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DESCRIPTION

Field of the Invention

[0001] This invention relates to cells that coexpress a sulfatase and a C-formylyglycine generating enzyme and methods and
uses thereof.

Backeround of the Invention

[0002] Sulfatases are members of a highly conserved gene family, sharing extensive sequence homology (Franco, B, et al.,
Cell, 1995, 81:15-25; Parenti, G., et al, Curr. Opin. Gen. Dev., 1997, 7:386-391), a high degree of structural similarity (Bond,
C.S., et al., Structure, 1997, 5:277-289; Lukatela, G., et al., Biochemistry, 1998, 37:3654-64), and a unique post-translational
modification that is essential for sulfate ester cleavage (Schmidt, B., et al, Cell, 1995, 82:271-278; Selmer, T, et al, Eur. J.
Biochem., 1996, 238:341-345). The post-translational modification involves the oxidation of a conserved cysteine (in eukaryotes)
or serine (in certain prokaryotes) residue, at CB, yielding L-Cq-formylglycine (a.k.a. FGly; 2-amino-3-oxopropanoic acid) in which
an aldehyde group replaces the thiomethyl group of the side chain. The aldehyde is an essential part of the catalytic site of the
sulfatase and likely acts as an aldehyde hydrate. One of the geminal hydroxyl groups accepts the sulfate during sulfate ester
cleavage leading to the formation of a covalently sulfated enzyme intermediate. The other hydroxyl is required for the subsequent
elimination of the sulfate and regeneration of the aldehyde group. This modification occurs in the endoplasmic reticulum during,
or shortly after, import of the nascent sulfatase polypeptide and is directed by a short linear sequence surrounding the cysteine
(or serine) residue to be modified. This highly conserved sequence is hexapeptide L/V-C(S)-X-P-S-R (SEQ ID NO:32), present in
the N-terminal region of all eukaryotic sulfatases and most frequently carries a hydroxyl or thiol group on residue X (Dierks, T., et
al, Proc. Natl. Acad Sci. U. S. A., 1997, 94:11963-11968).

[0003] WO 01/60991 discloses human kinases (PKIN) and polynucleotides that identify and encode PKIN. It also discusses
suitable expression vectors, host cells, antibodies, agonists, and antagonists, as well as methods for diagnosing, treating, or
preventing disorders associated with aberrant expression of PKIN.

[0004] Dierks et al ((EMBO Journal, 18, 1, 2084-2091(1999)] explain that sulfatases carry at their catalytic site a unique post-
translational modification, an alpha-formylglycine residue that is essential for enzyme activity. The modification of arylsulfatase A
was studied /in vitro and was found to be directed by a short linear sequence, CTPSR, starting with the cysteine to be modified.
Mutational analyses showed that the cysteine, proline and arginine are the key residues within this motif, whereas formylglycine
formation tolerated the individual, but not the simultaneous substitution of the thrconine or serine. The CTPSR motif was
transferred to a heterologous protein leading to low-efficient formylglycine formation. Efficiency is said to have reached control
values when seven additional residues (AALLTGR) directly following the CTPSR motif in arylsulfatase A were present. Mutating
up to four residues simultaneously within this heptamer sequence is indicated to have inhibited the modification only moderately. It
was concluded that AALLTGR may have an auxiliary function in presenting the core motif to the modifying enzyme and that within
the two motifs, the key residues are fully conserved, and other residues are highly conserved among all known members of the
sulfatase family.

[0005] To date thirteen sulfatase genes have been identified in humans. They encode enzymes with different substrate
specificity and subcellular localization such as lysosomes, Golgi and ER. Four of these genes, ARSC, ARSD, ARSE, and ARSF,

encoding arylsulfatase C, D, E and F, respectively, are located within the same chromosomal region (Xp22.3). They share
significant sequence similarity and a nearly identical genomic organization, indicating that they arose from duplication events that
occurred recently during evolution (Franco B, et al, Cell, 1995, 81:15-25; Meroni G, et al., Hum Mol Genet, 1996, 5:423-31).

[0006] The importance of sulfatases in human metabolism is underscored by the identification of at least eight human monogenic
diseases caused by the deficiency of individual sulfatase activities. Most of these conditions are lysosomal storage disorders in
which phenotypic consequences derive from the type and tissue distribution of the stored material. Among them are five different
types of mucopolysaccharidoses (MPS types |I, llIA, llID, IVA, and VI) due to deficiencies of sulfatases acting on the catabolism of
glycosaminogl yeans (Neufeld and Muenzer, 2001, The mucopolysaccharidoses, In The Metabolic and Molecular Bases of
Inherited Disease, CR. Scriver, A.L. Beaudet, W.S. Sly,D. Nalle, B. Childs, KW. Kinzler and B. Nogelstein, eds. New York: Mc
Graw-Hill, pp. 3421-3452), and metachromatic leukodystrophy (MLD), which is characterized by the storage of sulfolipids in the
central and peripheral nervous systems leading to severe and progressive neurologic deterioration. Two additional human
diseases are caused by deficiencies of non-lysosomal sulfatases. These include X-linked ichthyosis, a skin disorder due to steroid
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sulfatase (STS/ARSC) deficiency, and chondrodysplasia punctata, a disorder affecting bone and cartilage due to arylsulfatase E
(ARSE) deficiency. Sulfatases are also implicated in drug-induced human malformation syndromes, such as Warfarin
embryopathy, caused by inhibition of ARSE activity due to in utero exposure to warfarin during pregnancy.

[0007] In an intriguing human monogenic disorder, multiple sulfatase deficiency (MSD), all sulfatase activities are simultaneously
defective. Consequently, the phenotype of this severe multisystemic disease combines the features observed in individual
sulfatase deficiencies. Cells from patients with MSD are deficient in sulfatase activities even after transfection with cDNAs
encoding human sulfatases, suggesting the presence of a common mechanism required for the activity of all sulfatases
(Rommerskirch and von Figura, Proc. Natl. Acad Sci,, USA, 1992, 89:2561-2565). The post-translational modification of
sulfatases was found to be defective in one patient with MSD, suggesting that this disorder is caused by a mutation in a gene, or
genes, implicated in the cysteine-to-formylglycine conversion machinery (Schmidt, B., et al., Cell, 1995, 82:271-278). In spite of
intense biological and medical interest, efforts aimed at the identification of this gene(s) have been hampered by the rarity of MSD
patients and consequent lack of suitable familial cases to perform genetic mapping.

Summary of the Invention

[0008] This invention provides a cell according to any of claims 1 to 15, a method according to any of claims 1 to 23, or a
medical use according to claim 24 or 25.

[0009] We have identified a gene that encodes Formylglycine Generating Enzyme (FGE), an enzyme responsible for the unique
post-translational modification occurring on sulfatases that is essential for sulfatase function (formation of L- Cq-formylglycine;
a.k.a. FGly and/or 2-amino-3-oxopropanoic acid). It has been discovered, unexpectedly, that mutations in the FGE gene lead to
the development of Multiple Sulfatase Deficiency (MSD) in subjects. It has also been discovered, unexpectedly, that FGE
enhances the activity of sulfatases, including, but not limited to, Iduronate 2-Sulfatase, Sulfamidase, N-Acetylgalactosamine 6-
Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A, Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E,

Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, and HSulf-6. In view of these discoveries, the
molecules of the present invention can be used in the diagnosis and treatment of Multiple Sulfatase Deficiency as well as other
sulfatase deficiencies.

[0010] According to one aspect of the invention, a sulfatase-producing cell wherein the ratio of active sulfatase to total sulfatase
produced by the cell is increased, is provided, as set forth in claim 1. The cell may comprise: (i) a sulfatase with an increased
expression, and (ii) a Formylglycine Generating Enzyme with an increased expression, wherein the ratio of active sulfatase to total
sulfatase (i.e., the specific activity of the sulfatase) produced by the cell is increased by at least 5% over the ratio of active
sulfatase to total sulfatase produced by the cell in the absence of the Formylglycine Generating Enzyme. In certain embodiments,
the ratio of active sulfatase to total sulfatase produced by the cell is increased by at least 10%, 15%, 20%, 50%, 100%), 200%),
500%, 1000%, over the ratio of active sulfatase to total sulfatase produced by the cell in the absence of the Formylglycine.
Generating Enzyme.

Brief Description of the Sequences

[0011]
SEQ ID NO:1 is the nucleotide sequence of the human FGE cDNA.
SEQ ID NO:2 is the predicted amino acid sequence of the translation product of human FGE cDNA (SEQ ID NO:1).

SEQ ID NO:3 is the nucleotide sequence of the human FGE cDNA encoding the polypeptide of SEQ ID NO:2 (i.e., nucleotides 20-
1141 of SEQ ID NO:1).

SEQ ID NO:4 is the nucleotide sequence of GenBank Acc. No. AKO75459.

SEQ ID NO:5 is the predicted amino acid sequence of the translation product of SEQ ID NO:4, an unnamed protein product
having GenBank Acc.No. BAC11634.

SEQ ID NO: 6 is the nucleotide sequence of the human Iduronate 2-Sulfatase cDNA (GenBank Acc. No. M58342).

SEQ ID NO: 7 is the predicted amino acid sequence of the translation product of human Iduronate 2-Sulfatase cDNA (SEQ ID
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NO:6).

SEQ ID NO: 8 is the nucleotide sequence of the human Sulfamidase cDNA (GenBank Acc. No. U30894).

SEQ ID NO: 9 is the predicted amino acid sequence of the translation product of human Sulfamidase cDNA (SEQ ID NO:8).
SEQ ID NO: 10 is the nucleotide sequence of the human N-Acetylgalactosamine 6-Sulfatase cDNA (GenBank Acc. No. U06088).

SEQ ID NO: 11 is the predicted amino acid sequence of the translation product of human N-Acetylgalactosamine 6-Sulfatase
cDNA (SEQ ID NO: 10).

SEQ ID NO: 12 is the nucleotide sequence of the human N-Acetylglucosamine 6-Sulfatase cDNA (GenBank Acc. No. Z12173).

SEQ ID NO: 13 is the predicted amino acid sequence of the translation product of human N-Acetylglucosamine 6-Sulfatase cDNA
(SEQ ID NO: 12).

SEQ ID NO: 14 is the nucleotide sequence of the human Arylsulfatase A cDNA (GenBank Acc. No. X52151).

SEQ ID NO: 15 is the predicted amino acid sequence of the translation product of human Arylsulfatase A cDNA (SEQ ID NO: 14).
SEQ ID NO: 16 is the nucleotide sequence of the human Arylsulfatase B cDNA (GenBank Acc. No. J05225).

SEQ ID NO: 17 is the predicted amino acid sequence of the translation product of human Arylsulfatase B cDNA (SEQ ID NO: 16).
SEQ ID NO: 18 is the nucleotide sequence of the human Arylsulfatase C cDNA (GenBank Acc. No. J04964).

SEQ ID NO: 19 is the predicted amino acid sequence of the translation product of human Arylsulfatase C cDNA (SEQ ID NO: 18).
SEQ ID NO: 20 is the nucleotide sequence of the human Arylsulfatase D cDNA (GenBank Acc. No. X83572).

SEQ ID NO:21 is the predicted amino acid sequence of the translation product of human Arylsulfatase D cDNA (SEQ ID NO:20).
SEQ ID NO:22 is the nucleotide sequence of the human Arylsulfatase E cDNA (GenBank Acc. No. X83573).

SEQ ID NO: 23 is the predicted amino acid sequence of the translation product of human Arylsulfatase E cDNA (SEQ ID NO:22).
SEQ ID NO:24 is the nucleotide sequence of the human Arylsulfatase F cDNA (GenBank Acc. No. X97868).

SEQ ID NO:25 is the predicted amino acid sequence of the translation product of human Arylsulfatase F cDNA (SEQ ID NO:24).
SEQ ID NO:26 is the nucleotide sequence of the human Arylsulfatase G cDNA (GenBank Acc.No. BC012375).

SEQ LID NO:27 is the predicted amino acid sequence of the translation product of the human Arylsulfatase G (SEQ ID NO:26).
SEQ ID NO:28 is the nucleotide sequence of the HSulf-1 cDNA (GenBank Acc.No. AY101175).

SEQ ID NO:29 is the predicted amino acid sequence of the translation product of HSulf-1 cDNA (SEQ ID NO:28).

SEQ ID NO:30 is the nucleotide sequence of the HSulf-2 cDNA (GenBank Acc.No. AY101176).

SEQ ID NO:31 is the predicted amino acid sequence of the translation product of HSulf-2 cDNA (SEQ ID NO:30).

SEQ ID NO:32 is the highly conserved hexapeptide L/N-FGly-X-P-S-R present on sulfatases.

SEQ ID NO:33 is a synthetic FGly formation substrate; its primary sequence is derived from human Arylsulfatase A.

SEQ ID NO:34 is scrambled oligopeptide PVSLPTRSCAALLTGR.

SEQ ID NO:35 is Ser69 oligopeptide PVSLSTPSRAALLTGR.

SEQ ID NO:36 is human FGE-specific primer 1199nc.

SEQ ID NO:37 is human FGE-specific forward primer 1c.

SEQ ID NO:38 is human FGE-specific reverse primer 1182c.

SEQ ID NO:39 is human 5'- FGE-specific primer containing EcoRl site.

SEQ ID NO:40 is a HA-specific primer.
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SEQ ID NO:41 is a c-myc -specific primer.

SEQ ID NO:42 is a RGS-Hisg - specific primer.

SEQ ID NO:43 is tryptic oligopeptide SQNTPDSSASNLGFR from a human FGE preparation.

SEQ ID NO:44 is tryptic oligopeptide MVPIPAGVFTMGTDDPQIK from a human FGE preparation.

SEQ ID NO:45 is the nucleotide sequence of the human FGE2 paralog (GenBank GI:24308053).

SEQ ID NO:46 is the predicted amino acid sequence of the translation product of the human FGE2 paralog (SEQ ID NO:45).
SEQ ID NO:47 is the nucleotide sequence of the mouse FGE paralog (GenBank GI: 26344956).

SEQ ID NO:48 is the predicted amino acid sequence of the translation product of the mouse FGE paralog (SEQ ID NO:47).
SEQ ID NO:49 is the nucleotide sequence of the mouse FGE ortholog (GenBank GI: 22122361).

SEQ ID NO: 50 is the predicted amino acid sequence of the translation product of the mouse FGE ortholog (SEQ ID NO:49).
SEQ ID NO:51 is the nucleotide sequence of the fruitfly FGE ortholog (GenBank GI: 20130397).

SEQ ID NO:52 is the predicted amino acid sequence of the translation product of the fruitfly FGE ortholog (SEQ ID NO.-51).
SEQ ID NO:53 is the nucleotide sequence of the mosquito FGE ortholog (GenBank GI: 21289310).

SEQ ID NO: 54 is the predicted amino acid sequence of the translation product of the mosquito FGE ortholog (SEQ ID NO:53).
SEQ ID NO: 55 is the nucleotide sequence of the closely related S. coelicolor FGE ortholog (GenBank GlI: 21225812).

SEQ ID NO:56 is the predicted amino acid sequence of the translation product of the S. coelicolor FGE ortholog (SEQ ID NO:55).
SEQ ID NO:57 is the nucleotide sequence of the closely related C. efficiens FGE ortholog (GenBank Gl: 25028125).

SEQ ID NO:58 is the predicted amino acid sequence of the translation product of the C. efficiens FGE ortholog (SEQ ID NO:57).
SEQ ID NO: 59 is the nucleotide sequence of the N. aromaticivorans FGE ortholog (GenBank GI: 23108562).

SEQ ID NO:60 is the predicted amino acid sequence of the translation product of the N. aromaticivorans FGE ortholog (SEQ ID
NO:59).

SEQ ID NO:61 is the nucleotide sequence of the M. loti FGE ortholog (GenBank GlI: 13474559).

SEQ ID NO: 62 is the predicted amino acid sequence of the translation product of the M. loti FGE ortholog (SEQ ID NO:61).

SEQ ID NO: 63 is the nucleotide sequence of the B. fungorum FGE ortholog (GenBank Gl: 22988809).

SEQ ID NO:64 is the predicted amino acid sequence of the translation product of the B. fungorum FGE ortholog (SEQ ID NO:63).
SEQ ID NO: 65 is the nucleotide sequence of the S. meliloti FGE ortholog (GenBank GI: 16264068).

SEQ ID NO:66 is the predicted amino acid sequence of the translation product of the S. meliloti FGE ortholog (SEQ ID NO:65).
SEQ ID NO:67 is the nucleotide sequence of the Microscilla sp. FGE ortholog (GenBank Gl: 14518334).

SEQ ID NO:68 is the predicted amino acid sequence of the translation product of the Microscilla sp. FGE ortholog (SEQ ID
NO:67).

SEQ ID NO:69 is the nucleotide sequence of the P. putida KT2440 FGE ortholog (GenBank Gl: 26990068).

SEQ ID NO:70 is the predicted amino acid sequence of the translation product of the P. putida KT2440 FGE ortholog (SEQ ID
NO:69).

SEQ ID NO:71 is the nucleotide sequence of the R. metallidurans FGE ortholog (GenBank GI: 22975289).

SEQ ID NO:72 is the predicted amino acid sequence of the translation product of the R. metallidurans FGE ortholog (SEQ ID
NO:71).
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SEQ ID NO:73 is the nucleotide sequence of the P. marinus FGE ortholog (GenBank GlI: 23132010).
SEQ ID NO:74 is the predicted amino acid sequence of the translation product of the P. marinus FGE ortholog (SEQ ID NO:73).
SEQ ID NO:75 is the nucleotide sequence of the C. crescentus CB15 FGE ortholog (GenBank Gl: 16125425).

SEQ ID NO:76 is the predicted amino acid sequence of the translation product of the C. crescentus CB15 FGE ortholog (SEQ ID
NO:75).

SEQ ID NO:77 is the nucleotide sequence of the M. tuberculosis H37Rv FGE ortholog (GenBank Gl: 15607852).

SEQ ID NO:78 is the predicted amino acid sequence of the translation product of the M. tuberculosis Ht37Rv FGE ortholog (SEQ
ID NO:77).

SEQ ID NO:79 is the highly conserved heptapeptide present on subdomain 3 of FGE orthologs and paralogs.
SEQ ID NO:80 is the nucleotide sequence of FGE ortholog EST fragment having GenBank Acc. No.: CA379852.
SEQ ID NO: 81 is the nucleotide sequence of FGE ortholog EST fragment having GenBank Acc. No.: Al721440.
SEQ ID NO: 82 is the nucleotide sequence of FGE ortholog EST fragment having GenBank Acc. No.: BJ505402.
SEQ ID NO: 83 is the nucleotide sequence of FGE ortholog EST fragment having GenBank Acc. No.: BJ054666.
SEQ ID NO: 84 is the nucleotide sequence of FGE ortholog EST fragment having GenBank Acc. No.: AL892419.
SEQ ID NO: 85 is the nucleotide sequence of FGE ortholog EST fragment having GenBank Acc. No.: CA064079.
SEQ ID NO:86 is the nucleotide sequence of FGE ortholog EST fragment having GenBank Acc. No.: BF189614.
SEQ ID NO: 87 is the nucleotide sequence of FGE ortholog EST fragment having GenBank Acc. No.: AV609121.
SEQ ID NO: 88 is the nucleotide sequence of the HSulf-3 cDNA.

SEQ ID NO: 89 is the predicted amino acid sequence of the translation product of HSulf-3 cDNA (SEQ ID NO:88).
SEQ ID NO:90 is the nucleotide sequence of the HSulf-4 cDNA.

SEQ ID NO:91 is the predicted amino acid sequence of the translation product of HSulf-4 cDNA (SEQ ID NO:90).
SEQ ID NO:92 is the nucleotide sequence of the HSulf-5 cDNA.

SEQ ID NO: 93 is the predicted amino acid sequence of the translation product of HSulf-5 cDNA (SEQ ID NO:92).
SEQ ID NO:94 is the nucleotide sequence of the HSulf-6 cDNA.

SEQ ID NO: 95 is the predicted amino acid sequence of the translation product of HSulf-6 cDNA (SEQ ID NO:94).

Brief Description of the Drawings

[0012]

Fig. 1: AMALDI-TOF mass spectra schematic of P23 after incubation in the absence (A) or presence (B) of a soluble extract from
bovine testis microsomes.

Fig. 2: A phylogenetic tree derived from an alignment of human FGE and 21 proteins of the PFAM-DUF 323 seed.

Fig. 3: Organisation of the human and murine FGE gene locus. Exons are shown to scale as boxes and bright boxes (murine
locus). The numbers above the intron lines indicate the size of the introns in kilobases.

Fig. 4: Diagram showing a map of FGE Expression Plasmid pXMG.1.3

Fig. 5: Bar graph depicting N-Acetylgalactosamine 6-Sulfatase Activity in 36F Cells Transiently Transfected with FGE Expression
Plasmid.
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Fig. 6: Bar graph depicting N-Acetylgalactosamine 6-Sulfatase Specific Activity in 36F Cells Transiently Transfected with FGE
Expression Plasmid.

Fig. 7: Bar graph depicting N-Acetylgalactosamine 6-Sulfatase Production in 36F Cells Transiently Transfected with FGE
Expression Plasmid.

Fig. 8: Graph depicting Iduronate 2-Sulfatase Activity in 30C6 Cells Transiently Transfected with FGE Expression Plasmid.

Fig. 9: Depicts a kit embodying features of the present invention.

Detailed Description of the Invention

[0013] The invention is set out in claims 1 to 25. It is based upon the discovery of the gene that encodes Formylglycine
Generating Enzyme (FGE), an enzyme responsible for the unique post-translational modification occurring on sulfatases that is
essential for sulfatase function: the formation of L-Cg-formylglycine (a.k.a. FGly and/or 2-amino-3-oxopropanoic acid). It has been

discovered, unexpectedly, that mutations in the FGE gene lead to the development of Multiple Sulfatase Deficiency (MSD) in
subjects. It has also been discovered, unexpectedly, that FGE enhances the activity of sulfatases, including, but not limited to,
lduronate 2-Sulfatase, Sulfamidase, N-Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A,
Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-
4, HSulf-5, and HSulf-6, and sulfatases described in U.S. Provisional applications with publication numbers 20030073118,
20030147875, 20030148920,20030162279, and 20030166283.

[0014] "Co-formylglycine generating activity" refers to the ability of a molecule to form, or enhance the formation of, FGly on a
substrate. The substrate may be a sulfatase as described elsewhere herein, or a synthetic oligopeptide (see, e.g., SEQ ID NO:33,
and the Examples). The substrate preferably contains the conserved hexapeptide of SEQ ID NO:32 [L/V-C(8S)-X-P-S-R]. Methods
for assaying FGly formation are as described in the art (see, e.g., Dierks, T., et al., Proc. Natl. Acad. Sci. U. S. A,, 1997,
94:11963-11968), and elsewhere herein (see, e.g., the Examples). A "molecule," as used herein, embraces both "nucleic acids"
and "polypeptides." FGE molecules are capable of forming, or enhancing/increasing formation of, FGly both in vivo and in vitro.

[0015] "Enhancing (or "increasing")" Ca-formylglycine generating activity, as used herein, typically refers to increased expression
of FGE and/or its encoded polypeptide. Increased expression refers to increasing (i.e., to a detectable extent) replication,
transcription, and/or translation of any of the nucleic acids of the invention (FGE nucleic acids as described elsewhere herein),
since upregulation of any of these processes results in concentration/amount increase of the polypeptide encoded by the gene
(nucleic acid). Enhancing (or increasing) Ca-formylglycine generating activity also refers to preventing or inhibiting FGE
degradation (e.g., via increased ubiquitinization), downregulation, etc., resulting, for example, in increased or stable FGE
molecule t1y2 (half-life) when compared to a control. Downregulation or decreased expression refers to decreased expression of a
gene and/or its encoded polypeptide. The upregulation or downregulation of gene expression can be directly determined by
detecting an increase or decrease, respectively, in the level of mRNA for the gene (e.g., FGE), or the level of protein expression
of the gene-encoded polypeptide, using any suitable means known to the art, such as nucleic acid hybridization or antibody
detection methods, respectively, and in comparison to controls. Upregulation or downregulation of FGE gene expression can also
be determined indirectly by detecting a change in Cg-formylglycine generating activity.

[0016] "Expression," as used herein, refers to nucleic acid and/or polypeptide expression, as well as to activity of the polypeptide
molecule (e.g., Cq-formylglycine generating activity of the molecule).

[0017] As used herein, a subject is a mammal or a non-human mammal. In all embodiments human FGE and human subjects are
preferred.

[0018] As used herein with respect to nucleic acids, the term "isolated" means: (i) amplified in vitro by, for example, polymerase
chain reaction (PCR); (ii) recombinantly produced by cloning; (iii) purified, as by cleavage and gel separation; or (iv) synthesized
by, for example, chemical synthesis. An isolated nucleic acid is one which is readily manipulated by recombinant DNA techniques
well known in the art. Thus, a nucleotide sequence contained in a vector in which 5' and 3' restriction sites are known or for which
polymerase chain reaction (PCR) primer sequences have been disclosed is considered isolated but a nucleic acid sequence
existing in its native state in its natural host is not. An isolated nucleic acid may be substantially purified, but need not be. For
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example, a nucleic acid that is isolated within a cloning or expression vector is not pure in that it may comprise only a tiny
percentage of the material in the cell in which it resides. Such a nucleic acid is isolated, however, as the term is used herein
because it is readily manipulated by standard techniques known to those of ordinary skill in the art.

[0019] As used herein with respect to polypeptides, the term "isolated" means separated from its native environment in
sufficiently pure form so that it can be manipulated or used for any one of the purposes of described herein. Thus, isolated
means sufficiently pure to be used (i) to raise and/or isolate antibodies, (ii) as a reagent in an assay, (iii) for sequencing, (iv) as a
therapeultic, etc.

[0020] Homologs and alleles of the FGE nucleic acids described herein also having Cg-formylglycine generating activity can be

provided. Homologs, as described herein, include the molecules identified elsewhere herein (see e.g., SEQ ID NOs:4, 5, 45-78,
and 80-87) i.e. orthologs and paralogs. Further homologs can be identified following the teachings of the present invention as
well as by conventional techniques. Since the FGE homologs described herein all share Cq-formylglycine generating activity, they

can be used interchangeably with the human FGE molecule in all aspects of the invention.

[0021] In general homologs and alleles typically will share at least 40% nucleotide identity and/or at least 50% amino acid identity
to SEQ ID NO:1 and SEQ ID NO:2, respectively, in some instances will share at least 50% nucleotide identity and/or at least 65%
amino acid identity and in still other instances will share at least 60% nucleotide identity and/or at least 75% amino acid identity. In
further instances, homologs and alleles typically will share at least 90%), 95%, or even 99%) nucleotide identity and/or at least
95%, 9SWo, or even 99% amino acid identity to SEQ ID NO: 1 and SEQ ID NO:2, respectively. The homology can be calculated
using various, publicly available software tools developed by NCBI (Bethesda, Maryland). Exemplary tools include the heuristic
algorithm of Altschul SF, et al., (J Mol Biol, 1990, 215:403-410), also known as BLAST. Pairwise and ClustalW alignments
(BLOSUM30 matrix setting) as well as Kyte-Doolittle hydropathic analysis can be obtained using public (EMBL, Heidelberg,
Germany) and commercial (e.g., the MacNector sequence analysis software from Oxford Molecular Group/enetics Computer
Group, Madison, WI). Watson-Crick complements of the foregoing nucleic acids can also be used.

[0022] In screening for FGE related genes, such as homologs and alleles of FGE, a Southern blot may be performed using the
foregoing conditions, together with a radioactive probe. After washing the membrane to which the DNA is finally transferred, the
membrane can be placed against X-ray film or a phosphoimager plate to detect the radioactive signal.

[0023] Given the teachings herein of a full-length human FGE cDNA clone, other mammalian sequences such as the mouse
cDNA clone corresponding to the human FGE gene can be isolated from a cDNA library, using standard colony hybridization
techniques.

[0024] Degenerate nucleic acids which include alternative codons to those present in the native materials can be provided. For
example, serine residues are encoded by the codons TCA, AGT, TCC, TCG, TCT and AGC. Thus, it will be apparent to one of
ordinary skill in the art that any of the serine-encoding nucleotide triplets may be employed to direct the protein synthesis
apparatus, in vitro or in vivo, to incorporate a serine residue into an elongating FGE polypeptide. Similarly, nucleotide sequence
triplets which encode other amino acid residues include, but are not limited to: CCA, CCC, CCG and CCT (proline codons); CGA,
CGC, CGG, CGT, AGA and AGG (arginine codons); ACA, ACC, ACG and ACT (threonine codons); AAC and AAT (asparagine
codons); and ATA, ATC and ATT (isoleucine codons). Other amino acid residues may be encoded similarly by multiple nucleotide
sequences. Thus, degenerate nucleic acids that differ from the biologically isolated nucleic acids in codon sequence due to the
degeneracy of the genetic code can be provided.

[0025] Unique fragments of SEQ ID NO:1 or SEQ ID NO:3 or complements of thereof can be isolated. A unique fragment is one
that is a 'signature' for the larger nucleic acid. For example, the unique fragment is long enough to assure that its precise
sequence is not found in molecules within the human genome outside of the FGE nucleic acids defined above (and human
alleles). Those of ordinary skill in the art may apply no more than routine procedures to determine if a fragment is unique within
the human genome. Unique fragments, however, exclude fragments completely composed of the nucleotide sequences selected
from the group consisting of SEQ ID NO:4, and/or other previously published sequences as of the filing date of this application.

[0026] A fragment which is completely composed of the sequence described in the foregoing GenBank deposits is one which
does not include any of the nucleotides unique to the sequences of the invention. Thus, a unique fragment according to the
invention must contain a nucleotide sequence other than the exact sequence of those in the GenBank deposits or fragments
thereof. The difference may be an addition, deletion or substitution with respect to the GenBank sequence or it may be a
sequence wholly separate from the GenBank sequence.
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[0027] Unique fragments can be used as probes in Southern and Northern blot assays to identify such nucleic acids, or can be
used in amplification assays such as those employing PCR. As known to those skilled in the art, large probes such as 200, 250,
300 or more nucleotides are preferred for certain uses such as Southern and Northern blots, while smaller fragments will be
preferred for uses such as PCR. Unique fragments also can be used to produce fusion proteins for generating antibodies or
determining binding of the polypeptide fragments, as demonstrated in the Examples, or for generating immunoassay components.
Likewise, unique fragments can be employed to produce nonfused fragments of the FGE polypeptides, useful, for example, in the
preparation of antibodies, immunoassays or therapeutic applications. Unique fragments further can be used as antisense
molecules to inhibit the expression of FGE nucleic acids and polypeptides respectively.

[0028] As will be recognized by those skilled in the art, the size of the unique fragment will depend upon its conservancy in the
genetic code. Thus, some regions of SEQ ID NO:1 or SEQ ID NO: 3 and complements will require longer segments to be unique
while others will require only short segments, typically between 12 and 32 nucleotides long (e.g. 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31 and 32 bases) or more, up to the entire length of the disclosed sequence. As mentioned
above, this disclosure intends to embrace each and every fragment of each sequence, beginning at the first nucleotide, the
second nucleotide and so on, up to 8 nucleotides short of the end, and ending anywhere from nucleotide number 8, 9, 10 and so
on for each sequence, up to the very last nucleotide, (provided the sequence is unique as described above). Virtually any
segment of the region of SEQ ID NO:1 beginning at nucleotide 1 and ending at nucleotide 1180, or SEQ ID NO:3 beginning at
nucleotide 1 and ending at nucleotide 1122, or complements thereof, that is 20 or more nucleotides in length will be unique.
Those skilled in the art are well versed in methods for selecting such sequences, typically on the basis of the ability of the unique
fragment to selectively distinguish the sequence of interest from other sequences in the human genome of the fragment to those
on known databases typically is all that is necessary, although in vitro confirmatory hybridization and sequencing analysis may be
performed.

[0029] The cells of the invention can be provided by methods for increasing Ca-formylglycine generating activity in a cell. In
important embodiments, this is accomplished by the use of vectors ("expression vectors" and/or "targeting vectors").

[0030] "Vectors," as used herein, may be any of a number of nucleic acids into which a desired sequence may be inserted by
restriction and ligation for transport between different genetic environments or for expression in a host cell. Vectors are typically
composed of DNA although RNA vectors are also available. Vectors include, but are not limited to, plasmids, phagemids and virus
genomes. A cloning vector is one which is able to replicate in a host cell, and which is further characterized by one or more
endonuclease restriction sites at which the vector may be cut in a determinable fashion and into which a desired DNA sequence
may be ligated such that the new recombinant vector retains its ability to replicate in the host cell. In the case of plasmids,
replication of the desired sequence may occur many times as the plasmid increases in copy number within the host bacterium or
just a single time per host before the host reproduces by mitosis. In the case of phage, replication may occur actively during a
lytic phase or passively during a lysogenic phase. An "expression vector" is one into which a desired DNA sequence (e.g., the
FGE cDNA of SEQ ID NO:3) may be inserted by restriction and ligation such that it is operably joined to regulatory sequences and
may be expressed as an RNA transcript Vectors may further contain one or more marker sequences suitable for use in the
identification of cells which have or have not been transformed or transfected with the vector. Markers include, for example, genes
encoding proteins which increase or decrease either resistance or sensitivity to antibiotics or other compounds, genes which
encode enzymes whose activities are detectable by standard assays known in the art (e.g., B-galactosidase or alkaline
phosphatase), and genes which visibly affect the phenotype of transformed or transfected cells, hosts, colonies or plaques (e.g.,
green fluorescent protein).

[0031] A "targeting vector" is one which typically contains targeting constructs/sequences that are used, for example, to insert a
regulatory sequence within an endogenous gene (e.g., within the sequences of an exon and/or intron), within the endogenous
gene promoter sequences, or upstream of the endogenous gene promoter sequences. In another example, a targeting vector
may contain the gene of interest (e.g., encoded by the cDNA of SEQ ID NO:1) and other sequences necessary for the targeting of
the gene to a preferred location in the genome (e.g., a transcriptionally active location, for example downstream of an
endogenous promoter of an unrelated gene). Construction of targeting constructs and vectors are described in detail in U.S.
Patents 5,641,670 and 6,270,989.

[0032] Virtually any cells, prokaryotic or eukaryotic, which can be transformed with heterologous DNA or RNA and which can be
grown or maintained in culture, may be used in the practice of the invention. Examples include bacterial cells such as Escherichia
coli, insect cells, and mammalian cells such as human, mouse, hamster, pig, goat, primate, etc. They may be primary or
secondary cell strains (which exhibit a finite number of mean population doublings in culture and are not immortalized) and
immortalized cell lines (which exhibit an apparently unlimited lifespan in culture). Primary and secondary cells include, for example,
fibroblasts, keratinocytes, epithelial cells (e.g., mammary epithelial cells, intestinal epithelial cells), endothelial cells, glial cells,
neural cells, formed elements of the blood (e.g., lymphocytes, bone marrow cells), muscle cells and precursors of these somatic
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cell types including embryonic stem cells. Where the cells are to be used in gene therapy, primary cells are preferably obtained
from the individual to whom the manipulated cells are administered. However, primary cells can be obtained from a donor (other
than the recipient) of the same species. Examples of immortalized human cell lines which may be used with the DNA constructs
and methods of the present invention include, but are not limited to, HT-1080 cells (ATCC CCL 121), HelLa cells and derivatives
of Hela cells (ATCC CCL 2, 2.1 and 2.2), MCF-7 breast cancer cells (ATCC BTH 22), K-562 leukemia cells (ATCC CCL 243), KB
carcinoma cells (ATCC CCL 17), 2780AD ovarian carcinoma cells (Van der Buck, A. M. et al., Cancer Res, 48:5927-5932 (1988),
Raji cells (ATCC CCL 86), WiDr colon adenocarcinoma cells (ATCC CCL 218), SW620 colon adenocarcinoma cells (ATCC CCL
227), Jurkat cells (ATCC TD3 152), Namalwa cells (ATCC CRL1432), HL-60 cells (ATCC CCL 240), Daudi cells (ATCC CCL 213),

RPMI 8226 cells (ATCC CCL 155), U-937 cells (ATCC CRL 1593), Bowes Melanoma cells (ATCC CRL 9607), WI-38VA13 subline

2R4 cells (ATCC CLL 75.1), and MOLT-4 cells (ATCC CRL 1582), CHO cells, and COS cells, as well as heterohybridoma cells

produced by fusion of human cells and cells of another species. Secondary human fibroblast strains, such as WI-38 (ATCC CCL
75) and MRC-5 (ATCC CCL 171) may also be used. Further discussion of the types of cells that may be used in practicing the
methods of the present invention are described in U.S. Patents 5,641,670 and 6,270,989. Cell-free transcription systems also
may be used in lieu of cells.

[0033] The cells of the invention are maintained under conditions, as are known in the art, which result in expression of the FGE
protein or functional fragments thereof. Proteins expressed using the methods described may be purified from cell lysates or cell
supernatants. Proteins made according to this method can be prepared as a pharmaceutically-useful formulation and delivered to
a human or non-human animal by conventional pharmaceutical routes as is known in the art (e.g., oral, intravenous,
intramuscular, intranasal, intratracheal or subcutaneous). As described elsewhere herein, the recombinant cells can be
immortalized, primary, or secondary cells, preferably human. The use of cells from other species may be desirable in cases where
the non-human cells are advantageous for protein production purposes where the non-human FGE produced is useful
therapeutically.

[0034] As used herein, a coding sequence and regulatory sequences are said to be "operably" joined when they are covalently
linked in such a way as to place the expression or transcription of the coding sequence under the influence or control of the
regulatory sequences. If it is desired that the coding sequences be translated into a functional protein, two DNA sequences are
said to be operably joined if induction of a promoter in the 5'regulatory sequences results in the transcription of the coding
sequence and if the nature of the linkage between the two DNA sequences does not (1) result in the introduction of a frame-shift
mutation, (2) interfere with the ability of the promoter region to direct the transcription of the coding sequences, or (3) interfere
with the ability of the corresponding RNA transcript to be translated into a protein. Thus, a promoter region would be operably
joined to a coding sequence if the promoter region were capable of effecting transcription of that DNA sequence such that the
resulting transcript might be translated into the desired protein or polypeptide.

[0035] The precise nature of the regulatory sequences needed for gene expression may vary between species or cell types, but
shall in general include, as necessary, 5' non-transcribed and 5' non-translated sequences involved with the initiation of
transcription and translation respectively, such as a TATA box, capping sequence, CAAT sequence, and the like. Especially, such
5' non-transcribed regulatory sequences will include a promoter region which includes a promoter sequence for transcriptional
control of the operably joined gene. Regulatory sequences may also include enhancer sequences or upstream activator
sequences as desired. The vectors may optionally include 5' leader or signal sequences. The choice and design of an
appropriate vector is within the ability and discretion of one of ordinary skill in the art.

[0036] Expression vectors containing all the necessary elements for expression are commercially available and known to those
skilled in the art. See, e.g., Sambrook et al, Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor
Laboratory Press, 1989. Cells are genetically engineered by the introduction into the cells of heterologous DNA (RNA) encoding
FGE polypeptide or fragment or variant thereof. That heterologous DNA (RNA) is placed under operable control of transcriptional
elements to permit the expression of the heterologous DNA in the host cell.

[0037] Preferred systems for mRNA expression in mammalian cells are those such as pRc/CMV (available from Invitrogen,
Carlsbad, CA) that contain a selectable marker such as a gene that confers G418 resistance (which facilitates the selection of
stably transfected cell lines) and the human cytomegalovirus (CMV) enhancer-promoter sequences. Additionally, suitable for
expression in primate or canine cell lines is the pCEP4 vector (Invitrogen, Carlsbad, CA), which contains an Epstein Barr virus
(EBV) origin of replication, facilitating the maintenance of plasmid as a multicopy extrachromosomal element. Another expression
vector is the pEF-BOS plasmid containing the promoter of polypeptide Elongation Factor 1a, which stimulates efficiently
transcription in vitro. The plasmid is described by Mishizuma and Nagata (Nuc. Acids Res. 18:5322, 1990), and its use in
transfection experiments is disclosed by, for example, Demoulin (Mol. Cell. Biol. 16:4710-4716, 1996). Still another preferred
expression vector is an adenovirus, described by Stratford-Perricaudet, which is defective for E1 and E3 proteins (J. Clin. Invest.
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90:626-630, 1992). The use of the adenovirus as an Adeno.PIA recombinant is disclosed by Warmer et al., in intradermal
injection in mice for immunization against P1A (Int. J. Cancer, 67:303-310, 1996).

[0038] Expression kits can be provided, which allow the artisan to prepare a desired expression vector or vectors. Such
expression kits include at least separate portions of each of the previously discussed coding sequences. Other components may
be added, as desired, as long as the previously mentioned sequences, which are required, are included.

[0039] The above described, FGE cDNA sequence containing expression vectors can be used to transfect host cells and cell
lines, be these prokaryotic (e.g., Escherichia coli), or eukaryotic (e.g., CHO cells, COS cells, yeast expression systems and
recombinant baculovirus expression in insect cells). Especially useful are mammalian cells such as human, mouse, hamster, pig,
goat, primate, etc. They may be of a wide variety of tissue types, and include primary cells and immortalized cell lines as
described elsewhere herein. Specific examples include HT-1080 cells, CHO cells, dendritic cells, U293 cells, peripheral blood
leukocytes, bone marrow stem cells, embryonic stem cells, and insect cells.

[0040] Isolated polypeptides (including whole proteins and partial proteins), encoded by the foregoing FGE nucleic acid can be
provided, and include the polypeptide of SEQ ID NO: 2 and unique fragments thereof. Such polypeptides are useful, for example,
alone or as part of fusion proteins to generate antibodies, as components of an immunoassay, etc. Polypeptides can be isolated
from biological samples including tissue or cell homogenates, and can also be expressed recombinantly in a variety of prokaryotic
and eukaryotic expression systems by constructing an expression vector appropriate to the expression system, introducing the
expression vector into the expression system, and isolating the recombinantly expressed protein. Short polypeptides, including
antigenic peptides (such as are presented by MHC molecules on the surface of a cell for immune recognition) also can be
synthesized chemically using well-established methods of peptide synthesis.

[0041] A unique fragment of a FGE polypeptide, in general, has the features and characteristics of unique fragments as
discussed above in connection with nucleic acids. As will be recognized by those skilled in the art, the size of the unique fragment
will depend upon factors such as whether the fragment constitutes a portion of a conserved protein domain. Thus, some regions
of SEQ ID NO:2 will require longer segments to be unique while others will require only short segments, typically between 5 and
12 amino acids (e.g. 5,6, 7, 8, 9, 10, 11 and 12 amino acids long or more, including each integer up to the full length, 287 amino
acids long).

[0042] Unique fragments of a polypeptide preferably are those fragments which retain a distinct functional capability of the
polypeptide. Functional capabilities which can be retained in a unique fragment of a polypeptide include interaction with
antibodies, interaction with other polypeptides or fragments thereof, interaction with other molecules, etc. One important activity is
the ability to act as a signature for identifying the polypeptide. Those skilled in the art are well versed in methods for selecting
unigue amino acid sequences, typically on the basis of the ability of the unique fragment to selectively distinguish the sequence of
interest from non-family members. A comparison of the sequence of the fragment to those on known databases typically is all that
is necessary.

[0043] Variants of the FGE polypeptides described above can be provided. As used herein, a "variant" of a FGE polypeptide is a
polypeptide which contains one or more modifications to the primary amino acid sequence of a FGE polypeptide. Modifications
which create a FGE polypeptide variant are typically made to the nucleic acid which encodes the FGE polypeptide, and can
include deletions, point mutations, truncations, amino acid substitutions and addition of amino acids or non-amino acid moieties
to: 1) reduce or eliminate an activity of a FGE polypeptide; 2) enhance a property of a FGE polypeptide, such as protein stability
in an expression system or the stability of protein-ligand binding; 3) provide a novel activity or property to a FGE polypeptide,
such as addition of an antigenic epitope or addition of a detectable moiety; or 4) to provide equivalent or better binding to a FGE
polypeptide receptor or other molecule. Alternatively, modifications can be made directly to the polypeptide, such as by cleavage,
addition of a linker molecule, addition of a detectable moiety, such as biotin, addition of a fatty acid, and the like. Modifications
also embrace fusion proteins comprising all or part of the FGE amino acid sequence. One of skill in the art will be familiar with
methods for predicting the effect on protein conformation of a change in protein sequence, and can thus "design" a variant FGE
polypeptide according to known methods: One example of such a method is described by Dahiyat and Mayo in Science 278:82-
87, 1997, whereby proteins can be designed de novo. The method can be applied to a known protein to vary only a portion of the
polypeptide sequence. By applying the computational methods of Dahiyat and Mayo, specific variants of the FGE polypeptide can
be proposed and tested to determine whether the variant retains a desired conformation.

[0044] Variants can include FGE polypeptides which are modified specifically to alter a feature of the polypeptide unrelated to its
physiological activity. For example, cysteine residues can be substituted or deleted to prevent unwanted disulfide linkages.
Similarly, certain amino acids can be changed to enhance expression of a FGE polypeptide by eliminating proteolysis by
proteases in an expression system (e.g., dibasic amino acid residues in yeast expression systems in which KEX2 protease activity
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is present).

[0045] Mutations of a nucleic acid which encodes a FGE polypeptide preferably preserve the amino acid reading frame of the
coding sequence, and preferably do not create regions in the nucleic acid which are likely to hybridize to form secondary
structures, such a hairpins or loops, which can be deleterious to expression of the variant polypeptide.

[0046] Mutations can be made by selecting an amino acid substitution, or by random mutagenesis of a selected site in a nucleic
acid which encodes the polypeptide. Variant polypeptides are then expressed and tested for one or more activities to determine
which mutation provides a variant polypeptide with the desired properties. Further mutations can be made to variants (or to non-
variant FGE polypeptides) which are silent as to the amino acid sequence of the polypeptide, but which provide preferred codons
for translation in a particular host, or alter the structure of the mRNA to, for example, enhance stability and/or expression. The
preferred codons for translation of a nucleic acid in, e.g., Escherichia coli, mammalian cells, etc. are well known to those of
ordinary skill in the art. Still other mutations can be made to the noncoding sequences of a FGE gene or cDNA clone to enhance
expression of the polypeptide.

[0047] The skilled artisan will realize that conservative amino acid substitutions may be made in FGE polypeptides to provide
functionally equivalent variants of the foregoing polypeptides, i.e, the variants retain the functional capabilities of the FGE
polypeptides. As used herein, a "conservative amino acid substitution" refers to an amino acid substitution which does not
significantly alter the the tertiary structure and/or activity of the polypeptide. Variants can be prepared according to methods for
altering polypeptide sequence known to one of ordinary skill in the art, and include those that are found in references which
compile such methods, e.g. Molecular Cloning: A Laboratory Manual, J. Sambrook, et al., eds., Second Edition, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York, 1989, or Current Protocols in Molecular Biology, F.M. Ausubel, et al.,
eds., John Wiley & Sons, Inc., New York. Exemplary functionally equivalent variants of the FGE polypeptides include conservative
amino acid substitutions of SEQ ID NO:2. Conservative substitutions of amino acids include substitutions made amongst amino
acids within the following groups: (a) M, |, L, V; (b) F, Y, W; (c) K, R, H; (d) A, G; (e) S, T; (f) Q, N; and (g) E, D.

[0048] Thus functionally equivalent variants of FGE polypeptides, i.e., variants of FGE polypeptides which retain the function of
the natural FGE polypeptides, are contemplated by the invention. Conservative amino-acid substitutions in the amino acid
sequence of FGE polypeptides to produce functionally equivalent variants of FGE polypeptides typically are made by alteration of
a nucleic acid encoding FGE polypeptides (SEQ ID NOs:1, 3). Such substitutions can be made by a variety of methods known to
one of ordinary skill in the art. For example, amino acid substitutions may be made by PCR-directed mutation, site-directed
mutagenesis according to the method of Kunkel (Kunkel, Proc. Not. Acad. Sci. U.S.A. 82: 488-492, 1985), or by chemical
synthesis of a gene encoding a FGE polypeptide. The activity of functionally equivalent fragments of FGE polypeptides can be
tested by cloning the gene encoding the altered FGE polypeptide into a bacterial or mammalian expression vector, introducing
the vector into an appropriate host cell, expressing the altered FGE polypeptide, and testing for a functional capability of the FGE
polypeptides as disclosed herein (e.g., Co-formylglycine generating activity, etc.).

[0049] Those skilled in the art also can readily follow known methods for isolating FGE polypeptides. These include, but are not
limited to, immunochromatography, HPLC, size-exclusion chromatography, ion-exchange chromatography and immune-affinity
chromatography.

[0050] FGE polypeptides preferably are produced recombinantly, although such polypeptides may be isolated from biological
extracts. Recombinantly produced FGE polypeptides include chimeric proteins comprising a fusion of a FGE protein with another
polypeptide, e.g., a polypeptide capable of providing or enhancing protein-protein binding, sequence specific nucleic acid binding
(such as GAL4), enhancing stability of the FGE polypeptide under assay conditions, or providing a detectable moiety, such as
green fluorescent protein. A polypeptide fused to a FGE polypeptide or fragment may also provide means of readily detecting the
fusion protein, e.g., by immunological recognition or by fluorescent labeling.

[0051] A method for increasing C-formylglycine generating activity in a cell involves contacting the cell with an isolated nucleic

acid molecule of the invention (e.g., a nucleic acid of SEQ ID NO. 1), or an expression product thereof (e.g., a peptide of SEQ ID
NO.2), in an amount effective to increase Cq-formylglycine generating activity in the cell. In important embodiments, the method

involves activating the endogenous FGE gene to increase Cg-formylglycine generating activity in the cell.

[0052] In any of the foregoing embodiments the nucleic acid may be operatively coupled to a gene expression sequence which
directs the expression of the nucleic acid molecule within a eukaryotic cell such as an HT-1080 cell. The "gene expression
sequence" is any regulatory nucleotide sequence, such as a promoter sequence or promoter-enhancer combination, which
facilitates the efficient transcription and translation of the nucleic acid to which it is operably linked. The gene expression
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sequence may, for example, be a mammalian or viral promoter, such as a constitutive or inducible promoter. Constitutive
mammalian promoters include, but are not limited to, the promoters for the following genes: hypoxanthine phosphoribosyl
transferase (HPTR), adenosine deaminase, pyruvate kinase, a-actin promoter and other constitutive promoters. Exemplary viral
promoters which function constitutively in eukaryotic cells include, for example, promoters from the simian virus, papilloma virus,
adenovirus, human immunodeficiency virus (HIV), Rous sarcoma virus, cytomegalovirus, the long terminal repeats (LTR) of
moloney leukemia virus and other retroviruses, and the thymidine kinase promoter of herpes simplex virus. Other constitutive
promoters are known to those of ordinary skill in the art. The promoters useful as gene expression sequences of the invention
also include inducible promoters. Inducible promoters are activated in the presence of an inducing agent. For example, the
metallothionein promoter is activated to increase transcription and translation in the presence of certain metal ions. Other
inducible promoters are known to those of ordinary skill in the art.

[0053] In general, the gene expression sequence shall include, as necessary, 5' non-transcribing and 5' non-translating
sequences involved with the initiation of transcription and translation, respectively, such as a TATA box, capping sequence, CAAT
sequence, and the like. Especially, such 5' non-transcribing sequences will include a promoter region which includes a promoter
sequence for transcriptional control of the operably joined nucleic acid. The gene expression sequences optionally includes
enhancer sequences or upstream activator sequences as desired.

[0054] Preferably, any of the FGE nucleic acid molecules described herein is linked to a gene expression sequence which
permits expression of the nucleic acid molecule in a cell of a specific cell lineage, e.g., a neuron. A sequence which permits
expression of the nucleic acid molecule in a cell such as a neuron, is one which is selectively active in such a cell type, thereby
causing expression of the nucleic acid molecule in these cells. The synapsin-1 promoter, for example, can be used to express any
of the foregoing nucleic acid molecules of the invention in a neuron; and the von Willebrand factor gene promoter, for example,
can be used to express a nucleic acid molecule in a vascular endothelial cell. Those of ordinary skill in the art will be able to easily
identify alternative promoters that are capable of expressing a nucleic acid molecule in any of the preferred cells of the invention.

[0055] The nucleic acid sequence and the gene expression sequence are said to be "operably linked" when they are covalently
linked in such a way as to place the transcription and/or translation of the nucleic acid coding sequence (e.g., in the case of FGE,
SEQ ID NO. 3) under the influence or control of the gene expression sequence. If it is desired that the nucleic acid sequence be
translated into a functional protein, two DNA sequences are said to be operably linked if induction of a promoter in the 5' gene
expression sequence results in the transcription of the nucleic acid sequence and if the nature of the linkage between the two
DNA sequences does not (1) result in the introduction of a frame-shift mutation, (2) interfere with the ability of the promoter region
to direct the transcription of the nucleic acid sequence, and/or (3) interfere with the ability of the corresponding RNA transcript to
be-translated into a protein. Thus, a gene expression sequence would be operably linked to a nucleic acid sequence if the gene
expression sequence were capable of effecting transcription of that nucleic acid sequence such that the resulting transcript might
be translated into the desired protein or polypeptide.

[0056] The molecules described herein can be delivered to the preferred cell types of the invention alone or in association with a
vector (see also earlier discussion on vectors). In its broadest sense (and consistent with the description of expression and
targeting vectors elsewhere herein), a "vector" is any vehicle capable of facilitating: (1) delivery of a molecule to a target cell
and/or (2) uptake of the molecule by a target cell. Preferably, the delivery vectors transport the molecule into the target cell with
reduced degradation relative to the extent of degradation that would result in the absence of the vector. Optionally, a "targeting
ligand" can be attached to the vector to selectively deliver the vector to a cell which expresses on its surface the cognate receptor
for the targeting ligand. In this manner, the vector (containing a nucleic acid or a protein) can be selectively delivered to a neuron.
Methodologies for targeting include conjugates, such as those described in U.S. Patent 5,391,723 to Priest. Another example of a
well-known targeting vehicle is a liposome. Liposomes are commercially available from Gibco BRL. Numerous methods are
published for making targeted liposomes.

[0057] In general, useful vectors include, but are not limited to, plasmids, phagemids, viruses, other vehicles derived from viral or
bacterial sources that have been manipulated by the insertion or incorporation of the nucleic acid sequences described herein
and additional nucleic acid fragments (e.g., enhancers, promoters) which can be attached to the nucleic acid sequences. Viral
vectors are a preferred type of vector and include, but are not limited to, nucleic acid sequences from the following viruses:
adenovirus; adeno-associated virus; retrovirus, such as moloney murine leukemia virus; harvey murine sarcoma virus; murine
mammary tumor virus; rouse sarcoma virus; SV40-type viruses; polyoma viruses; Epstein-Barr viruses; papilloma viruses; herpes
virus; vaccinia virus; polio virus; and RNA virus such as a retrovirus. One can readily employ other vectors not named but known
in the art.

[0058] A particularly preferred virus for certain applications is the adeno-associated virus, a double-stranded DNA virus. The
adeno-associated virus is capable of infecting a wide range of cell types and species and can be engineered to be replication-
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deficient. It further has advantages, such as heat and lipid solvent stability, high transduction frequencies in cells of diverse
lineages, including hematopoietic cells, and lack of superinfection inhibition thus allowing multiple series of transductions.
Reportedly, the adeno-associated virus can integrate into human cellular DNA in a site-specific manner, thereby minimizing the
possibility of insertional mutagenesis and variability of inserted gene expression. In addition, wild-type adeno-associated virus
infections have been followed in tissue culture for greater than 100 passages in the absence of selective pressure, implying that
the adeno-associated virus genomic integration is a relatively stable event The adeno-associated virus can also function in an
extrachromosomal fashion.

[0059] In general, other preferred viral vectors are based on non-cytopathic eukaryotic viruses in which non-essential genes
have been replaced with the gene of interest Non-cytopathic viruses include retroviruses, the life cycle of which involves reverse
transcription of genomic viral RNA into DNA with subsequent proviral integration into host cellular DNA. Adenoviruses and
retroviruses have been approved for human gene therapy trials. In general, the retroviruses are replication-deficient (i.e., capable
of directing synthesis of the desired proteins, but incapable of manufacturing an infectious particle). Such genetically altered
retroviral expression vectors have general utility for the high-efficiency transduction of genes in vivo. Standard protocols for
producing replication-deficient retroviruses (including the steps of incorporation of exogenous genetic material into a plasmid,
transfection of a packaging cell lined with plasmid, production of recombinant retroviruses by the packaging cell line, collection of
viral particles from tissue culture media, and infection of the target cells with viral particles) are provided in Kriegler, M., "Gene
Transfer and Expression, A Laboratory Manual," W.H. Freeman CO., New York (1990 ) and Murry, E.J. Ed. "Methods in Molecular
Biology," vol. 7, Humana Press, Inc., Cliffton, New Jersey (1991).

[0060] Another preferred retroviral vector is the vector derived from the moloney murine leukemia virus, as described in Nabel,
E.G., et al., Science, 1990, 249:1285-1288. These vectors reportedly were effective for the delivery of genes to all three layers of
the arterial wall, including the media. Other preferred vectors are disclosed in Flugelman, et al., Circulation, 1992, 85:1110-1117 .
Additional vectors that are useful for delivering molecules described herein are described in U.S. Patent No. 5,674,722 by
Mulligan, et. al.

[0061] In addition to the foregoing vectors, other delivery methods may be used to deliver a molecule of the invention to a cell
such as a neuron, liver, fibroblast, and/or a vascular endothelial cell, and facilitate uptake thereby.

[0062] A preferred such delivery method of the invention is a colloidal dispersion system. Colloidal dispersion systems include
lipid-based systems including oil-in-water emulsions, micelles, mixed micelles, and liposomes. A preferred colloidal system of the
invention is a liposome. Liposomes are artificial membrane vessels which are useful as a delivery vector in vivo or in vitro. It has
been shown that large unilamellar vessels (LUV), which range in size from 0.2 - 4.0 pm can encapsulate large macromolecules.
RNA, DNA, and intact virions can be encapsulated within the aqueous interior and be delivered to cells in a biologically active form
(Fraley, et al., Trends Biochem. Sci, 1981,6:77). In order for a liposome to be an efficient gene transfer vector, one or more of the
following characteristics should be present: (1) encapsulation of the gene of interest at high efficiency with retention of biological
activity; (2) preferential and substantial binding to a target cell in comparison to non-target cells; (3) delivery of the aqueous
contents of the vesicle to the target cell cytoplasm at high efficiency; and (4) accurate and effective expression of genetic
information.

[0063] Liposomes may be targeted to a particular tissue, such as the myocardium or the vascular cell wall, by coupling the
liposome to a specific ligand such as a monoclonal antibody, sugar, glycolipid, or protein. Ligands which may be useful for
targeting a liposome to the vascular wall include, but are not limited to the viral coat protein of the Hemagglutinating virus of
Japan. Additionally, the vector may be coupled to a nuclear targeting peptide, which will direct the nucleic acid to the nucleus of
the host cell.

[0064] Liposomes are commercially available from Gibco BRL, for example, as LIPOFECTIN™ and LEPOFECTACE™, which are
formed of cationic lipids such as N-[1-(2, 3 dioleyloxy)-propyl]-N, N, N-trimethylammonium chloride (DOTMA) and dimethyl
dioctadecylammonium bromide (DDAB). Methods for making liposomes are well known in the art and have been described in
many publications. Liposomes also have been reviewed by Gregoriadis, G. in Trends in Biotechnology, V. 3, p. 235-241 (1985).
Novel liposomes for the intracellular delivery of macromolecules, including nucleic acids, are also described in PCT International
application no. PCT/US96/07572 (Publication No. WO 96/40060, entitled "Intracellular Delivery of Macromolecules").

[0065] Compaction agents also can be used in combination with a vector. A "compaction agent", as used herein, refers to an
agent, such as a histone, that neutralizes the negative charges on the nucleic acid and thereby permits compaction of the nucleic
acid into a fine granule. Compaction of the nucleic acid facilitates the uptake of the nucleic acid by the target cell. The compaction
agents can be used alone, i.e., to deliver an isolated nucleic acid of the invention in a form that is more efficiently taken up by the
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cell or, more preferably, in combination with one or more of the above-described vectors.

[0066] Other exemplary compositions that can be used to facilitate uptake by a target cell of the nucleic acids of the invention
include calcium phosphate and other chemical mediators of intracellular transport, microinjection compositions, and
electroporation.

[0067] Methods for increasing sulfatase activity in a cell can involve contacting a cell expressing a sulfatase with an isolated
nucleic acid molecule encoding an FGE. "Increasing” sulfatase activity, as used herein, refers to increased affinity for, and/or
conversion of, the specific substrate for the sulfatase, typically the result of an increase in FGly formation on the sulfatase
molecule. In one embodiment, the cell expresses a sulfatase at levels higher than those of wild type cells. By "increasing sulfatase
activity in a cell" also refers to increasing activity of a sulfatase that is secreted by the cell. The cell may express an endogenous
and/or an exogenous sulfatase. Said contacting of the FGE molecule also refers to activating the cell's endogenous FGE gene. In
important embodiments, the endogenous sulfatase is activated. In certain embodiments, the sulfatase is Iduronate 2-Sulfatase,
Sulfamidase, N-Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A, Arylsulfatase B, Arylsulfatase
C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, and/or HSulf-6. In
certain embodiments the cell is a mammalian cell.

[0068] A pharmaceutical composition, can be provided. The composition can comprise activated sulfatase that is produced by a
cell of the present invention, in a pharmaceutically effective amount to treat a sulfatase deficiency, and a pharmaceutically
acceptable carrier. In important embodiments, the sulfatase is expressed at higher levels than normal/control cells.

[0069] The sulfatase producing cell can comprise: (i) a sulfatase with an increased activity compared to a control, and (ii) a
Formylglycine Generating Enzyme with an increased activity compared to a control, wherein the ratio of active sulfatase to total
sulfatase produced by the cell is increased by at least 5% over the ratio of active sulfatase to total sulfatase produced by the cell
in the absence of the Formylglycine Generating Enzyme. It is known in the art that overexpression of sulfatases can decrease the
activity of endogenous sulfatases (Anson et al., Biochem. J., 1993, 294:657-662). Furthermore, only a fraction of the recombinant
sulfatases is active. We have discovered, unexpectedly, that increased expression/activity of FGE in a cell with increased
expression/activity of a sulfatase results in the production of a sulfatase that is more active. Since the presence of FGly on a
sulfatase molecule is associated with sulfatase activity, "active sulfatase" can be quantitated by determining the presence of FGly
on the sulfatase cell product using MALDI-TOF mass spectrometry, as described elsewhere herein. The ratio with total sulfatase
can then be easily determined.

[0070] The sulfatase producing cell or the sulfatase produced can be used for the therapy of sulfatase deficiencies. Such
disorders include, but are not limited to, Multiple Sulfatase Deficiency, Mucopolysaccharidosis II (MPS Il; Hunter Syndrome),
Mucopolysaccharidosis IlIA (MPS llIA; Sanfilippo Syndrome A), Mucopolysaccharidosis VIII (MPS VIII), Mucopolysaccharidosis IVA
(MPS IVA; Morquio Syndrome A), Mucopolysaccharidosis VI (MPS VI; Maroteaux-Lamy Syndrome), Metachromatic
Leukodystrophy (MLD), X-linked Recessive Chondrodysplasia Punctata 1, and X-linked Ichthyosis (Steroid Sulfatase Deficiency).

[0071] Both acute and prophylactic treatment of any of the foregoing conditions can be performed. As used herein, an acute
treatment refers to the treatment of subjects having a particular condition. Prophylactic treatment refers to the treatment of
subjects at risk of having the condition, but not presently having or experiencing the symptoms of the condition.

[0072] In its broadest sense, the terms "treatment" or "to treat" refer to both acute and prophylactic treatments. If the subject in
need of treatment is experiencing a condition (or has or is having a particular condition), then treating the condition refers to
ameliorating, reducing or eliminating the condition or one or more symptoms arising from the condition. In some preferred
embodiments, treating the condition refers to ameliorating, reducing or eliminating a specific symptom or a specific subset of
symptoms associated with the condition. If the subject in need of treatment is one who is at risk of having a condition, then
treating the subject refers to reducing the risk of the subject having the condition.

[0073] The mode of administration and dosage of a therapeutic agent of the invention will vary with the particular stage of the
condition being treated, the age and physical condition of the subject being treated, the duration of the treatment, the nature of
the concurrent therapy (if any), the specific route of administration, and the like factors within the knowledge and expertise of the
health practitioner.

[0074] As described herein, the agents can be administered in effective amounts to treat any of the foregoing sulfatase
deficiencies. In general, an effective amount is any amount that can cause a beneficial change in a desired tissue of a subject.
Preferably, an effective amount is that amount sufficient to cause a favorable phenotypic change in a particular condition such as
a lessening, alleviation or elimination of a symptom or of a condition as a whole.
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[0075] In general, an effective amount is that amount of a pharmaceutical preparation that alone, or together with further doses,
produces the desired response. This may involve only slowing the progression of the condition temporarily, although more
preferably, it involves halting the progression of the condition permanently or delaying the onset of or preventing the condition
from occurring. This can be monitored by routine methods. Generally, doses of active compounds would be from about 0.01
mg/kg per day to 1000 mg/kg per day. It is expected that doses ranging from 50ug-500 mg/kg will be suitable, preferably orally
and in one or several administrations per day.

[0076] Such amounts will depend, of course, on the particular condition being treated, the severity of the condition, the individual
patient parameters including age, physical condition, size and weight, the duration of the treatment, the nature of concurrent
therapy (if any), the specific route of administration and like factors within the knowledge and expertise of the health practitioner.
Lower doses will result from certain forms of administration, such as intravenous administration. In the event that a response in a
subject is insufficient at the initial doses applied, higher doses (or effectively higher doses by a different, more localized delivery
route) may be employed to the extent that patient tolerance permits. Multiple doses per day are contemplated to achieve
appropriate systemic levels of compounds. It is preferred generally that a maximum dose be used, that is, the highest safe dose
according to sound medical judgment. It will be understood by those of ordinary skill in the art, however, that a patient may insist
upon a lower dose or tolerable dose for medical reasons, psychological reasons or for virtually any other reasons.

[0077] The agents may be combined, optionally, with a pharmaceutically-acceptable carrier to form a pharmaceutical
preparation.

[0078] The term "pharmaceutically-acceptable carrier" as used herein means one or more compatible solid or liquid fillers,
diluents or encapsulating substances which are suitable for administration into a human.

[0079] The term "carrier" denotes an organic or inorganic ingredient, natural or synthetic, with which the active ingredient is
combined to facilitate the application. The components of the pharmaceutical compositions also are capable of being co-mingled
with the molecules of the present invention, and with each other, in a manner such that there is no interaction which would
substantially impair the desired pharmaceutical efficacy. In some aspects, the pharmaceutical preparations comprise an agent in
an amount effective to treat a disorder.

[0080] The pharmaceutical preparations may contain suitable buffering agents, including: acetic acid in a salt; citric acid in a sal;
boric acid in a salt; or phosphoric acid in a salt. The pharmaceutical compositions also may contain, optionally, suitable
preservatives, such as: benzalkonium chloride; chlorobutanol; parabens or thimerosal.

[0081] A variety of administration routes are available. The particular mode selected will depend, of course, upon the particular
drug selected, the severity of the condition being treated and the dosage required for therapeutic efficacy.

[0082] The methods of treatment generally speaking, may be practiced using any mode of administration that is medically
acceptable, meaning any mode that produces effective levels of the active compounds without causing clinically unacceptable
adverse effects.

[0083] Such modes of administration include oral, rectal, topical, nasal, intradermal, transdermal, or parenteral routes. The term
"parenteral" includes subcutaneous, intravenous, intraomental, intramuscular, or infusion. Intravenous or intramuscular routes are
not particularly suitable for long-term therapy and prophylaxis. As an example, pharmaceutical compositions for the acute
treatment of subjects having a migraine headache may be formulated in a variety of different ways and for a variety of
administration modes including tablets, capsules, powders, suppositories, injections and nasal sprays.

[0084] The pharmaceutical preparations may conveniently be presented in unit dosage form and may be prepared by any of the
methods well-known in the art of pharmacy.

[0085] All methods include the step of bringing the active agent into association with a carrier which constitutes one or more
accessory ingredients. In general, the compositions are prepared by uniformly and intimately bringing the active compound into
association with a liquid carrier, a finely divided solid carrier, or both, and then, if necessary, shaping the product.

[0086] Compositions suitable for oral administration may be presented as discrete units, such as capsules, tablets, lozenges,

each containing a predetermined amount of the active compound. Other compositions include suspensions in aqueous liquids or
non-aqueous liquids such as a syrup, elixir or an emulsion.
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[0087] Compositions suitable for parenteral administration conveniently comprise a sterile aqueous preparation of an agent of
the invention, which is preferably isotonic with the blood of the recipient.

[0088] This aqueous preparation may be formulated according to known methods using suitable dispersing or wetting agents
and suspending agents. The sterile injectable preparation also may be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example, as a solution in 1,3-butane diol.

[0089] Among the acceptable vehicles and solvents that may be employed are water, Ringer's solution, and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this purpose
any bland fixed oil may be employed including synthetic mono-or di-glycerides. In addition, fatty acids such as oleic acid may be
used in the preparation of injectables.

[0090] Formulations suitable for oral, subcutaneous, intravenous, intramuscular, etc. administrations can be found in
Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, PA.

[0091] A method for increasing Cq-formylglycine generating activity in a cell can be provided. The method involves contacting
the cell with an isolated nucleic acid molecule of the invention (e.g., a nucleic acid of SEQ ID NO.1), or an expression product
thereof (e.g., a peptide of SEQ ID NO.2), in an amount effective to increase Ca-formylglycine generating activity in the cell. In
important embodiments, the method involves activating the endogenous FGE gene to increase Cg-formylglycine generating

activity in the cell. In some embodiments, the contacting is performed under conditions that permit entry of a molecule of the
invention into the cell.

[0092] The term "permit entry" of a molecule into a cell has the following meanings depending upon the nature of the molecule.
For an isolated nucleic acid it is meant to describe entry of the nucleic acid through the cell membrane and into the cell nucleus,
where upon the "nucleic acid transgene" can utilize the cell machinery to produce functional polypeptides encoded by the nucleic
acid. By "nucleic acid transgene" it is meant to describe all of the nucleic acids of the invention with or without the associated
vectors. For a polypeptide, it is meant to describe entry of the polypeptide through the cell membrane and into the cell cytoplasm,
and if necessary, utilization of the cell cytoplasmic machinery to functionally modify the polypeptide (e.g., to an active form).

[0093] Various techniques may be employed for introducing nucleic acids into cells, depending on whether the nucleic acids are
introduced in vitro or in vivo in a host. Such techniques include transfection of nucleic acid-CaPO4 precipitates, transfection of
nucleic acids associated with DEAE, transfection with a retrovirus including the nucleic acid of interest, liposome mediated
transfection, and the like.

[0094] For certain uses, it is preferred to target the nucleic acid to particular cells. In such instances, a vehicle used for
delivering a nucleic acid of the invention into a cell (e.g., a retrovirus, or other virus; a liposome) can have a targeting molecule
attached thereto.

[0095] For example, a molecule such as an antibody specific for a surface membrane protein on the target cell or a ligand for a
receptor on the target cell can be bound to or incorporated within the nucleic acid delivery vehicle.

[0096] For example, where liposomes are employed to deliver the nucleic acids of the invention, proteins which bind to a surface
membrane protein associated with endocytosis may be incorporated into the liposome formulation for targeting and/or to facilitate
uptake.

[0097] Such proteins include capsid proteins or fragments thereof tropic for a particular cell type, antibodies for proteins which
undergo internalization in cycling, proteins that target intracellular localization and enhance intracellular half life, and the like.
Polymeric delivery systems also have been used successfully to deliver nucleic acids into cells, as is known by those skilled in the
art. Such systems even permit oral delivery of nucleic acids.

[0098] As described earlier, the present invention allows the provision of a sulfatase-producing cell wherein the ratio of active
sulfatase to total sulfatase produced (i.e., the specific activity) by the cell is increased.

[0099] The cell can comprise: (i) a sulfatase with an increased expression, and (ii) a Formylglycine Generating Enzyme with an

increased expression, wherein the ratio of active sulfatase to total sulfatase produced by the cell is increased by at least 5% over
the ratio of active sulfatase to total sulfatase produced by the cell in the absence of the Formylglycine Generating Enzyme.

16



DKI/EP 2325302 T3

[0100] A "sulfatase with an increased expression," as used herein, typically refers to increased expression of a sulfatase and/or
its encoded polypeptide compared to a control.

[0101] Increased expression refers to increasing (i.e., to a detectable extent) replication, transcription, and or translation of any
of the sulfatase nucleic acids (sulfatase nucleic acids as described elsewhere herein), since upregulation of any of these
processes results in concentration/amount increase of the polypeptide encoded by the gene (nucleic acid). This can be
accomplished using a number of methods known in the art, also described elsewhere herein, such as transfection of a cell with
the sulfatase cDNA, and/or genomic DNA encompassing the sulfatase locus, activating the endogenous sulfatase gene by
placing, for example, a strong promoter element upstream of the endogenous sulfatase gene genomic locus using homologous
recombination (see, e.g., the gene activation technology described in detail in U.S. Patents Nos. 5,733,761,6,270,989, and
6,565,844), etc. A typical control would be an identical cell transfected with a vector plasmid(s). Enhancing (or increasing)
sulfatase activity also refers to preventing or inhibiting sulfatase degradation (e.g., via increased ubiquitinization), downregulation,
etc., resulting, for example, in increased or stable sulfatase molecule tys (half-life) when compared to a control. Downregulation or
decreased expression refers to decreased expression of a gene and/or its encoded polypeptide. The upregulation or
downregulation of gene expression can be directly determined by detecting an increase or decrease, respectively, in the level of
mRNA for the gene (e.g., a sulfatase), or the level of protein expression of the gene-encoded polypeptide, using any suitable
means known to the art, such as nucleic acid hybridization or antibody detection methods, respectively, and in comparison to
controls. Upregulation or downregulation of sulfatase gene expression can also be determined indirectly by detecting a change in
sulfatase activity.

[0102] Similarly, a "Formylglycine Generating Enzyme with an increased expression," as used herein, typically refers to increased
expression of an FGE nucleic acid and/or its encoded polypeptide compared to a control. Increased expression refers to
increasing (i.e., to a detectable extent) replication, transcription, and/or translation of any of the FGE nucleic acids (as described
elsewhere herein), since upregulation of any of these processes results in concentration/amount increase of the polypeptide
encoded by the gene (nucleic acid). This can be accomplished using the methods described above (for the sulfatases), and
elsewhere herein.

[0103] In certain embodiments, the ratio of active sulfatase to total sulfatase produced by the cell is increased by at least 10%,
15%, 20%, 50%, 100%, 200%, 500%, 1000%, over the ratio of active sulfatase to total sulfatase produced by the cell in the
absence of the Formylglycine Generating Enzyme.

[0104] An improved method for treating a sulfatase deficiency in a subject can be provided. The method involves administering
to a subject in need of such treatment a sulfatase in an effective amount to treat the sulfatase deficiency in the subject, wherein
the sulfatase is contacted with a Formylglycine Generating Enzyme in an amount effective to increase the specific activity of the
sulfatase. As described elsewhere herein, "specific activity" refers to the ratio of active sulfatase to total sulfatase produced.
"Contacted," as used herein, refers to FGE post-translationally modifying the sulfatase as described elsewhere herein. It would be
apparent to one of ordinary skill in the art that an FGE can contact a sulfatase and modify it if nucleic acids encoding FGE and a
sulfatase are co-expressed in a cell, or even if an isolated FGE polypeptide contacts an isolated sulfatase polypeptide in vivo or
in vitro. Even though an isolated FGE polypeptide can be co-administered with an isolated sulfatase polypeptide to a subject to
treat a sulfatase deficiency in the subject, it is preferred that the contact between FGE and the sulfatase takes place in vitro prior
to administration of the sulfatase to the subject. This improved method of treatment is beneficial to a subject since lower amounts
of the sulfatase need to be administered, and/or with less frequency, since the sulfatase is of higher specific activity.

[0105] The invention will be more fully understood by reference to the following examples that are not to be construed to limit the

scope of the invention. (If any examples or parts thereof are not within the scope of the claims they are provided for information
purposes.)

Examples

Example 1:

Multiple Sulfatase Deficiency is caused by mutations in the gene encoding the human Ca-formylglycine generating
enzyme (FGE)
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Experimental Procedures

Materials and Methods

In vitro assay for FGE

[0106] For monitoring the activity of FGE, the Nacetylated and C-amidated 23mer peptide P23
(MTDFYVPVSLCTPSRAALLTGRS) (SEQ ID NO:33) was used as substrate. The conversion of the Cysteine residue in position 11
to FGly was monitored by MALDI-TOF mass spectrometry. A 6uM stock solution of P23 in 30% acetonitrile and 0.1%
trifluoroacetic acid (TFA) was prepared. Under standard conditions 6 pmol of P23 were incubated at 37°C with up to 10 pl enzyme
in a final volume of 30 pl 50 mM Tris/HCI, pH 9.0, containing 67 mM NaCl, 15 pM CaClp, 2 mM DTT, and 0.33 mg/ml bovine serum
albumin. To stop the enzyme reaction 1.5 pl 10% TFA were added. P23 then was bound to ZipTip C18 (Millipore), washed with
0.1% TFA and cluted in 3pl 50% acetonitrile, 0.1% TFA. 0.5 pl of the eluate was mixed with 0.5 pl of matrix solution (5 mg/ml a-
cyano-4-hydroxy-cinnamic acid (Bruker Daltonics, Billerica, MA) in 50% acetonitrile, 0.1% TFA) on a stainless steel target. MALDI-
TOF mass spectrometry was performed with a Reflex lll (Bruker Daltonics) using reflectron mode and laser energy just above the
desorption/ionization threshold. All spectra were averages of 200-300 shots from several spots on the target. The mass axis was

calibrated using peptides of molecular masses ranging from 1000 to 3000 Da as external standards. Monoisotopic MH* of P23 is
2526.28 and of the FGly containing product 2508.29. Activity (pmol product / h) was calculated on the basis of the peak height of
the product divided by the sum of the peak heights of P23 and the product.

Purification of FGE from bovine testis

[0107] Bovine testes were obtained from the local slaughter house and stored for up to 20 h on ice. The parenchyme was freed
from connective tissue and homogenized in a waring blendor and by three rounds of motor pottering. Preparation of rough
microsomes (RM) by cell fractionation of the obtained homogenate was performed as described (Meyer et al., J. Biol. Chem.,
2000, 275:14550-14557) with the following modifications. Three differential centrifugation steps, 20 minutes each at 4°C, were
performed at 500 g (JA10 rotor), 3000 g (JA10) and 10000 g (JA20). From the last supernatant the RM membranes were
sedimented (125000 g, Ti45 rotor, 45 min, 4°C), homogenized by motor pottering and layered on a sucrose cushion (50 mM
Hepes, pH 7.6, 50 mM KAc, 6 mM MgAco, 1 mM EDTA, 1.3 M sucrose, 5 mM 3-mercaptoethanol). RMs were recovered from the

pellet after spinning for 210 minutes at 45000 rpm in a Ti45 rotor at 4°C. Usually 100000-150000 equivalents RM, as defined by
Walter and Blobel (Methods Enzymol., 1983, 96:84-93), were obtained from 1 kg of testis tissue. The reticuloplasm, i.e. the
luminal content of the RM, was obtained by differential extraction at low concentrations of deoxy Big Chap, as described (Fey et
al., J. Biol. Chem., 2001, 276:47021-47028). For FGE purification, 95 ml of reticuloplasm were dialyzed for 20 h at 4 °C against 20
mM Tris/HCI, pH 8.0, 2.5 mM DTT, and cleared by centrifugation at 125000 g for 1 h. 32 ml-aliquots of the cleared reticuloplasm
were loaded on a MonoQ HR10/10 column (Amersham Biosciences, Piscataway, NJ) at room temperature, washed and eluted at 2
ml/min with a linear gradient of 0 to 0.75 M NaCl in 80 ml of the Tris buffer. The fractions containing FGE activity, eluting at 50-
165 mM NaCl, of three runs were pooled (42 ml) and mixed with 2 ml of Concanavalin A-Sepharose (Amersham Biosciences) that
had been washed with 50 mM Hepes buffer, pH 7.4, containing 0.5 M KCI, 1 mM MgClo, 1 mM MnCly, 1 mM CaCl,, and 2.5 mM
DTT. After incubation for 16 h at 4 °C, the Concanavalin A-Sepharose was collected in a column and washed with 6 ml of the
same Hepes buffer. The bound material was eluted by incubating the column for 1 h at room temperature with 6 ml 0.5 M a-
methylmannoside in 50 mM Hepes, pH 7.4, 2.5 mM DTT. The elution was repeated with 4 ml of the same eluent. The combined
eluates (10 ml) from Concanavalin A-Sepharose were adjusted to pH 8.0 with 0.5 M Tris/HCI, pH 9.0, and mixed with 2 ml of Affigel
10 (Bio-Rad Laboratories, Hercules, CA) that had been derivatized with 10 mg of the scrambled peptide (PYSLPTRSCAALLTGR)
(SEQ ID NO:34) and washed with buffer A (50 mM Hepes, pH 8.0, containing 0.15 M potassium acetate, 0.125 M sucrose, 1 mM
MgClp, and 2.5 mM DTT). After incubation for 3 h at 4 °C the affinity matrix was collected in a column. The flow through and a
wash fraction with 4 ml of buffer Awere collected, combined and mixed with 2 ml of Affigel 10 that had been substituted with 10 mg
of the Ser69 peptide (PVSLSTPSRAALLTGR) (SEQ ID NO:35) and washed with buffer A. After incubation overnight at 4°C, the
affinity matrix was collected in a column, washed 3 times with 6 ml of buffer B (buffer A containing 2 M NaCl and a mixture of the
20 proteinogenic amino acids, each at 50 mg/ml). The bound material was eluted from the affinity matrix by incubating the Affigel
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twice for 90 min each with 6 ml buffer B containing 25 mM Ser69 peptide. An aliqout of the eluate was substituted with 1 mg/ml
bovine serum albumin, dialyzed against buffer A and analyzed for activity. The remaining part of the activity (11.8 ml) was
concentrated in a Vivaspin 500 concentrator (Vivascience AG, Hannover, Germany), and solubilized at 95 °C in Laemmli SDS
sample buffer. The polypeptide composition of the starting material and preparations obtained after the chromatographic steps
were monitored by SDSPAGE (15% acrylamide, 0.16% bisacrylamide) and staining with SYPRO Ruby (Bio-Rad Laboratories).

Identification of FGE by mass spectrometry

[0108] For peptide mass fingerprint analysis the purified polypeptides were in-gel digested with trypsin (Shevchenko et al., Anal.
Chem., 1996,68:850-855), desalted on C18 ZipTip and analyzed by MALDI-TOF mass spectrometry using dihydrobenzoic acid as
matrix and two autolytic peptides from trypsin (m/z 842.51 and 2211.10) as internal standards. For tandem mass spectrometry
analysis selected peptides were analyzed by MALDI-TOF post-source decay mass spectrometry. Their corresponding doubly
charged ions were isolated and fragmented by offline nano-ESI ion trap mass spectrometry (EsquireLC, Bruker Daltonics). The
mass spectrometric data were used by Mascot search algorithm for protein identification in the NCBInr protein database and the
NCBI EST nucleotide database.

Bioinformatics

[0109] Signal peptides and clevage sites were described with the method of von Heijne (von Heijne, Nucleic Acids Res., 1986,
14:4683-90) implemented in EMBOSS (Rice et al., Trends in Genetics, 2000, 16:276-277). N-glycosylation sites were predicted
using the algorithm of Brunak (Gupta and Brunak, Pac. Symp. Biocomput., 2002, 310-22). Functional domains were detected by
searching PFAM-Hidden-Markov-Models (version 7.8) (Sonnhammer et al., Nucleic Acids Res., 1998, 26:320-322). To search for
FGE homologs, the databases of the National Center for Biotechnology Information (Wheeler et al., Nucleic Acids Res., 2002,
20:13-16) were queried with BLAST (Altschul et al., Nucleic Acids Res., 1997, 25:3389-3402). Sequence similarities were
computed using standard tools from EMBOSS. Genomic loci organisation and synteny were determined using the NCBI's human
and mouse genome resources and the Human-Mouse Homology Map also form NCBI, Bethesda, MD).

Cloning of human FGE cDNA

[0110] Total RNA, prepared from human fibroblasts using the RNEASY™ Mini kit (Qiagen, Inc., Valencia, CA) was reverse
transcribed using the OMNISCRIPT RT™ kit (Qiagen, Inc., Valencia, CA) and either an oligo(dT) primer or the FGE-specific
primer 1199nc (CCAATGTAGGTCAGACACG) (SEQ ID NO:36). The first strand cDNA was amplified by PCR using the forward
primer 1c (ACATGGCCCGCGGGAC) (SEQ ID NO:37) and, as reverse primer, either 1199nc or 1182nc
(CGACTGCTCCTTGGACTGG) (SEQ ID NO:38). The PCR products were cloned directly into the pCR4-TOPO™ vector
(Invitrogen Corporation, Carlsbad, CA). By sequencing multiple of the cloned PCR products, which had been obtained from
various individuals and from independent RT and PCR reactions, the coding sequence of the FGE cDNA was determined (SEQ ID
NOs: 1 and 3).

Mutation detection, genomic sequencing, site-directed mutagenesis and Northern blot analysis

[0111] Standard protocols utilized in this study were essentially as described in Lubke et al. (Nat. Gen., 2001, 28:73-76) and
Hansske et al. (J. Clin. Invest., 2002, 109:725-733). Northern blots were hybridized with a cDNA probe covering the entire coding
region and a B-acting cDNA probe as a control for RNA loading.

Cell lines and cell culture

[0112] The fibroblasts from MSD patients 1-6 were obtained from E. Christenson (Rigshospitalet Copenhagen), M. Beck
(Universitatskinderklinik Mainz), A. Kohlschutter (Universitdtskrankenhaus Eppendorf, Hamburg), E. Zammarchi (Meyer Hospital,
University of Florence), K. Harzer (Institut fUr Himforschung, Universitdt Tubingen), and A. Fensom (Guy's Hospital, London),
respectively. Human skin fibroblasts, HT-1080, BHK21 and CHO cells were maintained at 37°C under 5% COz in Dulbecco's
modified Eagle's medium containing 10% fetal calf serum.
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Transfection, indirect immunofluorescence, Western blot analysis and detection of FGE activity

[0113] The FGE cDNA was equipped with a 5' EcoRlI-site and either a 3' HA-, c-Myc or RGS-Hisg-tag sequence, followed by a
stop-codon and a Hindlll site, by add-on PCR using Pfu polymerase (Stratagene, La Jolla, CA) and the following primers:
GGAATTCGGGACAACATGGCTGCG (EcoRI) (SEQ D NO:39), CCCAAGCTTATGC
GTAGTCAGGCACATCATACGGATAGTCCATGGTGGGCAGGC(HA)(SEQ D NO:40),

CCCAAGCTTACAGGTCTTCTTCAGAAATCAGCTTITGTTCGTCCATGGTGGGCAG GC  (c-Myc) (SEQ ID  NO:41),
CCCAAGCTTAGTGATGGTGATGGTGATGCGATC CTCTGTCCATGGTGGGCAGGC (RGS-His g) (SEQ ID NO:42). The resulting
PCR products were cloned as EcoRI/Hindlll fragments into pMPSVEH (Artelt et al., Gene, 1988, 68:213-219). The plasmids
obtained were transiently transfected into HT-1080, BHK21 and CHO cells, grown on cover slips, using EFFECTENE™ (Qiagen)
as transfection reagent. 48h after transfection the cells were analyzed by indirect immunofluorescence as described previously
(Lubke et al., Nat. Gen., 2001, 28:73-76; Hansske et al., J. Clin. Invest., 2002, 109:725-733), using monoclonal IgG1 antibodies
against HA (Berkeley Antibody Company, Richmond, CA), c-Myc (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) or RGS-His
(Qiagen) as primary antibodies. The endoplasmic reticulum marker protein proteindisulfide isomerase (PDI) was detected with a
monoclonal antibody of different subtype (IgG2A, Stressgen Biotech., Victoria BC, Canada). The pimary antibodies werde
detected with isotype-specific goat secondary antibodies coupled to CY2 or CY3, respectively (Molecular Probes, Inc., Eugene,
OR). Immunofluorescence images were obtained on a Leica TCS Sp2 AOBS laser scan microscope. For Western blot analysis
the same monoclonal antibodies and a HRP-conjugated anti-mouse IgG as secondary antibody were used. For determination of
FGE activity, the trypsinised cells were washed with phosphate buffered saline containing a mixture of proteinase inhibitors (208
pM 4-(2- aminoethyl)benzene sulfonyl fluoride hydrochloride, 0.16 uM aprotinin, 4.2 pM leupeptin, 7.2 pM bestatin, 3 uM pepstatin
A, 2.8 uM E-64), solubilized in 10 mM Tris, pH 8.0, containing 2.5 mM DTT, the proteinase inhibitors and 1% Triton X-100, and
cleared by centrifugation at 125,000 g for 1h. The supernatant was subjected to chromatography on a MonoQ PC 1.6/5 column
using the conditions described above. Fractions eluting at 50-200 mM NaCl were pooled, lyophilised and reconstituted in one
tenth of the original pool volume prior determination of FGE activity with peptide P23.

Retroviral transduction

[0114] cDNAs of interest were cloned into the Moloney murine leukemia virus based vector pLPCX and pLNCX2 (BD Biosciences
Clontech, Palo Alto, CA). The transfection of ecotropic FNX-Eco cells (ATCC, Manassas, VA) and the transduction of amphotropic
RETROPACK™ PT67 cells (BD Biosciences Clontech) and human fibroblasts was performed as described (LUbke et al., Nat.
Gen., 2001, 28:73-76; Thiel et al., Biochem. J., 2002, 376, 195-201). For some experiments pLPCX-transduced PT67 cells were
selected with puromycin prior determination of sulfatase activities.

Sulfatase assays

[0115] Activity of ASA, STS and GalNAc6S were determined as described in Rommerskirch and von Figura, Proc. Natl. Acad.
Sci., USA, 1992, 89:2561-2565; Glossl and Kresse, Clin. Chim. Acta, 1978, 88:111-119.

Results

Arapid peptide based assay for FGE activity

[0116] We had developed an assay for determining FGE activity in microsome extracts using in vifro synthesized [358] ASA
fragments as substrate. The fragments were added to the assay mixture as ribosome-associated nascent chain complexes. The
quantitation of the product included tryptic digestion, separation of the peptides by RP-HPLC and identification and quantitation of

the [358]-Iabeled FGly containing tryptic peptide by a combination of chemical derivatization to hydrazones, RP-HPLC separation
and liquid scintillation counting (Fey et al., J. Biol. Cliem., 2001, 276:47021-47028). For monitoring the enzyme activity during
purification, this cumbersome procedure needed to be modified. A synthetic 16mer peptide corresponding to ASA residues 65-80
and containing the sequence motif required for FGly formation inhibited the FGE activity in the in vitro assay. This suggested that
peptides such as ASA65-80 may serve as substrates for FGE. We synthesized the 23mer peptide P23 (SEQ ID NO:33), which
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corresponds to ASA residues 60-80 with an additional N-acetylated methionine and a C-amidated serine residue to protect the N-
and C-terminus, respectively. The cysteine and the FGly containing forms of P23 could be identified and quantified by matrix
assisted laser desorption/ionisation time of flight (MALDI-TOF) mass spectrometry. The presence of the FGly residue in position
11 of P23 was verified by MALDI-TOF post source decay mass spectrometry (see Peng et al., J. Mass Spec., 2003, 38:80-86).
Incubation of P23 with extracts from microsomes of bovine pancreas or bovine testis converted up to 95% of the peptide into a
FGly containing derivative (Fig. 1). Under standard conditions the reaction was proportional to the amount of enzyme and time of
incubation as long as less than 50% of the substrate was consumed and the incubation period did not exceed 24 h. The km for

P23 was 13 nM. The effects of reduced and oxidized glutathione, Ca?* and pH were comparable to those seen in the assay using
ribosome-associated nascent chain complexes as substrate (Fey et al., J. Biol. Chem., 2001, 276:47021-47028).

Purification of FGE

[0117] For purification of FGE the soluble fraction (reticuloplasm) of bovine testis microsomes served as the starting material.
The specific activity of FGE was 10-20 times higher than that in reticuloplasm from bovine pancreas microsomes (Fey et al., J.
Biol. Chem., 2001, 276:47021-47028). Purification of FGE was achieved by a combination of four chromatographic steps. The
first two steps were chromatography on a MonoQ anion exchanger and on Concanavalin A-Sepharose. At pH 8 the FGE activity
bound to MonoQ and was eluted at 50-165 mM NaCl with 60-90% recovery. When this fraction was mixed with Concanavalin A-
Sepharose, FGE was bound. 30-40% of the starting activity could be eluted with 0.5 M a-methyl mannoside. The two final
purification steps were chromatography on affinity matrices derivatized with 16mer peptides. The first affinity matrix was Affigel 10
substituted with a variant of the ASA65-80 peptide, in which residues Cys69, Pro71 and Arg73, critical for FGly formation, were
scrambled (scrambled peptide PVSLPTRSCAALLTGR -SEQ ID NO:34). This peptide did not inhibit FGE activity when added at 10
mM concentration to the in vitro assay and, when immobilized to Affigel 10, did not retain FGE activity. Chromatography on the
scrambled peptide affinity matrix removed peptide binding proteins including chaperones of the endoplasmic reticulum. The
second affinity matrix was Affigel 10 substituted with a variant of the ASA65-80 peptide, in which the Cys69 was replaced by a
serine (Ser69 peptide PVSLSTPSRAALLTGR-SEQ ID NO:35). The Ser69 peptide affinity matrix efficiently bound FGE. The FGE
activity could be eluted with either 2 M KSCN or 25 mM Ser69 peptide with 20-40% recovery. Prior to activity determination the
KSCN or Ser69 peptide had to be removed by dialysis. The substitution of Cys69 by serine was crucial for the elution of active
FGE. Affigel 10 substituted with the wildtype ASA65-80 peptide bound FGE efficiently. However, nearly no activity could be
recovered in eluates with chaotropic salts (KSCN, MgCly), peptides (ASA65-80 or Ser69 peptide) or buffers with low or high pH. In
Fig. 2 the polypeptide pattern of the starting material and of the active fractions obtained after the four chromatographic steps of
a typical purification is shown. In the final fraction 5% of the starting FGE activity and 0.0006% of the starting protein were
recovered (8333-fold purification).

The purified 39.5 and 41.5 kDa polypeptides are encoded by a single gene

[0118] The 39.5 and 41.5 kDa polypeptides in the purified FGE preparation were subjected to peptide mass fingerprint analysis.
The mass spectra of the tryptic peptides of the two polypeptides obtained by MALDI-TOF mass spectrometry were largely
overlapping, suggesting that the two proteins originate from the same gene. Among the tryptic peptides of both polypeptides two

abundant peptides MH* 1580.73, SQNTPDSSASNLGFR (SEQ ID NO:43), and MH" 2049.91, MVPIPAGVFTMGTDDPQIK -SEQ ID
NO:44 plus two methionine oxidations) were found, which matched to the protein encoded by a cDNA with GenBank Acc. No.
AK075459 (SEQ ID NO:4). The amino acid sequence of the two peptides was confirmed by MALDI-TOF post source decay
spectra and by MS/MS analysis using offline nano-electrospray ionisation (ESI) iontrap mass spectrometry. An EST sequence of
the bovine ortholog of the human cDNA covering the C-terminal part of the FGE and matching the sequences of both peptides
provided additional sequence information for bovine FGE.

Evolutionary conservation and domain structure of FGE

[0119] The gene for human FGE is encoded by the cDNA of (SEQ ID NOs:1 and/or 3) and located on chromosome 3p26. It
spans ~105 kb and the coding sequence is distributed over 9 exons. Three orthologs of the human FGE gene are found in
mouse (87% identity), Drosophilia melanogaster (48% identity), and Anopheles gambiae (47% identity). Orthologous EST
sequences are found for 8 further species including cow, pig, Xenopus laevis, Silurana tropicalis, zebra fish, salmon and other fish
species (for details see Example 2). The exon-intron structure between the human and the mouse gene is conserved and the
mouse gene on chromosome 6E2 is located within a region syntenic to the human chromosome 3p26. The genomes of S.
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cerevisiae and C. elegans lack FGE homologs. In prokaryotes 12 homologs of human FGE were found. The cDNA for human FGE
is predicted to encode a protein of 374 residues (Fig. 3 and SEQ ID NO:2). The protein contains a cleavable signal sequence of
33 residues, which indicates translocation of FGE into the endoplasmic reticulum, and contains a single N-glycosylation site at
Asn141. The binding of FGE to concanavalin A suggests that this N-glycosylation site is utilized. Residues 87-367 of FGE are
listed in the PFAM protein motif database as a domain of unknown function (PFAM: DUF323). Sequence comparison analysis of
human FGE and its eukaryotic orthologs identified in data bases indicates that this domain is composed of three distinct
subdomains.

[0120] The N-terminal subdomain (residues 91-154 in human FGE) has a sequence identity of 46% and a similarity of 79% within
the four known eukaryotic FGE orthologs. In human FGE, this domain carries the N-glycosylation site at Asn 141, which is
conserved in the other orthologs. The middle part of FGE (residues 179-308 in human FGE) is represented by a tryptophan-rich
subdomain (12 tryptophans per 129 residues). The identity of the eukaryotic orthologs within this subdomain is 57%, the similarity
is 82%. The C-terminal subdomain (residues 327-366 in human FGE) is the most highly conserved sequence within the FGE
family. The sequence identity of the human C-terminal subdomain with the eukaryotic orthologs (3 full length sequences and 8
ESTs) is 85%, the similarity 97 %. Within the 40 residues of the subdomain 3 four cysteine residues are fully conserved. Three of
cysteins are also conserved in the prokaryotic FGE orthologs. The 12 prokaryotic members of the FGE-family (for details see
Example 2) share the subdomain structure with eukaryotic FGEs. The boundaries between the three subdomains are more
evident in the prokaryotic FGE family due to non-conserved sequences of variable length separating the subdomains from each
other. The human and the mouse genome encode two closely related homologs of FGE (SEQ ID NOs:43 and 44, GenBank Acc.
No. NM_015411, in man, and SEQ ID NOs:45 and 46, GenBank Acc. No. AK076022, in mouse). The two paralogs are 86%
identical. Their genes are located on syntenic chromosome regions (7g11 in human, 5G1 in mouse). Both paralogs share with the
FGE orthologs the subdomain structure and are 35% identical and 47% similar to human FGE. In the third subdomain, which is
100% identical in both homologs, the cysteine containing undecamer sequence of the subdomain 3 is missing.

Expression, subcellular localization and molecular forms

[0121] A single transcript of 2.1 kb is detectable by Northern blot analysis of total RNA from skin fibroblasts and poly A* RNA
from heart, brain, placenta, lung, liver, skeletal muscle, kidney and pancreas. Relative to 3-actin RNA the abundance varies by
one order of magnitude and is highest in pancreas and kidney and lowest in brain. Various eukaryotic cell lines stably or
transiently expressing the cDNA of human FGE or FGE derivatives C-terminally extended by a HA-, Myc- or Hisg-tag were
assayed for FGE activity and subcellular localization of FGE. Transient expression of tagged and non-tagged FGE increased the
FGE activity 1.6 - 3.9-fold. Stable expression of FGE in PT67 cells increased the activity of FGE about 100-fold. Detection of the
tagged FGE form by indirect immunofluorescence in BHK 21, CHO, and HT1080 cells showed a colocalization of the variously
tagged FGE forms with proteindisulfide isomerase, a lumenal protein of the endoplasmic reticulum. Western blot analysis of
extracts from BHK 21 cells transiently transfected with cDNA encoding tagged forms of FGE showed a single immunoreactive
band with an apparent size between 42 to 44 kDa.

The FGE gene carries mutations in MSD

[0122] MSD is caused by a deficiency to generate FGly residues in sulfatases (Schmidt, B., et al., Cell, 1995, 82:271-278). The
FGE gene is therefore a candidate gene for MSD. We amplified and sequenced the FGE encoding cDNA of seven MSD patients
and found ten different mutations that were confirmed by sequencing the genomic DNA (Table 1).

Table 1: Mutations in MSD patients

Mutation Effect on Protein Remarks Patient
1076C>A S359X Truncation of the C-terminal 16 residues 1*
VS3+5-8 del Deletion of residues 149-173 {In-frame deletion of exon 3 1,2
979C>T R327X Loss of subdomain 3 2
1045C>T R349W Substitution of a conserved residue in subdomain 3 3,7
1046G>A R349Q Substitution of a conserved residue in subdomain 3 4
1006T>C C336R Substitution of a conserved residue in subdomain 3 4
836C>T A279V Substitution of a conserved residue in subdomain 2 5
243delC frameshift and truncation Loss of all three subdomains 5
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Mutation Effect on Protein Remarks Patient
661delG frameshift and truncation Loss of the C-terminal third of FGE including subdomain §{6**

3
VS6-1G>A Deletion of residues 281-318 {In-frame deletion of exon 7 5

*Patient 1 is the MSD patient Mo. in Schmidt, B., et al., Cell, 1995, 82:271-278 and Rommerskirch and von Figura,
Proc. Natl. Acad. Sci., USA, 1992, 89:2561-2565.

**Patient 6 is the MSD patient reported by Burk et al., J. Pediatr., 1984, 104:574-578.

The other patients represent unpublished cases.

[0123] The first patient was heterozygous for a 1076C>A substitution converting the codon for serine 359 into a stop codon
(8359X) and a mutation causing the deletion of the 25 residues 149-173 that are encoded by exon 3 and space the first and the
second domain of the protein. Genomic sequencing revealed a deletion of nucleotides +5-8 of the third intron (IVS3+5-8 del)
thereby destroying the splice donor site of intron 3. The second patient was heterozygous for the mutation causing the loss of
exon 3 (IV83+5-8 del) and a 979C>T substitution converting the codon for arginine 327 into a stop codon (R327X). The truncated
FGE encoded by the 979C>T allele lacks most of subdomain 3. The third patient was homozygous for a 1045C>T substitution
replacing the conserved arginine 349 in subdomain 3 by tryptophan (R349W). The fourth patient was heterozygous for two
missense mutations replacing conserved residues in the FGE domain: a 1046>T substitution replacing arginine 349 by glutamine
(R349Q) and a 1006T>C substitution replacing cysteine 336 by arginine (C336R). The fifth patient was heterozygous for a 836
C>T substitution replacing the conserved alanine 279 by valine (A279V). The second mutation is a single nucleotide deletion
(243delC) changing the sequence after proline 81 and causing a translation stop after residue 139. The sixth patient was
heterozygous for the deletion of a single nucleotide (661delG) changing the amino acid sequence after residue 220 and
introducing a stop codon after residue 266. The second mutation is a splice acceptor site mutation of intron 6 (IVS6-1G>A)
causing an in-frame deletion of exon 7 encoding residues 281-318. In the seventh patient the same 1045C>T substitution was
found as in the third patient. In addition we detected two polymorphisms in the coding region of 18 FGE alleles from controls and
MSD patients. 22% carried a 188G>A substitution, replacing serine 63 by asparagine (S63N) and 28% a silent 1116C>T
substitution.

Transduction of MSD fibroblasts with wild type and mutant FGE cDNA

[0124] In order to confirm the deficiency of FGE as the cause of the inactivity of sulfatases synthesized in MSD, we expressed
the FGE cDNA in MSD fibroblasts utilizing retroviral gene transfer. As a control we transduced the retroviral vector without cDNA
insert. To monitor the complementation of the metabolic defect the activity of ASA, steroid sulfatase (STS) and N-
acetylgalactosamine 6-sulfatase (GalNAc6S) were measured in the transduced fibroblasts prior or after selection. Transduction of
the wild type FGE partially restored the catalytic activity of the three sulfatases in two MSD-cell lines (Table 2) and for STS in a
third MSD cell line. It should be noted that for ASA and GalNAc6S the restoration was only partial after selection of the fibroblasts
reaching 20 to 50% of normal activity. For STS the activity was found to be restored to that in control fibroblasts after selection.
Selection increased the activity of ASA and STS by 50 to 80%, which is compatible with the earlier observation that 15 to 50% of
the fibroblasts become transduced (Lubke et al., Nat. Gen., 2001, 28:73-76). The sulfatase activities in the MSD fibroblasts
transduced with the retroviral vector alone (Table 2) were comparable to those in non-transduced MSD fibroblasts (not shown).
Transduction of FGE cDNA carrying the IVS3+5-8del mutation failed to restore the sulfatase activities (Table 2).

Table 2: Complementation of MSD fibroblasts by transduction of wild type or mutant FGE cDNA

Fibroblasts FGE-insert Sulfatase
AsA' sTs! Go]NAc6S!
MSD 3° - 19+0.2 <3 56.7 £ 32
FGE+ 7.9 13.5 n. d.
FGE++ 122+0.2 75.2 283+42
FGE-VS3+5-8del+ 1.8 <3 n. d.
FGE-IVS3+5-8del++ 21 <3 98.5
MSD 4° - 1.1+£03 <3 n. d.
FGE+ 47 17.0 n. d.
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Fibroblasts FGE-insert Sulfatase

ASA! sTs! Go]NAc6S?
Control fibroblasts 58+ 11 66 *+ 31 828 + 426

1The values give the ratio between ASA (mU/mg cell protein), STS (uU/mg cell protein), GalNAc6S (uU/mg cell

protein) and that of B-hexosaminidase (U/mg cell protein). For control fibroblasts the mean and the variation of 6-11
cell lines is given. Where indicated the range of two cultures transduced in parallel is given for MSD fibroblasts.

° The number of MSD fibroblasts refers to that of the patient in Table 1.

+ Activity determination prior to selection.

++ Activity determination after selection.

n.d.: not determined

Discussion

FGE is a highly conserved glycoprotein of the endoplasmic reticulum.

[0125] Purification of FGE from bovine testis yielded two polypeptides of 39.5 and 41.5 kDa which originate from the same gene.
The expression of three differently tagged versions of FGE in three different eukaryotic cell lines as a single form suggests that
one of the two forms observed in the FGE preparation purified from bovine testis may have been generated by limited proteolysis
during purification. The substitution of Cys69 in ASA65-80 peptide by serine was critical for the purification of FGE by affinity
chromatography. FGE has a cleavable signal sequence that mediates translocation across the membrane of the endoplasmic
reticulum. The greater part of the mature protein (275 residues out of 340) defines a unique domain, which is likely to be
composed of three subdomains (see Example 2), for none of the three subdomains homologs exst in proteins with known
function. The recognition of the linear FGly modification motif in newly synthesized sulfatase polypeptides (Dierks et al., EMBO J.,
1999, 18:2084-2091) could be the function of a FGE subdomain. The catalytic domain could catalyse the FGly formation in
several ways. It has been proposed that FGE abstracts electrons from the thiol group of the cysteine and transfers them to an
acceptor. The resulting thioaldehyde would spontaneously hydrolyse to FGly and HpS (Schmidt, B., et al., Cell, 1995, 82:271-
278). Alternatively FGE could act as a mixed-function oxygenase (monooxygenase) introducing one atom of O2 into the cysteine
and the other in HoO with the help of an electron donor such as FADH». The resulting thioaldehyde hydrate derivative of cysteine
would spontaneously react to FGly and HoS. Preliminary experiments with a partially purified FGE preparation showed a critical
dependence of the FGly formation on molecular oxygen. This would suggest that FGE acts as a mixed-function oxygenase. The
particular high conservation of subdomain 3 and the presence of three fully conserved cysteine residues therein make this
subdomain a likely candidate for the catalytic site. It will be interesting to see whether the structural elements mediating the

recoghition of the FGly motif and the binding of an electron acceptor or electron donor correlate with the domain structure of
FGE.

[0126] Recombinant FGE is localized in the endoplasmic reticulum, which is compatible with the proposed site of its action. FGly
residues are generated in newly synthesized sulfatases during or shortly after their translocation into the endoplasmic reticulum
(Dierks et al., Proc. Natl. Acad. Sci. U.S.A., 1997, 94:11963-11968 ; Dierks et al., FEBS Lett., 1998, 423:61-65). FGE itself does
not contain an ER-retention signal of the KDEL type. Its retention in the endoplasmic reticulum may therefore be mediated by the
interaction with other ER proteins. Components of the translocation/ N-glycosylation machinery are attractive candidates for such
interacting partners.

Mutations in FGE cause MSD

[0127] We have shown that mutations in the gene encoding FGE cause MSD. FGE also may interact with other components, and
defects in genes encoding the latter could equally well cause MSD. In seven MSD patients we indeed found ten different
mutations in the FGE gene. All mutations have severe effects on the FGE protein by replacing highly conserved residues in
subdomain 3 (three mutations) or subdomain 2 (one mutation) or C-terminal truncations of various lengths (four mutations) or
large inframe deletions (two mutations). For two MSD-cell lines and one of the MSD mutations it was shown that transduction of
the wild type, but not of the mutant FGE cDNA, partially restores the sulfatase activities. This clearly identifies the FGE gene as
the site of mutation and the disease causing nature of the mutation. MSD is both clinically and biochemically heterogenous. A rare
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neonatal form presenting at birth and developing a hydrocephalus, a common form resembling initially to an infantile
metachromatic leukodystrophy and subsequently developing ichthyosis- and mucopolysaccharidosis-like features, and a less
frequent mild form in which the clinical features of a mucopolysaccharidosis prevail, have been differentiated. Biochemically it is
characteristic that a residual activity of sulfatases can be detected, which for most cases in cultured skin fibroblasts is below 10%
of controls (Burch et al., Clin. Genet., 1986, 30:409-15; Basner et al., Pediatr. Res., 1979, 13:1316-1318). However, in some MSD
cell lines the activity of selected sulfatases can reach the normal range (Yutaka et al., Clin. Genet.,, 1981, 20:296-303).
Furthermore, the residual activity has been reported to be subject to variations depending on the cell culture conditions and
unknown factors. Biochemically, MSD has been classified into two groups. In group | the residual activity of sulfatases is below
15% including that of ASB. In group Il the residual activity of sulfatases is higher and particularly that of ASB may reach values of
up to 50-100% of control. All patients reported here fall into group | except patient 5, which falls into group Il (ASB activity in the
control range) of the biochemical phenotype. Based on clinical criteria patients 1 and 6 are neonatal cases, while patients 2-4 and
7 have the common and patient 5 the mucopolysaccharidosis-like form of MSD.

[0128] The phenotypic heterogeneity suggests that the different mutations in MSD patients are associated with different residual
activities of FGE. Preliminary data on PT67 cells stably expressing FGE [VS3+5-8del indicate that the in-frame deletion of exon 3
abolishes FGE activity completely. The characterization of the mutations in MSD, of the biochemical properties of the mutant FGE
and of the residual content of FGly in sulfatases using a recently developed highly sensitive mass spectrometric method (Peng et
al., J. Mass Spec., 2003, 38:80-86) will provide a better understanding of the genotype-phenotype correlation in MSD.

Example 2:

The human FGE gene defines a new gene family modifying sulfatases which is conserved from prokaryotes to eukaryotes

Bioinformatics

[0129] Signal peptides and cleavage sites were described with the method of von Heijne (Nucleic Acids Res., 1986, 14:4683)
implemented in EMBOSS (Rice et al., Trends in Genetics, 2000, 16:276-277), and the method of Nielsen et al. (Protein
Engineering, 1997, 10:1-8). N-glycosylation sites were predicted using the algorithm of Brunak (Gupta and Brunak, Pac. Symp.
Biocomput., 2002, 310-22).

[0130] Functional domains were detected by searching PFAM-Hidden-Markov-Models (version 7.8) (Sonnhammer et al., Nucleic
Acids Res., 1998, 26:320-322). Sequences from the PFAM DUF323 seed were obtained from TrEMBL ( Bairoch, A. and Apweiler,
R., Nucleic Acids Res., 2000, 28:45-48). Multiple alignments and phylogenetic tree constructions were performed with Clustal W
(Thompson, J., et al., Nucleic Acids Res., 1994, 22:4673-4680). For phylogenetic tree computation, gap positions were excluded
and multiple substitutions were corrected for. Tree bootstraping was performed to obtain significant results. Trees were visualised
using Njplot (Perriere, G. and Gouy, M., Biochimie, 1996, 78:364-369). Alignments were plotted using the pret- typlot command
from EMBOSS.

[0131] To search for FGE homologs, the databases NR, NT and EST of the National Center for Biotechnology Information (NCBI)
(Wheeler et al., Nucleic Acids Res., 2002, 20:13-16), were queried with BLAST (Altschul et al., Nucleic Acids Res., 1997, 25:3389-
3402). For protein sequences, the search was performed using iterative converging Psi-Blast against the current version of the

NR database using an expectation value cutoff of 10‘40, and default parameters. Convergence was reached after 5 iterations. For
nucleotide sequences, the search was performed with Psi-TBlastn: using NR and the protein sequence of human FGE as input, a
score matrix for hFGE was built with iterative converging Psi-Blast. This matrix was used as input for blastall to query the

-20 was used.

nucleotide databses NT and EST. For both steps, an expectation value cutoff of 10
[0132] Protein secondary structure prediction was done using Psipred (Jones, D., J Mol Biol., 1999, 292:1950-202; McGuffin, L.,
et al., Bioinformatics, 2000, 16:404-405).

[0133] Similarity scores of the subdomains were computed from alignments using the cons algorithm form EMBOSS with default
parameters. The metaalignments were generated by aligning consensus sequences of the FGE-family subgroups. Genomic loci
organisation and synteny were determined using the NCBI's human and mouse genome resources at NCBI (Bethesda, MD) and
Softberry's (Mount Kisco, NY) Human- Mouse-Rat Synteny. Bacterial genome sequences were downloaded from the NCBI-FTP-
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server. The NCBI microbial genome annotation was used to obtain an overview of the genomic loci of bacterial FGE genes.

Results and Discussion

Basic features and motifs of human FGE and related proteins

[0134] The human FGE gene (SEQ ID NOs:1, 3) encodes the FGE protein (SEQ ID NO:2) which is predicted to have 374
residues. A cleavage signal between residues 22-33 (Heijne-Score of 15.29) and a hydropathy-score ( Kyte, J. and Doolittle, R., J
Mol Biol., 1982, 157:105-132) of residues 17-29 between 1.7 and 3.3 indicate that the 33 N-terminal residues are cleaved off
after ER-translocation. However with the algorithm of Nielsen et al. (Protein Engineering, 1997, 10:1-6), cleavage of the signal
sequence is predicted after residue 34. The protein has a single potential N-glycosylation site at Asn 141.

[0135] A search with the FGE protein sequence against the protein motif database PFAM ( Sonnhammer et al., Nucleic Acids
Res., 1998, 26:320-322) revealed that residues 87-367 of human FGE can be classified as the protein domain DUF323 ("domain

of unknown function", PF03781) with a highly significant expectation value of 7:9.10°114. The PFAM-seed defining DUF323
consists of 25 protein sequences, of which the majority are hypothetical proteins derived from sequencing data. To analyse the
relationship between human FGE and DUF323, a multiple alignment of FGE with the sequences of the DUF323 seed was
performed. Based on this, a phylogenetic tree was constructed and bootstraped. Four of the hypothetical sequences (TrEMBL-
IDs Q9CK12, Q91761, 094632 and Q9Y405) had such a strong divergence from the other members of the seed that they
prevented successfull bootstraping and had to be removed from the set. Figure 2 shows the bootstraped tree displaying the
relationship between human FGE and the remaining 21 DUF323 seed proteins. The tree can be used to subdivide the seed
members into two categories: homologs closely related to human FGE and the remaining, less related genes.

[0136] The topmost 7 proteins have a phylogenetic distance between 0.41 and 0.73 to human FGE. They only contain a single
domain, DUF323. The homology within this group extends over the whole amino acid sequence, the greater part of which consists
of the DUF323 domain. The DUF323 domain is strongly conserved within this group of homologs, while the other 15 proteins of
the seed are less related to human FGE (phylogenetic distance between 1.14 and 1.93). Their DUF323 domain diverges
considerably from the highly conserved DUF323-domain of the first group (cf. section "Subdomains of FGE and mutations in the
FGE gene"). Most of these 15 proteins are hypothetical, six of them have been further investigated. One of them, a
serine/threonine kinase (TrEMBL:084147) from C. trachomatis contains other domains in addition to DUF323: an ATP-binding
domain and a kinase domain. The sequences from R. sphaeroides (TrEMBL: Q9ALV8) and Pseudomonas sp.(TrEMBL: 052577)
encode the protein NirV, a gene cotranscribed with the copper-containing nitrite reductase nirK (Jain, R. and Shapleigh, J.,
Microbiology, 2001, 147:2505-2515). CarC (TrEMBL: Q9XB56) is an oxygenase involved in the synthesis of a P-lactam antibiotic
from E. carotovora (McGowan, S., et al., Mol Microbial, 1996, 22:415-426; Khaleeli N, T. C., and Busby RW, Biochemistry, 2000,
39:8666-8673). XyIR (TrEMBL: 031397) and BH0900 (TrEMBL: Q9KEF2) are enhancer binding proteins involved in the regulation
of pentose utilisation (Rodionov, D., et al., FEMS Microbiol Lett., 2001, 205:305-314) in bacillaceae and clostridiaceae. The
comparison of FGE and DUF323 led to the establishment of a homology threshold differentiating the FGE family from distant
DUF323-containing homologs with different functions. The latter include a serine/threonine kinase and XyIR, a transcription
enhancer as well as FGE, a FGly generating enzyme and CarC, an oxygenase. As discussed in elsewhere herein, FGE might also
exert its cysteine modifying function as an oxygenase, suggesting that FGE and non-FGE members of the DUF323 seed may
share an oxygenase function.

Homologs of FGE

[0137] The presence of closely related homologs of human FGE in the DUF323 seed directed us to search for homologs of
human FGE in NCBI's NR database (Wheeler et al., Nucleic Acids Res., 2002, 20:13-16). The threshold of the search was chosen
in such a way that all 6 homologs present in the DUF323 seed and other closely related homologs were obtained without finding
the other seed members. This search led to the identification of three FGE orthologs in eukaryotes, 12 orthologs in prokaryotes
and two paralogs in man and mouse (Table 3).

Table 3: The FGE gene family in eukaryotes and prokaryotes

SEQID NOs: NA, AA[GI] {SPECIES LENGTH [AA] SUBGROUP
1/3,2 Homo sapiens 374 E1
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SEQID NOs: NA, AA[GI] {SPECIES LENGTH [AA] SUBGROUP
49, 50 [22122361] Mus musculus 372f E1
51, 52 [20130397] Drosophila melanogaster 336 E1
53, 54 [21289310] Anopheles gambiae 290 E1
47, 48 [26344956] Mus musculus 308 E2
45, 46 [24308053] Homo sapiens 301 E2
55, 56 [21225812] Streptomyces coelicolor A3(2) 314 P1
57, 58 [25028125] Corynebacterium efficiens YS-314 334 P1
59, 60 [23108562] Novosphingobium aromaticivorans 338 P2
61, 62 [13474559] Mesorhizobium loti 372 P2
63, 64 [22988809] Burkholderia fungorum 416 P2
65, 66 [16264068] Sinorhizobium meliloti 303 P2
67, 68 [14518334] Microscilla sp. 354 P2
69, 70 [26990068] Pseudomonas putida KT2440 291 P2
71,72 [22975289] Ralstonia metallidurans 259 P2
73,74 [23132010] Prochlorococcus marinus 291 P2
75,76 [16125425] Caulobacter crescentus CB 15 338 P2
77,78 [15607852] Mycobacterium tuberculosis Ht37Rv 299 P2
Gl- GenBank protein identifier
NA- nucleic acid AA - amino acids,

E1 - eukaryotic orthologs E2 - eukaryotic paralogs
P1 - closely related prokaryotic orthologs P2 - other prokaryotic orthologs
f- protein sequence mispredicted in GenBank

[0138] Note that the mouse sequence Gl 22122361 is predicted in GenBank to encode a protein of 284 aa, although the cDNA
sequence NM 145937 encodes for a protein of 372 residues. This misprediction is based on the omission of the first exon of the
murine FGE gene. All sequences found in the NR database are from higher eukaryotes or prokaryotes. FGE-homologs were not
detected in archaebacteriae or plants. Searches with even lowered thresholds in the fully sequenced genomes of C. elegans and
S. cerevisiae and the related ORF databases did not reveal any homologs. A search in the eukaryotic sequences of the NT and
EST nucleotide databases led to the identification of 8 additional FGE orthologous ESTs with 3'-terminal cDNA sequence
fragments showing a high degree of conservation on the protein level which are not listed in the NR database. These sequences
do not encompass the full coding part of the mRNAs and are all from higher eukaryotes (Table 4).

Table 4: FGE ortholog EST fragments in eukaryotes

SEQID NOs: NA [GB] SPECIES
80 [CA379852]
81 [Al721440]
82 [BJ505402]

Oncorhynchus mykiss

Danio rerio

Oryzias latipes

83 [BJ054666] Xenopus laevis
84 [AL892419] Silurana tropicalis
85 [CA064079] Salmo salar

86 [BF189614] Sus scrofa

87 [AV609121] Bos taurus

GB- GenBank Accession No; NA- nucleic acid

[0139] Multiple alignment and construction of a phylogenetic tree (using ClustalW) of the coding sequences from the NR
database allowed the definition of four subgroups of homologs: eukaryotic orthologs (human, mouse, mosquito and fruitfly FGE,
eukaryotic paralogs (human and mouse FGE paralog), prokaryotic orthologs closely related to FGE (Streptomyces and
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Corynebacterium and other prokaryotic orthologs (Caulobacter, Pseudomonas, Mycobacterium, Prochlorococcus, Mesorhizobium,
Sinorhizobium, Novosphingobium, Ralstonia, Burkholderia, and Microscilla). The eukaryotic orthologs show an overall identity to
human FGE of 87% (mouse), 48% (fruitfly) and 47% (anopheles). While FGE orthologs are found in prokaryotes and higher
eukaryotes, they are missing in the completely sequenced genomes of lower eukaryotes phylogenetically situated between S.
cerevisiae and D. melanogaster. In addition, FGE homologs are absent in the fully sequenced genomes of E. coli and the
pufferfish.

[0140] As discussed elsewhere herein, the FGE paralogs found in human and mouse may have a minor FGly-generating activity
and contribute to the residual activities of sulfatases found in MSD patients.

Subdomains of FGE

[0141] The members of the FGE gene family have three highly conserved parts/domains (as described elsewhere herein). In
addition to the two non-conserved sequences separating the former, they have non-conserved extensions at the N- and C-
terminus. The three conserved parts are considered to represent subdomains of the DUF323 domain because they are spaced
by non-conserved parts of varying length. The length of the part spacing subdomains 1 and 2 varies between 22 and 29 residues
and that spacing subdomains 2 and 3 between 7 to 38 amino acids. The N- and C-terminal non-conserved parts show an even
stronger variation in length (N-terminal: 0-90 AA, Cterminal: 0-28 AA). The sequence for the FGE gene from Ralstonia
metallidurans is probably incomplete as it lacks the first subdomain.

[0142] To verify the plausibility of defining subdomains of DUF323, we performed a secondary structure prediction of the human
FGE protein using Psipred. The hydrophobic ER-signal (residues 1-33) is predicted to contain helix-structures confirming the
signal prediction of the von-Heijne algorithm. The N-terminal non-conserved region (aa 34-89) and the spacing region between
subdomains 2 and 3 (aa 308-327) contain coiled sections. The region spacing subdomains 1 and 2 contains a coil. The a-helix at
aa 65/66 has a low predicition confidence and is probably a prediction artefact. The subdomain boundaries are situated within
coils and do not interrupt a-helices or B-strands. The first subdomain is made up of several 3-strands and an a-helix, the second
subdomain contains two B-strands and four a-helices. The third subdomain has a a-helix region flanked by a sheet a the
beginning and the end of the subdomain. In summary, the secondary structure is in agreement with the proposed subdomain
structure as the subdomain boundaries are situated within coils and the subdomains contain structural elements a-helices and -
strands).

[0143] It should be noted that none of the subdomains exists as an isolated module in sequences listed in databases. Within
each of the four subgroups of the FGE family, the subdomains are highly conserved, with the third subdomain showing the
highest homology (Table 5). This subdomain shows also the strongest homology across the subgroups.

Table 5: Homology (% similarity) of the FGE family subdomains

Subfamily Members Subdomain
1 2 3
E1 4 79 82 100
E2 2 90 94 100
P1 2 70 79 95
P2 10 59 79 80
E1 - eukaryotic orthologs: E2 - eukaryotic paralogs
P1 - closely related prokaryotic orthologs; P2 - other prokaryotic orthologs

[0144] The first subdomain of the FGE-family shows the weakest homology across the subgroups. In the eukaryotic orthologs it
carries the N-glycosylation site: at residue Asn 141 in human, at Asn 139 in the mouse and Asn 120 in the fruit fly. In anopheles,
no asparagine is found at the residue 130 homologous to D. melanogaster Asn 120. However, a change of two nucleotides would
create an N-glycosylation site Asn 130 in anopheles. Therefore, the sequence encompassing residue 130 needs to be
resequenced. The second subdomain is rich in tryptophans with 12 Trp in 129 residues of human FGE. Ten of these tryptophans
are conserved in the FGE family.

[0145] High conservation of subdomain 3: subdomain 3 between eukaryotic orthologs are 100% similar and 90% identical. The
importance of the third subdomain for the function of the protein is underlined by the observation that this subdomain is a hot spot
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for disease causing mutations in MSD patients. Seven of nine mutations identified in six MSD patients described in Example 1 are
located in sequences that encode the 40 residues of subdomain 3. The residues contain four cysteines, three of which are
conserved among the pro- and eukaryotic orthologs. The two eukaryotic paralogs show the lowest homology to the other
members of the FGE-family, e.g. they lack two of the three conserved cysteines of subdomain 3. Features conserved between
subdomain 3 sequences of orthologs and paralogs are the initial RVXXGG(A)S motif (SEQ ID NO:79), a heptamer containing
three arginines (residues 19-25 of the subdomain consensus sequence) and the terminal GFR motif. A comparison with the
DUF323 domain of the 15 seed sequences that are no close homologs of FGE shows marked sequence differences: the 15 seed
sequences have a less conserved first and second subdomain, although the overall subdomain structure is also visible.
Subdomain 3, which is strongly conserved in the FGE family, is shorter and has a significantly weaker homology to the eukaryotic
subdomain 3 (similarity of about 20%) as compared to the prokaryotic FGE family members (similarity of about 60%). Thus they
lack all of the conserved cysteine residues of subdomain 3. The only conserved features are the initial RVXXGG(A)S motif (SEQ
ID NO:79) and the terminal GFR motif.

Genomic organisation of the human and murine FGE gene

[0146] The human FGE gene is located on chromosome 3p26. It encompasses 105 kb and 9 exons for the translated sequence.
The murine FGE gene has a length of 80 Kb and is located on chromosome 6E2. The 9 exons of the murine FGE gene have
nearly the same size as the human exons (Figure 3). Major differences between the human and the mouse gene are the lower
conservation of the 3'-UTR in exon 9 and the length of exon 9, which is 461 bp longer in the murine gene. Segment 6E2 of mouse
chromosome 6 is highly syntenic to the human chromosome segment 3p26. Towards the telomere, both the human and the
murine FGE loci are flanked by the genes coding for LMCD1, KIAA0212, ITPR1, AXCAM, and IL5RA. In the centromeric direction,
both FGE loci are flanked by the loci of CAV3 and OXTR.

Genomic organisation of the prokaryotic FGE genes

[0147] In prokaryotes the sulfatases are classified either as cysteine- or serine-type sulfatases depending on the residue that is
converted to FGly in their active center (Miech, C., et al., J Biol Chem., 1998, 273:4835-4837; Dierks, T., et al., J Biol Chem.,
1998, 273:25560-25564). In Klebsiella pneumoniae, E. coli and Yersinia pestis, the serine-type sulfatases are part of an operon
with AtsB, which encodes a cytosolic protein containing iron-sulfur cluster motifs and is critical for the generation of FGly from
serine residues (Marquordt, C., et al., J Biol Chem., 2003, 278:2212-2218; Szameit, C., et al., J Biol Chem., 1999, 274:15375-
15381).

[0148] It was therefore of interest to examine whether prokaryotic FGE genes are localized in proximity to cysteine-type
sulfatases that are the substrates of FGE. Among the prokaryotic FGE genes shown in Table 3, seven have fully sequenced
genomes allowing a neighbourhood analysis of the FGE loci. Indeed, in four of the 7 genomes (C. efficiens: PID 25028125, P.
putida: PID 26990068, C. crescentus: PID 16125425 and M. tuberculosis: PID 15607852) a cysteine-type sulfatase is found in
direct vicinity of FGE compatible with a cotranscription of FGE and the sulfatase. In two of them (C. efficiens and P. putida), FGE
and the sulfatase have even overlapping ORFs, strongly pointing to their coexpression. Furthermore, the genomic
neighbourhood of FGE and sulfatase genes in four prokaryotes provides additional evidence for the assumption that the bacterial
FGEs are functional orthologs.

[0149] The remaining three organisms do contain cysteine-type sulfatases (S. coelicolor: PID 24413927, M. loti: PID 13476324,
S. meliloti: PIDs 16262963, 16263377, 15964702), however, the genes neighbouring FGE in these organisms neither contain a
canonical sulfatase signature (Dierks, T., et al., J Biol Chef., 1998, 273:25560-25564 ) nor a domain that would indicate their
function. In these organims the expression of FGE and cysteine-type sulfatases is therefore likely to be regulated in trans.

Conclusions

[0150] The identification of human FGE whose deficiency causes the autosomal-recessively transmitted lysosomal storage
disease Multiple Sulfatase Deficiency, allows the definition of a new gene family which comprises FGE orthologs from prokaryotes
and eukaryotes as well as an FGE paralog in mouse and man. FGE is not found in the fully sequenced genomes of E. coli, S.
cerevisiae, C. elegans and Fugu rubripes. In addition, there is a phylogenetic gap between prokaryotes and higher eukaryotes
with FGE lacking in any species phylogenetically situated between prokaryotes and D. melanogaster. However, some of these
lower eukaryotes, e.g. C. elegans, have cysteine-type sulfatase genes. This points to the existence of a second FGly generating
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system acting on cysteine-type sulfatases. This assumption is supported by the observation that E. coli, which lacks FGE, can
generate FGly in cysteine-type sulfatases (Dierks, T., et al., J Biol Chem., 1998, 273:25560-25564).

Example 3:

FGE expression causes significant increases in sulfatase activity in cell lines that overexpress a sulfatase

[0151] We wanted to examine the effects of FGE on cells expressing/overexpressing a sulfatase. To this end, HT-1080 cells
expressing human sulfatases Iduronate 2-Sulfatase (12S) or N-Acetylgalactosamine 6-Sulfatase (GALNS) were transfected in
duplicate with either a FGE expression construct, pXMG.1.3 (Table 7 and Fig. 4) or a control plasmid, pXMG.1.2 (FGE in
antisense orientation incapable of producing functional FGE, Table 7). Media samples were harvested 24, 48, and 72 hours
following a 24 hour post-electroporation medium change. The samples of medium were tested for respective sulfatase activity by
activity assay and total sulfatase protein level estimated by ELISA specific for either Iduronate 2-Sulfatase or N-
Acetylgalactosamine 6-Sulfatase.

Table 6. Transfected Cell Lines Expressing Sulfatases Used as Substrates for Transfection

Cell Strain Plasmid Sulfatase Expressed
36F pXFM4A.1 N-Acetylgalactosamine 6-Sulfatase
30C6 pXI2S6 Iduronate 2-Sulfatase

Table 7. FGE and Control Plasmids Used to Transfect Iduronate 2-Sulfatase and N-Acetylgalactosamine 6-Sulfatase
Expressing HT-1080 Cells

Plasmid Configuration of Major DNA Sequence Elements*
pXMG.1.3 (FGE expression) >1.6 kb CMV enhancer/promoter > 1.1 kb FGE cDNA>hGH3' untranslated
sequence <amp <DHFR cassette < Cdneo cassette (neomycin
phosphotransferase)
pXMG.1.2 (control, FGE reverse >1.6 kb CMV enhancer/promoter < 1.1 kb FGE cDNA<hGH3' untranslated
orientation) sequence <amp <DHFR cassette < Cdneo cassette (neomycin
phosphotransferase)

* > denotes orientation 5' to 3'

Experimental Procedures

Materials and Methods

Transfection of HT-1080 cells producing Iduronate 2-Sulfatase and N-Acetylgalactosamine 6-Sulfatase

[0152] HT-1080 cells were harvested to obtain 9-12 x 108 cells for each electroporation. Two plasmids were transfected in
duplicate: one to be tested (FGE) and a control; in this case the control plasmid contained the FGE cDNA cloned in the reverse
orientation with respect to the CMV promoter. Cells were centrifuged at approximately 1000 RPM for 5 minutes. Cells were

suspended in 1XPBS at 16x1 08 cells/mL. To the bottom of electroporation cuvette, 100 pg of plasmid DNA was added, 750 pL of

cell suspension (12x1 08 cells) was added to the DNA solution in the cuvette. The cells and DNA were mixed gently with a plastic
transfer pipette, being careful not to create bubbles. The cells were electroporated at 450 V, 250 pF (BioRad Gene Pulser). The
time constant was recorded.

[0153] The electroporated cells were allowed to sit undisturbed for 10-30 minutes. 1.25 mL of DMEM/10% calf serum was then
added to each cuvette, mixed, and all the cells transferred to a fresh T75 flask containing 20 mL DMEM/10. After 24 hours, the
flask was re-fed with 20 mL DMEM/10 to remove dead cells. 48-72 hours after transfection, media samples were collected and the
cells harvested from duplicate T75 flasks.
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Medium Preparation

[0154] 1L DMEM/10 (contains: 23ml of 2mM L Glutamine,115mL calf serum) Cells were transfected in media without
methotrexate (MTX). 24 hours later cells were re-fed with media containing the appropriate amounts of MTX (36F = 1.0 yM MTX,
30C6 = 0.1M MTX). Medium was harvested and cells collected 24, 48, and 72 hours after re-feed.

Activity Assays

[0155] Iduronate 2-Sulfatase (I12S). NAP5 Desalting columns (Amersham Pharmacia Biotech AB, Uppsala, Sweden) were
equilibrated with Dialysis Buffer (5 mM sodium acetate, 5 mM tris, pH 7.0). 12S-containing sample was applied to the column and
allowed to enter the bed. The sample was eluted in 1 mL of Dialysis Buffer. Desalted samples were further diluted to
approximately 100 ng/mL 128 in Reaction Buffer (5 mM sodium acetate, 0.5 mg/L BSA, 0.1 % Triton X-100, pH 4.5). 10 yL of each
128 sample was added to the top row of a 96-well Fluormetric Plate (Perkin Elmer, Norwalk, CT) and pre-incubated for 15 minutes
at 37°C. Substrate was prepared by dissolving 4-methyl-umbelliferyl sulfate (Fluka, Buchs, Switzerland) in Substrate Buffer (5 mM
sodium acetate, 0.5 mg/mL BSA, pH 4.5) at a final concentration of 1.5 mg/mL. 100 pL of Substrate was added to each well
containing 128 sample and the plate was incubated for 1 hour at 37°C in the dark. After the incubation 190 pL of Stop Buffer
(3325 mM glycine, 207.5 mM sodium carbonate, pH 10.7) was added to each well containing sample. Stock 4-
methylumbelliferone (4-MUF, Sigma, St. Louis, MO) was prepared as the product standard in reagent grade water to a final
concentration of 1 pM. 150 pL of 1 pM 4-MUF Stock and 150 pL Stop Buffer were added to one top row well in the plate. 150 pL
of Stop Buffer was added to every remaining well in the 96-well plate. Two fold serial dilutions were made from the top row of each
column down to the last row of the plate. The plate was read on a Fusion Universal Microplate Anal yzer (Packard, Meriden, CT)
with an excitation filter wavelength of 330 nm and an emission filter wavelength of 440 nm. A standard curve of ymoles of 4-MUF
stock versus fluorescence was generated, and unknown samples have their fluorescence extrapolated from this curve. Results
are reported as Units/mL where one Unit of activity was equal to 1 pmole of 4-MUF produced per minute at 37°C.

[0156] N-Acetylgalactosamine 6-Suffatase (GALNS). The GALNS activity assay makes use of the fluorescent substrate, 4-
methylumbelliferyl-B-D-galactopyranoside-6-sulfate (Toronto Research Chemicals Inc., Catalogue No. M33448). The assay was
comprised of two-steps. At the first step, 75 pL of the 1.3 mM substrate prepared in reaction buffer (0.1M sodium acetate, 0.1M
sodium chloride, pH 4.3) was incubated for 4 hours at 37°C with 10 pL of media/protein sample or its corresponding dilutions. The
reaction was stopped by the addition of 5 pL of 2M monobasic sodium phosphate to inhibit the GALNS activity. Following the
addition of approximately 500 U of B-galactosidase from Aspergillus oryzae (Sigma, Catalogue No. G5160), the reaction mixture
was incubated at 37°C for an additional hour to release the fluorescent moiety of the substrate. The second reaction was stopped
by the addition of 910 pL of stop solution (1% glycine, 1% sodium carbonate, pH 10.7). The fluorescence of the resultant mixture
was measured by using a measurement wavelength of 359 nm and a reference wavelength of 445 nm with 4-methylumbelliferone
(sodium salt from Sigma, Catalogue No. M1508) serving as a reference standard. One unit of the activity corresponds to nmoles
of released 4-methylumbelliferone per hour.

Immunoassays (ELISA)

[0157] Iduronate 2-Sulfatase (128). A 96-well flat bottom plate was coated with a mouse monoclonal anti-I2S antibody diluted to
10 pg/mL in 50 nM sodium bicarbonate pH 9.6 for 1 hour at 37°C. The mouse monoclonal anti-I2S antibody was developed under
contract by Maine Biotechnology Services, Inc. (Portland, ME) to a purified, recombinantly-produced, full-length, human 128
polypepdde using standard hybridoma-producing technology. The plate was washed 3 times with 1XPBS containing 0.1% Tween-
20 and blocked for 1 hour with 2% BSA in wash buffer at 37°C. Wash buffer with 2% BSA was used to dilute samples and
standards. 12S standard was diluted and used from 100 ng/mL to 1.56 ng/mL. After removal of the blocking buffer, samples and
standards were applied to the plate and incubated for 1 hour at 37°C. Detecting antibody, horseradish peroxidase-conjugated
mouse anti-I2S antibody, was diluted to 0.15 pg/mL in wash buffer with 2% BSA. The plate was washed 3 times, detecting
antibody added to the plate, and it was incubated for 30 minutes at 37°C. To develop the plate, TMB substrate (Bio-Rad,
Hercules, CA) was prepared. The plate was washed 3 times, 100 L of substrate was added to each well and it was incubated for
15 minutes at 37°C. The reaction was stopped with 2 N sulfuric acid (100 pL/well) and the plate was read on a microtiter plate
reader at 450 nm, using 655 nm as the reference wavelength. N-Acetylgalactosamine 6-Sulfatase (GALNS). Two mouse
monoclonal anti-GALNS antibodies provided the basis of the GALNS ELISA. The mouse monoclonal anti- GALNS antibodies were
also developed under contract by Maine Biotechnology Services, Inc. (Portland, ME) to a purified, recombinantly-produced, full-
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length, human GALNS polypeptide using standard hybridoma-producing technology. The first antibody, for capture of GALNS was
used to coat a F96 MaxiSorp Nunc-Immuno Plate (Nalge Nunc, Catalogue No. 442404) in a coating buffer (50 mM sodium
bicarbonate, pH 9.6). After incubation for one hour at 37°C and washing with a wash buffer, the plate was blocked with blocking
buffer (PBS, 0.05% Tween-20, 2% BSA) for one hour at 37°C. Experimental and control samples along with GALNS standards
were then loaded onto the plate and further incubated for one hour at 37°C. After washing with a wash buffer, the second,
detection antibody conjugated to HRP was applied in blocking buffer followed by 30 minute incubation at 37°C. After washing the
plate again, the Bio-Rad TMB substrate reagent was added and incubated for 15 minutes. 2N sulfuric acid was then added to
stop the reaction and results were scored spectrophotometrically by using a Molecular Device plate reader at 450 nm wavelength.

Discussion

Effect of FGE on Sulfatase Activity

[0158] GALNS. An approximately 50-fold increase in total GALNS activity was observed over the control levels (Figure 5). This
level of increased activity was observed with all three medium sampling time points. Moreover, the GALNS activity was
accumulated linearly over time with a four-fold increase between 24 and 48 hours and a two-fold increase between the 48 hour
and 72 hour timepoints.

[0159] I12S. Although of smaller absolute magnitude, a similar effect was observed for total 12S activity where an approximately 5-
fold increase in total 12S activity was observed over the control levels. This level of increased activity was sustained for the
duration of the experiment. 12S activity accumulated in the medium linearly over time, similar to the results seen with GALNS (2.3-
fold between 24 and 48 hours, and 1.8-fold between 48 and 72 hours).

Effect of FGE on Sulfatase Specific Activity

[0160] GALNS. Expression of FGE in 36F cells enhanced apparent specific activity of GALNS (ratio of enzyme activity to total
enzyme estimated by ELISA) by 40-60 fold over the control levels (Figure 6). The increase in specific activity was sustained over
the three time points in the study and appeared to increase over the three days of post-transfection accumulation.

[0161] 12S. A similar effect was seen with 128, where a 6-7-fold increase in specific activity (3-5 U/mg) was observed over the
control values (0.5-0.7 Umg).

[0162] The ELISA values for both GALNS (Figure 7) and 12S were not significantly affected by transfection of FGE. This indicates
that expression of FGE does not impair translational and secretory pathways involved in sulfatase production.

[0163] In sum, all of these results for both sulfatases indicate that FGE expression dramatically increases sulfatase specific
activity in cell lines that overexpress GALNS and 128.

Co-expression of FGE (SUMF1) and other sulfatase genes

[0164] To test the effect of FGE (SUMF1) on additional sulfatase activities in normal cells we overexpressed ARSA (SEQ ID
NO:14), ARSC (SEQ ID NO:18) and ARSE (SEQ ID NO:22) cDNAs in various cell lines with and without co-transfection of the FGE
(SUMF1) cDNA and measured sulfatase activities. Overexpression of sulfatase cDNAs in Cos-7 cells resulted in a moderate
increase of sulfatase activity, while a striking synergistic increase (20 to 50 fold) was observed when both a sulfatase gene and
the FGE (SUMF1) gene were co-expressed. A similar, albeit lower, effect was observed in three additional cell lines, HepG2,
LE293, and U208S. Simultaneous overexpression of multiple sulfatase cDNAs resulted in a lower increase of each specific
sulfatase activity as compared to overexpression of a single sulfatase, indicating the presence of competition of the different
sulfatases for the modification machinery.

[0165] To test for functional conservation of the FGE (SUMF 1) gene during evolution we overexpressed ARSA, ARSC and ARSE

cDNAs in various cell lines with and without co-transfection of the MSD cDNA and measured sulfatase activities. Both the murine
and the Drosophila FGE (SUMF 1) genes were active on all three human sulfatases, with the Drosophila FGE (SUMF 1) being less
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efficient. These data demonstrate a high degree of functional conservation of FGE (SUMF1) during evolution implicating
significant biological importance to cellular function and survival. A similar and consistent, albeit much weaker, effect was
observed by using the FGE2 (SUMF2) gene, suggesting that the protein encoded by this gene also has a sulfatase modifying
activity. These data demonstrate that the amount of the FGE (SUMF 1)-encoded protein is a limiting factor for sulfatase activities,
a finding with important implications for the large scale production of active sulfatases to be utilized in enzyme replacement
therapy.

Example 4:

Identification of the gene mutated in MSD by means of functional complementation using microcell mediated
chromosome transfer.

[0166] In a separate experiment using microcell mediated chromosome transfer by means of functional complementation we
confirmed that the gene mutated in MSD is FGE. Our findings provide further insight into a novel biological mechanism affecting
an entire family of proteins in distantly related organisms. In addition to identifying the molecular basis of a rare genetic disease,
our data further confirms a powerful enhancing effect of the FGE gene product on the activity of sulfatases. The latter finding has
direct clinical implications for the therapy of at least eight human diseases caused by sulfatase deficiencies.

The gene for MSD maps to chromosome 3p26

[0167] To identify the chromosomal location of the gene mutated in MSD we attempted to rescue the deficient sulfatase enzymes
by functional complementation via microcell mediated chromosome transfer. A panel of human/mouse hybrid cell lines, containing
individual normal human chromosomes tagged with the dominant selectable marker HyTK, was used as the source of donor
human chromosomes and fused to an immortalized cell line from a patient with MSD. All 22 human autosomes were transferred
one by one to the patient cell line and hybrids were selected in hygromycin. Approximately 25 surviving colonies were picked in
each of the 22 transfer experiments. These were grown separately and harvested for subsequent enzymatic testing.
ArylsulfataseA (ARSA) (SEQ ID NO: 15), ArylsulfataseB (ARSB) (SEQ ID NO:17), and ArylsulfataseC (ARSC) (SEQ ID NO:19)
activities were tested for each of the approximately 440 clones (20 x 22). This analysis clearly indicated that sulfatase activities of
several clones deriving from the chromosome 3 transfer was significantly higher compared to that of all the other clones. A
striking variability was observed when analyzing the activities of each individual clone from the chromosome 3 transfer. To verify
whether each clone had an intact human chromosome 3 from the donor cell line, we used a panel of 23 chromosome 3
polymorphic genetic markers, evenly distributed along the length of the chromosome and previously selected on the basis of
having different alleles between the donor and the patient cell lines. This allowed us to examine for the presence of the donor
chromosome and to identify possible loss of specific regions due to incidental chromosomal breakage. Each clone having high
enzymatic activity retained the entire chromosome 3 from the donor cell line, whereas clones with low activities appeared to have
lost the entire chromosome on the basis of the absence of chromosome 3 alleles from the donor cell line. The latter clones
probably retained a small region of the donor chromosome containing the selectable marker gene that enabled them to survive in
hygromycin containing medium. These data indicate that a normal human chromosome 3 was able to complement the defect
observed in the MSD patient cell line.

[0168] To determine the specific chromosomal region containing the gene responsible for the complementing activity we used
Neo-tagged chromosome 3 hybrids which were found to have lost various portions of the chromosome. In addition, we performed
irradiated microcell-mediated chromosome transfer of HyTK-tagged human chromosomes 3. One hundred and fifteen
chromosome 3 irradiated hybrids were tested for sulfatase activities and genotyped using a panel of 31 polymorphic microsatellite
markers spanning the entire chromosome. All clones displaying high enzymatic activities appeared to have retained chromosome
3p26. A higher resolution analysis using additional markers from this region mapped the putative location for the complementing
gene between markers D3S3630 and D3S2397.

Identification of the gene mutated in MSD

[0169] We investigated genes from the 3p26 genomic region for mutations in MSD patients. Each exon including splice junctions
were PCR-amplified and analyzed by direct sequencing. Mutation analysis was performed on twelve unrelated affected
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individuals; five previously described MSD patients and seven unpublished cases. Several mutations were identified from our
MSD cohort in the expressed sequence tag (EST) AK075459 (SEQ ID NOs:4,5), corresponding to a gene of unknown function,
strongly suggesting that this was the gene involved in MSD. Each mutation was found to be absent in 100 control individuals, thus
excluding the presence of a sequence polymorphism. Additional confirmatory mutation analysis was performed on reverse
transcribed patients' RNAs, particularly in those cases in which genomic DNA analysis revealed the presence of a mutation in or
near a splice site, possibly affecting splicing. Frameshift, nonsense, splicing, and missense mutations were also identified,
suggesting that the disease is caused by a loss of function mechanism, as anticipated for a recessive disorder. This is also
consistent with the observation that almost all missense mutations affect amino acids that are highly conserved throughout
evolution (see below).

Table 8: Additional MSD Mutations identified

Case reference phenotype exon nucleotide change amino acid change
1. BA426 Conary et al, 1988 moderate 3 463T>C S155P
3 463T>C S155P
2. BA428 Burch et al, 1986 severe neonatal 5 661delG frameshift
3. BA431 Zenger et al, 1989 moderate 1 2T>G M1R
2 276delC frameshift
4. BA799 Burk et al, 1981 mild-moderate 3 463T>C S155P
463T>C S155P
5. BA806 unpublished severe neonatal 9 1045T>C R349W
6. BA807 Schmidt et al, 1995 unknown 3 ¢519+4delGTAA ex 3 skipping
9 1076C>A S359X
7. BA809 Couchot et al, 1974 mild-moderate 1 1A>G MV
9 1042G>C A348P
8. BA810 unpublished severe 8 1006T>C C336R
1046G>A R349Q
9. BA811 unpublished severe neonatal 3 ¢519+4delGTAAex 3 skipping
979C>T R327X
10. BA815 unpublished moderate 5 €.603-6delC ex 6 skipping
836C>T A279V
11. BA919 unpublished mild-moderate 9 1033C>T R345C
1033C>T R345C
12. BA920 unpublished moderate 5 653G>A c218Y
1033C>T R345C

[0170] Mutations were identified in each MSD patient tested, thus excluding locus heterogeneity. No obvious correlation was
observed between the types of mutations identified and the severity of the phenotype reported in the patients, suggesting that
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clinical variability is not caused by allelic heterogeneity. In three instances different patients (case 1 and 4, case 6 and 9, and
case 11 and 12 in Table 6) were found to carry the same mutation. Two of these patients (case 11 and 12) originate from the
same town in Sicily, suggesting the presence of a founder effect that was indeed confirmed by haplotype analysis. Surprisingly,
most patients were found to be compound heterozygotes, carrying different allelic mutations, while only a few were homozygous.
Albeit consistent with the absence of consanguinity reported by the parents, this was a somehow unexpected finding for a very
rare recessive disorder such as MSD.

The FGE gene and protein

[0171] The consensus cDNA sequence of the human FGE (also used interchangeably herein as SUMF 1) cDNA (SEQ ID NO:1)
was assembled from several expressed sequence tag (EST) clones and partly from the corresponding genomic sequence. The
gene contains nine exons and spans approximately 105 kb (see Example 1). Sequence comparison also identified the presence
of a FGE gene paralog located on human chromosome 7 that we designated FGE2 (also used interchangeably herein as SUMF2)
(SEQ ID NOs: 45, 46).

Functional complementation of sulfatase deficiencies

[0172] Fibroblasts from two patients (case 1 and 12 in Table 8) with MSD in whom we identified mutations of the FGE (SUMF 1)
gene (cell lines BA426 and BA920) were infected with HSV viruses containing the wild type and two mutated forms of the FGE
(SUMF1) cDNA (R327X and Aex3). ARSA, ARSB, and ARSC activities were tested 72 hrs after infection. Expression of the wild
type FGE (SUMF 1) cDNA resulted in functional complementation of all three activities, while mutant FGE (SUMF 1) cDNAs did not
(Table 9). These data provide conclusive evidence for the identity of FGE (SUMF1) as the MSD gene and they prove the
functional relevance of the mutations found in patients. The disease-associated mutations result in sulfatase deficiency, thus
demonstrating that FGE (SUMF 1) is an essential factor for sulfatase activity.

Table 9: Functional complementation of sulfatase deficiencies

Recipient MSD cell line construct ARSA() ARSB() ARsc()
BA426 HSV amplicon 24.0 225 0.15
SUMF1-Aex3 420 238 0.29
SUMF1-R327X 33.6 242 0.16
SUMF1 119.5 (4.9 %) 378(1.7x) 0.62(4.1 %)
BA920 HSV amplicon 16.6 11.3 0.15
SUMF1-Aex3 17.2 144 0.07
SUMF1-R327X 36.0 135 0.13
SUMF1 66.5 (4.0 x) 216 (1.9x) 0.42(2.8 x)
Control range 123.7-394.6 50.6-60.7 1.80-1.58
(MAIl enzymatic activities are expressed as nmoles 4-methylumbelliferone
liberated mg protein -1. 3 hrs. MSD cell lines BA426 and BA920 were infected with the HSV amplicon alone, and with
constructs carrying either mutant or wild-type SUMF1 cDNAs. The increase of single arylsulfatase activities in
fibroblasts infected with the wild-type SUMF1 gene, as compared to those of cells infected with the vector alone, is
indicated in parentheses. Activities measured in uninfected control fibroblasts are indicated.

Molecular basis of MSD

[0173] Based on the hypothesis that the disease gene should be able to complement the enzymatic deficiency in a patient cell
line, we performed microcell-mediated chromosome transfer to an immortalized cell line from a patient with MSD. This technique
has been successfully used for the identification of genes whose predicted function could be assessed in cell lines (e.g. by
measuring enzymatic activity or by detecting morphologic features). To address the problem of stochastic variability of enzyme
activity we measured the activities of three different sulfatases (ARSA, ARSB and ARSC) in the complementation assay. The
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results of chromosome transfer clearly indicated mapping of the complementing gene to chromosome 3. Subregional mapping
was achieved by generating a radiation hybrid panel for chromosome 3. Individual hybrid clones were characterized both at the
genomic level, by typing 31 microsatellite markers displaying different alleles between donor and recipient cell lines, and at the
functional level by testing sulfatase activities. The analysis of 130 such hybrids resulted in the mapping of the complementing
region to chromosome 3p26.

[0174] Once the critical genomic region was defined, the FGE (SUMF1) gene was also identified by mutation analysis in patients'
DNA. Mutations were found in all patients tested, proving that a single gene is involved in MSD. The mutations found were of
different types, the majority (e.g. splice site, start site, nonsense, frameshift) putatively result in a loss function of the encoded
protein, as expected for a recessive disease. Most missense mutations affect codons corresponding to amino acids that have
been highly conserved during evolution, suggesting that also these mutations cause a loss of function. No correlations could be
drawn between the type of mutation and the severity of the phenotype, indicating that the latter is due to unrelated factors.
Unexpectedly for a rare genetic disease, many patients were found to be compound heterozygotes, carrying two different
mutations. However, a founder effect was identified for one mutation originating from a small town in Sicily.

FGE (SUMF1) gene function

[0175] The identity of the FGE (SUMF1) gene as the "complementing factor" was demonstrated definitively by rescuing the
enzymatic deficiency of four different sulfatases upon expression of exogenous FGE (SUMF1) cDNA, inserted into a viral vector,
in two different patient cell lines. In each case a consistent, albeit partial, restoration of all sulfatase activities tested was
observed, as compared to control patient cell lines transfected with empty vectors. On average, the increase of enzyme activities
ranged between 1.7 to 4.9 fold and reached approximately half of the levels observed in normal cell lines. Enzyme activity
correlates with the number of virus particles used in each experiment and with the efficiency of the infection as tested by marker
protein (GFP) analysis. In the same experiments vectors containing FGE (SUMF1) cDNAs carrying two of the mutations found in
the patients, R327X and Aex3, were used and no significant increase of enzyme activity was observed, thus demonstrating the
functional relevance of these mutations.

[0176] As mentioned elsewhere herein, Schmidt et al. first discovered that sulfatases undergo a post-translational modification of
a highly conserved cysteine, that is found at the active site of most sulfatases, to Ca-formylglycine. They also showed that this
modification was defective in MSD (Schmidt, B., et al., Cell, 1995, 82:271-278). Our mutational and functional data provide strong
evidence that FGE (SUMF1) is responsible for this modification.

[0177] The FGE (SUMF1) gene shows an extremely high degree of sequence conservation across all distantly related species
analyzed, from bacteria to man. We provide evidence that that the Drosophila homologue of the human FGE (SUMF1) gene is
able to activate overexpressed human sulfatases, proving that the observed high level of sequence similarity of the FGE (SUMF1)
genes of distantly related species correlates with a striking functional conservation. A notable exception is yeast, which appears to
lack the FGE (SUMF1) gene as well as any sulfatase encoding genes, indicating that sulfatase function is not required by this
organism and suggesting the presence of a reciprocal influence on the evolution of FGE (SUMP1) and sulfatase genes.

[0178] Interestingly, there are two homologous genes, FGE (SUMF1) and FGE2 (SUMF2), in the genomes of all vertebrates
analyzed, including humans. As evident from the phylogenetic tree, the FGE2 (SUMF2) gene appears to have evolved
independently from the FGE (SUMF1) gene. In our assays the FGE2 (SUMF2) gene is also able to activate sulfatases, however it
does it in @ much less efficient manner compared to the FGE (SUMF1) gene. This may account for the residual sulfatase activity
found in MSD patients and suggests that a complete sulfatase deficiency would be lethal. At the moment we cannot rule out the
possibility that the FGE2 (SUMF2) gene has an additional, yet unknown, function.

Impact on the therapy of diseases due to sulfatase deficiencies

[0179] Astrong increase, up to 50 fold, of sulfatase activities was observed in cells overexpressing FGE (SUMF 1) cDNA together
with either ARSA, ARSC, or ARSE cDNAs, compared to cells overexpressing single sulfatases alone. In all cell lines a significant
synergic effect was found, indicating that FGE (SUMF1) is a limiting factor for sulfatase activity. However, variability was observed
among different sulfatases, possibly due to different affinity of the FGE (SUMF1)-encoded protein with the various sulfatases.
Variability was also observed between different cell lines which may have different levels of endogenous formylglycine generating
enzyme. Consistent with these observations, we found that the expression of the MSD gene varies among different tissues, with
significantly high levels in kidney and liver. This may have important implications as tissues with low FGE (SUMF1) gene
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expression levels may be less capable of effectively modifying exogenously delivered sulfatase proteins (see below). Together
these data suggest that the function of the FGE (SUMF1) gene has evolved to achieve a dual regulatory system, with each
sulfatase being controlled by both an individual mechanism, responsible for the mRNA levels of each structural sulfatase gene,
and a common mechanism shared by all sulfatases. In addition, FGE2 (SUMF2) provides partial redundancy for sulfatase
modification.

[0180] These data have profound implications for the mass production of active sulfatases to be utilized in enzyme replacement
therapy. Enzyme replacement studies have been reported on animal models of sulfatase deficiencies, such as a feline model of
mucopolysaccharidosis VI, and proved to be effective in preventing and curing several symptoms. Therapeutic trials in humans
are currently being performed for two congenital disorders due to sulfatase deficiencies, MPSIl (Hunter syndrome) and MPSVI
(Maroteaux-Lamy syndrome) and will soon be extended to a large number of patients.

Example 5:

Enzyme Replacement Therapy with FGE-activated GALNS for Morquio Disease MPS IVA

[0181] The primary cause of skeletal pathology in Morquio patients is keratan sulfate (KS) accumulation in epiphyseal disk
(growth plate) chondrocytes due to deficiency of the lysosomal sulfatase, GALNS. The primary objective of in vivo research
studies was to determine whether intravenously (IV) administered FGE-activated GALNS was able to penetrate chondrocytes of
the growth plate as well as other appropriate cell types in normal mice. Notwithstanding a general lack of skeletal abnormalities, a
GALNS deficient mouse model (Morquio Knock-In -MKI, S. Tomatsu, St. Louis University, MO) was also used to demonstrate in
vivo biochemical activity of repeatedly administered FGE-activated GALNS. The lack of skeletal pathology in mouse models
reflects the fact that skeletal KS is either greatly reduced or absent in rodents (Venn G, & Mason RM., Biochem J., 1985,
228:443-450). These mice did, however, demonstrate detectable accumulation of GAG and other cellular abnormalities in various
organs and tissues. Therefore, the overall objective of the studies was to demonstrate that FGE-activated GALNS penetrates into
the growth plate (biodistribution study) and show functional GALNS enzyme activity directed towards removal of accumulated GAG
in affected tissues (pharmacodynamic study).

[0182] The results of these studies demonstrated that IV injected FGE-activated GALNS was internalized by chondrocytes of the
growth plate, albeit at relatively low levels compared to other tissues. In addition, FGE-activated GALNS injection over the course
of 16 weeks in MKI mice effectively cleared accumulated GAG and reduced lysosomal biomarker staining in all soft tissues
examined. In sum, the experiments successfully demonstrated GALNS delivery to growth plate chondrocytes and demonstrated
biochemical activity in terms of GAG clearance in multiple tissues.

Biodistribution Study

[0183] Four-week-old ICR (normal) mice were given a single IV injection of 5 mg/kg FGE-activated GALNS. Liver, femur (bone),
heart, kidney and spleen were collected two hours after injection and prepared for histological examination. A monoclonal anti-
human GALNS antibody was used to detect the presence of injected GALNS in the various tissues. GALNS was detected in all
tissues examined as compared to the vehicle controls. Moreover, GALNS was readily observed in all tissues examined using a
horseradish-peroxidase reporter system, with the exception of bone. Demonstration of GALNS uptake in the growth plate required
the use of a more sensitive fluorescein-isothiocyanate (FTTC) reporter system and indicates that although GALNS penetrates the
growth plate, it is less readily available to growth plate chondrocytes than to cells of soft tissues. Notwithstanding the requirement
of a more sensitive fluorescent detection method, GALNS delivery to bone growth plate chondrocytes was observed in all growth
plate sections examined as compared to the vehicle controls.

Pharmacodynamic Study in MKI Mice

[0184] Four-week-old MKI or wild-type mice were given weekly IV injections (n=8 per group) through 20 weeks of age. Each
weekly injection consisted of either 2 mg/kg FGE-activated GALNS or vehicle control (no injection for wild-type mice). All mice
were sacrificed for histological examination at 20 weeks of age and stained using the following methods: hematoxylin and eosin for
cellular morphology, alcian blue for detection of GAGs.
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[0185] Clearance of accumulated GAG was demonstrated by reduced or absent alcian blue staining in all soft tissues examined
(liver, heart, kidney and spleen). This was observed only in the GALNS injected mice. Although the growth plate in the MKI mice
functioned normally as evidenced by normal skeletal morphology, there were more subtle cellular abnormalities observed
(including vacuolization of chondrocytes without apparent pathological effect). The vacuolized chondrocytes of the hypertrophic
and proliferating zones of the growth plate were unaffected by GALNS administration. This was in contrast to the chondrocytes in
the calcification zone of the growth plate where a reduction of vacuolization was observed in GALNS injected mice. The
vacuolization of chondrocytes and accumulation of presumed non-KS GAG in the growth plate in MKI mice was, in general,
surprising and unexpected due to the. known lack of KS in the growth plate of mice. These particular observations likely reflect
the fact that, in the knock-in mice, high levels of mutant GALNS are present (as opposed to knock-out mice where there is no
residual mutant GALNS, no growth plate chondrocyte vacuolization and no GAG accumulation- Tomatsu S. et al., Human
Molecular Genetics, 2003, 12:3349-3358). The vacuolization phenomenon in the growth plate may be indicative of a secondary
effect on a subset of cells expressing mutant GALNS. Nonetheless, enzyme injection over the course of 16 weeks demonstrated
strong evidence of multiple tissue FGE-activated GALNS delivery and in vivo enzymatic activity.

Detailed Description of the Drawings

[0186]

Fig. 1: MALDI-TOF mass spectra of P23 after incubation in the absence (A) or presence (B) of a soluble extract from
bovine testis microsomes. 6 pmol of P23 were incubated under standard conditions for 10 min at 37°C in the absence or
presence of 1 pl microsomal extract. The samples were prepared for MALDI-TOF mass spectrometry as described in Experimental

Procedures. The monoisotopic masses MH* of P23 (2526.28) and its FGly derivative (2508.29) are indicated.

Fig. 2: Phylogenetic tree derived from an alignment of human FGE and 21 proteins of the PFAM-DUF323 seed. The
numbers at the branches indicate phylogenetic distance. The proteins are designated by their TrEMBL ID number and the
species name. hFGE - human FGE. Upper right: scale of the phylogenetic distances. A asterisk indicates that the gene has been
further investigated. The top seven genes are part of the FGE gene family. Fig. 3: Organisation of the human and murine
FGE gene locus. Exons are shown to scale as dark boxes (human locus) and bright boxes (murine locus). The bar in the lower
right corner shows the scale. The lines between the exons show the introns (not to scale). The numbers above the intron lines
indicate the size of the introns in kilobases.

Fig. 4: Diagram showing a map of FGE Expression Plasmid pXMG.1.3

Fig. 5: Bar graph depicting N-Acetylgalactosamine 6-Sulfatase Activity in 36F Cells Transiently Transfected with FGE
Expression Plasmid. Cells were transfected with either a control plasmid, pXMG.1.2, with the FGE cDNA in the reverse
oreintation, or a FGE expression plasmid, pXMG.1.3 in media without methotrexate (MTX). 24 hours later cells were re-fed with
media containing 1.0 pM MTX Medium was harvested and cells collected 24, 48, and 72 hours after re-feed. N-
Acetylgalactosamine 6-Sulfatase activity was determined by activity assay. Each value shown is the average of two separate
transfections with standard deviations indicated by error bars.

Fig. 6: Bar graph depicting N-Acetylgalactosamine 6-Sulfatase Specific Activity in 36F Cells Transiently Transfected
with FGE Expression Plasmid. Cells were transfected with either a control plasmid, pXMG.1.2, with the FGE cDNA in the
reverse oreintation, or a FGE expression plasmid, pXMG.1.3 in media without methotrexate (MTX). 24 hours later cells were re-fed
with media containing 1.0 yM MTX Medium was harvested and cells collected 24, 48, and 72 hours after re-feed. N-
Acetylgalactosamine 6-Sulfatase specific activity was determined by activity assay and ELISA and is represented as a ratio of N-
Acetylgalactosamine 6-Sulfatase activity per mg of ELISA-reactive N-Acetylgalactosamine 6-Sulfatase. Each value shown is the
average of two separate transfections.

Fig. 7: Bar graph depicting N-Acetylgalactosamine 6-Sulfatase Production in 36F Cells Transiently Transfected with
FGE Expression Plasmid. Cells were fransfected with either a control plasmid, pXMG.1.2, with the FGE cDNA in the reverse
oreintation, or a FGE expression plasmid, pXMG.1.3 in media without methotrexate (MTX). 24 hours later cells were re-fed with
media containing 1.0 pM MTX Medium was harvested and cells collected 24, 48, and 72 hours after re-feed. N-
Acetylgalactosamine 6-Sulfatase total protein was determined by ELISA. Each value shown is the average of two separate
transfections with standard deviations indicated by error bars.

Fig. 8: Graph depicting Iduronate 2-Sulfatase Activity in 30C6 Cells Transiently Transfected with FGE Expression
Plasmid. Cells were transfected with either a control plasmid, pXMG.1.2, with the FGE cDNA in the reverse orientation, or a FGE
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expression plasmid, pXMG.1.3 in media without methotrexate (MTX). 24 hours later cells were re-fed with media containing 0.1 uM
MTX Medium was harvested and cells collected 24, 48. and 72 hours after re-feed. Iduronate 2-Sulfatase activity was determined
by activity assay. Each value shown is the average of two separate transfections.

Fig. 9: Depicts a kit embodying features of the present invention.

SEQUENCE LISTING

[0187]

<110> Transkaryotic Therapies, Inc. von Figura, Kurt Schmidt, Bernhard Dierks, Thomas Heartlein, Michael W. Cosma, Maria P.
Ballabio, Andrea

<120> DIAGNOSIS AND TREATMENT OF MULTIPLE SULFATASE DEFICIENCY AND OTHER SULFATASE DEFICIENCIES
<130> 0403WO

<150> US 60/447,747
<151>2003-02-11

<160> 95
<170> Patentln version 3.2

<210> 1

<211> 1180

<212> DNA

<213> Homo sapiens

<220>
<221> CDS

<222> (20)..(1141)
<223> FGE cDNA

<400> 1
aéétggcccg cgggacaac atg gct geg ccc gea cta ggg ctg gtg tgt gga 52
Met Ala Ala Pro Ala Leu Gly Leu Val Cys Qly
1 5 10
cgt tge cct gag ctg ggt ctc gte ctc ttg ctg ctg ctg ctc tcg ctg 100
Axg Cys Pro Glu Leu Gly Leu Val Len Leu Leu Leu Leu Leu Ser Len
15 20 25
ctg kgt gga gcg gea ggy age cag gag goc ggg acc ggt gog gge gog 148
Leu Cys Gly Ala Ala Gly Ser gén Glu Ala Gly Thr cdlléy Ala Gly Ala
30
ggg tce ctbt geg ggt bet tge gge tge gge acg ccc cag cgg cct gge 196
Oly Ser Leu Ala Gly Ser Cys Gly Cys Gly Thr Prxo Gln Arg Pre Gly
45 S0 55
gecc cat ggc agt tcg gea gee got cac cga tac tcg cgg gag got aac 244
Ala His Gly Ser Ser Ala Ala Ala His Arg Tyx Ser Arg Glu Ala asn
60 65 - 70 75
get ceg gge cec gta cec gga gag €gg caa ctc gog cac tca aag atg 292
Ala Pro Gly Pro Val Pro Gly Glu Arg Oln Leu Ala His Ser Lys Met
80 85 90
gte cce atc cot geb gga gta ttt aca atg gge aca gat gat cct cag 340
Val Pro Ile Pro Ala Gly Val Phe Thr Met Gly Thr Asp Asp Pro Gln
95 100 105
ata aag cag gat gag gaa gca cct gocg agg aga gtt act att gat gce kk: ]
Ile Lys Gln Asp Gly Glu Ala Pro Ala Arg Arg Val Thr Ile Asp Ala
10 115 120
ttt tac atg gat gcc tat gaa gte agt aat act gaa ttt gag aag ttt 436
Fhe Tyr Met Asp Ala Tyr Glu Val Ser Asn Thr Glu Phe Glu Lya Phe
125 130 135
gtg aac tca act ggc tak tkg aca gag get gag aag ttt gge gac kece 484
Val Asn Sex Thr Gly Tyr Leu Thr Glu Ala Qlu Lys Phe Gly Asp Bex
140 145 150 155
ttt gtc ttt gaa ggc atg ttyg agt gag caa gtg aag acc aat att caa 532
Phe Val Phe Glu Gly Met Leu Ser Glu Gln val Lys Thr Asn Xle Gln
. 160 165 170
cag gea gtt geca goct get cce tgg tgg tta cct gty aaa gge got aac 580
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Gln

tgg
TP

cat
His

tgg
220

cga
Arg

cce
Pro

ace

tte
Phe

gaa

Ala

aga
Arg
cca
205
gca
Ala

gga
a1y

aaa
Lys

aac
Asn

cct
Pro
285

tog

Glu Trp

300
ctt
Lsu

gga
Gly

gct
aAla

cge
Arg

aac
Asn

tecc
Ser

cgg
Axg

tgt
Ccys
365

val

cac
190
gtt
val

ggg
Gly

gge
cly
ggc
Gly
ack
270
cce

Pro

act
Thr

cca
Pro

tac

TYyT

age
Ser
350

gca
Ala

Ala
175

cca
Pro

cte
Leu

aag
Lys

ctg
Leu

cag
Gln
2s8

ggt
aly

aat
Asn

tca
Ser

aaa
Lys

atg
Met
335

cag
Gln

gece
Ala

Ala

gaa
Glu

cat
His

cgg
Arg

cat
Hise
240

cat
His

gag
Qlu

gyt
Gly

gac
Asp

ggt
Gly
320
tgc
Cys

aac
Asn

gac
Asp

Ala

959
aly

gty
Val
ctg
225
aat

Asn

tat
Tyr

gat
Asp

tat
Tyr

tgg
305
ccc
Pro

cat

Pro

cct
Prxo

tce
Sax
210
cee
Pro

aga

Arg

gco
Ala

ggc
Gly

ggc
290

tgg
Trp

cct
Pro

agg

His arg

aca
Thr

cge
Arg

cecccagteca aggagceagh

<210> 2
<211> 374

<212> PRT

<213> Homo sapiens

<400>2

Met Ala Ala Pro Ala Leu
1 5

Oly Leu Val Leu Leu Leu
20

Gly Ser Gln Glu Ala Gly
35

Ser Cys Gly Cys OQly Thx
50 .

cck
Pro

ctg
Leu
370

Gly

Leu

Pro
55

Ala Ala Ala His Arg Tyr Ser

Trp TIp Leu Pro
180

gac
195
tag
Trp

acg
Thr

ctt
Leu

aac
Asn

tte
Phe
275
tta
Leu

act
Thr

tct
sex

tct
Sexr

gat
Asp
355

cce
Pro

Leu
Leu
aly
40

Glin

Arg

tct
Sex

aat
Asn

gaa
Glu

tte
Phe

att
Ile
260

caa
Gln

tac
Tyr

gtk
val

ggy
Gly

tat
340
agc

Ser

acc
Thx

val
Leu
25

Ala

Axg

Glu

act att
Thr Ile

gat gcg
Asp Ala

gct gag

Ala Glu
230

cee tgy

245

tgg cag

Trp Gln

gga act
Gly Thr

aac ata
Asn Ils

cat cat
His Hiag

310
aaa gac
Lys Asp
328

tgt tac
ket get

Sexr Ala

atg gac
Met Asp

Cys Gly

10

Sex Leu

Gly Ala

Pro Oly

Ala Asn

val

ctg
Leu

gtt
val
215

tgg
Txp

ggc
Gly

ggc
Gly

gcg
Ala

gtg
Val
295

tct
Sex

cga
Axg

agy

Lys

cac
200
gee
Ala

gaa
Glu

aac
Asn

gag
Glu

cect
Pxo
280

999
Gly

gtt
val

gtg
val

tat

Arg Tyr

teg
Sex

tgacaaccaa gggtagtctt

aat
Asn
360

Gly
185

agg
Axg

tac

TyT

tac
YT

aaa
Lys

tte
Phe
265

gtt
val

aac
asn

gaa
Glu

aag
Lys

cgc

Ala

ccg
Pro

tge
Cys

age
Ser

ctg
Leu
250

ceg
Pro

gat
Asp

gea
aAla

gaa

gat
Asp

act
tgt
235
cag

Gln

atg
val

gce
Ala

tgy
Tzp

acg

Glu Thr

aaa
Lys
330

tat

Axrg Cys

345

ctg
Leu

gga
Gly

315

ggt
Gly

gct
Ala

ttc
Fhe

Axg Cys Pxo géu Leu

Leu Cys Oly Ala Ala
30 .

Gly Ser Leu Ala Gly
45

xsxga Hig Gly Ser Ser

Ala Pro Gly Pro Val

628

676

728

772

868

916

964

1012

1060

1108

1161

1180

40
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(1] 70 75 80

Pro Gly Glu Arg Gln Leu Ala His Ser Lys Met Val Pro Ile Pgo Ala
85 90 9

Gly Val rhe Thr Met OQly Thr Asp Asp Pro Gln Ile Lys Gln Asp Gly
100 105 110

Glu Ala Pro Ala Arg Arg vVal Thr Ile Asp Ala yhé Tyr Met Asp Ala
115 120 125

Tyr Glu Val Ser Asn Thr Glu Phe Glu Lys Phe Val Asn Ser Thr Gly
130 135 140

Tyr Leu Thr Glu Ala Glu Lys Phe Gly Asp Ser Phe Val Phe Glu Gly
145 150 158 160

Met Leu Ser Glu Gln Val Lys Thr Aan Ile Gin Gln Ala Val Ala Ala
165 170 178

Ala Pro Trp Trp Leu Pro Val Lys Gly Ala Asn Txp Axg His Pro Glu
180 185 130

Gly Pro Asp Ser Thr Ila Leu His Arg Pro Asp His Pro Val Leu His
195 200 205

Val Ser Trxp Asn Asp Ala Val Ala Tyr Cys Thr Trxp Ala Gly Lys Arg
210 215 220

Leu Pro Thr Glu Ala Glu Trp Glu Tyr Ser Cys Arxg Gly Gly Leu His
225 230 235 240

Asn Axrg Leu Phe Pro Trp Gly Asn Lys Leu Gln Pro Lys Gly Gln His
245 250 255

Tyx Ala Asn XIle Trp Gln Gly Glu Phe Pro Val Thr Asn Thr Gly Glu
260 265 270

Asp Gly Phe Gln Gly Thr Ala Pro Val Asp Ala Ple Pro Pro Asn Gly
275 280 285

Tyr Gly Leu Tyr Asn Ile Val Gly Asn Ala Trp Glu Trp Thr Ser Asp
290 295 300

Trp Trp Thr Val His Hls Ser Val Glu Glu Thr Leu Asn Pro Lys Gly
305 310 315 320

Pro Pxo Ser Gly Lys Asp Arg Val Lys Lys Gly Gly Ser Tyr Met Cys
325 330 33s

His Arg Ser Tyr Cys Tyr Arg Tyr Arg Cys Ala Ala Arg Ser Gln Asn
. 340 345 350

Thr Pro Asp Ser Ser Ala Ser Asn Leu Gly Phe Arg Cys Ala Ala Asp
35S 360 365

Axg Leu Pro Thr Met Asp
370 .

<210>3

<211> 1122

<212> DNA

<213> Homo sapiens

<400> 3

atggctgége ccgeactagg gotggtgtgt ggacgttgec ctgagekggg totcgtccte 60

ttgctgeotge tg gck gotg g g gggaccggt 120

g gcgg ggteccitge gggttct ggatg g g 180

cat (4 gc t tac cti gggceccegta 240
g atgg agtaktttaca 300

at atg gat ga ci gagagttact 360

attgatgeet thtacatgga tgectatgaa gtcagtaata ctgaatttga gaagtttgtg 430
aacteaactyg getatttgac agaggetgag aagtittggeg actcckttgt ctttgaagge 480

atgttgagtg E tatt 1. get gq 540

a aa ¢ ggge ct teot tattctgeac 600

t tga
aggccggate atccagtbtct ccatgtgtec tggaatgatyg cggttgocta ctgecacttgg 660

ggctg gag tgggaataca gobt gg! g 720

aat ttt 1 ca £ tta t tt 780
tggcagggcy agtttceggt act gg get aac 840
gttgatgect tcccteccaa tggttatgge ttat tag 900
t t g ggtgg. {: § tcat tctgttgaag aaacgcttaa cccaazaggt 260
totyg gt ggtggatcet acatgtgeca taggtcttat 1020
tgttacaggt atcgetgtge aga tec tgct t 1080
ctgggattcc gectgtgcage cgaccgcctg cccaccatgg ac 1122

41
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<210>4

<211> 2130

<212> DNA

<213> Homo sapiens

<400> 4
acatggceccg gg g ctggtgtgtg gacgttgecee 60
tgagctgggt cteg g ctgtgtggag cggcagggag 120
g ggtg g gcg ggtt gcg. getg 180
gg a tact 240
ta tceg tac gcaact ktcaaaga tggt 300
cectgetgga gtatttacaa tgggcacaga tgatcctecag ataaageagg atggagaage 360

acctgegagg agagttacta ttgatgoect ttacatggat goctatgaag tcagtaatac 420
tgaatttgag aagtttgtga actcaactgg ctatttgaca gaggctgaga agtttagega 480

ctecctttgte tthgaaggca tgktgagtga gcaagtgaag accaatattc aacaggcagt 540

gct cee ggt t. tgaa gctaac 600

tgactctact atbckgcaca ggccggateca tccagttcke catgtgtect ggaatgatge 660
ggttgectac ktgeacttggg cagggaageg getgeccacg gaagcetgagt gggaatacag 720

tgtcgagga gy b tttt tge ag aagg 780
ttat g (173 ga ttttccggtg tg g tgg B40

c actgegectg tt t t ggttatgget tatacaacat 900
t c t gga ga ctggtggact gttcatcatt ctgttgaaga 960
aacgcttaac ccaaaaggte ccccttetgg gtga ccta 1020
catgtgccat tatt g i t tgect 1080
tgatagctct gattcgaate tgggatteeg ckgtgcag 1140
ctgacaacca agggtagtct t L] t cgtg ctacattggg 1200

ctttectcag aactttgaac gatcccatgc aaagaattee caccctgagg tgggttacat 1260

gg a g aa ttgctgacckt gggtecagtge 1320
atgtgcttta tggtgtggtg catctttgga gatcatcace atattttact ttkgagagte 1380
ttta tg tgagcetagge ttcaggagge cogeatecta 1440

g tct tt t ttgacettee tgggcctcaa 1500

gtgeccctece ctatcaaatg aaggaatgga cagcatgacc tcotgggtgte tctccaacte 1560
accagttcta aaaagggtat cagattctat tgtgacttca tagaatttat gatagattat 1620

tktt t t cct tgag taatcatgta aagtaagagt 1680

tectcttatgt atta teg gtgyg ctttatattc gtactgcact 1740
ttgtttttce aaggaaatca gtgtctttta cgttgttatg atgaatccca catggggccg 1800
gtgatggtat gctgaagttc agccgttgaa cacataggaa tgtctgtggg gtgactctac 1860

tgkgctttat cttttaacat taagtgcctt tggtt t t: t 1920
E te t tgaaatgtgc gctaaacggg gaaacctgtt 1980
taattctaga tat g at tatt cagg 2040
ggtattttgt aatagggaat aggaaacctt gttggctgtg gaatatcega tgetttgaat 2100
catgcactgt gttgaataaa cgtatetget 2130
<210>5

<211> 374

<212> PRT

<213> Homo sapiens

<400>5

Mat Ala Ala Pro Ala Leu Gly Leu Val Cys Oly Arg Cys Pro Olu Leu

1 5 10 15

Gly Leu Val Leu Leu Leu Leu Leu Leu Ser Leu Leu Cys Gly Ala Ala

20 25 30

Gly Ser Gln Glu Ala GQly Thr Gly Ala Gly Ala Gly Ser Leu Ala Gly
35 40 45 .

Sexr Cys Gly Cys Gly Thr :to Gln Arg Pxo Gly Ala His Gly Ser Ser

S0 5 60
2;& Ala Ala His Arg Tyr Ser Axrg Glu Ala Asn Ala Pro Gly Fro Val
70 15

80

Pro Gly Glu Arg Gln Leu Ala His Ser Lys Met Val Pro Xle Fro Ala
85 90 95

42



Gly val Phe Thr
100

Glu Ala Pro Ala
115

Tyr Glu val Ser
330

Met Leu Ser Glu

Ala Pro Trp Trp
180

Gly Pro Asp Ser
195

Val Ser Trp Asn
210

Leu Pro Thr Glu
225

Asn Arg Leu Fhe

Tyr Ala Asn Ile
260

Asp Gly Phe Gln
275

Tyr Gly Leu Tyxr
280

Trp Trp Thr Val
305

Pro Pro Ser Gly

His Arg Ser Tyr
340

Thr Pxc Asp Sex
355

Arg Leu Pro Thr
370

<210>6
<211> 2297
<212> DNA

Met

Asn

Ala

Gln

165

Leu

Asp

Ala

Pro

245

Txp

Gly

Asn

His

Cys

Sexr

Met

Gly Thr

Arg Val

Thr Glu
135

GQlu Lys
150

Vval Lys

Pro val

Ile Leu

Ala val
21§

Qlu Trp
230

Txp Gly

Gln Gly

Thr Ala

Ila val

295

His Ser
310

Yys Asp Arg

ala Ser

Asp

<213> Homo sapiens

<400> 6

Asp

Thr

120

Fhe

Phe

Thx

Lys

His

200

Ala

Glu

Asp

Pxo

280

Gly

val

val

Asn
350

Asp

105

Ile

Glu

Gly

Asn

Gly

185

Arg

Lys

Phe

265

val

Asn

@lu

Lys

Leu

Pxo

Asp
Ile
170

Ala

Pro

Ser
Leu
250
Fro
Asp
Ala

Qlu

Lya
330

Cys

Gly

Gln

Ala

Phe

Sex

158

Gln

val

Thx

31s

Qly

Ala

Phe

Ile Lys Gln Asp
110

Deu Tyr Mat Asp
125

Val Asn Ser Thr

140

Phe Val Phe Glu

Gln Ala val Ala
17s

Trp Arg His Pro
190

His Pro Val Leu
205

Trp Ala Gly Lys
220

Arg Gly Gly Leu

Pro Lys Gly Gln
255

Thr ARsn Thr Gly
270
Phe Pro Pro Asn
285
Glu Trp Thr Ser
300

Lew Asn Pro Lys

Gly Ser Tyr Mat

335

Ala Arg Ser Gln
350

Arg Cys Ala Ala
365

Gly
Ala
ciy
Gly
160
Ala
Glu
His
Arg
His
240
His
Glu
Gly
Asp-
aly
320

cys

Asn

43

DKI/EP 2325302 T3



cggctgtgtt

tgc

gecgecagtett

catgggttce cgacgaggag gtetctgtgg

t

etgcggegge
gcg a

cgaaatgecyg

tc

cc

ctgggtctgg

tg

ttctgagete

ctc

cg tc

E e

ct

gaggtcccca

aatatkgacc

tgttatggag

ataagctggt

a

aLg £

gagggtgeac

actggcagga

gctggaaact

g g
gacctgacac

tetecaceat

tac
tgggatatct
tectteckct
tgocaacetyg
acagagcact
cttcctggec
gaagttgtat

tctaaccata
gagaagtatg
ctttgceetg
gagcaagcca
gttaggtate
ccettggaga

atgg tgt
cegatgatte
amaacactaa
tggatgtget
tacagttgtt

&,

a tgteg

tect

teegtatage
gacatgtega
ggatgttcee
ggaaaagatg

tc

g
tggtetttte
dgggccagatg
gagggecacct

aaaacgtcag

&

acatcaccct

caccttatca
gagaacktcea
tgcctgacaa
ccagtcettt
aggaatttca
t

tg
aaacatcagt
ctactttgce
cgatcttcag
ngétgancat
gatattctat

ek

gtgccegtatg
tckgtgteat
ctggccaaca

ggagaatggg

gt t. a

tgga
gtcecaattec
atttggatac
gcaccatcat

ccaaatacag

ca

t ttt

acaggtcgge
tgcatttacec

caattttgat

cgeetettga
tcggatcatg
gttgctacce

t

ccttgtggaa
acctcgctge

ccaggcagge

gtgetttgga
ggtgggctet
atgttcecect
agettttcee
aatccatgga

ket

ttec

gtgtctc

ccegtteoth

catttcacgt

a

ttee
actgattgec
geegagttta
tactgtgtgg
aggggaactg
c&aaggtgga
atgtgatgtg

cqgat tg

tat

tgagctgtge
ggatcegtac

: tt te

aaagatataa
gttggcttca
tattttgtgg
gatcttttce
ctecetteca

e

agagaaggca
cteectggta
ccteagtgga

agaaccktct
atcccocgtga

attctgacaa

tggg

ctal ta

ac ta

oot

atttctaget

aa:

aca

attctgacce
agttgttgat
gctggtgaga

cctkgagaata
aattggacca
aataaataca

taat a

tgtaacagce
[:14444 214

cc
aaaccttkte

taatttccct

attgcaggat
gcottgagtt
ggaggagtta
agttaatecea
gtttagtckt
ctttttazaa

cacaatatgt
ttgecaacca
gagckggteg
aacatgcatc
tattaaaatt
cagttaegge

t

ataatgattc
tggatggcaa
ttttgtgatt
aacaattbgg
tataattggt
ttatttactg

taca

t: gtta

at.

tgtcak t

aatach

t a9

att

at -

tataatttaa
teecatgttte

<210>7

g
taatatatct
tttttce

<211> 550
<212> PRT
<213> Homo sapiens

<400>7

tatgagccet

atatattcaa

aatattatgt

ttattttgtt

taacatgtaa

60
120
180
240
300
360
420
480
540
€00
660
720
780
840
s00
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1930
1980
2040
2100
2160
2220
2280
2237

44
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Thr

Asp
65

Gln

Ala

val

His

145

Sex

Pro

Sex

Thx

Ser

50

Gln

Ala

Asp

Gly

Thx

130

The

Sexr

Leu

aly

Glu

210

His

Gly

Glu

Sar

Asp

35

Leu

Leu

Val

Thx

Asn

115

Met

Asp

aGlu

His

195

Lys

Lya

Leu

Asp
275

Pro

val

20

Gly

Ala

Cys

Thx

100

FPhe

Ser

Asp

Leu

Cys

Bex

Ala

85

Arg

Ser

Val

Ser

Lys Tyx

Ala
180
Leu
Met
Pro
Leu
Pro
260

val

Pro

Lys

His

Glu

245

Pro

Gln

val
Asn
TYyx
His
70

Bro
Leu
Thr
aly
Pro
150
Glu
Leu
Asp
Thr
Ile
230
Asn

val

Ala

Gly Arg Gly Leu
10

Ala

val

Gly

55

Sex

Ser

TYE

Ile

Lys

135

Tyx

Asn

Leu

Lys

Sex

215

Pro

Ile

Ala

Leu

Leu

Leu

40

Asp

Leu

Pro
120
val

Ser

Cys

Gln

200

Ala

Phe

Thr

Asn
280

Qly

25°

Leu

Lys

Leu

val

Phe

105

Gln

Fhe

TP

Lys

Pro

18s

Ser

Sex

Lleu

Asn
265

Sex

Ile

Leu

Fhe

Ser

90

Asn

Tyr

His

Ser

170

val

Thr

Pro

TYX

Ala

250

Pro

Sex

Leu

Glu

Ile

val

Qln

15

Fhe

Ser

FPhe

Pro

Phe

155

cys

Glu

Phe

Pro

235

Pro

Trp

val

Trp

Thr

val

Axg

60

Asn

Leu

Lys
Qly

140

Pro

val

eln

Phe

220

Lys

Asp

Met

Pro

Leu

Gln

Asp

45

Ser

Ala

Thr

Glu

125

Ile

Pro

Gly

Leu

Ala

208

Leu

Glu

Pro

Asp

aly

Ala

30

Asp

Pro

Phe

Qly

Arg

110

Asn

Sex

Asp

190

Ile

Ala

Phe

Qlu

Ile

270

Gly

Leu
is

Asn
Leu
Asn
Ala
Axg
95

val
Giy
Ser
His
Asp
175
val
Gln
val
Qln
Val
255

Arg

Pro

Ser

Arg

Ile

Gln

80

Axg

His

Exo

160

aly

Pro

Leu

cGly

Lys

240

Pxo

Gln

Ile

45
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Pro Val Asp Phe
290

Sex Tyr

305

Leu

Trp

val

Serxr

Asp

aas

val

Gln

Arg

Glu

Gln

465

Sax

Phe
545

Gln

Ala

Ala

Leu

370

Ser

Glu

val

Glu

As]

450

TYT

Leu

Fhe

Leu
530

Gin

Leu Asp
Leu Ala
Leu Oly
340
Thxr His
3ass5
Pro Glu
Ala ser
Leu val
Pro Pro
420

Gly Lys
435

p Pro Tyr

Pro Arg

Lya asp

500

8ex Asp
518

Gln Asp

Leu Leu

<210>8

<211> 2657
<212> DNA
<213> Homo sapiens

<400> 8

gaattecggg ccatgagetg coccgtgeee geckgetgeg cgeotgetget agtcetgagg

Gln

Asn
3as
val
Ala
Gln
Sex
405
Axg
Asn
Leu
Pro
Ile
485
val
Ile

His

Metb

Arg Lya
295

Gln val
ile

Ser Thr
His Gly
Pro Leu

Gly Glu
375

Leu Met
390

Leu Phe
Cys Pro
Leu Leu

Pro Gly
455

Sex Asp
470

Lys Ile

His Ala

Asn Met
535

Pro
550

Gly
Ile
Glu
Ile
360
Lys
Glu
Pro
val
Lys
440
Asn
Ile
Mebt

Gly

GQly
520

Arg

Arg

Ile

Fhe

Leu

Pxo

Pro
425

Hisz

Pro

Gly

Fhe

505

Glu

Tyxr Asn

Gln

Ala
33¢

zp Ala

fhe

Gly

Leu

410

Sexr

Phe

Leu

Asp

Ser Tyr
Leu Sexr
315
Fhe Thr
Lys Tyr
Val Fro
Pro Tyr
Arg Gln
3395
Ala Gly
Fhe His
Arg Phe
@lu Leu
460

Ser Ile

Pro Asp

Sexr Gln
540

Fhe
Ala
Sexr
Ser
Gly
365
Leu
Sex

Leu

val

Ser
Arg
Glu
Val
525

Gly

Leu
Asp
350
Arg
Asp
Met
Ala
Glu
430
Asp
ala
Asp
Thr
Phe
510
Asp

Gly

Ser val

Asp AsSp
320

Hip Oly
33s

Phe Asp

Thr Ala

Pxo Fhe

400

Gly Leu
415

Leu Cyd

Leu Glu

Lys

Sex Asp

Asp Leu

46
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ct cgeg! tg ctgctectcg cggatgacgg aggetttgag
agtggcgegt acaacaacag cgccatcgee ce t tt gg
agecteetet tteg gt g ccgeg
ct tg g t t gggatgtacg gactgcacca ggacgtgcac
cacttcaact ggt t tgc agetggtgtg
cgcacaggea tcatcgggaa gaagcacgtg gggecggaga ccgtgtacce gtttgacttt
gegtacacgg aggagaatgg ctcecgtecte caggtgggge ggaacatcac tagaattaag
ctgctecgtee ggaaattcet goagact ga ct t ctacgtcgce
tt c tggg tcc t tt ctg
ttt t t
ccackggacyg tgetggtgee ttacttcgte eccaacacce cggcagcccdg agecgacctg
t g ggag tt toggt g
cogg g ctgg tct t q q tc
ccckbcocca goggcaggae caacctgtac tggecgggca ctgetgaacc cttactggtg
gacctcacge ccaccatctt ggattggttae tcgatccegt accccagcta cgecatcttt
t t € ggecg
e g . tc ot "
gtgc ag {13 t t tE gatkgececttt
ccca ccc acett ace
gctggtcage ccacgggetg gtacaaggac ctccgtcatt actactaccg ggogegctgg
gagctctacg g gt
tttgotcage tt t gott ag tg
ggg tgtg tec ct age ccagtgccag
ccectecaca at tg acca tgtg aggcatgtecc
cagacacaktc cecacacgktgt ccgtgéggcc gectg gggag ty
ttccgtecac k. k. tk ctkkeccktoet gtggggtcac tctkgceeatt
gg tgce
gt catg ; tty tccttgtgte tgaaccatgt cccagcacgg
gaattctaga catacgtggt C tg t
cttgttttct ggettggttt ctge tc t
ttggcageca cagatactte t ttc o t teggt
gtgggecagta cgcaggtece t tg getcttaceca
gogt ge ctt cett ggtttctgct tcttctgttt
tgccecatggt caag tt ggtE gc tgattggcag caggctecct
gagtgatgag cttgaacctg tggtgtttct ttatcttitt t tgte
cgaagatgaa ggcakggega btgeccegteet ctggettagy thaattctte ggtgacactg
gea gtgg ccg tta att t
ttgctgggty g g ggct tgggttaatt cticggtgac actggcegttg
ctgggtggcg atgcccgtec tectggettgg gttaattett ggatgacgte ggegttgetg
ggagaatgtg ccgttcctge 5g gga
a9 ccttgagtag gtgggetece
cttgcectte ceteectate actecatact

tattgtaaaa gottttt

<210>9

<211> 502

<212> PRT
<213> Homo sapiens

<400>9

120
180
240
300
360
420
a80
540
600
660
720
780
840
900
260

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460
2520
2580
2640

2657
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Met Sex Cys Pra Val Pro Ala Cys Cys Ala Leu Leu Leu Val i.au
1 5 10 S

Leu Cys Arxrg Ala Arg Pro Arg Asn Ala Leu Leu Leu Leu Alr Asp
20 25 30
Gly Gly Phe Glu Sexr Gly Ala Tyr Asn Asn Ser Ala Ile Ala Thr
3s 40 45
His Leu Asp Ala Leu Ala Axg Arg Ser Leu Leu Phe Arg Asn Ala
50 S5 60
Thr Sex Val Ser Ser Cys Ser Pro Ser Arg Ala Ser Leu Leu Thx
65 70 75
Leu Pro Gln His Gln Asn Gly Met Tyr Gly Leu His Gln Asp Val
85 -1+ 95
His Phe Asn Ser Phe Asp Lys Val Arg Ser Leu Pro Leu Leu Leu
100 105 110
Gln Ala Gly Val Arg Thr Gly Ile Ile Gly Lys Lys His Val Gly
115 120 125
Glu Thx Val Tyr Pro Phe Asp Phe Ala Tyxr Thx Glu Glu Asn Gly
13¢ 135 140

Val Leu Gln val Gly Arg Asn Ile Thr Arg Ile Lys Leu Leu Val
145 150 155

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

Fhe His Asp Pro His Arg Cys Gly His Ser Gln Pro Gln Tyr Gly
180 185 190
Phe Cya Glu Lys Phe Gly Asn Gly Glu Ser Gly Met Gly Arg Ile
195 200 205
Asp gi‘p Thr Pxo Gln Ala Tyr Asp Pro Leu Asp Val Leu Val Pro
a 22

215

Phe Val Pro Asn Thr Pro Ala Ala Arg Ala Asp Leu Ala Ala Gln
225 ° 230 235

Thx Thr Val Gly Arg Met Asp Gln Gly Val Gly Leu Val Leu Gln
245 250 2SS
Leu Arg Asp Ala Gly Val Leu Asn Asp Thr Leu Val Ile Phe Thr
280 265 270
Asp Asn Gly Ile Pro Phe Pro Ser Gly Arg Thr Asn Leu Tyr Trp
275 280 285
Gly Thr Ala Glu Pro Leu Leu Val Ser Ser Pro Glu Hiam Pro Lys
290 295 300
Trp Gly Gln val Ser Glu Ala Tyx Val Ser Leu Leu Asp Leu Thr
305 310 315
Thr Ile Leu Asp Trp Phe Ser Ile Pro Tyx Pro Ser Tyx Ala Ile
325 330 335
Gly Ser Lys Thr Ile His Leu Thr Gly Arg Ser Leu Leu Pro Ala
340 345 350
Glu Ala Glu Pxo Leu Tzp Ala Thr Val Phe GQly Sex Gln Ser His
355 360 365
Glu Val Thr Met Ser Tyr Pro Met Arg Ser Val Gln His Arg His
375 3eo
Axg Leu Val His Asn Leu Asn Phe Lys Met Pro Phe Pxo Ile Asp
385 390 395
_Asp Phe Tyr Val Ser Pro Thr Fhe Gln Asp Leu Leu Asn Arg Thr
405 410 415
Ala Gly Gln Pro Thr Qly Trp Tyx Lys Asp Leu Arg His Tyr Tyr
A 420 425 430
Arg Ala Arg Trp Glu Leu Tyr Asp Arg Ser Arg Agp Pro His Glu
435 440 445
Gln Asn Leu Ala Thr Asp Pro Arg Pha Ala Gla Leu Leu Glu Met
450 455 460
Arg Asp Gln Leu Ala Lys Trp Gln Trp Glu Thr His Asp Fro Trp
465 470 475
Cys Ala Pro Asp Gly Val Leu Glu Glu Lys Leu Ser Pro Gln Cys
485 450 495

Pro Leu His Asn Glu Leu
500

<210>10

Asp

Pro

Phe

Gly

80

His

Pro

Sex

Pro

Tyr

Glu

Ser

Pro

Pro

320

Phe

Leu

His

Phe

Gln

400

YT

Thx

val
480

Gln
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<211> 1014
<212> DNA
<213> Homo sapiens

<400> 10

cgtgcctgta atcccageag ctactcacte

aggaggctga ggcaggagaa tctcttgaac

ccggaaggea gaggttdeag t t g t gaact ctgggtgaca
gagtgagact g ag gc tg

cttgaataac tgcatgttet ttttctcaat tttcatttcc cagaactggyg cacctecggy
ctg t t t tce at agtgecctctg
gt tag gactcagy o gaa tctccagttg gecctgcaag
tgectggagg aaggatgget ctggcctegy tcetccececa accctgecca agccagacag
acagcacctyg cagacgcagg gggactgcac aat 4

gtgtgcttgg t gee t t

cacggegeect cagaccteag gaceckgeeg tetkcacgeet ktgtgaacce caaatatetg
agaccagtct cagtttattt tgccaaggtt aaggatgcac ctgtgacage ctoaggaggt
cctgacaaca ggtgcccgag gtggetgggg atacagtttg cctttataca tcktagggag
acacaagate agtatgtgta tggcgtacat tgg

attgagtctg tttt ta t. tca
tataagcgtt tgtet t ccagttcegt ctgtccthtg
tccacaagga at g gtgtag ttaktcattgt
agctatgtta tktagaaata aaacgggagg caggtttgcc taattcceag gtkg
<210> 11
<211> 522
<212> PRT

<213> Homo sapiens

<400> 11

lfet Ala Ala Val Xslal 2la Ala Thr Arg '{‘gp Trp Gln Leu Leu iagu val

Leu Sexr Ala Ala Gly Met Gly Ala
20
Ile Leu Lgu Leu Leu Met Asp Asp
3 4
Tyr Gly Glu Pro Ser Axg Glu Thr
50 55
Glu Gly Leu Leu Phe Pro Asn FPhe
65 70
Pro Ser Arg Ala Ala Leu Leu Thr
85
Phe Tyr Thr Thr Asn Ala His Ala
100
Ile Val Gly Gly Ile Pro Asp Ser
115 120

Lys Lys Ala Gly Tyr Val Ser Lys
130 135

His Arg Prxo Gln Phe His Pro Leu
145 150

Ser Gly Ala
25

Met ‘Gly Trp
Pro Asn Leu
Tyr Ser Ala

75
Gly Arg Leu
20

Arg Asn Ala
Glu Gln Leu

Ile val Gly

Lys His Gly
155

Pxo Gln Pro Pro Asn
ao

Qly Asp Leu Gly Val
45

Asp Arg Mat Ala Ala

&0

Asn Pro Leu Cys Ser
ao

Pro Ila Arg Asn @Qly
95

Tyr Thr Pro Gln Glu
110

Leu Pro Glu Leu Leu
125

Lys Trp His Leu Gly
140

Phe Asp Glu Trp Phe
160

60
120

180
220
300
360
420
480
540
600
660
720
780
840
500
960
1014
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Qly

Glu

Pro
225

Ala

Qln

Pro
305

‘pro

Hig

Leu

TYyr
385

His

Glu
Gly

Leu
465

Pro
Ala

Sexr

Ser

Ile

Phe

Leu

210

Phe

Sexr

Val

‘Asp

aly
230

FPhe

Gln

Gly

Pro

370

Arg

Phe

Phe

Asp

Glu

450

Ser

aAla

Pro

Ile

Pro

Pro

195

Gln

Phe

Lys

Arg

Leu

275

Ala

Leu

Leu
Leu
355

Thr

Gly

Cys

Hia
435

Arg

Gln

Pxa

Pxo
S1s

<210>12
<211> 2379

<212> DNA

Asn

val

180

Ile

Glu

Leu

Pro

aGlu

260

Hig

Ala

Cys

Ala

Gly

340

Thr

Leu

Asp

Pro

420

Thr

Phe

Ilae

Pro

Gly

500

Lys

Asn

Ala

Phe
245
Ile
val
Leu
Gly
Txp
325
Ser

Pro

Leu

Tzp

Leu

Leu

Leu

Asp

Ala

Ile

Lys

310

Ile

Pro

Gln

Leu

3so

Thr

408

Gly

Lys

Pro

Thr

Gln

485

Cys

Lys

Gln

Leu

Ser
470

Glu

Cys

<213> Homo sapiens

<400> 12

Phe

Lys

Asp
215

Ala

Qly

Trp

Thr

200

Phe

Val

Qly Thr

Asp

Asp

Sex

295

Gln

Pre

Met

Ser

Qly

375

Met

Asn

Asn

Pro

8ex

455

val

Asn

Lys

Ser

Asn

280

Ala

Thx

aly

Asp

-Asp

360

Arg
Ala
Sex
val
Lou
440
the
val
val

Leu

TIp
520

Pxo

Glu

185

Gly

Ile

Asp

Ser

Ile

265

Thx

Pro

Thr

His

Leu

348

Leu

ala

Txp

Sex

425

Ile

Ala

Gln

Qly
505

Ser

Tyr

70

Met

Glu

Lys

Ala

Gln

250

Gly

Fhe

Glu

Phe

Val

330

Phe

Ala

Mat

Thr

Glu

410

Gly

Phe

Ser

Gln

Asn
490

Lys

His

Asp

val

23§

Arg

Lys

val

aln

Glu

315

Thr

Thr

Ile

Asp

Leu

395

Asn

Val

His

Ala

His
475

Txp

cys

Asn

Gly

Asn

Gln
220

hr Him

Gly

Ile

Phe

Gly

300

Gly

aAla

Arg

380

Gly

Phe

Thr

Leu

Glu

460

Gln

Ala

Leu

Lys

Arg

Leu

208

Ala

Ala

Arg

Leu

Phe

285

Gly

Gly

Gly

Qly
365

Pro

Gln

Gly
44s

Tyx

Glu

val

Thr

Ala Axg
175
Tyx Tyr

1390

Thr Gln

Pro val
Tyr Gly

255

Glu Leu
270
Ser Asn

Mot Arg

Gln val

aas’

Leu Ala
350

Ile Phe

His Lys

Gln Gly
415

His Asn
430

Arg Asp

Gln Glu

Ala Leu

Met Asn
49s

Pro Pro
510

Pro

Glu

Ile

His

»n
£3
o

Leu

Gly

GQlu

320

Ser

Leu

Leu

Ala

400

Deu

Pro

Ala

val
480

Txp

Glu
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ggaattecgg

togy

tcectecgtc

ctet

cegtccegte

teae

+

ggcggckgec
ctectcacgg

gctctecatcg

tgggggtctt
acgaccagga

gagagatggg

cggggtggct gegggaacce

ggaggcccaa

aaa

gctgatgetg
cgtggtgety

cgaagtgctc
gatgactttt tecagtgett

aacactctgyg

ttcceageaa

ga
aggggaactg

ttetcagate

cagtagtaag tcctggcaga

aatgtgtggt tat v

atgtgeccaag
ataatcatea
agatccaaga

aaty cg
tggtatgeet
gecacggaage

tcettggact

tggaaaagaa

atggtgaaaa

t tgga ctagaacacg

ttctaagtak tataattaca

* k. "

ttcctetggy
ccetgtetat

tatbte

tgetotetge
cgttgtgaac
accaaatact
gaaatattta
ttggagttac
caatgggaag

taatgte

tte cta

tcttcatgat

tt

gatcgccact

tgtc

at

gaa

tacc

T

ett catggaacga

ca

ct t

taat atacagtttt

aggtggcaaa
ttcactgggg
ggacagtttt
ctgttggttc
n.’!’s :tgg

ctctectete
agctcaacaa

cettgecaat

acaagcactg
tagataatge

gttaattagg
atttaggaaa

agttgatgac
cacttacatc ttctatacct

agacaagaga cagctgtatg

c aak

cagacaatgg
agtttgatat

ge. tacet
t

ctatcacaca
caaagtteca

ggtt:

gy

», tak

tt t

gatgggatgt
gtcctggtgg
agtcctggeg
tat: tatg

g
cettattgee

getgg g

acctaaataa

gacacagatg

E

cat gg ta

tatctcaatg

t t

gt g g
cttcccagac tgtgtatgtg
t ttg tggaatttge

caggaggtgt
gctaaaacca
tectgttctg

cccegtcteca

ttgtagaagt
tagaceccaga

ggccaacatg

acccaacatg
aagatgctta
agtaktgega

Py r

cccttoectg
taacaatacc

gtttgatgac

ctataatetg

gcttitagga aagatgaact

tcgeactcea ggggtttttg

tgt g

tg

atcggttaat
accecggata

gaagattttc

robbE

gatgttacag
caggtktgac

caaacatctt

[+ t

gattgtagta
gctttaagte

ggtgtetgta
ctgtttgaaa
tgt

g g

aagcaaccca gtcagctgac

r

gt g getgtctetkg

aggacactce

gattattect

kgaggtcttt
cttgtggtta

ac

ctag

ttectegtge
gtctcttect

gttctcacty tett

at t

b <

aatgtgttaa
ttagctgaca
vacagttctt

at ttg

tacac cttttgatat

Etc

agat ettcactate

gcttgaagag
gataagtaga

o
taaccatcag
gatacatttt

tetg

agetgaatca tccaagtaag
ttatgatgtt catcacagtg
tt tttt tgtgaattc

tcac

<210>13

<211> 552
<212> PRT
<213> Homo sapiens

<400> 13

gtaagcttga
aaaaatacta
aacaagtacc

tggtaaggtt

cctaaagteca
acatcacatg
attgktgatt

gcaaattcaa

60
120
180
240
300
360
420
480
540
600
650
720
780
840
200
960

1020
1080
1140
1200
1260
1320
1380
1440
1sco
1560
1620
1680
1740

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2379
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Met Arg
1
Arg His
Gly Cys
val val
50
Thr Pro
65
Phe Ser
Ser Ile
Thr Leu
Pro Asn
130
Phe Phe
145
Gly Leu

Lys Asn

Arg

Ala

Phe

225

Ala

Lys

Ala

Phe

Lys

305

Ile

Pro

val

Asp

385

Gln

Pro

Gln
465

Leu

Lys
Asn
210
Phe
Pro
Asn
Lys
Arg
290
Leu
Phe
Ile
val
Ala
370
Leu
Gly
Gly
Gly
Asn
450
Tyr

Thr

Glu

Leu
Leu
L
3
Leu

Leu

Leu

G.
1

Ala

Pro

20

eu Gly

S

Leu

Lys

Ala

Thx

100

lu Gly Asn

15

Phe

Gly

His

Lys

Ser

val

Leu

Lys

Tyx

Gly

Pro

val

Leu Pro Leu
5

Lys

165

180

19

val
Meb
Gln
Phe
Thr
275

Lys

Val

Asn
Ala
G?.u
val

435

Cys

Leu

Ser

Met

Tyz

Asn

260

Pro

Axg

Lys

Lys

340

Gly

Ile

Lys

Ser

Gly

420

Ser

Glu

Leu
500

Tyr

Leu

Ile

Gln

245

Ile

Met

Arg

Sex

325

Arg

Pro

Asp

Asn

405

Arg

Gln'

Ala

Fhe

Pro

485

Gly

Cys

Phs

Thr

Val

Lys

cys

Ala

Gly

Asp

Ala Pro

Sexr Pro

55

Lya

Pro

Ser

Ile

val
40

Ala
Ser
Pro

Sar

Gly

Ala

Arg Leu

10

25

Ala

Gln

Leu

Ala

His

Leu

Ala

Asp

Ile

Leu

Gly

Glu

Gly

75

Leu Cys

S0

1058

120

135

Leu

Hia Gly Glu Asn
E

Asp
Ala
230

Lys

His

Qln

Leu

310

Asp

Gln

Gly

Leu

Gin

390

Leu

Asn

Cya

Cya

Asp

470

Lys

Leu

Asn

Leu

Asn

Gly

TYEX

Lys

Arg

alu

TXp

Thr

Asn

Sex

Ser Trp
Sex Met

Tyr Gly
155

170

185

Leu Sex

His

Leu

val
&0

Glu
Cys
His
Gln

Cys

Arg Arg

Thr Axg

Leu

Leu

Met

Pxo

val

Lys

val
ao

Gly
Gly
Sexr

val

Gly Ser Pro

1s

Leu @ly

Pro Asn

Gly Met

Met Thr

80

Arxg Ala

95

110

135

140

Tyr Txp

Ala

Pxo

Asn

Gly Tyr

Ile

Asp

ala

Gly

Asn Asn

Gln Glu

Gln Thr

Ala Gly

160

Leu Glu

175

190

Tyr Ser Val Asp Tyr Leu Thr AsSp
200 205

Phe
215
Thx

Ala

Gly

Thr

295

Glu

Asn

Leu

Ile

Gly

3a7?s

Met

Thr

val

Phe

Val

455

Asp

Gln

Leu

Pro

Phe

Thr

Sex

280

Leu

Phe

Gly

Tyx

Lys

360

Pro

Asp

Pro

440

Arg

Gln

Ile

Asn

Asp Tyr Lys

Ala

Gln

Asn

265

Leu

Thr

Tyx

Glu

345

Bro

Asp

425

Asp

Thr

Glu

Thx

Tyr
505

Pro
Asn
250
Lys
Ile
Ser
Gly
His
330
Phe
Asn
Ile
Met
Ser
410
Pro
Cys
Met
Val
Asn
490

axg

His

235

val

His

Gln

val

Glu

318

Thx

Asp

Gin

Leu

Ser

395

Asp

Thr

Val

Ser

Phe

475

Ile

Leu

Ser
220
Ser
Fhe
Txp
Phe
Asp
300
Leu
Gly
Ile
Thx
Asp
380
Leu
val
Cys
Cys
Ala
460
Val

Ala

Met

Asn

Pro

Ala

Leu

Leu

285

Asp

Asn

Gln

Lys

Bex

365

Ile

Leu

Leu

Pro

Glu

445

Leu

Glu

Lys

Mot

Phe

Tzp

Ile

270

Asp

Leu

Asn

Phe

val

350

Lys

Ala

Pxo

val

Ser

430

Asp

Trp

Val

Leu
510

Lys Ala

val Leu
Glu Pro

Thr Ala
240

Axg Aan
255

Arg Gln
Asn Ala
Val Glu

Thr Tyx
320

Ser Leu
3a3s

Pro Leu
Met Leu
Gly Tyx

Ile Leu
400

Glu Tyx
415

Leu Sexr
Ala Tyr
Asn Leun

Tyxr Asn
480

Ile Asp
495

Gln gex
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Cys Ser Gly Pro Thr Cys Arg Thr Pro Gly Val Phe Asp Pro Gly Tyr
518 520 525

Arg Phe Asp Pro Arg Leu Met Phe Ser Asn Axg Gly Ser Val Axg Thr
530 535 540

545

<210> 14
<211> 2022
<212> DNA

<213> Homo sapiens

<400> 14

Arg Arg Phe Ser Lys zgg Leu Leu

cteet

te

agcgeccaaght

gacttacgee

agaat

gktccgteee

t

agcectgegg

ca

tec ta
gagtatttgg
gecctgctgga

ckge

gt
gccaagtage

ggtctacggt

Lt v k.

g9

caacatcgtg

ctgatctttg

qg t ctggeegtty

atcggaaaga
ccatgtccakt

ccegheegee

ccga

tggg gacc

get

g9

getct
cttctacgtg
cceggttegg

cetgkgtcte
atgggeatgt

r

tgtgcacace

accctggegt

cketagggee gecctactga
cctggtgece ageteceggg

ccggocgget
ggggectgee

t

cggcaagtgy
ccatcgattt
cttcecegecg
gttggccaac
catggcttte

gtactatgee

g g9
caccttgggg
ctaggcatec
gceactectt

ctgtcegtag

t

tggggectga
cgtacteeca

gegacggtag

gggggectte ckgeccccce
cgaccaggge ccctgccaga

ctgtgacecag ggectygtoe

atcagggett
acctgacctyg

ccateecact

g C ag

gcge caggategee

ccttcttect

tE

tet

teagtt t

tg

gatgacagec

caatggacct

ataggggace

gagaccatge

g9g
tggggetget
gtatgtceeg

gatggagctg gatgcagotg
tgaagagacg ctggtcatct
aggcggctge tecggtetet

tggggaccct
ktcactgcaga

tgcggtgtag

gegglg

tgce

tca

cta

tal CC
agccctaget
gctgetggge
cgaggtccgt

gcg
ggggececac

acaggceaaga

tgcccaatgt

geecteggea

caccttggat ggctttgace
gtctectetbe ttctaccegt

2 tac

tecagcecect

cctacccaga

gggg! ttg

ta

tgce
tgqtcatgag
getggggugt

& *,

. wotk

gtggcegggg

ggtgetgcaa gccctgaaac

agettcaget

+

(< co

99 g

& t

tgtga

cttgctgeca

ctgggagcct

acaccagtgg

<210> 15
<211> 507

tgtc

t ttgtgecetga

agacttgecac

<212> PRT
<213> Homo sapiens

<400> 15

atctgaaaaa

aaaaaasaaa aa

taacgtaata

60
120
180
240
300
360
420
480
540
§00
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1800
1860
1920
1980
2022
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Met Gly
1

Vval Ala Axg

Tyr Oly

Asp
35

Leu Asp Gln

50

Pro val
65

Ser

Leu Pxo Val

Axg Gly Gly

Ala Arg Gly

115

Gly Pra Glu
130 .

Leu Gly
145

Cys Phe Pro

Val Pro Ile

Trp Leu Pro
195

Met Ala Asp

210

Ser His His
228

Arg Ser
Ala Val
Glu Thr
Met Ser
290
Thr Tyr
305
His Ile
Leu Pro
Leu Asp
Pro Arg
370
Gly val
385
Gln Gly
Ser Ser
Lys Asp
Thr Pro
450

Gln Leu
465

Glu Asp

Pro Ala

Qly

Gly

Leu

275

Arg

Glu

Gly

55

Fhe

Sexr

Pro

435

Glu

Asp

Pro

Cys

Ala Pro Arg

Pro Pro
20

Leu Ala

Leu Cys

Arg Met
85

Leu Pro
100

Tyr Leu

Qly Ala

Pro Tyr

Pro Ala
165

Pro Leu
180

Gly Leu

Ala Gln

Thr His

Ser Leu Leu Leu
Asn Yle Val Leu
25
Cys Tyr Gly His
40
2la Gly Gly Leu
55
Thr Pro Ser Arg
10
Gly Met Tyr Pro
Leu Glu Glu Val
105
Thr Gly Met Ala
120
Phe Leu Pro Pro
135
Ser His Asp Gln
150
Thr Pxo Cys Asp
Leg Ala Asn Leu
185
Glu Ala Arg Tyr
200
Arg Gln Asp Axg
218

Tyr Pro Gln Phe
230

Axg Gly Pro Fhe Gly Asp
245

Th
260

"

Leu Met Thx Ala Ile
265

val Ile Phe Thr Ala Asp
280

Oly Gly Cys Sexr Gly Leu
295

Gly Gly Val Arg Glu Pro

310

Pro Gly Val Thr His Glu

325

Leu Ala

340

ala Leu Ala Gly
345

Phe Asp Leu Ser Froc Leu
360

Ser Leu

Ala val

Ala His

405

Leu Thr

420

Gly Glu

Val Leu

Ala Ala

Ala Leu

485

Cys His

500

Phe Phe Tyr Pro
375

Arg Thr Gly Lys

350

Ser Asp Thx' Thr

Ala His Glu Pro
425

Asn Tyr Asn Leu

440
dln Ala Leu Lys
455

Vval Thr Fhe Gly
470

Gln I]ta Cys Cys’

Cys Pro Asp Pro
505

Ala Leu Ala
10
Ile Phe Ala
Pro Ser Ser
Axg Phe Thr
60
Ala Ala Leu
75
Gly val Leu
S0
Thr val aAla
Gly Lys Trp
His Gln Gly
140
Gly Pro Cys
18§
Gly Gly Cys
170
Ser val Qlu
Met Ala Pha
Pro Phe Phe
220
Ser Gly Gln
235
Ser Leu Met
2

Gly Asp Leu

Ala

Asp

Asp

Leu

val

Glu

His

125

Phe

Gln

Asp

Ala
205

Leu Tyr

Ser

Glu

Gly

Leu
15

Asp Leu

30

Phe

val
110

Pro

Gly

Ser
95

Leu

Leu Qly

Him Arg

Asn

Gln

Gin
190

Leu

Gly
175

Pro

His Asp

Phe Ala

Leu

Qly Leu

270

aAsn Gly Pro Glu Thr
288

300

Qly Lys

Ala Leu Ala Phe Txp

315

Leu Ala Ser Ser Leu

330

Ala Pro Leu Pro Asn

Leu Leu Gly

Ser Tyr Pro
380

365

aso

Thr Gly

Agp Glu

Tyx Lys Ala His

395

Phe

Ala Asp Pro ala Cys

a0

Pro Leu Leu

TYr AsSp

Leu Gly Gly Val

Gln Leu Gln
460

445

Leu

Pro Ser Oln Val

478

His Pro Gly
490

His Ala

cys

430

Ala

Leu

Ala

Asp
255
Leu
Met
Gly
2ro
Rsp
335
val
Lys
Val
Phe
His
415
Leu
ély

Lys

Pro
495

Ala

Gly

Asn

val

Axg

80

Ser

Ala

val

Thr

160

Leu

Pro

Leu

Ala

Glu
240

Ala

Glu

Thr
GQly

320

Leu

Ser

400

Ala

Sex

ala

aly
480

Axg
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<210> 16

<211> 2228

<212> DNA

<213> Homo sapiens

<400> 16

cge t

gecceggace tcggcgggtg

ctectceceg tegtectece getgetgetg ctgetgttgk tggegecgee gggetcggge

c

ttcttgetgy

taa

gacgtegget c

ot

g5ggtg
cteactggec gcokaccagat
cccagetgtg ttoctctgga
actacccata tggtcggaaa
cgccgaggak ttgataccta
gaacgctgta cattaattga
ggcgaagaag ttgcaacagg

g
cegtacaggl
tgaasaacte
atggcacctg
ctktggatat
cgctetgaat

atatasaaat

getgtgca

ttacagcacc

cgccgtegey

aaataatctg

gagccagety
geccctgtecag

ggaakgtacc
ctcctgggta
gtcacacgat

atgtattcaa

ggaaagaatg
gtgaagatta
gtgctcttga
caaacatatt

tg t

ttat
cecttecaace
ttattcceat
ttttcgagat

caccaaaagg

cca

ta

te

g

cagtctgtge

a9

aatgtcackg cagctttaaa

acagataacyg gagggcagac

c

tact

atggtgtece

ttatggatga

tt

8 tagg
tttggcaggg

tgt
cagaagggcg tgaagaaccg

a ca

cy
ggagctcate

caa caca

atecc

ggtaataact
gtgggctttg

cacatctct.

ggcecatteg

tggcaagcce

agcagtagga
catcktitct

aggaagaaaa

cttgetgaag

aagcctctgg

a

atggctiega

tgcataatat

a tg
cgtgtggaaa

tgacccaaac

ttegtggact ctt o
cttccagaat attcagectt
aaactcctca cgggctaccc

gtttetgaga taccctcate

taacacatet
aggetgtggt
agacccacca

tga

ctgteccgea tacagttcta
ccecegetgtg atcccaagge
gctagaaaac ctttcaattg
tttgttatce caacctgggt
tctaatttca accectaatg
ggctggagea tgtgtctaga
ggacagckgyg gaacttaact
getggetett ttagactcac
attggagtga atcacattte

ccataaacac
cactggggtyg
gaagttggac
teacttggec
catttaagaa
ggtgggggtg
tgaaatagga
aagtcagacg

ttacgcaaat

gtccatgetg
tactggttce
accaagaccc

agagaatate

caattagaca
ckccaccgte
tctggectctt

ctcacatcgt

tggaaattgg
tcaatacaat
tgatattgat

cacaaagcte

teag

tocce

t

ckeaggectt
cttetettge
gctgataaaa
gotgggttta
agttctcact
ttcgattece
gaagggagca

ttctcacgac
tcttaaacca
tctgcaacac
tccecektte
gaatcétggg
ctctgccaat

gacagtgatt

tcttgtctca
caccgaggtg
tcctgetgtt
ctaageetkg
ggctggaaca
agccagtttt
aatggttetg

*

ttg ctt
“ectettggtt caccecettac
tcaggtcaac agcaaaatgg

ttttateg

<210> 17

<211> 533

<212> PRT

<213> Homo sapiens

<400> 17

teggtgaa
tcacttatct

cctgecaccat

tca
catcacagag

gactgtggct

cataaggece

tttaaaataa

atttbgttgt

agaaatgtgt

60
120

180
240
300
360
420
480
540
600
660

780

a40

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
16680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2228
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Met

Ala

Phe

Sex

65

Gln

Ile

Lys
145
Gly

Sex

Ala

Asn
228
val

Phe

Mot

Gly

Leu

Pro

Len

50

Arg

Leu

Leu

Ile

Pro

130

Txp

His

Leu

His

Ile

Asp

Txp
290

PXo Arg
Leu Leu
20
Pro Gly
as
Leu Ala
Ile Azrg
Asp Asn
Leu Thx
100
Trp Pro
118
Gln Leu
His Leu
Asp Thr
Glu Arg
180
Asp Phe
19s
Ser Thr
Pxo Pro
Glu Pro
Gln Asp
260
Glu Ala
275

Asn Asn

Gly
s
Pxo
Ser
Asp
Thr
Tyx
85
Gly
cys
Leu
Gly
YL
155
Cya
Arg
Asn
Glu
Leu
245

Lys

val

Ala

val

Gly

Asp

Pro

70

Tyr

Arg

Gln

Met

150

Phe

Thr

Asp

Ile

Lye

230

Asn

Gly

val

Rla

val

Ala

Leu

85

His

Tyx

Pra

Glu

135

Tyr

Gly

Leu

Gly

Phe

215

Pro

val

Arg

Phe
295

Ser

Leu

Gly

40

Gly

Leu

Gln

Gln

Ser

120

Ala

Axg

TYT

Ile

Qlu

200

Thr

Leu

Pro

His

val
280

Xle "

Leu Pro
10

Pro Leu
2s

Ala Sexr
Txp Asn
Asp Ala
Prxo Leu
%0
Ile Axg
105
Cya val
Gly Tyr
Lys Glu
Leu Leu
170
Asp Ala
185
Glu Val
Lys Arg
Phe Leu
Glu Glu
250
His Tyrxr
265

Thr Ala

Phe Serx

Axg Oly

Leu Leu

Asp val
60

Leu ala
75

Cys Thr
Thx Gly
Pro Leu
Thx Thr

140

Cya Leu

Leu Asn
Ala Thr
Ala Ile
220
Tyr Leu
235
Tyr Leu
Ala Gly

Ala Leu

Thr Asp
300

Fro

Leu

Pro

45

Gly

Ala

Leu
Asp

125

His

Glu

val

Gly

205

Ala

Ala

Lys

Mot

Lya

285

Asn

aly

Leu

30

rhe

Gly

Gln

110

Glu

Het

Thr

Asp

Thr

150

Tyr

Leu

Leu

Pro

val

270

Ser

Qly

Pro

15

Leu

Leu

His

Gly

Leu
Val
Gly

val
80

Arg Ser

His

Lye

val

Lys

Ile

@ln

Tyx

255

Ser

Ser

Qly

Gln
Leu
Gly

Axg
160

Cys

Asn

Ser
240
Leu
Gly

Gln
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Thr Leu
305

Leu Trp

Leu Lys

Lys Pro
370

Pro Ser
385
Asp Ser

S8er Ser

Ile Arg

Sexr Asp

465

Fro Glu

Lys Leu

‘Pyx Phe

Trp Gly
530

Ala

Glu

Gln

Pro

355

Leu

Pro

Leu

His

43s

Pro

Glu

Leu

Pro

515

Pro

<210> 18

<211> 2401
<212> DNA
<213> Homo sapiens

<400> 18

aly

Gly

Lys

340

Asp

Pxo

Pro

420

Gly

Pro

Pro

Ser
$00
Ala

Trp

Gly

Qly

325

Gly

Leu

Gly

Pro

His
485

Arg

Gln

Met

Asn
310
val
val
val
Fhe
Qlu
390
Pro
Tyx
Txp
Pro
Lys
470
Asp

Leu

Asp

Arg

Lys

Lys

Asp

378

Leu

Axg

Ser

Lys

Sex

455

Thx

Leu

Gln

Pro

Gly

Asn

Leu

360

val

Leu

Asn

Ala

Leu

440

Gln

Sex

Fhe

wn
13
o

Bro

Val

Arg

345

Ala

TXp

His

Sex

Pha
425

%
o
0

3

ge

tt

aly
330

Glu

Lys

Asn

Mekb

410

Asn

Leu

Glu
490

His

Axg
315
Phe
Leu

Qly

Ile
3s8s

Ala

Gly
Val
Phe
475
Tyx

Lys

Pro

ta gtgaggttge

Gly Arg Lys Trp Sex
of 320

val Ala Serx Pro Leu
335

Ile His XIle Ser Asp
350

His Thr Asn Gly Thx
365

Ile Sex Glu Gly Sexr
380

Asp Pro Asn Phe Val
400

Pro Ala Lys Asp Asp
415

Ser Val His Ala Ala
430

Tyr Prxo Gly Cys Gly
445

Sexr Glu Ile Pro Ser
460

§

Asp Ile Asp Arg

&
@
o

?

Pro His Ile val
455

His Sex Val Pro Val
510

Lys Ala Thr Gly val
525

agtgattgag taggattggce

accatgaaca gaggatgaac aagtgaagtt gcaatctcct

aacaacagga tcacaagctg gagatgcctt taaggaagat

Yy

tg!

tggetgacga

ceteoggeatt ggagatectg ggtgetatgg

tgg
ccatcacagc tcagttcecc
gaagatccct ttcctectac
geegaacate atectggtga

gaacaaaact atcaggacte

60
120
180
240
300
360
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<213> Homo sapiens

<400> 19

ccaatatcga ccggttggee agt teac g gcagcatcac
cgctgtgeac gocrg ca t g gtaccctgkc cgatcaggaa
tggcatetty gtoeccgeact ggagttttce tett ctct gga
ccgatgagat tacctttget aagcttctga aggatcaagg ttattcaaca gcactgatag
ggaaatggca ccttgggatg agctgtcaca graagactga cktetgteac caccctttac
atcacggctt caattattic t etk £ tgca
gagagggcag tgtetteacc acgggettca t ct 12 teg
ag9g c ct tcaattgtct ggggctactc cacgtgeete
taggcgtitt tttcagectt ctettectag kg ttect
tectteatta ctteceggece ckgaactget tcatgatgag gaactacgag atcattcage
Egte ¢© t cagttecatac
e t teceg ttec! ccta cct tg
g - g gt agtetacggg gatgetgttg
t: ggagtgtg tck tgaaccttct ggatgagctg agattggcta
atgataccct catctacttc acatcggacc kg gkgtctt
at t ag tctat tgag
aaggaggtat ccgggttcca ggcatcctte g gg
agattgatga gcccactage aacatggaca tatttectac agtagccaag ctggetggag
ctcecektgee tgaggacagyg atcattgatg gacgtg gatg g ct
aa; cg ¢ gag' tececaktact: tt
tgegetggea cectcagaac t ot c t
tcaaccecgt gggttccaac ttg t tgt tt tt
akgt t cct t ttgatatktte caaagatcec agagagageaa
acccactaac tccagcatce t t t t
g agg gttttca & t
ktc gebt getg t gtee ¢ cggectgtet tgcecagtgtg
aa ggataag ag gcta cctggggacc agacagacgce
t tc t t aagk t t
_aactccatct acaccttgga tt tga ttetecattt tat tg goge
cagagctcaa cagctactca t t aagyg gta gtat:
aggaagatég taggtttatg ccttcectgtag ccagagtctt ggactcatgg aaatagaatg
aatagagggg catt t gcaagcagat tgcagaaggce
aatcttaaaa a tg ctk & tatgt
tata ag t taa gtga t agc
a
<210> 19
<211> 583
<212> PRT

420

480

540

600

660

720

780

840

%00

860
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2401
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Mot
1
Trp

Het

Leu
&5

Ser

145

Gly
val

val

Leu
225

Gln
val

His
308

Pro
Glu
Ala
Ile
50

The
Fhe
Arg
Asp
Ala
130
Asp
Ile
Phe
aly
His

210

Ila

Axg

His
290

Gly

Leou

Ala

Asp

35

Axg

Gla

Met

Thx

Glu

115

Leu

Phe

Ser

Thx

Val

195

val

Leu

Pha

Asn

Asn

275

Thr

Glu
20

Asp

His

Gly

100

Ile

Ile

Cys

Leu

180

Thx

Pro

Thr

Met

Leu

260

Thr

Ala

Sex

Leu

Pro

Leu

Gly

85

Val

Gly

His

Thr

165

Gly

Leu

Leu

Leu

Met

245

Thx

Glu

Leu

Val Tyr Gly

Met
His
Gly
Asn
Ala
70

Arg
Phe

Phe

Lys

Ala

Ile

Ile

55

Ala

Leu

Ala

Lys Trp

His

150

Asn

Pha

Leu

Gly

FPhe

230

Arg

Gln

Thx

Phe

Pro

Leu

Lys

Thr

val

215

Leu

Asn

Pro

Ser
295

Ile
Ala
Gly
40

Asp
Ser
Pro
Phe
Lys
120
His
Leu
Arg
Arg
Leu
200
Phe

Gly

Tyxr

Phe
280

Sex

val

Pro

Ser

25

Asp

Arg

Pro

val

Thr

108

Leu

Leu

His

Leu

185

Ala

Phe

Fhe

Glu

Thr

265

Leu

Lys

Glu

Phe

10

Arg

Pro

Leu

Leu

Axg

90

Ala

Leu

Gly

His

cya

170

val

ala

Leu
Ile

250

val

Asp

Glu

Leu

Pro

Gly

Ala

Cys

Sex

Hex

Lys

Met

Gly

155

Phe

Leu

Leu

Hia

235

Ile

Glu

Val

Phe

Mot
315

Leu

Asn

cys

Sex

60

Thr

Gly

Ser

Asp

Sex

140

Phe

Pro

Leu

Asn

Leu

220

Tyr

Gln

Ala

Leu

Ala
300

Leu

Ile

Gly

Pro

Met

Gly

Gln

125

Cys

Asn

Gly

Pro

Cys

205

FPhe

Phe

aln

Ala

Ser

28s

Gly

Fhe

Ile

30

aly

Gly

Ser

Ala

Gly

110

Gly

Hig

Glu
Leu
190

Leu

Leu

Pra
Gln
270

Tyr

Lys

Phe
15

Leu
Asn
val
Axg
Sex
95

Leu

Sex
FPhe
oly
175
Gln
Gly
Ala
Pro
Met
285
Leu

ser

val

Leu

val

Lys

Pro

Ile

Leu

Ala

Leu

240

8erxr

Ile

His

Gln

Gly
320
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Gln

Lys

Ala

Pxo
38s

Lys
465

Cys

val

Pro

545

Leu

Glin

Ile

Gly

370

Asp

Asp

Sex

Leu

450

Ala

Phe

Asp

Pro

Met

530

Rsp

Cys

Asp

Leu
Pha
Glu
355
Asn
val

Ile

Gln
435

Fhe

Pxo
Leu
518
Gln
Gln

Cys

Lys

<210> 20
<211> 1945

<212> DNA

Asn
Thr

340

Ile

Ile

Phe

Xle

420

Axg

Phe

Thr

Pro

500

Glu

Phe

Pxo

Arg
580

Leu
325

Sex

Qlu

Gln

Pro

405

Ile

Ser

val

Pha

His

ass

Leu

Pro

Ala

Ser

Ser
565

Leu

Asp

Gly

Gly

Ala

aso

Thr

Rap

Asp

Axg

470

val

Leu

ala

Ala

Sexr

<213> Homo sapiens

<400> 20

ggaagecttg geactagegg cgecegggcg cggagtgege agggeaaggt cctgeogcotet

Asp

Gln

aly

aly

375

Gly

val

Gly

His

Txp

455

Pro

cys

Phe

Ser

Asp
535

rp Asn

Gly

Glu

Gly

Ser

360

Ile

Gln

Ala

Axg

Glu

440

His

Asn

Phe

Asp

alu

520

Arg

Asn

Leu

Leu Arg Leu

Ala

345

Asn

Arg

Lys

Lys

Asp

425

rhe

Phe

cys

Ile

505

Pro

His

Phe

Sex

His

Gly

val

Ile

Leu

410

Leu

Leu

Gln

aan

FPhe

490

Sex

Thr

Cys
570

val

Ile

Pro

Met

Phe

Pro

475

Gly

Lya

Phe

Gln

TR

555

aln

Ala

Glu

Gly

380

Glu

Gly

Pro

His

Sex

460

val

Ser

Asp

Tyr

540

Lys

Cys

Asn

alu

Lya

365

Ile

Pxo

Ala

Leu

Tyxr

445

Thr

Gly

Pro
Qlu
525

Leu

Pro

Asp

val

350

Gly

Leu

Thr

Pxo

Leu

430

cys

Sex

Ser

val

Arg

510

Pro

Trp

Arg

Thr
335
Ser
aly
Arg
Ser
Leu
415
Glu
Agn
Ile
Asn
Thr
49s
Glu
Leu
Glu
Leu

Glu
575

Leu

Sexr

Lya

Txp

Asn

400

Pxo

Gly

Ala

Gly
480

Ris

Lys

val

Gln

560

Lya

60

60
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tegg gatc 'gcegecag
ggactctttg ccggtgctac tgtttttatg cttgettctg aagacgtgtg aacctaaaac
tgcaaatgcc tttaaaccaa atatecctact gatcatggeg gatgatctag geactgggga
tcteg t at t att t
aggtgtgagg ctcactcage gdcgg g t g gc
attcctcaca tt cotk: t c atg gataceg
ccttcagtgg aacgcaggct caggtggact tt t t
ctt tg ca a gtgtgaateg
tg t cck ggatttgact atttctacgg
catgcecttc acgctcacaa acgactgtga g i
cect g C gg gtt. gttcctggeg ctggggatte tcacccetgge
tgceggecag acctgeggtt tctkctetgt gaga g cea gea
g ctyg ca ta ctcctcette gggtttgtge gacgctggaa
ctgtatcctg at a c gg atggttctgg agaaaacagce
gagkecttatg ctaaaggaag ctgtttccta tattgaaaga cacaagcatg ggccatttcet
cotektectt tetttgetge atg tt gtg tg ¢
gaaaagtcag catggcttat atggtgataa tgtggaggag atggactgge tcataggtaa
ggttcttaat geccatcgaag acaatggttt aaagaactea acatteacgk atttcaccte
togga ttag cagttagggg gatggaacgg
aatttacaaa ggtgggaagg t g tg
ct tag ccgagtgatt ggagagccca cgagcoctgat
ggacgtgttc cctactgtgg t gogt gag gt
tga gggagctgag gcacgotcgg cacatgagtt
cctgtttcat tactgtggge agcatcttca
aagcgtctgg aaggttcatt acacgaccce gceagttccac cccgaggage ggggcctget
g atg g a tcaca et
gctctttgae ct t: g t
cctgtaccac g tag g t
gagtcctgtg ccecageagt tttccatgag caas g tgga gt g
g Btk gt tctg kg ¢ t cccectgaat
tg bt t tgactgeg t aat
gettggttet atctteagte cggaa
<210> 21
<211> 593
<212> PRT

<213> Homo sapiens

<400> 21

l;el: Arg Ser Ala gua Axg Arg Gly Arg }%a Ala Pro Ala Ala Arg Asp
1 15

Sexr Lieu Pxo ;’al Leu Leu Phe Leu Cya Leu Leu Leu Lys Thr Cys Glu
] 25 30

61

120
180
240
300
3so0
420
480
540
600
660
720

840

900

260
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1945
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Asp

Tyr

Glu

Leu

145

Hisg

Leu

val

225

Phe

Ile

Hia

Ile
308

Lya
Asp

50

His

Arg

130

Ile

Cya

Fhe

Ala

Gly

210

Ile

heu

Thx

Lys

290

Pro

Thr Ala Asn Ala

35

Leu

Pro

Leu

Gly

Ala

115

Thx

Gly

His

Ala

195

Ala

Sex

Mst

Ala

275

His

Leu

Gly

Gly

Asn

Ala

Arg

100

Deu

Phe

Lys

His

Leu

180

Leu

Leu

Axg

260

Sex

Gly

Val

Asp

The

Ile

Ala

85

His

Gln

Ala

TP

Pro

165

Thr

Arg

Thr

Rla

Tyx

245

Asn

Pro

Asn
325

aly

Asp

70

Ala

Sex

Trp

Axg

His

150

Leu

Ala

Leu

val

230

8er

His

Phe

310

val

Pha
Asp
SS

Gln
Pro
Fha
Asn
Ile
135
Gln
Asn
Asp
Gln
Ala
218
Thr
Sex
Asp
Leu
Leu
295

Ser

Glu

Lys

a0

Leu

Leu

Leu

Arg

Ala

120

Lieu

Gly

His

Cys

Leu

200

Ala

Gly

Phe

val

Lys

280

ala

Glu

Pro

Gly

Ala

Cys

Sex

105

Gly

Gln

val

Gly

Asp

iss

Trp

Gly

Met

Gly

265

Glu

Phe

Met

Asn

Cysa

Glu

Thr

o

Ser

Gin

Asn

Phe

170

Pro

Gly

Gln

ala

Phe

250

Glu

Ala

Leu

Asp
330

Tyr

Glu
75

Met
Qly
His
Cys
155

Asp

Gly

Gly
235
val
Gln
val

Ber

Gly
315

Leu

Gly

60

Gly

Sex

Asp

aly

Gly

140

Ala

Arg

Cys

220

Val

Axg

Pro

Ser

Leu

300

Lys

Leu

Leu
a5

Asn

Val

Ala
Leu
125

T

Ser

Pro

Gln
205

oly

Gly

Arg

Met

Leu

Ser

Ile

Asn

Axg

Ala

Ser

110

Pro

Ala

Arg

Pro
190
Fhe

Fhe

Trp

Met
Thr
Leu
Ala
95

Asn
Glu
Thr
Gly
Gly
175
Glu
Leu

Fhe

Asn

255

val

270

Ile

His

Qln

Gly

Leu

Glu

His

Lys
335

Ala
Leu
Thr
80

Fhe
Gly
Asn
Gly
Asp
160
Mekt
val
Ala
Ser
Phe
240
Cys
Glu
Arg
His
Gly

320

val

62
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Phe
6la
Gly
385

val

val

His
465
His

Ala

Bxo

Gly
545

Pro

Asn

Thx

Leu

370

TP

Leu

Phe

val

Glu

Pro

530

Ala

rPhe

Gly

Ala
Sex
355
Gly
GQlu
Pro
Pro
Ile
435
Sex
ala
Thr
Ala
Leu
515
Pro
Ala

Ser

Hia

<210> 22
<211> 1858

<212> DNA

Ila
340
Asp
Gly
aly
Ala
Thr
420

Asp

Arg

Ser
500
Leu
Asp
Vval

Met

Phe
580

Glu

His

xR

Gly

Gly

4058

val

Gly

His

Txp

Pro

485

Ala

Phe

Ser

Ser

Ser
565

Pro

Asp
Gly
Asn
Ile
3%0
Arg
val
His
Glu

His
470

Glu
Glu
550

Asn

Pha

<213> Homo sapiens

<400> 22

cettectetbt cttgatecggy gattcaggaa gy

Asn

Gly

Gly

ars

Arg

Val

Gln

Ser

Pha

455

Gln

Phe

Ala

Leu

Pro

535

His

Gly
His
360
Val
Ile
Deu
Leu
440
Leu
Lys
His
Glu
Sex

520

Leu

Leu

Leu
aas

Leu

Pro
Gly
val
4235
val
Phe
Asp
Pro
Trp
505
Arg
Tyx
Gln

Trp

cys
585

Lys

Glu

Lys

Gly

Glu

410

Gly

Pxo

His

Ser

Glu

490

Gly

ABp

His

Thyx

Lys

570

His

Asn

Gly
Ile
395
Pxo
aly
bLeu
Tyx
Gly
475
Glu
Gly
Pro
Ala
855

Pro

Glu

Ser Thr
Axg Asp
365

Oly Lys
380

Phe His

Glu val

Leu Gln
445

Cys Gly
460

Ser Val
Arg Gly
val Thx
Ser Glu

525

val Ile
540

Sex Pro

Try Leu

Asp Gly

Phe
350

Gly

Leu
Pro
430

Gly

Gln

Leu

His

510

Ala

Ala

val

Gln

Asp
590

His

Meat

Met

415

Gln

Ala

His

Lys

Leu

495

Hia

Pro

Pxro
575

Gly

ggaa gt

Sex

Gly

Gly

400

Asp

Glu

Leu

val

480

Thx

Pro

val

Gln

560

Thr

tg tt
g

g8

tttgtgttte aggagotgge tgecagcgat

120
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g

aget g

gaacatectt

tg

gacatttecg

cctceegace

acacatctct

cecctgtgega

14

tcagggatgg

g g

tttccageat tggttaccgt

ctt:

ttttgcaaaa

tgccactgga

.

ctcattggaa

aatggcatct gggtctcaac

o

gcectteckeca
gttcttcagt
atactgaaag
tgtgagtcag

& t

cgggcagaka
dggaccggage
agaaaggcta
ccagtgatca

ke

gaagegtgteo

gagg! ttge
ettcckctte
cetgatacce

cgcaagetee

caagtcctgg
étctCQnga
tattttgtgg

aacctggaac

aaaaactcaa

cettggttyg g
tgccggteat ctggtcagee
gtgetctgat tgtccatgee

cttteggeeg
gattgcttte

tectectect

tgatgagaaa

ggttgcgtee
acacgttcac
gtatggggac
cgtggagggt

ai t

tttctecaaaa
atccctctta
aacgtagagg

ttgagcaaca

t ceaa

ggaataagca kgggccttte

ctectetttg

ttteckttet

tcactatgga
agatggactg gatggtagga
gcacccteat ttattttacg

atgy

I3

gggcatggga

ggatgggaag

tc
cggatccttg
tcggatcacg

ggaatttata

acactttgga
gcggttcect

aaggtgggaa

a

t

g teeg cg

at tgt

g9 999

t

tga

tt tetg

og

aggy g

att

t

]

gaggtttctg
ctttgtgacy

g9

gtgttee

g9 agecggtgee

tet

hd

cga

kgt
tgctatggaa
ttgctotttyg

t

tcca
gaaaggtctg
acckctcaag

at tgat

tg

g9

<210> 23

<211> 589

tg

<212> PRT
<213> Homo sapiens

<400> 23

aagat acaataaatyg

ccctgotgtg
tetgeagtga

gecegttece

aaagetgg

get Leu His Len His His Ser Cys Leu Cys Phe Axg Ser Trp Leu Pro
5 10 . 15

Ala Met Leu Ala Val Leu Leu Ser Leu Ala Pro Ser Ala Ser Ser Asp
2s

20

30

Ile Ser gla Sex Arg Prxo Asn Ile Leu Leu Leu Met Ala Asp Asp Leu
5 45

180
240
300
360

420

480
540
600
660
720
780
840
500
860
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1858
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Gly

Asn
65

Phe

Lys

145

Leu

Leu

Met
225

Sex

Acp

Ile
S0
Ile

Ala

Gln

Ala

130

TCp

Pro

Hebt

Qlu

Thr

210

Pro

Tyr

Asn

Leu

Pro

290

Thx

Asn

Asp

His

aly

Asp

Ala

Pro

Lys

His

Leu

Gly

Gln

195

Leu

val

Phe

Hie

Ile

27s

Phe

Met

val

val

Gly
358

Asp

Arg

Ser

val

100

Thx

Ile

Leu

His

Asp

180

Lys

Val

Ile

Val

Thr

260

Leu

Leu

Glu

Glu

Glu

340

Gly

Ile
Leu
Leu
13

Arg
Gly
Leu
Gly
Hig
165
Cyw
Leu
Ala
TR
Gly
245
Ila
Gin
Leu
Asn
Glu

325

Gly

Gly

Ala
70

Cys

Sex

Ala

Lys

Leu

150

Gly

Ala

Asn

Gly

Sexr

230

Ala

Glu

rhe

Phe

310

Het

Leu

Leu

Cys

55

Glu

Thx

Gly

Sex

Glu

135

Asn

Phe

Phe

Lysd

215

Ala

Leu

Glu

val

val

295

Leu

Rap

Ser

Glu

Tyx
Asp
Pro
Met
Gly
120
Lys
Cys

Glu

Leu
200
Leu
Leu
Ile

Gln

Ala
280

Asn
360

Gly

Asn

Gly val

Ser

Val

105

aly

Gly

Glu

His

Glu

185

Phe

Sex

Val

Pro

265

Phe

 Lys

Mat

Ser
345

Gln

Arg
90

Deu

Sexr
Phe
170
Leu
Gln
His
Ala
His
250
Mek
Fhe
Leu
Sex
val
330

Thx

Leu

Asn
Lys
75

Ala

Pro

Ala

Thx

60

Leu

Ala

Ile

Thx

- 140

Ala

155

Tyr

Sex

Val

Leu

val

23s

Ala

cys

Leu

His

Leu

315

Gly

Leu

Gly

Ser

Gly

Glu

Leu

Ile

220

Leu

Pha

Lys

val

300

Hisg

Rxg

Ila

Asn

Meb

Thr

Phe

Arg

Gln

Leu

Gly Tyx

Asn
135

Gly

Met

Lys

ala

205

Pro

Leu

Qln

2
o
[

buted

Thr
368

Glu

Leu

His

Pro

Arg

190

Leu

val

Leu

Phe

Axg

270

Ila

Leu

Leu

Phe

350

Gln

Thx

His

Ile

Phe

175

val

val

Ser

Ala

Leu

255

Lys

Pro

Asp
335

Pro
Ile
80

Gly

val

Gly

His

160

Ser

Asn

Ala

Ser
240

Met

His

Leu

Gly

320

Thr

Serxr

Gly

65
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Gly Trp Asn Gly Ile Tyx Lys Gly Gly Lys Gly
370

375

Gly Gly Ile Arg Val Pro Oly Ile Phe Arg

38S 330

w
o
w

Ala Gly Arg Val Ile Gly Glu Pro Thr Sex Leu
4

05

410

Thr Val Val Arg Leu Ala Gly Gly Glu Val Fro
420 425

Asp Gly 2:3“5' Asp Leu Leu Pro Leu Leu Leu Gly

440

Asp His Glu Phe Leu Met His Tyr Cys Glu Arg

450 455

Arg Trp Hla Gla Arxrg Asp Arg Gly Thx Met Trp

'S
o
w;

470

475

Thr Pro Val Phe Gln Pro Glu Gly Ala Gly Ala

485

490

val Cys Pro Cys Phe Gly Glu Lys Val Val His
505

500

Leu Phe Asp Leu Sexr Axg Asp Pro Ser Glu Thr
515 520

Ala Ser Glu Pro Val Phe Tyr Gln Val Met Glu

Met Gly Gly Trp Glu
so

Pro Gly Val Leu Pro
400

Mot Asp val Phe Pxo
415
Gln Asp Arg Val Ile
430

Thr Ala Gln His Ser
445

Fhe Leu His Ala Ala
460

Lys Val Hia Phe Val
480

Cys Tyr Gly Arg Lys
495

His Asp Pro Pro Leu
510

His Leu Thr Pro

Ile
525

Axg val Gln Gln Ala

530 53§ 540

val Trp Glu His Gln Arg Thx Leu Ser Pro Val Pro Leu Gln Leu Asp

545 550 555 560

Arg Leu Gly Asn Ile Trp Arg Pro Txp Leu Gln Pro Cys Cys Gly Prxo

565 570 575
Phe Pro Lew Cys Trp Cys Leu Arg Glu Asp Asp Pro Gln
580 585

<210> 24

<211> 1996

<212> DNA

<213> Homo sapiens

<400> 24

gag tg cct tt taa ta g aagg t

aage t tt ggtettcatg tetttggtgt gtgoactett

gaacacatgg ccagggcaca cagggtgeat gacgacaagg cetaatattg bectaateat

ggttgatgac ctgggtattyg gagatctggg cggc aal t

tcacatcgac cg g g t e g
gegttott tac tce gat tat

ggtttctagt ggtaatagac gtgtcatcca aaatcttgea gtcccegeag gectcectet

60
120
180
240
300
360
420
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taatgagaca
caaatggcac
ttatgggttt
cecectetegt
tgecattgee
gctectgatce
ccacacgkce
gcccatgaag

aeggcacagt

acacttgeag

ggattatagy

gactactact
aacacggaat
atcctcacce
ttctccatga
cctttatact
getgaacgay
aaggaaactt

ttca

atggeatgee gtteactcte

gttgacaget

a taa

gckggeegga

tagt

tagcctttga o

taacctttgg gaagctgage

ttetgtitat tttectcktg

=

gg gtg
ggctgggtet
ggctatgekt

ctgttccetg

ggttctccag

€

gggactgeet b

ctggateccat tatggtgaag

tcecttctott tttetecktt

agagatggac
caacaccctt
tgcccaactt
aggtggaate

gattaaggaa

tccatggtay
gtctacttta

ggtggatgga

gcaagatkct tgatgctate

gaagegattt
cttcacgtge
ttgtatgggy
gatgattttg

s ta

cctttttaga
acacacctct
ataatgtgga

gcctaaggaa

catcagatca

atggaatata caaaggbgga

aaaggeatgy

cgeg 4

tceg

494

aaggt

ggggctggga
ctggacggtt

cet

act

g tecag

g

aag

tecat

geggtggate
attceageca

acaggttace

cccaaggacg
ccagettetg

taccacaacc

aattl

o

tg ttge
ggctectace

gcaggyg
tgecacgcegt

(3

acagtgggtc agtt

gtggetgeta kgtcacctea

cccctetget cttcgatete

=

t

ttt

cgeccetgaag

gaacaccagg

acg

ttatgcagat
tccagggace

gtgattaaaa

tac tck

gttteggaga
cctecagagte

aggtggccaa

aaaccategt g

ggaagaggaa
ccagaggaag
cactaacttt

accattceag

<210> 25
<211> 591

gtctctcage
cctttggtce

tg tggggtgtte

ctcggggtec taacgagaag

taacgagaag agataattac

agttggcaag gagt

tt

ccattttgte
agataattac
aatcaggcta

aatagtcaat

tgtgtgacaa
aatcaggcta
ccaaaggaag

aaatt

gag ca
attatt

<212> PRT

<213> Homo sapiens

<400> 25

Met Arg Pro Arg Arg Pro Leu Val Pha Mat Ser

1 5 10

Leu Asn Thy ;zp Pro Gly Hin Thx G%y Cys Met
. 2

Ile Val Leu Ile Met Val Asp Asp Leu Gly Ile
EH 40

Tyr gzy Asn Agp Thr Met Arg Thr Pro His Ile
53

Leu Val Cys Ala Leu
15

Thx Thr Agg Pro Asn
3

Gly :gp Leu Gly Cys

Asp Arg Leu Ala Arg
60

aso
540
500
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
1996
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Glu
65

Pro

Met

Gln

Cys

145

Asp

Asp

Cys

Leu
225

Gly

305

Sex

Asn

ala

Gly

Ser

val

Aly

Gly

130

Asp

Tyr

Ser

210

fhe

Leu

Pro

Ser

Phe

290°

Thr

Het

Asn

Gly
370

val Arg

Arg Ser

Ser Ser
100

Leu Pro
118

Tyr Ser

Sex Arg

Sex

Gln Leu
195

Gly Trp

Ile Phe

Mat Lys
260

Phe Leu
275

Leu His

Ser Lys

val Gly

Thr Leu
340

Axrg Gly
355

Lys Gly

Leu

Ala

BS

Gly

Leu

Thr

Ser

Qly

165

val

val

Leu

Asp

245

Ala

Glu

val

His

Lys

325

val

His

Mot

Thx

70

Phe

Asn

Asn

Gly

Asp

150

Met

Thr

Ala

Ser

Leu

230

Cys

Glu

Arg

Bis

Gly

310

Ile

YLD

Ala

Gly

Qln

Leu

Arg

Glu

Leu

135

Gln

Pro

alu

Ile

val

215

Gly

Leu

His

Thr

295

Leu

Phe

Gln

Gly
375

Arg

Thx
120

Phe

Leu

ala

200

Pro

Leu

Ala

Ser

280

Pxo

Thr

Leu
360

Txp

Ils

Gly

val

105

aly

His

Ala
185

Ile

Met

Qly

265

Lys

Leu

oly

Ala

Ser

Arg

90

Ile

Leu

Lys

His

Leu

170

Fhe

Leu

Leu

250

Ser

Glu

Pro

Asp

Ile
330

Ala

15

Tyx

Gln

Ala

TR

Pro

155

val

Glu

Leu

Phe

235

Gly

Ile

The

Asn
a1s

aAsp

Ser Asp His
345

Gly Gly Trp

Glu Gly Gly

Ala

Pro

Asn

Ala

His

140

Tyr

Asp

Sar

Leu

Ile

220

Ser

His

Pha

Thr

300

val

Asp

Gly

Asn

Ila
380

Ser

Ile

Leu

Leu

125

Gln

Asn

Sex

aln

Thr

205

Fho

Sex

Glu

Val

Leu

285

Asp

Glu

Phe

Gly

Gly

365

Arg

Leu

Ala

110

Leu

Gly

Tyr

Cys

Leu

130

Phe

Sex

His

Ile

Lya

270

Leu

Asp

Glu

aly

His

350

Ile

val

cys

Sexr
95

Lys

Leu

Gly

Tp

175

Trp

Gly

Met

Thr

Thr

255

Glu

Phe

FPhe

Met

Leu

335

Leu

Pro

Ser
80
Gly

Pro

Asn

Phe

160

Pro

Lsu

Lys

Ile

Sex

240

Ala

Phe

Thr

Asp

320

Glu

Lys

Gly

68
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Ile Val Axg Trp Pro Gly Lys Val Pro Ala Qly Arg Leu Ile Lys Glu
385 3 395 400

g0

Pro Thr Ser Leu Met Asp Ile Leu Pro Thr Val
405 410

Ala ser val Sex Gly
415

Oly Sex Leu Pro Gln Asp Arg Val Ile Asp Gly Arg Asp Leu Met Pro
. 430

420 425

Leu Leu Gln Gly Asn Val Arg His Ser Glu His
435 440

Glu Phe Leu Phe His

445

Tyr Cys Gly Ser Tyr Leu His Ala Val Arg Trp Ile Fro Lys ABp Asp

450 455

460

Ser Gly Ser Val Trp Lys Ala His Tyr val Thr Pro val Phe Gln Pro
480

465 470 475

Pxo Ala Ser Gly Gly Cys Tyx Val Thr Ser Leu Cys Arg Cys Fhe Gly
495

485 430

Glu Gln val Thr Tyr His Asn Pro Pro Leu Leu Phe Asp Leu Sex Arg
510

500 505

Asp Pro Ser Glu Ser Thr Pro Leu Thr Pro Ala
515 : 520

Asp Phe Val Ile Lys Lys Val Ala Aen Ala Leu
530 535

Thr Ile Val Pro Val Thr Tyr Gln Leu Ser Glu
545 550 555

Thr Trp Leu Lys Pro Cys Cys Gly Val Phe Pxo
565 570,

Thr Glu Pro Leu Tyr

525

Lys Glu His Gln Glu
540

Leu Asn Gln Gly Arg
560

Phe Cys Leu Cys Asp
575

Lys Glu Glu Glu Val Ser Gla Pro Arg Gly Pro Asn Glu Lys Arg
590

580 585

<210> 26

<211> 1578

<212> DNA

<213> Homo sapiens

<400> 26

gkt a t

atgggetgge tttttctaaa ggt ttg tga
cctettgtgg atttttgeat cagtgggaaa acaagaggac
attttggocecg atgacatggg gtggggtgac ctgggagecaa

agaagccaaa ctbtgtgatt
actgggcaga aacaaaggac

t ttt ccatgcagct

actgccaacc ttgataagat gg ggaa

gecteccacet gotcacccte cogggettee ttgetecaceg

geceggettgg ccttegeaat

teat
ggag ttgc ag

£k

ttgg ttac g 3
ggacaccacg gctcttatca cceccaacttc cgtggttttg
tatagccatg atatgggetg tactgatact ccaggetaca

ty g gtga ¢ at cttcaaagag

ctccctettt atgaaaacct caacattgtg gagcagecgg

t a
att:actac_tl: tggaatececa

accaccctec ttgtcca‘gc‘g

actgttacac tgacgtggcc
tgaacttgag cagecktgee

ca

tatg agc ttc kg
ttectgectet atgtggetck ggcccacatg cacgtaccct

gecagecgecac ggggeagaag ccotgtatggt geagggotct

tacctgtgac teagctacca
gggagatgga cagtctggtg

tca aagt t acacattect ctggtttaca
ggagacaatg t tgt g9 gecagkgtggg tcecttcact
ggat a (2 agt AGC cctg gga

r

tta

tece

gecttgttaa gegtgctgga catttttcca actgtggtag

cagttaatgt caccagcact

ccctggecca ggecagetta

cctcaaggac ggcgetttga tggtgtggac gt cocyg
cctgggcaca tt tt E tg
g gkee gec cg tt ttctacatta ccggtggage cagggegtgt
qa tga t aagtttccte tgattttraa cctggaagac
gat a g agt tg g
tgc c ttg catct

gcagattaca ctcaggacce ttcagtaact ccctgctgta

cgetgtcaag cegeataa

<210> 27

<211> 525

<212> PRT

<213> Homo sapiens

atccctacca aattgectge

&0
120
180
240
300

420
480
540

600
560
720
780
840
300
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1578

69
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<400> 27

xfet Gly Trp Leu 15’113 Leu Lys Val Leu

Gly Pha Leu Tyr
20

Gly Gln Lys Pxo
. 35

Pro Leu Val Asp Phe
25

Asn Phe val Ile Ile
40

Gly Asp Leu Gly Ala Asn Trp Ala Glu
50 58

Asp lLys Met Ala
65

Ala Ser Thr Cys

Ser Glu Oly Met Arg
70

Sexr
85

Pro Ser Arg Ala

Gly Leu Arg Asn Gly Val Thr Arg Asn
100 105

Gly Leu Pro Leu
115

Asn

Gly Tyr Val Thr Gly
130

Ser Tyr His Pro
145

Tyr Ser His Asp

Pro Cys Pxo Ala
180

Arg Asp Cys Tyr
195

Ile Val Glu Gln
210

Glu Lys Ala Thr
225

Phe Leu Leu Tyr

Thr Gln Leu Fro
260

Leu Txp Glu Met
27S

His Thr val Lys
290

Pro Trp Ala Gln
305

Gly Phe Trp Gln

Trp Glu Gly Gly
340

val Pro val Asn
355

Phe Pro Thr Val
370

Arg Phe Asp OGly

Pxo @Gly His Arg

Phe Gly Ala Leu
420

Ile Thr Gly Gly
435

Asn

Met

165

Cysa

Thr

Pro

Gln

val

245

Ala

Asp

Glu

Lys

Thr

325

His

val

val

val

val

405

Gln

Ala

Glu Thr Thr Leu
120

Ile Ile Gly Lya
135

Phe
150
Gly
Pro
Asp
val
Phe
230
Ala
Ala
Ser
Asn
Cys
310

Arg

Ala

Asp
390

Thr

Arg GQly Phe
Cys Thr Asp
Gln Oly Asp
185
Val Ala Leu
200
Asn Leu Ser
215
Ile Gln Axg
Leu Ala His
Pro Arg Gly
265
Leu Val Gly
280
Thr Phe Leu
295
Glu Leu Ala
Gln Qly Gly
val Pro Ala
345
8er Thr Ala
360
Leu Ala Gln
val Ser Glu
Phe His Pro
Val Axg Leu
425

Ala Cys Asp
440

Leu Ala
10

Cys Ile
Leu Ala
Thr Lys.
Phe val

75

Ser Leu
S0

Phe Ala

Ala Glu

Trp His

Asp Tyx
155

Thr Pro
170

Gly Pro

Pro Leu

Ala Ser
235

Met His
250

Arg Ser
Gln Ile
Trp Phe
Gly Ser

. 315

Ser Pro
330

Leu Leu
Ala Sex
Val Leu

385

Asn Ser
410

Glu Arg

Gly Ser

Gly Val Ser Fhe Ser

15

Sex Gly ?gs Thr Arg

Asp Asp Met GQly Trp

45

Asp Thr Ala Asn Leu

60

Asp Phe His Ala Ala

B0

Leu Thr Gly Arg Leuw

95

Val Thx Ser Val Gly
110

Val Leu Gln Gln Ala

125

Leu Gly His His GQly
140

Tyr Phe

Gly Tyx

Sex Arg

Tyr Glu
205

Ala Gln
220

Thr Ser
vVal Pro
Leu Tyx

Lys Asp
28S

Thr Gly
300

Val Gly

Ala Lys

Sexr Val
365

Leu Pro
380

" Phe Gly
Gly Ala

Tyx Lys

Thr Gly
445

Gly Ile Pro
160

Asn His Pro
175

Asn Leu Gln
190

Asn Leu Asn
Lys Tyr Ala

Gly Arg Pxo
240

Leu Pro Val
255

Gly Ala Gly
270

Lys Val Asp
Asp Asn Gly

Pro FPhe Thx
320

Gln Thr Thr
335

Pro Gly Arg
350

Leu Asp Ile
Gln Gly Arg

Arg Ser Gln
400

Ala Gly Qlu
41s

Ala rhe Tyx
430

Pro Glu Leu
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Gln His Lys Phe
450

Ala val Pro Leu

465

Glu Val Arg Lys

Asn Ils Sex Ser

Cys Asn Pro Tyxr

515

<210>28

485

500

<211> 4669
<212> DNA
<213> Homo sapiens

<400> 28

Glu Arg
470

Vval Leu Ala Asp Val

Ala Asp Tyx Thr Gln Asp Pro Ser Val Thxr
505

cgetaat

ggaggaggaa

ggaagtcccg

ctgccacctt

atctckgeote

Pro Leu Ile Phe Asn Lau Glu Asp Asp Thr
455 460
Gly Gly Ala Glu Tyr Gln Ala Vval
475

Leu Gla Asp Ile Ala
490

510

Gln Ile Ala Cys Arg Cys Gln Ala Ala
520 525

cggggeggct
gaggatcaga
gaacatgact

ctctgeceteco

gagetttt
tcatctaaag
agaaaatctt

at t

aagataaact

caaaggacce

agat

k k.

tt

te

gtg cgg

ctt:

tatctgeaga

aat

tgttetgaat

t

acectctgaga

tcagttttge
tgtcetggge
aggacggata

tgat t

aacattggac
acagaattge

cagcaggaac

caaatacaat
tgggaagect

gaaaaaacat

gaagtattct
ctgttegact

ccgacccaac

tgctgtgcte
gtcagatecce
attattckkg

acatgggggy

gt kg

g g
gccaccttea

ct

tcaatgeoett

agtatgta

ctgctektec

caacackgge

ecckegtygge

tacagaacag

aggccatgca
ccttttttgg

cactgktttgt
cacagactta
ccataggcee
cecacagttt
tgcaccaaat

cak

cgcaatggeca

tcaaagaaaa

g g
tgtgactaca
caatcacaat
tgagcctcgg
aaaatacctc
attaatcaag

gcatggattt

teacklk a

cccatgtgct
gtctacacca
acttttgetg
aatgaatata
aattctcget

gattatgcaa

at |
gttatgatgg
tctaaactgt

atggataaac

ttaa

tgc

actggattat

Ala Qlu

Leu Pro
480

Asn Asp

495

Pro Cys

tgatcggcaa
ggccaggect
ctcececette
tcectgttce
ccacceacca
gaataaktge
atagagattg
agacattttg
tggttttgge
cgaggttcag
tgcttaccga
agattatgga
geeccgtecacg
acaacgagaa
tatatcttaa
atggcagceta
tctataatta
aggactactt
gaatgtatce
aggactcage
gttataacta

tcca

tectgtggag
catttacace

catgceatat

te
aggctgtata
gecgaccatg
gactttgata

gcg
acatgctcgt
gttaccatat

ttcgtgtgece

g9 g

ggagacgggg

actttgatgt

gagctggaga

cagtggatga
atacttacat

E tLt
tttetitatt

tca

cgtggtccaa

te

gtgtagaace

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
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aggatcaata
tgctgggcte
aéaaaagc:a
cctagtggaa
gtcaaatcac
gacagcctgt
tcgaattcac

to

teok: tat

gte
gacacaccte
ggtaacaggt

agaggcaaat

aat

togt! a
ctgatgtgga
ttcgaacaaa

ttctacgtaa

atga {3

cggcaagtct
caagaaggce

gaaggaagaa

gtcctcaaac
aaaatttgge

tacageaaga

gaacaacegg

aagtgtaaag

ggcagaagtg
gacccagtga

gcaatgeatt

gaggatacat

ttctggacce
gtgatacatt
atatccaaca
ccaggtacca

ctggcaaget

cc

9
agttgtaggg

ge

agtctggtta

t.

aaagtacaag
aggtgaaata

aaacattget

ccecagatttg
tatgacataa

tg

tca
tccatacteg

atctggaaga

gcagacacgt

agaagaagaa

tccttgteeg

ttgcaagtgt

cc
tcgaatttga
tgcaaccaag

aggcttccag

tg tg

ac

agetctgeaa

gataaaatta

cg

agaatttaag

gocet

tgt

gt.

ttaa

tcecaatgac
ccataaggca
agaagtgaga
ctattacaat

‘caaactgeaa
acggcagagg
caaccactgg
taacaataac
tgagtttget
aaat, tg

cttttcaagg
aagggggaag
cagacagcce
acctactggt
actggetttt

agaacaaccy
agtgcagect
cgttctggaa
gtitgcgtac
tggagtattt

aa

tag

t

gees d

tctatceatt
tacattgaca
ggacatctga
aaagagaaag

gctgeteagy

gtgagagaga
aagagattga
agagsaggaa
gtgtaaaaaa

aagtagatag

gectggecte
cctgggatcet
agttaatgag

tgaat

acttgottea
ktEctgtgett
acgeataatt

gatcett

cgcatgacaa
gcacgagtte
ttottttekg

t tcac

tttgaatcag

ca

ctacacgtac

&

aactaatgga

ttog

aaataaagakt

tta

tg t
ggaggaaget

ceg t

atgacctaca

tca

Y t a

t

cagaggacag

actggcaagg

I3

attacttgaa
aaacaaataa
ctgtgtcaat

aaacacctca

t

ggatttagat

gactcaaact

agagtatttg

getcaaagtg

cactgectgaa

acgggttott

ttatgggatg
cctagaggag
tagtctggtg
gagtcactat
ggttgtctet

t

ggce
tttgaccttg

tt

getg
ccagetgace

ttcaaacect

ttce

ctgaacactg
ccgatttcag
ccattcacag
aagatcaact

tagecacege

gag
gagaaaaacc
tggcgatggce
geacccegaaa
atatettect

agaacaccga

gaaaaatgga

cggggeatga
k tcag

gcatttgaac
agaagttaat

agagactaat

gaackttcece
gtgeattceg

agtaattcca

agtatggtgg
atggaattte

tectggaaag
agttcatcag

gatgggaagg
ctacacagtg
gactggacta

gagcaaaata

gctgagcacg

aaggttggga
cgaccaacat
catttgaatt
catctggaaa
aggctgeage
gacatttttg
atgttecacca

tgy

gaagatgttg

aga

ccetckgatta
atttgtaaac
tgtgcagtag
taatttacta
tgattttttg
ggacataagt
ctaaaacttg
tttgattcat
gcactttgag
cttatcagte
acacagtatg
tttacctega

aaataaataa

<210> 29

gatgaaactg
taataaaggt

aagctagtga

ttaccttace
aakcacagce

gcatgtgage

&

ctaaacacag
accaacatte

aagcggtgtg

cttgtttgtt
atatacatgt
acacccctgg
ttttaaccac
attaaaatge
tcactgttgg
gatcacatat
cttgctaaaa

ataagtaaat

<211> 871
<212> PRT
<213> Homo sapiens

<400> 29

&

tgttttgtac
tatccaatca
taaatctttc
tggaattttt
catgtetatt
ctgtcattgt
tgtttgacat

taaaacagta
agatggctag

tc

tatttectttt
caagctacce
cacacggaga
tatttgggtt
ttatctttty
aatggtgect

tetteactct

taactttttt
tgggtacctt
ctcategtta
ggcttggttt
aatatcgtag
ttctgagtgt

caatgecgte

tgattagtet

atttkeoagtt
tattttttta

gtaa
agatgatttt
kttttacagy

o, tca

aat

taagctttty

ccagaaaatg

tegal

tg

ttgcatgtgt

ttggtggtga

1620

1680

1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3izo
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
as4o0
3500

3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4669
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Met Lys
1

Leu Leu
Arg Xle
Leu Thx

50

Lys Thr
65

Phe val
Gly Lys
Ser Sex

Tyr Leu
130

Asn Glu Tyr

145

Gly Leu

Gly Xle

Mat Tyx
210

His Gly
225

Ala Ser

Lys His

Tyx

Gly Ser Leu
Gin @ln Glu
35

Asp Asp Gln
Axg Lys Ile
Thr Thr Pro
Tyr Val His

100

Pro Sexr Trp

115

Asn

Ile Lys Asn
165

Lys

Ile

195

Pro

Pro

Glin

Trp

Glu Phe Thr

290

Glu Leu
305

Ile Gly

Asp Ile

Leu Asp
370

val Leu
385

Asn Lys

Lys Phe

Asn His

Glu Asp
465

Asp Leu

275

Asp

Glu

Gln

Axg

val

355

Ile

Lys

Lys

‘Leu

Leu

435

Gln

Thr

Leu

Ser Cys
S

20

Arg

Asp

Cys Ala

5!

Met Glu

70

85

Asan Thr

Asn Gly

Glu
180
Thx
His
Glu
His
Ile
260
Asn
Ser
Asn
Phe
val
340
Ala
Leu
Ala
Axg

420

Pro

Sex

Asn

Gln

Ser

-
w
wn

150

Lys
Asn
Arg
Asp
Ile
245
Met

Ile

val

Gly
325
Pro
Gln
Gly
Leu
Lys
405
Lys
Lys
Ala

Gly

val
485

Sex

Glu

Pro

sexr

230

Thr

Gla

Leu

Glu

&3

Fhe

Ile

Len

Asp

390

Ile

Lys

Tyr

Cys

Lya

470

Arg

Lys

val

Ala

g

g

Thr

Leu Val

val

Leu

10

25

Asn Ila

40

s

Glu

His

cys

Asn

Met

Leu

Pro

val

Qly aly

Arg

Gly

Ser

ala

Sex

Ser

Ala

val

Pxo

Asn

Lau

Leu Gly

Phe

30

Ile Ilo

45

60

75

S0

105

120

Arg Phe

Oly

Sex

val

215

Ala

Pro

val

Val

Asp

375

Pro

TP

Glu

Glu

Glu

455

Leu

Gln

Arg

Ile

rhe

Ile

200

Met

PzO

Sex

Arg

280

Lieu

Ile

Lya

Ile

Leu

360

Thr

alu

Axg

Glu

Arg

440

Gln

Arg

Ser

His

Thr

BEro

Tyr

Tyr

Glu

Ala

Pro

Asn

Arg

Thr

Pro

Phe

Gly

Sar

Asn

Arg

Fhe

Ser

Asn

Thr

Gln Vval

Phe Ile

Mot

Glu

Leu

Met

Asn

Leu

aly

Val

Asn

Ala

a0

110

125

140

155

170

Asp

185

Asn

Met

Gln

Gly

265

Lys

TYT

Tyr

Gly

Asn

Pro

Lys

Asp

Ser

425

val

Pro

Ile

Ty

Tyx

val

rhe

Asn

250

Axg

Asn

Lys

330

Gly

Ile

Pro

Pro

Thr

410

Sex

Lys

Gly

His

Arg
490

TYC

Ala

Phe

Ile

Sex

235

Tyr

Met

Leu

Met

Ala
315

Ser

Pro

Asp
Gly
395
Phe
Lys
Glu
Gln
Lya
475

Asn

Trp

Lys

Lys

Sex

220

Lys

Ala

Leu

Gln

Leu

300

Asp

Met

Sex

Leu

val

380

Asn

Leu

Asn

Leu

Lys

450

Cya

Gly

Arg

Thr val Cys

Asp

Met

205

His

Leu

Pro

Pro

Thr

285

Val

His

Pro

val

Ala

365

Asp

Arg

Val

Ile

Cys

445

TXp

Lys

Phe

Lys

Glu

Asn

Ala

Tyr

Txp

Axg

Thr

Cys

val

Leu

Leu

160

175

TyT

Sex

Ala

Asn

Ile

270

Leu

Glu

Gly

TYX

Glu

350

Pro

aly

Phe

Glu

Gln

430

Gin

Gln

Gly

Ala

Phe
Lys

Ala

Met
255

His

Met

AS;
33s

Pro

Lye

Arg
415
Gln
Glan
Cys

Pxo

Axg
485

Asn

Axg

Pro

Asn

240

Asp

Ser

Gly

His
320

p Phe

Gly

Ile

Ser

Thx

400

Qly

Ser

Ala

Ile

Sex

480

aly

73

DKI/EP 2325302 T3



Fhe His Asp Lys Asp Lys Glu Cya Ser
500 505

Ala Ser Arg Ser Gln Arg Lys Ser Gln
515 520

Gly Thr Pro Lys Tyr Lys Pro Axg Phe
530 535

Ser Leu Ser Val Glu Phe Glu Gly Glu
545 550

Glu Glu Glu Glu 15.2\51 Gln Val Leu Gln

His Asp Glu Qly Hia Lys Gly Pxo Arg
580 585

Gly Asn Arg Gly Arg Met Leu Ala Asp
595 600

Pro Thr Thr Val Arxrg Val Thr His Lys
610 61S

Ser Ile His Cys dlu Arg Glu Leu Tyr
625 630

Asp His Lys Ala 'é‘;‘/g Ile Asp Lys Glu

Ile Lys Asn Leu Arg Glu Val Axg Gly
660 665

Glu Glu Cys Ser Cys Ser Lys Qln Sexr
675 680

Val Lys Lys Gln Glu Lys Leu Lys Sexr
690 €95

Ala Ala Gln Glu Val Asp Ser Lys Leu
705 710

Arg Axg Arg Lys Lys Glu Arg Lys Glu
725

Glu Glu Cys Ser Leu Pro Gly Leu Thxr
745

g

His Trp %251 Thr Ala Pro Phe Asn

3
a
O

Thr Ser Ser Asn Asn Asn Thr Tyr Trp
770 . 775

Thr His Asn Phe Leu Phe Cys Glu Phe
785 790

Phe Asp Met Asn :)l;; Asp Pro Tyr @Gln

val Glu Arg Gly Ile Leu Asn Gln Leu

820 825

Axg Sex Cys Gln Gly Tyr Lys Gln Cys
835

Asp Val Gly asn Lys Asp Gly Gly Ser
850 855

Leu Txp Asp Gly Trp Glu Gly
865 870

<210> 30

<211> 4279

<212> DNA

<213> Homo sapiens

<400> 30

Cys

val
Ile
Pro
570
Sex

cys

Ile
650

His

His
Gln
Lys
730
Cys

Leu

Cys

Leu
810
His
Asn

Tyx

Arg

Gin

His

Leu

Eerxr

Phe

Gex

635

Glu

Leu

Leu
Leu

715

Arg

Fhe

[c33%

Leu

785

Thx

val

Pro

Asp

Glu

Phe

540

Asp

Asn

Gln

Ile

620

Ala

Ala

Lys

‘asn

His
700

Phe

Sexr

Axg

780

oly

Asn

Gln

Arg

Leu
860

Ser
Leu

525

Arg

Ile

Ala

Ala

605

Leu

Leu

Arg

Lys

&85

Pro

Lys

Gla

His

Pha

765

Thr

phe

Leu

Bxo
845

His

Qly
S10
Arg
Qln
Asn
Ala
Ser
580
val
Pro
ala
Glan
Arg
670
Glu

Phe

Qlu

Asp
750
cys
Val
val
Met
830

Lys

Azrg

Tyr

Asn

Thr

Leu

Lys

575

Ser

aly

Asn

]

Lys

Lys

Lys

Lys

735

Asn

Ala

Asn

Glu

His
815

Asn

Gly

Gln

Axg

Qlu
560

Azg.

Gly

Pro

Asp

Lys

640

Lys

Pro

a1y

Glu

Asn

730

Gly

Asn

Cys

Glu

TYY

800

Thx

Leu

Leu

Gln

74

DKI/EP 2325302 T3



gagecatttc tggacaacag ctgctatttt cackttgagee caagttaatt tctcggggag
t t g t t
cgceggecta tocaatggea aatgtgtgtg get ket
ggcagtcgag tg tcctgtyg gcagataaaa gaaaacattt
attaacgtgt cattacgagg ggagegcccy gecggggotg togeactece cgcggaacat
ttggctccck ceagetecta a. geg : aga t
cgtt gc caag tga t. £ tttat tatttgattt
a tg tgtg tac ggetcoctgget
cgcttccocte cotegtttco agetcctggy cgaatcccac atctgtttca actctccgec
gagggcgage aggagegaga gtgtgtcgaa tet a aga
ggd g gtg ct tg! tgtgttctee
c tg ga tcg & g
gaccgcagga acatccgece caacatcatc ctggtgetga cggacgacca ggatgtggag
ctgggtteca tgcaggtgat gaacaagace cgg t
ttcatcaacg ccttegtgac cacacccatg tgetgeccct cacgetccte cateckcace
ggcaagtacg tccacaacca caascacctac a tg agaactgcke
tggcaggcac agcacgagag ccgcaccttt gccgktgtace tcaatageac tggctaccgg
acagctttct tcgggaagta tcttaatgaa tacaacgget cctacgtgcc acccggetgg
aaggagtggo teggactect taaaaactes cgettttata actacacgct gtgtcggaac
aae aca g e " et .
aat: t tce t gcacag gecagtccte
al tca gecat t atat
ctcttcccaa acgeatctca gecacatcacg gag tacgcg
aaacactgga tcatgcgceta cacggggecc t tgga attc
atgctccage gg. gctt te a t tt

60
120
180
240
300
360
420
480
540
600
560
720
780
840
200
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
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tacaacatgc tgyg! g a tata g
cacggttace aca gtt tg gt k atatgagttt
gacatcaggg tcccgttcta cgt g tct &
cacatcgtce Lk ttga ' tgg a cece ta
cctgeggata tggacgggaa atccatcctce aagetgetgyg acacggageg gecggtgaat
cggttteact tga gak tc tgg rekbaat
aagctgctac ac caat: gt agg cc
aagtaccagc gtg cetgtgtcag cog! gagt gtg g
ctgggacaga agtggcagtg tg =1 t gcataagtge
ggg tg tggy cgg g ac
g g tgac ag t cctggecgga
tcaa tegetocate
g gtgtaccacg taggcctggg tgatgeccgec
gaa E tg agat:
gatggtgggg ac g ctt caaccceatt
aaagtgacac atcggtgcta catcctagag aacgacacag tccagtgtga cctggacctg
tacaagtcec tg a g tegaccacga gattgaaace
ctgcagaaca aaattaagaa [} tc
gaagaatgtg tgt aa tac ccte:
agaggckcca gtctgeatec tttcaggaag gg ag ggtg
. g g ga cg t gcg gcagaacaac
gacacgtgeca geoatgecagyg ccteacgtge t &

g 999 g gt g Ci €. tac
tggtgcatga ggaccatcaa tgagactcac aatttectet tckgtgaatt tgcaactgge
ttcctagagk actttgatct caacacagac ccctaccage tgatgaatgc agtgaacaca

t atgt a tacac gtacagctca tggagctgag gagctgcaag
g9 ageg tcga aaca t ttaa aga gg
tat aat gtk t age ¢ t teot
o t g t gt ¢k tt aaga g g
ctecaaaaac atagaggecat cacqtgactg cacaggcaat gaaaaaccat gtgggtgatt

gctatt g & g ctoteagtea
aca ta g gag aack agtccatttt
tgcccetgok tttgottbgg attataccte accagekgea caaaatgcat tttttcegtat
t t £ g a gaa agagcgagea
at ttet te attt ttaaatcata
ggggaaaagc agtcctgtic taaatcctet tattcettitg gtttgtcaca aagaaggaac
acg "- gttt 14

al ttta cct tat t

gaaactgect tcattgtata tatgtgacta tktacatgta atcaacatgg

gggaacctaa taagaaatce
cagtgtaaaa gaaaaaaaea
ctcctagtat ttctttgttg
aaatgaagtt gatgtatgte
agtttaagta ttgtcataca
gaacctttga cattttgtaa

aaaaaaaaaa anaaaadald

<210> 31

<211> 870

<212> PRT

<213> Homo sapiens

<400> 31

gaacttttag

caattttcag gagtggtggt gtcaataaac getctgtgac

aaaaattgtg tg t tcca g

N ek

tgtcccagaa ctgatgtttt ttttttaagg tackgaaaayg

ccaagttttg atgaaactgt atttgtaasa aaaattktgt

gtgttcaaaa ccccagecaa tgaccagcag ttggtatgaa

aaggccattt cttggggasa aaaaaaaaaa aaadaaaaasa

1620
1680
1740
1800
1860
1320
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2540
3000
3080
3120
3180
3240
3300
3360
3420
3480
3540
3600
3650
3720
3780
3840
3500

3960
4020
4080
4140
4200
4260
4279
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Met Gly Pxo
1

Qly
val
Asn
65

Ala
Thr
Cys
Val
Leu
145

vay

Thr

Lya

Leu

Arg

Leu

50

Lys

Phe

Gly

Sex

Tyr

130

Asn

qly

Gly

Asp

Mot
210

Leu

Fhe
35

val

Pro

Cly

20

Gln

aAsp

Lya Tyx

Ser
115
Leu
Glu
Leu
val
Leu
195

Tyr

Pro

Asn

Leu

Lys

180

Ile

Pro

Sex
5

Gly

Asp

Arg

Ser
Asn
Lys
165
Glu

Thr

His

Leu

Ser

Asp

Gln

Ile

70

His

Gly
150
Asn

Lys

Asn

val

Sex

Arg

Asp

S5

Met

Asn

Gly

135

Sex

His

Asp

Pro
215

Leu
Ala
Arg
40

Val
Glu
Cys
His
Ala
120
TYyr
Tyr

Arg

Gly

Cys Leu

L
10

Phe Leu
25

Asn Ile
Glu Leu
Gln Gly

cys Pro
90

Asn Thr
108

Gln His
Arg Thr
val pro
Fhe Tyr

170

Sex Asp
185

Leu

Sex

Gly

Qaly

5

Ser

Tyxr

Qlu

Ala

Pzro

155

Asn

Tyx

Ser Val Ser Phe

200

Val

Leu Met

val

Ser

His

Pro

Sex

60

Ala

Ser
Phe
140

Gly

Tyx

Fhe

Ile
220

Ala

Asn
45
Met

His

Arg

125

Phe

Trp

Thr

Lys

Thr

Arg

30

Ile

Gln

FPhe

Ser

Asn

110

Thr

Gly

Lys

Leu

Asp

190

Thx

His

val

15

Leu

Ile

val

Ile

Ile

95

Qlu

Phe

Lys

Glu

Cys

175

Tyx

Ser

Ala

Fhe

Lys

Leu

Met

Asn

80

Leu

Asn

Ala

TZp

160

Axg

Leu

Lys

Ala

77
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Pro His
2325
Asn Ala
Asp Lys
Met Glu
Ser Val
+290
Gly Glu
305
His Ila
Phe Asp
Gly Cys
Ile Leu
7o
Ser Ile
385
Leu Lys
Gly Lys
Glu Asn
Ala Glu
450
Val Glu
465
Met Arg
Tyr Gly

Leu Ser

Ala Ser
530

Gly

Ser

Phe

275

Asp

Leu

Gly

Ile

Leu

355

Asp

Leu

Lys

Phe

435

TyT

Asp

Lau

Gln

Lsu

515

TYT

Pro

aln

Trp

260

Thr

Asp

Asp

Gln

Arg

340

Asn

Ile

Tys

Lys

Leu

420

Leu

Gln

Ala

Gly

Gly

500

Ala

val

Glu

His

245

Ile

Asn

Ser

Asn

FPhe

325

val

Pro

Ala

Leu

Met

40s

Hig

Pxo

Thr

Gly
485

Asp

230

Ile

Mot

Met

Met

Thr

310

Gly

Pro

His

Gly

Leu

350

Arg

Lys

Lys

Ala

Gly

470

Ser

Glu

Axg

Ser
Thr
Arg
Leu

Glu
295

Leu
Phe
Ile
Leu
375
Asp
Val
Arg
Tyx
Cya
455

Lys

Ala

Sexr Arg

Ala
Pro
Tyr
Gln
280
Thr

Ile

val

Val
360

Asp

Thr

Asp
Gln
440
Leu
Ala
cys
Lys

520

Ser

Pro

Ser

Thr

265

Rrg

e

val

Lya

val

345

Leu

Ile

Glu

Asn

425

Axg

Gln

Lys

Leu

Thr

505

Lys

Ile

@ln

£
w
(5]

Gly Pxo
Lys Arg
TYr Asn

Tyr Thr
315

Gly Lys
330

Arg Gly
Asn Ile
Pro Ala
Axg Pro

395

Asp Ser
410

Asp Lys
Val Lys
Leu GQly
Leu His

475

Ser Asn
490
Cys Asp

Leu Phe

Axg Sexr

Ser

Met
Leu
Met

300

Sex

Asp
Asp
380
val

Phe

Val

Gln
450
Lys
Leu
Ser

Lys

val
540

Arg

Lys
Gln

285

Leu

Met

Asn

Leu

365

Mot

Asn

Leu

Leu

445

Lys

Cys

Val

Gly

Lys
535

Pxo

Pro

270

Thr

val

His

val
350

Ala

Asp

val
Ala

430

Cya

Lys

Pro

Asp

510

Lys

Ile

Phe
Asn

2S5

Ile

Glu

Gly

w
W
o

Glu

Pro

Gly

Glu

415

Gln

Gln

Gln

Gly

Lys

495

TyT

Tyr

Glu

240

Prxo

His

Met

Thr

Lys
Hie
400

Arg

Glu

Cys

Pro

480

Tyx

Lya

Lya

Val

78
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Asp Gly Arg Val Tyx

545

Asn

Lys

Leu

Asp

Thr Lys Axg
565

Gly Gly Asp
580

Ala Ala Asn Pro Ile
585

Asp

Lys

625

Lys

Pro

Gly

Asn
785

Asp

Lys

Txp
865

Thr

610

Asp

Ile

Glu

Axg

Gln

690

Lys

Met

Ala

Asn

Leu

770

val

Gly

Lys

Trp
850

Glu

val Gln Cys

His Lys Leu

Lys Asn Leu
645

Glu Cys Asp

660

Leu Lys His

675

Glu Lys Asp

Leu Arg Lys

Pro Qly Leu
7325

Pro Phe Trp
740

Asn Thr Tyr

755

Phe Cys Glu

Asp Pro Tyr

Leu Asn Gln
80s

Tyr Lys Gln

820

Asp Gly Gly
83s

Pro Glu Mat

Gly Trp Glu

<210> 32
<211>6
<212> PRT
<213> Homo sapiens

<220>
<221> VARIANT
<222> (1)..(1)
<223> Leu OR Val

<220>
<221> misc_feature
<222> (1)..(3)

<223> Xaa can be any naturally occurring amino acid

<220>
<221> VARIANT
<222>(2)..(2)
<223> Cys OR Ser

<220>

His
550
His
Phe
Lys
Asp
His
630

Arg

Arg
Lya
Leu
710

Thr

Gln
790
Cys
Sex
Lys

Gly
870

val

Trp

8er

val

Leu

615

Ile

Glu

Hia

Gly

val

695

Leu

Cys

Cys
Ala
775

Leu

His

Gly

ely
Thx

600

Asp

val
Lys
Sex
680
TCp
Lys
Phe
Gly
Met
760
Thx
Met
Val

Pro

Glu
840

aly
Thr
SBS
His
Leu
His
Arg
Ile
665

Ser

Leu

Thr
Pro
745
Arg
Gly
Asn
Gln
Arg
825

Gln

Sex

aly

Ala
570

Tyr

Glu

Gly

6§50

Sex

Leu

Leu

Leu

His

730

FPhe

Phe

Ala

Leu
810

Ser

Asp
555
Pro
Gly
Cya
Lys
Ile
635

His

His

Axg

Gln

715

Asp

Cys

Ile

Leu

Ala
Glu

Leu

Ser
620
Glu
Leu
His
Pro
Glu
700

Asn

Ala

Glu

780

val
795

Met

Arg

Lys

Asn

Glu

Gln

Ser
860

Ala
Asp
Pro
Ite
605

Leu

Lys
Thr
Phe
685
Asn
@ln
Cys
Glu
765
Thx
Leu
Met

Phe
845

Leu

Gln
Gln
Asp
590
Leu
Gln
Leu
Lys
Gln
670
Arg
Lys
Asp
His
Thx
750
Thr
Phe
Leu
Axrg
Asp
830

Gln

aly

Pra

Asp

575

Tyr

Qlu

Ala

Gln

Lys

655

His

Lys

Arg

Thr

TP

73s

Sex

His

Asp

Asp

Ser

815

Leau

Gin

TXp

Asn
640

Lys

ely

~
¥
o

Gln

Leu
Arg
800
Cyo
Gly

Arg

Leu

79
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<221> VARIANT
<222> (3)..(3)
<223> Any Amino Acid

<400> 32
Xaa Xaa Xaa Pro Ser Arg
1 5

<210> 33
<211>23
<212> PRT
<213> Artificial

<220>
<223> Sequence derived from human Arylsulfatase A

<220>

<221> PEPTIDE

<222> (1)..(23)

<223> synthetic FGly formation substrate; primary sequence from human Arylsulfatase A

<400> 33
Met Thr Asp Phe Tyr Val Pro Val Ser Leu Cys Thr Pro Ser Axg Ala
1 5 10 15

Ala Leu Leu Thr Gly Arg Ser
20

<210> 34
<211>16
<212> PRT
<213> Artificial

<220>
<223> a variant of the ASA65-80 peptide, in which residues Cys69, Pro71 and Arg73, critical for FGly formation, were scrambled

<220>

<221> MISC_FEATURE
<222>(1)..(16)

<223> scrambled oligopeptide

<400> 34
Pro Val Ser lLeu Pro Thr Arg Ser Cys Ala Ala Leu Leu Thr i:’éy Arg
1 s 10

<210> 35
<211> 16
<212> PRT
<213> Artificial

<220>
<223> a variant of the ASA65-80 peptide, in which the Cys69 was replaced by a Serine

<220>

<221> MISC_FEATURE
<222> (1)..(16)

<223> Ser69 oligopeptide

<400> 35
Pro Val Ser Leu Ser Thr Pro Ser Arg 3a Ala Leu Leu Thr t:;.y Arg
1 5

<210> 36
<211>19
<212> DNA
<213> Artificial

<220>

80



<223> human FGE-specific PCR primer

<220>

<221> misc_feature

<222>(1)..(19)

<223> human FGE-specific PCR primer 1199nc

<400> 36
ccaatgtagg tcagacacg 19

<210> 37
<211>16
<212> DNA
<213> Artificial

<220>
<223> human FGE-specific PCR primer

<220>

<221> misc_feature

<222>(1)..(16)

<223> human FGE-specific forward PCR primer 1c

<400> 37
acatggcceg cgggac 16

<210> 38
<211>19
<212> DNA
<213> Artificial

<220>
<223> human FGE-specific PCR primer

<220>

<221> misc_feature

<222>(1)..(19)

<223> human FGE-specific reverse PCR primer 1182c

<400> 38
cgactgctcce ttggactgg 19

<210> 39
<211>24
<212> DNA
<213> Artificial

<220>
<223> human FGE-specific PCR primer

<220>

<221> misc_feature

<222>(1)..(24)

<223> human 5' -FGE-specific PCR primer containing EcoRl

<400> 39
ggaattcggg acaacatggc tgcg 24

<210> 40
<211> 54
<212> DNA
<213> Artificial

81
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<220>
<223> HA-specific primer

<220>

<221> misc_feature
<222> (1)..(54)

<223> HA-specific primer

<400> 40
cccaagctta tgcgtagtca ggcacatcat acggatagte catggtggge agge

<210> 41
<211> 57
<212> DNA
<213> Artificial

<220>
<223> c-myc -specific primer

<220>

<221> misc_feature

<222> (1)..(57)

<223> c-myc -specific primer

<400> 41
cccaagctta caggtcttct tcagaaatca gcttttgttc gtccatggtg ggcagge

<210> 42
<211> 54
<212> DNA
<213> Artificial

<220>
<223> RGS-His6 - specific primer

<220>

<221> misc_feature

<222> (1)..(54)

<223> RGS-His6 - specific primer

<400> 42
cccaagctta gtgatggtga tggtgatgceg atcctctgte catggtgggce agge

<210>43
<211>15
<212> PRT
<213> Artificial

<220>
<223> tryptic oligopeptide from a human FGE preparation

<220>

<221> MISC_FEATURE

<222>(1)..(15)

<223> tryptic oligopeptide from a human FGE preparation

<400> 43
Sar Gln Asn Thr Pro Asp Ser Ser Ala Ser Asn Leu Gly Phe Arg
1 5 10 15

<210> 44
<211>19
<212> PRT

82
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<213> Artificial

<220>

<223> tryptic oligopeptide from a human FGE preparation

<220>

<221> MISC_FEATURE

<222> (1)..(19)

<223> tryptic oligopeptide from a human FGE preparation

<400> 44

Met Val Pro Ile Pro Ala Gly Val Phe Thr Met Gly Thx Asp Asp Pro
1 5 10 as

Gln Ile Lys

<210>45
<211> 906
<212> DNA

<213> Homo sapiens

<400> 45
atggeccgge atgggttacce getgetgece ctgotgtoge tectggtcgg cgegtggete
t tact. tg gtccaactgc agggtgggag attcctgatg
att ct tggt tg gacagtgaaa
ccctttgeca tcgacatatt tcctgtcacc aacaaagatt tecagggakttt tgtcagggag
aaaaagtatc c tt t ttgtctttga ggacttigte
tck {4 t ctgtactctg gtggcttcca
gtggaaaagg cattttggag gcagcctgea ggtcctgget ctggcatecg agagagactg
gagcacccag tgttacacgt gagctggaat gacgocogtg cctactgtge ttggogggga
aaacgactge tt tt tcaa
gtttacceat tg gtt acctgtggea gggaaagtte
t tet tgaa tg
g a tat: t & tg tg tca
ccgt gtectcogygg gggcatectg gategacaca
tgatggct ktca cegg gtcaccacc;s ggatgggcaa cactecagat
tcgg t t
ctgtaa
<210> 46
<211> 301
<212> PRT

<213> Homo sapiens

<400> 46

60
120
180
240
300
360
42.0
480
sS40
600
660
720
780
840
900

906

83
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Met
1

Gly

Asp
&5
bys

Glu

Lys

Leu
148
Lys
Leu
Thx

Oly

Tyr
225

Arg

Ala
Ala
Gln
AQly
50

Ile
Lys
Asp
Ser
Ala

130

His

Lys

rhe
210

Gly

Ile

Axrg

Gly
35
Glu

Phe

Phe
val
115
Gly
val
Leu
oly
Leu
135
His
Lau

Gln

Met
275

Ala

<210> 47

<211> 927
<212> DNA
<213> Mus musculus

<400> 47

atgcgctctg

agge

Hig

Leu

20

Oly

Gly

Pro

val

a0

Leu

Pro

Sex

Pro

Gln

180

Txp

Gly

Tyr

Ala

Gly
5
Lys
Axg
Pro
val
Thr
8s
Ser
Trp
Gly
Trp
Thr
165
val
Gln
val

Asp

Ala
245

Thx Ala

260

Gly

Ala

agttekggtt

Asn

Leu

Leu

Pha

Vval Axrg

Thr
70
Glu

ABp

Sexr

Asn
150

Gly

Ser

Leu

230

Glu

Pro Leu

Gly asn

Lsu Met

40

GQlu

Asn Lys

Ala Glu

Glu Leu

Leu Pro

120

Gly Ile
135

Asp Ala

Glu Glu

Pro Trp

Lys Fhe

200

Pro Val
215
Leu Gly

Gln Asp

Gly Ser

Thr Pro Asp

280

Agp Ala Gly Arg
29s

gott
g

ccecageatg

ctgccaggty

gccggttet

gcta

Leu
Gly
25

Gly
Ala

Asp

Axg
105
val

Arg

Trp
Gly
188
Proc
Asn
Asn

Met

Ala
265

Ser

Pro

Pro Leu
10

Gln Ala
Thr Asn
Thr Val
Phé Arg

75

Phe Gly
0

Asn Lys
Glu Lys
Glu Arg
Ala
Glu Phe
170

Asn Trp
Lys Gly
Ala Pha
val Trp
Arg val
250

Asn His

Ala ser

Pro Gly

ggttcettge

ggacatgcce

Leu

Ser

Lya
60

Asp

Trp

Ala

Ala

Leu
140

Tyx Cys

Ala

Phe

Asp

Pxo

220

Glu

Leu

Arg

Asp

Glu
300

Ser

Pro

45

Pro

Phe

Ser

Thr

Phe

125

Glu

Ala

Ala

Gln

Lys

205

Ala

Axg

Ala

Asn
285

Leu
Mat
30

Asp
Phe
val
Phe
Gln
110
TP
His
TR
Arg
Pxo
190
Ala
Gln
Thr
Gly
Arg
270

Leu

tcoctceggt

aggatcctge

Leu Val
15
Val Gln
Sex Arg
Ala Ile
Arg Glu
80
Val Phe
95 -
Pro Met
Axg Oln
Pro Val
Arg Gly
160
Gly Gly
1175
Asn Axg
Glu Asp
Asn Asn
Ala Ser

240

Ala Ser
255

val Thr

Gly Fhe

gttgetgetyg
caktggtgcat

cggt

gacttcaggg

agcttegtet

getgttcact

aag

agtttgtecag

E

tete

tatt

caccaataaa

tg

ggkggcagec

tctgatgceg

ag

aact

gcttactgeyg

catggcgggy

gagacgettg

tgga

gtggtacacg

cccacagaag

tgagetggaa

aggagtggga

cgacgetggt
gtktgeagee

v

aacttatgge

tcaccagtga

agggaaagtt

acgctttece

ca

ggttt,
ccecaaaggt

cccacagaac

ggt

Et

aactacggac

gtg

ggggcatcat

ggatcgacac

E

ke cacat.

cc

tgtatgacct

aggacatgeg

cakgggcaat
tgtcctcegg

tgg

gett

<210> 48

<211> 308

<212> PRT
<213> Mus musculus

egectecagt

&0
120
180
240
300
360
420
480

600
660
720
780
840
800
927

84
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<400~ 48

Met Axg Ser Glu Phe Txp Fhe Pro Ser
1 H

vVal Leu Leu Leu Axg Leu Leu Ser Cys

20 25
Ala Oln Asp Pro Ala Met Val His Leu
35 40
Gly Thr Asp Ala Pro Asp Gly Arg Asp
S0 55
\6121 Thr Vval Lys Pro Fhe Ala Ile Asp
70

Asp Phe Arg GQlu Phe val Axg Glu Lys
85

Ala Phe Gly Txp Ser Fhe Val Pha Glu
100 105
Arg Lys Gln Glu Asn Leu Met Pro Ala
115 120
Pro Lys Ala Phe Trp Arg Gln Pro Ala
130 135
Glu Lys Leu Glu Leu Pro Val Val His
148 150
Ala Tyr Cys Ala Trp Arg Gly Arg Arg
165
Glu Phe Ala Ala Arg Gly Gly Leu Lys
i80 185
Asn Arg Phe Gln Pro Asn Axrg Thr Asn
185 200
Lys Gly Asp Lys Ala Glu Asp Gly Phe
210 215
Ala Phe Pro Pro Gln Asn Asn Tyr Gly
225 230
Val Trp Glu Trp Thr Ala Ser Thr Tyx
245
Axg Val Leu Arg Gly Ala Ser Trxp Ile
260 365
Asn His Arg Ala Arg Val Thr Thr Arg
275 280
Ala Ser Asp Asn Leu Gly Phe Arg Cys
290 28%
Lys Glu Asp Leu

305

<210>49

<211> 855

<212> DNA

<213> Mus musculus

<400> 49

Met Gly
10
Pro Axg
Pro Gly
Qly Glu
Ile Phe
75
Lys Tyr
90
Asp Phe
val His
Gly Pxo
Vval Ser
155
Leu Pro
170
Gly Gln
Leu Txp
His Gly
Leu Tyr
235
Gln Pro
250
Asp Thx

Met Gly

Ala Ser

tg

Sex
Leu
Qly
Gly
60

Pro

Gln

val
T=p
Gly
140
Txp
Thr
val
Gln
Leu
220
asp
Ala
Ala

Asn

Sexr
300

Leu

Gln

45

Pro

val

Sex

Txp

125

Ser

Asn

alu

Tyr

Gly

205

Sax

Leu

Gly

Axg

tea

Leu Pro
1s

Leu Qly
30

Phe Leu

Ala Arg

Glu Ala
95

Pro Glu
110

Oln Pro
Gly Ile‘
Asp Ala
Glu Qlu

178

Pro Trp
190

Lys Phe
Pro val
Met Gly
Gln Asp

255

Qly Sexr
270
Pro Asp

Gly Arg

Hig

Met

Qlu

Lys

80

Leu

val

Qly
160

Trp

Gly

Pro

Asn

Asn

240

Met

ala

Sexr

Pro

atggtcceca ttcctgotgg agtattcaca at

gatggagaag cccctgeccag gagagtecact gttgatgget

tg ga tgtg

aagtttggay actetttcgt ctttgaagge atgtitgageg

a

tttacatgga cgcctatgaa
gctatttgac

agcaagtgaa

at

agaggctgag
aacgcatate

t¢ cg g g

ttct

ccatgtttee

tggaacgatg ctgttgccta ctgcacakgy g

ggt

tgggaataca

tecc

actg

gc g gcag g

ttatacaaca
tckgttgagy
ggtggatcet

g g9 gttgatgeck
tagtggggaa tgtgtgggag tggacctcag
aaacgttcaa cccaaagggt cccactterg

acatgtgcca taagtcctat tgctataggt

cccaccgeag

caga tgcat t ttce

actga

agtttectgt
ttecteccaa
actggtggac
ggaaagaccq
accgetgtge

gatgtgcage

gagcaacact
tggctatgge
tgtteaccak
agtqaagaag
agctcgaage

cgaccacctg

60
120
180
240
300

" 360
420
a80

540
600
660
720
780
840
855

85
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<210> 50

<211> 284

<212> PRT

<213> Mus musculus

<400> 50

Met Val Pxc Ile Pro Ala Gly Val Phe Thr Met Qly Thr Asp Asp Pro
i 5 10 15
Gln Ile Arg Gla Asp VGly @lu Ala Pro Ala Arg Arg Val Thr Val Asp
20 25 30
Gly Phe Tyr Met Asp Ald Tyr Glu Val Ser Asn Ala Asp Phe Glu Lys
35 a0 45
Phe Val Asn Ser Thr Gly Tyr Leu Thxr Glu Ala Glu Lys FPhe Gly Asp
50 55 60
Ser Phe Val Phe Glu Gly Met Leu Sexr Glu Gln Val Lys Thr His Ile
65 70 75 80
His Gln Ala Val Ala Ala ala Pro Trp Trp Leu Pro Val Lys Gly Ala
85 90 8s
Asn Trp Arg His Pro Glu Gly Pro Asp Ser Ser Ile Leu His Arg Ser
100 105 110
Asn His Pro Val Leu His Val Ser Trp Asn Asp Ala val Ala Tyr Cys
115 120 125
Thr Trp Ala Gly Lys Arg Leu Pro Thr Glu Ala Glu Trp Glu Tyr Sex
130 135 140
Cys Arg Oly Gly Leu Gln Aan Axg Leu Phe Pro Trp Gly Asn Lys Leu
145 150 158 160
Gln Pro Lys Gly Qln His Tyr Ala Asn Ile Trp Gln Gly Lys Phe Pxo
165 170 175
Val Ser Asn Thr Gly Glu Asp Gly Phe GQln Gly Thrxr Ala Pro Val Asp
180 185 180
Ala Phe Pro Pro Asn Gly Tyr Gly Leu Tyr Ren Ile Val Gly Asn Val
195 200 205
Txp Glu Trp Thr Sex Asp Trp Trxrp Thr Val His His Ser Vval Qlu Glu
210 215 220
Thr Phe Asn Pro Lys Gly Pro Thr Ser Qly Lys Asp Axg Val Lys Lys
225 230 235 240
Gly Gly Sex Tyr Met Cys His Lys Ser Tyr Cys Tyr Arg Tvx Arg Cys
245 250 255
Ala Ala Arg Ser Gln Asn Thr Pxo Asp Ser Ser Ala Ser Asn Leu Gly
260 265 270 -
Phe Arg Cys Ala Ala Asp Hia Leu Pro Thr Ala Asp
275 280

<210> 51

<211> 1011

<212> DNA

<213> Drosophila melanogaster

<400> 51

86



a ttat tt tggatagttt tattcaatga cgtatccagc

gactgtgget ta tgccgtecat ttocggacaa

gtg agg cc gggattacta tggcgaactg
g a gt ca cggtttacat gggtactgac

aaaccgcact tt t g E t gaatgacttc

tacatcgaca agtat kb o tgega agtttgtbtct gcacactaac

tacaccacgg aggctgageg atatggcegac agttbtctgt ttaagagc;:t tttgagccca

tt ot tg

g g t £ tat. cttagg

ca tag t gtg: gac gctgtggagt actgtaagty ggccggoaag

cggt get gegeaaactg

(4 geca gat [ tt + ok

gact gg t gggtttgagt cgtggatgce

ttccgacaga atatttacga cctgcacaac atggtgggea acgtetggga gtggacggea

gatetgtggg acgtasatga cgttagegat aatccaaatc gggtcaagaa gggeggttet

tatc gte acaagt: q L. tgeg ctc gc

gaagacagtt ttkt cggtgcgeca agaatgegtg a

<210> 52

<211> 336

<212> PRT

<213> Drosophila melanogaster

<400> 52

Mot Thr Thr Yle Ile Leu Val Leu Pha Ile Txp
1 5 10

Asp Val ger g‘gr AsSp Cys Qly Cys gln Lys Leu
S

Asp Met Pro Ser Ile Ser Gly Gln Val Cys Gln
35 40 .

Ala His Ser His Tyr Arg Asp Tyr Tyr Gly Glu

Ile Val Leu ilge Asn

Asp Arg Lys Ala Pro
30

Gln Arg Ala Gln Gly
45 .

Leu Glu Pré Asn Ile

iol

87
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50
Ala Asp
65
Lys Pro
Leu Asn
ala bLys
Gly Asp

130

Asn Leu
145

Ala Gly
Hig Leu
Glu Tyr
Glu Ala
210
Asn Lys
225
AsSp Phe
Pro vVal
Oly Asn
Sex Asp
290
Lys Ser
305

Glu Asp

Met

His

Asp

FPhe

115

Glu

val

Ser

fhe

Phe

"100

val

the

Asp

Pro

85

YL

Leu

Leu

Phe

Asn Txp

Gly Arg

Cys

198

Ala

Leu

Px0

hsp

val

275

Asn

8ex

<210> 53
<211> 870
<212> DNA

<213> Anopheles gambiae

<400> 53

ccggagaget tgetcgatet ggtggaacat

Lys
Cye

Met

Ala
260

Trp

Pro

8ex

Leu
70

Ile

His

Phe

hAxg

150

Pro

ala

Gly

Pro Arg

Gly

245

Phe

Glu

Asn

Ala
32s

Gly

55

Pro

Asp

Thr

Lya

135

val

His

val

Gly

Gly

215

Aan

Leu

Gln

Thr

val

295

Asn

Qly

Arg

Lys

Aan

120

Sex

Ala

Pro

val

Lys

200

Lys

Glu

ala

Aan

Ala

280

Lys

Arg

Leu

Gly

Glu

Tyr

Leu

Sar

Asn

His

18s

Arg

Glu

His

Qlu

Ile

265

Asp

Lys

Cys

aly

Thr

Ala

90

Thr

Leu

Ala

Gly

170

val

Leu

Asp

250

Tyx

Leu

cly

Ala

Phe
330

Vval

75

Pro

Val

Thr

Ser

val

155

val

Ser

Pro

Lys

Leu

23S

Gly

Asp

TLp

oly

Ala

315

Arg

tecaageggt

60

YT

Glu

Ser

Glu

Pro

140

Trp

Asp

Trp

Ser

Leu

220

Asn

Phe

Leu

Asp

Sex

300

Cya

tcgeagacat

Met

Asn
ala

125

Leu

Trp

Sex

Arg

Glu

205

Phe

Ile

Glu

His

val

285

Ser

Ala

Gly

Gln

Glu

110

Glu

YT

Asp

Asp

190

Ala

Pro

Asn

270

Leu

Gln

Lys

Thr

val

55

Ala

»rg

Gln

Lys

Ile

175

Ala

Glu

Trp

Gln

255

Met

Asp

Cya

Asn

Asn
335

Asp

80

Lys

FPhe

Tyr

Lya

val

160

Aap

val

Trp

Gly

Gly

240

ser

val

val

His

320

Rla

gageccttate

tg

taat

t

cagttcaagg

agcttegtet

gtggeggegg

cattcgtcga

ggge t

99

cgecetyggtg

*

tat

gtacaaggta

cgtggagect

agcagtacga

gtttggegac

agatttccge

cctggecageca tcoggaaggt

tgy

ac

tgtgtcac

gatgcggteg

ge

c

cgtactgege

aqqg a.

cga

g

aaggagcagc

gatggctacyg

aacatcgttg

g9

acatgatgaa
agaccacctg

gcaacgtgtg

catatggcag
ccecggtgacg

ggagtggacyg

tee

ctgktoecect

ggcgagttec

ggggtaacaa getgatgecg

cggacagcaa

cgtt

tcbgaaggag

g

gcggatcettt

gggacgcgaa

cga

tgtcacgaat

cgtactgcta

tegetatege

<210> 54

<211> 290
<212> PRT
<213> Anopheles gambiae

<400> 54

ct

tge

tgtgecggete

gatcgeagaa

ggatgcggee

ctcatacctg

caccgaggac

60

120
180
240
300
360
420
480
540
600
660
720
780
840
870

88
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Pro Glu Ser Leu
1
Met Sex Leu Ile
20
Ile Phe Val Lys
35
Asp Phe Tyr Leu
50
Phe Val Asp Gln
65
Sexr Fhe val Phe
Qlu Asp Phe Axg
100
Ala Ser Trp Gln
115
Arg Leu Asp His
130

Tyx Cys Ala Trp
145

Ala Ala Cys Arg

Lys Leu Met Pxo
180

Fhe Pro Asp Ser

195
Val Thr Ser Phe
210
Asn Val Trp Glu
228

Ile Glu Axg Lys

Leu Asp Leu Val Glu His Ser Lys Arg
5 10

Pro Gly Gly Glu Tyr Val Ile Gly Thr
25

Asp Arg Glu Ser Pro Ala Arg Pxe Ala
40 45
Asp Gln Tyr Glu Val Ser Asn Ala Oln
58 60
Thx Gly Tyr Vval Thr Glu Ala Glu Lys
70 75
Gln Gln Leu Leu Ser Glu Prxo Val Arg
as S0
Val Ala Ala Ala Pro Trp Trp Tyx Lys
105
His Pro Glu Gly Asp Val Ser Arg Asp
120 125
Pro val val His Val Ser Trp Asn Asp
135 140
Lys GQly Lya Arg Leu Pro Thr Glu Ala
150 . 155
Gly Gly Arg Lys Gln Lys Leu Phe Pro

165 170

Lys Glu Gln His lil:; Met Asn Ile Trp
Asn Leu Lys Glu Asp Gly Tyx Glu Thr
200 205
Arg Gln Asn Pro Phe Glu Leu Tyr Asn
215 220
Trp Thx Ala Asp Leu Terp Asp Ala Lys
230 235

Pro Gly Ser ASp Pro Pro Asn Arg Val
245 250

Phe Glu Asp
5
Rsn Glu Pro
30
Thxr Ile Arg
Phe Lys Ala
Phe GQly Asp
80
Gln Gln Tyr
95
val Arg Gly
110
Ile Ser Asp
Ala val Ala
Glu Trp Glu
160

Trp Gly asn

175
Gln Gly Glu
190
Thr Cys Pro
Ile val Qly
Asp Ala Ala
240

Lys Lys Gly
255

QGly Ser Tyr Leu Cys His Glu Ser Tyr Cys Tyr Arg Tyr Arg Cys Ala
260 265 270
Ala Arg Ser Glm Asn Thx Glu Asp Ser Ser Ala Gly Asn Leu Gly Phe
275 280 28S
Arg Cysa
290
<210> 55
<211> 945
<212> DNA
<213> Streptomyces coelicolor
<400> 55
gtggcegtgg tc egel
cgctcgacee goggacaggt gcgectgccyg ggeggtgagt tgag tte
at g ggtgcy geggeectto
g ccttegteaa ggogacegge
catgtgaccg acgccgaacg ctteggetee tet ggt cgt

ccggacgccg acgtcctegg cagegccgee ggegeccect ggtggatcaa cgtgogggge

g ga q {f tca g
gtegteccacg tcteckggaa cgat ggt o tg
gggegacg ag ccce g acatct te

cegcacgtca acacggecga gyacgggeac ctgagecaccg caccggteaa gtcctacegg

Cccaacggee acggectgtg g togty tgg
Lot e cae . e c coyg
gcggeacggg tgctgegegg ctgtg: g

cgggtcgecg ccegetecte caacaccocyg gactectegt coggcaacct cggattcoege

e

<210> 56
<211> 314

t agtga

60
120
180

300
150
420
680
540
600
660
720
780
B4O
900
94s

89
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<212> PRT
<213> Streptomyces coelicolor

<400> 56

Met Ala
1

Ala Ala
Glu Phe

Glu Thr

His Val

Val Val

Ala Arg
130

Sex Trp

45

Pro Thr

Arg Arg

Cys Asn

Gly His
210

Gly Leu
225

Pro Gly
Kis Rsp

Thr Pro
230

val Ala
Axg Pro
20

Ala Net
35

Pro val
val Thr
Thr Asp
aAla Ala

100
Trp Ile
115
Ser Asp
Asn Asp
Glu Ala
Tyr Ala

180
Ila Trp
195
Leu Ser
Trp Asn
Pro Thr
Thr Gly

260
Ser Tyr
237S

Asp Sex

Ala Agsp Leu Thr
305

<210> 57

<211> 1005
<212> DNA
<213> Corynebacterium efficiens

<400> 57

Ala
5

Arg
Gly
His
Asn
Ala

85

Pro

Ile
Ala
Glu
165
Trp

Gln

Thr

Cys

Sex

Ser

Pro

Sax

Asp

Ala
70

Glu

val

Thr
150
Trp
Gly
Gly

Ala

Ala
230

Sex

Oly
310

Ser

Thx

Ala

val

55

Arg

Axg

Ala

Arg

Gly

135

Glu

Pro
Arg
Fhe
40
Arg
Fhe
Fhe
Asp
Gly
120

Arg

Glu

Axg Ph

Pro
215

Qly

Ala

Arg

Gly
295

e
200
val
Asn
Glu
val
Tyx
280

Asn

Ala
Gly
25

oly
Leu
Ala
Gly
val
105

Ala

Pro

Ala
Leu
185
Pro
Lys
val
Ber
Leu

265

Leu

Ala

10

Gln

Glu

Arg

Ala

Sex

20

Leu

His

Aan

Axg

Ala

170

Thr

His

Ser

Trp

Pro

250

Arg

val

aly

Ser Ala Ala Glu

Ala

Val

Oly

Pxo

Phe

75

8er

Gly

Trp

Hia

Pxo

Tyx

Glu

235

Thr

Gly

Ala

Phe

ala Glu

Arg Leu

Phe His

60

val Lys

Ala val

Ser Rla

Arg Axg

=
[
o

Prao Val
1a0
Ala dly
Gly Gly
Gly Gly
Asn Thr
208
Arg Pro
220
Trp Cys
val Asp

Gly Sex

Ala

]

Arg Cys
300

Pxo

Pro
30

Pxo Ala

Ile

ala

Phe

Ala

110

Pro

val

Lye

Leu

Arg

190

ala

Asn

Sexr

Pro

Serxr

Ala

Qly
15

Gly

Asp

His
8s
Gly

Glu

Hig

Ala
175
Glu
Gly
Asp
His
255
Ser

Asn

Pxo
Qly
Gly
Glu
Gly
80

Leu
Ala
o1y
val
Leu

160

Gly

Hig
Txp
240
ely
Cys
Asn

Asp

90
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gtggttcgce a

tga gga tc cat: taac

k cgt acaal tacce gggatttatc agatcctgte
aatcccacca ctccatgeaa gaty gtg t gecgggtgga
gette tea t ggatacccgg cggacgggga ggggccagta
ca tte acc tt aatgt cgg gagtte
tta tt gggtatacg ag =1 gg tg gct
gtattctacg cagegttcca acge ttc t gtg
atag te ™
ctggacggge gtcgtt ca g cgttgoctac
tgcacctggg ckggcggteg t t
ta gataacctcog cectagacgg gaggtggaac
tgcaatatct gg ck: g ttacckcacc
t a t tgtggcagat ggcagggaat
gtatgggaat ggtgccagga ctggtttgat tact gc t tc
aaccogeggy gaccggatac cggt qc tc gtatctotge
catgattect actgcaacag ataccgggtg gecgoccgea attegaacac cecggattee

tt

ttt

<210> 58

<211> 334
<212> PRT
<213> Corynebacterium efficiens

<400> 58

Arg His Arg Leu Gly His Arg Pro
5 ig0

Met Val
1

Ser Mat
Thr Arg
aGlu Gln

50

Gly Asp
65

His Glu

Asn Ala

ttcgatagte cttga

Ser Aén Cysa Cys Sexr Pxo ggr Ser

20

as

Asp Leu Ser Asp Pro Val Asn Pro
40

Sexr Arg Asp Ala Val Thx Leu Pro
55

His His Gly Glu Gly Tyr Fro Ala
70

Vval His Leu Ala Pxo Phe Gly Ile
85 920

Glu Phe Gly Arg Phe Ile Glu Ala

Cys Thr Leu Arg Ile Thr
i5

Ala Gln Trp g;g Thx Thr
The The Pro Cys Asn Prxo
45
Qly Gly Ala Phe His Met
60

Asp Gly Glu Gly Pro val
15 80

Asn Val Thx Thr Val Thr
- 95

Thr Gly Tyr Thr Thx Thx

60
120
180
240
300
360
430
480
540
600
660
120
780
840
900
960

1005

91
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Ala Glu Axg
115
Gln Arg Ala
130
Ala Val Lys
145
Leu Asp Oly
Ala Val Ala
Glu Trp Glu
195
Trp Gly Asp
210
Qln Gly Gly
225
Thr Ala Pro
Mat Ala Gly
Tyr Tyr Ser
275

Ala Arg Arg
2350

100

Tyr

Gly

Leu

Tyr

Asn

Phs

Val

Asn

260

Arg

Val

105

Gly Val Ser Ala Val
120°

Ile

Ala

Glu

185

Ala

Ceu

Pro

Lys

245

Val

Ala

Met

Cys Asn Arg Tyr Arg

305

Thx Sar Gly Asn Thr
325

<210> 59

<211> 1017
<212> DNA
<213> Novosphingobium aromaticivorans

Leu Arg
138

Asn Trp

150

Asp His

Thr Trp

Ala Arg

Ala Leun
215
Mat Glu
230
Thr Tyx
Txp Glu
Ser Sex
Arg Oly
295

val Rla
310

Gly Phe

Gln Val
Gln Arg
Pro Val
Ala Qly

185

Gly Gly
200

Phe Tyr Ala Ala
125

Pro

Pro

val

170

Gly

Leu

Gly val
140

Asn Gly

155

His val

Arg Leu

Gln Gly

Asp Gly Arg Trp Asn
220

Asn Thr

Thr Pro

Trp Cys
265

Ile Asn
280

Gly Ser
Ala Arg

Arg Cys

Ala
Asn
250
Gln
Pro
Tyr
Asn

val
330

Ala Asp

235

Gly Tyr

Asp Txp

Arg Gly

Leu Cys
300

Ser Asn
315

Phe aAsp

Pro

Ser
Pro
Ala
205
Cys
aly
Gly
Phe
Pro

285

His

110

Phe Gln Gly

Trp Trp Leu *

Gly Ser Thx
160

Trp AsSp Asp
175

Thr Glu Ala
190

Arg Tyr Ala

Asn Ile Txp

Tyr Leu Thr
240

Leu Txp Gln

258

Asp Ala Glu

270

Asp Thx Gly

Asp Sex Tyr

Pro Asp Sex
320

Exo

<400> 59

atggcgecaac cattcegate gacggcggce agtegtacaa gtattgaacg ccatckcgaa

co tgca tggtc gc ga

ggcackttea ccatgggete ggaagectbe kb g teg gty

aaggtagaca gettctggat cgatgaageg ceg g tt tc

gtggaggcea cgggatacgt cactgtggee ag 9

tgctec tgga ga t tgt

gtcgacatgg cggatgegtc caactggtgg cactttacet ttggcgoctg ctggaageat

ccacttggac cgggeagttc catcgatggg atcgaggacc atccegtegt tcacgtcegoe

ta tg tgc tgg gcgggcaagg atctgocgac cgaagecgag

ttcgaatatg ctgcgcgegg cgggttggac gg gaat tt te

gcacctgaag gocggatgat ggecaactac tggeaaggee tgtttcoctt cgccaaccag

tgeetegatg gobgggaacg gacatcgoco gtccgcaact tcccgeccaa cggctatggt

cttt tga - [ attggtggge cgacaagecg

te g tg cggcaagcete

t tog 13 at £ t cat

ggttegecace tgtgtgegge caattactge cagegctate geccegeage acgecateet

ga tg at tc gge t gtgtggtgcg gecctga

<210> 60

<211> 338

<212> PRT

<213> Novosphingobium aramaticivorans

<400> 60

60
120
180
240
300
g0
420

480
540
600
660
720

780 °

B40
900
$60
1017
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Met Ala
b3
Axrg His
Pro Gly
Ala Phe
50
Phe Trp
6S
Val Glu
Lys Asp
Val rhe
Tep Trp
130
Gly Ser
145
Tyx Ala

Thr Glu

Glu Fhe

Rsn Tyr
210
Trp Glu
225
Leu Tyr
Ala Asp
Ser Aan
Fro Ala
290
Cys Ala
305

Glu Met

Arg Pxo

Gln

Leu

Met

3s

Tyr

Ala

Tyx

Gln

115

His

Asp

Ala

Pro

d1u

20

Arg

Pro

Asp

Thx

Pro-

100

Phe
Ile
Ala

Glu

-180

195

Trp
Arg
Asp
Lys
Pxo
275
Met

Ala

Val

<210> 61

<211> 1119
<212> DNA
<213> Mesorhizobium loti

<400> 61

Trp

Gln

Thr

Met

Pro

260

Arg

Asn

Asp

Phe Arg

5

Pxro Asn

Leu Ile

Glu Glu

Glu Ala
70

Qly Tyr
85

Gly Met
Thr ala
Thx Phe
g

Glu Ala
165

Phe Glu

Gly Asp

Gly Leu
Ser Pro

230
Ile Gly
245
Leu Thr
Gly Gly
Ile Gly

Tyr Cys

Thr Ala
325

Sex

Cys

Glu

Ala

55

Pro

Vval

Leu

Qly

Gly

135

Ile

Glu

Phe

215

val

Asn

Pro

Lys

Axg

285

Gln

Thr

Thr

RAla

Sex
35

Ala
10

Gly Gly Thr

40

Pro

val

Pxo

Pro

120

Glu

Ala

Leu

200

Pro

Arg

Glin
Leu

280

Lys

Thr

Leu

Thr

Val

aly

108

val

Cys

Asp

Lys

Ala

185

Ala

Phe

Asn

val

His

Arg
Asn
ala
S0

Mat
Asp
=p
Hia
Trp
170

Axg

Pro

Ala
Phe
Glu
250
Lys

Asp

Ile

Ile
330

Ser
Ser

Phe

Ala
75

Clu
Asp
Met
Lys
Pro
158
ala

Galy

Glu

Asn
Pro
235
Trp
Ser
Sex
Lys
Pro
3is

Gly

Arg

val
60
Gln

Ile

Ala

His

140

val

Gly

Gly

Gly

Gln

220

Pro

Thr

Ala

Phe

Gly

300

Ala

Met
45
Lys

Phe

Glu

N
N
w

Pro

val

bys

Let

Arg

205

cys

Asn

cys

Cys

aly

Ala

val
30
1y

val

Ala

Ile

15

Glu

Ser

Asp

Ala

Pro Asp

Gly
110
Ala
Leu
RBis
Asp
Asp
190

Met

Leu

34
=
-3

axg

Phe Arg Cys

95

Sex

Ser

Gly

val

Leu

175

qaly

Met

Asp

Tyx

Trp

255

Ala

Sex

His

His

val
338

Glu

Glu
Ser
Phe
8o

Pxo
Leu
Asn
Pro
Ala
160
Ser

Ala

Qly
Gly
240
Tzp
Ila
GQln
Leu
Pro
320

Vval

93
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gagyg' t c tca tgtt t
tg ktet g tg t cgeegkgtea
tt tc tttcgatgaa cg ga tge ag g
tcgtaceccg gaatggtetg gat q9 toe t
ta gg E t t ttc
accgtcteca 144 tc gtt tgt cactcktgce

aga cga t ggtgecttae cegatctget ggotecgtee
tgt gy t It "§g caattggtgyg
gtctatgtee ctggeg t g ac aat
gtk kc at tcgt g gtgg tg g ‘a gg
gcaggcaagg aactkcccac tkcg ag t
gec acg t t ggcca te
tggcaaggag sctttceccta t gt ta t
t tegt g ggt t a tgtetggcaa
g9 gegat g g tgte
aa tg tatgacacce ggctacctga cgttaagate

t t ctg cga g tcgg
cgg t. gca. ke gacactgcaa tctcccatet cggetttege
tgcatcgtge gaaggaanat ggaattgaac gegcagtaa
<210> 62
<211> 372
<212> PRT

<213> Mesorhizobium loti

<400> 62

Met
1
His

Asp

¥et
65

Ala

Axg
145
val

Thrx

Ala

val
225

Tyr

Gly Pro Arg
Val Arg His
20
Gly Asp Glu
35
Ala Glu Val
50
Val Trp Ile
Pro Glu Glu
Asp Lys Phe
100
Thr Gly His
115

Pro Gly Ala
130

Lys Pzo Ala
Tyr Val Arg
Ile Lys Lys
180
val val Ala
195
Glu Trp Glu
210
Trp Gly Asn
Gln Gly Asp

Thr Ala Pro

Gly
5

cys
His
Phe
Pro
Ala

e8s

Thr

Leu

Gly
165
val
TYX
Phe
Glu
Phe
245

Val

Arg

Ala
Glu
oly
70

Pro
val

Thr

Pro
150
Ala
Ala
Ala
Ala
Leu
230

Pro

aly

Gly

Glu

val

Arg

55

Oly

Ala

Ser

Leu

Aap

135

Val

Asn

aAsn
Ala

215

Thr

Ser

Gln Lys
val Leu
25

Ser Phe
40

Ala Ala
Thr Phe
His Axg
Asn Arg

105
ala Glu
120
Leu Leu
Asp Leu
Trp Arg
His Pro

185
Trp Ala
200
Arg Gly
Pro Ala

Arg Asn

Phe Pro

Pro

10

Ala

Arg

Ala

Len

val

S0

aAsp

Ala

Gly

His

170

val

Gly

Gly

Gly

Thr

250

Ala

His

Asp

Glu
Met
s

Arg
Phe
Bro
Pro
Asn
155
Pro
Val
Lys
Leu
Lys
235

val

Asn

Glu Arg

Ser Gly Txp

Leu Sar
45

Arg Ser
60

Gly Ser

val Asp

Qlu Axg

Ala Asn

125

Ser Ser
140

His Tyr

Axrg Qly

His Val

Glu Leu

205

Asp Ala
220
His Met

Asp AsSp

Asp Tyr

Axg Arg Gly
15

Ala Ala

Met asn Ala

Tyr Pro Gly

Asp Asn His
80

Gly Phe Trp
95

Phe val Ala
110

Pxo Asp Asp

Met Met Phe

Pro Ala Ser
17§

Ala Tyr Qlu
150

Pra Thr Glu
Ala Glu Tyr
Ala Asn Ile

240

QOly Tyr Glu

[X]
w
]

Gly Leu Tyx

&0
120
180
240
300
360
420
480
540
€00
660
720
780
840
900
960

1020

1080
1118

94
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Asp Met Ala
215
His Lys Ala
290
Gly His Arg
305

Pro Axg Lys

260 265

Gly Asn Val Trp gln Trp Thr Thx
80

Ile Rap Ser P-;g Cys Cys Thr Ala
2

Glu Ala Ser Tyr Asp Thr Axg Leu
310 315

Val Thr Lys Gly Gly Ser His Leu
325 330

Cys Arg Arg Tyr Arg Pro Ala Ala Ax‘g Met Ala
34

Ala Ile Sex
355

Leu Asn Ala
370

<210> 63

340

His Leu Gly Phe Arg Cys Ile Val
: 360

Gln

<211> 1251
<212> DNA
<213> Burkholderia fungorum

270

Asp Trp Tyr Gln Asp
285

Vval Asn Pro Arg Gly
300

Pro Asp Val Lys Ila
320

Cys Ala Pro Asn Tyr
335

Gln Pro val Asp Thr
350

Arg Arg Lys Met Glu
365

<400> 63
3 tg aagtcgtcee gotcgaacgg gtcggtcgea
gcaacecaaa cgegegeegg tocgegtgcge aaactaatgt tgtggggege cctgctegte
atactgcceg cctgtgtcgg q tc ag og
cacccgoaaa tcgttbttcgyg cgacggeacg catggtecge teggeatgac gtgggtgece
ggcggecagt tactcatggg c
tca aggt tt tg g tc acgt a ttc
egeegettcg gtc ac
accctgaaag tecagttgee gcg -1 gatggtggey
ggtgcaatag tgttcgtegg t 3 tgg
tg tg t g9 caacatcatc
ggtaaagatg atcaccccgt ggttcaagtg btcctacgaag atgcgcagge ttatgcegaaa
ggecggca agegtetgee g gce gaa at tecg g cggcggecte
gaacaggcca cgtatgegtyg ggg g ttc
g ¢ a gcagtettte gtca gc ggg g
ctcggtacaa gtocggtggy tactttceccy gecaacgget acggcettte cgacatgace
ggcaacgeck ggeagtgggt tgecgactgg tatcgogegg atcagttcag gegtgaggeg
gatcga caa tyg gg gcg agtcgtggga ccccgeagac
cagggegtge ccg tg g geggbtogtt cctotgeaac
gaaatetatt gectgagecta g gca ct
atgtcgcatc tgggcttceg getggtgatg gac cc! =1 tgot
g cctggaacec ctggcggcta g
<210> 64
<211> 416
<212> PRT

<213> Burkholderia fungorum

<400> 64

60
120
180
240
300
360
420
480
540
600
660
720
780
840
%00
960

1020
1080
1140
1200
1251
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Met Lys
1
Gly Ser
Met Leu
Ala Val
50
Val rhe
65
Gly Gly
Glu Arg
His His
Tyr Val
130
Gln Leu
145
Gly Ala
Tyr Sex
Ala Gly
Gln val
210
Arg Leu
225
Glu Gln

@ln Met

val Asn

rhe Pro
290

Gln Txp
30S

Ser

val

Txp

3S

Ser

Gly

Gln

Pro

val

115

Pro

Mot

Gln

Pro

195

Ser

Pro

Ala

Ala

Pro

275

Ala

val

Glu Arg
5
Ala Ala
20
Gly Ala
Trp Ala
Asp Gly
Phe Leu
a5
Ala His
100 -
Thr Asn
Thr Ala
Pro Gly
val Pha
165
Trp Trp
1o
Glu Ser
Tyxr Glu
Thr Glu
Thx Tyr
245
Asn Val
260

Lys Ala

Asn Gly

Ala Asp

val Ser Thr Ser Ala

Asp Pro
Axrg Gly
Pro Ser

370

Gly Pha
385

Arg Gln

Gly
355
Ala
Arg

Ala

325
Asp Gln
340
Ser Phe
Arg Arg
Leu val

Ser Ala
405

Asp

Thx

Phe

Thr

70

Mat

Lys

Ala

Thr
150
Val

aArg

Asn

Ala
230

TyT

Gly

Mot
390

Lys

Arg Glu Pro Ala Lys Ser Ser Arxg Ser Asn
10 15
Gln Thr Arg Ala Gly Axg Val Arg Lys Leu
25 30
Leu V:l Ile Leu Pro Ala !‘:ys val Oly Ala
4 5

Thr Pro His Ala Pro Ala His Pro Gln Ile
55 60

His Gly Pxo Leu Gly Met Ala Txp Val Pxo
i 5 80
Gly Ser Asp Ala Lys Gln Ala Gln Pro Asn
30 95
val Lys Val His Gly Phe Trp Met Asp Arg
105 110
Glu Phe Axg Azg» FPhe Val Glu Ala Thr Gly
120 12s
Lys Lys Prxo Asp Trp Glu Thr Leu Lys Val
135 140
Pro Arg Pro Pro Glu Ser Ala Met val Ala
‘ 155 160
Gly Thr Ser Arg Pro Val Pro Laeu Asp Asp
170 17%
Tyr Val Pro Gly Ala Asn Trp Axrg His Pro
185 190
Ile Ila Gly Lya Asp Asp His Pro val val
200 205
Ala Gln aAla Tyr Ala Lys Txp Ala Gly Lys
215 220
Qlu Trp Glu Phe Ala Ala Axg Gly Gly Leu
235 240
Trp Gly Asp Glo Pha Ser Pro Asn Gly Lys
250 255
Gln Gly Gln Gln Pro Gln Ser Phe Pro Val
265 270
Gly Ala Leu Gly Thr Ser Pro Val Gly Thr
280 285

Qly Leu Ser Asp Met Thr Gly Asn Ala TIp
295 300

xp Tyx Arg Ala Asp Gln Phe Axg Axg Glu Ala
315 320

Asp Asn Pro Val Oly Pro Ser Glu Ser Trp
330 33s
Val Pxro Val Asn Ala Pro Lys Arg Val Thr
345 350
Cys Asn Glu Ile Tyx Cys Leu Ser Tyr Arg
360 365
Thr Asp Pro Tyr Asn Ser Met Ser His Leu
375 380

Asp Glu Asp Thr Trp Lys Glu Ala Gly Ala
395 400

Ala Ala Gly Ala Pro Gly Thr Pro Gly Gly
410 415

<210> 65

<211> 912

<212> DNA

<213> Sinorhizobium meliloti

<400> 65

96
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atggtctgag catg at g
gegeccgtge ggtaac cg t atgt g9 g
cgccagtete tegaattcgt aaakgegacg gggcaktgtga ccttegcecgga aagaaagceg
cgcgeocgaag actatceggg cgcteccegeca tctaa tte g gtctic
t gat t agtggtggat attcacgctg
a9 t getegagey: g
ccggtegtec atgtcgetta cagcgacgea aaggectatg ccgaatggge cggcaaggac
tg t ggctgaattt
tcctggggeg gogagottge gocgggeogga aatcacatgg ccaatacttg goagggaagt
ttt tcg t tggt tt ca t ttac
c acg ct tg tg tg tg
t gtecg a g t gctgoattce ‘gagcaatccc
cgat gcg t ot
gtgcteaagy gtggatcgea gcgeg tact ta
t tg teggtttecg atgtgtcagg

cgcgttcgat aa

<210> 66
<211> 303
<212> PRT

<213> Sinorhizobium meliloti

<400> 66

Met Val Trp
1
Tyr Pro Glu

Ile asp val
k1

Ala Thr Gly
50

Tyr Pro Gly
65

Thr Pro Pro
Ile rhe Thr

Ser Xle Gly
115

Asp Ala Lys
130

Thr GQlu Txp
145

Ser Txp Gly

val

Glu

20

Thy

His

Ala

Lys

Leu

100

Ala

ala

Glu

Gly

Sar

180

Arg Thr Ser
195

Asp Met Ile
210

His Pro

Arg Asn Ala

vVal Pro Axg

Tyxr Cys Arg
275

Thx Thr Thr
290

<210> 67

Pro

aQly

Glu

Asp

<211> 1065

<212> DNA

Ala

Pro

val

Pro

Arg

8s

Gly

Ils

Tyx

Leu

Qlu

165

Phe

val

Asn

Ala

Ala

245

Val

His

Gly Ala
Pxo val
Val Thr
Thr Phe

55

Pxo Ser
70

Pro Leu
Ala Asn
Leu Asp
Ala Glu

135

Ala Ala
150

Pro Val

Arg Phe Ty:

val Trp
215

Ala Ala

230

Leu Lys

Arg Pro

val Gly
295

Thr

Hia

asn

40

Ala

Asn

Gln

TZp

His

120

TR

Pro

Glu

3

200

Glu

Lys

Ser

Gly

Ala

280

Phe

Phe

Pro

25

Arg

Glu

Leu

Gly

Axg

105

Pro

Ala

Gly

Gly

Asn

185

Pro

Trp

Pro

Ile

Gly

265

Ala

Arg

15

Mat Mat Gly Ser Asn Asp His
10

val

Gln

Axg

Thr

His

Val

Gly

Gly
170

Ser

Pro

Asp
250

Sex

Cys

Thr Val Asp Gly Phe Trp

30

Phe Leu Glu Phe Val Asn

45

Lys Pro Arg Ala Glu Asp

60

Ala Gly Ser Leu Val Phe

75

a0

Asp Ile Ser Gln Txp Trp

95

Pro Leu Gly Arg Lys Ser
110

Val His Val Ala Tyxr Ser
125

Lys Asp Leu Pro Thx Glu

140

Leu Asp Gly Ala Glu Phe

155

160

Asn His Met Ala Asn Thr

175

Met Asp Asp Gly FPhe Ala
190

Asn Gly

23
o
w

Thr Asp
220

3

Gly Leu Tyr

Trp Ser Val

Cys Ile Pro Ser Asn Pxo

240

Pro Ala Ala Ser Val Lys

255

Hia Leu Cys Ala Pro Asn
270

His Ala Gln Glu Ile Asp

285

val Arg Arg Val Arg

300

&0
120
180

240

360
420
480
540
600
660
730
780
840
900
812
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<213> Microscilla sp.

<400> 67
atgaaataca
gaggacaaga
gttcccgaag
caggettata
cttacagaag
attgetgaga
aagcctcctg
gtttetctec
ccggagggte
tttg;aagatg

& t

tttttktagt tctttectta tgggecttga

gagtggaaac tgatacttcc agaccaaaag

ccegatgtac
ccgaagegtc

tga

cggaaagtat

agatataaaa

& -

gaatggetta tatt g

aggatqaata tcccegeccat aacgtgaagg

tgaccaaktge ggagtttaag dggtttgtag

aagatattga ctgggaagag ttaaagtete

ttteggcttt
acgaaacggg

aggtgecaca

ttatatggac
ctacgtgacc

gggtaccccg

agat:

attctgtget t t

t

v

aggattattc gg gaat

tggt

caggtagtac ga t cgt

tccaagegta tgcggattgy gecggtaage

tggg at gacg at

gtcgaacaag

catccgataa agcaaacttt tggcagggga

gcckgectac
atccatgggy

attttccaca

acacgtttee
tgaggcagaa
aaatgaatcg

tcaaaactat

gecctegaty

ctatatgata

tatgaaagct

tggc tg tog

ataagcaaaa aggactgaca gaagacccca

gacagctact

ac tg

gtagtgggta tcgtgtttca cgtcgtatga

et tecata

<210> 68
<211> 354

cag gt gaaa

<212> PRT
<213> Microscilla sp.

<400> 68

Met Lys Tyr Ile ;he Leu Val Leu Phe
1

Thx Gly Lys Tyr Glu Asp Lya Arxg Val
20 25

Lys Ala géu Ala Ser Asp Ile Lys val
40

Pro Ala GQly Gln Tyxr Met Met Qly Gly
50 55

Asp Glu Tyr Pro Arg His Asn Val Lys
65 70

Leu Thr Glu Val Thr Asn Ala Glu Phe
85

Gly Tyr Val Thr Ile Ala Qlu Lys Asp
105

100

atg

Leu Trp
10

Glu Thr
Pro Glu
Lys Ser
val Ser

75

Lys Arg
90

Ile Asp

"
ataagtatga
cgggttctga
ggggttcttt
gttccagtag
gatag

cgge
tgtcaatget
at cactacaac
cctatgcaat

agattcaggt

Ala Leu Thr Arg Cys
15

Asp Thr Ser Arg Pro

30

Gly Met Ala Tyr Ile
45

Asp Gln Ala Tyr Lys
€0

Ala, Pha Tyr Met :gn

Phe Val Asp Glu Thr

95

Tp Glu Glu Leu Lys
110

60
120
i80
240
300
360
420
480
540
600
660
720
140
840
500
960

1020
1065
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Ser Gln Val Pro Gln Gly Thr Pro Lys Pro Pro
115 120

Ala Oly Ser beu val Phe Lys Gln Thr Asp Glu

130

135

Asp Tyr Sex Gln Trp TXP Glu Trp Thr Ile G%g
1

145

150

Pro Glu Gly Pro Gly Ser Thr Ile Glu Asp Arg
170

165

Val His Val Ser Phe Glu Asp Val Gln Ala Tyx

180 185

Lys Arg Leu Pra Thr Glu Ala Glu Trp Glu Trp
195 | . 200

Gln Asn Asp Val Lys Tyr Pro Trp Oly Asn Glu

210

215

Sexr Asp Lys Ala Asn Phe Trp Gln Gly Asn Phe

235

230 23S

Ala Leu Asp Gly Phe Glu Axg Thx Ala Pro Val

245 250

Asn Gly Tyx Gly Leu Tyr Asp Met Ala Gly Asn

Gln Asp Lys
275

Leu Thr Glu

290

Pro Tyr Thr

305

Axg Asp Sex

Asn Gly

<210> 69
<211> 876

260 265

Tyr Asp Val Asn Ala Tyr Glu Ser
280

Asp Pro Thr Gly Sex Glu His Tyr
295

Pro Lys Hls Val Ile Arg Gly Gly
310 318

Cys Ser Gly Tyx Arg Val Ser Arg
az2s 330

OGly Pha Asn His Thr Gly Phe Arg
340 345

<212> DNA
<213> Pseudomonas putida KT2440

<400> 69

atggtgcacg

ggccegeete

tgcegggegy cgagttcage tttggtteaa
acccegecaa ggtgteecgge ttetggattg

ttcg

g gt gggtatgtca

cgtgtcegagy

catcagggtg

caccegcaag

9 g gga

cggacgtget cggcecegge tggcagtteg

Asp Ser Val Leu Gln
125

Pro Val Sexr Leu Gln
140

Ala Asn Trp Arg Asn
160

Met Asp His Pro val
175

Ala Asp Trp Ala Gly

ala Ala Met Gly Gly
205

Ser Val Glu Gln Ala
220

Pro His Gln Asn Tyr
240

Arg Ser Phe Pro Ala
255

Val Tzp Glu Trp Cys
270

Tyr Lys Gln Lys Gly
285 .

Asn Asp Pro Arg Glu
300

Ber Phe Leu Cys Asn
320

Arg Met Ser Ber Ser
335

Cys val Lys Asp Val
350

gecgetttta cgacgaagaa
acgtgeatee ggtcaccaac
cceatgeega gegeggtace

taccgggtge gatggtgttt

tgcccggege caactggega

ggccgggeag cagectggee

t te

tgeg o g accgatgceg

gcggcgaagy
ggectgtteg

t catgg t acctggcagg
atggttttac cggtacatcg cccgtgggtt
atgccggegy caatgtetgg gagetgacte

a ggcgt gt

acttcagctg gggtaccacc
gtecagttcce ttatcgeaat
gcttccecgge caacggottt
gcacgggeta teggecagge
cggecetgag tgacagette

gecggetegea cctgtgtteg

|

acctegecacyg

<210>70
<211> 291

geatgcgeta ceg

tgggtttcag aacgattcgg ceatga

<212> PRT
<213> Pseudomonas putida KT2440

<400> 70

gecggt ghteatgacg

60
120
180
240

300
360
420
4B0
540
600
660
720
780
840
876
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Met Val His Val Pro Gly Gly Giu Phe Ser Phe Gly Sex Ser Arg Phe
1 5 10 - 15

Tyr Asp Glu Glu Gly Pro Pro His Pro Ala Lys Val Ser Gly Phe Txp
20 25 30

Ile Agp Val His Pro Val Thr Asn Ala Gin Phe Ala Arg Phe Val Lys
35 40 45

Ala Thr Gly Tyr Val Thxr His Ala Glu Arg Gly Thr Arg Val Glu Asp
50 60

ggp Pro Ala Leu Pro i;ap Ala beu Arg lle ’r;;o Gly Ala Met Val Fhe
(o]

55

80

His Gln Gly Ala Asp Val Leu Gly Pro Gly Trp Gla Phe Val Pro Gly
85 30 95

Ala Asn Trp Arg His Pro Gln Gly Pro Oly Sex Ser Leu ?}.: Gly Leu
105

100

Asp Asn His Pro Val Val Gln Ile Ala Leu Glu Asp Ala Gln Ala Tyr
115 2 125

120

Ala Arg Txp Ala Gly Arg Glu Leu Pro Ser Glu Ala Gln Leu Olu Tyx
140

130

145

Ala Met Arg Gly Gly Leu Thr Asp Ala Asp Phe Ser Trp Gly Thr Thr
150 155

135

160

Glu Gln Pro Lys Gly Lys Leu Mek Ala Asn Thr Trp Gln Gly Gln Phe
165 170 175

Pro Tyr Arg Asn Ala Ala Lya Asp Gly Phe Thr Gly Thr Ser Pro Val
185 190

180

Gly Cys Phe Pro Ala Asn Gly Fhe Gly Leu rhe Asp Ala Gly Gly asn
196 200 205

val Trp Glu Leu Thr Arg Thr Gly Tyr Rrg Pro Gly His Asp Ala Gln
220

210

215

Axg Asp Ala Lys Leu Asp Pro Ser Gly Pro Ala Leu Ser Asp Ser Phe
22% 230 235 240

Asp Pro Ala Asp Pxo Gly Val Pro val ala val ile Lys Gly Czil.y Sex
250 55

245

His Leu Cys Ser Ala Asp Arg Cys Met Arg Tyr Arg Pro Sexr Ala Arg
260 265 270

Gln Pro Gln Pro Val Phe Met Thr Thr Ser His Val Gly Phe Arg Thr
275 280 285

Ile Arg Gln
290

<210> 71
<211>780
<212> DNA

<213> Ralstonia metallidurans

<400> 71
atggtcgegg gcgggatggt

gttcgtegge ggtgeeg atac

geg gactggegte acccgacegg cccgggeagt

gg = tegt
tccatcgaag geoaaggacaa tcatcecgte g t cg

t t ag tt t

tgg agcag ct tag g9 t gga t ag

a tg tc gtg tee cogg cgecaaggeg

ct tget: acg gcaatggeta tgggetctat

gacatgaccg gcaacgectg

geagtgggty gecgactggt atcgegegga ccagttcege

ccgaccgaac ctggegtgec

gtg g aat t

ggtgteggeg cccaageggy teacgogegg tggotcegttco

ctctgecaacyg ag tctg ac gtg c g
& tgteg t g
' g t gg ggee t g taa
<210> 72
<211> 259
<212> PRT

<213> Ralstonia metallidurans

<400> 72

60
120
180
240
300
360
420
480
540
600
660
120
780

100
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i‘let: Val Ala Qly Gly Met Val Phe val Gly Thx Asn Ser Pro Val Pro
5 10 15

Leu Arg Glu Tyr Txp Arg Trp Trp ;gg Pha Val Pro Gly Ala Asp TIp
20 . ’ 30

Arg His Pro Thr Gly Pro Gly Ser Ser Ila Glu Gly Lys Asp Asn Hia

as

Pro val val Gln
50

Ala GQly Lys Arg

65

Gly Gly Leu Glu

Asp Gly Axg Gln

100
Phe Pro Val Val
115

val Gly Thr Phe
130

asn Ala Trp Gln

145

Arg Glu Ala Thr

Asp Sexr Trp Asp

180
Arg Val Thxr Arg
195

Sex Tyx Arg Pro
310

Ser His Leu Gly

225

Val Arg Lys Gln

Val Gln Lys

<210>73
<211> 876
<212> DNA

val Ser

Leu Pro
70

Gln Ala
85

Met Ala
Ser Ala
Pro Qly

Trp Val
150

val Ala
165

Pro Thx
Qly Gly
Ser Ala
Phe Arg

230

Pxo Ala
245

Tyx
s5

Thr
Thr
Asn
Lys
Asn
135
Ala
Ala

Glu

Sexr

Leu

Val

40

Glu Asp
Glu Ala
Tyxr Ala
val Trp
105
Ala 1y
120
Gly Tyx
Asp '.l;xp
Val Leu
Pro Gly
18S
Fhe XLeu
200
Arg Gly

val Met

ala Met

<213> Prochlorococcus marinus

<400>73

gtgaccacat ckttgccagt

tgtgakcgck gcotatecgga

agagatggta
tggttcagtt cg

& +

ala

Glu

Txp

50

oly

aly

Tyr

Gln

170

val

Cys

Asp

ala
250

45

Gln Ala Tyr
60

Txp Glu Fhe
75

Gly Asp Lys
Gly Gln Gin

Ala Ala Gly
125

Leu Tyr Asp
140

Arg Ala Asp
5

Asn Pra Thr

Pro Val Ser

Asn Glu Asp

205

Asp Pro Tyx

220

Asp Ala Arg
235

Ala Gly Oly

tatc

Ala

Ala

Pha

val

110

Thr

Met

Gln

Qaly

Ala

190

Phe

Trp

Gln

Lys

ala

Ala

95

Gln

Ser

Phe

Pro

17s

Pro

Cys

Sexr

Ala

Qln
255

Trp

Axg

1]

Pro

Pxo

Ala

Gly

Arg

160

Ala

Lys

Leu

Met

Glu

240

Asn

accatcceeg cagggeteta tegagttgge

gaagtgcagc tt

gatttcgtta gegccacgea

gcatctcaca gt

tac

&

g

tge ccagttccga

tc

tatcccgate ¢t

gcaacggtygg atcgeageaa

cgt

acecttgage

ke

tc

tecag ttgtetttea accgeoeteca

ttg atgat

gtegectatg ccgacgccat

cge

cgectatgec

ggagt ct

cattgggetyg

gcaagcgtet

tg cccaatacge

ga taggg

gaacteacte ccaataaccg
aacgaggagc tagacggctg
tatggactct tggatgtttg

acg

ctggatggcg
gttctggace t

cggcaatgtg

aacatctggc

aaggtccttt

ttg getttce

tggtggacee tcakggetgg ggotgattgg

tgtegtgeat

ceectctget

ctgggggaat

cccttggeac

s

tc aaaggcggat

gcg

tactgcgtac gttatcgacce

tgc

tgggaaktgga

cag

ccaactetgt

cgtttetetyg

ttatcecgty

cgcagataat

tgt

ctctgcacta ca

t

<210>74
<211> 291
<212> PRT

<213> Prochlorococcus marinus

<400> 74

60
i20
180
240
300

360

480
540
600
660
720
780
840

101
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Met Thr Thr

1

Tyr Arg Val

Tyr Pro Glu
35

Ile Asp Val
50

Ala Thr Gln
65

Gln Pro Pro

Thxr Leu Mat
115

Thr Ile Asp
130

Asp Ala Ile
145

Glu Olu Trp
Ala Trp Gly

Trp Gln Gly
19s

Trp Thr Ser

210

Asp Val Cys
225

Ala Ser Gly

Gln Thr val
275

Gly Qly Pro
290

<210>75

Sex

aly

20

Glu

Gly

His

Leu

Pro

100

ala

Gly

Ala

Glu

Asn

180

Pro

Pro

o1y

His

Asn

260

Asp

<211>1017
<212> DNA
<213> Caulobacter crescentus CB15

<400> 75

Leu Pro val Glu Met val
S

10

Cys Asp Arg Cys Tyx P
25

ro

Thx Pro Ala Arg Glu Val
40

Pro Val Thr Asn Ala G
55

Leu 'gloxx Val Ser Glu L

Ala Pxo Glu Glu Arg I
85 9

Ala Thr Val Asp Axrg S

Gly Ala Asp Trp Arg H
120

le
[}

exr

is

Leu Asp Asp His Pro val

135

Tyr Ala His Trp Ala G
150

Val Ala Ala Arg Gly Gly
165

1

1y

70

Glu Leu Thr Pro AsSn Asn
18s

Fhe Pro Tzp His Asn Glu
200

Val Gly Ser Phe Pro Ala

215

Asn Val Trp Glu Trp Thr
230

@ln Glu Arg Arg Thr Ile
245

250

Tyr Cys Val Axg Tyr Axg
265

Thr Ala Thr Cys Hia Met
280

Asp

Gln

FPhe

Pxo

%

Pxo

Lys

Pro

val

Lys

155

Leu

Glu

Asn

Asn
235

Pra

Gly

Qly Ser Val
30

Leu Asp Ser
45

Arg Ala Phe
60

Pro Asp Pro
Glu ser val

Pro Leu Sexr
110

Gln Gly Pro
128

His val Ala
140

Arg Leu Pro
Val Asp Ala

Trp Met Ala
190

Leu Asp Giy
205

aly Tyxr Gly
220

Ser Val Tyr
Gly Gly Sex

Ser Ala Leu
270

Phe Arg Cys
285

Gly Leu
15

Arg Cys

Phe Gln

Val Ser

Thr Leu
80

Val Phe
95

Trp Trp

Glu ser

Ser ala
160

Gln Tyr
175

Asn Ile

Tzp Phe

Leu Leu

Pro Val
240

Phe Leu
255

Gln Gly

ala Lys

tt

t

ceggegecea aggekbtgect tg cecgg

ggtatagttc

ttc caga!

EL cg acgggttate

cegttetgga

tecgatcagac

geaccgtgge

agaggtcace

cgagegaceg

ct tegke

ctcgaceceg cgogotacge taccy

ttcg

Y

gagg g

tece

aatggtggca

ccggtggtge

gg

atatcgegtg ggaggacgcc atggcctacg

cec gge

cccgetgget

ggtgatecece
ggacgcetgg
gggcegtgac

tg E

ca ac

acctggggey
tteccggace

ttceccgeeca

Ca gga gca g

gttgg
ccaatacttg

acggcetatgg

gg caal

gcaaggegty
ggteggetge

ttca

gga ke agegtecteg

ttcctgtgcg
ceggacageyg

<210>76
<211> 338

a
g

aaaccggegg
acgtegtgaa

tg © ac

geegeccgag

gggcggttcg

ccgacgacta ctgcttecge tat

gegeategea tgteggttte

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960

1017

102
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<212> PRT
<213> Caulobacter crescentus CB15

<400> 76
Met Gly Lys Leu Thr Ala
1 5

QGly Cys Gly Gln Pro
20

Pro

Ala

Sexr
Arg

145

Pro

Asp
225
Fhe

Glu

Leu

Asp
305
Pro

Glu

Ala

Asp Pro Gln Asn Arg

Fhe
S0
Thx

Ala

alu

Asp

130

His

val

oly

Gly

Ala

210

Leu

Pro

Glu

Asn

280

Asp

asp

Arg

35

Gln Met

Val Thr

Ala phe

Arg Pro
100

Arg Pro
115

Asp Pxo

Fro Glu

val His

180

Leu Val
195

Lys Pro

Gly Asn

Pro Asn

Thr Arg

260

Thx Gly
275

Thx Pro

Ser Gly

<210>77

<211>900
<212> DNA
<213> Mycobacterium tuberculosis H37Rv

<400> 77

Gly

val

Ala

85

Leu

Ala

Ser

Gly

Ile

165

Leu

Gly

Arg

Asp

Gly

245

Asp

Gly

Lys

Phe

Ala
325

Ala

Pro

70

Arg

Rsp

Sexr

Gln

Pro

150

Ala

Pro

Lys

Ala

Gly

230

Tyr

Trp

Pro

His

Axg

310

Sex

Leu Pro Val Leu Met Leu Leu
10
Pro Lys Ala Cys Leu Ala Asp
25

Thr Ala Gly Met Val Arg Leu
40 45
Ala Pro Leu Arg Pro Glu Glu
55 60
Pro Phe Trp Ile Asp Gln Thr
75
Phe val Glu :&a Thr Gly Tyx
Pro Ala Arg Tyr Ala His Val
105 .
Leu Val Phe Val Gly Ala Lys
120 125
Trp Trp Gln Val Ile Pro Gly
135 140
Qly Ser Asn Ile Arg Gly Axg
155
Trp Glu Asp Ala Met Ala Tyx
170
Thr Glu Ala Glu Trp Giu Tyr
18s

Arg Tyr Thr Trp Oly Asp Gln
200 205

Asn Thr Trp Glan Gly Val Phe

215 220

Phe Lys Ala Lys Pro Ala Pro

235
Gly Leu Arg Asp Met Ala Gly
250
Phe Lys Pro Gly Leu Asp Pro
265

Pro Glu Ala Arg Ala Leu Asp
280 285

val val Lys Gly Gly Sex Phe

295 300

Tyxr Arg Pro Ala Ala Arg Thx
315

His val Gly Phe Arg Thr Val
330

ala Leu Ala
15
Leu Pxro Val
30
Ala Gly Gly
Gly Pro Pro
Glu Val Thr
8o
Axrg Thr Val
95
Pro Ala Ala
110
Gly Ala Axg
Ala Asp Trp
Asp Ala Tzp
160
Ala Axg Txp
175
Ala Ala Arg
150
Ala Gln Asp
Pro Ala Gln
Val Gly Cys
240
Asn Val Tzp
255
val Ser Val
270
Pro Glu Asp
Leu Cys Ala
Pro Gly Pro
320

Leu Arg Ala
335
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gtgctgaccg agttggtibga cctgeccgge ggatcgttee geatgggete gacgegcette
taccccgaag aagegecgat tcataccgtg acegtgegeg ccokttgeggt agagcgacac
ceggtgacca gog tt tte gt t gacggttgea
gaacaaccce ttgaccccgg getctaceca g ct gtg!
gcgatggtge tttg cg gt cg gcaatggtgg
gactgggtae ctggcgectg ctggegecat cegtbtggec gggacagega tatcgcegac
cgagceggee acecggtcegt acaggtggee tatceggacg cogtggecta cgeoacgatgg
g g g gag § < . g tgg ¢

tatg cg tgctcat tag
cagggeeggk ktccttaccog £t ggg! ac tg
ggeaggtttc cggccaacgg gtttggecttg ctegacatga teggaaacgt ttgggagtgg
accaccaccg agttctakcc a £ : ateg t gc ct g
ceggt t g
cacctgtgcg cg -] t ta q! ke tcg

g te csg g ccga tg g

<210>78
<211> 299
<212> PRT

<213> Mycobacterium tuberculosis H37Rv

<400> 78

Met Leu Thr Glu Leu Val Asp Leu
1 5

Sex Thr Arg Phe Tyr Pro Giu Glu
29

Axg Ala Phe Ale Val Glu Arg His
35 40

Glu Phe Val Ser Ala Thxr Gly Tyxr
S0 EH)

Asp Pro Gly Leu Tyr Pro Gly Vval
€5 70

Ala Met Val Phe Cys Pro Thr Ala
85

Axg Gln Trp Trp Asp Trp Val Pro
100

Qly Axg l;sp Ser Asp Ile Ala Asp
15

120

val Ala Tyx Pro Asp Ala Val Ala
130 138

Leu Pro Thx Glu Ala Glu Trp Glu
145 150

Ala Thr Tyxr Ala f? Gly Asp Gln
S

Ala Asn Thr Txp Gln Gly Axg Fhe
180

Gly Trp Val Gly Thr Ser Pro Val
195

200

Gly Leu Leu Asp Met Ile Gly Asn
210 215

225

rhe yr Pro His His Arg Ile Asp
230

Pro Val Lys Leu lz\:a Thr Ala Ala
5

Lys Qly Gly Ser His Leu Cys Ala
260

Pro Ala Ala Axrg Ser Pxo Gln Ser
27s

280

Gly Phe Arg Cys Val Ala A;sp Pro
95

250

<210>79
<211>7

<212> PRT
<213> Artificial

Pro Gly
10
Ala Pro
25
Pro val
Vval Thr
Asp Ala
Gly Pro
dly Ala
105

Arg Ala

Tyr Ala
Glu Lys

170

Pro Tyr
185
Gly Arg
val Trp
Pro Pro

250
Pro Glu
265

Gln Asp

Val Ser

Ile
Thr
Val
Ala
5

val

Cys

aly

Ala
155
Pro
Arg
Phe
Qlu
Ser
235

Thr

Thr

Gly

Sex Phe
His Thr
Asn Ala
45

Ala Glu
60

Asp Leu
Asp Leu
Trp Arg

His Pro
125

Try Ala
Arg Qly
Gly Gly
Aasn Asp
Pro Ala

205
Trp Thr

Thr Ala

Ile Ser

Ala Thr
285

Arg Met Gly
as

val Thr Val
30

Gln Phe Ala

Gln Pxo Leu

Cys Pro Gly
ao

Arg Asp Trp
95

Hia Pro Phe
110

Val Val Gln

Gly Arg Arg

Gly Thr Thr
160

Met Leu Met
175

Gly ARla Leu
190

Asn Gly Phe
Thr Thr Glu
Cys Cysa Ala

240

Gln Thr Leu
255

Thr His Ile

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
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<220>
<223> conserved domain in prokaryotes and prokaryotes

<220>

<221> DOMAIN

<222> (1)..(7)

<223> conserved domain

<220>

<221> MISC_FEATURE
<222> (3)..(4)

<223> Any amino acid

<220>

<221> MISC_FEATURE
<222> (6)..(6)

<223> Any amino acid

<220>

<221> MSC_FEATURE
<222> (6)..(6)

<223> Gly or Ala

<400> 79
ll\rg Val Xaa Xaa (5;1y Xaa Ser

<210> 80

<211> 630

<212> DNA

<213> Oncorhynchus mykiss

<400> 80
tcaggtggct gctgceccet gatggttgee tgt t gg tga 60
gggcccocgac tocagcatca g ggck t gtgctgeatg tgtcatggca 120
ggacgetgtg gccetactget t ctgagtggga 180
gtacgectge agagggggee actt tgaaace 240
taaaggacag cactacgcca acctcetggca ttc 300
ta t t gt t a t 360
caacatggta gggaatgcat gggagtggac t: tac ! 420
gat: g tga 480
ctectacarg tgccataagt t t ggag 540
caccectgac agcetetgect g -1 ta 600
acctttcacc ctcgaccctg acatgggtag &30
<210> 81
<211> 655
<212> DNA

<213> Danio rerio

<220>

<221> misc_feature
<222> (590)..(590)
<223>nisa,c,g,ort

<220>

<221> misc_feature
<222> (626)..(626)
<223>nisa,c,g,ort

<400> 81

105



caaatggttt tatttacata aaaaaatcct cttagtttga agtgtaagac agtgagatta
gtgatgtttg aggttatgga tcaacatcag t g
aactgtccgg tgtgttctga gta tetgt taagacttgt
tgta ggat t tgtctgtcee tgattctggt ccotttgagt
taaacktgte ttctgcagtg tgatgeacag tecaccagte tgccgtecac teccacgcat
ttcecaccat gteatacagg cc at t tcacc ggagatgtgt
tggcatagec gtectetgea gtgttgtgat tagggaaate tccctgocac aggttageat
agtgctgece tec aatttat ta tgtagtecte
ctctacagge caactcccat tcagettetg taggaagtct gegttiggee cattgacagt
tge (4 t tgca tg attcattctn gtgtgtatgg
tbgaatctgg tectttctgg tgtetncagk ctgcacctik cactggtgac cacca
<210> 82
<211> 773
<212> DNA
<213> Oryzas latipes
<220>
<221> misc_feature
<222> (690)..(690)
<223>nisa,c,g,ort
<220>
<221> misc_feature
<222> (755)..(755)
<223>nisa,c,g,ort
<400> 82
tctecktttt tocataaata acattagagt ccttacattc tgecktttaca tacattgtea
gagacagtac aaaasatctg cctttgtaaa attagagtta caaaaatata ttttagattt
gacttcttea gaattgtcgg tggcagcaaa agaateggat tgatctcatg acaagagegt
gagccagaag ttcttggatc aaactgattb ggbtctgtea tcatttcetghk teageageac
cc aagat g tgt ctggagtgtt ttggcttcga geageacatce
tgt 1 ttg g teetttctbc accttatctg
tgcctgacgy aggacecgtt gggtigtget gatggtctgt tgtgtggtge acgctecace
t tcccat gogtt ccatgtecata cagaccaaaa gcattgectg
ggaaggacat caccggggag gttttagtgt ageccatecte tgcagagttg tgtgctggga
attcccectg ccagaggttg gogtaatget gtecettbgg gtttagettg ttkceecagg
ggtagagtct gtcctteagg ccgecectge ag tc cca gcc tcag
gtetettgtt gacccaggag cagtaageen aggcatcatt cccagaaacc tgaacgacgg
atgatccatc ctgtcotgtga tgttggagtc tggancttca gggtgottec agt
<210> 83
<211> 566
<212> DNA
<213> Xenopus laevis
<220>
<221> misc_feature
<222> (6)..(6)
<223>nisa,c,g,ort
<220>
<221> misc_feature
<222> (47)..(47)
<223>nisa,c,g,ort

<220>
<221> misc_feature
<222>(81)..(81)

<223>nisa,c,g,ort

<400> 83

€0
120
is0
240
300
360
420
480
540
600
655

60
120
180

aoo
360
420
480

600
660
720
773
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atatgnaact aaaggtaatg taattggaat gatggattte acaaggnctg agagttcect
attgctcctg cttgtegtgt nacaggtcac ggageeggeg ccacacageg aaatcccagg
ttggaggecg agetgtcgaog tgt t g ta cctgtageaa
taggactcat ggcacatgta ggagcctccet ttckteacte tatcatttee cgtagaaggt
cctttegggt tgt te at gta tgat tgt atc agatgtecac
tcccaagcat ttcccaccat gttatataga ccataaccat tggotgggaa agcagttaca
ggtgaagtct gcacataacc atectctecca gtgttttggg ttggaaaatc cecctgecag
acattcgcat aatgttgtee ctttggttee agettgrttce cecatggaaa aatcetgtte
tcaagtccece cgeggeagge gtattcccac teagettcag ttggaaggeg tttacetgec
caggtgcaga aagcagaagc atcatt
<210> 84
<211> 647
<212> DNA
<213> Silurana tropicalis
<400> 84
gcogottttt tttitttttt tttbttttte catcacaaaa ataattttat taataaaata
tgtg tctta tt tgt cattgaaatt tttgttttca
caaggtcktg ggagttcctt cctgectcagy tcaktttgoa gtggtcacgg agccgacgee
acgcagegga ateccaggtt agaggccgag ctgté:a.ggtg tattctgact tcgagecageca
tg ta tatg agc: t te ttg
t. ttt g taagtctcat ctgctgtatg atgagtgtec
caccaatcgg atg tgt tatataggct ataaccakttg
o cggttacagy gtctg. bt cectctccagt gttttgggtt
ggaaattcee at g t ttgg ety
cacggaaaaa gectgttcte aag t t te
t a gg cgtteca
<210> 85
<211> 636
<212> DNA
<213> Salmo salar
<400> 85
atagacattt tttaaatatt ttacaacaaa atatattcca taaatatcca catgtcatge
ggtaatcctyg cattteat: tga tggc tgtatgaaga. ggtgcacttyg
attkgtttcg cctggeggge aagataggra gagttageac cctagactag agccaatgge
gaatggtaca gt t. a ttac
caca t agg aggggtgtte
tgactecgtg ctgcacacet gtacctgtaa cagtatgact tatggcacat gtaggagcect
cctttctteca cteggtetgt goctgatggk ggacctgeecg ggttgtgecg ttcatctgtg
gtgtggtgta cagt t tgte catt catgttgtac
.aggccatage catttgcagg aaatgactte actggtgagg ttttggtgta cccgl:c'ctct
tctgagttgt gtg ctt ttgg cgtagtgetg tecttbtaggt
ttecagtttgt tcccccacgg gtaaagtctg teetgt
<210> 86
<211> 415
<212> DNA
<213> Sus scrofa
<400> 86
ag t tg g gagyg tg
ttccteccaa tggttatgge ctttacaata tagtagggaa cgoctgggaa tggacctcag
actggtggac catk t goctgaag ttaa cccatcaagt tcttectget
ta cact tgaa: cecttetggga
gggt 999 goatcetata b aa gt t tacaggtace
acagctegge ttcaaatctg gggttceget
t tga © gget gagtcaggaa gagtcttece gaate
<210> 87
<211> 595
<212> DNA

<213> Bos taurus

&0
120
ig0
240
300
360
420
480
540
566

60
120

240
300
360
420
480
540
600
647

60
120
180
240
300
360
420
480
540
600
636

60
120
180
240

360

415
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<400> 87

cca gtce ga cattat

ca gagt tt tg (] tt g te

gacgcctttc ctcccaatgg tt tt at ta ccetgggagty

gactt ¢ tggtggactg tt tte t a acgatk a

cccttctggg aaagaccggg tgaagaaagg tggatcctac atgtgecata aatcctattg

ctacaggtat cgcetgtgcetg ’ cttcgaatct
L tg g cC © agc aaagagectt

cccgaacceg agaagtogtg tactctg tke t t

tgctgtgaag aattcecacc ccaaggtggg ttacatacct tgeccagtgg ceaaaggace

tatggcaaga ccaaattgct gagctgateca geatgigege tttattgggg gatgy

<210> 88

<211> 1611

<212> DNA

<213> Homo sapiens

<220>

<221> CDS
<222> (1)..(1608)
<223> hSULF3

<400> 88

atg cta
Met Leu
1

ctg gce
Leu Ala

aat gtg
Asn val

cat cca
His Pro
50

aca cgt
Thr Arg
(-]

tge cea
Cys Pro

gaa tct
Glu ser

atg gat
Met Asp

ctg gac
Leu Asp
130

ckg
Leu

cce
Pro

gty
val
35

gga
Gly

999
Gly

tea
Sex

tgy
TIp

gtc
Vval
115

tat
Tyr

ctg
Leu

gga
Qly
20

ctg
Leu

agt
Ser

act
Thr

cge
Arg

aat
Asn
100

atg
Meb

ack
Thr

tgg
TR
s

gca
Ala

gte
val

cag
Gln

tecc
Ser

gea
Ala
85

aat
Asn

gag
alu

tca
Sexr

gtg
Val

999

teg
Ser

gag

Gly Qiu

gtg
Val

gta
Val

tEt
Phe
70

gca
ala

(34
FPhe

agg
Axrg

gga
Cly

agc
Sex

gtg
val
55

ctg
Leu

atg
Mot

aag
Lys

cat
Hias

cat
His
135

gkg gtc geca gee

Val

cag
Gln

gac

Val

agg

Ala Ala Leu Al

10

cgg

aga

Azxg Arg Axg

25

tee

tte

Asp Sexr Phe
40

aaa
Lys

aat
Asn

tag
TP

ggt
Gly

gage
Gly
120

cac
Ris

ctt
Leu

gee
Ala

agt
Sex

cta
Leu
105

tac
Tyx

tee
Ser

cck
Pro

tac

Tyx

gge
Gly
S0

gat
Asp
cga

att
Ile

gat
Asp

ttt
Phe
aca
75

cte

Leu

cca
Pro

aca
Thr

agt
Sex

ttyg

geca
Ala

gga
Gly

atc
Ile
60

aac
Asn

tke
Phe

aat
Asn

cag
Gln

aat
Asn
140

gcg

gce
Ala

agg
45
aac

Asn

tct
Ser

ack
Thr

tat
TyxX

aaa
Lys
125

cgt
Arg

ctg
Leu

aaa
Lya
30

tta
Leu

(443
Pha

cca
Pro

cac
His

aca

gcg
Ala
15

gcg
Ala

aca
Thr

atyg
Met

att
Ile

tta
Leu
95

aca

gta
Val

cce
Pro

(34
Phe

aag
Lys

tgt
Cys
80

aca
Thr

tgg

Thr Thr Trp

110
tee
Phe

gty
val

S99
Gly

gaa
Glu

aaa
Lys

geg
Ala

60
120
180
240
300
360
420
480
540
595

48

86

144

192

240

288

336

384

432
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tag
Trp
145
gkt
Val

tag

aca aga gat

aat
Asn

cag

Trp Gln

aat
Asn

cct
Pro
cac
225
ate
Ile

tct
Ser

aag
Lys

atg
Met

aaa
Lys
305
cat
His

ceg
Pro

aat
Asn

gga
Qly

tca
Ser
385
cce
Pro

tac
Tyr

gca
Ala

tta
Leu

cag
@65
cac
His

cag
Gln

cag
Gln

ace

tac
Tyx

tac
Tyx
210

aca
Thx

cca
Pro

tct
Sexr

aat
Asn
ctt
290
act

Thr

cga
Arg

ctt
Leu

att
1le
370

tca
Ser

tag
TP

atg
Met

tca
Ser

aca
Thr

450

aag
Lys

cag
Gln

aat
Asn

aag
Lys

cat
Hig
530

Axg

ctt
Leu

aat
Asn

act
195

cet
Pxo

tct
Ser

aag
Lys

tat
Tyr

att
Ile
275

ggt
Gly

att
Ile

cag
Gln

ttg
Leu

gtt
val
355

ect
Pro

gaa
Glu

atk
Ile

ctt
Leu

ata
Ile
435

aat
Asn

ctt
Leu

tat
TYC

tat
Tyr

gaa
Glu
515

atg
Mak

<210> 89
<211> 536

<212> PRT

Asp

atc
Ile

aca
180

gaa
Glu

tca
Ser

ctt
Leu

tgg
Trp

aca
Thr
260

aga
Axg

gaa
Glu

gte
val

tek
Phe

atg
Met
340

tet
Ser

ckg
Leu

aca
Thr

ctg
Leu

cga
Axg
420

ttg
Leu

gtt
val

cat
His

aat
Asn

tca
Ser
500

cca
Pro

aat
Asn

gtt
Va1

cgt
Axg
165

gac
Asp

cca
Pro

cca
Pro

tat

tca
Sex
245

aaa
Lys

gca
Ala

att
Ile

ata
Ile

tat

gct
Ala
150
aac
Asn

aaa
Lys

tet
rhe

tet
Ser
tgg
230
ect

Pro

aac
Asn

tte
Phe

att
Ile
tac
310

aaa

Tyr Lys

325

atg
Mekb

ctE
Leu

cck
Pro

ttt
Phe

agt
Sex
405

act

cct
Pro

gct
Ala

tce
Ser

aaa
Lys
485

aac
Asn

agg
Axg

cca
Pro

gga
Gly

gtg
val

cag
Gln

aag
Lys
390

gaa
8lu

aac
Asn

caa
Gln

gta
val

att
Ile
470

gag
Glu

gttt
Val

aag
Lys

aga

<213> Homo sapiens

<400> 89

tte
Phe

agg
Arg

gca
ala

gtk
val

tet
Ser
21s

ctt
Leu

ttg
Leu

tgc
Cya

tat
Tyx

ttg
Leu
295
tec
Ser

atyg
Met

cca
Pro

gat
Asp

aac
Asn
375
aat
Asn

tte
Phe

cac
His

cte
Leu

aaa
Lys

458
ata
Ile

cag
aln

ata
Ile

tak
Tyx

gca

535

tta
Leu

act
Thr

gta
val

ate
Ile
200

gga
Gly

gaa
Glu

kca
Ser

act
Thr

tat
280

gcec
Ala

tca
Ser

age
Sex

gga
Qly

att
Ile
360

ctg
Leu

gaa
Glu

cat
His

tag
Trp

ttke
Phe
440

(31
Phe

aac
Asn

tet
Phe

gea
Ala

gaa
Glu
520

gtk
val

cte
Leu

aaa
Lys
aac
185

tac
TYX

gaa
Glu

aaa
Lys

gaa
Glu

gga
265

gct
Ala

ctt
Leu

gac
Asp

atg
Met

att
Ile
4s

tac
Tyx

agt
Ser

cat
His

gga
Gly

aaa
Lys
425

gat
Asp

cca
Pro

tae
Tyr

atec
1le

aat
Asn
S0S

aat
Asn

taa

aga
Arg

gtc

caa
Gln
155

aga

Val Arg

170

tgg

ttg
Leu

aat
Asn

gtg
val

atg
Mot
250
aga
Arg

atg
Met

cat
Hisg

cat
His
tac
330
aaa

ys

cet
Pro

gga
Gly

aaa
Lys

tgt
Cys
410
tat
Tyr

ckt
Leu

gaa
Glu

ect
Pro
aag
490
ctt
Leu

gca
Ala

tta
Leu

gga
Qly

ttt
Pha

tct
Sex
235

cac
His

tet
fhe

tgt
Cys

caa
Gln

gga
Gly
31s

gag
Glu

gcc
Ala

ace
Thr

tac

Tyr

gtc
val
398

aat
asn

ata
Ile

tee
Sex

att
Ile

aaa
Lys
475

tag

gaa
Glu

gty
val

aga
Axg

tta
Leu

gga
Gly
220

cat

cet
Pro

aca
Thr

gct
Ala

tta
Leu
300

gag
Glu

get
aAla

gge
Gly

atg
Met

tct
ser
380
aaa
Lys

gtg
val

gce
Ala

tcg
sexr

act
Thr

460
gt
val

aaa

Txp Lys

agg
Axg

att
Ile

tag
Trp

gat
Asp

age
Gly

atg
Met

aag
Lys
aat
205
tct

Sex

gat
Asp

gta
val

aaa
Lys

gag
Glu
285

gat
Asp

ctg
Leu

agt
Ser

cta
Leu

ctt
Leu
36s

ttg

‘Leu

aac
Asn

aat
Asn

takt
Tyr

gat
Asp
445

tat
TYr

tet
Sex

caa
Gln

cac
His

cag
Gln
525

agg
Arg

gaa
Glu

gaa
Glu
150

tta
Leu

tca
Ser

gce
Ala

gat
Asp

agsa
Lya
270

aca
Thr

ctt
Leu

gce
Ala

gea
Ala

caa
Gln
350

gat
Asp

ttg
Leu

etg
Leu

gec
Ala

teg
Sex
430

cca
Pro

tet
Ser

get
Ala

agt
Sex

caa
Gln
510

tgg
Trp

cce
Pro
agg
175
gca

Ala

cca
Pro

aca
Thx

atc
Ile
tat
258
gaa

Glu

gat
Asp

ctt
Leu

atg
Met

cat
Hia
335

gta
val

att
Ile

ccg
Pro
cat
His
tce
41s
gat
2a8p

gat
Asp

ttg
Leu

kct
Sex

ata
Ile
495

gac
Asp

ctk
Leu

atg
160
gat
Asp

atc
Ile

cac
His
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Patentkrav

1. En celle der co-udtrykker et sulfatase- og et Co-formylyglycin-genererende
enzym (FGE) sa at aktiveret sulfatase produceres; hvor cellen omfatter heterologt
DNA eller RNA der resulterer i stigende udtryk af den aktiverede sulfatase i
forhold til det der ville optraede i fravaer af heterologt DNA eller RNA;

og hvor FGE’et er et polypeptid med Ca-formylyglycin-genererende aktivitet der:

a) har en sekvens valgt fra gruppen af SEQ ID NO. 2, 5, 46, 48, 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, eller aminosyrerne 34-374
af SEQ ID NO. 2; eller

b) har mindst 50% sekvensidentitet med SEQ ID No 2; eller

c) har én eller flere konservative aminosyremutationer i forhold til et

polypeptid som beskrevet i a) eller b) ovenfor; eller

d) er et fragment af et polypeptid som beskrevet i en hvilken som helst af

a) til ¢) ovenfor; eller

e) er et fusionsprotein af en hvilken som helst af a) til d) ovenfor.

2. Celle ifglge krav 1; hvor FGE’et udtrykkes ved et hgjere niveau i forhold til det

der ville optreede i fravaeret af det heterologe DNA eller RNA.

3. Celle ifglge krav 1 eller krav 2; hvor graden af sekvensidentitet i del b) ifglge
krav 1 er mindst 75%.

4. Celle ifglge krav 3; hvor graden af sekvensidentitet i del b) ifglge krav 1 er
mindst 95%.

5. Celle ifglge krav 1; hvor FGE'et er et polypeptid som beskrevet i del a) deraf.

6. Celle ifglge et hvilken som helst af kravene 1 til 5; hvor FGE’et er et polypeptid
der omfatter SEQ ID No 2, eller et fragment deraf med Co-formylyglycin-
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genererende aktivitet.

7. Celle ifglge krav 6; hvor FGE’et er et polypeptid der omfatter SEQ ID No 2 eller
aminosyrerne 34-374 of SEQ ID NO. 2.

8. Celle ifglge et hvilken som helst af kravene 1 til 5; hvor FGE'et er et polypeptid
der har et underdomaene 3 som omfatter mindst en af fglgende:

(i) et GFR-motiv
(ii) et RVXXGG(A)S-motiv
(iii) en heptamer indeholdende tre argininer

(iv) tre cysteinrester.

9. Celle ifglge et hvilket som helst af de foregédende krav; hvor sulfatasen er en

eukaryot sulfatase, en pattedyrsulfatase eller en human sulfatase.

10. Celle ifglge et hvilket som helst af de foregaende krav; hvor sulfatasen er
valgt fra gruppen bestaende af Iduronat-2-sulfatase, sulfamidase,
N-acetylgalactosamin-6-sulfatase, N-acetylglucosamin-6-Sulfatase, arylsulfatase
A, arylsulfatase B, arylsulfatase C, arylsulfatase D, arylsulfatase E, arylsulfatase F,
arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSuIlf-5, eller HSulf-6, eller et
fragment deraf med sulfataseaktivitet.

11. Celle ifglge krav 10; hvor sulfatasen er Iduronat 2-sulfatase.

12. Celle ifglge et hvilket som helst af de foregédende krav; hvor sulfatasen er

exogen i forhold til cellen uden det heterologe DNA eller RNA.

13. Celle ifglge et hvilket som helst af de foregdende krav der er en eukaryot
celle.
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14. Celle ifglge et hvilket som helst af de foregdende krav, hvor cellen er blevet
transformeret under anvendelse af heterologt DNA eller RNA ifglge krav 1 eller i
form af en cellekultur afledt derfra.

15. Celle ifglge et hvilket som helst af de foregdende krav der er en primaercelle,

eller en sekundeercelle, eller er en celle fra en immortaliseret cellelinje.

16. In vitro-fremgangsmade omfattende anvendelse af én eller flere celler ifglge
et hvilket som helst af kravene 1 til 15 til at fremstille aktiveret sulfatase.

17. Fremgangsmade ifalge krav 16 nar anvendt til at fremstille sulfatase med en
hgjere andel af aktiveret sulfatase til total sulfatase end det vil veere tilfaeldet for
sulfatase produceret fra den ene eller flere celler i fraveeret af det heterologe DNA
eller RNA.

18. Fremgangsmade ifglge krav 16 eller 17, hvor sulfatasen er tilvejebragt i en
form der kan anvendes i en farmaceutisk sammensaetning til behandling af en

sulfatasemangel.

19. Fremgangsmade ifglge et hvilket som helst af kravene 16 til 18 omfattende
tilvejebringelse af en farmaceutisk sammensaetning der omfatter aktiveret

sulfatase og en farmaceutisk acceptabel baerer.

20. Fremgangsmade ifglge krav 18 eller 19, hvor den farmaceutiske
sammensatning er tilvejebragt i en form til administration ad oral, rektal, topisk,

nasal, intradermal transdermal eller parenteral vej.

21. Fremgangsmade ifglge et hvilket som helst af kravene 18 til 20, hvor den
farmaceutisk sammensaetning er tilvejebragt i en form der er egnet til anvendelse
i behandling af sulfatase mangel.

22. Fremgangsmade ifglge et hvilket som helst af kravene 18 til 21, hvor den
farmaceutiske sammensaetning er tilvejebragt i en enhedsdosisform der er egnet

til anvendelse i behandling af sulfatase mangel.
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23. Fremgangsmade ifglge et hvilket som helst af kravene 16 til 22 omfattende

maling af sulfataseaktivitet

24, Celle ifglge et hvilken som helst af kravene 1 til 15, til anvendelse i en

fremgangsmade til behandling af sulfatasemangel.

25. Celle ifglge et hvilken som helst af kravene 1 til 15, til anvendelse i en
fremgangsmade til behandling af sulfatasemangel; hvor sulfatasemanglen er valgt
fra gruppen bestéende af: multiple sulfatasemangel, mucopolysaccharidose II,
mucopolysaccharidose IIIA, mucopolysaccharidose IVA, mucopolysaccharidose VI,
mucopolysaccharidose VIII, metachromatisk leukodystrofi, X-bundet recessiv

chondrodysplasi punctata 1 og X-bundet ichthyose.

26. Sulfatase til anvendelse i en fremgangsmaéde til behandling af
sulfatasemangel hos et individ, hvor sulfatasen er er produceret af en celle med
gget udtryk af formylglycin-genererende enzym (FGE) til forggelse af forholdet af
aktiv sulfatase til total sulfatase i en maengde der er effektiv til forggelse af
sulfatasens specifikke aktivitet, hvor FGE’et er et polypeptid med Co-formylglycin-
genererende aktivitet der:

a) har en sekvens valgt fra gruppen af SEQ ID NO. 2, 5, 46, 48, 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, eller aminosyrerne 34-374
of SEQ ID NO. 2; eller

b) har mindst 50% sekvensidentitet med SEQ ID No 2; eller

c) har én eller flere konservative aminosyremutationer i forhold til et

polypeptid som beskrevet i a) eller b) ovenfor; eller

d) er et fragment af et polypeptid som beskrevet i en hvilken som helst af

a) til c) ovenfor; eller

e) er et fusionsprotein of en hvilken som helst af a) til d) ovenfor.
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27. Sulfatasen til anvendelse ifglge krav 26, hvor sulfatasen er Iduronat

2-sulfatase.
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