompasses a gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 36. In some 

embodiments, the present disclosure encompasses a gene therapy vector comprising a GLA 

sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% 

identity to SEQ ID NO: 37. In some embodiments, the present disclosure encompasses a gene 

therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 
9 7 %, 9 8 %, 9 9 %, or more than 9 9 % identity to SEQ ID NO: 38. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%, 

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 

39. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 

99% identity to SEQ ID NO: 40. In some embodiments, the present disclosure encompasses a 

gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 

97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 41. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%, 

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 

42. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 

99% identity to SEQ ID NO: 43. In some embodiments, the present disclosure encompasses a 

gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 

97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 44. In some embodiments, the 
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present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%, 

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 

45. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 

99% identity to SEQ ID NO: 61. In some embodiments, the present disclosure encompasses a 

gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 

97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 62. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%, 

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 

63. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 

99% identity to SEQ ID NO: 64. In some embodiments, the present disclosure encompasses a 

gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 

97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 65. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%, 

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 

66. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 

99% identity to SEQ ID NO: 67. In some embodiments, the present disclosure encompasses a 

gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 

97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 68. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%, 

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 

69. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 

99% identity to SEQ ID NO: 70. In some embodiments, the present disclosure encompasses a 

gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 
9 7 %, 9 8 %, 9 9 %, or more than 9 9 % identity to SEQ ID NO: 71. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%, 

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 

72. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 
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a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 

99% identity to SEQ ID NO: 73. In some embodiments, the present disclosure encompasses a 

gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 

97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 74.  

101351 In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 

90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 7. In some 

embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic 

sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 9 6%, 9 7 %, 

98%, 99%, or more than 99% identity to SEQ ID NO: 8. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding a-GAL 

enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% 

identity to SEQ ID NO: 9. In some embodiments, the present disclosure encompasses a gene 

therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 

80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 10. In 

some embodiments, the present disclosure encompasses a gene therapy vector comprising a 

nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 

97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 11. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding 

a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more 

than 99% identity to SEQ ID NO: 12. In some embodiments, the present disclosure encompasses 

a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising 70%, 

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 

13. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 

96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 14. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding 

a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more 

than 99% identity to SEQ ID NO: 15. In some embodiments, the present disclosure encompasses 

a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising 70%, 
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75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 

16. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 

96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 17. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding 

a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more 

than 99% identity to SEQ ID NO: 30. In some embodiments, the present disclosure encompasses 

a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising 70%, 

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 

33. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 

96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 34. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding 

a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more 

than 99% identity to SEQ ID NO: 46. In some embodiments, the present disclosure 

encompasses a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme 

comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity 

to SEQ ID NO: 47. In some embodiments, the present disclosure encompasses a gene therapy 

vector comprising a nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 

85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 48. In some 

embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic 

sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 9 6 %, 9 7 %, 

98%, 99%, or more than 99% identity to SEQ ID NO: 49. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding a-GAL 

enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% 

identity to SEQ ID NO: 50. In some embodiments, the present disclosure encompasses a gene 

therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 

80%, 85%, 90%, 95%, 9 6 %, 97 %, 9 8%, 9 9%, or more than 9 9% identity to SEQ ID NO: 51. In 

some embodiments, the present disclosure encompasses a gene therapy vector comprising a 

nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 
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97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 52. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding 

a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more 

than 99% identity to SEQ ID NO: 53. In some embodiments, the present disclosure 

encompasses a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme 

comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity 

to SEQ ID NO: 54. In some embodiments, the present disclosure encompasses a gene therapy 

vector comprising a nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 

85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 56. In some 

embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic 

sequence encoding a-GAL enzyme comprising 70%, 75%, 8 0%, 85%, 90%, 95%, 9 6 %, 9 7 %, 

98%, 99%, or more than 99% identity to SEQ ID NO: 57. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding a-GAL 

enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% 

identity to SEQ ID NO: 58. In some embodiments, the present disclosure encompasses a gene 

therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 

80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 59. In 

some embodiments, the present disclosure encompasses a gene therapy vector comprising a 

nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 8 0%, 85%, 90%, 95%, 9 6 %, 

97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 60.  

[0136] In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 18. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 19. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 20. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 21. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 22. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 23. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 24. In some embodiments, the present 
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disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 25. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 26. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 27. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 28. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 29. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 31. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 32. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 35. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 36. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 37. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 38. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 39. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 40. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 41. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 42. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 43. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 44. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 45. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 61. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 62. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 
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NO: 63. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 64. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 65. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 66. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 67. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 68. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 69. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 70. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 71. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 72. In some embodiments, the present 

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID 

NO: 73. In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA sequence comprising SEQ ID NO: 74.  

101371 In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 7. In some 

embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic 

sequence encoding a-GAL enzyme comprising SEQ ID NO: 8. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding 

a-GAL enzyme comprising SEQ ID NO: 9. In some embodiments, the present disclosure 

encompasses a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme 

comprising SEQ ID NO: 10. In some embodiments, the present disclosure encompasses a gene 

therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 

11. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 12. In some 

embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic 

sequence encoding a-GAL enzyme comprising SEQ ID NO: 13. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding 
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a-GAL enzyme comprising SEQ ID NO: 14. In some embodiments, the present disclosure 

encompasses a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme 

comprising SEQ ID NO: 15. In some embodiments, the present disclosure encompasses a gene 

therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 

16. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 17. In some 

embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic 

sequence encoding a-GAL enzyme comprising SEQ ID NO: 30. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding 

a-GAL enzyme comprising SEQ ID NO: 33. In some embodiments, the present disclosure 

encompasses a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme 

comprising SEQ ID NO: 34. In some embodiments, the present disclosure encompasses a gene 

therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 

46. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 47. In some 

embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic 

sequence encoding a-GAL enzyme comprising SEQ ID NO: 48. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding 

a-GAL enzyme comprising SEQ ID NO: 49. In some embodiments, the present disclosure 

encompasses a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme 

comprising SEQ ID NO: 50. In some embodiments, the present disclosure encompasses a gene 

therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 

51. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 52. In some 

embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic 

sequence encoding a-GAL enzyme comprising SEQ ID NO: 53. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding 

a-GAL enzyme comprising SEQ ID NO: 54. In some embodiments, the present disclosure 

encompasses a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme 

comprising SEQ ID NO: 55. In some embodiments, the present disclosure encompasses a gene 
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therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 

56. In some embodiments, the present disclosure encompasses a gene therapy vector comprising 

a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 57. In some 

embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic 

sequence encoding a-GAL enzyme comprising SEQ ID NO: 58. In some embodiments, the 

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding 

a-GAL enzyme comprising SEQ ID NO: 59. In some embodiments, the present disclosure 

encompasses a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme 

comprising SEQ ID NO: 60.  

[01381 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising an amino acid sequence selected from 

the group consisting of SEQ ID NOs: 7-17, 30, 33, 34, and 46-60; d) a poly A; and e) a 3' ITR.  

101391 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO:7; d) a poly A; and e) a 

3' ITR.  

[01401 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 8; d) a poly A; and e) a 

3' ITR.  

101411 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO: 9; d) a poly A; and e) a 

3' ITR.  

101421 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

68



WO 2022/183052 PCT/US2022/017998 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO: 10; d) a poly A; and e) a 

3' ITR.  

[01431 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO: 11; d) a poly A; and e) a 

3' ITR.  

[01441 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 12; d) a poly A; and e) a 

3' ITR.  

[01451 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 13; d) a poly A; and e) a 

3' ITR.  

[0146] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 14; d) a poly A; and e) a 

3' ITR.  

[01471 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 15; d) a poly A; and e) a 

3' ITR.  

[01481 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

69



WO 2022/183052 PCT/US2022/017998 

nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO: 16; d) a poly A; and e) a 

3' ITR.  

101491 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO: 17; d) a poly A; and e) a 

3' ITR.  

[0150] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 30; d) a poly A; and e) a 

3' ITR.  

[01511 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 33; d) a poly A; and e) a 

3' ITR.  

[01521 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 34; d) a poly A; and e) a 

3' ITR.  

[0153] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 46; d) a poly A; and e) a 

3' ITR.  

[01541 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 
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nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO: 47; d) a poly A; and e) a 

3' ITR.  

[0155] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO: 48; d) a poly A; and e) a 

3' ITR.  

[0156] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 49; d) a poly A; and e) a 

3' ITR.  

[01571 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 50; d) a poly A; and e) a 

3' ITR.  

[0158] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 51; d) a poly A; and e) a 

3' ITR.  

[01591 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 52; d) a poly A; and e) a 

3' ITR.  

[0160] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 
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nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO: 53; d) a poly A; and e) a 

3' ITR.  

101611 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO: 54; d) a poly A; and e) a 

3' ITR.  

[0162] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 55; d) a poly A; and e) a 

3' ITR.  

[01631 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 56; d) a poly A; and e) a 

3' ITR.  

[0164] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 57; d) a poly A; and e) a 

3' ITR.  

[01651 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 58; d) a poly A; and e) a 

3' ITR.  

101661 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 
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nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO: 59; d) a poly A; and e) a 

3' ITR.  

101671 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence encoding -GAL enzyme comprising SEQ ID NO: 60; d) a poly A; and e) a 

3' ITR.  

[01681 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO:7; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01691 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 8; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[0170] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 9; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01711 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 10; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

101721 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 
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nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 11; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

101731 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 12; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01741 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 13; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01751 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 14; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[0176] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 15; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01771 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 16; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

101781 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 
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nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 17; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

101791 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 30; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01801 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 33; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01811 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 34; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[0182] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 46; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01831 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 47; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

101841 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 
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nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 48; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

101851 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 49; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01861 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 50; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01871 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 51; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[0188] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 52; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01891 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 53; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

101901 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 
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nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 54; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

101911 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 55; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[0192] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 56; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01931 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 57; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

101941 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 58; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[01951 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 59; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

101961 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 
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nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 60; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

101971 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO:7; d) a poly 

A; and e) a 3' ITR.  

[01981 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 8; d) a 

poly A; and e) a 3' ITR.  

[01991 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 9; d) a 

poly A; and e) a 3' ITR.  

102001 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 1; d) a 

poly A; and e) a 3' ITR.  

[02011 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 11; d) a 

poly A; and e) a 3' ITR.  

102021 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 
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tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 12; d) a 

poly A; and e) a 3' ITR.  

102031 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 13; d) a 

poly A; and e) a 3' ITR.  

[02041 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 14; d) a 

poly A; and e) a 3' ITR.  

[02051 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 14; d) a 

poly A; and e) a 3' ITR.  

102061 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 15; d) a 

poly A; and e) a 3' ITR.  

[02071 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 16; d) a 

poly A; and e) a 3' ITR.  

102081 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 
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tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 17; d) a 

poly A; and e) a 3' ITR.  

102091 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 30; d) a 

poly A; and e) a 3' ITR.  

[0210] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 33; d) a 

poly A; and e) a 3' ITR.  

[02111 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 34; d) a 

poly A; and e) a 3' ITR.  

102121 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 46; d) a 

poly A; and e) a 3' ITR.  

[02131 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 47; d) a 

poly A; and e) a 3' ITR.  

102141 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 
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tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 48; d) a 

poly A; and e) a 3' ITR.  

102151 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 49; d) a 

poly A; and e) a 3' ITR.  

[02161 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 50; d) a 

poly A; and e) a 3' ITR.  

[02171 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 51; d) a 

poly A; and e) a 3' ITR.  

102181 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 52; d) a 

poly A; and e) a 3' ITR.  

[02191 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 53; d) a 

poly A; and e) a 3' ITR.  

102201 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 
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tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 54; d) a 

poly A; and e) a 3' ITR.  

102211 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 55; d) a 

poly A; and e) a 3' ITR.  

[0222] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 56; d) a 

poly A; and e) a 3' ITR.  

[02231 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 57; d) a 

poly A; and e) a 3' ITR.  

102241 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 58; d) a 

poly A; and e) a 3' ITR.  

[02251 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 59; d) a 

poly A; and e) a 3' ITR.  

102261 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 
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tropism); c).a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 60; d) a 

poly A; and e) a 3' ITR.  

102271 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO:7; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02281 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 8; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02291 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 9; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02301 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 10; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[0231] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 11; d) a 
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woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

102321 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 12; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02331 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 13; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02341 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 14; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02351 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 15; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02361 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 16; d) a 
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woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

102371 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 17; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02381 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 30; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02391 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 33; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02401 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 34; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[0241] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 46; d) a 
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woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

102421 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 47; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02431 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 48; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02441 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 49; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02451 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 50; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02461 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 51; d) a 
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woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

102471 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 52; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02481 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 53; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02491 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 54; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02501 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 55; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[0251] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 56; d) a 
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woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

102521 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 57; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02531 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 58; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02541 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 59; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02551 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c) a nucleotide sequence encoding u-GAL enzyme comprising SEQ ID NO: 60; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 

3' ITR.  

[02561 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 35; d) a poly A; and e) a 3' ITR.  
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[02571 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 36; d) a poly A; and e) a 3' ITR.  

102581 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3' ITR.  

[02591 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 38; d) a poly A; and e) a 3' ITR.  

[02601 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 39; d) a poly A; and e) a 3' ITR.  

[0261] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 40; d) a poly A; and e) a 3' ITR.  

[02621 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 41; d) a poly A; and e) a 3' ITR.  

[02631 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 42; d) a poly A; and e) a 3' ITR.  

[02641 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 
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the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 43; d) a poly A; and e) a 3' ITR.  

102651 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 44; d) a poly A; and e) a 3' ITR.  

102661 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 45; d) a poly A; and e) a 3' ITR.  

102671 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO:35; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[02681 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 36; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[02691 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 37; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

102701 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 38; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  
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102711 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 39; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[0272] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 40; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

102731 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 41; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[02741 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 42; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[02751 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 43; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

102761 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 44; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  
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[02771 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 45; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

102781 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 35; d) a poly A; and e) a 3' ITR.  

102791 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 36; d) a poly A; and e) a 3' ITR.  

[02801 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3' ITR.  

102811 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 38; d) a poly A; and e) a 3' ITR.  

102821 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 39; d) a poly A; and e) a 3' ITR.  

102831 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 40; d) a poly A; and e) a 3' ITR.  

102841 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 
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inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 41; d) a poly A; and e) a 3' ITR.  

102851 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 42; d) a poly A; and e) a 3' ITR.  

102861 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 43; d) a poly A; and e) a 3' ITR.  

102871 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 44; d) a poly A; and e) a 3' ITR.  

[02881 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 45; d) a poly A; and e) a 3'ITR.  

[0289] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO:35; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

102901 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 36; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[02911 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 
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comprising SEQ ID NO: 37; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

102921 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 38; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[02931 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 39; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[02941 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 40; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

102951 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 41; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[02961 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 42; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

102971 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 
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comprising SEQ ID NO: 43; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

102981 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 44; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[0299] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 45; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[03001 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a nucleotide sequence encoding the 

sequence set forth in SEQ ID NO: 14; d) a poly A; and e) a 3' ITR.  

[03011 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a nucleotide sequence encoding the 

sequence set forth in SEQ ID NO: 10; d) a poly A; and e) a 3' ITR.  

[03021 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a nucleotide sequence encoding the 

sequence set forth in SEQ ID NO: 64; d) a poly A; and e) a 3' ITR.  

[03031 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a nucleotide sequence encoding the 

sequence set forth in SEQ ID NO: 69; d) a poly A; and e) a 3' ITR.  

[03041 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 
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nucleotide sequence encoding u-GAL enzyme encoding SEQ ID NO: 14; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

103051 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme encoding SEQ ID NO: 10; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[03061 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme encoding SEQ ID NO: 64; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[03071 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence encoding u-GAL enzyme encoding SEQ ID NO: 69; d) a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

103081 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 14; d) a poly 

A; and e) a 3' ITR.  

[03091 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 10; d) a poly 

A; and e) a 3' ITR.  

103101 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 
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tropism); c).a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 64; d) a poly 

A; and e) a 3' ITR.  

10311] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 69; d) a poly 

A; and e) a 3' ITR.  

[03121 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having liver or muscle 

tropism); c) a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 14; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 

3' ITR.  

[03131 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having liver or muscle 

tropism); c) a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 10; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 

3' ITR.  

103141 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having liver or muscle 

tropism); c) a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 64; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 

3' ITR.  

[03151 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having liver or muscle 

tropism); c) a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 69; d) a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 

3' ITR.  
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103161 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 35; d) a poly A; and e) a 3' ITR.  

103171 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 36; d) a poly A; and e) a 3' ITR.  

[03181 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3' ITR.  

[03191 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 38; d) a poly A; and e) a 3' ITR.  

[03201 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 39; d) a poly A; and e) a 3' ITR.  

[03211 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 40; d) a poly A; and e) a 3' ITR.  

[03221 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 41; d) a poly A; and e) a 3' ITR.  

[03231 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 
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the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 42; d) a poly A; and e) a 3' ITR.  

103241 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 43; d) a poly A; and e) a 3' ITR.  

103251 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 44; d) a poly A; and e) a 3' ITR.  

103261 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where 

the vector comprises: a) 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a 

nucleotide sequence comprising SEQ ID NO: 45; d) a poly A; and e) a 3' ITR.  

[03271 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 35; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

103281 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 36; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[0329] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 37; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

103301 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 
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vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 38; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[0331] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 39; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[03321 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 40; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[03331 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 41; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[03341 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 42; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[03351 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 43; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[03361 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 
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nucleotide sequence comprising SEQ ID NO: 44; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

103371 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said 

vector comprising a) a 5' inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a 

nucleotide sequence comprising SEQ ID NO: 45; d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3' ITR.  

[03381 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 35; d) a poly A; and e) a 3' ITR.  

[03391 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 36; d) a poly A; and e) a 3' ITR.  

[03401 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3' ITR.  

103411 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3' ITR.  

103421 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 38; d) a poly A; and e) a 3' ITR.  

103431 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 39; d) a poly A; and e) a 3' ITR.  
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[03441 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 40; d) a poly A; and e) a 3' ITR.  

103451 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 41; d) a poly A; and e) a 3' ITR.  

[03461 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 42; d) a poly A; and e) a 3' ITR.  

[03471 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 43; d) a poly A; and e) a 3' ITR.  

[0348] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 44; d) a poly A; and e) a 3' ITR.  

[03491 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver 

tropism); c).a nucleotide sequence comprising SEQ ID NO: 45; d) a poly A; and e) a 3' ITR.  

[03501 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 35; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[03511 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 
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inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 36; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[03521 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 37; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[03531 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 38; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[03541 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 39; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[03551 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 40; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

103561 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 41; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[03571 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 
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comprising SEQ ID NO: 42; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

103581 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 43; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[0359] In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 44; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

[03601 In some embodiments, the present disclosure encompasses a recombinant adeno

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5' 

inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence 

comprising SEQ ID NO: 45; d) a woodchuck hepatitis virus posttranscriptional regulatory 

element (WPRE); e) a poly A; and f) a 3' ITR.  

103611 Transgenes delivered by the vector can be introduced into a cell of interest using a 

variety of methods. For example, either viral or non-viral vectors can be used for the delivery of 

a transgene of interest. Both viral and non-viral methods of vector delivery are contemplated by 

the methods provided. Accordingly, in some embodiments, the vector described herein is 

delivered in a viral vector. In some embodiments, the vector described herein is delivered in a 

non-viral vector.  

103621 A vector as described herein can be introduced into a cell as a part of a viral or 

non-viral vector molecule having additional sequences, such as, for example, replication origins, 

promotor and one or more genes. In some embodiments, the vectors can be introduced as naked 

nucleic acids, as nucleic acid complexed with an agent such as a liposome or a poloxamer, or can 

be delivered by viruses (e.g., adenovirus, adeno-associated virus (AAV), herpesvirus, retrovirus, 

lentivirus and integrase defective lentivirus (IDLV). In some embodiments, the vector is 

introduced using a viral vector.  
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[03631 Various viral vectors are known in the art, and include for example either 

integrating or non-integrating vectors. In some embodiments, the viral vector is a non

integrating viral vector. Non-integrating viral vectors include, for example non-integrating 

lentivirus vectors or AAV vectors. Accordingly, in some embodiments, the viral vector is a 

adeno-associated virus (AAV) vector.  

103641 In some embodiments, the AAV vector is modified at one or more regions, such 

as the AAV capsid. In some embodiments, the rAAV vector is a rAAV9 vector.  

[0365] In some embodiments, the rAAV vector described herein comprises one or more 

of (a) a 5' inverted terminal repeat (ITR); (b) a ubiquitous promoter sequence; (c) a nucleotide 

sequence encoding wt-type a-GAL or a variant thereof; (d) a woodchuck hepatitis virus 

posttranscriptional regulatory element (WPRE), (e) a poly A; and (f) a 3' ITR sequence.  

103661 In various embodiments, a rAAV vector described herein for delivering a 

transgene (e.g., a gene encoding an alpha-galactosidase (a-GAL) protein) can be packaged using 

techniques known in the art and as described herein. For example, in some embodiments, rAAV 

packaging makes use of packaging cells to form virus particles that are capable of infecting a 

host cell. Such cells include, for example HEK293, HeLa, HEK293T, Sf9 cells or A549 cells, 

which are used to package adenovirus. Viral vectors used in gene therapy are usually generated 

by a producer cell line that packages a nucleic acid vector into a viral particle. The vectors 

typically contain the minimal viral sequences required for packaging and subsequent integration 

into a host, other viral sequences being replaced by an expression cassette encoding the protein 

to be expressed. In this case the protein to be expressed is a-GAL, either wild-type or a 

modified a-GAL. The missing viral functions can be supplied in trans by the packaging cell 

line. For example, AAV vectors used in gene therapy typically only possess inverted terminal 

repeat (ITR) sequences from the AAV genome which are required for packaging and integration 

into the host genome. Viral DNA is packaged in a cell line, which contains a helper plasmid 

encoding the other AAV genes, namely rep and cap, but lacking ITR sequences. The cell line is 

also infected with adenovirus as a helper. The helper virus promotes replication of the AAV 

vector and expression of AAV genes from helper plasmid. The helper plasmid is not packaged 

in significant amounts due to a lack of ITR sequences. Contamination with adenovirus can be 

reduced by, e.g., heat treatment to which adenovirus is more sensitive than AAV.  
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103671 In many gene therapy applications, it is desirable that the gene therapy vector be 

delivered with a specificity to a particular tissue type. Prior gene therapy approaches for the 

treatment of Fabry disease have met with limited success because of reduced tissue tropism for 

the gene therapy vectors that have previously been used. Unlike the previously used vector 

designs, the vector design provided here has a wide tissue and cell type distribution once 

administered to a subject in need thereof The rAAV vectors described herein have broad tissue 

distribution and include, for example heart, liver, kidney and gastrointestinal tract.  

103681 In some embodiments, a rAAV vector that is able to achieve broad a-GAL 

enzyme expression upon administration to a subject in need comprises: (a) a 5' inverted terminal 

repeat (ITR); (b) a ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, 

chicken beta actin promoter, and a rabbit beta globin intron; (c) a nucleotide sequence encoding 

an a-GAL enzyme; (d) a woodchuck hepatitis virus posttranscriptional regulatory element 

(WPRE) having mut6delATG mutation; (e) a bovine growth hormone (BGH) poly A; and (f) a 

3' ITR.  

[0369] rAAV vector that is able to achieve broad a-GAL enzyme expression upon 

administration to a subject in need comprises: (a) a 5' inverted terminal repeat (ITR); (b) a 

ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken beta actin 

promoter, and a rabbit beta globin intron; (c) a nucleotide sequence encoding an a-GAL enzyme; 

(d) a bovine growth hormone (BGH) poly A; and (e) a 3' ITR.  

103701 In some embodiments, a rAAV vector that is able to achieve broad a-GAL 

enzyme expression upon administration to a subject in need is packaged in an AAV9 capsid, the 

rAAV vector comprises: (a) a 5' inverted terminal repeat (ITR); (b) a ubiquitous promoter 

comprising a cyto-megalo-virus (CMV) enhancer, chicken beta actin promoter, and a rabbit beta 

globin intron; (c) a nucleotide sequence encoding an a-GAL enzyme; (d) a bovine growth 

hormone (BGH) poly A; (e) a 3' ITR.  

103711 In some embodiments, a rAAV9 vector optionally comprises a woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE) (e.g., having mut6delATG 

mutation) between a nucleotide sequence encoding an a-GAL enzyme and a polyA sequence.  

[03721 Exemplary sequences for the rAAV are shown in Table 2 below. In some 

embodiments, the rAAV vector comprises a rAAV vector element comprising a nucleotide 

sequence having at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 99% identity with a 
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vector element sequence shown in the table below. In some embodiments, the rAAV vector 

comprises a vector element nucleotide sequence identical to a vector element nucleotide 

sequence shown in the table below.  

Table 2: Exemplary Vector Component Sequences 

5'ITR 

Ctgcgcgctcgctcgctcactgaggccgcccgggcaaagcccgggcgtcgggcgacctttggt 
cgcccggcctcagtgagcgagcgagcgcgcagagagggagtggccaactccatcactaggggt 
t cc t (SEQ ID NO: 1) 

Chicken-Beta (CB) promoter 

gatcttcaatattggccattagccatattattcattggttatatagcataaatcaatattggc 
tattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtcca 
atatgaccgccatgttggcattgattattgactagttattaatagtaatcaattacggggtca 
ttagttcatagcccatatatggagttccgcgttacataacttacggtaaatggcccgcctggc 
tgaccgcccaacgacccccgcccattgacgtcaataatgacgtatgttcccatagtaacgcca 
atagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagta 
catcaagtgtatcatatgccaagtccgccccctattgacgtcaatgacggtaaatggcccgcc 
tggcattatgcccagtacatgaccttacgggactttcctacttggcagtacatctacgtatta 
gtcatcgctattaccatggtcgaggtgagccccacgttctgcttcactctccccatctccccc 
ccctccccacccccaattttgtatttatttattttttaattattttgtgcagcgatgggggcg 
gggggggggggggggcgcgcgccaggcggggcggggcggggcgaggggcggggcggggcgagg 
cggagaggtgcggcggcagccaatcagagcggcgcgctccgaaagtttccttttatggcgagg 
cggcggcggcggcggccctataaaaagcgaagcgcgcggcgggcgggagtcgctgcgacgctg 
ccttcgccccgtgccccgctccgccgccgcctcgcgccgcccgccccggctctgactgaccgc 
gttactcccacaggtgagcgggcgggacggcccttctcctccgggctgtaattagcgcttggt 
ttaatgacggcttgtttcttttctgtggctgcgtgaaagccttgaggggctccgggagggccc 
tttgtgcgggggggagcggctcggggggtgcgtgcgtgtgtgtgtgcgtggggagcgccgcgt 
gcggcccgcgctgcccggcggctgtgagcgctgcgggcgcggcgcggggctttgtgcgctccg 
cagtgtgcgcgaggggagcgcggccgggggcggtgccccgcggtgcggggggggctgcgaggg 
gaacaaaggctgcgtgcggggtgtgtgcgtgggggggtgagcagggggtgtgggcgcggcggt 
cgggctgtaacccccccctgcacccccctccccgagttgctgagcacggcccggcttcgggtg 
cggggctccgtacggggcgtggcgcggggctcgccgtgccgggcggggggtggcggcaggtgg 
gggtgccgggcggggcggggccgcctcgggccggggagggctcgggggaggggcgcggcggcc 
cccggagcgccggcggctgtcgaggcgcggcgagccgcagccattgccttttatggtaatcgt 
gcgagagggcgcagggacttcctttgtcccaaatctgtgcggagccgaaatctgggaggcgcc 
gccgcaccccctctagcgggcgcggggcgaagcggtgcggcgccggcaggaaggaaatgggcg 
gggagggccttcgtgcgtcgccgcgccgccgtccccttctccctctccagcctcggggctgtc 
cgcggggggacggctgccttcgggggggacggggcagggcggggttcggcttctggcgtgtga 
ccggcggctctagagcctctgctaaccatgttcatgccttcttctttttcctacagctcctgg 
gcaacgtgctggttattgtgctgtctcatcattttggcaaagaattcgatatca (SEQID 
NO: 2) 
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WT-hGLA1 

atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttcgcttcctggccctc 
gtttcctgggacatccctggggctagagcactggacaatggattggcaaggacgcctaccatg 
ggctggctgcactgggagcgcttcatgtgcaaccttgactgccaggaagagccagattcctgc 
atcagtgagaagctcttcatggagatggcagagctcatggtctcagaaggctggaaggatgca 
ggttatgagtacctctgcattgatgactgttggatggctccccaaagagattcagaaggcaga 
cttcaggcagaccctcagcgctttcctcatgggattcgccagctagctaattatgttcacagc 
aaaggactgaagctagggatttatgcagatgttggaaataaaacctgcgcaggcttccctggg 
agttttggatactacgacattgatgcccagacctttgctgactggggagtagatctgctaaaa 
tttgatggttgttactgtgacagtttggaaaatttggcagatggttataagcacatgtccttg 
gccctgaataggactggcagaagcattgtgtactcctgtgagtggcctctttatatgtggccc 
tttcaaaagcccaattatacagaaatccgacagtactgcaatcactggcgaaattttgctgac 
attgatgattcctggaaaagtataaagagtatcttggactggacatcttttaaccaggagaga 
attgttgatgttgctggaccagggggttggaatgacccagatatgttagtgattggcaacttt 
ggcctcagctggaatcagcaagtaactcagatggccctctgggctatcatggctgctccttta 
ttcatgtctaatgacctccgacacatcagccctcaagccaaagctctccttcaggataaggac 
gtaattgccatcaatcaggaccccttgggcaagcaagggtaccagcttagacagggagacaac 
tttgaagtgtgggaacgacctctctcaggcttagcctgggctgtagctatgataaaccggcag 
gagattggtggacctcgctcttataccatcgcagttgcttccctgggtaaaggagtggcctgt 
aatcctgcctgcttcatcacacagctcctccctgtgaaaaggaagctagggttctatgaatgg 
acttcaaggttaagaagtcacataaatcccacaggcactgttttgcttcagctagaaaataca 
atgcagatgtcattaaaagacttactttaa (SEQ ID NO: 3) 

WPREmut6delATG 

Aatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactttgttgctcct 
tttacgctttgtggatacgctgctttattgcctttgtatcttgctattgcttcccgtttggct 
ttcattttctcctccttgtataaatcctggttgctgtctctttttgaggagttgtggcccgtt 
gtcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccccactggttggggcatt 
gccaccacctgtcagctcctttccgggactttcgctttccccctccctattgccacggcggaa 
ctcatcgccgcctgccttgcccgctgctggacaggggctcggctgttgggcactgacaattcc 
gtggtgttgtcggggaaatcatcgtcctttccttggctgctcgcctgtgttgccacctggatt 
ctgcgcgggacgtccttctgctacgtcccttcggccctcaatccagcggaccttccttcccgc 
ggcctgctgccggctctgcggcctcttccgcgtcttcgccttcgccctcagacgagtcggatc 
tccctttgggccgcctccccgcatc (SEQID NO: 4) 

bovine growth hormone polyadenylation signal (bGHpolyA) 
Cctagagctcgctgatcagcctcgactgtgccttctagttgccagccatctgttgtttgcccc 
tcccccgtgccttccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgag 
gaaattgcatcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggac 
agcaagggggaggattgggaagacaatagcaggcatgctggggaa (SEQ ID NO: 5) 

3'ITR 
Aggaacccctagtgatggagttggccactccctctctgcgcgctcgctcgctcactgaggccg 
ggcgaccaaaggtcgcccgacgcccgggctttgcccgggcggcctcagtgagcgagcgagcgc 
gcagaga (SEQ ID NO: 6) 
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[03731 In some embodiments, the present disclosure encompasses a gene therapy vector 

comprising a GLA gene sequence that is modified. Such modification may be made to improve 

expression characteristics. Such modifications can include, but are not limited to, insertion of a 

translation start site (e.g. methionine), addition of a Kozak sequence, insertion of a signal 

peptide, and/or codon optimization. Accordingly, in some embodiments, the GLA gene is 

modified to include insertion of a translation start site. In some embodiments, the GLA gene is 

modified to include the addition of a Kozak sequence. In some embodiments, the GLA gene is 

modified to comprise a signal peptide. In some embodiments, the GLA gene is codon optimized.  

In other embodiments, the GLA gene is engineered. In yet other embodiments, the GLA gene is 

codon optimized and engineered.  

103741 In some embodiments, the vector comprises an ID tag, e.g., a stuffer sequence.  

The purpose of the ID tag includes for example the ability for an artisan to identify the vector. In 

certain embodiments, the vector comprises woodchuck hepatitis virus posttranscriptional 

regulatory element (WPRE) element. In some embodiments, the vector comprises woodchuck 

hepatitis virus post-transcriptional control element (WPRE). Various optimized or variant forms 

of WPRE are known in the art, and include WPRE3, WPREmut6delATG among others. Other 

variant WPRE forms include, for example, WPRE2, WPREwt (GenBank accession no.  

J04514); WPRE-wt (GenBank accession no. J02442) and WPREmut6. The WPRE element can 

comprises a wild-type sequence or a modified WPRE element sequence. Various mutated 

versions ofWPRE are known, and include for example, mut6delATG (SEQ ID NO: 4). In some 

embodiments, the vector comprises mut6delATG (SEQ ID NO: 4).  

103751 The vector described herein comprises one or more promoter sequences. In some 

embodiments, the promoter sequence is a ubiquitous promoter sequence. Any suitable promoter 

region or promoter sequence can be used, so long as the promoter region promotes expression of 

a coding sequence in mammalian cells. In certain embodiments, the promoter region promotes 

expression of a coding sequence, for example GLA, in mammalian cells. In some embodiments, 

the promoter controlling the expression of GLA transgene is a ubiquitous promoter. In some 

embodiments, the ubiquitous promoter is selected from one or more of GAPDH promoter, mini 

EF1 promoter, CMV promoter EF-lu promoter, PGK promoter, UBC promoter, LSE beta

glucuronidase (GUSB) promoter, or ubiquitous chromatin opening element (UCOE) and/or 

chicken beta actin promoter. In some embodiments, the ubiquitous promoter comprises 
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ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken beta actin 

promoter, and a rabbit beta globin intron.  

103761 In some embodiments, the vector described herein comprises one or more polyA 

sequences. In some embodiments, the polyA is selected from human growth hormone polyA 

(hGHpA), synthetic polyA (SPA), Simian virus 40 late poly A (SV40pA) and a bovine growth 

hormone (BGH) poly A.  

[0377] In some embodiments, the disclosure provides an expression cassette comprising 

a polynucleotide sequence comprising: (a) a 5' inverted terminal repeat (ITR); (b) a ubiquitous 

promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken beta actin promoter, and a 

rabbit beta globin intron; (c) a nucleotide sequence encoding c-GAL enzyme; (d) optionally a 

woodchuck hepatitis virus posttranscriptional regulatory element (WPRE) comprising the 

mut6delATG mutation; (e) a bovine growth hormone (BGH) poly A; and (f) a 3' ITR. In some 

embodiments, the elements in the expression cassette above are present in 5' to 3' order. In 

various embodiments, one or more of (a) to (f) are operably linked in 5' to 3' order.  

103781 In some embodiments, the vector is introduced into a cell. Accordingly, in some 

embodiments, a cell is provided, said cell comprising the vector described herein. In some 

embodiments, a cell is in vitro, in situ or in vivo. Accordingly, in some embodiments, the cell 

comprising the vector described herein is in vitro. In some embodiments, the cell comprising the 

vector described herein is in situ. In some embodiments, the cell comprising the vector 

described herein is in vivo.  

Pharmaceutical Compositions 

[03791 Exemplary pharmaceutical compositions comprising the vectors described herein 

are detailed below.  

103801 Pharmaceutical acceptable carriers are determined in part by the particular 

composition being administered, as well as by the particular method used to administer the 

compositions. Accordingly, there is a wide variety of suitable formulations of pharmaceutical 

compositions available.  

[03811 Formulations for both ex vivo and in vivo administrations include suspensions in 

liquid or emulsified liquids. The active ingredients often are mixed with excipients which are 

pharmaceutically acceptable and compatible with the active ingredient. Suitable excipients 
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include, for example, water, saline, dextrose, glycerol, ethanol, or the like, and combinations 

thereof. In addition, the compositions may contain minor amounts of auxiliary substances, such 

as wetting or emulsifying agents, pH buffering agents, stabilizing agents or other reagents that 

enhance the effectiveness of the pharmaceutical composition.  

Methods of Treatment 

[03821 The vectors of the present disclosure can be used to treat a subject who has Fabry 

disease. Accordingly, the vectors of the present disclosure can be used to treat a subject who has 

Fabry disease, and as such reduce one or more symptoms associated with the disease. In some 

embodiments, the vectors of the present disclosure can be used to treat a subject who has reduced 

expression or no expression of a-GAL.  

[03831 Non-limiting examples of Fabry symptoms include neuropathic pain, 

hypohidrosis or anhidrosis, exercise intolerance, abdominal cramps, diarrhea, angiokeratoma, 

verticillata, tinnitus, proteinuria, chronic kidney disease, hypertension, coronary insufficiency, 

AV conduction disturbances, arrhythmias and valvular malfunction, left ventricular hypertrophy, 

seizure and stroke.  

103841 In some embodiments, the vectors provided herein are used as a prophylactic 

treatment in a subject who has Fabry disease. Prophylactic treatment may be administered, for 

example, to a subject who is not yet ill, but who is susceptible to, or otherwise at risk of, a 

particular biological condition, including Fabry disease (e.g., the subject may have mutations that 

cause Fabry disease but is asymptomatic or the status of mutations that cause Fabry disease is 

unknown). In some embodiments, therapeutic treatment may be administered, for example, to a 

subject already suffering from Fabry disease in order to improve or stabilize the subject's 

condition (e.g., a patient already presenting symptoms of Fabry disease).  

[0385] In some embodiments, the rAAV vector remains episomal following 

administration to a subject in need thereof In some embodiments, the rAAV vector does not 

remain episomal following administration to a subject in need thereof For example, in some 

embodiments, the rAAV vector integrates into the genome of the subject. Such integration can 

be achieved, for example, by using various gene-editing technologies, such as, zinc finger 

nucleases (ZFNs), Transcription activator-like effector nucleases (TALENS), ARCUS genome 

editing, and/or CRISPR-Cas systems.  

111



WO 2022/183052 PCT/US2022/017998 

[0386] In some embodiments, a pharmaceutical composition comprising a rAAV vector 

described herein is used to treat subjects in need thereof The pharmaceutical composition 

containing a rAAV vector or particle of the invention contains a pharmaceutically acceptable 

excipient, diluent or carrier. Examples of suitable pharmaceutical carriers are well known in the 

art and include phosphate buffered saline solutions, water, emulsions, such as oil/water 

emulsions, various types of wetting agents, sterile solutions and the like. Such carriers can be 

formulated by conventional methods and are administered to the subject at a therapeutically 

effective amount.  

[0387] The rAAV vector is administered to a subject in need thereof via a suitable route.  

In some embodiments, the rAAV vector is administered by intravenous, intraperitoneal, 

subcutaneous, or intradermal administration. In some embodiments, the rAAV vector is 

administered intravenously. In some embodiments, the intradermal administration comprises 

administration by use of a "gene gun" or biolistic particle delivery system. In some 

embodiments, the rAAV vector is administered via a non-viral lipid nanoparticle. For example, 

a composition comprising the rAAV vector may comprise one or more diluents, buffers, 

liposomes, a lipid, a lipid complex. In some embodiments, the rAAV vector is comprised within 

a microsphere or a nanoparticle, such as a lipid nanoparticle.  

[0388] In some embodiments, functional a-GAL is detectable in plasma or serum of the 

subject at about 2 to 15 weeks post administration of the rAAV vector. In some embodiments, 

functional a-GAL is detectable in plasma or serum of the subject at about 2 weeks. In some 

embodiments, functional a-GAL is detectable in plasma or serum of the subject at about 3 

weeks. In some embodiments, functional a-GAL is detectable in plasma or serum of the subject 

at about 4 weeks. In some embodiments, functional a-GAL is detectable in plasma or serum of 

the subject at about 5 weeks. In some embodiments, functional a-GAL is detectable in plasma or 

serum of the subject at about 6 weeks. In some embodiments, functional a-GAL is detectable in 

plasma or serum of the subject at about 7 weeks. In some embodiments, functional a-GAL is 

detectable in plasma or serum of the subject at about 8 weeks. In some embodiments, functional 

a-GAL is detectable in plasma or serum of the subject at about 9 weeks. In some embodiments, 

functional a-GAL is detectable in plasma or serum of the subject at about 10 weeks. In some 

embodiments, functional a-GAL is detectable in plasma or serum of the subject at about 11 
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weeks. In some embodiments, functional a-GAL is detectable in plasma or serum of the subject 

at about 12 weeks. In some embodiments, functional a-GAL is detectable in plasma or serum of 

the subject at about 13 weeks. In some embodiments, functional a-GAL is detectable in plasma 

or serum of the subject at about 14 weeks. In some embodiments, functional a-GAL is detectable 

in plasma or serum of the subject at about 15 weeks. In some embodiments, functional a-GAL is 

detectable in hepatocytes of the subject at about 2 to 15 weeks post administration of the rAAV 

vector.  

[0389] In some embodiments, functional a-GAL is detectable in plasma of the subject at 

least 3 months, 6 months, 12 months, 2 years, 3 years, 4 years, 5 years, 6 years, 7 years, 8 years, 

9 years, 10 years, 15 years or 20 years after administration of the rAAV vector. Accordingly, in 

some embodiments, functional a-GAL is detectable in plasma or serum of the subject at least 3 

months after administration of the rAAV vector. In some embodiments, functional a-GAL is 

detectable in plasma or serum of the subject at least 6 months after administration of the rAAV 

vector. In some embodiments, functional a-GAL is detectable in plasma or serum of the subject 

at least 12 months after administration of the rAAV vector. In some embodiments, functional a

GAL is detectable in plasma or serum of the subject at least 2 years after administration of the 

rAAV vector. In some embodiments, functional a-GAL is detectable in plasma or serum of the 

subject at least 3 years after administration of the rAAV vector. In some embodiments, 

functional a-GAL is detectable in plasma or serum of the subject at least 4 years after 

administration of the rAAV vector. In some embodiments, functional a-GAL is detectable in 

plasma or serum of the subject at least 5 years after administration of the rAAV vector. In some 

embodiments, functional a-GAL is detectable in plasma or serum of the subject at least 6 years 

after administration of the rAAV vector. In some embodiments, functional a-GAL is detectable 

in plasma or serum of the subject at least 7 years after administration of the rAAV vector. In 

some embodiments, functional a-GAL is detectable in plasma or serum of the subject at least 8 

years after administration of the rAAV vector. In some embodiments, functional a-GAL is 

detectable in plasma or serum of the subject at least 9 years after administration of the rAAV 

vector. In some embodiments, functional a-GAL is detectable in plasma or serum of the subject 

at least 10 years after administration of the rAAV vector. In some embodiments, functional a
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GAL is detectable in plasma or serum of the subject for the remainder of the subject's life 

following administration of the rAAV vector.  

[0390] In some embodiments, the administered rAAV comprising GLA results in the 

production of active a-GAL to the same extent as found following administration of purified 

GLA protein delivered intravenously. In some embodiments, the administered rAAV 

comprising GLA results in production of a greater amount of active a-GAL as compared to 

administration of purified a-GAL protein delivered intravenously.  

[0391] In some embodiments, the administered rAAV comprising GLA results in the 

reduction of globotriaosylceramide (GB3) in the subject. In some embodiments, the 

administered rAAV comprising GLA reduces GB3 in the subject by about 95%, 90%, 85%, 

80%, 75%, 7 0%, 65%, 60%, 55%, 50%,45%, 4 0%, 35%, 3 0%, 25 %, 2 0% ,15%, or about 10% 

in comparison to the subject's baseline GB3 level prior to administering the rAAV comprising 

GLA. Accordingly, in some embodiments, the administered rAAV comprising GLA reduces 

GB3 in the subject by about 95%. In some embodiments, the administered rAAV comprising 

GLA reduces GB3 in the subject by about 90%. In some embodiments, the administered rAAV 

comprising GLA reduces GB3 in the subject by about 85%. In some embodiments, the 

administered rAAV comprising GLA reduces GB3 in the subject by about 80%. In some 

embodiments, the administered rAAV comprising GLA reduces GB3 in the subject by about 

75%. In some embodiments, the administered rAAV comprising GLA reduces GB3 in the 

subject by about 70%. In some embodiments, the administered rAAV comprising GLA reduces 

GB3 in the subject by about 65%. In some embodiments, the administered rAAV comprising 

GLA reduces GB3 in the subject by about 60%. In some embodiments, the administered rAAV 

comprising GLA reduces GB3 in the subject by about 55%. In some embodiments, the 

administered rAAV comprising GLA reduces GB3 in the subject by about 50%. In some 

embodiments, the administered rAAV comprising GLA reduces GB3 in the subject by about 

45%. In some embodiments, the administered rAAV comprising GLA reduces GB3 in the 

subject by about 40%. In some embodiments, the administered rAAV comprising GLA reduces 

GB3 in the subject by about 35%. In some embodiments, the administered rAAV comprising 

GLA reduces GB3 in the subject by about 30%. In some embodiments, the administered rAAV 

comprising GLA reduces GB3 in the subject by about 25%. In some embodiments, the 
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administered rAAV comprising GLA reduces GB3 in the subject by about 20%. In some 

embodiments, the administered rAAV comprising GLA reduces GB3 in the subject by about 

15%. In some embodiments, the administered rAAV comprising GLA reduces GB3 in the 

subject by about 10%.  

[0392] In some embodiments, the administered rAAV comprising GLA reduces GB3 in 

the subject for at least about 2 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6 

months, 12 months, 1 year, 2 years, 3 years, 4 years, 5 years, or more than 5 years.  

[0393] In some embodiments, following administration of the AAV vector to the subject 

the levels of functional a-GAL detectable in the circulation are between about 2 and 100 fold or 

higher than 10 fold, higher than 20 fold, higher than 30 fold, higher than 40 fold, higher than 50 

fold, higher than 60 fold, higher than 70 fold, higher than 80 fold, higher than 90 fold, higher 

than 95 fold, or 100 fold or more greater than the amount of functional a-GAL detectable in the 

subject before administration of the rAAV comprising GLA transgene.  

[0394] In some embodiments, following administration of the AAV vector to the subject 

the levels of detectable active a-GAL meets or exceeds human therapeutic level, i.e., level of a

GAL considered to be normal circulating level in humans (e.g., 5-9 nmol/hour/ml). In some 

embodiments, the levels of active a-GAL post administration of the rAAV vector is about 

between 2 and 35 times or greater than 35 times, greater than 40 times, greater than 45 times, 

greater than 50 times, greater than 55 times, greater than 60 times, greater than 65 times, greater 

than 70 times greater than 75 times greater than 80 times greater than 85 times greater than 90 

times, greater than 95 times, or greater than 100 the human therapeutic level. In some 

embodiments, the levels of active a-GAL post administration is about 2 times the human 

therapeutic level. In some embodiments, the levels of active a-GAL post administration is about 

3 times the human therapeutic level. In some embodiments, the levels of active a-GAL post 

administration is about 4 times the human therapeutic level. In some embodiments, the levels of 

active a-GAL post administration is about 5 times the human therapeutic level. In some 

embodiments, the levels of active a-GAL post administration is about 6 times the human 

therapeutic level. In some embodiments, the levels of active a-GAL post administration is about 

7 times the human therapeutic level. In some embodiments, the levels of active a-GAL post 

administration is about 8 times the human therapeutic level. In some embodiments, the levels of 
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active a-GAL post administration is about 9 times the human therapeutic level. In some 

embodiments, the levels of active a-GAL post administration is about 10 times the human 

therapeutic level. In some embodiments, the levels of active a-GAL post administration is about 

11 times the human therapeutic level. In some embodiments, the levels of active a-GAL post 

administration is about 15 times the human therapeutic level. In some embodiments, the levels of 

active a-GAL post administration is about 20 times the human therapeutic level. In some 

embodiments, the levels of active a-GAL post administration is about 25 times the human 

therapeutic level. In some embodiments, the levels of active a-GAL post administration is about 

30 times the human therapeutic level. In some embodiments, the levels of active a-GAL post 

administration is about 35 times the human therapeutic level. In some embodiments, the levels of 

active a-GAL post administration is about 40 times the human therapeutic level. In some 

embodiments, the levels of active a-GAL post administration is about 45 times the human 

therapeutic level. In some embodiments, the levels of active a-GAL post administration is about 

50 times the human therapeutic level. In some embodiments, the levels of active a-GAL post 

administration is about 55 times the human therapeutic level. In some embodiments, the levels of 

active a-GAL post administration is about 60 times the human therapeutic level. In some 

embodiments, the levels of active a-GAL post administration is about 65 times the human 

therapeutic level. In some embodiments, the levels of active a-GAL post administration is about 

70 times the human therapeutic level. In some embodiments, the levels of active a-GAL post 

administration is about 75 times the human therapeutic level. In some embodiments, the levels of 

active a-GAL post administration is about 80 times the human therapeutic level. In some 

embodiments, the levels of active a-GAL post administration is about 85 times the human 

therapeutic level. In some embodiments, the levels of active a-GAL post administration is about 

90 times the human therapeutic level. In some embodiments, the levels of active a-GAL post 

administration is about 95 times the human therapeutic level. In some embodiments, the levels of 

active a-GAL post administration is about 100 times the human therapeutic level. In some 

embodiments, the levels of active a-GAL post administration is about 200 times the human 

therapeutic level. In some embodiments, the levels of active a-GAL post administration is about 

300 times the human therapeutic level. In some embodiments, the levels of active a-GAL post 

administration is about 400 times the human therapeutic level. In some embodiments, the levels 
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of active a-GAL post administration is about 500 times or greater than 500 times the human 

therapeutic level.  

[0395] Thus, administration of rAAV vector comprising a GLA transgene results in 

sustained robust expression in comparison to a single administration of purified a-GAL to a 

subject in need.  

[0396] In some embodiments, the rAAV vector comprising a GLA transgene is delivered 

as a single dose per subject. In some embodiments, the subject is delivered the minimal effective 

dose (MED). As used herein, MED refers to the rAAV GLA vector dose required to achieve a

GAL activity resulting in reduced GB3 levels in a subject.  

[0397] The vector titer is determined on the basis of the DNA content of the vector 

preparation. In some embodiments, quantitative PCR or optimized quantitative PCR is used to 

determine the DNA content of the rAAV GLA vector preparations. In one embodiment, the 

dosage is about 1X10" genome copies (GC)/kg body weight to about 1X1013 GC/kg, inclusive 

of endpoints.  

[0398] The dosages to achieve therapeutic benefit in a subject in need thereof are lower 

than those achieved using other kinds of rAAV capsids, such as AAV1, AAV2, AAV3, AAV4, 

AAV5, AAV6, AAV7, and/or AAV8 which include a liver specific promoter. In some 

embodiments, a rAAV gene therapy vector expressing an alpha-galactosidase protein as 

described herein is administered to a subject at a lower or an equivalent dose used in case of a 

gene therapy vector which includes a liver specific promoter; however, surprisingly exhibits 

higher serum and tissue exposure.  

[0399] In some embodiments, the rAAV GLA vector compositions can be formulated in 

dosage units to contain an amount of replication-defective virus that is in the range of about 1.0 x 

109 GC to about 1.0 x 1015 GC. As used herein, the term "dosage" can refer to the total dosage 

delivered to the subject in the course of treatment, or the amount delivered in a single (of 

multiple) administration.  

[0400] In some embodiments, the dosage is sufficient to decrease plasma GB3 levels in 

the patient by 25% or more. In some embodiments, rAAV expressing a-GAL is administered in 

combination with one or more therapies for the treatment of Fabry disease.  
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Combination Therapy 

[0401] The compositions and methods of the invention can also be used in conjunction 

with other remedies known in the art that are used to treat Fabry disease or its complications, 

including but not limited to: ERT (e.g., agalsidase beta), pain relief medications (e.g., lidocaine, 

diphenylhydantoin, carbamazepine, gabapentin, phenytoin, neurotropin, opioids); 

dyspepsia treatment (e.g., metoclopramide, H-2 blockers), vitamin D replacements etc, beta 

blockers (metoprolol, Acebutolol, bisoprolol, atenolol, propranolol, etc) anti-coagulation 

treatment (Heparin, warfarin, Apixaban, Rivaroxaban).  

[04021 The compositions and methods of the invention can also be used in conjunction 

with other forms of treatment including but not limited to: physical exercise (e.g. dialysis, kidney 

transplantation); dietary salt restriction, fiber intake, installation of a pacemaker, and cardiac 

transplantation.  

Production of rAAV Viral Vectors 

[0403] Methods for generating and isolating AAV viral vectors suitable for delivery to a 

subject are known in the art. See, e.g., US Patent 7790449; US Patent 7282199; WO 

2003/042397; WO 2005/033321, WO 2006/1 10689; and US 7588772 B2. In a one system, a 

producer cell line is transiently transfected with a construct that encodes the transgene flanked by 

ITRs and a construct(s) that encodes rep and cap. In a second system, a packaging cell line that 

stably supplies rep and cap is transiently transfected with a construct encoding the transgene 

flanked by ITRs. In each of these systems, AAV virions are produced in response to infection 

with helper adenovirus or herpesvirus, requiring the separation of the rAAVs from contaminating 

virus. More recently, systems have been developed that do not require infection with helper 

virus to recover the AAV (i.e., adenovirus El, E2a, VA, and E4 or herpesvirus UL5, UL8, UL52, 

and UL29, and herpesvirus polymerase) are also supplied, in trans, by the system. In these newer 

systems, the helper functions can be supplied by transient transfection of the cells with constructs 

that encode the required helper functions, or the cells can be engineered to stably contain genes 

encoding the helper functions, the expression of which can be controlled at the transcriptional or 

posttranscriptional level.  

[0404] In some embodiments, the expression cassette flanked by ITRs and rep/cap genes 

are introduced into a desired cell or cell line by infection with baculovirus-based vectors.  
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[0405] In some embodiments, the expression cassette flanked by ITRs and rep/cap genes 

are introduced into insect cells by infection with baculovirus-based vectors. For reviews on 

these production systems, see generally, e.g., Zhang et al, 2009, "Adenovirus-adeno-associated 

virus hybrid for large-scale recombinant adeno-associated virus production," Human Gene 

Therapy 20:922-929, the contents of which is incorporated herein by reference in its entirety.  

Methods of making and using these and other AAV production systems are also described in the 

following U.S. patents, the contents of each of which is incorporated herein by reference in its 

entirety: 5, 139,941 ; 5,741,683; 6,057, 152; 6,204,059; 6,268,213; 6,491,907; 6,660,514; 

6,951,753; 7,094,604; 7, 172,893; 7,201,898; 7,229,823; and 7,439,065. See generally, e.g., 

Grieger & Samulski, 2005, "Adeno-associated virus as a gene therapy vector: Vector 

development, production and clinical applications," Adv. Biochem. EnginBiotechnol. 99: 119

145; Buning et al, 2008, "Recent developments in adeno-associated virus vector technology," J.  

Gene Med 10:717-733; and the references cited below, each of which is incorporated herein by 

reference in its entirety.  

[0406] The methods used to construct a vector as described herein are known to those 

with skill in nucleic acid manipulation and include genetic engineering, recombinant 

engineering, and synthetic techniques. See, e.g., Green and Sambrook et al, Molecular Cloning: 

A Laboratory Manual, Cold Spring Harbor Press, Cold Spring Harbor, NY (2012). Similarly, 

methods of generating rAAV virions are well known and the selection of a suitable method is not 

a limitation on the present invention. See, e.g., K. Fisher et al, (1993) J. Virol, 70:520-532 and 

US Patent No. 5,478,745.  

[0407] Many plasmids and other cloning and expression vectors that can be used in 

accordance with the present invention are well known and readily available to those of skill in 

the art. Moreover, those of skill readily may construct any number of other plasmids suitable for 

use in the invention. The properties, construction and use of such plasmids, as well as other 

vectors, in the present invention will be readily apparent to those of skill from the present 

disclosure.  

[0408] In one embodiment, the production plasmid is that described herein, or as 

described in W02012/158757, which is incorporated herein by reference. Various plasmids are 

known in the art for use in producing rAAV vectors, and are useful herein. The production 
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plasmids are cultured in the host cells which express the AAV cap and/or rep proteins. In the 

host cells, each rAAV genome is rescued and packaged into the capsid protein or envelope 

protein to form an infectious viral particle.  

[0409] In certain embodiments, the rAAV expression cassette, the vector (such as rAAV 

vector), the virus (such as rAAV), the production plasmid comprises AAV inverted terminal 

repeat sequences, a codon optimized nucleic acid sequence that encodes an a-GAL polypeptide , 

and expression control sequences that direct expression of the encoded proteins are present in a 

host cell. In other embodiments, the rAAV expression cassette, the virus, the vector (such as 

rAAV vector), the production plasmid further comprise one or more of an intron, a Kozak 

sequence, a polyA, posttranscriptional regulatory elements and others. In one embodiment, the 

post-transcriptional regulatory element is Woodchuck Hepatitis Virus (WHIP) Posttranscriptional 

Regulatory Element (WPRE). In various embodiments, the nucleic acid sequence comprises a 

signal peptide upstream of the transgene that encodes an a-GAL polypeptide. In some 

embodiments, a signal peptide is at the N-terminus of an a-GAL polypeptide. In some 

embodiments, a signal peptide is at the C-terminus of an a-GAL polypeptide.  

[0410] Various methods are known in the art relating to the production and purification 

of AAV vectors. See, e.g., Mizukami, Hiroaki, et al. A Protocol for AAV vector production and 

purification; U.S. Patent Publication Numbers US20070015238 and US20120322861. For 

example, a plasmid comprising a gene of interest may be combined with one or more helper 

plasmids, e.g., that contain a rep gene (e.g., encoding Rep78, Rep68, Rep52 and Rep40) and a 

cap gene (encoding VP1, VP2, and VP3, including a modified VP2 region as described herein), 

and transfected into a recombinant cells such that the rAAV can be packaged and subsequently 

purified.  

[0411] In some embodiments, the packaging is performed in a helper cell or producer 

cell, such as a mammalian cell or an insect cell. Exemplary mammalian cells include, but are not 

limited to, HEK293 cells, COS cells, HeLa cells, BHK cells, or CHO cells (see, e.g., ATCC@ 

CRL-1573TM, ATCC@ CRL-1651TM, ATCC@ CRL-1650TM, ATCC@ CCL-2, ATCC@ CCL

1OTM, or ATCC@ CCL-61TM). Exemplary insect cells include, but are not limited to Sf9 cells 

(see, e.g., ATCC@ CRL-1711TM). The helper cell may comprise rep and/or cap genes that 
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encode the Rep protein and/or Cap proteins for use in a method described herein. In some 

embodiments, the packaging is performed in vitro.  

[0412] In some embodiments, a plasmid containing comprising the gene of interest is 

combined with one or more helper plasmids, e.g., that contain a rep gene of a first serotype and a 

cap gene of the same serotype or a different serotype, and transfected into helper cells such that 

the rAAV is packaged.  

[0413] In some embodiments, the one or more helper plasmids include a first helper 

plasmid comprising a rep gene and a cap gene, and a second helper plasmid comprising one or 

more of the following helper genes: Ela gene, Elb gene, E4 gene, E2a gene, and VA gene. For 

clarity, helper genes are genes that encode helper proteins Ela, Elb, E4, E2a, and VA. In some 

embodiments, the cap gene is modified such that one or more of the proteins VP1, VP2 and VP3 

do not get expressed. In some embodiments, the cap gene is modified such that VP2 does not get 

expressed. Methods for making such modifications are known in the art (Lux et al. (2005), J 

Virology, 79: 11776-87).  

[04141 Helper plasmids, and methods of making such plasmids, are generally known in 

the art and generally commercially available (see, e.g., pDF6, pRep, pDM, pDG, pDPrs, 

pDP2rs, pDP3rs, pDP4rs, pDP5rs, pDP6rs, pDG(R484E/R585E), and pDP8.ape plasmids from 

PlasmidFactory, Bielefeld, Germany; other products and services available from Vector Biolabs, 

Philadelphia, PA; Cellbiolabs, San Diego, CA; Agilent Technologies, Santa Clara, Ca; and 

Addgene, Cambridge, MA; pxx6; Grimm et al. (1998), Novel Tools for Production and 

Purification of Recombinant Adeno associated Virus Vectors, Human Gene Therapy, Vol. 9, 

2745-2760; Kem, A. et al. (2003), Identification of a Heparin-Binding Motif on Adeno

Associated Virus Type 2 Capsids, Journal of Virology, Vol. 77, 11072-11081.; Grimm et al.  

(2003), Helper Virus-Free, Optically Controllable, and Two-Plasmid-Based Production of 

Adeno-associated Virus Vectors of Serotypes 1 to 6, Molecular Therapy, Vol. 7, 839-850; 

Kronenberg et al. (2005).  

EXAMPLES 

104151 Exemplary features, objects, and advantages of the present invention are apparent 

in the examples that follow. It should be understood, however, that the examples, while 
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indicating embodiments of the present invention, are given by way of illustration only, not 

limitation. Various changes and modifications within the scope of the invention will become 

apparent to those skilled in the art from the examples.  

[04161 The data in the Examples below were generated with GLA transgenes comprising 

signal peptide sequence of SEQ ID NO:77, which encode a-GAL enzymes comprising signal 

peptide sequence of SEQ ID NO: 76.  

Example 1. Design and Purification Viral Vectorsfor Expression of a-GAL Enzyme 

104171 This Example summarizes the design of exemplary viral vectors encompassed by 

the present disclosure.  

[04181 A recombinant adeno-associated virus 9 (rAAV9) was developed to express wild 

type human a-GAL or a-GAL variants (e.g., amino acid sequences shown in Table 1) under the 

control of a ubiquitous promoter, in a viral vector. A WPRE element was linked to the 3' end of 

the wild type GLA transgene to increases transgene expression and improve mRNA stability. A 

bovine growth hormon-e polyA tail was appended to the 3' end of the WPRE elernent. The DNA 

construct of promoter-GLA-WPRE-BGHpAwas integrated between the inverted terminal 

repeats of a circular plasmid vector. FIG. I shows an exemplary rAAV9 vector construct.  

10419] rAAV vectors were encapsulated using the AAV2 inverted terminal repeats and 

rep sequences using methods in the art. The rAAV9 stocks were produced using HEK-293T cells 

by the adenovirus free, triple-plasmid co-transfection method and purified using cesium chloride 

ultracentrifugation. Titers of v.g. particle number were determined by quantitative PCR.  

104201 Purified rAAV9 virus suspension were diluted in the formulation buffer 

consisting of 1.5 mM KH2PO4 (Potassium dihydrogen phosphate), 2.7 mM KCl (Potassium 

chloride), 8.1 mM Na2HPO4 (Di-sodium hydrogen phosphate), 136.9 mM NaCl (Sodium 

chloride) and 0.001% Pluronic F-68. Null vector with rAAV9 capsid (rAAV9-null ) were used as 

controls.  

Example 2. Serum stability of a-GAL following administration of rAAV9 

104211 This Example shows that rAAV9-delivered GLA transgene provided a-GAL 

protein expression in serum for at least 12 weeks following administration of vector into mice.  

[0422] First, rAAV9 vector was produced and purified as described in Example 1 above.  

Next, 6-9 months old male GLAko mice were administered the purified rAAV9 vectors encoding 
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a-GAL intravenously (IV) at two different doses, 2.5x10", 6.25x101 vg/kg and the mice were 

followed for 12 weeks. Null vector rAAV9-nullwas administered to a group of GLAko mice at 

6.25x101 vg/kg as a negative control. Serum was collected at multiple time-points during the 

study as well as at the end of 12-weeks. In a subset of animals, 1 mg/kg dose of a-GAL ERT 

was administered 24 hours before sacrifice and collection of tissues to be used as positive 

control. Serum was collected 1 hour after administration of a-GAL ERT to capture the Cmax 

levels of circulating enzyme.  

[04231 The quantity of a-GAL in the serum was measured using ELISA. Briefly, a high 

binding MSD black plate (MSD, catalog #L15XB) was coated with a polyclonal sheep anti

human a-GLA capture antibody (R&D systems, catalog #AF6146) in 0.2 M sodium carbonated

bicarbonate buffer (Thermoscientific, catalog #28382) overnight at 4°C. Then, the coated plate 

was washed three times with wash buffer containing D'PBS and 0.05% Tween-20. Theplate 

was blocked with blocking buffer (3% BSA in PBS) for 1 hour before samples or purified a

GLAprotein standard in diluent buffer (1% BSA in PBS) were added. Binding was carried for 1 

hour with a low speed shaking and washed three times with wash buffer. Then, polyclonal rabbit 

anti-human a-GLA (Novus Biologics, catalog #H00002717-DO1P) in diluent buffer was added 

and incubated for 1 hour before washing three times with wash buffer and adding a detection 

antibody, sulfo-tag goat anti-rabbit antibody (MSD, catalog #R32AB-1), for 1 hour at room 

temperature. The plate was read with 1x read buffer (MSD, catalog #R92TC-1) in the MSD 

Sector Imager S600 system. Using a standard curve, final values of a-GAL concentration were 

calculated. Tissue a-GAL protein concentration was normalized by total protein concentration 

determined by BCA assay. None of antibodies used in this assay recognize mouse a-GAL 

protein. A rapid elevation of a-GAL was observed in serum at 2 weeks post vector 

administration, reaching more than 4500-fold of normal in the similar high dose group for 

rAAV9-WT at 12 weeks. It was observed that even at the lowest dose, rAAV9-WT resulted in a 

steady level of serum a-GAL enzyme that was higher than the Cmax of the positive control a

GAL ERT (FIG. 2).  

104241 At 12-weeks post administration, multiple organs including liver, kidney, heart 

and GI tract were harvested for further evaluation. Fixation with 10% NBF was carried out for 

histology evaluation. For physiology, tissues were snap frozen and stored at -80°C.  
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[04251 Dose-dependent sustained supraphysiological levels of a-GAL exposure was 

observed in peripheral organs including liver (FIG. 3A), kidneys (FIG. 3B), heart (FIG. 3C) and 

GI tract (FIG. 3D-3E), resulting in concomitant reduction in GB3 and lysoGb3 accumulation in 

these animals (FIG. 3F-3M). It was further observed that the higher dose of rAAV9-WT, 

reduced the GB3 and lysoGb3 levels in serum and kidneys by >95% (FIG. 3F, FIG. 3H, FIG.  

3J, FIG. 3L) and in the liver and heart by >99% (FIG. 3G, FIG. 31, FIG. 3K, FIG. 3M).  

Similarly, lysoGb3 levels in all tissues tested were reduced by >99% after the high dose 

injections of rAAV9-WT. In contrast, as seen from FIG. 3F-3M, in mice receiving a-GAL 

protein, there was moderate reduction in substrate levels in serum and liver but not in the kidneys 

and heart.  

[04261 It was overall observed that treatment with rAAV9-WT encoding a-GAL 

improved GB3 and lysoGb3 clearance in various tissues. Further, the expression of a-GAL was 

sustained for at least 12 weeks.  

Example 3. Effect of rAAV9-WT treatment of G3Stg/GLAko mice.  

[04271 This Example shows in vivo effects of rAAV9-WT encoding a-GAL expression 

in various tissues in a severe Fabry-disease mouse model that has significantly higher substrate 

levels in various tissues than the GLAko mice. The data from this Example demonstrated that 

rAAV9-WT delivered GLA transgene reduced GB3 accumulation associated with Fabry disease.  

[04281 First, rAAV9-WT vector was produced and purified as described in Example 1 

above.  

[04291 Next, G3Stg/GLA knockout mice were generated by crossing GLA knockout 

mice, which have a C57BL/6 background, with GB3 synthase transgenic mice. The founders 

were purchased from Jackson labs and the breeding colony was maintained at Taconic 

Biosciences. The G3Stg/GLA knockout mice have substantial deposition of GB3 substrates in 

visceral organs which results in severe renal, GI and neuropathic phenotypes, including 

albuminuria, reduced kidney osmolarity, delayed colonic propulsion and loss of 

thermosensitivity, which reflects several Fabry disease manifestations (Taguchi et. al., 2013).  

C57BL/6 mice (Charles River Laboratories) were used as wild type control for this experiment.  

Animals were maintained in a controlled environment on a 12h dark/12h light cycle (lights on at 
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7:00am) with no more than 4 mice per cage in a ventilated cage rack system at Melior 

Discoveries and fed standard rodent chow and water ad libitum.  

[04301 Treatment with rAAV9-WT increased both a-GAL levels and a-GAL activity in 

the serum in a sustained dose dependent manner (FIG. 4A). At the highest dose of 6.24e12vg/kg, 

the serum a-GAL activity was 10,000-fold higher than WT serum a-GAL activity. Dose

dependent increases in tissue a-GAL levels and activity were observed in all tissues examined 

including the liver (FIG. 4B), kidney (FIG. 4C), heart (FIG. 4D), gastrointestinal tract 

(duodenum FIG. 4E and colon FIG. 4F) and the brain (FIG. 4G).  

[0431] Next, the levels of GB3 in the severe Fabry (G3Stg/GLAko) mice transfected 

with rAAV9-WT encoding a-GAL were analyzed using mass-spectrometry. Briefly substrate 

samples were extracted first using Chloroform:Methanol (v/v 2:1) and formic acid before 

running in HPLC and LC-MS/MS (Applied Biosystem API5000, Turbo Ion Spray Ionization, 

positive-ion mode). It was observed that GB3 and lyso-Gb3 levels in various tissues from these 

animals showed a dose dependent decrease in the accumulated substrate levels in each tissue 

(FIG. 5A-5L).  

104321 It was observed that rAAV9-WT expressed a-GAL in Fabry mouse and reduced 

GB3 accumulation associated with Fabry.  

Example 4. Phenotypic effects of rAAV9 on Fabry mouse model (G3Stg/GLAko mice) 

[04331 This Example shows the phenotypic effects of rAAV9-WT encoding a-GAL on 

G3Stg/GLAko mice. Fabry mice treated with rAAV9-WT showed overall improvement in body 

weight over time.  

104341 First, rAAV9-WT vector was produced and purified as described in Example 1 

above.  

104351 Next, the G3Stg/GLAko mice, as described in Example 3 mice were treated with 

rAAV9 encoding a-GAL enzyme. The body weight was monitored through the duration of the 

study.  

[0436] G3Stg/GLAko mice showed a marked decrease in body weight over the course of 

the study; mice treated with rAAV9-WT encoding a-GAL enzyme had higher body weights 

compared with mice given a null AAV vector (FIG. 6). WT mice showed a steady body weight 

gain throughout the study duration, however, G3Stg/GLAko mice treated with Null Vector as 
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well as lower doses of rAAV9-WT started losing weight after 16-18 weeks of age such that the 

animals in the Null Vector group ended the study with lower body weights then the study start 

(22.2 0.5 in week 28 vs. 27.0 0.6 g/mouse at start, p < 0.0001). Treatment with the highest 

dose of rAAV9-WT showed significantly lower weight loss at termination (28.5 0.8 g/mouse 

vs. 22.2 0.5 g/mouse in the null AAV, p < 0.01). Treatment with high dose of rAAV9-WT 

thus prevented weight loss, demonstrating benefits of the gene therapy candidate to overall 

health.  

104371 The results of this Example demonstrated that rAAV9-WT encoding a-GAL 

enzyme can be used to cause significant improvement in treating symptoms of Fabry disease.  

Example 5. Restoration of kidneyfunction defects in Fabry model (G3Stg/GLAko mice) by 

rAAV9 

[0438] This Example examined the effect of rAAV9-WT encoding a-GAL enzyme on 

kidney function in G3Stg/GLAko mice.  

[0439] First, rAAV9-WT vector was produced and purified as described in Example 1 

above.  

[04401 Next, the G3Stg/GLAko mice, as described in Example 3 mice were treated with 

rAAV9. The kidney function was evaluated by measuring markers such as blood urea nitrogen, 

urine albumin levels.  

10441] rAAV9-WT encoding a-GAL enzyme resulted in significant decreases in serum 

BUN in mice treated with the highest dose gene therapy (FIG. 7A). It was observed that the 

serum albumin levels in Fabry mice treated with the highest dose gene therapy (GT) were similar 

to that in WT mice (FIG. 7B).  

104421 This Example demonstrated that rAAV9-WT encoding a-GAL enzyme rescues 

renal phenotypes associated with Fabry disease. In particular, rAAV9-WT rescued BUN and 

urine albumin levels.  

Example 6. Restoration of neuropathy associated with Fabry disease in mouse model 

(G3Stg/GLAko mice) 

104431 This Example examined the effect of rAAV9-WT encoding a-GAL enzyme on 

the neuropathy markers in a Fabry mouse model.  

126



WO 2022/183052 PCT/US2022/017998 

104441 First, rAAV9-WT vector was produced and purified as described in Example 1 

above.  

104451 Next, the G3Stg/GLAko mice, as described in Example 3 mice were treated with 

rAAV9. G3Stg/GLAko mice exhibit several signs of neuropathy as was observed in the 

histology of peripheral neurons after sacrifice. Footpads from hind paws and dorsal root 

ganglion from these animals were collected for analyses by immunohistochemistry to evaluate 

small fiber neuron density to monitor any neuronal pathology in these animals. There was a 

notable reduction in vacuolation in dorsal root nerves, restored to WT levels, in animals treated 

with the highest dose GT (FIG. 8A). Finally, there was also a dose dependent increase in PGP9.5 

(neuronal marker) and MPZ (marker for myelinated nerves) in the paws of treated animals (FIG.  

8B and 8C).  

[04461 This Example demonstrated that rAAV9-WT produced a-GLA enzyme is 

associated with improvement of neuropathy as assessed by marker expression in a Fabry disease 

mouse model.  

Example 7. Normalized autophagy dysregulation in Fabry disease mouse model 

(G3Stg/GLAko mice) 

[0447] This Example examined the effect of rAAV9-WT encoding a-GAL enzyme on 

the autophagy dysregulation in a Fabry mouse model.  

104481 Autophagy dysregulation has been reported in Fabry patients (Chevrier et al, 

Autophagy. 2010 Jul;6(5):589-99.) and may play a key role in Fabry neuropathy. Protein p62 is a 

classical receptor of autophagy, which builds up in Fabry patient kidneys and fibroblasts; similar 

accumulation was observed in the G3Stg/GLAko mice in the kidneys, heart and smooth muscles.  

Treatment with rAAV9-WT completely cleared p62 accumulation from the kidney and the heart 

when dosed at 6.25e12vg/kg dose (FIG. 9A-FIG. 9F).  

[04491 Additionally, chronic inflammation in Fabry patients contributes to organ damage 

(Pinto et al,High Blood Press Cardiovasc Prev. 2020) and is likely the cause of increase in DRG 

volume. Treatment of G3Stg/GLAko mice with rAAV9-WT resolves inflammation in the DRG 

as was demonstrated via reduction of the macrophage marker CD68 by histological assessment 

(FIG. 9G-FIG. 91).  
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Example 8. Ubiquitous transduction approach using rAAV9 administration results in higher 

levels of circulating a-GAL, higher a-GAL exposure in target tissues and greater substrate 

reduction compared to liver driven rAAV8 approach 

[0450] This Example shows that rAAV9-ubiquitous promoter-delivered GLA transgene 

provided higher a-GAL protein expression than rAAV8-liver specific promoter-delivered GLA 

in serum for at least 12 weeks.  

[04511 First, rAAV9-WT and rAAV8-WT encoding a-GAL were produced and purified 

as described in Example 1 above. Next, 6-9 months old male GLAko mice were administered the 

purified rAAV9 or rAAV8 intravenously (IV) at, 2.5x10" vg/kg dose and the mice were 

followed for 12 weeks. Serum was collected at multiple time-points during the study as well as at 

the end of 12-weeks. In a subset of animals, 1 mg/kg dose of a-GAL ERT was administered 24 

hours before sacrifice and collection of tissues to be used as positive control. Serum was 

collected 1 hour after administration of a-GAL ERT to capture the Cmax levels of circulating 

enzyme.  

[04521 The quantity of a-GAL in the serum was measured using ELISA as described in 

Example 2. It was observed that rAAV9-WT resulted in higher steady level of serum a-GAL 

enzyme than rAAV8-WT and the Cmax of the positive control a-GAL ERT (FIG. 11A).  

[0453] At 12-weeks post administration, kidneys were harvested for further evaluation.  

[04541 Significantly higher levels of a-GAL exposure was observed in the kidneys of 

animals treated with rAAV9-WT compared to rAAV8-WT or a-GAL (FIG. 11B), resulting in 

concomitant reduction in GB3 accumulation in these animals (FIG. 11C). It was further 

observed that treatment with rAAV9 reduced the GB3 >86% while treatment with rAAV8 

reduced GB3 by 78% while treatment with a single dose of a-GAL at 1mg/kg did not result in 

any reduction in GB3 in the kidneys.  

[04551 Therefore, overall it was observed that treatment with rAAV9 with a ubiquitous 

promoter driving GLA expression reduced GB3 in the kidneys more efficiently than a liver 

targeted rAAV8 and resulted in higher sustained a-GAL activity in serum for at least 12 weeks.  

104561 Without wishing to be bound by theory, it is contemplated that a liver specific 

promoter may also be used with a GLA transgene that has otherwise been modified/codon 

optimized, to express enzyme at increased levels.  
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Example 9. Administration of rAAV9 with a ubiquitous promoter driving GLA expression 

results in dose dependent restoration of kidneyfunction while a liver targeted rAA V8 driving 

GLA expression improved kidneyfunction only at a high dose 

[04571 This Example examined the effect of rAAV9 and rAAV8 on kidney function in 

G3Stg/GLAko mice.  

[0458] First, rAAV8 and rAAV9 were produced and purified as described in Example 1 

above.  

[04591 Next, the G3Stg/GLAko mice, as described in Example 3 mice were treated with 

rAAV8 and rAAV9. Wild type animals were treated with vehicle as control. Kidney function 

was evaluated by measuring blood urea nitrogen.  

104601 It was observed that rAAV9-WT resulted in dose dependent decreases in serum 

BUN, restoring levels close to that of healthy wild type animals at the highest dose of 

6.25e12vg/kg (FIG. 12A). Treatment of animals with the liver targeted rAAV8-WT resulted in 

no improvement of serum BUN at 2.5e1lvg/kg dose and only showed a response at the 25x 

higher dose of 6.25e12vg/kg (FIG. 12B).  

104611 This Example demonstrated that rAAV9 driving GLA expression via a ubiquitous 

promoter rescues renal phenotypes associated with Fabry disease more efficiently than a liver 

targeted rAAV8.  

Example 10. Higher Exposure of a-GAL variants compared to wildtype a-GAL in various 

tissues after administration ofplasmids expressing these variants via hydrodynamic tail vein 

injection.  

104621 This Example shows serum stability and tissue biodistribution of the various a

GAL variants in vivo.  

104631 Plasmids expressing either wild type or engineered human alpha galactosidase (a

a-GAL) under a ubiquitous promoter were tested in a mouse model of Fabry disease. In the first 

study the following plasmids were tested: WT expresses wild type a-GAL while A, B, C, D, E, F 

express engineered a-GAL proteins. In the second study, the following plasmids were tested: 

WT expressing WT a-GAL protein while 002, 003, 004, 005, 006 and 007 expressing 

engineered a-GAL variants.  
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104641 In the first study, 12-14-week-old male GLAko mice were administered with 

50ug plasmid DNA each via hydrodynamic gene delivery by tail vein injection. An arm was 

included in the study where GLAko mice were injected with buffer only as a negative control.  

Another arm was included in the study in which WT animals were treated with buffer. The 

animals were sacrificed 2 days post injection. Serum was collected by cardiac puncture at 

terminal endpoint and tissues such as the heart and kidney were collected after perfusion with 

PBS. Samples were snap frozen and stored at -80°C. Serum and tissue samples were analyzed for 

a-GAL activity.  

[0465 In the second study, 10-12 week old male mice were used. The same study design 

as the first study was followed. An additional arm was included in this study in which the 

GLAko mice were injected with recombinant human a-GAL protein at 1mg/kg dose as a 

positive control.  

104661 Tissues were homogenized in lysis buffer containing 10mM HEPES with 0.5% 

Triton-X 100 and 1.5x Halt protease inhibitor cocktail, EDTA free, centrifuged and supernatant 

collected for analytical assays. Alpha galactosidase activity in supernatant or serum was 

measured using a fluorescent substrate. Briefly, 2ul of biological samples were incubated with 15 

uL 4-MU-a-GLA substrate solution (Research Products International Company, catalog# 

M65400) with a-galactosidase B inhibitor (N-acetyl-D-galactosamine, Sigma catalog #A-2795) 

at 37°C for 60 minutes. The enzymatic reaction is stopped by addition of 200 uL glycine 

carbonate stop solution, pH 10.7. The 4-MU product was measured at the excitation wavelength 

360 nm and emission wavelength 465 nm by a fluorescence plate reader. The concentrations of 

4-MU in testing samples are calculated from the 4-MU calibration curve in the same plate.  

Tissue activity was normalized to total protein concentration determined by BCA assay.  

[04671 It was observed that in the first study, mice injected with plasmids A through F 

had significantly higher levels of a-GAL activity in circulation as well as in the heart and 

kidneys compared to that with WT (FIG. 10A-FIG. 10C). Plasmid A expresses wild type human 

a-GAL protein while the other plasmids expressed a-GAL variants that are engineered to 

improve serum stability and tissue uptake, which was reflected in these results. Plasmid D 

resulted in the highest a-GAL activity in both serum and tissues.  

104681 In the second study, mice injected with plasmids 002 through 007 (expressing 

engineered a- a-GAL) had significantly higher levels of a-GAL activity in circulation as well as 
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in the heart and kidneys compared to that with 001 (expressing WT a-GAL) (FIG. 1OD-FIG.  

10F). In this study, the variant 004 resulted in the highest serum and tissue a-GAL activity.  

[04691 This Example demonstrated that the plasmids containing various variant a-GAL 

transgenes express enzymes with significantly higher serum stability and tissue biodistribution 

compared to plasmids containing wild-type GLA.  

Example 11. Comparison of vectors expressing engineered a- c-GAL and WT a-GAL 

104701 This Example examined enzyme activity in serum and tissues following 

administration of viral vectors encoding engineered a- a-GAL and WT a- a-GAL.  

[04711 First, 4 variants of rAAV9 vector (described herein as rAAV9-WT, rAAV9-A, 

rAAV9-005, rAAV9-D were produced and purified as described in Example 1 above.  

Study I 

104721 In study 1, 12-13 weeks old G3Stg/GLAko male mice were administered once 

with rAAV9-A, rAAV9-005, rAAV9-D, and rAAV9-WT at 2 different doses 5.0 x 1010 and 

2.5 x 10"vg/kg, or with a null control at 2.5 x 101 vg/kg and monitored for 4 weeks post 

dose. Table 3 shows the particular a-GAL variant used in each rAAV9. WT:WT sibling mice 

with the same genetic background were used as control and were administered with vehicle only.  

Mice were assigned to each test article group in a semi-randomized process based on pre-dose 

body weights to ensure balanced groups. Serum was collected during the study at multiple time 

points. Blood was collected via retro-orbital or tail vein bleed during the study and via cardiac 

puncture at termination and processed to collect serum. At the end of the study, terminal serum 

was collected, and mice were perfused for collection of organs, including liver, kidney and heart 

then snap frozen in dry ice and stored at -80C. Analytical evaluations included measurement of 

a-GAL enzyme activity, and analyses of substrate levels in serum and various tissues.  

Table 3: rAAV9 - a-GAL variant vector summary 

rAAV9vector name - a-GAL Protein comprisesSEQ NucleicAcid 

variant ID NO comprises SEQ ID 

NO 

rAAV9-WT WILD TYPE SEQ ID NO: 30 SEQ ID NO: 3 

rAAV9-A A SEQ ID NO: 7 SEQ ID NO: 18 
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rAAV9-005 005 SEQ ID NO: 15 SEQID NO: 27 

rAAV9-D D SEQ ID NO: 10 SEQ ID NO: 37 

rAAV9-40 004 SEQ IDNO:14 SEQ IDNO:26 

rAAV9-41 008 SEQ ID NO: 33 SEQ ID NO: 31 

rAAV9-42 009 SEQ ID NO: 34 SEQ ID NO: 32 

Alpha Galactosidase Activitv: 

[04731 Tissues were homogenized in lysis buffer containing 10mM HEPES with 0.5% 

Triton-X 100 and 1.5x Halt protease inhibitor cocktail, EDTA free, centrifuged and supernatant 

collected for analytical assays. Alpha galactosidase activity in supernatant or serum was 

measured using a fluorescent substrate. Briefly, 2ul of biological samples were incubated with 15 

uL 4-MU-a-gal substrate solution (Research Products International Company, catalog# M65400) 

with a-galactosidase B inhibitor (N-acetyl-D-galactosamine, Sigma catalog #A-2795) at 37°C for 

60 minutes. The enzymatic reaction is stopped by addition of 200 uL glycine carbonate stop 

solution, pH 10.7. The 4-MU product is measured at the excitation wavelength 360 nm and 

emission wavelength 465 nm by a fluorescence plate reader. The concentrations of 4-MU in 

testing samples are calculated from the 4-MIU calibration curve in the same plate. Tissue 

activity is normalized to total protein concentration determined by BCA assay (Thermo 

Scientific, catalog# 23225).  

[04741 Mus musculus, G3Stg/GLA knockout mice were generated by crossing GLA 

knockout mice, which have a C57BL/6 background, withGB3 synthase transgenic mice. The 

founders were purchased from Jackson labs and the breeding colony was maintained at Taconic 

Biosciences. Animals were maintained in a controlled environment on a 12h dark/12h light 

cycle (lights on at 7:00am) with no more than 4 mice per cage in a ventilated cage rack system at 

Takeda or Melior Discoveries and fed standard rodent chow and water ad libitum.  

[04751 Single intravenous administration of rAAV9-A, rAAV9-005 and rAAV9-D at 

either 5.0 x 10" vg/kg or 2.5 x 10" vg/kg to male G3Stg/GLAko mice resulted in sustained 

higher a-GAL activity in serum compared to administration of rAAV9-WT over the 4-week 

duration of the study.  

Study 2 
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104761 In study 2, 14-16 weeks old G3Stg/GLAko male mice were administered once 

with rAAV9-40, rAAV9-41, rAAV9-42, rAAV9-WT, or with null vector at 2.5 x 1011 vg/kg 

dose and monitored for 4 weeks post dose. Table 3 shows the particular a-GAL variants used in 

each rAAV9. WT:WT sibling mice were used as control and administered with vehicle only.  

The same study design as the previous study was followed.in which older G3Stg/GLAko mice 

(14-16 weeks old) were used, a single dose at 2.5 x 10" vg/kg of rAAV9-40, rAAV9-41 and 

rAAV9-42 also produced sustained a-GAL activity in serum throughout 4 weeks and at a higher 

level than rAAV9-WT treated animals.  

[04771 FIG. 13A-FIG. 13B depict a-galactosidase activity of each variant in serum. It 

was observed that the a-GAL activity in serum of animals dosed with rAAV9-A, rAAV9-005 

and rAAV9-D at 2.5 x 10" vg/kg dose was more than 16,000 fold, 16,000 fold and 46,000 fold 

respectively above normal a-GAL activity in WT mice, as measured in the WT:WT animals 

treated with vehicle. In contrast, a-GAL serum activity after rAAV9-WT administration reached 

just above 1,000 fold over normal. Further, elevated a-GAL activity in tissues (kidney, heart 

and liver) was also observed in rAAV9-A, rAAV9-005 and rAAV9-D treated animals, compared 

to ones treated with rAAV9-WT group at 2 different doses. FIG. 13C-FIG. 13E summarize the 

a-galactosidase activity of each variant in kidney, heart and liver.  

104781 FIG. 14A depicts serum a-galactosidase activity of various variants in 

G3Stg/GLAko mice (14-16 weeks old). Elevated serum a-GAL activity in rAAV9-40 and 

rAAV9-42 group was above 11,000 fold compared to WT:WT vehicle control, and above 6,600 

fold in rAAV9-41 group, while serum a-GAL activity in rAAV9-WT treated animals was only 

780 fold above WT:WT control group. All tissues evaluated in rAAV9-40, rAAV9-42 and 

rAAV9-41 group also demonstrated higher a-GAL activity than rAAV9-WT treated animals, 

except in the liver of rAAV9-41 animals, which was lower than that of animals treated with 

rAAV9-WT (FIG. 14B- FIG. 14D).  

104791 Table 4 summarizes the serum and tissue a- a-GAL activities of each variant.  
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Table 4: Serum and tissue c-GAL activity at 4 weeks post IV administration of variants compared to null control 

c-GAL activity at a dose of 2. 5 x 1011 vg/kg 
WT:WT Veh rAAV9-WT rAAV9-A rAAV9-005 rAAV9-D 

Act. Act. Act.  
nmollhr/m Act. nmollhr/m Act. nmollhr/m 
L Serum nmollhr/mL L Serum nmoilhr/mL L Serum 

Serum, or mg of Serum or or mg of Serum or mg SE or mg of 
Tissue Prot SEM N mgofProt SEM N Prot SEM N ofProt M N Prot SEM N 

675 

Serum 11 2 6 423.9 247 6 76503 18281 6 24553 8 6 23242 4973 6 

Kidney 13 0 6 19 10 6 2052 520 6 468 112 6 350 94 6 

Heart 6 0 6 58 39 6 3951 892 6 799 188 6 758 158 6 
114 

Liver 37 2 6 432 241 6 23923 5646 6 4367 5 6 4623 812 6 

a-GAL activity at a dose of S. 0 x 1010 vg/kg 
WT:WT Veh rAAV9-null rAAV9-WT rAAV9-A rAAV9-005 rAAV9-D 

Act. Act.  
Act. Act. nmol/hr/m Act. nmol/hr/m Act.  

nmol/hr/mL nmol/hr/mL L Serum mol/hr/mL L Serum mol/hr/mL 
Serum, Serum or Seum or or mg of Seum or mg or mg of Serum or 
Tissue mgofProt SEM N mgofProt SEM N Prot SEM N ofProt SEM N Prot SEM N mgofProt SEM N 

Serum 11 2 6 1 1 5 11757 2914 5 484606 46941 5 162977 15844 5 160410 35695 5 

Kidney 13 0 6 2 1 5 410 71 5 9824 1822 5 5321 962 5 3100 788 5 

Heart 6 0 6 0 0 5 1439 343 5 22833 5065 5 10866 1499 5 7653 2700 5 

Liver 37 1 2 1 6 3 1 5 16734 1 1687 1 5 86567 1 7160 5 43162 14175 5 34543 10554 5 

c-GAL activity at a dose of 5.0 x 1010 vg/kg at 2. 5 x 1011 vg/kg from Study 2 
WT:WT Veh rAAV9-null rAAV9-WT rAAV9-A rAAV9-005 rAAV9-D 

Act. Act.  
Act. Act. nmollhr/ nmollhr/ Act.  

nmollhr/m nmollhr/m mL Act. mL nmollhr/m 
L Serum L Serum Serum or nmollhr/mL Serum or L Serum 

Serum, or mg of or mg of mg of Serum or mg of or mg of 
Tissue Prot SEM N Prot SEM N Prot SEM N mgofProt SEM N Prot SEM N Prot SEM N 

Serum 23 1 8 0 0 7 17938 2629 7 253154 60153 8 151451 55459 7 309866 75811 7 

Kidney 1 0 8 0 0 7 613 87 7 4263 880 8 1968 589 7 5936 1052 7 

Heart 7 1 | 8 5 3 7 2270 | 423 7 7445 1392 8 5172 1964 7| 19168 4040 7 

Liver 42 2 8 5 1 7 60999 8904 7 142489 21338 8 29357 8232 7 93335 21958 7 

Serum 23 1 8 0 0 7 | 17938 | 2629 7 | 253154 1 60153 8 | 151451 55459 7 | 309866 75811 7 
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Example 12. Comparison of GB3 and lysoGb3 substrates reduction in variants 

104801 This Example examined the effects of engineered a-GAL and WT a-GAL 

variants on GB3 and lysoGb3 reduction.  

GB3 and lysoGb3 Substrate Quantification 

104811 Substrates from serum and tissue samples were analyzed using an LC-MS 

method. Samples were extracted first using Chloroform:Methanol (v/v 2:1) and formic acid 

before running in HPLC and LC-MS/MS (Applied Biosystem API5000, Turbo Ion Spray 

Ionization, positive-ion mode).  

[04821 It was observed that with sustained high a-GAL activity in serum and tissues, 

both GB3 and lysoGb3 substrates were reduced substantially in mice treated with viral vectors 

expressing a-GAL compared to rAAV9- Null control in both studies. FIG. 15A-15D 

summarizes serum and tissue GB3 at 4 weeks post IV administration of rAAV9-A, rAAV9-005, 

rAAV9-D, rAAV9-WT, Null control at 2 different doses from Study 1 (described in Example 

10). FIG. 16A-16D summarizes serum and tissue lysoGb3 at 4 weeks post IV administration of 

rAAV9-A, rAAV9-005, rAAV9-D, rAAV9-WT, Null control at 2 different doses from Study 1.  

FIG. 17A-17D summarizes serum and tissue GB3 at 4 weeks post IV administration of rAAV9

A, rAAV9-005, rAAV9-D, rAAV9-WT, Null control at 2 different doses from Study 2 

(described in Example 10). FIG. 18A-18D summarizes serum and tissue lysoGb3 at 4 weeks 

post IV administration of rAAV9-A, rAAV9-005, rAAV9-D, rAAV9-WT, Null control at 2 

different doses from Study 2. In the liver, where a-GAL activity was the highest after dosing of 

viral vectors, all viral vectors were equally efficient in reducing substrate close to zero after 

being dosed at 2.5 x 10"vg/kg dose. In the heart and kidneys, rAAV9-A, rAAV9-005, rAAV9

D, rAAV9-41 and rAAV9-42 were more efficient than rAAV9-WT, in reducing GB3. One 

exception to this was the kidneys in rAAV9-41 treated animals. Table 5 shows serum and tissue 

GB3 and lysoGb3 substrates at 4 weeks post IV administration of rAAV9-A, rAAV9-005, 

rAAV9-D, rAAV9-WT, rAAV9 Null control at 2.5 x 10"vg/kg and 5.0 x 10" vg/kg doses 

from Study 1. Table 6 shows Serum and tissue GB3 and lysoGb3 substrates at 4 weeks post IV 

administration of rAAV9-40, rAAV9-41, rAAV9-42, rAAV9-WT, rAAV9- Null control at 2.5 x 

10"vg/kg from study 2.  
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[0483] Table 7 shows comparison of tissue GB3 substrate reduction in percentage of 

G3Stg/GLAko Null control group (rAAV9-null) at 4 weeks post administration of rAAV9 test 

articles from study 1 and study 2.  

[04841 GB3 reduction in the heart was at or greater than 86% in animals treated with 

viral vectors expressing engineered a-GAL (as high as 95% in rAAV9-42 treated animals) 

compared to animals treated with null vector. In contrast, GB3 was reduced in the heart by only 

70% and 58% in animals treated with rAAV9-WT in studies 1 and 2 respectively (Table 7).  

Substrate accumulation occurs progressively with age in this mouse model. Since older mice 

were used in study 2, the percentage of substrate clearance by rAAV9-WT was lower in this 

study than in study 1. Kidney GB3 reduction post treatment with rAAV9-A, rAAV9-005 and 

rAAV9-D was 96%, 95% and 93% respectively, compared to 74% reduction in kidney GB3 in 

animals treated with rAAV9-WT in study 1 (Table 7). In study 2, treatment with rAAV9-40, 

rAAV9-41, and rAAV9-42 reduced kidney GB3 substrates by 86%, 51% and 86% respectively 

compared to null vector treated animals, while the reduction in animals treated with rAAV9-WT 

was 79% (Table 7). At 2.5e11 vg/kg dose of viral vectors expressing engineered a-GAL 

variants in Fabry symptomatic mice, lysoGb3 substrate levels were nearly normalized to that of 

WT:WT mice treated with vehicle (Table 5 and Table 6).  
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Table 5 Serum and tissueGB3 and lysoGb3 substrates at 4 weeks post IV administration From Study 1.  

WT:WTVeh rAAV9-nuIIcontrol rAAV9-22 rAAV9-A rAAV9-005 rAAV9-D 

Serum, Gb3ug/mL SEM N Gb3ug/mL SEM N Gb3ug/mL SEM N Gb3ug/mL SEM N Gb3ug/mL SEM N Gb3ug/mL SEM N 
Tissue Serum or mg Serum or mg Serum or mg Serum or mg Serum or mg Serum or 

of Prot of Prot of Prot ofProt of Prot mg of Prot 

Serum 010 000 6 9.06 191 5 174 0.05 5 146 012 5 1.66 012 5 1.58 0.16 5 

Kidney 088 011 6 1182 L57 5 158 0.95 5 048 0.04 5 0.64 0.05 5 0.92 0.25 5 

Heart 000 000 6 3638 159 5 1520 110 5 2142 017 5 484 0.84 5 2.82 0.40 5 

Liver 000 000 6 1846 147 5 010 000 5 014 0.02 5 012 0.02 5 0.12 0.02 5 

Serum, LysoGb3 SEM N LysoGb3 SEM N LysoGb3 SEM N LysoGb3 SEM N LysoGb3 SEM N LysoGb3 SEM N 
Tissue ng/mL Serum ng/mL Sernm ng/mL Sernm ng/mL Serum ng/mL Sernm ng/mL 

or mg of Prot or mg of Prot or mg of Prot or mg of Prot or mg of Prot Serum or n 
ofProt 

Serum 289 012 6 26180 1536 5 221 017 5 112 017 5 0.79 010 5 0.61 0.04 5 

Kidney 0.04 000 6 842 0.68 5 030 0.05 5 0.04 000 5 0.07 0.01 5 0.05 0.01 5 

Heart 000 000 6 1949 .05 5 4.80 063 5 0.05 0.01 5 0.71 030 5 0.12 0.04 5 

Liver 008 000 6 6627 300 5 057 0.05 5 0.09 000 5 015 0.02 5 0.12 0.00 5 

WT:WTVeh rAAV9-WT rAAV9-A rAAV9-005 rAAV9-D 

Serum, Gb3ug/mL SEM N Gb3ug/mL SEM N Gb3ug/mL SEM N Gb3ug/mL SEM N Gb3ug/mL SEM N 
Tissue Serum or Serum or Serum or Serum or Serum or 

mgofProt mg of Prot mg ofProt mg of Prot nmg of Prot 
Serum 010 000 6 508 079 5 158 007 5 208 020 5 185 018 5 

Kidney 088 011 6 917 L35 5 140 033 5 1.93 042 5 117 010 5 

Heart 000 000 6 25.2 143 5 3.90 039 5 1150 282 5 467 055 

Liver 000 000 6 167 0.76 5 012 0.02 5 017 0.05 5 015 0.05 5 

Serum, Tiss LysoGb3 SEM N LysoGb3 SEM N LysoGb3 SEM N LysoGb3 SEM N LysoGb3 SEM N 
ng/mL Seru ng/mL Sern. ng/mL Sern. ng/mL Seru ng/mL Sen 
or mg of Pro or mg of Pro or mg of Pro or mg of Pro or rug of Pro 

Serum 289 012 6 2913 1039 5 0.66 0.02 5 176 083 5 101 041 5 

Kidney 0.04 000 6 170 088 5 0.07 0.01 5 027 011 5 010 001 5 

Heart 000 000 6 1225 0.95 5 029 0.09 5 162 129 5 060 019 5 
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Liver 008 000 6 8.49 24 5 013 001 5 049 024 5 032 017 5 

Table 6 Serum and tissueGB3 and lysoGb3 substrates at 4 weeks post IV administration From Study 2.  

WT:WTVeh rAAV9-null rAAV9-WT rAAV9-40 rAAV9-41 rAAV9-42 

Gb3 ug/mL Gb3 ug/mL Gb3 ug/mL Gb3 ug/mL Gb3 ug/mL Gb3 ug/mL 
Serum, Serumor Serum or Serum or Serum or Serum or mg Serum or mg 
Tissue mgofProt SEM N mg of Prot SEM N mg of Prot SEM N mgofProt SEM N of Prot SEM N ofProt SEM N 
Serum 0.1 0.0 6 9.9 0.7 7 1.4 0.1 7 1.0 0.1 8 1.5 0.1 7 1.0 0.1 7 

Kidney 2.3 0.5 6 17.0 1.2 7 3.5 0.6 7 2.5 0.6 8 8.4 2.3 7 2.4 0.4 7 

Heart 0.0 0.0 6 35.6 3.0 7 10.8 0.8 7 2.7 0.7 8 4.8 1.6 7 1.9 0.2 7 

Liver 0.0 0.0 6 28.9 2.2 7 0.1 0.0 7 0.1 0.0 8 0.1 0.0 7 0.1 0.0 7 
LysoGb3 LysoGb3 LysoGb3 LysoGb3 LysoGb3 
ng/mL ng/mL ng/mL ng/mL ng/mL LysoGb3 

Serum, Serumor Serum or Serum or Serum or Serum or mg ng/mL Serum 
Tissue mg of Prot SEM N mg of Prot SEM N mgofProt SEM N mg of Prot SEM N of Prot SEM N or mg of Prot SEM N 
Serum 1.5 0.1 6 568.1 33.0 7 11.8 1.1 7 2.0 0.2 7 2.7 0.6 6 2.1 0.1 7 

Kidney 0.1 0.0 6 16.9 1.2 7 0.5 0.1 7 0.2 0.1 8 0.4 0.2 7 0.1 0.0 7 

Heart 0.0 0.0 6 29.9 2.5 7 6.4 0.8 7 1.0 0.8 8 1.'7 1.1 7 0.2 0.0 7 
Liver 0.1 0.0 6 115.4 8.2 7 0.3 0.0 7 0.2 0.1 8 0.2 0.1 7 0.1 0.0 7 

Table 7 Comparison of tissueGB3 substrate reduction in percentage of G3Stg/GLAko Null control group (rAAV9-MY011) at 4 
weeks post administration of rAAV9 test articlesfrom 2 studies (Study 1 and Study 2) at indicated dose 

Study 1 
Tissue %GB3 reduction from 
Null group at 2.5el1vg/kgdose rAAV9-WT rAAV9-A rAAV9-005 rAAV9-D 

Kidney 74% 96% 95% 93% 

Heart 58% 93% 86% 92% 

Liver 99% 99% 99% 99% 
Study 2 

rAAV9-WT rAAV9-40 rAAV9-41 rAAV9-42 
Kidney 79% 86% 51% 86% 

Heart 70% 92% 87% 95% 

Liver 99.7% 99.7% 99.6% 99.6% 
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Example 13 - In vitro assessment ofplasmids expressing codon-optimized engineered a-GAL 
variants.  

104851 This Example examined the a-GAL activity of various codon optimized u -GAL 

variants in two different cell lines.  

104861 The DNA sequence of engineered u -GAL variants D and 004 were further codon 

optimized to improve expression from human liver, kidney and heart tissues. Up to six individual 

DNA sequences were each generated for the engineered u -GAL variants D and 004. These were 

then incorporated into plasmids and used for transfection.  

104871 Huh7 (human hepatoma) or HEK293 (human embryonic kidney) cells were 

transfected with plasmids expressing different a-GAL variants using lipofectamine 3000 reagent 

kit (Thermo Fisher Scientific) as per manufacturer's instructions. Briefly, cells were seeded at 

125,000 cells per well in a 12 well plate format with 1mL per well growth media and maintained 

at37C, 5% C02 overnight. Next day, afresh media was added (1mL per well) before 

transfection. For each plasmid, 1pg of plasmid DNA was added to 2ul of P3000 reagent, 1.5pl of 

lipofectamine 3000 and enough OptiMIEM media to make up 100ul and incubated at room 

temperature for 10-15mins. This mixture was then added to the cells and incubated at 37C, 5% 

C02 overnight. Next day, media was refreshed, and cells incubated for another day before 

collecting the supernatant for a-GAL activity analysis.  

104881 Supernatants from the transfected cells were collected and assayed for u -GAL 

enzyme activity. All the codon optimized variants of D resulted in significantly higher u -GAL 

activity compared to either WT a -GAL or non-optimized enzyme D in Huh7 cells. (FIG. 19A).  

In contrast, in HEK293 cells, only 3 of the optimized variants showed superior activity in 

supernatant (FIG. 19C). In case of engineered variant 004, only one codon optimized variant 

showed relatively good activity in both Huh7 and HEK293 cells (FIG. 19B, 19D). The plasmids 

expressing the two of the codon optimized engineered variants were then packaged into rAAV9 

virus and tested in vivo, as described in Example 13.  

Example 14 - In vivo assessment ofplasmids expressing codon-optimized engineered a-GAL 

variants.  

[04891 This Example examined the a-GAL activity of various codon optimized u -GAL 

variants in Fabry model mice (G3Stg/GLAko).  
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[0490] 10-12 weeks old G3Stg/GLAko male mice were administered once with rAAV9

D3 and rAAV9-004-3, at 4 different doses 2.5 x 108,2.5 x 109, 2.5 x 1010 and 2.5 x 

10"vg/kg, or with a null control rAAV9-NULL at 2.5 x 10"vg/kg and monitored for 4 weeks 

post dose. WT:WT and WTCAR sibling mice with the same genetic background were used as 

control and were administered with vehicle only. Mice were assigned to each test article group 

in a semi-randomized process based on pre-dose body weights to ensure balanced groups.  

Serum was collected during the study at multiple time points. Blood was collected via retro

orbital or tail vein bleed during the study and via cardiac puncture at termination and processed 

to collect serum. At the end of the study, terminal serum was collected, and mice were perfused 

for collection of organs, including liver, kidney and heart then snap frozen in dry ice and stored 

at -80°C. Analytical evaluations included measurement of u-GAL enzyme activity, and analyses 

of substrate levels in serum and various tissues.  

10491] Tissues were homogenized in lysis buffer containing 10mM HEPES with 0.5% 

Triton-X 100 and 1.5x Halt protease inhibitor cocktail, EDTA free, centrifuged and supernatant 

collected for analytical assays. Alpha galactosidase activity in supernatant or serum was 

measured using a fluorescent substrate. Briefly, 2pl of biological samples were incubated with 

15 uL 4-MU-a-gal substrate solution (Research Products International Company, catalog# 

M65400) with a-galactosidase B inhibitor (N-acetyl-D-galactosamine, Sigma catalog #A-2795) 

at 37°C for 60 minutes. The enzymatic reaction is stopped by addition of 200 pL glycine 

carbonate stop solution, pH 10.7. The 4-MU product is measured at the excitation wavelength 

360 nm and emission wavelength 465 nm by a fluorescence plate reader. The concentrations of 

4-MIU in testing samples are calculated from the 4-MIU calibration curve in the same plate.  

Tissue activity is normalized to total protein concentration determined by BCA assay (Thermo 

Scientific, catalog# 23225).  

104921 Dose dependent expression of a-GAL was observed in G3Stg/GLAko mice after 

intravenous administration of rAAV9-D3 and rAAV9-004-3 at doses ranging from 2.5e8 vg/kg 

to 2.5e11 vg/kg to male G3Stg/GLAko mice resulted in sustained higher a-GAL activity in 

serum over the 4-week duration of the study (FIG. 20A). The a-GAL activity in serum of 

animals dosed with rAAV9-D3 and 004-3 at 2.5el l vg/kg dose was more than 2 logs in order of 

magnitude higher above normal a-GAL activity in WT mice, as measured in the WT animals 

treated with vehicle. The G3Stg/GLAko mice treated with rAAV9-NULL had undetectable 
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levels of a-GAL in circulation. Dose dependent increase in a-GAL activity was observed in 

tissues (kidney, heart and liver) in animals treated with rAAV9-D3 and 004-3 (FIG. 20B-20D).  

Significant a-GAL activity above normal WT levels was observed at doses at or above 

2.5elOvg/kg of rAAV9- D3 and rAAV9-004-3.  

Example 15 - In vivo assessment of GB3 and ysoGb3 substrates with plasmids expressing 

codon-optimized engineered a-GAL variants.  

[04931 This Example examined the reduction of GB3 and lysoGb3 substrates in various 

codon optimized a -GAL variants in Fabry model mice (G3Stg/GLAko).  

[04941 As explained in Example 14, G3Stg/GLAko male mice were administered with 

rAAV9-D3 and rAAV9-004-3, at 4 different doses. Additionally, tissues were homogenized as 

previously mentioned in Example 14. Substrates from serum and tissue samples were analyzed 

using an LC-MS method. Samples were extracted first using Chloroform:Methanol (v/v 2:1) and 

formic acid before running in HPLC and LC-MS/MS (Applied Biosystem API5000, Turbo Ion 

Spray Ionization, positive-ion mode).  

[04951 It was observed that bothGB3 and lysoGb3 substrates were reduced in a dose 

dependent manner in mice treated with rAAV9-D3 and rAAV9-004-3 compared to rAAV9-null 

control (FIG. 21A-21H). At the highest dose of 2.5e1lvg/kg, treatment of animals with either 

rAAV9-D3 or rAAV9-044-3 resulted in decreasing the levels of GB3 and lysoGb3 substrate to 

normal WT levels in the key target tissues such as the kidney and the heart. Similar trends were 

observed for the liver and serum.  
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EQUIVALENTS AND SCOPE 

104961 Those skilled in the art will recognize, or be able to ascertain using no more than 

routine experimentation, many equivalents to the specific embodiments of the invention 

described herein. The scope of the present invention is not intended to be limited to the above 

description, but rather is as set forth in the following claims: 
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CLAIMS 

1. A recombinant adeno-associated virus (rAAV) vector packaged in an AAV capsid having 

broad tissue tropism, said vector comprising 

a. a 5' inverted terminal repeat (ITR); 

b. a ubiquitous promoter; 

c. a nucleotide sequence encoding a-GAL enzyme; 

d. a poly A; and 

e. a 3' ITR.  

2. A recombinant adeno-associated virus (rAAV) vector packaged in an AAV capsid having 

broad tissue tropism, said vector comprising 

a. a 5' inverted terminal repeat (ITR); 

b. a ubiquitous promoter; 

c. a nucleotide sequence encoding a-GAL enzyme; 

d. a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); 

e. a poly A; and 

f a 3' ITR.  

3. The recombinant rAAV vector of claim 1 or 2, wherein the AAV capsid is a wide

tropism AAV capsid selected from an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4 

capsid, AAV5 capsid, AAV6 capsid, AAV7 capsid, AAV8 capsid, or AAV9 capsid.  

4. The recombinant rAAV vector of claim 3, wherein the wide-tropism AAV capsid is 

AAV9.  

5. The rAAV vector of claim 1, wherein the ubiquitous promoter is selected from chicken 

actin (CBA) promoter, EF-lu promoter, PGK promoter, UBC promoter, LSE beta-glucuronidase 

(GUSB) promoter, or ubiquitous chromatin opening element (UCOE) promoter.  

6. The rAAV vector of claim 1, wherein the ubiquitous promoter comprises a cyto-megalo

virus (CMV) enhancer, chicken beta actin promoter, and a rabbit beta globin intron.  
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7. The rAAV vector of claim 1, wherein the ubiquitous promoter comprises a shortened EF

la promoter and one or more introns.  

8. The rAAV vector of claim 7, wherein the one or more introns are from chicken P-actin 

and/or rabbit p-globin genes.  

9. The rAAV vector of claim 4, wherein the AAV9 capsid is naturally occurring or 

modified.  

10. The rAAV vector of claim 2, wherein the WPRE sequence is modified.  

11. The rAAV vector of claim 10, wherein the WPRE sequence is WPRE mut6delATG.  

12. The rAAV vector of claim 1 or 2, wherein the poly A is bovine growth hormone (BGH) 

poly A.  

13. The rAAV vector of any one of the proceeding claims, wherein the nucleotide sequence 

encoding a-GAL enzyme is codon optimized.  

14. The rAAV vector of claim 13, wherein the nucleotide sequence encoding a-GAL enzyme 

is codon optimized for human cells.  

15. The rAAV vector of any one of claims 1-13, wherein the a-GAL enzyme has an 

unmodified sequence.  

16. A method of treating Fabry disease, the method comprising administering to a subject in 

need thereof a recombinant adeno-associated viral vector (rAAV) of any one of the preceding 

claims.  

17. A pharmaceutical composition comprising the rAAV vector of any one of claims 1-15.  
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18. A cell comprising the rAAV vector of any one of claims 1-15.  

19. A method of treating Fabry disease, the method comprising administering to a subject in 

need thereof a recombinant adeno-associated viral vector (rAAV) packaged in a capsid with 

broad tissue tropism, the vector comprising: 

a. a 5' inverted terminal repeat (ITR); 

b. a ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken 

beta actin promoter, and a rabbit beta globin intron; 

c. a nucleotide sequence encoding a-GAL enzyme; 

d. a poly A; and 

e. a 3' ITR.  

20. A method of treating Fabry disease, the method comprising administering to a subject in 

need thereof a recombinant adeno-associated viral vector (rAAV) packaged in a capsid with 

broad tissue tropism, the vector comprising: 

a. a 5' inverted terminal repeat (ITR); 

b. a ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken 

beta actin promoter, and a rabbit beta globin intron; 

c. a nucleotide sequence encoding a-GAL enzyme; 

d. a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); 

e. a poly A; and 

f. a 3' ITR.  

21. The method of claim 19 or 20, wherein the AAV capsid is a wide-tropism AAV capsid 

selected from an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4 capsid, AAV5 capsid, 

AAV6 capsid, AAV7 capsid, AAV8 capsid, or AAV9 capsid.  

22. The recombinant rAAV vector of claim 21, wherein the wide-tropism AAV capsid is 

AAV9.  
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23. The method of claim 19 or 20, wherein the nucleotide sequence encoding a-GAL 

enzyme is codon optimized.  

24. The method of claim 19 or 20, wherein the nucleotide sequence encoding a-GAL 

enzyme is engineered.  

25. The method of claim 24, wherein the nucleotide sequence encoding a-GAL enzyme is 

engineered and codon optimized.  

26. The method of any one of claims 19-22, wherein the a-GAL enzyme has an unmodified 

sequence.  

27. The method of claim 20, wherein the WPRE is WPRE mut6delATG.  

28. The method of claim 20, wherein the poly A is a bovine growth hormone (BGH) poly A.  

29. The method of any one of claims 19-28, wherein the rAAV vector is administered by 

intravenous, subcutaneous, or transdermal administration.  

30. The method of claim 29, wherein the transdermal administration is by gene gun.  

31. The method of any one of claims 19-30, wherein the rAAV vector is episomal following 

administration.  

32. The method of claim 19 or 20, wherein the rAAV vector achieves a therapeutic effect at a 

lower dose than a rAAV vector comprising an AAV1 capsid, AAV2 capsid, AAV3 capsid, 

AAV4 capsid, AAV5 capsid, AAV6 capsid, AAV7 capsid, or AAV8 capsid which is specifically 

targeted to the liver using a liver-specific promoter.  
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33. The method of any one of claims 19-32, wherein following administration of the rAAV 

vector, the subject has detectable a-GAL in the serum for at least 5 weeks, 10 weeks, 15 weeks, 

26 weeks, 1 year, 5 years, 10 years or 15 years.  

34. The method of claim 33, wherein the subject has detectable a-GAL in the serum for 

greater than 15 weeks.  

35. The method of any one of claims 19-34, wherein administration results in a-GAL 

enzyme expression in one or more of liver, kidney, heart, and gastrointestinal tract, of the 

subject.  

36. The method of any one of claims 19-34, wherein administration of the rAAV vector 

results in reduced levels of globotriaosylceramide (gb3) in one or more of liver, heart, kidney 

and GI tract of the subject.  

37. A method of expressing a-GAL enzyme in a cell, the method comprising administering a 

rAAV vector packaged in an AAV9 capsid, said vector comprising: 

a. a 5' inverted terminal repeat (ITR); 

b. a ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken 

beta actin promoter, and a rabbit beta globin intron; 

c. a nucleotide sequence encoding a-GAL enzyme; 

d. a bovine growth hormone (BGH) poly A; and 

e. a 3' ITR.  

38. A method of expressing a-GAL enzyme in a cell, the method comprising administering a 

rAAV vector packaged in an AAV9 capsid, said vector comprising: 

a. a 5' inverted terminal repeat (ITR); 

b. a ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken 

beta actin promoter, and a rabbit beta globin intron; 

c. a nucleotide sequence encoding a-GAL enzyme; 
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d. a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE) 

having mut6delATG mutation; 

e. a bovine growth hormone (BGH) poly A; and 

f a 3' ITR.  

39. A recombinant adeno-associated virus (rAAV) vector packaged in an AAV capsid having 

broad tissue tropism, said vector comprising 

a. a 5' inverted terminal repeat (ITR); 

b. a liver specific promoter; 

c. a nucleotide sequence encoding a-GAL enzyme; 

d. a poly A; and 

e. a 3' ITR.  

40. A recombinant adeno-associated virus (rAAV) vector packaged in an AAV capsid having 

broad tissue tropism, said vector comprising 

a. a 5' inverted terminal repeat (ITR); 

b. a liver-specific promoter; 

c. a nucleotide sequence encoding a-GAL enzyme; 

d. a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); 

e. a poly A; and 

f a 3' ITR.  

41. The vector of claim 39 or 40, wherein the nucleotide sequence encoding a-GAL enzyme 

is codon optimized.  

42. The vector of claim 39 or 40, wherein the nucleotide sequence encoding a-GAL enzyme 

is engineered.  

43. The vector of claim 39 or 40, wherein the nucleotide sequence encoding a-GAL enzyme 

is both codon optimized and engineered.  
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                         SEQUENCE LISTING

<110>  TAKEDA PHARMACEUTICAL COMPANY LIMITED
 
<120>  COMPOSITION AND METHODS FOR THE TREATMENT OF FABRY DISEASE

<130>  MIL‐014WO1

<150>  US63/154,485
<151>  2021‐02‐26

<160>  77    

<170>  PatentIn version 3.5

<210>  1
<211>  130
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  1
ctgcgcgctc gctcgctcac tgaggccgcc cgggcaaagc ccgggcgtcg ggcgaccttt       60

ggtcgcccgg cctcagtgag cgagcgagcg cgcagagagg gagtggccaa ctccatcact      120

aggggttcct                                                             130

<210>  2
<211>  1881
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  2
gatcttcaat attggccatt agccatatta ttcattggtt atatagcata aatcaatatt       60

ggctattggc cattgcatac gttgtatcta tatcataata tgtacattta tattggctca      120

tgtccaatat gaccgccatg ttggcattga ttattgacta gttattaata gtaatcaatt      180

acggggtcat tagttcatag cccatatatg gagttccgcg ttacataact tacggtaaat      240

ggcccgcctg gctgaccgcc caacgacccc cgcccattga cgtcaataat gacgtatgtt      300

<110>

SEQUENCE LISTING
TAKEDA PHARMACEUTICAL COMPANY LIMITED

<130> <120> MIL-014W01 COMPOSITION AND METHODS FOR THE TREATMENT OF FABRY DISEASE

<150>

<151>

US63/154,485

2021-02-26

<160> 77

<170>
PatentIn version 3.5

<210> 1
<211> 130
<212> DNA
<213>

Artificial Sequence

<220>

<223>
Synthetic polynucleotide

<400> 1

ggtcgcccgg ctgcgcgctc gctcgctcac tgaggccgcc cgggcaaagc ccgggcgtcg

aggggttcct cctcagtgag cgagcgagcg cgcagagagg gagtggccaa ctccatcact ggcgaccttt
60

120

<210> 2

130

<211> 1881
<212> DNA
<213>

Artificial Sequence

<220>

<223>
Synthetic polynucleotide

<400> 2

ggctattggc gatcttcaat attggccatt agccatatta ttcattggtt atatagcata

tgtccaatat cattgcatac gttgtatcta tatcataata tgtacattta aatcaatatt
60

acggggtcat gaccgccatg ttggcattga ttattgacta gttattaata tattggctca 120

ggcccgcctg tagttcatag cccatatatg gagttccgcg ttacataact gtaatcaatt
180

gctgaccgcc caacgacccc cgcccattga cgtcaataat gacgtatgtt tacggtaaat
240

300



cccatagtaa cgccaatagg gactttccat tgacgtcaat gggtggagta tttacggtaa      360

actgcccact tggcagtaca tcaagtgtat catatgccaa gtccgccccc tattgacgtc      420

aatgacggta aatggcccgc ctggcattat gcccagtaca tgaccttacg ggactttcct      480

acttggcagt acatctacgt attagtcatc gctattacca tggtcgaggt gagccccacg      540

ttctgcttca ctctccccat ctcccccccc tccccacccc caattttgta tttatttatt      600

ttttaattat tttgtgcagc gatgggggcg gggggggggg gggggcgcgc gccaggcggg      660

gcggggcggg gcgaggggcg gggcggggcg aggcggagag gtgcggcggc agccaatcag      720

agcggcgcgc tccgaaagtt tccttttatg gcgaggcggc ggcggcggcg gccctataaa      780

aagcgaagcg cgcggcgggc gggagtcgct gcgacgctgc cttcgccccg tgccccgctc      840

cgccgccgcc tcgcgccgcc cgccccggct ctgactgacc gcgttactcc cacaggtgag      900

cgggcgggac ggcccttctc ctccgggctg taattagcgc ttggtttaat gacggcttgt      960

ttcttttctg tggctgcgtg aaagccttga ggggctccgg gagggccctt tgtgcggggg     1020

ggagcggctc ggggggtgcg tgcgtgtgtg tgtgcgtggg gagcgccgcg tgcggcccgc     1080

gctgcccggc ggctgtgagc gctgcgggcg cggcgcgggg ctttgtgcgc tccgcagtgt     1140

gcgcgagggg agcgcggccg ggggcggtgc cccgcggtgc ggggggggct gcgaggggaa     1200

caaaggctgc gtgcggggtg tgtgcgtggg ggggtgagca gggggtgtgg gcgcggcggt     1260

cgggctgtaa cccccccctg cacccccctc cccgagttgc tgagcacggc ccggcttcgg     1320

gtgcggggct ccgtacgggg cgtggcgcgg ggctcgccgt gccgggcggg gggtggcggc     1380

aggtgggggt gccgggcggg gcggggccgc ctcgggccgg ggagggctcg ggggaggggc     1440

gcggcggccc ccggagcgcc ggcggctgtc gaggcgcggc gagccgcagc cattgccttt     1500

tatggtaatc gtgcgagagg gcgcagggac ttcctttgtc ccaaatctgt gcggagccga     1560

aatctgggag gcgccgccgc accccctcta gcgggcgcgg ggcgaagcgg tgcggcgccg     1620

gcaggaagga aatgggcggg gagggccttc gtgcgtcgcc gcgccgccgt ccccttctcc     1680

ctctccagcc tcggggctgt ccgcgggggg acggctgcct tcggggggga cggggcaggg     1740

cggggttcgg cttctggcgt gtgaccggcg gctctagagc ctctgctaac catgttcatg     1800

cccatagtaa cgccaatagg gactttccat tgacgtcaat gggtggagta tttacggtaa 360

actgcccact tggcagtaca tcaagtgtat catatgccaa gtccgccccc tattgacgtc 420

aatgacggta aatggcccgc ctggcattat gcccagtaca tgaccttacg ggactttcct 480

acttggcagt acatctacgt attagtcato gctattacca tggtcgaggt gagccccacg 540

ttctgcttca ctctccccat ctcccccccc tccccacccc caattttgta tttatttatt 600

ttttaattat tttgtgcagc gatgggggcg gggggcgcgc gccaggcggg 660

gcggggcggg gcgaggggcg gggcggggcg aggcggagag gtgcggcggc agccaatcag 720

agcggcgcgc tccgaaagtt tccttttatg gcgaggcggc ggcggcggcg gccctataaa 780

aagcgaagcg cgcggcgggc gggagtcgct gcgacgctgc cttcgccccg tgccccgctc 840

cgccgccgcc tcgcgccgcc cgccccggct ctgactgacc gcgttactcc cacaggtgag 900

cgggcgggac ggcccttctc ctccgggctg taattagcgc ttggtttaat gacggcttgt 960

ttcttttctg tggctgcgtg aaagccttga ggggctccgg gagggccctt tgtgcggggg 1020

ggagcggctc ggggggtgcg tgcgtgtgtg tgtgcgtggg gagcgccgcg tgcggcccgc 1080

gctgcccggc ggctgtgagc gctgcgggcg cggcgcgggg ctttgtgcgc tccgcagtgt 1140

gcgcgagggg agcgcggccg ggggcggtgc cccgcggtgc ggggggggct gcgaggggaa 1200

caaaggctgc gtgcggggtg tgtgcgtggg ggggtgagca gggggtgtgg gcgcggcggt 1260

cgggctgtaa cccccccctg cacccccctc cccgagttgc tgagcacggc ccggcttcgg 1320

gtgcggggct ccgtacgggg cgtggcgcgg ggctcgccgt gccgggcggg gggtggcggc 1380

aggtgggggt gccgggcggg gcggggccgc ctcgggccgg ggagggctcg ggggaggggc 1440

gcggcggccc ccggagcgcc ggcggctgtc gaggcgcggc gagccgcagc cattgccttt 1500

tatggtaatc gtgcgagagg gcgcagggaa ttcctttgtc ccaaatctgt gcggagccga 1560

aatctgggag gcgccgccgc accccctcta gcgggcgcgg ggcgaagcgg tgcggcgccg 1620

gcaggaagga aatgggcggg gagggccttc gtgcgtcgcc gcgccgccgt ccccttctcc 1680

ctctccagcc tcggggctgt ccgcgggggg acggctgcct tcggggggga cggggcaggg 1740

cggggttcgg cttctggcgt gtgaccggcg gctctagagc ctctgctaac catgttcatg 1800



ccttcttctt tttcctacag ctcctgggca acgtgctggt tattgtgctg tctcatcatt     1860

ttggcaaaga attcgatatc a                                               1881

<210>  3
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  3
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggaca atggattggc aaggacgcct      120

accatgggct ggctgcactg ggagcgcttc atgtgcaacc ttgactgcca ggaagagcca      180

gattcctgca tcagtgagaa gctcttcatg gagatggcag agctcatggt ctcagaaggc      240

tggaaggatg caggttatga gtacctctgc attgatgact gttggatggc tccccaaaga      300

gattcagaag gcagacttca ggcagaccct cagcgctttc ctcatgggat tcgccagcta      360

gctaattatg ttcacagcaa aggactgaag ctagggattt atgcagatgt tggaaataaa      420

acctgcgcag gcttccctgg gagttttgga tactacgaca ttgatgccca gacctttgct      480

gactggggag tagatctgct aaaatttgat ggttgttact gtgacagttt ggaaaatttg      540

gcagatggtt ataagcacat gtccttggcc ctgaatagga ctggcagaag cattgtgtac      600

tcctgtgagt ggcctcttta tatgtggccc tttcaaaagc ccaattatac agaaatccga      660

cagtactgca atcactggcg aaattttgct gacattgatg attcctggaa aagtataaag      720

agtatcttgg actggacatc ttttaaccag gagagaattg ttgatgttgc tggaccaggg      780

ggttggaatg acccagatat gttagtgatt ggcaactttg gcctcagctg gaatcagcaa      840

gtaactcaga tggccctctg ggctatcatg gctgctcctt tattcatgtc taatgacctc      900

cgacacatca gccctcaagc caaagctctc cttcaggata aggacgtaat tgccatcaat      960

caggacccct tgggcaagca agggtaccag cttagacagg gagacaactt tgaagtgtgg     1020

gaacgacctc tctcaggctt agcctgggct gtagctatga taaaccggca ggagattggt     1080

1860

ccttcttctt tttcctacag ctcctgggca acgtgctggt tattgtgctg tctcatcatt

1881
ttggcaaaga attcgatato a

<210> 3
<211> 1290

<212> DNA<213> Artificial Sequence

<223> <220> Synthetic polynucleotide

60

<400> 3 ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc aaggacgcct

120

atgcagctga gggacatccc tggggctaga gcactggaca atggattggc ggaagagcca

180

ctcgtttcct ggctgcactg ggagcgcttc atgtgcaacc ttgactgcca ctcagaaggc

240

accatgggct tcagtgagaa gctcttcatg gagatggcag agctcatggt tccccaaaga

300

gattcctgca caggttatga gtacctctgc attgatgact gttggatggc tcgccagcta

360

tggaaggatg gcagacttca ggcagaccct cagcgctttc ctcatgggat tggaaataaa

420

gattcagaag ttcacagcaa aggactgaag ctagggattt atgcagatgt gacctttgct

480

gctaattatg gcttccctgg gagttttgga tactacgaca ttgatgccca ggaaaatttg

540

acctgcgcag tagatctgct aaaatttgat ggttgttact gtgacagttt cattgtgtac

600

gactggggag ataagcacat gtccttggcc ctgaatagga ctggcagaag agaaatccga

660

gcagatggtt ggcctcttta tatgtggccc tttcaaaagc ccaattatac aagtataaag

720

tcctgtgagt atcactggcg aaattttgct gacattgatg attcctggaa tggaccagge

780

cagtactgca actggacato ttttaaccag gagagaattg ttgatgttgc gaatcagcaa

840

agtatcttgg acccagatat gttagtgatt ggcaactttg gcctcagctg taatgacctc

900

ggttggaatg tggccctctg ggctatcatg gctgctcctt tattcatgtc tgccatcaat

960

gtaactcaga gccctcaagc caaagctctc cttcaggata aggacgtaat tgaagtgtgg

1020

cgacacatca tgggcaagca agggtaccag cttagacagg gagacaactt ggagattggt

1080

caggacccct gaacgacctc tctcaggctt agcctgggct gtagctatga taaaccggca



ggacctcgct cttataccat cgcagttgct tccctgggta aaggagtggc ctgtaatcct     1140

gcctgcttca tcacacagct cctccctgtg aaaaggaagc tagggttcta tgaatggact     1200

tcaaggttaa gaagtcacat aaatcccaca ggcactgttt tgcttcagct agaaaataca     1260

atgcagatgt cattaaaaga cttactttaa                                      1290

<210>  4
<211>  592
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  4
aatcaacctc tggattacaa aatttgtgaa agattgactg gtattcttaa ctttgttgct       60

ccttttacgc tttgtggata cgctgcttta ttgcctttgt atcttgctat tgcttcccgt      120

ttggctttca ttttctcctc cttgtataaa tcctggttgc tgtctctttt tgaggagttg      180

tggcccgttg tcaggcaacg tggcgtggtg tgcactgtgt ttgctgacgc aacccccact      240

ggttggggca ttgccaccac ctgtcagctc ctttccggga ctttcgcttt ccccctccct      300

attgccacgg cggaactcat cgccgcctgc cttgcccgct gctggacagg ggctcggctg      360

ttgggcactg acaattccgt ggtgttgtcg gggaaatcat cgtcctttcc ttggctgctc      420

gcctgtgttg ccacctggat tctgcgcggg acgtccttct gctacgtccc ttcggccctc      480

aatccagcgg accttccttc ccgcggcctg ctgccggctc tgcggcctct tccgcgtctt      540

cgccttcgcc ctcagacgag tcggatctcc ctttgggccg cctccccgca tc              592

<210>  5
<211>  234
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  5
cctagagctc gctgatcagc ctcgactgtg ccttctagtt gccagccatc tgttgtttgc       60

ggacctcgct cttataccat cgcagttgct tccctgggta aaggagtggc ctgtaatcct 1140

gcctgcttca tcacacagct cctccctgtg aaaaggaage tagggttcta tgaatggact 1200

tcaaggttaa gaagtcacat aaatcccaca ggcactgttt tgcttcagct agaaaataca 1260

atgcagatgt cattaaaaga cttactttaa 1290

<210> 4
<211> 592

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 4
aatcaacctc tggattacaa aatttgtgaa agattgactg gtattcttaa ctttgttgct 60

ccttttacgc tttgtggata cgctgcttta ttgcctttgt atcttgctat tgcttcccgt 120

ttggctttca ttttctcctc cttgtataaa tcctggttgc tgtctctttt tgaggagttg 180

tggcccgttg tcaggcaacg tggcgtggtg tgcactgtgt ttgctgacgc aacccccact 240

ggttggggca ttgccaccac ctgtcagctc ctttccggga ctttcgcttt ccccctccct 300

attgccacgg cggaactcat cgccgcctgc cttgcccgct gctggacagg ggctcggctg 360

ttgggcactg acaattccgt ggtgttgtcg gggaaatcat cgtcctttcc ttggctgctc 420

gcctgtgttg ccacctggat tctgcgcggg acgtccttct gctacgtccc ttcggccctc 480

aatccagcgg accttccttc ccgcggcctg ctgccggctc tgcggcctct tccgcgtctt 540

cgccttcgcc ctcagacgag tcggatctcc ctttgggccg cctccccgca tc 592

<210> 5

<211> 234

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 5

cctagagctc gctgatcagc ctcgactgtg ccttctagtt gccagccatc tgttgtttgc 60



ccctcccccg tgccttcctt gaccctggaa ggtgccactc ccactgtcct ttcctaataa      120

aatgaggaaa ttgcatcgca ttgtctgagt aggtgtcatt ctattctggg gggtggggtg      180

gggcaggaca gcaaggggga ggattgggaa gacaatagca ggcatgctgg ggaa            234

<210>  6
<211>  133
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  6
aggaacccct agtgatggag ttggccactc cctctctgcg cgctcgctcg ctcactgagg       60

ccgggcgacc aaaggtcgcc cgacgcccgg gctttgcccg ggcggcctca gtgagcgagc      120

gagcgcgcag aga                                                         133

<210>  7
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  7

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Arg Met Val Ser Glu 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 

ccctcccccg tgccttcctt gaccctggaa ggtgccactc ccactgtcct ttcctaataa 120

aatgaggaaa ttgcatcgca ttgtctgagt aggtgtcatt ctattctggg gggtggggtg 180

gggcaggaca gcaaggggga ggattgggaa gacaatagca ggcatgctgg ggaa 234

<210> 6

<211> 133

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 6
aggaacccct agtgatggag ttggccactc cctctctgcg cgctcgctcg ctcactgagg 60

ccgggcgacc aaaggtcgcc cgacgcccgg gctttgcccg ggcggcctca gtgagcgagc 120

gagcgcgcag aga 133

<210> 7

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 7

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Arg Met Val Ser Glu
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln



65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Arg Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile 
            260                 265                 270         

65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Arg Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile
260 265 270



Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 
305                 310                 315                 320 

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Glu Trp 
        355                 360                 365             

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  8
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  8

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val
305 310 315 320

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Glu Trp
355 360 365

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu
385 390 395

<210> 8

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 8

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30



Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Glu 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Arg Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Glu
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Arg Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly



225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 
305                 310                 315                 320 

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala 
        355                 360                 365             

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  9
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

225 230 235 240

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val
305 310 315 320

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala
355 360 365

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu
385 390 395

<210> 9

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide



<400>  9

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Glu 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

<400> 9

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Glu
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190



Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 
305                 310                 315                 320 

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala 
        355                 360                 365             

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu 

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val
305 310 315 320

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala
355 360 365

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu



385                 390                 395             

<210>  10
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  10

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 

385 390 395

<210> 10

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 10

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu



145                 150                 155                 160 

Asn Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 
305                 310                 315                 320 

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

145 150 155 160

Asn Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val
305 310 315 320

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile
325 330 335

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350



Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala 
        355                 360                 365             

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  11
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  11

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala
355 360 365

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu
385 390 395

<210> 11

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 11

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110



Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val



305                 310                 315                 320 

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Lys Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala 
        355                 360                 365             

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  12
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  12

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 

305 310 315 320

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile
325 330 335

Pro Val Ala Lys Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala
355 360 365

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu
385 390 395

<210> 12

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 12

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln



65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile 
            260                 265                 270         

65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile
260 265 270



Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Leu Ala Trp Ala Val 
305                 310                 315                 320 

Ala Val Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Ala Val Ala Ser Leu Gly Gly Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Leu Tyr Glu Trp 
        355                 360                 365             

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  13
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  13

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Leu Ala Trp Ala Val
305 310 315 320

Ala Val Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Ala Val Ala Ser Leu Gly Gly Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Leu Tyr Glu Trp
355 360 365

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu
385 390 395

<210> 13

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 13

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30



Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 

Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly



225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 
305                 310                 315                 320 

Ala Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp 
        355                 360                 365             

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  14
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

225 230 235 240

Asn Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val
305 310 315 320

Ala Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp
355 360 365

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu
385 390 395

<210> 14

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide



<400>  14

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Arg Met Val Ser Glu 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

<400> 14

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Arg Met Val Ser Glu
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190



Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Ser Trp 
                245                 250                 255     

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 
305                 310                 315                 320 

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Asn Trp 
        355                 360                 365             

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Ser Trp
245 250 255

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val
305 310 315 320

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Asn Trp
355 360 365

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu



385                 390                 395             

<210>  15
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  15

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 

385 390 395

<210> 15

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 15

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu



145                 150                 155                 160 

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 
305                 310                 315                 320 

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

145 150 155 160

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp

245 250 255

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val
305 310 315 320

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350



Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp 
        355                 360                 365             

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  16
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  16

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Leu Met Val Ser Glu 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp
355 360 365

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu
385 390 395

<210> 16

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 16

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Leu Met Val Ser Glu
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110



Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val



305                 310                 315                 320 

Ala Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp 
        355                 360                 365             

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  17
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  17

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 

305 310 315 320

Ala Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp
355 360 365

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu
385 390 395

<210> 17

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 17

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln



65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile 
            260                 265                 270         

65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile
260 265 270



Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 
305                 310                 315                 320 

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala 
        355                 360                 365             

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  18
<211>  1197
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  18
ctggataatg gattggctag aacacctact atggggtggc ttcactggga gaggttcatg       60

tgcaacctcg actgtcagga agaaccagac agctgcatct ccgagaagct gtttatggaa      120

atggccgagc gaatggtgtc agaaggctgg aaagatgcag gttacgagta tctgtgtatt      180

gacgattgct ggatggctcc gcaacgggac agtgagggca gacttcaggc agatcctcag      240

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val
305 310 315 320

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala
355 360 365

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu
385 390 395

<210> 18

<211> 1197

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 18

ctggataatg gattggctag aacacctact atggggtggc ttcactggga gaggttcatg 60

tgcaacctcg actgtcagga agaaccagac agctgcatct ccgagaagct gtttatggaa 120

atggccgago gaatggtgtc agaaggctgg aaagatgcag gttacgagta tctgtgtatt 180

gacgattgct ggatggctcc gcaacgggac agtgagggca gacttcaggo agatcctcag 240



cgcttcccac atgggataag gcagctcgcc aactacgtcc actctaaggg actgaaactg      300

ggcatctatg ctgacgtggg gaataagacc tgtgcgggat ttcccggtag cttcggctac      360

tacgacattg atgcccagac ctttgccgat tggggagttg acctcctcaa attcgatggc      420

tgctattgtg actctttgga gaacctggca gacgggtaca agcatatgtc cctggccctg      480

aatcggacag gtagacccat cgtgtatagt tgcgaatggc ccctttacat gtggcctttt      540

caaaagccaa actacactga gattcgccag tattgcaatc actggaggaa cttcgctgat      600

atcgatgact catgggcgag catcaaatcc atattggatt ggacctctcg gaatcaggag      660

cgcattgtag acgtcgcagg acccggcggc tggaacgacc ctgatatgct ggtgatcggg      720

aattttggtc ttagctggga ccagcaagtt acgcagatgg ctctgtgggc aattatggca      780

gccccactct tcatgtccaa cgatctgcga cacatctctc ctcaagctaa ggctctgctg      840

caggacaaag atgtgattgc catcaatcag gacccactcg gaaagcaggg ctatcagctg      900

agaaaaggcg acaacttcga agtctgggaa aggccacttt caggagacgc atgggctgtg      960

gccataataa accggcaaga gattggtggg cccaggagct acacaatccc cgttgccagt     1020

ttgggcaagg gagtggcgtg taatcctgcc tgctttatca ctcagctgct cccagtcaaa     1080

agacagctgg ggttctatga gtggacctcc cgcctcaaga gccatattaa tcccacaggt     1140

accgtactgc tgcaacttga aaacacgatg cagatgagtt tgaaggacct cctgtag        1197

<210>  19
<211>  1197
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  19
ctggataatg gattggctag aacacctcct atggggtggc ttcactggga gaggttcatg       60

tgcaacctgg actgtcagga agaaccagac agctgcatct ccgagaagct ctttgaggaa      120

atggccgaac gaatggtgac tgagggctgg aaagatgcag gttacgagta tctgtgtatt      180

gacgattgct ggatggcccc acaacgggat tctgagggaa gacttcaggc tgatccgcag      240

cgcttcccac atgggataag gcagctcgcc aactacgtcc actctaaggg actgaaactg 300

ggcatctatg ctgacgtggg gaataagacc tgtgcgggat ttcccggtag cttcggctac 360

tacgacattg atgcccagac ctttgccgat tggggagttg acctcctcaa attcgatggc 420

tgctattgtg actctttgga gaacctggca gacgggtaca agcatatgto cctggccctg 480

aatcggacag gtagacccat cgtgtatagt tgcgaatggo ccctttacat gtggcctttt 540

caaaagccaa actacactga gattcgccag tattgcaato actggaggaa cttcgctgat 600

atcgatgact catgggcgag catcaaatcc atattggatt ggacctctcg gaatcaggag 660

cgcattgtag acgtcgcagg acccggcggc tggaacgacc ctgatatgct ggtgatcggg 720

aattttggtc ttagctggga ccagcaagtt acgcagatgg ctctgtgggc aattatggca 780

gccccactct tcatgtccaa cgatctgcga cacatctctc ctcaagctaa ggctctgctg 840

caggacaaag atgtgattgc catcaatcag gacccactcg gaaagcaggg ctatcagctg 900

agaaaaggcg acaacttcga agtctgggaa aggccacttt caggagacgc atgggctgtg 960

gccataataa accggcaaga gattggtggg cccaggagct acacaatcco cgttgccagt 1020

ttgggcaagg gagtggcgtg taatcctgcc tgctttatca ctcagctgct cccagtcaaa 1080

agacagctgg ggttctatga gtggacctcc cgcctcaaga gccatattaa tcccacaggt 1140

accgtactgc tgcaacttga aaacacgatg cagatgagtt tgaaggacct cctgtag 1197

<210> 19

<211> 1197

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 19

ctggataatg gattggctag aacacctcct atggggtggc ttcactggga gaggttcatg 60

tgcaacctgg actgtcagga agaaccagac agctgcatct ccgagaagct ctttgaggaa 120

atggccgaac gaatggtgac tgagggctgg aaagatgcag gttacgagta tctgtgtatt 180

gacgattgct ggatggcccc acaacgggat tctgagggaa gacttcaggc tgatccgcag 240



cgcttccctc atggcataag gcagctggca aaccacgtcc acagtaaggg gctcaaattg      300

ggaatctacg cggacgtggg caataagacc tgtgccggtt ttccgggatc attcgggtat      360

tatgacattg acgcccaaac gtttgctgat tggggcgttg acctgctgaa attcgatggt      420

tgctactgtg acagcctcga aaacctggca gacggctaca agcatatgtc tctcgccctg      480

aatagaaccg gtcggccaat cgtatattcc tgcgagtggc ctctttacat gtggccattt      540

cagaaaccga actacacaga aattcgccag tattgcaatc attggaggaa cttcgctgat      600

atcgatgact catgggcctc cataaagagc atcttggact ggaccagtcg gaatcaggag      660

cgaattgtgg atgtcgcagg ccctggagga tggaacgatc cagacatgct ggtgatcggc      720

aattttggcc tctcttggga ccagcaggtt acccaaatgg ctctgtgggc aattatggcc      780

ggtcctcttt tcatgagcaa cgatctgcgc gcgatctcac cacaggcaaa ggccctgctc      840

caagacaaag atgtgatagc catcaatcag gacccgttgg gaaagcaggg ctaccagctg      900

agaaaaggcg acaactttga ggtctgggaa aggcctttga gtggagatgc gtgggctgtg      960

gccattatta atcggcaaga gatcggaggt ccacgctcct atacaattcc tgtagcatct     1020

cttggcaagg gcgttgcctg taacccagct tgcttcatca ctcagcttct gccggtgaag     1080

agaaaactgg gtttctacga agctaccagc aggctccgat cccacatcaa ccctacagga     1140

accgtcctct tgcagctgga gaatacgatg cagacttcac tgaaggacct cctgtag        1197

<210>  20
<211>  1197
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  20
ctggataatg gattggctag aacacctcct atggggtggc ttcactggga gaggttcatg       60

tgcaacctgg actgtcagga agaaccagac agctgcatct ccgagaagct ctttgaggaa      120

atggccgaac gaatggtgac tgagggctgg aaagatgcag gttacgagta tctgtgtatt      180

gacgattgct ggatggcccc acaacgggat tctgagggaa gacttcaggc tgatccgcag      240

cgcttccctc atggcataag gcagctggca aaccacgtcc acagtaaggg gctcaaattg 300

ggaatctacg cggacgtggg caataagacc tgtgccggtt ttccgggatc attcgggtat 360

tatgacattg acgcccaaac gtttgctgat tggggcgttg acctgctgaa attcgatggt 420

tgctactgtg acagcctcga aaacctggca gacggctaca agcatatgtc tctcgccctg 480

aatagaaccg gtcggccaat cgtatattcc tgcgagtggc ctctttacat gtggccattt 540

cagaaaccga actacacaga aattcgccag tattgcaatc attggaggaa cttcgctgat 600

atcgatgact catgggcctc cataaagagc atcttggact ggaccagtcg gaatcaggag 660

cgaattgtgg atgtcgcagg ccctggagga tggaacgatc cagacatgct ggtgatcggc 720

aattttggcc tctcttggga ccagcaggtt acccaaatgg ctctgtgggc aattatggcc 780

ggtcctcttt tcatgagcaa cgatctgcgc gcgatctcac cacaggcaaa ggccctgctc 840

caagacaaag atgtgatagc catcaatcag gacccgttgg gaaagcaggg ctaccagctg 900

agaaaaggcg acaactttga ggtctgggaa aggcctttga gtggagatgc gtgggctgtg 960

gccattatta atcggcaaga gatcggaggt ccacgctcct atacaattcc tgtagcatct 1020

cttggcaagg gcgttgcctg taacccagct tgcttcatca ctcagcttct gccggtgaag 1080

agaaaactgg gtttctacga agctaccagc aggctccgat cccacatcaa ccctacagga 1140

accgtcctct tgcagctgga gaatacgatg cagacttcac tgaaggacct cctgtag 1197

<210> 20

<211> 1197

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 20
ctggataatg gattggctag aacacctcct atggggtggc ttcactggga gaggttcatg 60

tgcaacctgg actgtcagga agaaccagac agctgcatct ccgagaagct ctttgaggaa 120

atggccgaac gaatggtgac tgagggctgg aaagatgcag gttacgagta tctgtgtatt 180

gacgattgct ggatggcccc acaacgggat tctgagggaa gacttcaggc tgatccgcag 240



cgcttccctc atggcataag gcagctggca aaccacgtcc acagtaaggg gctcaaattg      300

ggaatctacg cggacgtggg caataagacc tgtgccggtt ttccgggatc attcgggtat      360

tatgacattg acgcccaaac gtttgctgat tggggcgttg acctgctgaa attcgatggt      420

tgctactgtg acagcctcga aaacctggca gacggctaca agcatatgtc tctcgccctg      480

aataaaaccg gtcggccaat cgtatattcc tgcgagtggc ctctttacat gtggccattt      540

cagaaaccga actacacaga aattcgccag tattgcaatc attggaggaa cttcgctgat      600

atcgatgact catgggcctc cataaagagc atcttggact ggaccagtcg gaatcaggag      660

cgaattgtgg atgtcgcagg ccctggagga tggaacgatc cagacatgct ggtgatcggc      720

aattttggcc tctcttggga ccagcaggtt acccaaatgg ctctgtgggc aattatggcc      780

ggtcctcttt tcatgagcaa cgatctgcgc gcgatctcac cacaggcaaa ggccctgctc      840

caagacaaag atgtgatagc catcaatcag gacccgttgg gaaagcaggg ctaccagctg      900

agaaaaggcg acaactttga ggtctgggaa aggcctttga gtggagatgc gtgggctgtg      960

gccattatta atcggcaaga gatcggaggt ccacgctcct atacaattcc tgtagcatct     1020

cttggcaagg gcgttgcctg taacccagct tgcttcatca ctcagcttct gccggtgaag     1080

agaaaactgg gtttctacga agctaccagc aggctccgat cccacatcaa ccctacagga     1140

accgtcctct tgcagctgga gaatacgatg cagacttcac tgaaggacct cctgtag        1197

<210>  21
<211>  1197
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  21
ctggataatg gattggctag aacacctcct atggggtggc ttcactggga gaggttcatg       60

tgcaacctgg actgtcagga agaaccagac agctgcatct ccgagaagct ctttgaggaa      120

atggccgaac gaatggtgac tgacggctgg aaagatgcag gttacgagta tctgtgtatt      180

gacgattgct ggatggcccc acaacgggat tctgagggaa gacttcaggc tgatccgcag      240

cgcttccctc atggcataag gcagctggca aaccacgtco acagtaaggg gctcaaattg 300

ggaatctacg cggacgtggg caataagacc tgtgccggtt ttccgggatc attcgggtat 360

tatgacattg acgcccaaac gtttgctgat tggggcgttg acctgctgaa attcgatggt 420

tgctactgtg acagcctcga aaacctggca gacggctaca agcatatgtc tctcgccctg 480

aataaaaccg gtcggccaat cgtatattcc tgcgagtggc ctctttacat gtggccattt 540

cagaaaccga actacacaga aattcgccag tattgcaatc attggaggaa cttcgctgat 600

atcgatgact catgggcctc cataaagage atcttggact ggaccagtcg gaatcaggag 660

cgaattgtgg atgtcgcagg ccctggagga tggaacgatc cagacatgct ggtgatcggo 720

aattttggcc tctcttggga ccagcaggtt acccaaatgg ctctgtgggc aattatggcc 780

ggtcctcttt tcatgagcaa cgatctgcgc gcgatctcac cacaggcaaa ggccctgctc 840

caagacaaag atgtgatagc catcaatcag gacccgttgg gaaagcaggg ctaccagctg 900

agaaaaggcg acaactttga ggtctgggaa aggcctttga gtggagatgc gtgggctgtg 960

gccattatta atcggcaaga gatcggaggt ccacgctcct atacaattcc tgtagcatct 1020

cttggcaagg gcgttgcctg taacccagct tgcttcatca ctcagcttct gccggtgaag 1080

agaaaactgg gtttctacga agctaccago aggctccgat cccacatcaa ccctacagga 1140

accgtcctct tgcagctgga gaatacgatg cagacttcad tgaaggacct cctgtag 1197

<210> 21

<211> 1197

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 21
ctggataatg gattggctag aacacctcct atggggtggc ttcactggga gaggttcatg 60

tgcaacctgg actgtcagga agaaccagad agctgcatct ccgagaagct ctttgaggaa 120

atggccgaac gaatggtgac tgacggctgg aaagatgcag gttacgagta tctgtgtatt 180

gacgattgct ggatggcccc acaacgggat tctgagggaa gacttcaggo tgatccgcag 240



cgcttccctc atggcataag gcagctggca aaccacgtcc acagtaaggg gctcaaattg      300

ggaatctacg cggacgtggg caataagacc tgtgccggtt ttccgggatc attcgggtat      360

tatgacattg acgcccaaac gtttgctgat tggggcgttg acctgctgaa attcgatggt      420

tgctactgtg acagcctcga aaacctggca gacggctaca agcatatgtc tctcgccctg      480

aataaaaccg gtcggccaat cgtatattcc tgcgagtggc ctctttacat gtggccattt      540

cagaaaccga actacacaga aattcgccag tattgcaatc attggaggaa cttcgctgat      600

atcgatgact catgggcctc cataaagagc atcttggact ggaccagtcg gaatcaggag      660

cgaattgtgg atgtcgcagg ccctggagga tggaacgatc cagacatgct ggtgatcggc      720

aattttggcc tctcttggga ccagcaggtt acccaaatgg ctctgtgggc aattatggcc      780

ggtcctcttt tcatgagcaa cgatctgcgc gcgatctcac cacaggcaaa ggccctgctc      840

caagacaaag atgtgatagc catcaatcag gacccgttgg gaaagcaggg ctaccagctg      900

agaaaaggcg acaactttga ggtctgggaa aggcctttga gtggagatgc gtgggctgtg      960

gccattatta atcggcaaga gatcggaggt ccacgcggtt atacaattcc tgtagcatct     1020

cttggcaagg gcgttgcctg taacccagct tgcttcatca ctcagcttct gccggtgaag     1080

agaaaactgg gtttctacga agctaccagc aggctccgat cccacatcaa ccctacagga     1140

accgtcctct tgcagctgga gaatacgatg cagacttcac tgaaggacct cctgtag        1197

<210>  22
<211>  1197
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  22
ctggataatg gattggctag aacacctcct atggggtggc ttcactggga gaggttcatg       60

tgcaacctgg actgtcagga agaaccagac agctgcatct ccgagaagct ctttgaggaa      120

atggccgaac gaatggtgac tgacggctgg aaagatgcag gttacgagta tctgtgtatt      180

gacgattgct ggatggcccc acaacgggat tctgagggaa gacttcaggc tgatccgcag      240

cgcttccctc atggcataag gcagctggca aaccacgtcc acagtaaggg gctcaaattg 300

ggaatctacg cggacgtggg caataagacc tgtgccggtt ttccgggatc attcgggtat 360

tatgacattg acgcccaaac gtttgctgat tggggcgttg acctgctgaa attcgatggt 420

tgctactgtg acagcctcga aaacctggca gacggctaca agcatatgtc tctcgccctg 480

aataaaaccg gtcggccaat cgtatattcc tgcgagtggc ctctttacat gtggccattt 540

cagaaaccga actacacaga aattcgccag tattgcaatc attggaggaa cttcgctgat 600

atcgatgact catgggcctc cataaagagc atcttggact ggaccagtcg gaatcaggag 660

cgaattgtgg atgtcgcagg ccctggagga tggaacgatc cagacatgct ggtgatcggc 720

aattttggcc tctcttggga ccagcaggtt acccaaatgg ctctgtgggc aattatggcc 780

ggtcctcttt tcatgagcaa cgatctgcgc gcgatctcac cacaggcaaa ggccctgctc 840

caagacaaag atgtgatagc catcaatcag gacccgttgg gaaagcaggg ctaccagctg 900

agaaaaggcg acaactttga ggtctgggaa aggcctttga gtggagatgc gtgggctgtg 960

gccattatta atcggcaaga gatcggaggt ccacgcggtt atacaattcc tgtagcatct 1020

cttggcaagg gcgttgcctg taacccagct tgcttcatca ctcagcttct gccggtgaag 1080

agaaaactgg gtttctacga agctaccagc aggctccgat cccacatcaa ccctacagga 1140

accgtcctct tgcagctgga gaatacgatg cagacttcac tgaaggacct cctgtag 1197

<210> 22

<211> 1197

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 22
ctggataatg gattggctag aacacctcct atggggtggc ttcactggga gaggttcatg 60

tgcaacctgg actgtcagga agaaccagac agctgcatct ccgagaagct ctttgaggaa 120

atggccgaac gaatggtgac tgacggctgg aaagatgcag gttacgagta tctgtgtatt 180

gacgattgct ggatggcccc acaacgggat tctgagggaa gacttcaggc tgatccgcag 240



cgcttccctc atggcataag gcagctggca aaccacgtcc acagtaaggg gctcaaattg      300

ggaatctacg cggacgtggg caataagacc tgtgccggtt ttccgggatc attcgggtat      360

tatgacattg acgcccaaac gtttgctgat tggggcgttg acctgctgaa attcgatggt      420

tgctactgtg acagcctcga aaacctggca gacggctaca agcatatgtc tctcgccctg      480

aataaaaccg gtcggccaat cgtatattcc tgcgagtggc ctctttacat gtggccattt      540

cagaaaccga actacacaga aattcgccag tattgcaatc attggaggaa cttcgctgat      600

atcgatgact catgggcctc cataaagagc atcttggact ggaccagtcg gaatcaggag      660

cgaattgtgg atgtcgcagg ccctggagga tggaacgatc cagacatgct ggtgatcggc      720

aattttggcc tctcttggga ccagcaggtt acccaaatgg ctctgtgggc aattatggcc      780

ggtcctcttt tcatgagcaa cgatctgcgc gcgatctcac cacaggcaaa ggccctgctc      840

caagacaaag atgtgatagc catcaatcag gacccgttgg gaaagcaggg ctaccagctg      900

agaaaaggcg acaactttga ggtctgggaa aggcctttga gtggagatgc gtgggctgtg      960

gccattatta atcggcaaga gatcggaggt ccacgcggtt atacaattcc tgtagcaaag     1020

cttggcaagg gcgttgcctg taacccagct tgcttcatca ctcagcttct gccggtgaag     1080

agaaaactgg gtttctacga agctaccagc aggctccgat cccacatcaa ccctacagga     1140

accgtcctct tgcagctgga gaatacgatg cagacttcac tgaaggacct cctgtag        1197

<210>  23
<211>  1197
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  23
ctggataatg gattggctag aacacctcct atggggtggc ttcactggga gaggttcatg       60

tgcaacctgg actgtcagga agaaccagac agctgcatct ccgagaagct ctttgaggaa      120

atggccgaac gaatggtgac tgacggctgg aaagatgcag gttacgagta tctgtgtatt      180

gacgattgct ggatggcccc acaacgggat tctgagggaa gacttcaggc tgatccgcag      240

cgcttccctc atggcataag gcagctggca aaccacgtcc acagtaaggg gctcaaattg 300

ggaatctacg cggacgtggg caataagacc tgtgccggtt ttccgggatc attcgggtat 360

tatgacattg acgcccaaac gtttgctgat tggggcgttg acctgctgaa attcgatggt 420

tgctactgtg acagcctcga aaacctggca gacggctaca agcatatgtc tctcgccctg 480

aataaaaccg gtcggccaat cgtatattcc tgcgagtggc ctctttacat gtggccattt 540

cagaaaccga actacacaga aattcgccag tattgcaatc attggaggaa cttcgctgat 600

atcgatgact catgggcctc cataaagagc atcttggact ggaccagtcg gaatcaggag 660

cgaattgtgg atgtcgcagg ccctggagga tggaacgatc cagacatgct ggtgatcggc 720

aattttggcc tctcttggga ccagcaggtt acccaaatgg ctctgtgggc aattatggcc 780

ggtcctcttt tcatgagcaa cgatctgcgc gcgatctcac cacaggcaaa ggccctgctc 840

caagacaaag atgtgatagc catcaatcag gacccgttgg gaaagcaggg ctaccagctg 900

agaaaaggcg acaactttga ggtctgggaa aggcctttga gtggagatgc gtgggctgtg 960

gccattatta atcggcaaga gatcggaggt ccacgcggtt atacaattcc tgtagcaaag 1020

cttggcaagg gcgttgcctg taacccagct tgcttcatca ctcagcttct gccggtgaag 1080

agaaaactgg gtttctacga agctaccagc aggctccgat cccacatcaa ccctacagga 1140

accgtcctct tgcagctgga gaatacgatg cagacttcac tgaaggacct cctgtag 1197

<210> 23

<211> 1197

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 23
ctggataatg gattggctag aacacctcct atggggtggc ttcactggga gaggttcatg 60

tgcaacctgg actgtcagga agaaccagac agctgcatct ccgagaagct ctttgaggaa 120

atggccgaac gaatggtgac tgacggctgg aaagatgcag gttacgagta tctgtgtatt 180

gacgattgct ggatggcccc acaacgggat tctgagggaa gacttcaggc tgatccgcag 240



cgcttccctc atggcataag gcagctggca aaccacgtcc acagtaaggg gctcaaattg      300

ggaatctacg cggacgtggg caataagacc tgtgccggtt ttccgggatc attcgggtat      360

tatgacattg acgcccaaac gtttgctgat tggggcgttg acctgctgaa attcgatggt      420

tgctactgtg acagcctcga aaacctggca gacggctaca agcatatgtc tctcgccctg      480

aataaaaccg gtcgggatat cgtatattcc tgcgagtggc ctctttacat gtggccattt      540

cagaaaccga actacacaga aattcgccag tattgcaatc attggaggaa cttcgctgat      600

atcgatgact catgggcctc cataaagagc atcttggact ggaccagtcg gaatcaggag      660

cgaattgtgg atgtcgcagg ccctggagga tggaacgatc cagacatgct ggtgatcggc      720

aattttggcc tctcttggga ccagcaggtt acccaaatgg ctctgtgggc aattatggcc      780

ggccctcttt tcatgagcaa cgatctgcgc gcgatctcac cacaggcaaa ggccctgctc      840

caagacacgg acgtgatagc catcaatcag gacccgttgg gaaagcaggg ctaccagctg      900

agaaaaggcg acaactttga ggtctgggaa aggcctttga gtggagatgc gtgggctgtg      960

gccattatta atcggcaaga gatcggaggt ccacgcggtt atacaattcc tgtagcaaag     1020

cttggcaagg gcgttgcctg taacccagct tgcttcatca ctcagcttct gccggtgaag     1080

agaaaactgg gtttctacga agctaccagc aggctccgat cccacatcaa ccctacagga     1140

accgtcctct tgcagctgga gaatacgatg cagacttcac tgaaggacct cctgtag        1197

<210>  24
<211>  1197
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  24
ttggacaatg ggctggccag gacacctact atgggctggc tccactggga gcgctttatg       60

tgtaacctcg actgccaaga ggagccagac tcatgcatct ctgagaagtt gttcatggag      120

atggctgagc tgatggtgag cgaagggtgg aaggatgcgg gctatgagta tctctgtatt      180

gatgactgct ggatggctcc acagcgcgac agtgaaggcc ggctccaggc cgatcctcag      240

cgcttccctc atggcataag gcagctggca aaccacgtcc acagtaaggg gctcaaattg 300

ggaatctacg cggacgtggg caataagacc tgtgccggtt ttccgggatc attcgggtat 360

tatgacattg acgcccaaac gtttgctgat tggggcgttg acctgctgaa attcgatggt 420

tgctactgtg acagcctcga aaacctggca gacggctaca agcatatgto tctcgccctg 480

aataaaaccg gtcgggatat cgtatattcc tgcgagtggc ctctttacat gtggccattt 540

cagaaaccga actacacaga aattcgccag tattgcaatc attggaggaa cttcgctgat 600

atcgatgact catgggcctc cataaagage atcttggact ggaccagtcg gaatcaggag 660

cgaattgtgg atgtcgcagg ccctggagga tggaacgato cagacatgct ggtgatcggc 720

aattttggcc tctcttggga ccagcaggtt acccaaatgg ctctgtgggc aattatggcc 780

ggccctcttt tcatgagcaa cgatctgcgc gcgatctcad cacaggcaaa ggccctgctc 840

caagacacgg acgtgatagc catcaatcag gacccgttgg gaaagcaggg ctaccagctg 900

agaaaaggcg acaactttga ggtctgggaa aggcctttga gtggagatgo gtgggctgtg 960

gccattatta atcggcaaga gatcggaggt ccacgcggtt atacaattcc tgtagcaaag 1020

cttggcaagg gcgttgcctg taacccagct tgcttcatca ctcagcttct gccggtgaag 1080

agaaaactgg gtttctacga agctaccagc aggctccgat cccacatcaa ccctacagga 1140

accgtcctct tgcagctgga gaatacgatg cagacttcad tgaaggacct cctgtag 1197

<210> 24

<211> 1197

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 24
ttggacaatg ggctggccag gacacctact atgggctggc tccactggga gcgctttatg 60

tgtaacctcg actgccaaga ggagccagac tcatgcatct ctgagaagtt gttcatggag 120

atggctgagc tgatggtgag cgaagggtgg aaggatgcgg gctatgagta tctctgtatt 180

gatgactgct ggatggctcc acagcgcgad agtgaaggcc ggctccaggc cgatcctcag 240



cggttccccc acggtatcag acaactggcg aattacgtgc actcaaaagg ccttaagctg      300

ggtatatatg ctgatgtggg taataaaaca tgtgcaggct tcccaggctc ttttgggtac      360

tatgacatcg acgcccagac ttttgcggac tggggcgtgg acctgctcaa gtttgacgga      420

tgttactgtg actcccttga gaacctggcc gacgggtaca agcatatgtc actggccctg      480

aatcggacag gccgatccat cgtatactct tgcgagtggc ctctgtacat gtggcccttc      540

cagaagccca actatacaga aatcaggcaa tactgcaacc attggcggaa cttcgcagac      600

atagacgaca gctgggctag cattaagtct attctggatt ggaccagttt caatcaagaa      660

aggattgtcg atgtcgcagg cccaggaggt tggaatgacc cagacatgct cgtgattgga      720

aatttcggtc tgtcatggga ccaacaggtg actcagatgg ctctgtgggc aatcatggca      780

gcaccactgt tcatgagcaa tgatttgcga cacatctccc ctcaggcgaa agcccttctg      840

caggataagg acgttatcgc cattaaccag gacccgctcg gtaagcaagg gtaccagttg      900

cgccagggag acaatttcga ggtctgggaa cgacccctgt ctggactcgc ttgggccgta      960

gccgtaatta accgacaaga aatcggcgga ccgcggagct ataccatagc tgtcgcctcc     1020

ctcggcgggg gcgtagcttg taacccggct tgtttcataa cccagctgct gcccgtcaag     1080

aggaaactgg ggctttatga gtggacaagt cggttgaagt ctcatattaa cccgacaggg     1140

actgttctcc tccagctgga aaacacaatg cagatgagcc tgaaggatct cttgtga        1197

<210>  25
<211>  1198
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  25
tttggacaat gggctggcca ggacacctac tatgggctgg ctccactggg agcgctttat       60

gtgtaacctc gactgccaag aggagccaga ctcatgcatc tctgagaagt tgttcatgga      120

aatggccgag cttatggtct cagaggggtg gaaagacgcc ggatatgagt atctgtgcat      180

cgacgattgc tggatggccc cccaacgcga ttccgaaggc cgcttgcagg ctgatccgca      240

cggttccccc acggtatcag acaactggcg aattacgtgc actcaaaagg ccttaagctg 300

ggtatatatg ctgatgtggg taataaaaca tgtgcaggct tcccaggctc ttttgggtad 360

tatgacatcg acgcccagac ttttgcggac tggggcgtgg acctgctcaa gtttgacgga 420

tgttactgtg actcccttga gaacctggcc gacgggtaca agcatatgtc actggccctg 480

aatcggacag gccgatccat cgtatactct tgcgagtggo ctctgtacat gtggcccttc 540

cagaagccca actatacaga aatcaggcaa tactgcaacc attggcggaa cttcgcagac 600

atagacgaca gctgggctag cattaagtct attctggatt ggaccagttt caatcaagaa 660

aggattgtcg atgtcgcagg cccaggaggt tggaatgacc cagacatgct cgtgattgga 720

aatttcggtc tgtcatggga ccaacaggtg actcagatgg ctctgtgggc aatcatggca 780

gcaccactgt tcatgagcaa tgatttgcga cacatctcco ctcaggcgaa agcccttctg 840

caggataagg acgttatcgc cattaaccag gacccgctcg gtaagcaagg gtaccagttg 900

cgccagggag acaatttcga ggtctgggaa cgacccctgt ctggactcgc ttgggccgta 960

gccgtaatta accgacaaga aatcggcgga ccgcggagct ataccatage tgtcgcctcc 1020

ctcggcgggg gcgtagcttg taacccggct tgtttcataa cccagctgct gcccgtcaag 1080

aggaaactgg ggctttatga gtggacaagt cggttgaagt ctcatattaa cccgacaggg 1140

actgttctcc tccagctgga aaacacaatg cagatgagcc tgaaggatct cttgtga 1197

<210> 25

<211> 1198
<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 25
tttggacaat gggctggcca ggacacctac tatgggctgg ctccactggg agcgctttat 60

gtgtaacctc gactgccaag aggagccaga ctcatgcatc tctgagaagt tgttcatgga 120

aatggccgag cttatggtct cagaggggtg gaaagacgco ggatatgagt atctgtgcat 180

cgacgattgc tggatggccc cccaaccccaa ttccgaaggo cgcttgcagg ctgatccgca 240



gcgctttcct cacgggatcc gccaattggc aaattacgtg cactcaaagg ggctcaagtt      300

gggcatctac gcagacgtgg gaaacaagac atgtgctgga tttcccggga gtttcggtta      360

ttatgacatt gacgcacaga cctttgctga ttggggggtc gacctcctga agtttgacgg      420

ttgttattgc gacagccttg aaaatctggc cgacggttac aaacacatgt cccttgcact      480

gaatagaact ggtcggtcca tcgtctatag ttgtgagtgg ccgctttaca tgtggccttt      540

tcagaaaccc aactacaccg agattcggca atattgcaat cactggcgaa atttcgcaga      600

tatcgatgat tcttgggcta gtattaaatc catcctggat tggacatcat tcaaccagga      660

gcgcatcgtg gacgttgctg gacctggcgg gtggaatgat ccagacatgc ttgtgatcgg      720

aaacttcggt ctctcttgga accagcaagt cactcaaatg gcactctggg caattatggc      780

cgcccccctc tttatgtcca acgatctgag gcatatcagt cctcaggcta aagccctgct      840

gcaagacaag gatgtgattg ctatcaacca agatcccctt ggtaaacagg ggtaccagtt      900

gcgcaaaggc gacaattttg aggtgtggga aaggccactt tcaggcgatg catgggccgt      960

tgcaatgatc aacaggcaag aaattggcgg acccaggagc tatacaatac cagtggcgtc     1020

actgggtaag ggagtcgcct gtaaccccgc atgcttcatt actcaacttc tgccagtgaa     1080

acgaaaactc ggattctatg agtggacctc aagactgagg tctcatatta acccgacagg     1140

gactgttctc ctccagctgg aaaacacaat gcagatgagc ctgaaggatc tcttgtga       1198

<210>  26
<211>  1197
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  26
ttggacaatg ggctggccag gacacctact atgggctggc tccactggga gcgctttatg       60

tgtaacctcg actgccaaga ggagccagac tcatgcatct ctgagaagtt gttcatggag      120

atggctgaac gcatggtttc tgagggatgg aaagatgcag gctacgagta cctgtgtata      180

gacgattgtt ggatggcccc acagcgggat tcagaaggta gactccaggc ggatccccag      240

gcgctttcct cacgggatcc gccaattggc aaattacgtg cactcaaagg ggctcaagtt 300

gggcatctac gcagacgtgg gaaacaagac atgtgctgga tttcccggga gtttcggtta 360

ttatgacatt gacgcacaga cctttgctga ttggggggtc gacctcctga agtttgacgg 420

ttgttattgc gacagccttg aaaatctggc cgacggttac aaacacatgt cccttgcact 480

gaatagaact ggtcggtcca tcgtctatag ttgtgagtgg ccgctttaca tgtggccttt 540

tcagaaaccc aactacaccg agattcggca atattgcaat cactggcgaa atttcgcaga 600

tatcgatgat tcttgggcta gtattaaatc catcctggat tggacatcat tcaaccagga 660

gcgcatcgtg gacgttgctg gacctggcgg gtggaatgat ccagacatgo ttgtgatcgg 720

aaacttcggt ctctcttgga accagcaagt cactcaaatg gcactctggg caattatggo 780

cgcccccctc tttatgtcca acgatctgag gcatatcagt cctcaggcta aagccctgct 840

gcaagacaag gatgtgattg ctatcaacca agatcccctt ggtaaacagg ggtaccagtt 900

gcgcaaaggc gacaattttg aggtgtggga aaggccactt tcaggcgatg catgggccgt 960

tgcaatgatc aacaggcaag aaattggcgg acccaggago tatacaatad cagtggcgtc 1020

actgggtaag ggagtcgcct gtaaccccgc atgcttcatt actcaacttc tgccagtgaa 1080

acgaaaactc ggattctatg agtggacctc aagactgagg tctcatatta acccgacagg 1140

gactgttctc ctccagctgg aaaacacaat gcagatgago ctgaaggatc tcttgtga 1198

<210> 26

<211> 1197

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 26
ttggacaatg ggctggccag gacacctact atgggctggc tccactggga gcgctttatg 60

tgtaacctcg actgccaaga ggagccagac tcatgcatct ctgagaagtt gttcatggag 120

atggctgaac gcatggtttc tgagggatgg aaagatgcag gctacgagta cctgtgtata 180

gacgattgtt ggatggcccc acagcgggat tcagaaggta gactccaggo ggatccccag 240



agattcccac atggaatcag acagctggcc aattacgtcc attccaaagg ccttaagttg      300

ggtatttacg ccgacgtagg caacaagact tgtgccggat ttcccggcag tttcggatac      360

tatgacattg atgcacagac tttcgctgac tggggggtgg acttgctcaa atttgatggc      420

tgttattgcg atagcctcga aaatctggct gatggctaca agcacatgtc actcgctctc      480

aaccgcactg ggcgctctat agtttactcc tgcgagtggc ctctgtatat gtggccgttc      540

cagaaaccca attacacaga aataaggcag tattgcaatc actggcgcaa ctttgctgat      600

attgatgatt cctgggcctc cataaagagt atcttggact ggactagtcg caatcaggaa      660

agaattgtcg acgtcgccgg accaggcgga tggaatgatc ctgatatgct cgtgatcggg      720

aacttcggac tctcatggga ccagcaggtg acccagatgg ctagttgggc tatcatggcc      780

gcccctctgt ttatgagtaa cgacctccgc cacatcagcc cccaggccaa ggcgcttctg      840

caggataaag atgtcatcgc catcaaccaa gatcccctgg gcaaacaagg ctatcagctg      900

cggaagggag acaattttga ggtgtgggaa cgccctttga gcggagacgc ctgggctgtg      960

gctattataa atcgccagga gattgggggc ccgagaagtt atactatccc cgttgcaagc     1020

ctgggaaagg gcgtcgcctg caaccctgcc tgcttcatca cacagctgct tcctgtcaaa     1080

cgccaattgg ggttctacaa ttggacatcc agactcaaat ctcatattaa cccgacaggg     1140

actgttctcc tccagctgga aaacacaatg cagatgagcc tgaaggatct cttgtga        1197

<210>  27
<211>  1197
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  27
ttggacaatg ggctggccag gacacctact atgggctggc tccactggga gcgctttatg       60

tgtaacctcg actgccaaga ggagccagac tcatgcatct ctgagaagtt gttcgaggag      120

atggcagaac gaatggtgac agatggatgg aaggacgctg gctacgagta tctgtgcata      180

gatgattgtt ggatggcccc tcagcgagac tcagagggga gactccaggc cgacccccag      240

agattcccac atggaatcag acagctggcc aattacgtcc attccaaagg ccttaagttg 300

ggtatttacg ccgacgtagg caacaagact tgtgccggat ttcccggcag tttcggatac 360

tatgacattg atgcacagad tttcgctgac tggggggtgg acttgctcaa atttgatggc 420

tgttattgcg atagcctcga aaatctggct gatggctaca agcacatgtc actcgctctc 480

aaccgcactg ggcgctctat agtttactcc tgcgagtggc ctctgtatat gtggccgttc 540

cagaaaccca attacacaga aataaggcag tattgcaatc actggcgcaa ctttgctgat 600

attgatgatt cctgggcctc cataaagagt atcttggact ggactagtcg caatcaggaa 660

agaattgtcg acgtcgccgg accaggcgga tggaatgatc ctgatatgct cgtgatcggg 720

aacttcggac tctcatggga ccagcaggtg acccagatgg ctagttgggc tatcatggcc 780

gcccctctgt ttatgagtaa cgacctccgc cacatcagcc cccaggccaa ggcgcttctg 840

caggataaag atgtcatcgc catcaaccaa gatcccctgg gcaaacaagg ctatcagctg 900

cggaagggag acaattttga ggtgtgggaa cgccctttga gcggagacgc ctgggctgtg 960

gctattataa atcgccagga gattgggggc ccgagaagtt atactatccc cgttgcaagc 1020

ctgggaaagg gcgtcgcctg caaccctgcc tgcttcatca cacagctgct tcctgtcaaa 1080

cgccaattgg ggttctacaa ttggacatcc agactcaaat ctcatattaa cccgacaggg 1140

actgttctcc tccagctgga aaacacaatg cagatgagcc tgaaggatct cttgtga 1197

<210> 27

<211> 1197
<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 27

ttggacaatg ggctggccag gacacctact atgggctggc tccactggga gcgctttatg 60

tgtaacctcg actgccaaga ggagccagac tcatgcatct ctgagaagtt gttcgaggag 120

atggcagaac gaatggtgac agatggatgg aaggacgctg gctacgagta tctgtgcata 180

gatgattgtt ggatggcccc tcagcgagac tcagagggga gactccaggc cgacccccag 240



cgatttccac acggaatccg gcaactggct aaccatgtgc actcaaaagg gctcaagctg      300

ggaatttatg ctgacgtcgg gaacaaaact tgtgcggggt ttcccggctc cttcggatat      360

tacgacatcg acgcccagac tttcgcagac tggggtgtgg acctgcttaa gttcgacggc      420

tgttactgcg atagtctgga aaacttggct gacggctata agcacatgag tctcgccctg      480

aaccgaacag gcagaagcat agtctactcc tgcgaatggc cactttacat gtggccattc      540

cagaaaccta attataccga gatcagacaa tactgtaacc attggcgaaa cttcgccgac      600

attgacgata gttggaagtc aatcaagtcc atcctggatt ggacctctag gaaccaggaa      660

aggatcgtgg acgtggctgg acctggcgga tggaacgatc cagacatgct cgtgatagga      720

aactttggac tgtcatggaa tcagcaagta acacagatgg cgctctgggc cattatggct      780

gcccccttgt ttatgtctaa cgacctgagg catatctctc ctcaagccaa ggcactcctg      840

caggacaagg acgttatcgc catcaaccag gacccactgg gcaagcaggg ataccagctg      900

cggaaaggtg ataacttcga ggtctgggag cgaccgcttt caggagacgc ctgggcagtt      960

gcaatcatca acaggcaaga aattggtggg ccacggtctt atactattcc cgtggcttct     1020

ctcggtaagg gcgtcgcctg caaccccgcc tgctttatca cccaattgtt gcccgttaag     1080

agaaaactgg gattttacga gtggacatcc aggctgcggt ctcatattaa cccgacaggg     1140

actgttctcc tccagctgga aaacacaatg cagatgagcc tgaaggatct cttgtga        1197

<210>  28
<211>  1197
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  28
ttggacaatg ggctggccag gacacctact atgggctggc tccactggga gcgctttatg       60

tgtaacctcg actgccaaga ggagccagac tcatgcatct ctgagaagtt gttcgaagag      120

atggctgaac tgatggtgtc cgaggggtgg aaggatgcag ggtacgagta cctttgcata      180

gacgattgct ggatggcacc acagcgggat agtgagggca ggttgcaggc ggacccccaa      240

cgatttccac acggaatccg gcaactggct aaccatgtgc actcaaaagg gctcaagctg 300

ggaatttatg ctgacgtcgg gaacaaaact tgtgcggggt ttcccggctc cttcggatat 360

tacgacatcg acgcccagac tttcgcagac tggggtgtgg acctgcttaa gttcgacggc 420

tgttactgcg atagtctgga aaacttggct gacggctata agcacatgag tctcgccctg 480

aaccgaacag gcagaagcat agtctactcc tgcgaatggc cactttacat gtggccatto 540

cagaaaccta attataccga gatcagacaa tactgtaacc attggcgaaa cttcgccgac 600

attgacgata gttggaagtc aatcaagtcc atcctggatt ggacctctag gaaccaggaa 660

aggatcgtgg acgtggctgg acctggcgga tggaacgatc cagacatgct cgtgatagga 720

aactttggac tgtcatggaa tcagcaagta acacagatgg cgctctgggc cattatggct 780

gcccccttgt ttatgtctaa cgacctgagg catatctctc ctcaagccaa ggcactcctg 840

caggacaagg acgttatcgc catcaaccag gacccactgg gcaagcaggg ataccagctg 900

cggaaaggtg ataacttcga ggtctgggag cgaccgcttt caggagacgo ctgggcagtt 960

gcaatcatca acaggcaaga aattggtggg ccacggtctt atactattcc cgtggcttct 1020

ctcggtaagg gcgtcgcctg caaccccgcc tgctttatca cccaattgtt gcccgttaag 1080

agaaaactgg gattttacga gtggacatcc aggctgcggt ctcatattaa cccgacaggg 1140

actgttctcc tccagctgga aaacacaatg cagatgagcc tgaaggatct cttgtga 1197

<210> 28

<211> 1197
<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 28
ttggacaatg ggctggccag gacacctact atgggctggc tccactggga gcgctttatg 60

tgtaacctcg actgccaaga ggagccagac tcatgcatct ctgagaagtt gttcgaagag 120

atggctgaac tgatggtgtc cgaggggtgg aaggatgcag ggtacgagta cctttgcata 180

gacgattgct ggatggcacc acagcgggat agtgagggca ggttgcaggo ggacccccaa 240



agatttccac atggcatcag acagctggcc aaccacgtgc actctaaagg cctgaagctg      300

gggatttacg ccgatgtcgg taataaaaca tgtgctggtt tccccggtag ctttggatac      360

tacgacatcg acgcccagac atttgctgat tggggagtgg acctgctcaa gttcgacggc      420

tgctactgcg attctctgga aaatctggcc gatgggtata agcacatgag tcttgctctt      480

aatagaaccg gacgctctat agtctattca tgtgagtggc cactgtacat gtggccattt      540

cagaaaccca actataccga aattagacag tattgtaacc actggcggaa tttcgccgac      600

atagacgata gctggaagag catcaagtca attctcgatt ggacttcatt caaccaggag      660

cggatcgtcg acgtggccgg ccctgggggc tggaatgatc cagatatgct ggtgatcgga      720

aactttggtc tctcctggaa tcaacaggtc actcagatgg ccctctgggc cattatggca      780

gcaccactct ttatgagcaa cgacctgaga cacatttccc cacaggccaa ggcattgctg      840

caggacaaag acgtgatcgc cattaaccag gacccactgg gcaagcaagg gtaccaactt      900

aggcagggag ataattttga ggtctgggag cgcccactca gcggagacgc ctgggccgtt      960

gccatgataa acagacagga gattggcggc cccagatcct acacaattcc tgtcgctagc     1020

ctgggcaagg gggtggcttg taatcccgcc tgctttataa cccagctgct gccagtgaaa     1080

cggaaactcg ggttctatga atggacttct aggctcaggt ctcatattaa cccgacaggg     1140

actgttctcc tccagctgga aaacacaatg cagatgagcc tgaaggatct cttgtga        1197

<210>  29
<211>  1197
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  29
ttggacaatg ggctggccag gacacctact atgggctggc tccactggga gcgctttatg       60

tgtaacctcg actgccaaga ggagccagac tcatgcatct ctgagaagtt gttcgaggag      120

atggcagaac gaatggtgac agatggatgg aaggacgctg gctacgagta tctgtgcata      180

gatgattgtt ggatggcccc tcagcgagac tcagagggga gactccaggc cgacccccag      240

agatttccac atggcatcag acagctggcc aaccacgtgc actctaaagg cctgaagctg 300

gggatttacg ccgatgtcgg taataaaaca tgtgctggtt tccccggtag ctttggatac 360

tacgacatcg acgcccagac atttgctgat tggggagtgg acctgctcaa gttcgacggc 420

tgctactgcg attctctgga aaatctggcc gatgggtata agcacatgag tcttgctctt 480

aatagaaccg gacgctctat agtctattca tgtgagtggc cactgtacat gtggccattt 540

cagaaaccca actataccga aattagacag tattgtaacc actggcggaa tttcgccgac 600

atagacgata gctggaagag catcaagtca attctcgatt ggacttcatt caaccaggag 660

cggatcgtcg acgtggccgg ccctgggggc tggaatgatc cagatatgct ggtgatcgga 720

aactttggtc tctcctggaa tcaacaggtc actcagatgg ccctctgggc cattatggca 780

gcaccactct ttatgagcaa cgacctgaga cacatttccc cacaggccaa ggcattgctg 840

caggacaaag acgtgatcgc cattaaccag gacccactgg gcaagcaagg gtaccaactt 900

aggcagggag ataattttga ggtctgggag cgcccactca gcggagacgc ctgggccgtt 960

gccatgataa acagacagga gattggcggc cccagatcct acacaattcc tgtcgctagc 1020

ctgggcaagg gggtggcttg taatcccgcc tgctttataa cccagctgct gccagtgaaa 1080

cggaaactcg ggttctatga atggacttct aggctcaggt ctcatattaa cccgacaggg 1140

actgttctcc tccagctgga aaacacaatg cagatgagcc tgaaggatct cttgtga 1197

<210> 29

<211> 1197
<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 29

ttggacaatg ggctggccag gacacctact atgggctggc tccactggga gcgctttatg 60

tgtaacctcg actgccaaga ggagccagac tcatgcatct ctgagaagtt gttcgaggag 120

atggcagaac gaatggtgac agatggatgg aaggacgctg gctacgagta tctgtgcata 180

gatgattgtt ggatggcccc tcagcgagac tcagagggga gactccaggc cgacccccag 240



cgatttccac acggaatccg gcaactggct aaccatgtgc actcaaaagg gctcaagctg      300

ggaatttatg ctgacgtcgg gaacaaaact tgtgcggggt ttcccggctc cttcggatat      360

tacgacatcg acgcccagac tttcgcagac tggggtgtgg acctgcttaa gttcgacggc      420

tgttactgcg atagtctgga aaacttggct gacggctata agcacatgag tctcgccctg      480

aaccgaacag gcagaagcat agtctactcc tgcgaatggc cactttacat gtggccattc      540

cagaaaccta attataccga gatcagacaa tactgtaacc attggcgaaa cttcgccgac      600

attgacgata gttggaagtc aatcaagtcc atcctggatt ggacctctag gaaccaggaa      660

aggatcgtgg acgtggctgg acctggcgga tggaacgatc cagacatgct cgtgatagga      720

aactttggac tgtcatggga tcagcaagta acacagatgg cgctctgggc cattatggct      780

gcccccttgt ttatgtctaa cgacctgagg catatctctc ctcaagccaa ggcactcctg      840

caggacaagg acgttatcgc catcaaccag gacccactgg gcaagcaggg ataccagctg      900

cggaaaggtg ataacttcga ggtctgggag cgaccgcttt caggagacgc ctgggcagtt      960

gcaatcatca acaggcaaga aattggtggg ccacggtctt atactattcc cgtggcttct     1020

ctcggtaagg gcgtcgcctg caaccccgcc tgctttatca cccaattgtt gcccgttaag     1080

agaaaactgg gattttacga ggcgacatcc aggctgaagt ctcatattaa cccgacaggg     1140

actgttctcc tccagctgga aaacacaatg cagatgagcc tgaaggatct cttgtga        1197

<210>  30
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  30

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

cgatttccac acggaatccg gcaactggct aaccatgtgc actcaaaagg gctcaagctg 300

ggaatttatg ctgacgtcgg gaacaaaact tgtgcggggt ttcccggctc cttcggatat 360

tacgacatcg acgcccagac tttcgcagac tggggtgtgg acctgcttaa gttcgacggc 420

tgttactgcg atagtctgga aaacttggct gacggctata agcacatgag tctcgccctg 480

aaccgaacag gcagaagcat agtctactcc tgcgaatggc cactttacat gtggccatto 540

cagaaaccta attataccga gatcagacaa tactgtaacc attggcgaaa cttcgccgad 600

attgacgata gttggaagtc aatcaagtcc atcctggatt ggacctctag gaaccaggaa 660

aggatcgtgg acgtggctgg acctggcgga tggaacgatc cagacatgct cgtgatagga 720

aactttggac tgtcatggga tcagcaagta acacagatgg cgctctgggc cattatggct 780

gcccccttgt ttatgtctaa cgacctgagg catatctctc ctcaagccaa ggcactcctg 840

caggacaagg acgttatcgc catcaaccag gacccactgg gcaagcaggg ataccagctg 900

cggaaaggtg ataacttcga ggtctgggag cgaccgcttt caggagacgc ctgggcagtt 960

gcaatcatca acaggcaaga aattggtggg ccacggtctt atactattcc cgtggcttct 1020

ctcggtaagg gcgtcgcctg caaccccgcc tgctttatca cccaattgtt gcccgttaag 1080

agaaaactgg gattttacga ggcgacatcc aggctgaagt ctcatattaa cccgacaggg 1140

actgttctcc tccagctgga aaacacaatg cagatgagcc tgaaggatct cttgtga 1197

<210> 30
<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 30

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp

1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys

20 25 30



Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 

Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly



225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Leu Ala Trp Ala Val 
305                 310                 315                 320 

Ala Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Ala Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp 
        355                 360                 365             

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  31
<211>  1196
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

225 230 235 240

Asn Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Leu Ala Trp Ala Val
305 310 315 320

Ala Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Ala Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp
355 360 365

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu
385 390 395

<210> 31

<211> 1196

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide



<400>  31
tggacaatgg attggcaagg acgcctacca tgggctggct gcactgggag cgcttcatgt       60

gcaaccttga ctgccaggaa gagccagatt cctgcatcag tgagaagctc ttcgaggaga      120

tggcagagag aatggtcacc gacggctgga aggatgcagg ttatgagtac ctctgcattg      180

atgactgttg gatggctccc caaagagatt cagaaggcag acttcaggca gaccctcagc      240

gctttcctca tgggattcgc cagctagcta atcacgttca cagcaaagga ctgaagctag      300

ggatttatgc agatgttgga aataaaacct gcgcaggctt ccctgggagt tttggatact      360

acgacattga tgcccagacc tttgctgact ggggagtaga tctgctaaaa tttgatggtt      420

gttactgtga cagtttggaa aatttggcag atggttataa gcacatgtcc ttggccctga      480

ataggactgg cagaagcatt gtgtactcct gtgagtggcc tctttatatg tggccctttc      540

aaaagcccaa ttatacagaa atccgacagt actgcaatca ctggcgaaat tttgctgaca      600

ttgatgattc ctgggccagt ataaagagta tcttggactg gacatctaga aaccaggaga      660

gaattgttga tgttgctgga ccagggggtt ggaatgaccc agatatgtta gtgattggca      720

actttggcct cagctgggac cagcaagtaa ctcagatggc cctctgggct atcatggctg      780

ctcctttatt catgtctaat gacctccgac acatcagccc tcaagccaaa gctctccttc      840

aggataagga cgtaattgcc atcaatcagg accccttggg caagcaaggg taccagctta      900

gaaagggaga caactttgaa gtgtgggaac gacctctctc aggcgatgcc tgggctgtag      960

ctatcataaa ccggcaggag attggtggac ctcgctctta taccatcccc gttgcttccc     1020

tgggtaaagg agtggcctgt aatcctgcct gcttcatcac acagctcctc cctgtgaaaa     1080

ggcagctagg gttctataac tggacttcaa ggttaaagag tcacataaat cccacaggca     1140

ctgttttgct tcagctagaa aatacaatgc agatgtcatt aaaagactta ctttaa         1196

<210>  32
<211>  1196
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400> 31tggacaatgg attggcaagg acgcctacca tgggctggct gcactgggag cgcttcatgt
60

120
gcaaccttga ctgccaggaa gagccagatt cctgcatcag tgagaagctc ttcgaggaga

tggcagagag aatggtcacc gacggctgga aggatgcagg ttatgagtac ctctgcattg
180

atgactgttg gatggctccc caaagagatt cagaaggcag acttcaggca gaccctcagc
240

gctttcctca tgggattcgc cagctagcta atcacgttca cagcaaagga ctgaagctag
300

ggatttatgc agatgttgga aataaaacct gcgcaggctt ccctgggagt tttggatact
360

acgacattga tgcccagacc tttgctgact ggggagtaga tctgctaaaa tttgatggtt
420

gttactgtga cagtttggaa aatttggcag atggttataa gcacatgtcc ttggccctga
480

ataggactgg cagaagcatt gtgtactcct gtgagtggcc tctttatatg tggccctttc
540

aaaagcccaa ttatacagaa atccgacagt actgcaatca ctggcgaaat tttgctgaca
600

660
ttgatgattc ctgggccagt ataaagagta tcttggactg gacatctaga aaccaggaga

gaattgttga tgttgctgga ccagggggtt ggaatgaccc agatatgtta gtgattggca
720

actttggcct cagctgggac cagcaagtaa ctcagatggc cctcggggct atcatggctg
780

ctcctttatt catgtctaat gacctccgac acatcagccc tcaagccaaa gctctccttc
840

aggataagga cgtaattgcc atcaatcagg accccttggg caagcaaggg taccagctta
900

960
gaaagggaga caactttgaa gtgtgggaac gacctctctc aggcgatgcc tgggctgtag

ctatcataaa ccggcaggag attggtggac ctcgctctta taccatcccc gttgcttccc
1020

tgggtaaagg agtggcctgt aatcctgcct gcttcatcac acagctcctc cctgtgaaaa
1080

1140
ggcagctagg gttctataac tggacttcaa ggttaaagag tcacataaat cccacaggca

1196
ctgttttgct tcagctagaa aatacaatgc agatgtcatt aaaagactta ctttaa

<210> 32

<211> 1196
<212> DNA
<213> Artificial Sequence

<220>
<223> Synthetic polynucleotide



<400>  32
tggacaatgg attggcaagg acgcctccca tgggctggct gcactgggag cgcttcatgt       60

gcaaccttga ctgccaggaa gagccagatt cctgcatcag tgagaagctc ttcgaggaga      120

tggcagagag aatggtcacc gacggctgga aggatgcagg ttatgagtac ctctgcattg      180

atgactgttg gatggctccc caaagagatt cagaaggcag acttcaggca gaccctcagc      240

gctttcctca tgggattcgc cagctagcta atcacgttca cagcaaagga ctgaagctag      300

ggatttatgc agatgttgga aataaaacct gcgcaggctt ccctgggagt tttggatact      360

acgacattga tgcccagacc tttgctgact ggggagtaga tctgctaaaa tttgatggtt      420

gttactgtga cagtttggaa aatttggcag atggttataa gcacatgtcc ttggccctga      480

ataagactgg cagacccatt gtgtactcct gtgagtggcc tctttatatg tggccctttc      540

aaaagcccaa ttatacagaa atccgacagt actgcaatca ctggcgaaat tttgctgaca      600

ttgatgattc ctgggccagt ataaagagta tcttggactg gacatctaga aaccaggaga      660

gaattgttga tgttgctgga ccagggggtt ggaatgaccc agatatgtta gtgattggca      720

actttggcct cagctgggac cagcaagtaa ctcagatggc cctctgggct atcatggctg      780

ctcctttatt catgtctaat gacctccgac acatcagccc tcaagccaaa gctctccttc      840

aggataagga cgtaattgcc atcaatcagg accccttggg caagcaaggg taccagctta      900

gaaagggaga caactttgaa gtgtgggaac gacctctctc aggcgatgcc tgggctgtag      960

ctatcataaa ccggcaggag attggtggac ctcgctctta taccatcccc gttgcttccc     1020

tgggtaaagg agtggcctgt aatcctgcct gcttcatcac acagctcctc cctgtgaaaa     1080

ggcagctagg gttctataac tggacttcaa ggttaaagag tcacataaat cccacaggca     1140

ctgttttgct tcagctagaa aatacaatgc agatgtcatt aaaagactta ctttaa         1196

<210>  33
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

tggacaatgg attggcaagg acgcctccca tgggctggct gcactgggag cgcttcatgt<400> 32
60

120
gcaaccttga ctgccaggaa gagccagatt cctgcatcag tgagaagctc ttcgaggaga

180

tggcagagag aatggtcacc gacggctgga aggatgcagg ttatgagtac ctctgcattg

240
atgactgttg gatggctccc caaagagatt cagaaggcag acttcaggca gaccctcago

300

gctttcctca tgggattcgc cagctagcta atcacgttca cagcaaagga ctgaagctag

360

ggatttatgc agatgttgga aataaaacct gcgcaggctt ccctgggagt tttggatact

420

acgacattga tgcccagacc tttgctgact ggggagtaga tctgctaaaa tttgatggtt

480

gttactgtga cagtttggaa aatttggcag atggttataa gcacatgtcc ttggccctga

540

ataagactgg cagacccatt gtgtactcct gtgagtggcc tctttatatg tggccctttc

600

aaaagcccaa ttatacagaa atccgacagt actgcaatca ctggcgaaat tttgctgaca

660
ttgatgattc ctgggccagt ataaagagta tcttggactg gacatctaga aaccaggaga

720

gaattgttga tgttgctgga ccagggggtt ggaatgaccc agatatgtta gtgattggca

780

actttggcct cagctgggac cagcaagtaa ctcagatggc cctcggggct atcatggctg

840

ctcctttatt catgtctaat gacctccgac acatcagccc tcaagccaaa gctctccttc

900

aggataagga cgtaattgcc atcaatcagg accccttggg caagcaaggg taccagctta

960

gaaagggaga caactttgaa gtgtgggaac gacctctctc aggcgatgcc tgggctgtag

1020

ctatcataaa ccggcaggag attggtggac ctcgctctta taccatcccc gttgcttccc

1080

tgggtaaagg agtggcctgt aatcctgcct gcttcatcac acagctcctc cctgtgaaaa

1140

ggcagctagg gttctataac tggacttcaa ggttaaagag tcacataaat cccacaggca

1196

ctgttttgct tcagctagaa aatacaatgc agatgtcatt aaaagactta ctttaa

<210> 33

<211> 398
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic polypeptide



<400>  33

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

<400> 33

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190



Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 
305                 310                 315                 320 

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Asn Trp 
        355                 360                 365             

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val
305 310 315 320

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Asn Trp
355 360 365

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu



385                 390                 395             

<210>  34
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  34

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 
    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 

385 390 395

<210> 34

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 34

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp
130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu



145                 150                 155                 160 

Asn Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 
305                 310                 315                 320 

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile 
                325                 330                 335     

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

145 150 155 160

Asn Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val
305 310 315 320

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile
325 330 335

Pro Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350



Ile Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Asn Trp 
        355                 360                 365             

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  35
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  35
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggactggc cagaactcct      120

cccatgggct ggctgcactg ggaaaggttt atgtgtaatc tggactgtca agaggagcca      180

gattcctgca tctctgagaa gctctttgaa gagatggctg agaggatggt gacagatggt      240

tggaaggatg ctggttatga gtacctgtgc attgatgact gctggatggc cccccagaga      300

gattcagaag gcagactgca agcagaccct cagaggttcc cccatggcat ccgccagctt      360

gccaaccatg tccactccaa gggcctgaaa ctgggtatct atgctgatgt gggcaataag      420

acctgtgctg gctttcctgg ctcctttggc tactatgaca ttgacgccca gacctttgct      480

gactggggtg tggacttgct gaagtttgat ggctgctact gtgactccct ggagaacctg      540

gcagatggat acaagcacat gtctctggct ctgaacaaga ctggcagacc cattgtttac      600

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatcaga      660

cagtactgca atcattggag gaactttgcc gacatcgatg attcttgggc ctccatcaag      720

agcatcctgg actggacatc cagaaaccaa gaaagaattg tggatgtggc tggacctgga      780

ggatggaatg atcctgacat gctggtgatt ggaaattttg ggctgtcctg ggaccagcaa      840

Ile Thr Gln 355 Leu Leu Pro Val 360 Lys Arg Gln Leu Gly Phe Tyr Asn

Trp
365

Thr Ser 370 Arg Leu Lys Ser His 375 Ile Asn Pro Thr Gly Thr Val Leu Leu

380

Gln 385 Leu Glu Asn Thr Met 390 Gln Met Ser Leu Lys Asp Leu Leu

395

<210> 35

<211> 1290
<212> DNA
<213>

Artificial Sequence

<220><223> Synthetic polynucleotide

<400> 35
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc

ctcgtttcct gggacatccc tggggctaga gcactggata atggactggc cagaactcct 60

cccatgggct ggctgcactg ggaaaggttt atgtgtaatc tggactgtca agaggagcca 120

180gattcctgca tctctgagaa gctctttgaa gagatggctg agaggatggt gacagatggt

tggaaggatg ctggttatga gtacctgtgc attgatgact gctggatggc cccccagaga 240

gattcagaag gcagactgca agcagaccct cagaggttcc cccatggcat ccgccagctt 300

360gccaaccatg tccactccaa gggcctgaaa ctgggtatct atgctgatgt gggcaataag

acctgtgctg gctttcctgg ctcctttggc tactatgaca ttgacgccca gacctttgct 420

gactggggtg tggacttgct gaagtttgat ggctgctact gtgactccct ggagaacctg 480

540gcagatggat acaagcacat gtctctggct ctgaacaaga ctggcagacc cattgtttac

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatcaga 600

cagtactgca atcattggag gaactttgcc gacatcgatg attcttgggc ctccatcaag 660

720agcatcctgg actggacatc cagaaaccaa gaaagaattg tggatgtggc tggacctgga

780ggatggaatg atcctgacat gctggtgatt ggaaattttg ggctgtcctg ggaccagcaa

840



gtgactcaga tggccctctg ggccatcatg gctgggcccc tcttcatgag caatgacctg      900

agggccattt ccccccaagc caaggccctg cttcaagaca aagatgtcat tgctatcaat      960

caagatcccc tggggaagca aggctaccag ctcagaaaag gagacaactt cgaggtgtgg     1020

gagagacctc tgtctggaga tgcctgggct gtggccatca tcaacagaca agagattggt     1080

ggccccagag gttacaccat ccctgttgct tctcttggca agggtgttgc ctgcaaccca     1140

gcttgcttca tcacccagct gctcccagtg aagaggaagc tgggcttcta tgaagctacc     1200

tctaggttga gatcccacat caaccccact ggtactgtgc tgctgcagct ggaaaacacc     1260

atgcagactt ccctcaagga cctcctgtga                                      1290

<210>  36
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  36
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggacttgc aagaactcct      120

cccatgggct ggctgcactg ggagaggttt atgtgtaatc tggactgtca agaagaacca      180

gattcctgca tctctgagaa gctctttgag gagatggctg agaggatggt gacagatgga      240

tggaaggatg ctggttatga atatctgtgc attgatgact gctggatggc ccctcagaga      300

gacagtgaag gccgcctgca agcagacccc cagaggttcc cccatggaat cagacagttg      360

gccaaccatg tccactccaa gggcctgaaa ctgggcatct atgctgatgt gggcaataag      420

acctgtgctg gcttccctgg ctcctttggg tactatgaca ttgacgccca gacttttgct      480

gactggggtg tggacttgct gaagtttgat ggctgctact gtgactccct ggaaaacctg      540

gcagatggtt acaagcacat gtctctggcc ctgaacaaga ctggcagacc cattgtttac      600

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatccgc      660

cagtactgca atcattggag gaactttgca gacatcgatg attcttgggc cagcatcaag      720

gtgactcaga tggccctctg ggccatcatg gctgggcccc tcttcatgag caatgacctg
900

agggccattt cccccccaagc caaggccctg cttcaagaca aagatgtcat tgctatcaat
960

caagatcccc tggggaagca aggctaccag ctcagaaaag gagacaactt cgaggtgtgg
1020

gagagacctc tgtctggaga tgcctgggct gtggccatca tcaacagaca agagattggt
1080

1140
ggccccagag gttacaccat ccctgttgct tctcttggca agggtgttgc ctgcaaccca

1200
gcttgcttca tcacccagct gctcccagtg aagaggaage tgggcttcta tgaagctacc

1260
tctaggttga gatcccacat caaccccact ggtactgtgc tgctgcagct ggaaaacacc

1290atgcagactt ccctcaagga cctcctgtga

<210> 36
<211> 1290
<212> DNA
<213> Artificial Sequence

<220>
<223> Synthetic polynucleotide

<400> 36
60

atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc

120
ctcgtttcct gggacatccc tggggctaga gcactggata atggacttgc aagaactcct

180
cccatgggct ggctgcactg ggagaggttt atgtgtaatc tggactgtca agaagaacca

240
gattcctgca tctctgagaa gctctttgag gagatggctg agaggatggt gacagatgga

300
tggaaggatg ctggttatga atatctgtgc attgatgact gctggatggc ccctcagaga

gacagtgaag gccgcctgca agcagacccc cagaggttcc cccatggaat cagacagttg
360

420
gccaaccatg tccactccaa gggcctgaaa ctgggcatct atgctgatgt gggcaataag

acctgtgctg gcttccctgg ctcctttggg tactatgaca ttgacgccca gacttttgct
480

540
gactggggtg tggacttgct gaagtttgat ggctgctact gtgactccct ggaaaacctg

600
gcagatggtt acaagcacat gtctctggcc ctgaacaaga ctggcagacc cattgtttac

660
agctgtgagt ggccactgta catgtggccc ttccagaage ccaactacac tgagatccgc

720
cagtactgca atcattggag gaactttgca gacatcgatg attcttgggc cagcatcaag



tccatcctgg actggacttc cagaaaccaa gagagaattg tggatgttgc tggacctgga      780

ggttggaatg atcctgacat gctggtgatt ggaaattttg gactgtcctg ggaccagcaa      840

gtgactcaga tggccctctg ggccatcatg gctgggcccc tcttcatgag caatgacctg      900

agggccattt ccccccaagc caaggctctg cttcaagaca aagatgtcat tgctattaat      960

caagatcccc tggggaagca aggctaccag ctcagaaaag gagacaactt cgaggtgtgg     1020

gaaagacctc tgtctggaga tgcctgggct gtggctatca tcaacagaca agaaattggt     1080

ggccccagag gctacaccat ccctgtggcc tctcttggca agggtgttgc ctgcaaccca     1140

gcttgcttca tcacccagct gctcccagtg aagaggaagc tgggtttcta tgaggctacc     1200

tctaggttga gatcccacat caatcccact ggtacagtgc tgctgcagct ggagaacacc     1260

atgcagacct ccctcaagga cctcctttaa                                      1290

<210>  37
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  37
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcattggaca atggactggc aagaactcct      120

cccatgggct ggctgcactg ggaaaggttt atgtgtaatc tggactgtca agaggagcca      180

gattcctgca tctctgagaa gctctttgaa gagatggctg agaggatggt gacagatgga      240

tggaaggatg ctggatatga gtacctgtgc attgatgact gctggatggc ccctcagaga      300

gacagtgaag gcagactgca agcagacccc cagaggttcc cccatggcat taggcagctg      360

gccaaccatg tccactccaa gggcctgaaa ctgggcatct atgctgatgt gggcaataag      420

acctgtgctg gtttccctgg ctcctttgga tactatgaca ttgatgccca gacctttgct      480

gactggggtg tggacctgct caagtttgat ggctgctact gtgactccct ggagaacctg      540

gctgatggtt acaagcacat gtctcttgct ctgaacaaga ctggtagacc cattgtttac      600

780

actggacttc gagagaattg tggatgttgc gactgtcctg tggacctgga ggaccagcaa

840

tccatcctgg atcctgacat gctggtgatt ggaaattttg caatgacctg

900

ggttggaatg ggccatcatg gctgggcccc tcttcatgag tgctattaat

960

gtgactcaga tggccctctg cccccccaagc caaggctctg cttcaagaca aagatgtcat cgaggtgtgg

1020

agggccattt aggctaccag ctcagaaaag gagacaactt agaaattggt

1080

caagatcccc tggggaagca tgtctggaga tgcctgggct gtggctatca tcaacagaca ctgcaaccca

1140

gaaagacctc gctacaccat ccctgtggcc tctcttggca agggtgttgc tgggtttcta tgaggctacc

1200

ggccccagag tcacccagct gctcccagtg aagaggaage ggagaacacc

1260

gcttgcttca tctaggttga gatcccacat caatcccact ggtacagtgc tgctgcagct

1290

atgcagacct ccctcaagga cctcctttaa

<210> 37
<211> 1290

DNA<212> <213> Artificial Sequence

<220>
Synthetic polynucleotide

60

<223> <400> 37 ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc aagaactcct

120

atgcagctga gggacatccc tggggctaga gcattggaca atggactggc agaggagcca

180

ctcgtttcct ggctgcactg ggaaaggttt atgtgtaatc tggactgtca gacagatgga

240

cccatgggct tctctgagaa gctctttgaa gagatggctg agaggatggt ccctcagaga

300

gattcctgca ctggatatga gtacctgtgc attgatgact gctggatggc taggcagctg

360

tggaaggatg gcagactgca agcagacccc cagaggttcc cccatggcat gggcaataag

420

gacagtgaag tccactccaa gggcctgaaa ctgggcatct atgctgatgt ttgatgccca gacctttgct

480

gccaaccatg gtttccctgg ctcctttgga tactatgaca gtgactccct ggagaacctg

540

acctgtgctg tggacctgct caagtttgat ggctgctact cattgtttac

600

gactggggtg gctgatggtt acaagcacat gtctcttgct ctgaacaaga ctggtagacc



agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatcaga      660

cagtactgca atcattggag gaattttgca gatattgatg attcttgggc ctccatcaag      720

agcatcctgg actggacttc cagaaaccaa gaaagaattg tggatgttgc tggccctgga      780

ggttggaatg accctgacat gctggtgatt ggcaactttg ggctgtcctg ggaccagcaa      840

gtgactcaga tggccctctg ggccatcatg gctgggcccc tcttcatgtc caatgatctg      900

agggccattt ccccccaagc caaggccctg cttcaagaca aagatgtcat tgctatcaat      960

caagatcccc tgggcaagca aggctaccag ctcagaaaag gagacaactt tgaggtgtgg     1020

gagagacctc tgtctggaga tgcctgggct gtggccatca tcaacagaca agagattggt     1080

ggccccagag gctacaccat ccctgtggct tccctgggga agggtgttgc ctgcaaccca     1140

gcttgcttca tcacccagct tctgccagtg aagaggaagc tgggcttcta tgaagctacc     1200

agcagactga gatcccacat caaccccact ggcacagtgc tgctgcagct ggaaaacacc     1260

atgcagactt ctctgaagga cctcctgtga                                      1290

<210>  38
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  38
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggactggc aagaactcct      120

cccatgggct ggctgcattg ggagaggttt atgtgtaatc tggactgtca agaggagcca      180

gactcctgca tctctgagaa gctctttgaa gagatggctg agaggatggt gacagatggt      240

tggaaggatg ctggatatga gtacctgtgc attgatgact gctggatggc cccccagaga      300

gacagtgaag gcagactgca agcagaccct cagaggttcc cccatggcat taggcagctg      360

gccaaccatg tccactccaa gggcctgaaa cttggcatct atgctgatgt gggcaataag      420

acctgtgctg gcttccctgg ctcctttggc tactatgaca ttgatgccca gacttttgct      480

660

ggccactgta catgtggccc ttccagaagc ccaactacac tgagatcaga ctccatcaag

720

agctgtgagt atcattggag gaattttgca gatattgatg attcttggg tggccctgga

780

cagtactgca actggacttc cagaaaccaa gaaagaattg tggatgttgc ggaccagcaa

840

agcatcctgg accctgacat gctggtgatt ggcaactttg ggctgtcctg caatgatctg

900

ggttggaatg tggccctctg ggccatcatg gctgggcccc tcttcatgtc tgctatcaat

960

gtgactcaga cccccccaagc caaggccctg cttcaagaca aagatgtcat tgaggtgtgg

1020

agggccattt tgggcaagca aggctaccag ctcagaaaag gagacaactt agagattggt

1080

caagatcccc tgtctggaga tgcctgggct gtggccatca tcaacagaca ctgcaaccca

1140

gagagacctc gctacaccat ccctgtggct tccctgggga agggtgttgc tgaagctacc

1200

ggccccagag tcacccagct tctgccagtg aagaggaage tgggcttcta ggaaaacacc

1260

gcttgcttca agcagactga gatcccacat caaccccact ggcacagtgc tgctgcagct

1290

atgcagactt ctctgaagga cctcctgtga

<210> 38
<211> 1290
<212> DNA<213> Artificial Sequence

<220> <223> Synthetic polynucleotide

60

<400> 38 ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc aagaactcct

120

atgcagctga gggacatccc tggggctaga gcactggata atggactggc agaggagcca

180

ctcgtttcct ggctgcattg ggagaggttt atgtgtaatc tggactgtca gacagatggt

240

cccatgggct tctctgagaa gctctttgaa gagatggctg agaggatggt cccccagaga

300

gactcctgca ctggatatga gtacctgtgc attgatgact gctggatggc taggcagctg

360

tggaaggatg gcagactgca agcagaccct cagaggttcc cccatggcat gggcaataag

420

gacagtgaag tccactccaa gggcctgaaa cttggcatct atgctgatgt gacttttgct

480

gccaaccatg acctgtgctg gcttccctgg ctcctttggc tactatgaca ttgatgccca



gactggggtg tggacctgct caagtttgat ggctgctact gtgactctct ggaaaacctg      540

gctgatggat acaagcacat gtctttggct ctgaacaaga ctggtaggcc cattgtttac      600

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatcaga      660

cagtactgca accactggag gaactttgca gatattgatg attcctgggc ctccatcaag      720

agcatcctgg actggacttc cagaaaccaa gagagaattg tggatgttgc tgggcctgga      780

ggatggaatg atcctgacat gctggtgatt ggaaattttg ggctgagctg ggaccagcaa      840

gtgactcaga tggccctctg ggccatcatg gctggtcccc tcttcatgag caatgacttg      900

agggccattt ccccccaagc caaggccctg cttcaagaca aagatgtcat tgctatcaat      960

caagatcccc tgggcaagca aggctaccag ttgagaaaag gagacaactt tgaggtgtgg     1020

gaaagacctc tgtctggaga tgcctgggct gtggccatca tcaacagaca agaaattggt     1080

ggccccagag gttacaccat ccctgtggct tctcttggaa aaggggttgc ctgcaatcca     1140

gcttgcttca tcacccagct cctgccagtg aagaggaagc tgggtttcta tgaagctacc     1200

tctaggctca gatcccacat caaccccact ggcacagtgc tgctgcagct ggagaacacc     1260

atgcagacct ccctgaagga cctcctttaa                                      1290

<210>  39
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  39
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggactggc aagaactcct      120

cccatgggct ggctgcactg ggaaaggttt atgtgtaatc tggactgtca agaggagcct      180

gactcctgca tctctgagaa gctctttgaa gagatggctg agaggatggt gacagatgga      240

tggaaggatg ctggttatga gtacctgtgc attgatgact gctggatggc ccctcagaga      300

gattctgaag gcagactgca agcagacccc cagaggttcc cccatggcat taggcagctg      360

540

600
cattgtttac

gactggggtg

660

gtctttggctgctgatggat

ttccagaagc

720

catgtggccc

ctccatcaag

agctgtgagt ggccactgta

attcctgggcgaactttgca gatattgatg

780
gagagaattg tggatgttgc

cagtactgca

840

actggacttc

ggctgagctg ggaccagcaa

agcatcctgg

900

gctggtgatt

caatgacttg

ggatggaatg atcctgacat

gctggtcccc

960

gtgactcaga tggccctctg

aagatgtcat tgctatcaat

1020

caaggccctgagggccattt

gagacaactt tgaggtgtggttgagaaaag

1080
agaaattggt

caagatcccc tgggcaagca

1140

tgcctgggct

ctgcaatcca

gaaagacctc tgtctggaga

tctcttggaa

1200

gttacaccat

tgggtttcta tgaagctacc

ggccccagag

aagaggaagc

1260

cctgccagtg

ggcacagtgc tgctgcagct ggagaacacc

gcttgcttca

1290

tctaggctca

cctcctttaaatgcagacct ccctgaagga

<210> 39
<211> 1290
<212> DNA

Artificial Sequence<213>

<220>
polynucleotide

60

<223> Synthetic

cttcctggccactacatctg ggctgcgcgc

120

<400> 39

aagaactcct

atgcagctga ggaacccaga

atggactggc

180

tggggctagactcgtttcct

atgtgtaatc tggactgtca agaggagcct

240

ggctgcactg ggaaaggtttcccatgggct

gagatggctg agaggatggt gacagatgga

300

gctctttgaa

ccctcagaga

gactcctgca

attgatgact gctggatggc

360

gtacctgtgc

taggcagctg

tggaaggatg gattctgaag ctggttatga gcagactgca agcagacccc cagaggttcc cccatggcat



gccaaccatg tccactccaa gggcctgaaa ctgggcatct atgctgatgt gggcaataag      420

acctgtgctg gctttcctgg ctcctttgga tactatgaca ttgatgccca gacctttgct      480

gactggggtg tggacctcct gaagtttgat ggctgctact gtgactctct ggagaacctg      540

gctgatggtt acaagcacat gtctcttgct ctgaacaaga ctggtagacc cattgtttac      600

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatcaga      660

cagtactgca atcattggag gaattttgca gatattgatg attcctgggc ctccatcaag      720

agcatcctgg actggacatc cagaaaccaa gaaagaattg tggatgtggc tgggcctgga      780

ggttggaatg acccagacat gctggtgatt ggcaactttg ggctgagctg ggaccagcaa      840

gtgactcaga tggccctctg ggccatcatg gctggacctc tcttcatgtc caatgatctg      900

agagccattt ccccccaagc caaggccctg ctccaagaca aagatgtcat tgctatcaat      960

caagatcccc tggggaagca aggctaccag ctcagaaagg gtgacaactt tgaggtgtgg     1020

gagagacctc tgtctggaga tgcctgggct gtggccatca tcaacagaca agagattggt     1080

ggccccagag gctacaccat ccctgttgct tccctgggaa aaggagtggc ctgcaaccca     1140

gcttgcttca tcacccagct tctgcctgtg aagaggaagc tgggcttcta tgaagctacc     1200

tctaggctga ggtcccacat caaccccact ggcacagtgc tgctgcagct ggaaaacacc     1260

atgcagactt ccctcaagga cctgctttaa                                      1290

<210>  40
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  40
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggaca atggcctggc cagaacccct      120

cccatgggct ggctgcactg ggagagattc atgtgcaacc tggattgcca ggaggagcca      180

gactcttgca tctctgaaaa gctgtttgag gaaatggccg agagaatggt gacagatgga      240

gccaaccatg tccactccaa gggcctgaaa ctgggcatct atgctgatgt gggcaataag 420

acctgtgctg gctttcctgg ctcctttgga tactatgaca ttgatgccca gacctttgct 480

gactggggtg tggacctcct gaagtttgat ggctgctact gtgactctct ggagaacctg 540

gctgatggtt acaagcacat gtctcttgct ctgaacaaga ctggtagacc cattgtttac 600

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacad tgagatcaga 660

cagtactgca atcattggag gaattttgca gatattgatg attcctgggc ctccatcaag 720

agcatcctgg actggacato cagaaaccaa gaaagaattg tggatgtggc tgggcctgga 780

ggttggaatg acccagacat gctggtgatt ggcaactttg ggctgagctg ggaccagcaa 840

gtgactcaga tggccctctg ggccatcatg gctggacctc tcttcatgtc caatgatctg 900

agagccattt ccccccaagc caaggccctg ctccaagaca aagatgtcat tgctatcaat 960

caagatcccc tggggaagca aggctaccag ctcagaaagg gtgacaactt tgaggtgtgg 1020

gagagacctc tgtctggaga tgcctgggct gtggccatca tcaacagaca agagattggt 1080

ggccccagag gctacaccat ccctgttgct tccctgggaa aaggagtggc ctgcaaccca 1140

gcttgcttca tcacccagct tctgcctgtg aagaggaage tgggcttcta tgaagctaco 1200

tctaggctga ggtcccacat caaccccact ggcacagtgc tgctgcagct ggaaaacacc 1260

atgcagactt ccctcaagga cctgctttaa 1290

<210> 40
<211> 1290
<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 40
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc 60

ctcgtttcct gggacatccc tggggctaga gcactggaca atggcctggc cagaacccct 120

cccatgggct ggctgcactg ggagagatto atgtgcaacc tggattgcca ggaggagcca 180

gactcttgca tctctgaaaa gctgtttgag gaaatggccg agagaatggt gacagatgga 240



tggaaggatg ccggatacga gtacctgtgt atcgatgact gttggatggc cccccagaga      300

gactccgagg gccgtctgca ggctgaccca cagaggtttc ctcatggaat taggcagttg      360

gccaaccatg tgcactccaa gggactgaag ctgggcatct atgccgatgt gggcaacaag      420

acctgtgctg gcttcccagg cagctttggc tattatgata ttgatgcaca aacttttgca      480

gactggggag ttgatctgct gaaatttgat gggtgttact gtgactccct ggagaacctc      540

gccgacggat acaagcatat gtcccttgct ctgaacaaga ctggcaggcc cattgtctac      600

tcttgtgagt ggccactgta catgtggccc ttccagaagc ccaactatac cgagattcgc      660

cagtactgca atcactggag gaactttgca gacattgatg acagctgggc ctccattaag      720

tctatcctgg attggacaag cagaaaccaa gagagaattg tggatgtggc tggccctggt      780

ggttggaatg accccgatat gctggtgatt ggcaactttg gactgtcttg ggaccagcag      840

gtgacccaga tggctctgtg ggctatcatg gccggccccc tcttcatgtc taatgacctg      900

agggccatct ctcctcaggc caaggcactt ctgcaggata aggacgtgat tgccatcaat      960

caggatcctc tggggaagca gggctatcag ctgagaaagg gggacaattt cgaggtctgg     1020

gagagacccc tgagcggcga tgcttgggct gtggccatca tcaatagaca agagattgga     1080

gggccaagag gctacaccat tcctgtggca agcctaggaa aaggggttgc ttgcaatcca     1140

gcctgtttca tcacccagct gctgcctgtt aagagaaagt tgggcttcta tgaggccacc     1200

tctaggctga ggtcccatat caaccccact ggcacagtgc tgctgcagct tgaaaacacc     1260

atgcagacct ccctcaagga cctgctgtaa                                      1290

<210>  41
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  41
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggactggc aagaacccca      120

tggaaggatg ccggatacga gtacctgtgt atcgatgact gttggatggc cccccagagaga 300

gactccgagg gccgtctgca ggctgaccca cagaggtttc ctcatggaat taggcagttg 360

gccaaccatg tgcactccaa gggactgaag ctgggcatct atgccgatgt gggcaacaag 420

acctgtgctg gcttcccagg cagctttggc tattatgata ttgatgcaca aacttttgca 480

gactggggag ttgatctgct gaaatttgat gggtgttact gtgactccct ggagaacctc 540

gccgacggat acaagcatat gtcccttgct ctgaacaaga ctggcaggcc cattgtctad 600

tcttgtgagt ggccactgta catgtggccc ttccagaago ccaactatad cgagattcgc 660

cagtactgca atcactggag gaactttgca gacattgatg acagctgggc ctccattaag 720

tctatcctgg attggacaag cagaaaccaa gagagaattg tggatgtggc tggccctggt 780

ggttggaatg accccgatat gctggtgatt ggcaactttg gactgtcttg ggaccagcag 840

gtgacccaga tggctctgtg ggctatcatg gccggccccc tcttcatgtc taatgacctg 900

agggccatct ctcctcaggo caaggcactt ctgcaggata aggacgtgat tgccatcaat 960

caggatcctc tggggaagca gggctatcag ctgagaaagg gggacaattt cgaggtctgg 1020

gagagacccc tgagcggcga tgcttgggct gtggccatca tcaatagaca agagattgga 1080

gggccaagag gctacaccat tcctgtggca agcctaggaa aaggggttgc ttgcaatcca 1140

gcctgtttca tcacccagct gctgcctgtt aagagaaagt tgggcttcta tgaggccaco 1200

tctaggctga ggtcccatat caaccccact ggcacagtgc tgctgcagct tgaaaacacc 1260

atgcagacct ccctcaagga cctgctgtaa 1290

<210> 41

<211> 1290
<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 41
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc 60

ctcgtttcct gggacatccc tggggctaga gcactggata atggactggc aagaacccca 120



accatgggct ggctgcactg ggaaagattc atgtgtaatc tggactgtca agaggagccc      180

gactcctgca tctctgagaa gctcttcatg gagatggctg agaggatggt gagtgaagga      240

tggaaggatg ctggttatga gtacctgtgc attgatgact gctggatggc cccccagaga      300

gattcagagg gcagactgca agcagatcct cagaggttcc cccatggcat cagacagctg      360

gccaactatg tccactccaa gggcctgaag ctgggtatct atgctgatgt gggcaacaag      420

acctgtgctg gctttcctgg ctcctttggt tactatgaca ttgacgccca gacctttgct      480

gactggggag tggacctgtt gaagtttgac ggctgctact gtgactctct ggagaacctg      540

gctgatggct acaagcacat gtctcttgcc ctgaacagaa ctggtaggag cattgtttac      600

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatccgc      660

cagtactgca accattggag gaactttgca gacatcgatg attcctgggc ctccatcaag      720

agcatcctgg actggacttc cagaaaccaa gagagaattg tggatgttgc tggacctgga      780

ggttggaatg accctgacat gctggtgatt ggaaattttg ggctgtcctg ggaccagcaa      840

gtgactcaga tggccagctg ggccatcatg gcagcccctc tctttatgtc caatgatctc      900

agacacattt ccccccaagc caaggctctg ctccaagaca aagatgtcat tgctattaat      960

caagatcccc tggggaagca aggctaccag ctgaggaaag gagacaactt tgaggtgtgg     1020

gagagacctc tgtctggaga tgcctgggct gtggctatca tcaatagaca agaaattggt     1080

ggccccagat cctacaccat ccctgtggct tccctgggca agggtgtggc ctgcaatcca     1140

gcttgcttca tcacccagct cctcccagtg aagaggcagc ttggcttcta caactggaca     1200

tctaggctca agtcccacat caaccccact ggcacagtgc tgctgcagct ggaaaacacc     1260

atgcagatga gcctgaaaga cctcctgtga                                      1290

<210>  42
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  42

180

accatgggct ggctgcactg ggaaagattc atgtgtaatc tggactgtca agaggagccc

240

gactcctgca tctctgagaa gctcttcatg gagatggctg agaggatggt gagtgaagga

300

tggaaggatg ctggttatga gtacctgtgc attgatgact gctggatggc ccccccagaga

360

gattcagagg gcagactgca agcagatcct cagaggttcc cccatggcat cagacagctg

420

gccaactatg tccactccaa gggcctgaag ctgggtatct atgctgatgt gggcaacaag

480

acctgtgctg gctttcctgg ctcctttggt tactatgaca ttgacgccca gacctttgct

540

gactggggag tggacctgtt gaagtttgac ggctgctact gtgactctct ggagaacctg

600

gctgatggct acaagcacat gtctcttgcc ctgaacagaa ctggtaggag cattgtttac

660

agctgtgagt ggccactgta catgtggccc ttccagaage ccaactacac tgagatccgc

720

cagtactgca accattggag gaactttgca gacatcgatg attcctgggc ctccatcaag

780

agcatcctgg actggacttc cagaaaccaa gagagaattg tggatgttgc tggacctgga

840

ggttggaatg accctgacat gctggtgatt ggaaattttg ggctgtcctg ggaccagcaa

900

gtgactcaga tggccagctg ggccatcatg gcagcccctc tctttatgtc caatgatctc

960

agacacattt ccccccaagc caaggctctg ctccaagaca aagatgtcat tgctattaat

1020

caagatcccc tggggaagca aggctaccag ctgaggaaag gagacaactt tgaggtgtgg

1080

gagagacctc tgtctggaga tgcctgggct gtggctatca tcaatagaca agaaattggt

1140

ggccccagat cctacaccat ccctgtggct tccctgggca agggtgtggc ctgcaatcca

1200

gcttgcttca tcacccagct cctcccagtg aagaggcagc ttggcttcta caactggaca

1260

tctaggctca agtcccacat caaccccact ggcacagtgc tgctgcagct ggaaaacacc

1290
atgcagatga gcctgaaaga cctcctgtga

<210> 42
<211> 1290
<212> DNA
<213> Artificial Sequence

<223> <220> Synthetic polynucleotide

<400> 42



atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcattggaca atggactggc taggacccca      120

accatgggtt ggctgcactg ggagaggttt atgtgtaatc tggactgtca agaagaacct      180

gactcctgca tctctgagaa gctgttcatg gagatggctg agaggatggt gagtgaaggc      240

tggaaggatg ctggttatga gtacctgtgc attgatgact gctggatggc ccctcagaga      300

gattcagagg gcagacttca agcagacccc cagaggttcc cccatggcat ccgccagctg      360

gccaactatg tccactccaa gggcctgaaa ctgggtatct atgctgatgt gggcaacaag      420

acctgtgctg gctttcctgg ctcctttggc tactatgaca ttgacgccca gacctttgct      480

gactggggtg tggacctcct caagtttgat ggctgctact gtgactctct ggaaaacctg      540

gcagatggtt acaagcacat gtctcttgcc ctgaacagaa ctggtaggag cattgtttac      600

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatcaga      660

cagtactgca accattggag gaattttgcc gacatcgatg attcctgggc cagcatcaag      720

tccatcctgg actggacttc cagaaaccaa gagagaattg tggatgttgc tggacctgga      780

ggatggaatg acccagacat gctggtgatt ggaaatttcg ggctgtcctg ggaccagcaa      840

gtgactcaga tggcctcttg ggccatcatg gcagcccccc tcttcatgtc caatgatctt      900

agacacattt ccccacaagc caaggccctc ctgcaagaca aagatgtcat tgctattaat      960

caagatcccc tggggaagca aggctaccag ctcagaaaag gagacaactt tgaggtgtgg     1020

gaaagacctc tgtctggaga tgcctgggct gtggctatca tcaatagaca agaaattggt     1080

ggccccagat cctacaccat ccctgtggcc tccctgggca agggtgttgc ctgcaatcca     1140

gcttgcttca tcacccagct gctcccagtg aagaggcagt tgggcttcta caactggaca     1200

tctaggttga agagccacat caaccccact ggcacagtgc tgctgcagct ggagaacacc     1260

atgcagatga gcctgaagga cctgctttaa                                      1290

<210>  43
<211>  1290
<212>  DNA
<213>  Artificial Sequence

60

120

180

240

300

360

540

600

720

780

840

900

960

1020

1080

1140

1200

1290

<210>



<220>
<223>  Synthetic polynucleotide

<400>  43
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggactggc aagaacccca      120

accatgggtt ggctgcactg ggagaggttt atgtgtaatc tggactgtca agaggagcca      180

gactcctgca tctctgagaa gctcttcatg gagatggctg agaggatggt gagtgaaggc      240

tggaaggatg ctggttatga gtacctgtgc attgatgact gctggatggc ccctcagaga      300

gattcagagg gcagactgca agcagatccc cagaggttcc cccatggcat taggcaactg      360

gccaactatg tccactccaa gggcctgaag ctgggcatct atgctgatgt gggcaacaag      420

acctgtgctg gcttccctgg ctcctttggc tactatgata ttgatgccca gacctttgct      480

gactggggtg tggacctgct caagtttgat ggctgctact gtgacagcct ggagaacctg      540

gctgatggtt acaagcacat gtctcttgct ctgaacagaa ctggtagaag cattgtttac      600

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatcaga      660

cagtactgca accattggag gaactttgca gacattgatg attcctgggc ctccatcaag      720

agcatcctgg actggacttc cagaaaccaa gagagaattg tggatgttgc tggacctgga      780

ggatggaatg accctgacat gctggtgatt ggaaattttg ggctgtcctg ggaccagcaa      840

gtgactcaga tggccagctg ggccatcatg gcagcccccc tgttcatgag caatgatctc      900

agacacattt ccccccaagc caaggccctg cttcaagaca aagatgtcat tgctattaat      960

caagatcctt tgggcaagca aggctaccag ctgaggaagg gagacaactt tgaggtgtgg     1020

gaaagacctc tgtctggaga tgcctgggct gtggctatca tcaatagaca agaaattggt     1080

ggccccagat cctacaccat ccctgttgcc tctctgggaa aaggagtggc ctgcaatcca     1140

gcttgcttca tcacccagct cctcccagtg aagaggcagc tgggtttcta caactggaca     1200

agcagattga agtcccacat caaccccact ggcacagtgc tgctgcagct ggaaaacacc     1260

atgcagatgt ccctgaagga cctcctgtga                                      1290

<210>  44

The
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<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  44
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcacttgata atggactggc aagaacccca      120

accatgggct ggctgcactg ggaaagattc atgtgtaatc tggactgtca agaagaacca      180

gattcctgca tctctgagaa gctgtttatg gagatggctg agaggatggt gtcagaagga      240

tggaaggatg ctggttatga gtacctgtgc attgatgact gctggatggc cccccagaga      300

gacagtgaag gcagacttca agcagaccct cagaggttcc cccatggcat taggcaacta      360

gccaactatg tccactccaa gggcctgaaa ctgggcatct atgctgatgt gggcaacaag      420

acctgtgctg gcttccctgg ctcctttggc tactatgaca ttgatgccca gacctttgct      480

gactggggtg tggacctcct caagtttgat ggctgctact gtgactccct ggaaaacctg      540

gctgatggtt acaagcacat gagcctggcc ctgaacagaa ctggtaggag cattgtttac      600

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatcaga      660

cagtactgca accattggag gaactttgca gatattgatg attcttgggc cagcatcaag      720

tccatcctgg actggacatc cagaaaccaa gagagaattg tggatgttgc tggacctgga      780

ggttggaatg atcctgacat gctggtgatt ggaaattttg ggctgtcctg ggaccagcaa      840

gtgactcaga tggcctcctg ggccatcatg gcagcccctc tcttcatgtc caatgacttg      900

agacacattt ccccccaagc caaggccctc ctgcaagaca aagatgtcat tgctattaat      960

caagatccct tgggcaagca aggctaccag ctgaggaagg gagacaactt tgaggtgtgg     1020

gagaggcccc tgtctggaga tgcctgggct gtggctatca tcaatagaca agaaattggt     1080

ggccccagat cctacaccat ccctgttgcc tctcttggca aaggagtggc ctgcaatcca     1140

gcttgcttca tcacccagct ccttcctgtg aagaggcagc tgggtttcta caactggact     1200

tcaaggttga agagccacat caaccccact ggcacagtgc tgctgcagct ggagaacacc     1260

ao

20



atgcagatgt ctctgaagga cctgctttaa                                      1290

<210>  45
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  45
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggactggc aagaacccca      120

accatgggct ggctgcactg ggagaggttc atgtgtaatc tggactgtca agaggagcct      180

gactcctgca tctctgagaa gctgtttatg gagatggctg agaggatggt gtctgaagga      240

tggaaggatg ctggctatga gtacctgtgc attgatgact gctggatggc ccctcagagg      300

gacagtgaag gcagactgca agcagacccc cagagattcc cccatggcat tagacagctt      360

gccaactatg tccactccaa gggcctgaaa ctgggcatct atgctgatgt gggcaacaag      420

acctgtgctg gtttccctgg ctcctttggc tactatgaca ttgatgccca gacctttgct      480

gactggggtg tggacctcct caagtttgat ggctgctact gtgacagcct ggaaaacctg      540

gctgatggtt acaagcacat gtctctggcc ctgaacagaa ctggtaggag cattgtttac      600

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatcaga      660

cagtactgca accattggag gaactttgca gatattgatg attcctgggc ctccatcaag      720

agcatcctgg actggacttc cagaaaccaa gagagaattg tggatgtagc tggacctgga      780

ggttggaatg acccagacat gctggtgatt ggaaattttg ggctgtcctg ggaccagcaa      840

gtgactcaga tggccagctg ggccatcatg gcagcccccc tcttcatgag caatgatctc      900

agacacattt ccccccaagc caaggctctg ctccaagaca aagatgtcat tgctattaat      960

caagatcccc tggggaagca aggctaccag ctgaggaagg gagacaactt tgaggtgtgg     1020

gaaagacctc tgtctggaga tgcctgggct gtggctatca tcaatagaca agaaattggt     1080

ggccccagat cctacaccat ccctgttgct tctcttggca aaggagtggc ctgcaatcca     1140

1290
atgcagatgt ctctgaagga cctgctttaa

<210> 45
<211> 1290
<212> DNA
<213> Artificial Sequence

<223> <220> Synthetic polynucleotide

60

atgcagctga <400> 45 ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc

120

ctcgtttcct gggacatccc tggggctaga gcactggata atggactggc aagaacccca

180

accatgggct ggctgcactg ggagaggttc atgtgtaatc tggactgtca agaggagcct

240

gactcctgca tctctgagaa gctgtttatg gagatggctg agaggatggt gtctgaagga

300

tggaaggatg ctggctatga gtacctgtgc attgatgact gctggatggc ccctcagagg

360

gacagtgaag gcagactgca agcagacccc cagagattcc cccatggcat tagacagctt

420

gccaactatg tccactccaa gggcctgaaa ctgggcatct atgctgatgt gggcaacaag

480

acctgtgctg gtttccctgg ctcctttggc tactatgaca ttgatgccca gacctttgct

540

gactggggtg tggacctcct caagtttgat ggctgctact gtgacagcct ggaaaacctg

600

gctgatggtt acaagcacat gtctctggcc ctgaacagaa ctggtaggag cattgtttac

660

agctgtgagt ggccactgta catgtggccc ttccagaagc ccaactacac tgagatcaga

720

cagtactgca accattggag gaactttgca gatattgatg attcctgggc ctccatcaag

780

agcatcctgg actggacttc cagaaaccaa gagagaattg tggatgtagc tggacctgga

840

ggttggaatg acccagacat gctggtgatt ggaaattttg ggctgtcctg ggaccagcaa

900

gtgactcaga tggccagctg ggccatcatg gcagcccccc tcttcatgag caatgatctc

960

agacacattt cccccccaagc caaggctctg ctccaagaca aagatgtcat tgctattaat

1020

caagatcccc tggggaagca aggctaccag ctgaggaagg gagacaactt tgaggtgtgg

1080

gaaagacctc tgtctggaga tgcctgggct gtggctatca tcaatagaca agaaattggt

1140

ggccccagat cctacaccat ccctgttgct tctcttggca aaggagtggc ctgcaatcca



gcttgcttca tcacccagct cctgcctgtg aagaggcagt tgggcttcta caactggaca     1200

tctaggttga agtcccacat caaccccact ggcacagtgc tgctgcagct ggagaacacc     1260

atgcagatgt ccctgaagga cctgctttaa                                      1290

<210>  46
<211>  398
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  46

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp 
1               5                   10                  15      

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys 
            20                  25                  30          

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp 
        35                  40                  45              

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp 
    50                  55                  60                  

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln 
65                  70                  75                  80  

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys 
                85                  90                  95      

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala 
            100                 105                 110         

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe 
        115                 120                 125             

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp 

gcttgcttca tcacccagct cctgcctgtg aagaggcagt tgggcttcta caactggaca 1200

tctaggttga agtcccacat caaccccact ggcacagtgo tgctgcagct ggagaacacc 1260

atgcagatgt ccctgaagga cctgctttaa 1290

<210> 46

<211> 398

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 46

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp
1 5 10 15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
20 25 30

Ile Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp
35 40 45

Gly Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp
50 55 60

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln
65 70 75 80

Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys
85 90 95

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala
100 105 110

Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe
115 120 125

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp



    130                 135                 140                 

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu 
145                 150                 155                 160 

Asn Lys Thr Gly Arg Asp Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr 
                165                 170                 175     

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys 
            180                 185                 190         

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile 
        195                 200                 205             

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp 
    210                 215                 220                 

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly 
225                 230                 235                 240 

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp 
                245                 250                 255     

Ala Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile 
            260                 265                 270         

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Thr Asp Val Ile Ala Ile 
        275                 280                 285             

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp 
    290                 295                 300                 

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val 
305                 310                 315                 320 

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile 
                325                 330                 335     

130 135 140

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
145 150 155 160

Asn Lys Thr Gly Arg Asp Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr
165 170 175

Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
180 185 190

Asn His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile
195 200 205

Lys Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp
210 215 220

Val Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly
225 230 235 240

Asn Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp
245 250 255

Ala Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile
260 265 270

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Thr Asp Val Ile Ala Ile
275 280 285

Asn Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp
290 295 300

Asn Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val
305 310 315 320

Ala Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile
325 330 335



Pro Val Ala Lys Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe 
            340                 345                 350         

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala 
        355                 360                 365             

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu 
    370                 375                 380                 

Gln Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu 
385                 390                 395             

<210>  47
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  47

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Met Glu Met Ala Glu Arg Met Val Ser Glu Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Pro Val Ala Lys Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
340 345 350

Ile Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala
355 360 365

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
370 375 380

Gln Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu
385 390 395

<210> 47

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 47

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Met Glu Met Ala Glu Arg Met Val Ser Glu Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95



Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Arg Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser 

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Arg Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser



    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Glu Trp Thr 
385                 390                 395                 400 

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  48
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  48

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 

290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro
355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Glu Trp Thr
385 390 395 400

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu
420 425

<210> 48

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 48

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu



            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Glu Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Arg Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Glu Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Arg Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220



His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr 
385                 390                 395                 400 

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro
355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr
385 390 395 400

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu



            420                 425                 

<210>  49
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  49

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Glu Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 

420 425

<210> 49

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 49

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Glu Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala



145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350



Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr 
385                 390                 395                 400 

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  50
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  50

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly 
65                  70                  75                  80  

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro
355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr
385 390 395 400

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu

420 425

<210> 50

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 50

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly
65 70 75 80



Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala 

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala



        275                 280                 285             

Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr 
385                 390                 395                 400 

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  51
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  51

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 

275 280 285

Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile Pro
355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr
385 390 395 400

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu

420 425

<210> 51

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 51

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu



1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205



Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Lys Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr 
385                 390                 395                 400 

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile Pro
355 360 365

Val Ala Lys Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr
385 390 395 400

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln



                405                 410                 415     

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  52
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  52

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 

405 410 415

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu

420 425

<210> 52

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 52

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly



    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Lys Thr Gly Arg Asp Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Thr Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Lys Thr Gly Arg Asp Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Gly Pro Leu Phe Met Ser Asn Asp Leu Arg Ala Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Thr Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335



Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Lys Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr 
385                 390                 395                 400 

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  53
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  53

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Gly Tyr Thr Ile Pro
355 360 365

Val Ala Lys Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr
385 390 395 400

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu
420 425

<210> 53

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 53

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60



Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 

Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn



            260                 265                 270         

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Leu Ala Trp Ala Val Ala 
            340                 345                 350         

Val Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Ala 
        355                 360                 365             

Val Ala Ser Leu Gly Gly Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Leu Tyr Glu Trp Thr 
385                 390                 395                 400 

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  54
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

260 265 270

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Leu Ala Trp Ala Val Ala
340 345 350

Val Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Ala
355 360 365

Val Ala Ser Leu Gly Gly Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Leu Tyr Glu Trp Thr
385 390 395 400

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu

420 425

<210> 54

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide



<400>  54

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

<400> 54

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190



Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp Thr 

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro
355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp Thr



385                 390                 395                 400 

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  55
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  55

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Met Glu Met Ala Glu Arg Met Val Ser Glu Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys Gly 

385 390 395 400

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu
420 425

<210> 55

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 55

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Met Glu Met Ala Glu Arg Met Val Ser Glu Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys Gly



        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Ser Trp Ala 
        275                 280                 285             

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Ser Trp Ala
275 280 285

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320



Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Asn Trp Thr 
385                 390                 395                 400 

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  56
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  56

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro
355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Asn Trp Thr
385 390 395 400

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu
420 425

<210> 56

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 56

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu
35 40 45



Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val 

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val



                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp Thr 
385                 390                 395                 400 

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  57
<211>  429
<212>  PRT

245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro
355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp Thr
385 390 395 400

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu
420 425

<210> 57

<211> 429

<212> PRT



<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  57

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Leu Met Val Ser Glu Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 57

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Leu Met Val Ser Glu Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175



Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro
355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile



    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp Thr 
385                 390                 395                 400 

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  58
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  58

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 

370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp Thr

385 390 395 400

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln

405 410 415

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu

420 425

<210> 58

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 58

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu

20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu

35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile

50 55 60

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly

65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg



            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser 
    290                 295                 300                 

100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser
290 295 300



Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr 
385                 390                 395                 400 

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  59
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  59

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro
355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Ala Thr
385 390 395 400

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu

420 425

<210> 59

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 59

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30



Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys 

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys



225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro 
        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Asn Trp Thr 
385                 390                 395                 400 

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
            420                 425                 

225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro
355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Asn Trp Thr
385 390 395 400

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu

420 425



<210>  60
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  60

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

<210> 60

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 60

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu
20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp Glu
35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile
50 55 60

Ser Glu Lys Leu Phe Glu Glu Met Ala Glu Arg Met Val Thr Asp Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn His Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160



Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 
            260                 265                 270         

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala 
            340                 345                 350         

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Lys Thr Gly Arg Pro Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Ala Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Arg Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn
260 265 270

Phe Gly Leu Ser Trp Asp Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Lys Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Asp Ala Trp Ala Val Ala
340 345 350

Ile Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Pro



        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Asn Trp Thr 
385                 390                 395                 400 

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  61
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  61
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggattggc tagaacacct      120

actatggggt ggcttcactg ggagaggttc atgtgcaacc tcgactgtca ggaagaacca      180

gacagctgca tctccgagaa gctgtttatg gaaatggccg agcgaatggt gtcagaaggc      240

tggaaagatg caggttacga gtatctgtgt attgacgatt gctggatggc tccgcaacgg      300

gacagtgagg gcagacttca ggcagatcct cagcgcttcc cacatgggat aaggcagctc      360

gccaactacg tccactctaa gggactgaaa ctgggcatct atgctgacgt ggggaataag      420

acctgtgcgg gatttcccgg tagcttcggc tactacgaca ttgatgccca gacctttgcc      480

gattggggag ttgacctcct caaattcgat ggctgctatt gtgactcttt ggagaacctg      540

gcagacgggt acaagcatat gtccctggcc ctgaatcgga caggtagacc catcgtgtat      600

agttgcgaat ggccccttta catgtggcct tttcaaaagc caaactacac tgagattcgc      660

355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile

370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Gln Leu Gly Phe Tyr Asn Trp Thr

385 390 395 400

Ser Arg Leu Lys Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln

405 410 415

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu

420 425

<210> 61

<211> 1290

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 61atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc
60

ctcgtttcct gggacatccc tggggctaga gcactggata atggattggo tagaacacct
120

actatggggt ggcttcactg ggagaggttc atgtgcaacc tcgactgtca ggaagaacca
180

gacagctgca tctccgagaa gctgtttatg gaaatggccg agcgaatggt gtcagaaggc
240

tggaaagatg caggttacga gtatctgtgt attgacgatt gctggatggo tccgcaacgg
300

gacagtgagg gcagacttca ggcagatcct cagcgcttcc cacatgggat aaggcagctc
360

gccaactacg tccactctaa gggactgaaa ctgggcatct atgctgacgt ggggaataag
420

acctgtgcgg gatttcccgg tagcttcggc tactacgaca ttgatgccca gacctttgcc
480

gattggggag ttgacctcct caaattcgat ggctgctatt gtgactcttt ggagaacctg
540

gcagacgggt acaagcatat gtccctggcc ctgaatcgga caggtagaco catcgtgtat
600

agttgcgaat ggccccttta catgtggcct tttcaaaagc caaactacao tgagattcgc
660



cagtattgca atcactggag gaacttcgct gatatcgatg actcatgggc gagcatcaaa      720

tccatattgg attggacctc tcggaatcag gagcgcattg tagacgtcgc aggacccggc      780

ggctggaacg accctgatat gctggtgatc gggaattttg gtcttagctg ggaccagcaa      840

gttacgcaga tggctctgtg ggcaattatg gcagccccac tcttcatgtc caacgatctg      900

cgacacatct ctcctcaagc taaggctctg ctgcaggaca aagatgtgat tgccatcaat      960

caggacccac tcggaaagca gggctatcag ctgagaaaag gcgacaactt cgaagtctgg     1020

gaaaggccac tttcaggaga cgcatgggct gtggccataa taaaccggca agagattggt     1080

gggcccagga gctacacaat ccccgttgcc agtttgggca agggagtggc gtgtaatcct     1140

gcctgcttta tcactcagct gctcccagtc aaaagacagc tggggttcta tgagtggacc     1200

tcccgcctca agagccatat taatcccaca ggtaccgtac tgctgcaact tgaaaacacg     1260

atgcagatga gtttgaagga cctcctgtag                                      1290

<210>  62
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  62
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggattggc tagaacacct      120

cctatggggt ggcttcactg ggagaggttc atgtgcaacc tggactgtca ggaagaacca      180

gacagctgca tctccgagaa gctctttgag gaaatggccg aacgaatggt gactgagggc      240

tggaaagatg caggttacga gtatctgtgt attgacgatt gctggatggc cccacaacgg      300

gattctgagg gaagacttca ggctgatccg cagcgcttcc ctcatggcat aaggcagctg      360

gcaaaccacg tccacagtaa ggggctcaaa ttgggaatct acgcggacgt gggcaataag      420

acctgtgccg gttttccggg atcattcggg tattatgaca ttgacgccca aacgtttgct      480

gattggggcg ttgacctgct gaaattcgat ggttgctact gtgacagcct cgaaaacctg      540

720

780

840

900

960

1020

1080

1140

1200

1260

1290

<210>
<211>

60

<212>
<213>

120

<220>
<223>

180

240

360

420

540



gcagacggct acaagcatat gtctctcgcc ctgaatagaa ccggtcggcc aatcgtatat      600

tcctgcgagt ggcctcttta catgtggcca tttcagaaac cgaactacac agaaattcgc      660

cagtattgca atcattggag gaacttcgct gatatcgatg actcatgggc ctccataaag      720

agcatcttgg actggaccag tcggaatcag gagcgaattg tggatgtcgc aggccctgga      780

ggatggaacg atccagacat gctggtgatc ggcaattttg gcctctcttg ggaccagcag      840

gttacccaaa tggctctgtg ggcaattatg gccggtcctc ttttcatgag caacgatctg      900

cgcgcgatct caccacaggc aaaggccctg ctccaagaca aagatgtgat agccatcaat      960

caggacccgt tgggaaagca gggctaccag ctgagaaaag gcgacaactt tgaggtctgg     1020

gaaaggcctt tgagtggaga tgcgtgggct gtggccatta ttaatcggca agagatcgga     1080

ggtccacgct cctatacaat tcctgtagca tctcttggca agggcgttgc ctgtaaccca     1140

gcttgcttca tcactcagct tctgccggtg aagagaaaac tgggtttcta cgaagctacc     1200

agcaggctcc gatcccacat caaccctaca ggaaccgtcc tcttgcagct ggagaatacg     1260

atgcagactt cactgaagga cctcctgtag                                      1290

<210>  63
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  63
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggattggc tagaacacct      120

cctatggggt ggcttcactg ggagaggttc atgtgcaacc tggactgtca ggaagaacca      180

gacagctgca tctccgagaa gctctttgag gaaatggccg aacgaatggt gactgagggc      240

tggaaagatg caggttacga gtatctgtgt attgacgatt gctggatggc cccacaacgg      300

gattctgagg gaagacttca ggctgatccg cagcgcttcc ctcatggcat aaggcagctg      360

gcaaaccacg tccacagtaa ggggctcaaa ttgggaatct acgcggacgt gggcaataag      420

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290

<210>
1290<211>

DNA<212>

60

<213>

120

<220>
<223>

180

240

300

360

420



acctgtgccg gttttccggg atcattcggg tattatgaca ttgacgccca aacgtttgct      480

gattggggcg ttgacctgct gaaattcgat ggttgctact gtgacagcct cgaaaacctg      540

gcagacggct acaagcatat gtctctcgcc ctgaataaaa ccggtcggcc aatcgtatat      600

tcctgcgagt ggcctcttta catgtggcca tttcagaaac cgaactacac agaaattcgc      660

cagtattgca atcattggag gaacttcgct gatatcgatg actcatgggc ctccataaag      720

agcatcttgg actggaccag tcggaatcag gagcgaattg tggatgtcgc aggccctgga      780

ggatggaacg atccagacat gctggtgatc ggcaattttg gcctctcttg ggaccagcag      840

gttacccaaa tggctctgtg ggcaattatg gccggtcctc ttttcatgag caacgatctg      900

cgcgcgatct caccacaggc aaaggccctg ctccaagaca aagatgtgat agccatcaat      960

caggacccgt tgggaaagca gggctaccag ctgagaaaag gcgacaactt tgaggtctgg     1020

gaaaggcctt tgagtggaga tgcgtgggct gtggccatta ttaatcggca agagatcgga     1080

ggtccacgct cctatacaat tcctgtagca tctcttggca agggcgttgc ctgtaaccca     1140

gcttgcttca tcactcagct tctgccggtg aagagaaaac tgggtttcta cgaagctacc     1200

agcaggctcc gatcccacat caaccctaca ggaaccgtcc tcttgcagct ggagaatacg     1260

atgcagactt cactgaagga cctcctgtag                                      1290

<210>  64
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  64
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggattggc tagaacacct      120

cctatggggt ggcttcactg ggagaggttc atgtgcaacc tggactgtca ggaagaacca      180

gacagctgca tctccgagaa gctctttgag gaaatggccg aacgaatggt gactgacggc      240

tggaaagatg caggttacga gtatctgtgt attgacgatt gctggatggc cccacaacgg      300

480

gttttccggg atcattcggg tattatgaca ttgacgccca aacgtttgct
gattggggcg acctgtgccg ttgacctgct gaaattcgat ggttgctact gtgacagcct cgaaaacctg

540

600

gcagacggct acaagcatat gtctctcgcc ctgaataaaa ccggtcggcc aatcgtatat

660

tcctgcgagt ggcctcttta catgtggcca tttcagaaac cgaactacac agaaattcgc

720

cagtattgca atcattggag gaacttcgct gatatcgatg actcatgggc ctccataaag

780

agcatcttgg actggaccag tcggaatcag gagcgaattg tggatgtcgc aggccctgga

840

ggatggaacg atccagacat gctggtgatc ggcaattttg gcctctcttg ggaccagcag

900

gttacccaaa tggctctgtg ggcaattatg gccggtcctc ttttcatgag caacgatctg

960

cgcgcgatct caccacaggc aaaggccctg ctccaagaca aagatgtgat agccatcaat

1020

caggacccgt tgggaaagca gggctaccag ctgagaaaag gcgacaactt tgaggtctgg

1080

gaaaggcctt tgagtggaga tgcgtgggct gtggccatta ttaatcggca agagatcgga

1140

ggtccacgct cctatacaat tcctgtagca tctcttggca agggcgttgc ctgtaaccca

1200

gcttgcttca tcactcagct tctgccggtg aagagaaaac tgggtttcta cgaagctacc

1260

agcaggctcc gatcccacat caaccctaca ggaaccgtcc tcttgcagct ggagaatacg

1290
atgcagactt cactgaagga cctcctgtag

<210> 64
<211> 1290
<212> DNA
<213> Artificial Sequence

<220>
<223> Synthetic polynucleotide

60

atgcagctga <400> 64 ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc

120

ctcgtttcct gggacatccc tggggctaga gcactggata atggattggc tagaacacct

180

cctatggggt ggcttcactg ggagaggttc atgtgcaacc tggactgtca ggaagaacca

240

gacagctgca tctccgagaa gctctttgag gaaatggccg aacgaatggt gactgacggc

300

tggaaagatg caggttacga gtatctgtgt attgacgatt gctggatggc cccacaacgg



gattctgagg gaagacttca ggctgatccg cagcgcttcc ctcatggcat aaggcagctg      360

gcaaaccacg tccacagtaa ggggctcaaa ttgggaatct acgcggacgt gggcaataag      420

acctgtgccg gttttccggg atcattcggg tattatgaca ttgacgccca aacgtttgct      480

gattggggcg ttgacctgct gaaattcgat ggttgctact gtgacagcct cgaaaacctg      540

gcagacggct acaagcatat gtctctcgcc ctgaataaaa ccggtcggcc aatcgtatat      600

tcctgcgagt ggcctcttta catgtggcca tttcagaaac cgaactacac agaaattcgc      660

cagtattgca atcattggag gaacttcgct gatatcgatg actcatgggc ctccataaag      720

agcatcttgg actggaccag tcggaatcag gagcgaattg tggatgtcgc aggccctgga      780

ggatggaacg atccagacat gctggtgatc ggcaattttg gcctctcttg ggaccagcag      840

gttacccaaa tggctctgtg ggcaattatg gccggtcctc ttttcatgag caacgatctg      900

cgcgcgatct caccacaggc aaaggccctg ctccaagaca aagatgtgat agccatcaat      960

caggacccgt tgggaaagca gggctaccag ctgagaaaag gcgacaactt tgaggtctgg     1020

gaaaggcctt tgagtggaga tgcgtgggct gtggccatta ttaatcggca agagatcgga     1080

ggtccacgcg gttatacaat tcctgtagca tctcttggca agggcgttgc ctgtaaccca     1140

gcttgcttca tcactcagct tctgccggtg aagagaaaac tgggtttcta cgaagctacc     1200

agcaggctcc gatcccacat caaccctaca ggaaccgtcc tcttgcagct ggagaatacg     1260

atgcagactt cactgaagga cctcctgtag                                      1290

<210>  65
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  65
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcactggata atggattggc tagaacacct      120

cctatggggt ggcttcactg ggagaggttc atgtgcaacc tggactgtca ggaagaacca      180

gattctgagg gaagacttca ggctgatccg cagcgcttcc ctcatggcat aaggcagctg 360

gcaaaccacg tccacagtaa ggggctcaaa ttgggaatct acgcggacgt gggcaataag 420

acctgtgccg gttttccggg atcattcggg tattatgaca ttgacgccca aacgtttgct 480

gattggggcg ttgacctgct gaaattcgat ggttgctact gtgacagcct cgaaaacctg 540

gcagacggct acaagcatat gtctctcgcc ctgaataaaa ccggtcggcc aatcgtatat 600

tcctgcgagt ggcctcttta catgtggcca tttcagaaac cgaactacac agaaattcgc 660

cagtattgca atcattggag gaacttcgct gatatcgatg actcatgggc ctccataaag 720

agcatcttgg actggaccag tcggaatcag gagcgaattg tggatgtcgc aggccctgga 780

ggatggaacg atccagacat gctggtgatc ggcaattttg gcctctcttg ggaccagcag 840

gttacccaaa tggctctgtg ggcaattatg gccggtcctc ttttcatgag caacgatctg 900

cgcgcgatct caccacaggc aaaggccctg ctccaagaca aagatgtgat agccatcaat 960

caggacccgt tgggaaagca gggctaccag ctgagaaaag gcgacaactt tgaggtctgg 1020

gaaaggcctt tgagtggaga tgcgtgggct gtggccatta ttaatcggca agagatcgga 1080

ggtccacgcg gttatacaat tcctgtagca tctcttggca agggcgttgc ctgtaaccca 1140

gcttgcttca tcactcagct tctgccggtg aagagaaaac tgggtttcta cgaagctacc 1200

agcaggctcc gatcccacat caaccctaca ggaaccgtcc tcttgcagct ggagaatacg 1260

atgcagactt cactgaagga cctcctgtag 1290

<210> 65

<211> 1290

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 65

atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc 60

ctcgtttcct gggacatcco tggggctaga gcactggata atggattggc tagaacacct 120

cctatggggt ggcttcactg ggagaggttc atgtgcaacc tggactgtca ggaagaacca 180



gacagctgca tctccgagaa gctctttgag gaaatggccg aacgaatggt gactgacggc      240

tggaaagatg caggttacga gtatctgtgt attgacgatt gctggatggc cccacaacgg      300

gattctgagg gaagacttca ggctgatccg cagcgcttcc ctcatggcat aaggcagctg      360

gcaaaccacg tccacagtaa ggggctcaaa ttgggaatct acgcggacgt gggcaataag      420

acctgtgccg gttttccggg atcattcggg tattatgaca ttgacgccca aacgtttgct      480

gattggggcg ttgacctgct gaaattcgat ggttgctact gtgacagcct cgaaaacctg      540

gcagacggct acaagcatat gtctctcgcc ctgaataaaa ccggtcggcc aatcgtatat      600

tcctgcgagt ggcctcttta catgtggcca tttcagaaac cgaactacac agaaattcgc      660

cagtattgca atcattggag gaacttcgct gatatcgatg actcatgggc ctccataaag      720

agcatcttgg actggaccag tcggaatcag gagcgaattg tggatgtcgc aggccctgga      780

ggatggaacg atccagacat gctggtgatc ggcaattttg gcctctcttg ggaccagcag      840

gttacccaaa tggctctgtg ggcaattatg gccggtcctc ttttcatgag caacgatctg      900

cgcgcgatct caccacaggc aaaggccctg ctccaagaca aagatgtgat agccatcaat      960

caggacccgt tgggaaagca gggctaccag ctgagaaaag gcgacaactt tgaggtctgg     1020

gaaaggcctt tgagtggaga tgcgtgggct gtggccatta ttaatcggca agagatcgga     1080

ggtccacgcg gttatacaat tcctgtagca aagcttggca agggcgttgc ctgtaaccca     1140

gcttgcttca tcactcagct tctgccggtg aagagaaaac tgggtttcta cgaagctacc     1200

agcaggctcc gatcccacat caaccctaca ggaaccgtcc tcttgcagct ggagaatacg     1260

atgcagactt cactgaagga cctcctgtag                                      1290

<210>  66
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  66
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

gacagctgca tctccgagaa gctctttgag gaaatggccg aacgaatggt gactgacggc 240

tggaaagatg caggttacga gtatctgtgt attgacgatt gctggatggc cccacaacgg 300

gattctgagg gaagacttca ggctgatccg cagcgcttcc ctcatggcat aaggcagctg 360

gcaaaccacg tccacagtaa ggggctcaaa ttgggaatct acgcggacgt gggcaataag 420

acctgtgccg gttttccggg atcattcggg tattatgaca ttgacgccca aacgtttgct 480

gattggggcg ttgacctgct gaaattcgat ggttgctact gtgacagcct cgaaaacctg 540

gcagacggct acaagcatat gtctctcgcc ctgaataaaa ccggtcggcc aatcgtatat 600

tcctgcgagt ggcctcttta catgtggcca tttcagaaac cgaactacac agaaattcgc 660

cagtattgca atcattggag gaacttcgct gatatcgatg actcatgggc ctccataaag 720

agcatcttgg actggaccag tcggaatcag gagcgaattg tggatgtcgc aggccctgga 780

ggatggaacg atccagacat gctggtgatc ggcaattttg gcctctcttg ggaccagcag 840

gttacccaaa tggctctgtg ggcaattatg gccggtcctc ttttcatgag caacgatctg 900

cgcgcgatct caccacaggo aaaggccctg ctccaagaca aagatgtgat agccatcaat 960

caggacccgt tgggaaagca gggctaccag ctgagaaaag gcgacaactt tgaggtctgg 1020

gaaaggcctt tgagtggaga tgcgtgggct gtggccatta ttaatcggca agagatcgga 1080

ggtccacgcg gttatacaat tcctgtagca aagcttggca agggcgttgc ctgtaaccca 1140

gcttgcttca tcactcagct tctgccggtg aagagaaaac tgggtttcta cgaagctacc 1200

agcaggctcc gatcccacat caaccctaca ggaaccgtcc tcttgcagct ggagaatacg 1260

atgcagactt cactgaagga cctcctgtag 1290

<210> 66

<211> 1290

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 66
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc 60



ctcgtttcct gggacatccc tggggctaga gcactggata atggattggc tagaacacct      120

cctatggggt ggcttcactg ggagaggttc atgtgcaacc tggactgtca ggaagaacca      180

gacagctgca tctccgagaa gctctttgag gaaatggccg aacgaatggt gactgacggc      240

tggaaagatg caggttacga gtatctgtgt attgacgatt gctggatggc cccacaacgg      300

gattctgagg gaagacttca ggctgatccg cagcgcttcc ctcatggcat aaggcagctg      360

gcaaaccacg tccacagtaa ggggctcaaa ttgggaatct acgcggacgt gggcaataag      420

acctgtgccg gttttccggg atcattcggg tattatgaca ttgacgccca aacgtttgct      480

gattggggcg ttgacctgct gaaattcgat ggttgctact gtgacagcct cgaaaacctg      540

gcagacggct acaagcatat gtctctcgcc ctgaataaaa ccggtcggga tatcgtatat      600

tcctgcgagt ggcctcttta catgtggcca tttcagaaac cgaactacac agaaattcgc      660

cagtattgca atcattggag gaacttcgct gatatcgatg actcatgggc ctccataaag      720

agcatcttgg actggaccag tcggaatcag gagcgaattg tggatgtcgc aggccctgga      780

ggatggaacg atccagacat gctggtgatc ggcaattttg gcctctcttg ggaccagcag      840

gttacccaaa tggctctgtg ggcaattatg gccggccctc ttttcatgag caacgatctg      900

cgcgcgatct caccacaggc aaaggccctg ctccaagaca cggacgtgat agccatcaat      960

caggacccgt tgggaaagca gggctaccag ctgagaaaag gcgacaactt tgaggtctgg     1020

gaaaggcctt tgagtggaga tgcgtgggct gtggccatta ttaatcggca agagatcgga     1080

ggtccacgcg gttatacaat tcctgtagca aagcttggca agggcgttgc ctgtaaccca     1140

gcttgcttca tcactcagct tctgccggtg aagagaaaac tgggtttcta cgaagctacc     1200

agcaggctcc gatcccacat caaccctaca ggaaccgtcc tcttgcagct ggagaatacg     1260

atgcagactt cactgaagga cctcctgtag                                      1290

<210>  67
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

120

gcactggata atggattggc tagaacacct ggaagaacca

180

ctcgtttcct ggcttcactg ggagaggttc atgtgcaacc tggactgtca gactgacggc

240

cctatggggt tctccgagaa gctctttgag gaaatggccg aacgaatggt gctggatggc cccacaacgg

300

gacagctgca caggttacga gtatctgtgt attgacgatt ctcatggcat aaggcagctg

360

tggaaagatg ggctgatccg cagcgcttcc gggcaataag

420

gattctgagg gaagacttca tccacagtaa ggggctcaaa ttgggaatct acgcggacgt ttgacgccca aacgtttgct

480

gcaaaccacg gttttccggg atcattcggg tattatgaca gtgacagcct cgaaaacctg

540

600

acctgtgccg gattggggcg ttgacctgct gaaattcgat gtctctcgcc ggttgctact ctgaataaaa ccggtcggga tatcgtatat agaaattcgc

660

gcagacggct acaagcatat ggcctcttta catgtggcca tttcagaaac cgaactacac ctccataaag

720

tcctgcgagt atcattggag gaacttcgct gatatcgatg actcatgggc tggatgtcgc aggccctgga

780

cagtattgca agcatcttgg actggaccag tcggaatcag gctggtgatc gagcgaattg ggcaattttg gcctctcttg ggaccagcag caacgatctg

840

900

ggatggaacg atccagacat tggctctgtg ggcaattatg gccggccctc ttttcatgag cggacgtgat agccatcaat

960

gttacccaaa cgcgcgatct caccacaggc aaaggccctg ctccaagaca ctgagaaaag gcgacaactt tgaggtctgg

1020

1080

caggacccgt tgggaaagca gggctaccag

tgcgtgggct gtggccatta ttaatcggca agagatcgga

1140

gaaaggcctt tgagtggaga gttatacaat tcctgtagca aagcttggca agggcgttgc ctgtaaccca cgaagctacc

1200

ggtccacgcg tcactcagct tctgccggtg aagagaaaac tgggtttcta ggagaatacg

1260

gcttgcttca agcaggctcc gatcccacat caaccctaca ggaaccgtcc tcttgcagct

1290

atgcagactt cactgaagga cctcctgtag

<210> 67
<211> 1290
<212> DNA<213> Artificial Sequence

<220> <223> Synthetic polynucleotide



<400>  67
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcattggaca atgggctggc caggacacct      120

actatgggct ggctccactg ggagcgcttt atgtgtaacc tcgactgcca agaggagcca      180

gactcatgca tctctgagaa gttgttcatg gagatggctg agctgatggt gagcgaaggg      240

tggaaggatg cgggctatga gtatctctgt attgatgact gctggatggc tccacagcgc      300

gacagtgaag gccggctcca ggccgatcct cagcggttcc cccacggtat cagacaactg      360

gcgaattacg tgcactcaaa aggccttaag ctgggtatat atgctgatgt gggtaataaa      420

acatgtgcag gcttcccagg ctcttttggg tactatgaca tcgacgccca gacttttgcg      480

gactggggcg tggacctgct caagtttgac ggatgttact gtgactccct tgagaacctg      540

gccgacgggt acaagcatat gtcactggcc ctgaatcgga caggccgatc catcgtatac      600

tcttgcgagt ggcctctgta catgtggccc ttccagaagc ccaactatac agaaatcagg      660

caatactgca accattggcg gaacttcgca gacatagacg acagctgggc tagcattaag      720

tctattctgg attggaccag tttcaatcaa gaaaggattg tcgatgtcgc aggcccagga      780

ggttggaatg acccagacat gctcgtgatt ggaaatttcg gtctgtcatg ggaccaacag      840

gtgactcaga tggctctgtg ggcaatcatg gcagcaccac tgttcatgag caatgatttg      900

cgacacatct cccctcaggc gaaagccctt ctgcaggata aggacgttat cgccattaac      960

caggacccgc tcggtaagca agggtaccag ttgcgccagg gagacaattt cgaggtctgg     1020

gaacgacccc tgtctggact cgcttgggcc gtagccgtaa ttaaccgaca agaaatcggc     1080

ggaccgcgga gctataccat agctgtcgcc tccctcggcg ggggcgtagc ttgtaacccg     1140

gcttgtttca taacccagct gctgcccgtc aagaggaaac tggggcttta tgagtggaca     1200

agtcggttga agtctcatat taacccgaca gggactgttc tcctccagct ggaaaacaca     1260

atgcagatga gcctgaagga tctcttgtga                                      1290

<210>  68
<211>  1291
<212>  DNA

bo

00

00

bo

00

00



<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  68
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcatttggac aatgggctgg ccaggacacc      120

tactatgggc tggctccact gggagcgctt tatgtgtaac ctcgactgcc aagaggagcc      180

agactcatgc atctctgaga agttgttcat ggaaatggcc gagcttatgg tctcagaggg      240

gtggaaagac gccggatatg agtatctgtg catcgacgat tgctggatgg ccccccaacg      300

cgattccgaa ggccgcttgc aggctgatcc gcagcgcttt cctcacggga tccgccaatt      360

ggcaaattac gtgcactcaa aggggctcaa gttgggcatc tacgcagacg tgggaaacaa      420

gacatgtgct ggatttcccg ggagtttcgg ttattatgac attgacgcac agacctttgc      480

tgattggggg gtcgacctcc tgaagtttga cggttgttat tgcgacagcc ttgaaaatct      540

ggccgacggt tacaaacaca tgtcccttgc actgaataga actggtcggt ccatcgtcta      600

tagttgtgag tggccgcttt acatgtggcc ttttcagaaa cccaactaca ccgagattcg      660

gcaatattgc aatcactggc gaaatttcgc agatatcgat gattcttggg ctagtattaa      720

atccatcctg gattggacat cattcaacca ggagcgcatc gtggacgttg ctggacctgg      780

cgggtggaat gatccagaca tgcttgtgat cggaaacttc ggtctctctt ggaaccagca      840

agtcactcaa atggcactct gggcaattat ggccgccccc ctctttatgt ccaacgatct      900

gaggcatatc agtcctcagg ctaaagccct gctgcaagac aaggatgtga ttgctatcaa      960

ccaagatccc cttggtaaac aggggtacca gttgcgcaaa ggcgacaatt ttgaggtgtg     1020

ggaaaggcca ctttcaggcg atgcatgggc cgttgcaatg atcaacaggc aagaaattgg     1080

cggacccagg agctatacaa taccagtggc gtcactgggt aagggagtcg cctgtaaccc     1140

cgcatgcttc attactcaac ttctgccagt gaaacgaaaa ctcggattct atgagtggac     1200

ctcaagactg aggtctcata ttaacccgac agggactgtt ctcctccagc tggaaaacac     1260

aatgcagatg agcctgaagg atctcttgtg a                                    1291

<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 68

atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc 60

ctcgtttcct gggacatccc tggggctaga gcatttggac aatgggctgg ccaggacaco 120

tactatgggc tggctccact gggagcgctt tatgtgtaac ctcgactgcc aagaggagcc 180

agactcatgc atctctgaga agttgttcat ggaaatggcc gagcttatgg tctcagaggg 240

gtggaaagac gccggatatg agtatctgtg catcgacgat tgctggatgg ccccccaacg 300

cgattccgaa ggccgcttgc aggctgatcc gcagcgcttt cctcacggga tccgccaatt 360

ggcaaattac gtgcactcaa aggggctcaa gttgggcatc tacgcagacg tgggaaacaa 420

gacatgtgct ggatttcccg ggagtttcgg ttattatgac attgacgcac agacctttgc 480

tgattggggg gtcgacctcc tgaagtttga cggttgttat tgcgacagcc ttgaaaatct 540

ggccgacggt tacaaacaca tgtcccttgc actgaataga actggtcggt ccatcgtcta 600

tagttgtgag tggccgcttt acatgtggcc ttttcagaaa cccaactaca ccgagattcg 660

gcaatattgc aatcactggc gaaatttcgc agatatcgat gattcttggg ctagtattaa 720

atccatcctg gattggacat cattcaacca ggagcgcatc gtggacgttg ctggacctgg 780

cgggtggaat gatccagaca tgcttgtgat cggaaacttc ggtctctctt ggaaccagca 840

agtcactcaa atggcactct gggcaattat ggccgccccc ctctttatgt ccaacgatct 900

gaggcatatc agtcctcagg ctaaagccct gctgcaagac aaggatgtga ttgctatcaa 960

ccaagatccc cttggtaaac aggggtacca gttgcgcaaa ggcgacaatt ttgaggtgtg 1020

ggaaaggcca ctttcaggcg atgcatgggc cgttgcaatg atcaacaggo aagaaattgg 1080

cggacccagg agctatacaa taccagtggc gtcactgggt aagggagtcg cctgtaaccc 1140

cgcatgcttc attactcaac ttctgccagt gaaacgaaaa ctcggattct atgagtggac 1200

ctcaagactg aggtctcata ttaacccgac agggactgtt ctcctccagc tggaaaacac 1260

aatgcagatg agcctgaagg atctcttgtg a 1291



<210>  69
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  69
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcattggaca atgggctggc caggacacct      120

actatgggct ggctccactg ggagcgcttt atgtgtaacc tcgactgcca agaggagcca      180

gactcatgca tctctgagaa gttgttcatg gagatggctg aacgcatggt ttctgaggga      240

tggaaagatg caggctacga gtacctgtgt atagacgatt gttggatggc cccacagcgg      300

gattcagaag gtagactcca ggcggatccc cagagattcc cacatggaat cagacagctg      360

gccaattacg tccattccaa aggccttaag ttgggtattt acgccgacgt aggcaacaag      420

acttgtgccg gatttcccgg cagtttcgga tactatgaca ttgatgcaca gactttcgct      480

gactgggggg tggacttgct caaatttgat ggctgttatt gcgatagcct cgaaaatctg      540

gctgatggct acaagcacat gtcactcgct ctcaaccgca ctgggcgctc tatagtttac      600

tcctgcgagt ggcctctgta tatgtggccg ttccagaaac ccaattacac agaaataagg      660

cagtattgca atcactggcg caactttgct gatattgatg attcctgggc ctccataaag      720

agtatcttgg actggactag tcgcaatcag gaaagaattg tcgacgtcgc cggaccaggc      780

ggatggaatg atcctgatat gctcgtgatc gggaacttcg gactctcatg ggaccagcag      840

gtgacccaga tggctagttg ggctatcatg gccgcccctc tgtttatgag taacgacctc      900

cgccacatca gcccccaggc caaggcgctt ctgcaggata aagatgtcat cgccatcaac      960

caagatcccc tgggcaaaca aggctatcag ctgcggaagg gagacaattt tgaggtgtgg     1020

gaacgccctt tgagcggaga cgcctgggct gtggctatta taaatcgcca ggagattggg     1080

ggcccgagaa gttatactat ccccgttgca agcctgggaa agggcgtcgc ctgcaaccct     1140

gcctgcttca tcacacagct gcttcctgtc aaacgccaat tggggttcta caattggaca     1200

00

00



tccagactca aatctcatat taacccgaca gggactgttc tcctccagct ggaaaacaca     1260

atgcagatga gcctgaagga tctcttgtga                                      1290

<210>  70
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  70
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcattggaca atgggctggc caggacacct      120

actatgggct ggctccactg ggagcgcttt atgtgtaacc tcgactgcca agaggagcca      180

gactcatgca tctctgagaa gttgttcgag gagatggcag aacgaatggt gacagatgga      240

tggaaggacg ctggctacga gtatctgtgc atagatgatt gttggatggc ccctcagcga      300

gactcagagg ggagactcca ggccgacccc cagcgatttc cacacggaat ccggcaactg      360

gctaaccatg tgcactcaaa agggctcaag ctgggaattt atgctgacgt cgggaacaaa      420

acttgtgcgg ggtttcccgg ctccttcgga tattacgaca tcgacgccca gactttcgca      480

gactggggtg tggacctgct taagttcgac ggctgttact gcgatagtct ggaaaacttg      540

gctgacggct ataagcacat gagtctcgcc ctgaaccgaa caggcagaag catagtctac      600

tcctgcgaat ggccacttta catgtggcca ttccagaaac ctaattatac cgagatcaga      660

caatactgta accattggcg aaacttcgcc gacattgacg atagttggaa gtcaatcaag      720

tccatcctgg attggacctc taggaaccag gaaaggatcg tggacgtggc tggacctggc      780

ggatggaacg atccagacat gctcgtgata ggaaactttg gactgtcatg gaatcagcaa      840

gtaacacaga tggcgctctg ggccattatg gctgccccct tgtttatgtc taacgacctg      900

aggcatatct ctcctcaagc caaggcactc ctgcaggaca aggacgttat cgccatcaac      960

caggacccac tgggcaagca gggataccag ctgcggaaag gtgataactt cgaggtctgg     1020

gagcgaccgc tttcaggaga cgcctgggca gttgcaatca tcaacaggca agaaattggt     1080

1260

tccagactca aatctcatat taacccgaca gggactgttc tcctccagct ggaaaacaca

1290
atgcagatga gcctgaagga tctcttgtga

<210> 70
<211> 1290
<212> DNA
<213> Artificial Sequence

<220> <223> Synthetic polynucleotide

60

atgcagctga 70 ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc
<400>

120

ctcgtttcct gggacatccc tggggctaga gcattggaca atgggctggc caggacacct

180

actatgggct ggctccactg ggagcgcttt atgtgtaacc tcgactgcca agaggagcca

240

gactcatgca tctctgagaa gttgttcgag gagatggcag aacgaatggt gacagatgga

300

ctggctacga gtatctgtgc atagatgatt gttggatggc ccctcagcga

tggaaggacg ccggcaactg 360

gactcagagg ggagactcca ggccgacccc cagcgatttc cacacggaat

420

gctaaccatg tgcactcaaa agggctcaag ctgggaattt atgctgacgt cgggaacaaa

480

acttgtgcgg ggtttcccgg ctccttcgga tattacgaca tcgacgccca gactttcgca

540

gactggggtg tggacctgct taagttcgac ggctgttact gcgatagtct ggaaaacttg

600

gctgacggct ataagcacat gagtctcgcc ctgaaccgaa caggcagaag catagtctac

660

tcctgcgaat ggccacttta catgtggcca ttccagaaac ctaattatac cgagatcaga

720

caatactgta accattggcg aaacttcgcc gacattgacg atagttggaa gtcaatcaag

780

tccatcctgg attggacctc taggaaccag gaaaggatcg tggacgtggc tggacctggc

840

ggatggaacg atccagacat gctcgtgata ggaaactttg gactgtcatg gaatcagcaa

900

gtaacacaga tggcgctctg ggccattatg gctgccccct tgtttatgtc taacgacctg

960

aggcatatct ctcctcaagc caaggcactc ctgcaggaca aggacgttat cgccatcaac

1020

caggacccac tgggcaagca gggataccag ctgcggaaag gtgataactt cgaggtctgg

1080

gagcgaccgc tttcaggaga cgcctgggca gttgcaatca tcaacaggca agaaattggt



gggccacggt cttatactat tcccgtggct tctctcggta agggcgtcgc ctgcaacccc     1140

gcctgcttta tcacccaatt gttgcccgtt aagagaaaac tgggatttta cgagtggaca     1200

tccaggctgc ggtctcatat taacccgaca gggactgttc tcctccagct ggaaaacaca     1260

atgcagatga gcctgaagga tctcttgtga                                      1290

<210>  71
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  71
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcattggaca atgggctggc caggacacct      120

actatgggct ggctccactg ggagcgcttt atgtgtaacc tcgactgcca agaggagcca      180

gactcatgca tctctgagaa gttgttcgaa gagatggctg aactgatggt gtccgagggg      240

tggaaggatg cagggtacga gtacctttgc atagacgatt gctggatggc accacagcgg      300

gatagtgagg gcaggttgca ggcggacccc caaagatttc cacatggcat cagacagctg      360

gccaaccacg tgcactctaa aggcctgaag ctggggattt acgccgatgt cggtaataaa      420

acatgtgctg gtttccccgg tagctttgga tactacgaca tcgacgccca gacatttgct      480

gattggggag tggacctgct caagttcgac ggctgctact gcgattctct ggaaaatctg      540

gccgatgggt ataagcacat gagtcttgct cttaatagaa ccggacgctc tatagtctat      600

tcatgtgagt ggccactgta catgtggcca tttcagaaac ccaactatac cgaaattaga      660

cagtattgta accactggcg gaatttcgcc gacatagacg atagctggaa gagcatcaag      720

tcaattctcg attggacttc attcaaccag gagcggatcg tcgacgtggc cggccctggg      780

ggctggaatg atccagatat gctggtgatc ggaaactttg gtctctcctg gaatcaacag      840

gtcactcaga tggccctctg ggccattatg gcagcaccac tctttatgag caacgacctg      900

agacacattt ccccacaggc caaggcattg ctgcaggaca aagacgtgat cgccattaac      960

gggccacggt cttatactat tcccgtggct tctctcggta agggcgtcgc ctgcaacccc 1140

gcctgcttta tcacccaatt gttgcccgtt aagagaaaac tgggatttta cgagtggaca 1200

tccaggctgc ggtctcatat taacccgaca gggactgttc tcctccagct ggaaaacaca 1260

1290atgcagatga gcctgaagga tctcttgtga

<210> 71
<211> 1290

<212> DNA
<213> Artificial Sequence

<220>
<223> Synthetic polynucleotide

<400> 71
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc 60

ctcgtttcct gggacatccc tggggctaga gcattggaca atgggctggc caggacacct 120

actatgggct ggctccactg ggagcgcttt atgtgtaacc tcgactgcca agaggagcca 180

gactcatgca tctctgagaa gttgttcgaa gagatggctg aactgatggt gtccgagggg 240

tggaaggatg cagggtacga gtacctttgc atagacgatt gctggatggc accacagcgg 300

gatagtgagg gcaggttgca ggcggacccc caaagatttc cacatggcat cagacagctg 360

gccaaccacg tgcactctaa aggcctgaag ctggggattt acgccgatgt cggtaataaa 420

acatgtgctg gtttccccgg tagctttgga tactacgaca tcgacgccca gacatttgct 480

gattggggag tggacctgct caagttcgac ggctgctact gcgattctct ggaaaatctg 540

gccgatgggt ataagcacat gagtcttgct cttaatagaa ccggacgctc tatagtctat 600

tcatgtgagt ggccactgta catgtggcca tttcagaaac ccaactatad cgaaattaga 660

cagtattgta accactggcg gaatttcgcc gacatagacg atagctggaa gagcatcaag 720

tcaattctcg attggacttc attcaaccag gagcggatcg tcgacgtggc cggccctggg 780

ggctggaatg atccagatat gctggtgatc ggaaactttg gtctctcctg gaatcaacag 840

gtcactcaga tggccctctg ggccattatg gcagcaccao tctttatgag caacgacctg 900

agacacattt ccccacaggc caaggcattg ctgcaggaca aagacgtgat cgccattaac 960



caggacccac tgggcaagca agggtaccaa cttaggcagg gagataattt tgaggtctgg     1020

gagcgcccac tcagcggaga cgcctgggcc gttgccatga taaacagaca ggagattggc     1080

ggccccagat cctacacaat tcctgtcgct agcctgggca agggggtggc ttgtaatccc     1140

gcctgcttta taacccagct gctgccagtg aaacggaaac tcgggttcta tgaatggact     1200

tctaggctca ggtctcatat taacccgaca gggactgttc tcctccagct ggaaaacaca     1260

atgcagatga gcctgaagga tctcttgtga                                      1290

<210>  72
<211>  1290
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  72
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcattggaca atgggctggc caggacacct      120

actatgggct ggctccactg ggagcgcttt atgtgtaacc tcgactgcca agaggagcca      180

gactcatgca tctctgagaa gttgttcgag gagatggcag aacgaatggt gacagatgga      240

tggaaggacg ctggctacga gtatctgtgc atagatgatt gttggatggc ccctcagcga      300

gactcagagg ggagactcca ggccgacccc cagcgatttc cacacggaat ccggcaactg      360

gctaaccatg tgcactcaaa agggctcaag ctgggaattt atgctgacgt cgggaacaaa      420

acttgtgcgg ggtttcccgg ctccttcgga tattacgaca tcgacgccca gactttcgca      480

gactggggtg tggacctgct taagttcgac ggctgttact gcgatagtct ggaaaacttg      540

gctgacggct ataagcacat gagtctcgcc ctgaaccgaa caggcagaag catagtctac      600

tcctgcgaat ggccacttta catgtggcca ttccagaaac ctaattatac cgagatcaga      660

caatactgta accattggcg aaacttcgcc gacattgacg atagttggaa gtcaatcaag      720

tccatcctgg attggacctc taggaaccag gaaaggatcg tggacgtggc tggacctggc      780

ggatggaacg atccagacat gctcgtgata ggaaactttg gactgtcatg ggatcagcaa      840

caggacccac tgggcaagca agggtaccaa cttaggcagg gagataattt tgaggtctgg 1020

gagcgcccac tcagcggaga cgcctgggcc gttgccatga taaacagaca ggagattggc 1080

ggccccagat cctacacaat tcctgtcgct agcctgggca agggggtggc ttgtaatccc 1140

gcctgcttta taacccagct gctgccagtg aaacggaaac tcgggttcta tgaatggact 1200

tctaggctca ggtctcatat taacccgaca gggactgttc tcctccagct ggaaaacaca 1260

atgcagatga gcctgaagga tctcttgtga 1290

<210> 72

<211> 1290

<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 72

atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc 60

ctcgtttcct gggacatccc tggggctaga gcattggaca atgggctggc caggacacct 120

actatgggct ggctccactg ggagcgcttt atgtgtaacc tcgactgcca agaggagcca 180

gactcatgca tctctgagaa gttgttcgag gagatggcag aacgaatggt gacagatgga 240

tggaaggacg ctggctacga gtatctgtgc atagatgatt gttggatggc ccctcagcga 300

gactcagagg ggagactcca ggccgacccc cagcgatttc cacacggaat ccggcaactg 360

gctaaccatg tgcactcaaa agggctcaag ctgggaattt atgctgacgt cgggaacaaa 420

acttgtgcgg ggtttcccgg ctccttcgga tattacgaca tcgacgccca gactttcgca 480

gactggggtg tggacctgct taagttcgac ggctgttact gcgatagtct ggaaaacttg 540

gctgacggct ataagcacat gagtctcgcc ctgaaccgaa caggcagaag catagtctad 600

tcctgcgaat ggccacttta catgtggcca ttccagaaac ctaattatac cgagatcaga 660

caatactgta accattggcg aaacttcgcc gacattgacg atagttggaa gtcaatcaag 720

tccatcctgg attggacctc taggaaccag gaaaggatcg tggacgtggc tggacctggc 780

ggatggaacg atccagacat gctcgtgata ggaaactttg gactgtcatg ggatcagcaa 840



gtaacacaga tggcgctctg ggccattatg gctgccccct tgtttatgtc taacgacctg      900

aggcatatct ctcctcaagc caaggcactc ctgcaggaca aggacgttat cgccatcaac      960

caggacccac tgggcaagca gggataccag ctgcggaaag gtgataactt cgaggtctgg     1020

gagcgaccgc tttcaggaga cgcctgggca gttgcaatca tcaacaggca agaaattggt     1080

gggccacggt cttatactat tcccgtggct tctctcggta agggcgtcgc ctgcaacccc     1140

gcctgcttta tcacccaatt gttgcccgtt aagagaaaac tgggatttta cgaggcgaca     1200

tccaggctga agtctcatat taacccgaca gggactgttc tcctccagct ggaaaacaca     1260

atgcagatga gcctgaagga tctcttgtga                                      1290

<210>  73
<211>  1289
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  73
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcatggacaa tggattggca aggacgccta      120

ccatgggctg gctgcactgg gagcgcttca tgtgcaacct tgactgccag gaagagccag      180

attcctgcat cagtgagaag ctcttcgagg agatggcaga gagaatggtc accgacggct      240

ggaaggatgc aggttatgag tacctctgca ttgatgactg ttggatggct ccccaaagag      300

attcagaagg cagacttcag gcagaccctc agcgctttcc tcatgggatt cgccagctag      360

ctaatcacgt tcacagcaaa ggactgaagc tagggattta tgcagatgtt ggaaataaaa      420

cctgcgcagg cttccctggg agttttggat actacgacat tgatgcccag acctttgctg      480

actggggagt agatctgcta aaatttgatg gttgttactg tgacagtttg gaaaatttgg      540

cagatggtta taagcacatg tccttggccc tgaataggac tggcagaagc attgtgtact      600

cctgtgagtg gcctctttat atgtggccct ttcaaaagcc caattataca gaaatccgac      660

agtactgcaa tcactggcga aattttgctg acattgatga ttcctgggcc agtataaaga      720

900

gtaacacaga tggcgctctg ggccattatg gctgccccct tgtttatgtc taacgacctg

960

aggcatatct ctcctcaagc caaggcactc ctgcaggaca aggacgttat cgccatcaac

1020

caggacccac tgggcaagca gggataccag ctgcggaaag gtgataactt cgaggtctgg

1080

gagcgaccgc tttcaggaga cgcctgggca gttgcaatca tcaacaggca agaaattggt

1140

gggccacggt cttatactat tcccgtggct tctctcggta agggcgtcgc ctgcaacccc

1200

gcctgcttta tcacccaatt gttgcccgtt aagagaaaac tgggatttta cgaggcgaca

1260

tccaggctga agtctcatat taacccgaca gggactgttc tcctccagct ggaaaacaca

1290
atgcagatga gcctgaagga tctcttgtga

<210> 73
<211> 1289
<212> DNA
<213> Artificial Sequence

<220><223> Synthetic polynucleotide

60

atgcagctga <400> 73 ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc

120

ctcgtttcct gggacatccc tggggctaga gcatggacaa tggattggca aggacgccta

180

ccatgggctg gctgcactgg gagcgcttca tgtgcaacct tgactgccag gaagagccag

240

attcctgcat cagtgagaag ctcttcgagg agatggcaga gagaatggtc accgacggct

300

ggaaggatgc aggttatgag tacctctgca ttgatgactg ttggatggct ccccaaagag

360

attcagaagg cagacttcag gcagaccctc agcgctttcc tcatgggatt cgccagctag

420

ctaatcacgt tcacagcaaa ggactgaagc tagggattta tgcagatgtt ggaaataaaa

480

cctgcgcagg cttccctggg agttttggat actacgacat tgatgcccag acctttgctg

540

actggggagt agatctgcta aaatttgatg gttgttactg tgacagtttg gaaaatttgg

600

cagatggtta taagcacatg tccttggccc tgaataggac tggcagaagc attgtgtact

660

cctgtgagtg gcctctttat atgtggccct ttcaaaagcc caattataca gaaatccgac

720

agtactgcaa tcactggcga aattttgctg acattgatga ttcctgggcc agtataaaga



gtatcttgga ctggacatct agaaaccagg agagaattgt tgatgttgct ggaccagggg      780

gttggaatga cccagatatg ttagtgattg gcaactttgg cctcagctgg gaccagcaag      840

taactcagat ggccctctgg gctatcatgg ctgctccttt attcatgtct aatgacctcc      900

gacacatcag ccctcaagcc aaagctctcc ttcaggataa ggacgtaatt gccatcaatc      960

aggacccctt gggcaagcaa gggtaccagc ttagaaaggg agacaacttt gaagtgtggg     1020

aacgacctct ctcaggcgat gcctgggctg tagctatcat aaaccggcag gagattggtg     1080

gacctcgctc ttataccatc cccgttgctt ccctgggtaa aggagtggcc tgtaatcctg     1140

cctgcttcat cacacagctc ctccctgtga aaaggcagct agggttctat aactggactt     1200

caaggttaaa gagtcacata aatcccacag gcactgtttt gcttcagcta gaaaatacaa     1260

tgcagatgtc attaaaagac ttactttaa                                       1289

<210>  74
<211>  1289
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  74
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gcatggacaa tggattggca aggacgcctc      120

ccatgggctg gctgcactgg gagcgcttca tgtgcaacct tgactgccag gaagagccag      180

attcctgcat cagtgagaag ctcttcgagg agatggcaga gagaatggtc accgacggct      240

ggaaggatgc aggttatgag tacctctgca ttgatgactg ttggatggct ccccaaagag      300

attcagaagg cagacttcag gcagaccctc agcgctttcc tcatgggatt cgccagctag      360

ctaatcacgt tcacagcaaa ggactgaagc tagggattta tgcagatgtt ggaaataaaa      420

cctgcgcagg cttccctggg agttttggat actacgacat tgatgcccag acctttgctg      480

actggggagt agatctgcta aaatttgatg gttgttactg tgacagtttg gaaaatttgg      540

cagatggtta taagcacatg tccttggccc tgaataagac tggcagaccc attgtgtact      600

780

840

900

gtatcttgga

960

gttggaatga

1020

taactcagat

1080

gacacatcag

1140

aggacccctt

1200

aacgacctct

1260

gacctcgctc

gaaaatacaa

cctgcttcat

gcactgtttt

1289

caaggttaaa

ttactttaatgcagatgtc

<210> 74
<211> 1289
<212> DNAArtificial Sequence<213>

60

<220>

<223> Synthetic

120

<400> 74

180

atgcagctga

240

ctcgtttcct

300

ccatgggctg

360

attcctgcat

420

ggaaggatgc

480

attcagaagg

540

ctaatcacgt

600

cctgcgcagg

attgtgtacttggcagaccc

actggggagt

tgaataagactaagcacatgcagatggtta



cctgtgagtg gcctctttat atgtggccct ttcaaaagcc caattataca gaaatccgac      660

agtactgcaa tcactggcga aattttgctg acattgatga ttcctgggcc agtataaaga      720

gtatcttgga ctggacatct agaaaccagg agagaattgt tgatgttgct ggaccagggg      780

gttggaatga cccagatatg ttagtgattg gcaactttgg cctcagctgg gaccagcaag      840

taactcagat ggccctctgg gctatcatgg ctgctccttt attcatgtct aatgacctcc      900

gacacatcag ccctcaagcc aaagctctcc ttcaggataa ggacgtaatt gccatcaatc      960

aggacccctt gggcaagcaa gggtaccagc ttagaaaggg agacaacttt gaagtgtggg     1020

aacgacctct ctcaggcgat gcctgggctg tagctatcat aaaccggcag gagattggtg     1080

gacctcgctc ttataccatc cccgttgctt ccctgggtaa aggagtggcc tgtaatcctg     1140

cctgcttcat cacacagctc ctccctgtga aaaggcagct agggttctat aactggactt     1200

caaggttaaa gagtcacata aatcccacag gcactgtttt gcttcagcta gaaaatacaa     1260

tgcagatgtc attaaaagac ttactttaa                                       1289

<210>  75
<211>  429
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

<400>  75

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu 
            20                  25                  30          

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu 
        35                  40                  45              

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile 
    50                  55                  60                  

cctgtgagtg gcctctttat atgtggccct ttcaaaagcc caattataca gaaatccgac 660

agtactgcaa tcactggcga aattttgctg acattgatga ttcctgggcd agtataaaga 720

gtatcttgga ctggacatct agaaaccagg agagaattgt tgatgttgct ggaccagggg 780

gttggaatga cccagatatg ttagtgattg gcaactttgg cctcagctgg gaccagcaag 840

taactcagat ggccctctgg gctatcatgg ctgctccttt attcatgtct aatgacctco 900

gacacatcag ccctcaagcc aaagctctcc ttcaggataa ggacgtaatt gccatcaato 960

aggacccctt gggcaagcaa gggtaccago ttagaaaggg agacaacttt gaagtgtggg 1020

aacgacctct ctcaggcgat gcctgggctg tagctatcat aaaccggcag gagattggtg 1080

gacctcgctc ttataccatc cccgttgctt ccctgggtaa aggagtggcc tgtaatcctg 1140

cctgcttcat cacacagctc ctccctgtga aaaggcagct agggttctat aactggactt 1200

caaggttaaa gagtcacata aatcccacag gcactgtttt gcttcagcta gaaaatacaa 1260

tgcagatgtc attaaaagac ttactttaa 1289

<210> 75

<211> 429

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 75

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu

1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu

20 25 30

Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu

35 40 45

Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile

50 55 60



Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu Gly 
65                  70                  75                  80  

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met 
                85                  90                  95      

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg 
            100                 105                 110         

Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys Gly 
        115                 120                 125             

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly 
    130                 135                 140                 

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala 
145                 150                 155                 160 

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser 
                165                 170                 175     

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn 
            180                 185                 190         

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met 
        195                 200                 205             

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn 
    210                 215                 220                 

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile Lys 
225                 230                 235                 240 

Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp Val 
                245                 250                 255     

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn 

Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu Gly
65 70 75 80

Trp Lys Asp Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met
85 90 95

Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Gln Ala Asp Pro Gln Arg
100 105 110

Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His Ser Lys Gly
115 120 125

Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly Asn Lys Thr Cys Ala Gly
130 135 140

Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gln Thr Phe Ala
145 150 155 160

Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser
165 170 175

Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu Asn
180 185 190

Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro Leu Tyr Met
195 200 205

Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys Asn
210 215 220

His Trp Arg Asn Phe Ala Asp Ile Asp Asp Ser Trp Lys Ser Ile Lys
225 230 235 240

Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp Val
245 250 255

Ala Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn



            260                 265                 270         

Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp Ala 
        275                 280                 285             

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser 
    290                 295                 300                 

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn 
305                 310                 315                 320 

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp Asn 
                325                 330                 335     

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Leu Ala Trp Ala Val Ala 
            340                 345                 350         

Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Ala 
        355                 360                 365             

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile 
    370                 375                 380                 

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp Thr 
385                 390                 395                 400 

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln 
                405                 410                 415     

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu 
            420                 425                 

<210>  76
<211>  31
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  Synthetic polypeptide

260 265 270

Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gln Met Ala Leu Trp Ala
275 280 285

Ile Met Ala Ala Pro Leu Phe Met Ser Asn Asp Leu Arg His Ile Ser
290 295 300

Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn
305 310 315 320

Gln Asp Pro Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gln Gly Asp Asn
325 330 335

Phe Glu Val Trp Glu Arg Pro Leu Ser Gly Leu Ala Trp Ala Val Ala
340 345 350

Met Ile Asn Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Ala

355 360 365

Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe Ile
370 375 380

Thr Gln Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp Thr
385 390 395 400

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln
405 410 415

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu

420 425

<210> 76

<211> 31

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide



<400>  76

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu 
1               5                   10                  15      

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala 
            20                  25                  30      

<210>  77
<211>  93
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Synthetic polynucleotide

<400>  77
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc       60

ctcgtttcct gggacatccc tggggctaga gca                                    93

<400> 76

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala

20 25 30

<210> 77
<211> 93
<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 77
atgcagctga ggaacccaga actacatctg ggctgcgcgc ttgcgcttcg cttcctggcc 60

ctcgtttcct gggacatccc tggggctaga gca 93


	Abstract
	Description
	Claims
	Drawings
	Gene Sequence

