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Description

Field of the Invention

[0001] Thisinventionrelatesto cellsthatcoexpress 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., etal, 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 Cf, yielding L-C_-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 diag-
nosing, treating, or preventing disorders associated with aberrant expression of PKIN.

[0004] Dierks etal (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 II, 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,
K.W. 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 sulfatase (STS/ARSC) deficiency,
and chondrodysplasia punctata, a disorder affecting bone and cartilage due to arylsulfatase E (ARSE) deficiency. Sul-
fatases 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
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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-
C-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, Sulfam-
idase, N-Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A, Arylsulfatase B, Arylsul-
fatase 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 nuclectide sequence of GenBank Acc. No. AK075459.

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 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).
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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).
SEQLID 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. AY1011786).

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.

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 G1:24308053).

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 Gl: 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 Gl: 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).

SEQIDNO: 55is the nucleotide sequence of the closely related S. coelicolor FGE ortholog (GenBank GI: 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 GI: 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).
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SEQ ID NO: 59 is the nucleotide sequence of the N. aromaticivorans FGE ortholog (GenBank Gl: 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 Gl: 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 GI: 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 Gl: 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 GI: 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).
SEQID 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).

SEQ ID NO:73 is the nucleotide sequence of the P. marinus FGE ortholog (GenBank Gl: 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 Ht37Rv 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-DUF323 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
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Fig. 5: Bar graph depicting N-Acetylgalactosamine 6-Sulfatase Activity in 36F Cells Transiently Transfected with
FGE Expression Plasmid.

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 setoutin claims 1 to 25. Itis 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-C_-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-Acetylglu-
cosamine 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] "Ca-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., SEQID NO:33, and the Examples). The substrate preferably contains the conserved hexapeptide of SEQ ID NO:32
[L/V-C(S)-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. 8. 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/in-
creasing 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 polypep-
tide encoded by the gene (nucleic acid). Enhancing (or increasing) Ca-formylglycine generating activity also refers to
preventing orinhibiting FGE degradation (e.g., viaincreased ubiquitinization), downregulation, etc., resulting, forexample,
in increased or stable FGE molecule t,, (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 mMRNA 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
C-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., C -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 (PCRY); (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 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
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sequencing, (iv) as a therapeutic, etc.

[0020] Homologs and alleles of the FGE nucleic acids described herein also having C_-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
C,-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 devel-
oped 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
directthe 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.

[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 polypep-
tides 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,
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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 atnucleotide 1180, or SEQID NO:3 beginning atnucleotide 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 Co-formylglycine generating activity in a
cell. In important embodiments, this is accomplished by the use of vectors ("expression vectors" and/or "targeting vec-
tors").

[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., f-galactosidase or
alkaline phosphatase), and genes which visibly affect the phenotype of transformed or transfected cells, hosts, colonies
or plagues (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 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 HelLa
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), Raiji 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
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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 extra-
chromosomal element. Another expression vector is the pEF-BOS plasmid containing the promoter of polypeptide
Elongation Factor 1o, 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. 90:626-630, 1992). The use of the adenovirus as
an Adeno.PlA recombinant is disclosed by Warmer et al., in intradermal injection in mice for immunization against P1A
(Int. J. Cancer, 67:303-310, 19986).

[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 beisolated from biological samples including tissue or cellhomogenates, and can also be expressed
recombinantly in a variety of prokaryotic and eukaryotic expression systems by constructing an expression vector ap-

10



10

15

20

25

30

35

40

45

50

55

EP 2 325 302 B1

propriate 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 unique 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 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 substi-
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tutions of amino acids include substitutions made amongst amino acids within the following groups: (a) M, I, 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., C -formyiglycine
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 forincreasing 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. I), or an expression product thereof (e.g., a
peptide of SEQ ID NO.2), in an amount effective to increase C-formylglycine generating activity in the cell. In important
embodiments, the method involves activating the endogenous FGE gene to increase C -formylglycine generating activity
in the cell.

[0052] Inany 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 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, o-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] Ingeneral,the gene expression sequence shallinclude, 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 se-
quence, 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.,
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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 asso-
ciation 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
describedin U.S. Patent 5,391,723 to Priest. Another example of awell-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 bereplication-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 in-
fectious particle). Such genetically altered retroviral expression vectors have general utility for the high-efficiency trans-
duction of genes in vivo. Standard protocols for producing replication-deficient retroviruses (including the steps of incor-
poration 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 de-
scribed 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 col-
loidal system of the invention is a liposome. Liposomes are artificial membrane vessels which are useful as a delivery
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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 Hemagglu-
tinating 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] Liposomesarecommercially available from Gibco BRL,forexample,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
alsodescribedin 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 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 anincrease 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, Ar-
ylsulfatase 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 nor-
mal/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,
thatincreased expression/activity of FGE in a cell with increased expression/activity of a sulfatase results in the production
of a sulfatase thatis 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 Il (MPS |lI; Hunter
Syndrome), Mucopolysaccharidosis IlIA (MPS IlIA; 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
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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 atrisk of having the condition, but not presently having or experiencing the symptoms of the condition.
[0072] Inits 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] Asdescribed 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.

[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 50u,.g-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] Theterm"carrier"denotes anorganicorinorganicingredient, naturalor 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 salt; 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 in-
tramuscular 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
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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.

[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 C_-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 C_-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-CaPO, 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.

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

[0101] Increasedexpressionreferstoincreasing (i.e., to adetectable extent) replication, transcription, and or translation
of any of the sulfatase nucleic acids (sulfatase nucleic acids as described elsewhere herein), since upregulation of any
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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
ty, (half-life) when compared to a control. Downregulation or decreased expression refers to decreased expression of
agene and/orits 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 ex-
pression 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 concentra-
tion/amountincrease 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)

Experimental Procedures

Materials and Methods

In vitro assay for FGE

[0106] For monitoring the activity of FGE, the N-acetylated and C-amidated 23mer peptide P23 (MTDFYVPVSLCTP-
SRAALLTGRS) (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 6..M stock solution of P23 in 30% acetonitrile and 0.1% trifluoro-
acetic 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 .l 50 mM Tris/HCI, pH 9.0, containing 67 mM NaCl, 15 uM CaCl,, 2 mM DTT, and 0.33
mg/ml bovine serum albumin. To stop the enzyme reaction 1.5 ul 10% TFA were added. P23 then was bound to ZipTip
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C18 (Millipore), washed with 0.1% TFA and cluted in 3l 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% ace-
tonitrile, 0.1% TFA) on a stainless steel target. MALDI-TOF mass spectrometry was performed with a Reflex IIl (Bruker
Daltonics) using reflectron mode and laser energy just above the desorption/ionization threshold. All spectra were av-
erages 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 awaring 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 MgAc,, 1 mM EDTA, 1.3 M sucrose, 5 mM -
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 NacCl, 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 MgCl,, 1 mM MnCl,, 1 mM CaCl,,
and 2.5 mM DTT. After incubation for 16 h at4 °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 (PVSLPTRSCAALLTGR) (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 MgCl,, and 2.5 mM DTT). After incubation for 3 h at4 °C
the affinity matrix was collected in a column. The flow through and a wash fraction with 4 ml of buffer A were collected,
combined and mixed with 2 ml of Affigel 10 that had been substituted with 10 mg of the Ser69 peptide (PVSLSTP-
SRAALLTGR) (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 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-ES| 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.
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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 Infor-
mation (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 Libke 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 3-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. Kohlschitter (Universitatskrankenhaus Eppendorf, Hamburg), E. Zammarchi
(Meyer Hospital, University of Florence), K. Harzer (Institut fUr Himforschung, Universitat Tlbingen), 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.

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 (EcoRIl) (SEQ ID NO:39), CCCAAGCTTATGC
GTAGTCAGGCACATCATACGGATAGTCCATGGTGGGCAGGC(HA)(SEQ ID NO:40),
CCCAAGCTTACAGGTCTTCTTCAGAAATCAGCTTITGTTCGTCCATGGTGGGCAG GC (c-Myc) (SEQ ID NO:41),
CCCAAGCTTAGTGATGGTGATGGTGATGCGATC CTCTGTCCATGGTGGGCAGGC (RGS-Hisg) (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 obtainedona 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 WM
4-(2- aminoethyl)benzene sulfonyl fluoride hydrochloride, 0.16 wM aprotinin, 4.2 wM leupeptin, 7.2 wM bestatin, 3 pM
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pepstatin A, 2.8 M 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 per-
formed as described (Libke 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; Gloss| and Kresse, Clin. Chim. Acta, 1978, 88:111-119.

Results
A rapid peptide based assay for FGE activity

[0116] We had developed an assay for determining FGE activity in microsome extracts using in vitro synthesized [35S]
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 [32S]-labeled FGly containing tryptic peptide by a combination of chemical deriva-
tization 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 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,
Ca2* 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 chro-
matographic 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 PVSLPTRSCAALL-
TGR -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
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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, MgCl,), 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 ion-
isation (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. 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 (7q11 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 B-actin RNA the
abundance varies by one order of magnitude and is highest in pancreas and kidney and lowest in brain. Various eukaryotic
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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 endoplasmicreticulum. Western blotanalysis 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%
IVS3+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
661delG frameshift and truncation Loss of the C-terminal third of FGE including subdomain 3 | 6**
IVS6-1G>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 (8S359X) 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 (IVS3+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 1006 T>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.
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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 (Libke 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
ASA1 sTs1 Go]NAc6S!
MSD 3° - 1.9+02 <3 56.7 = 32
FGE* 7.9 13.5 n.d.
FGE** 122 *+0.2 75.2 283 *+ 42
FGE-IVS3+5-8del* 1.8 <3 n.d.
FGE-IVS3+5-8del** 2.1 <3 98.5
MSD 4° - 1.1+ 03 <3 n.d.
FGE* 47 17.0 n.d.
Control fibroblasts 58 = 11 66 = 31 828 = 426

1The values give the ratio between ASA (mU/mg cell protein), STS (uU/mg cell protein), GaINAc6S (nU/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 exist 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 H,S (Schmidt, B, et al., Cell, 1995, 82:271-278). Alternatively FGE could
act as a mixed-function oxygenase (monooxygenase) introducing one atom of O, into the cysteine and the other in H,O
with the help of an electron donor such as FADH,. The resulting thioaldehyde hydrate derivative of cysteine would
spontaneously react to FGly and H,S. Preliminary experiments with a partially purified FGE preparation showed a critical
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dependence of the FGly formation on molecular oxygen. This would suggest that FGE acts as a mixed-function oxyge-
nase. 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 recognition of the FGJy 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 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 mucopolysac-
charidosis 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 beenreported 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 thatthe different mutations in MSD patients are associated with different
residual activities of FGE. Preliminary data on PT67 cells stably expressing FGE IVS3+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, 10:1-6). 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 construc-
tions 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.
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[0131] To search for FGE homologs, the databases NR, NT and EST of the National Center for Biotechnology Infor-
mation (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 1040, 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 nucleotide databses NT and EST. For both steps, an
expectation value cutoff of 1020 was used.

[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-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] Asearch 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, Q9I761, 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.
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Homologs of FGE

[0137] The presence of closely related homologs of human FGE inthe 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

SEQ ID NOs: NA, AA [GI] SPECIES LENGTH [AA] SUBGROUP
173, 2 Homo sapiens 374 E1
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
SEQ ID NOs: NA [GB] SPECIES

80 [CA379852] Oncorhynchus mykiss
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(continued)

SEQ ID NOs: NA [GB] SPECIES
81 [Al721440] Danio rerio
82 [BJ505402] 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 (Strep-
tomyces and Corynebacterium and other prokaryotic orthologs (Caulobacter, Pseudomonas, Mycobacterium, Prochlo-
rococcus, 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] Asdiscussedelsewhere herein,the FGE paralogsfoundin human and mouse may have a minor FG/y-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 -strands. The first subdomain is made
up of several f-strands and an o-helix, the second subdomain contains two f-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 p-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
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(continued)

Subfamily Members Subdomain
1 2 3
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 encom-
passing 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 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 coex-
pression. Furthermore, the genomic neighbourhood of FGE and sulfatase genes in four prokaryotes provides additional
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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 frans.

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 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 (I12S) 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 pXI1256 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’
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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 1X PBS at 16x106 cells/mL. To the bottom of electroporation cuvette, 100 ug of
plasmid DNA was added, 750 pL of cell suspension (12x108 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 pwF (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.

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
wM 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 (12S). 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 12S in Reaction Buffer (5 mM sodium acetate, 0.5 mg/L BSA, 0.1 % Triton
X-100, pH 4.5). 10 L of each 12S 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 I12S sample and the plate was incubated for 1 hour at
37°C in the dark. After the incubation 190 pL of Stop Buffer (332.5 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 wM. 150 pL of 1 wM 4-MUF Stock and 150
wL Stop Buffer were added to one top row well in the plate. 150 L 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 pmoles 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 wmole of 4-MUF produced per minute at 37°C.

[0156] N-Acetylgalactosamine 6-Suffatase (GALNS). The GALNS activity assay makes use of the fluorescent sub-
strate, 4-methylumbelliferyl-3-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 f-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 L of stop solution (1%
glycine, 1% sodium carbonate, pH 10.7). The fluorescence of the resultant mixture was measured by using a measure-
ment 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.
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Immunoassays (ELISA)

[0157] Iduronate 2-Sulfatase (12S). A 96-well flat bottom plate was coated with a mouse monoclonal anti-12S antibody
diluted to 10 pg/mL in 50 nM sodium bicarbonate pH 9.6 for 1 hour at 37°C. The mouse monoclonal anti-I12S antibody
was developed under contract by Maine Biotechnology Services, Inc. (Portland, ME) to a purified, recombinantly-pro-
duced, full-length, human 12S polypepdde using standard hybridoma-producing technology. The plate was washed 3
times with 1X PBS 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-12S 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 uL/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-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] 12S. 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 I12S, where a 6-7-fold increase in specific activity (3-5 U/mg) was observed
over the control values (0.5-0.7 U/mg).

[0162] The ELISA values for both GALNS (Figure 7) and I12S were not significantly affected by transfection of FGE.
This indicates that expression of FGE does not impair translational and secretory pathways involved in sulfatase pro-
duction.

[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 I2S.

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-
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transfection of the FGE (SUMF 1) 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 U20S. 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 testfor 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 (SUMF1) genes were active on all three human sulfatases, with the
Drosophila FGE (SUMF1) being less 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
(SUMF1)-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 ofthe gene mutated in MSD by means of functional complementation using microcellmediated chromosome
transfer.

[0166] In a separate experiment using microcell mediated chromosome transfer by means of functional complemen-
tation 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 com-
plement 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.

32



10

15

20

25

30

35

40

45

50

EP 2 325 302 B1

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 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 analysisrevealed the presence of amutation 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 463T7>C S155P
3 463T>C S155P
5. BA806 unpublished severe neonatal 9 1045T>C R349W
6. BA807 Schmidt et al, 1995 unknown 3 c519+4delGTAA ex 3 skipping
9 1076C>A S§359X
7. BA809 Couchotetal, 1974 mild-moderate 1 1A>G MIV
9 1042G>C A348P
8. BA810 unpublished severe 8 1006T>C C336R
9 1046G>A R349Q
9. BA811 unpublished severe neonatal 3 c519+4delGTAAex 3 skipping
8 979C>T R327X
10. BA815 unpublished moderate 5 ¢.603-6delC ex 6 skipping
6 836C>T A279V
11. BA219 unpublished mild-moderate 9 1033C>T R345C
9 1033C>T R345C
12. BA920 unpublished moderate 5 653G>A Cc218Y
9 1033C>T R345C
[0170] Mutationswere identified in each MSD patienttested, 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 clinical variability is not caused by allelic heterogeneity. In three instances different patients (case 1 and
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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 SUMF1) 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
(SUMF1) 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 (SUMF1) cDNA resulted in functional complementation of all three activities,
while mutant FGE (SUMF1) 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 (SUMF1) is an essential factor for
sulfatase activity.

Table 9: Functional complementation of sulfatase deficiencies

Recipient MSD cell line construct ARSA(1) ARSB() ARSC()
BA426 HSV amplicon 24.0 225 0.15
SUMF1-Aex3 42.0 23.8 0.29
SUMF1-R327X 33.6 242 0.16
SUMF1 119.5 (4.9 x) 37.8(1.7 %) 0.62(4.1 x)
BA920 HSV amplicon 16.6 11.3 0.15
SUMF1-Aex3 17.2 14.4 0.07
SUMF1-R327X 36.0 135 0.13
SUMF1 66.5 (4.0 X) 21.6 (1.9%) 0.42(2.8 x)
Control range 123.7-394.6 50.6-60.7 1.80-1.58

(DAIl 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 fibrob-
lasts infected with the wild-type SUMF 1 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 celllines (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 results of chromosome transfer clearly indicated mapping of the comple-
menting gene to chromosome 3. Subregional mapping was achieved by generating a radiation hybrid panel for chro-
mosome 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.
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[0174] Once the critical genomic region was defined, the FGE (SUMF 1) 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 corre-
sponding 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] Theidentity ofthe 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
aviral 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 (SUMF 1) gene. In our assays the FGE2 (SUMF2) gene is also able to activate
sulfatases, however it does it in a 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] A strong increase, up to 50 fold, of sulfatase activities was observed in cells overexpressing FGE (SUMF1)
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 (SUMF 1) gene 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 (SUMF 1) 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,
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MPSII (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 func-
tional 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 chondro-
cytes 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. Demon-
stration 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 |V 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.

[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.
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Detailed Description of the Drawings

[0186]

5 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.

10 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 TrTEMBL
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

15 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

20 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 puM 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

25 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 M 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-

30 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 Trans-
fected with FGE Expression Plasmid. Cells were transfected with either a control plasmid, pXMG.1.2, with the
FGE cDNAinthe 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,

35 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 Ex-
pression Plasmid. Cells were transfected with either a control plasmid, pXMG.1.2, with the FGE cDNA in the
reverse orientation, or a FGE expression plasmid, pXMG.1.3 in media without methotrexate (MTX). 24 hours later

40 cells were re-fed with media containing 0.1 M MTX. Medium was harvested and cells collected 24, 48. and 72
hours after re-feed. |duronate 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.
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<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
aéétggcécg cgggacaac atg gct gcg ccc gea cta ggg ctg gtg tgk gga 52
Met Ala Ala Pro Ala Leu Gly Leu Val Cys Gly
1 S 10
cgt tge cct gag ctg ggt ctc gte ctc ttg ctg ctg ctg ctc tcg ctg 100
Axrg Cys Pro Glu Leu Gly Leu Val Leu Leu Leu Leu Leu Leu Sex Leu
15 20 25
ctg tgt gga gcg gea ggg age cag gag goe ggg acc ggt geg gge gog 148
Leu Cys Gly Ala Ala Gly Ser Gln Glu Ala Gly Thr Gly Ala Gly Ala
30 | 35 40
ggg tce ctt geg ggt tet tge gge tge gge acg ccc cag cgg cct gge 196
Oly Ser Leu Ala Gly Ser Cys Gly Cys Gly Thr Pro Gln Arg Pro Gly
45 50 5SS

gec cat gge agt tecg geca gec get cac cga tac tcg cgg gag gct aac 244
Ala His Qly Sexr Ser Ala Ala Ala His Arg Tyxr Ser Arg Glu Ala Asn

60 65 . 70 75

get ceg gge cec gta ccc gga gag cgg caa ctc gecg cac tca aag atg 292
Ala Pro Gly Pro Val Pro Gly Glu Arg Gln Leu Ala His Ser Lys Met

80 85 90
gtc ccc atc cct get 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 ggg gaa gca cct gcg agg aga gtt act att gat gcc kE:1:]
Ile Lys Gln Asp Gly Glu Ala Pro Ala Arg Arg Val Thr Ile Asp Ala
110 115 120
ttt tac atg gat gcc tat gaa gtec agt aat act gaa ttt gag aag ttt 436
Phe Tyr Met Asp Ala Tyr Glu Val Ser Asn Thr Glu Phe Glu Lys Phe
128 130 135

gtg aac tca act ggc tat ttg aca gag gect gag aag ttt gge gac tce 484
Val Asn Sex Thr Gly Tyr Leu Thr Glu Ala Glu Lys Phe Gly Asp Ser

140 145 150 158

ttt gtc ttt gaa ggc atg ttg 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 gca gtk gca gct get cce tgg tgg tta cct gtg aaa gge gct aac 580

50

55
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Gln

tgg
Txp

cat
His

tgg
Trp
220

cga
Arg

cce
Pro

ace

tte
Phe

gaa
Glu
300

ctt
Leu

gga
Gly

gct
Ala

cge
Arg

EP 2 325 302 B1

Ala Val Ala Ala Ala Pro Trp Trp Leu Pro Val Lys Gly Ala
175 180 185

aga cac cca gaa ggg cct gac tct act att ctg cac agg ccg
Axg His Pro Glu Gly Pro Asp Sex Thr Ile Lsu His Arg Pro
190 195 200

cca gtt cte cat gtg tcc tgg aat gat gcg gtt gec tac tge
Pro Val Leu His Val ger Trp Asn Asp Ala val Ala Tyr Cys
205 10 2158

gca ggg aag cgg ctg ccc acg gaa gct gag tgg gaa tac age
Ala Gly Lys Arg Leu Pro Thr Glu Ala Glu Txp Glu Tyr Ser
225 230

gga ggc ctg cat aat aga ctt ttc cce tgg gge aac aaa ctg
Gly Gly Leu His Asn Arg Leu Phe Pfo Trp Gly Asn Lys lgesau
240 245 0

aaa ggc cag cat tat gcc aac att tgg cag ggc gag ttt ccg
Lys Gly Gln His Tyr Ala Asn Ile Trp Gln Gly Glu Phe Pro
255 260 265

aac act ggt gag gat ggc ttc caa gga act gcg cct gtt gat
Asn Thr Gly Glu Asp Gly Phe Gln Gly Thr Ala Pro Val Asp
270 275 280

cct cce aat ggt tat gge tta tac aac ata gtg ggg aac gca
Pro Pro Asn Gly Tyr Gly Leu Tyr Asn Ile Val Gly Asn Ala
285 290 295

tgg act tca gac tgg tgg act gtt cat cat tct gtt gaa gaa
Trp Thr Sexr Asp Trp Trp Thr Val His His Sex Val Glu Glu
305 310

aac cca aaa ggt cce cct tct ggg aaa gac cga gtg aag aaa
Asn Pro Lys Gl%( Pro Pro Ser Gly Lys Asp Axg Val Lys Lys
32 328 330

tcc tac atg tgc cat agg tct tat tgt tac agg tat cgc tgt
Ser Tyr Met Cys His Arg Ser Tyr Cys Tyr Axg Tyxr Axrg Cys
335 340 345

cgg agc cag aac aca cct gat agc tect get teg aat ctg gga
Axg Ser Gln Aan Thr Pro Asp Ser Sexr Ala Ser Asn Leu Gly
350 358 360

tgt gca gce gac cge ctg ccc acc atg gac tgacaaccaa gggtagtctt

Cys Ala Ala Asp Arg Leu Pro Thr Met Asp
365 370

ccccagtcca aggagcagt

<210> 2
<211> 374
<212> PRT

<213> Homo sapiens

<400> 2

gat

act

tgt
Cys
235

cag
Gln

atg
val

gee
Ala

tgg
Txp

acg
Thr
315

agt
Gly

gct
Ala

ttec
Fhe

628

676

724

772

820

868

916

964

1012

1060

1108

1161

1180

Met Ala Ala Pro Ala Leu Gly Leu Val Cys Gly Arg Cys Pro Glu Leu
15

1 5 10

Gly Leu Val Leu Leu Leu Leu Leu Leu Ser Leu Leu Cys Gly Ala Ala
25 30 .

20

Gly Sexr Gln Glu Ala Gly Thr Gly Ala Gly Ala Gly Ser Leu Ala Gly
as 40

45

Ser Cys Gly Cys Qly Thx Pro Gln Arg Pro Gly Ala His Gly Ser Ser
50 . 55 60

Ala Ala Ala His Axrg Tyr Ser Axg Glu Ala Asn Ala Pro Gly Pro Val

39



10

15

20

25

30

35

40

45

50

55

<210> 3
<211> 1122
<212> DNA

65

Pxo Oly
Gly Val
Glu Ala

Tyr Glu
130

Tyx
145

Met Leu

Gly Pro
Vval Ser

210

Leu Pro
225
Asn Arg
Tyx Ala
Asp Gly
Tyr Gly
290
Pro Pro
His Arg

Thr Pro

Axg Leu
370

Glu

Phe

Pro

115

val

Ser

Txp

Asp

189S

Txp

Leu

Asn

Phe

275

Leu

Thr

Ser

Asp
355

Pro

Arg

Thx

100

Ala

Sexr

Glu

Glu

180

Ser

Asn

Glu

Phe

Ile

260

Gln

val

Qly

w
&4
Q

Ser

Gln
85

Met

Asn

Ala

Gln

165

Leu

Thx

Asp

Ala

Pro

245

Gly

Asn

His

Lys

32as

Ser

Met

70

Leu

Oly

Arg

Thr

Glu

150

val

Pro

Ile

Ala

Glu

230

Trp

Gln

Thr

Ile

His

310

Asp

Ala

Asp

EP 2 325 302 B1

Ala

val

Glu

135

Lys

Lys

val

Leu

val
215

Trp

Gly

Gly

Ala

val

295

Sex

Arg

Ser

His

aAsp

Thr

120

Phe

Phe

Thx

Lys

His

200

Ala

Glu

Asn

Glu

Pro

280

Gly

val

val

Asn
360

Ser

Asp

105

Ile

Glu

Gly

Asn

Gly

185

Arg

TYT

Lys

Phe

265

Val

Asn

Glu

Lys

Axg

345

Leu

40

Lys

80

Pro

Asp

Lys

Asp

Ile

170

Ala

Pro

Cya

Ser

Leu

250

Pro

Asp

Ala

Glu

Lys

330

Cys

Gly

75

Met

Gln

aAla

Phe

Ser

155

Gln

Asn

Asp

Thx

val

Ala

Trp

315

Gly

Ala

Phe

val

Ile

Phe

val

Pro

Lys

Asn

140 °

Phe

Gln

Txp

His

Axrg

Pro

Thx

Phe

Glu

300

Leu

Gly

Ala

Arg

val

Ala

Azrg

Pro
205

rp Ala

Gly

Lys

Asan

Pro

285

Trp

Asn

Ser

Cys
365

Ile

Gln

110

Met

Ser

Phe

val

His

190

val

Gly

Gly

Gly

270

Pro

Pro

Tyx

Ser
350

Ala

Pxo
95
Asp

Asp

Glu

Ala

175

Prxo

Leu

Lys

Leu

Gln

255

Gly

Asn

Serx

Lys

Met

335

Gln

Ala

80

Ala
Gly
Ala
Gly
Gly
160
Ala

Glu

Hig

His
240
His
Glu
Gly
Asp
Gly
320
Cys

Agn

AsSp
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<213> Homo sapiens

<400> 3

atggctgege
ttgctgctge
gegggegegyg
catggcagtt
cecggagagce
atgggcacag
attgatgeect
aactcaactg
atgttgagtg
ttacctgtga
aggccggatc
gcagggaagc
aatagacttt
tggcagagacyg
gttgatgcct
tggacttcag
ceccecttetg
tgttacaggt
ctgggattce

<210> 4

<211> 2130

<212> DNA

<213> Homo sapiens

<400> 4

acatggccecg
tgagctgggt
ccaggaggee
gcecccagegyg
taacgctccyg
cectgetgga
acctgegagy
tgaatttgag
ctcctttgte
tgcagetget
tgactctact
ggttgcctac
ctgtcgagga

ccgcactagg
tgctctcget
ggtcccttge
cggcageccge
ggcaactcge
atgatcctca
tttacatgga
gctatttgac
agcaagtgaa
aaggcgctaa
atccagttct
ggctgeccac
tccectgggg
agtttccggt
tcccteccaa
actggtggac
ggaaagaccg
atcgectgtge

gctgtgcage

cgggacaaca
ctcgtectet
gggaccggtg
cctggegece
ggccccgtac
gtatttacaa
agagttacta
aagtttgtga
tttgaaggca
ccetggtggt
attctgcaca
tgcacttggg
ggcctgecata

EP 2 325 302 B1

gctggtgtgt
gctgtgtgga
gggttcttge
tcaccgatac
gcactcaaag
gataaagcag
tgcctatgaa
agaggctgag
gaccaatatt
ctggagacac
ccatgtgtce
ggaagctgag
caacaaactg
gaccaacact
tggttatggce
tgttcatcat
agtgaagaaa
tgctcggagce

cgaccgectg

tggctgcgee
tgctgetget

cgggcgeggg

ggacgttgece
gcggcaggga
ggctgeggea
tcgegggagg
atggtcccca
gatggggaag
gtcagtaata
aagtttggcg
caacaggcag
ccagaaggge
tggaatgatyg
tgggaataca
cagcccaaag
ggtgaggatg
ttatacaaca
tctgttgaag
ggtggatcct
cagaacacac

cccaccatgg

cgcactaggg
gctectegetg
gtccettgeg

ctgagctggg
gccaggaggc
cgccecagcg
ctaacgctcee
tceetgctgg
cacctgcgag
ctgaatttga
actcctttgt
ttgcagctge
ctgactctac
cggttgcecta
getgtcgagg
gccageatta
gcttecaagg
tagtggggaa
aaacgcttaa
acatgtgcca
ctgatagcte

ac

ctggtgtgtg
ctgtgtggag

ggttettgeg.

atggcagttec ggcageccgect caccgatact

ccggagagceg
tgggcacaga
ttgatgccct
actcaactgg
tgttgagtga
tacctgtgaa
ggccggatca
.cagggaagcg
atagactttt

gcaactcgcg
tgatcctcag
ttacatggat
ctatttgaca
gcaagtgaag
aggegctaac
tccagttcte
gctgcccacg

cccetgggge

1

cactcaaaga
ataaagcagyg
gcectatgaag
gaggctgaga
accaatattc
tggagacace
catgtgtect
gaagctgagt

aacaaactge

tctcgtecte
cgggaccggt
gectggegece
gggcccegta
agtatttaca
gagagttact
gaagtttgtg
ctttgaagge
tccctggtgd
tattctgcac
ctgcacttgg
aggcctgecat
tgccaacatt
aactgcgect
cgcatgggaa
cccaaaaggt
taggtcttat
tgcttcgaat

gacgttgcce
cggcagggag
gctgecagcac
cgcgggagge
tggtcceccat
atggggaage
tcagtaatac
agtttggcga
aacaggcagt
cagaagggcc
ggaatgatge
gggaatacag

agcccaaagg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
260

1020
1080
1122

60
120
180
240
300
360
az0
480
540
600
660
720
780
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<210>5

ccagcattat
cttccaagga
agtggggaac
aacgcttaac
catgtgccat
tgatagctct
ctgacaacca
ctttcctcag
acctgcccaa
atgtgettta
tttaaagagg
cgcaggctct
gtgcecctcee
accagttcta
tttttagcta
tctcttatgt
ttgttettece
gtgatggtat
tgtgctttat
tccecctete
taattctaga
ggtattttgt

catgcactgt

<211> 374
<212> PRT
<213> Homo sapiens

<400> 5

Mat Ala Ala Pro Ala Leu Gly
1 s

Gly Leu Val

gccaacattt
actgcgcct§
gcatgggaat
ccaaaaggte

aggtcttatt

.gettcgaate

agggtagtct
aactttgaac
tggccaaagy
tagtgtggtg
aaggggagtg
gccacagggg
ctatcaaatg
aaaagggtat
ttttttcecat
attatgttceg
aaggaaatca
gctgaagtte
cttttaacat
cccaaagect
tatagggaaa
aatagggaat

gttgaataaa

20

EP 2 325 302 B1

ggcagggcga
ttgatgcett
ggacttcaga
ccecttetgg
gttacaggtg
tgggattceg
tccccagtee
gatcccatge
aaccgecttg
catctttgga
gagggaacce
ttagacccca
aaggaatgga
cagattctat
gtgtgaacct
gaagaggggt
gtgtctttta
agcegttgaa
taagtgcctt
tcagcgaacg
aaggaacgag
aggaaacctt

cgtatctget

Leu Leu Leu Leu

Gly Ser Gln Glu Ala Gly Thr

35

Ser Cys Gly Cys Gly Thr Pro
S0 55

Ala Ala Ala
65

Pro Gly Glu

His Arg Tyr Ser Arg Glu
70

Arg Gln Leu Ala His Ser
85

ttttccggtg accaacactg gtgaggatgg 840
cccteccaat ggttatgget tatacaacat 900
ctggtggact gttcatcatt ctgttgaaga 960
gaaagaccga gtgaagaaag gtggatccta 1020
tegectgtgect gectcggagec agaacacacc 1080
ckgtgcagee gaccgectge ccaccatgga 1140
aaggagcagt cgtgtctgac ctacattggg 1200
aaagaattec caccctgagg tgggttacat 1260
tgagaccaaa ttgctgacct gggtcagtge 1320
gatcatcacc atattttact tttgagagtc 1380
tgagctagge ttcaggagge ccgcatccta 1440
ggtccgacge ttgaccttcece tgggcctcaa 1500
cagcatgacc tctgggtgtc tctccaacte 1560
tgtgacttca tagaatttat gatagattat 1620
tgagtgatac taatcatgta aagtaagagt 1680
gtggtgacte ctttatattc gtactgcact 1740
cgttgttatg atgaatccca catggggeeg 1800
cacataggaa tgtctgtggg gtgactctac 1860
tggttcagag gggcagtcat aagctctgtt 1920
tgaaatgtgc gctaaacggg gaaacctgtt 1980
gaccttgaat gagctatatt cagggtatcc 2040
gttggctgtg gaatatcega tgetttgaat 2100
2130
Leu Val Cys Gly Arg Cys Pro Glu Leu
10 15
Leu Leu Ser Leu Leu Cys Gly Ala Ala
25 30
Gly Ala Gly Ala Gly Ser Leu Ala Gly
40 45 .
Gln Arg Pro Gly éga His Gly Ser Ser
Ala Asn Ala Pro Gly Pro Val
75 80
Lys Met Val Prxo Ile Pro Ala
90 95
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<210>6
<211> 2297
<212> DNA

Gly

Glu

Tyx

145

Met

Ala

Gly

val

Leu
225

AsSp

Trp
305

Pro

His

val

Ala

Glu

130

Leu

Leu

Pro

Pro

Ser

210

Pro

Arg

Ala

Gly

Gly

290

Pro

Axg

Pxo

Leu
370

<213> Homo sapiens

<400> 6

Phe

Pro

115

val

Thx

Sex

Trp

Asp
195

Leu

Asn

Phe

275

Leu

Ser

Sexr

Asp
355

Pro.

Thr

100

Ala

Ser

Glu

Glu

Txp

180

8er

Glu

Phe

Ile

260

Qln

Tyx

Val

Gly

3]
[
o

Sex

Thr

Met

Axg

Asn

Ala

Gln

165

Leu

Thr

Asp

Ala

245

Trp

QGly

Asn

His

Lys

325

Cys

Sexr

Met

EP 2 325 302 B1

Gly Thr Asp Agp
105

Arg Val Thr Ile
120

Thr Glu Phe Glu
135

Glu Lys Phe Gly
150

Val Lys Thr Asn

Pro Val Lys Gly
185

Ile Leu His Arg
200

Ala Val Ala Tyr
215

Glu Trp Glu Tyr
230

Trp Gly Asn Lys

Gln Gly Asp Phe
265

Thr Ala Pro Val
280

Ila Val Gly Asn
295

Hia Ser val Qlu
310

Asp Arg Val Lys

Ala Ser Asn Leu
360

Asp

43

Pxo

Asp

Lys

Asp

Ile

170

Ala

Sex

Leu

250

Pro

AsSp

Ala

Glu

Lya
330

Axg Cys

Qly

Gln

Ala

Phe

Sexr

155

Gln

Asn

Asp

Thx

Cys

235

Gln

Val

Ala

Txp

315

Qly

Ala

Phe

Ile

Lys

Leu Tyrxr

val
140
Phe

Gln

His

Thr
Phe
Glu
300

Leu

Gly

Ala

Axg

Asn

val

Ala

Pro
20S

rp Ala

Qly

Lys

Asn

Pxo

285

Trp

Asn

Ser

Axrg

Cys
365

Gln

110

Mat

Sex

Phe

val

His

190

val

Gly

Gly

Gly

270

Pro

Thr

Pro

Sex
350

Ala

Asp

Asp

Glu

Ala

175

Pro

Leu

Lys

Leu

Gln

255

Gly

aAsn

Ser

Lys

Met

335

Gln

Ala

Gly
Ala
aly
Gly
160
Ala
Glu
His
Arg
His
240
His
Glu
Gly
Asp.
Aly
320
Cys

Asn

Asp
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<210> 7

cggctgtgtt
tgctaactge
cgaaatéccg
cgtctgegte
tcttetecate
gaggtcccca

gcagcaagea

gegcagtett
gccacctget
ccaccecgga
geccteggat
atcgtggatg
aatattgacc

gtgtgegece

EP 2 325 302 B1

catgggttce
gcagcectgte
ccggcecgagg
ccgaaacgcea
acctgegecc
aactggcatce

cgagcecgegt

cacccgeectg tacgacttca actectactg

cccecagtac
tgggatatct
tecettectet
tgccaacectg
acagagcact
cttcctggee
gaagttgtat
accecctgtg
aaacatcagt
ctactttgcce
cgatcttcag
agétgaacat
gatattctat
ttacctegac
ccttgtggaa
acctcgctge
gaagcatttt
actgattgece
gecgagttta
tactgtgtgg
aggggaactg
céaaggtgga
atgtgatgtg
acccataata
cctgagaata
aattggacca
aataaataca
taataaccaa
atttcaaaaa
tataatttaa

tccatgttte

<211> 550

ttcaaggaga
tctaaccata
gagaagtatg
ctttgcectg
gagcaagcca
gttgggtatc
cccttggaga
gcctacaacce
gtgcegtatg
tctgtgtceat
ctggccaaca
ggagaatggg
gttcctggaa
cettttgatt
cttgtgtcte
ccegttectt
cgattcegtg
tatagccagt
aaagatataa
gttggcttca
tattttgtgg
gatcttttce
cteccttcca
ttggaagcag
tgtaacagce
gtttttttet
aagcaaacaa
acataacatt
gtaatcatat
taatatatct
tttttce

atggctatgt
ccgatgatte
aaaacactaa
tggatgtget
tacagttgtt
ataagccaca
acatcaccct
cctggatgga
gtccaattee
atttggatac
gcaccatcat
ccaaatacag
ggacggette
ccgectcaca
tttttecccac
catttcacgt
acttggaaga
atececccggec
agatcatggg
atcctgatga
attctgaccc
agttgttgat
gctggtgaga
cctgaggget
aaacctttte
taatttcect
actcaagtta
atacacaaag
atcaaactag

tatgagccct

cgacgaggag
cccgecegete
ccttetetgg
ggecaacteg
ctcectggge
ccacagcctce
ttctttccte
gagggtgcac
gaccatgtceg
tcegtatage
gacatgtcga
ggatgttcce
ggaaaagatyg
catceccctte
ggcccccgat
catcaggcaa
tgtggacttt
acaggtcgge
tgcatttacc
caattttgat
acttccggag’
gttgatggag
gctggctgga
tgagctgtgc
ggatcegtac
ttcagacatc
ctatteccata
atttctaget
attgcaggat
geccttgagtt
ggaggagtta
agttaatcca
gtttagtctt
ctttttaaaa
tgtcataect
aatactttca
gcaccacact

atatattcaa

44

gtctctgtgg
tgaagcggcce
ctgggtctgg
accacagatg
tgttatgggg
ctcttccaga
actggcagga
gctggaaact
gégggaaaag
tggtcttttc
gggccagatg
gagggcacct
aaaacgtcag
agatacccca
cccgaggtee
cgggaagacg
cagcggaaaa
cgcetcttga
tcggatcatg
gttgctacce
gcaggcgaga
ccaggcaggc
cttgcaggac
agagaaggca
cteccctggta
cctcagtgga
cgcaccatag
aacttttctg
cacaatatgt
ttgccaacca
gagctggtcg
aacatgcate
tattaaaatt
cagttacggce
ttggatacga
ttatttgtgg
aagttcctga

aatattatgt

ctgcggcgge
gcgtcgaage
ttctgagcte
ctctgaacgt
ataagctggt
atgcctttge
gacctgacac
tctecaccat
tetttecacce
caccttatca
gagaactcca
tgcctgacaa
ccagtccttt
aggaatttca
ctgatggcet
tccaageccett
tccgecagag
gtgctttgga
ggtgggctet
atgttcccct
agcttttcece
aatccatgga
tgcaggttec
agaaccttct
aktccccegtga
attctgacaa
actataggta
acatccatgce
ataatgattc
tggatggcaa
ttttgtgatt
aacaatttgg
tataattggt
ttatttactg
agaccataca
aatttagtge
ttattttgtt

taacatgtaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2297
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<212> PRT

<213> Homo sapiens

<400> 7

Met

Leu

Thr

Pro

Asp

65

Gln

Pro

Ala

val

His

145

Sexr

Glu

Glu

Leu

N
N
"

Pro

Sex

Thx

Ser

50

Gln

Ala

Asp

Gly

Thx

130

Thx

Sexr

Leu

Qly

Glu

210

His

Gly

Glu

Pro

Ser

Asp

35

Leu

Leu

val

Thr

Asan

115

Met

Asp

Glu

His

19s

Lys

Lys

Pro

Leu

Asp
275

Pro

val

20

Ala

Gly

Ala

Cya

Thr

100

Phe

Ser

Asp

g

Cys

Leu

cys

Sex

Ala

85

Sexr

val

Ser

Lys Tyx

Ala
180
Leu
Met
Pro
Leu
Pro
260

val

Asn

Pro

Lys

His

Glu

245

Pro

Gln

Val

Asn

Tyx

His
70

Pro
Leu
Thx
Gly
Pro
150
Glu

Leu

Asp

Ile
230
Asn

val

Ala

EP 2 325 302 B1

Gly Axg
Ala Leu

Val Leu
40

Gly Asp
S5

Sexr Leu
Ser Arg
Tyx Asp

Ile Pro
120

Lys Val
135

Tyr Ser
Asn Thr
Leu Cys
Lys Gln

200

Sex Ala
215

Pro Phe

Ile Thr

Ala Tyr

Leu Asn
280

Gly
Gly
25

Leu
Lys
Leu
val
Phe
108
Gln
Phe
TP
Lys
Pro
185
Ser
Ser
Arg
Leu
Asn

265

Ile

45

Leu

10

Sex

Ile

Leu

Phe

Ser

90

Asn

Tyr

His

Ser

170

val

Pro

Tyx

Ala

250

Pro

Sex

Leu

Glu

Ile

val

Gln

75

Phe

Ser

Phe

Pro

Phe

155

Cys

Asp

Glu

Phe

Pro

235

Pro

Trp

val

Trp

Thx

val

Axg

60

Asn

Leu

Lys
Qly

140

Pro

val

Gln

Phe

220

Lys

Asp

Met

Pro

Leu

Gln

Asp

45

Ser

Ala

Thr

Qlu
125

Ile

Pro

Gly

Leu

Ala

205

Leu

Glu

Pro

Asp

Gly

Ala

30

Asp

Pro

Phe

Qly

110

Asn

Sexr

Pxo

Asp

190

Ile

Ala

Phe

Qlu

Ile

270

Gly

Leu

15

aAsn

Leu

Asn

Ala

Axg

95

Val

81y

Ser

His

Asp

175

val

Gln

val

Gln

Val

255

Pro

val

Ser

Axg

Ile

Gln

80

Axg

His

Asn

Pro

160

Qly

Pro

Leu

Gly

Lys

240

Pxo

Gln

Ile
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Pro

Sex
305

Leu

Txp

val

Serx

Asp

38s

val

Gln

Glu

Gln
465

Sex

Phe
545

<210> 8
<211> 2657
<212> DNA

val

290

Gln

Ala

Ala

Leu

370

Sex

Glu

val

Glu

Asp

450

Tyr

Leu

Phe

Leu
530

Gln

<213> Homo sapiens

<400> 8

Asp Phe

Leu Asp

Leu Ala

Leu Gly
340

Thr His
355

Pro Glu

Ala Sex

Leu Val

Pro Pro

420

Gly Lys
435

Pro Tyx

Pro Arg

Lys Asp

500

8ex Asp
515

Gln Asp

Leu Leu

EP 2 325 302 B1

Gln Arg Lys

Thr
Asn
325
Glu
val
Ala
Gln
Sex
405
Arg
Asn
Leu
Pro
Ile
485
val
Ile

His

Mebt

Gln

310

Ser

His

Pxo

Gly

Leu

390

Leu

Cys

Leu

Prxo

Ser

470

Lys

His

Asn

Pro
550

295

val

Thr

Gly

Leu

Glu

375

Met

Phe

Pro

Leu

Gly

455

Asp

Ile

Val

Ala

Met
535

Ile

Gly

Xle

Glu

Ile

360

Lys

Glu

Pxo

val

Lys

440

Asn

Ile

Met

Gly

Gly
520

Axg

Arg

Ile

W
[
(4]

Phe

Leu

Pro

Pro

425

His

Pro

Pro

Gly

Phe

505

Glu

Tyx Asn

Gln

Leu

Ala

330

Ala

Phe

Gly

Leu

410

sexr

Phe

Gln

Leu

Asp

Ser

Leu

315

Phe

Lys

val

Pro

Arg

395

Ala

Phe

Arg

Glu

Trp

475

Ser

Pro

Ser

TYT
300

Ser

Thr

Pro

24

Gly

His

Phe

Leu

460

Asn

Ile

Asp

Phe

Gln
540

Phe

Ala

Ser

Ser

Gly

365

Leu

Ser

Leu

val

Ala

Leu

Asp

Asn

350

Arg

Asp

Met

Ala

Glu
430

Axrg Asp

Ile

Ser

Arg

Glu

val

525

Gly

ala
Asp
Thr
Phe
510
Asp

Gly

Ser
Asp
His
335

Phe

Asp
Gly
415
Leu
Leu
Tyx
Lys
Xle
495
Leu

Sex

Asp

val

AsSp

320

Qly

Asp

Ala

Phe

Leu

400

Leu

Glu

Sex

PTrO

480

Asp

Ala

Asp

Leu

gaattccggg ccatgagetg cceccgtgeec gectgetgeg cgetgetget agtcetggag

46

60
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ctctgccggg
agtggcgegt
agectcetet
ctcctcactg
cacttcaact
cgcacaggca
gcgtacacgg
ctgctcgtece
ttccacgacc
tttggcaacg
ccactggacg
gcegetcagt
ctgcgtgacg
cccttcecca
tcatceccegyg
gacctcacgce
ggctcgaaga
ctctgggcca
cgcteccgtge
cccatcgacce
dgctggtcagc
gagctctacg
tttgctecage
gacceetggg
cccctecaca
cagacacatc
ttcegtecac
gcctggaggg
gcactgecegt
gaattctaga
cttgttttct
ttggcagcca
gtgggcagta
gegtetggeco
tgcccatggt
gagtgatgag
cgaagatgaa
gcattgetgg
ttgetgggtg

cgegtecceg
acaacaacag
ttcgcaatge
gcectgcceca
ccttegacaa
tcatcgggaa
aggagaatgg
ggaaattcct
cccaccgetg
gagagagcgyg
tgctggtgcee
acaccaccgt
ccggtgtect
gcggcaggac
agcacccaaa
ccaccatctt
ccatccacct
ccgtctttgg
agcaccggca
aggacttcta
ccacgggctg
accggagceg
ttctggagat
tgtgegeece
atgagctgtg
ccacacgtgt
actcccatece
ggaccagage
catggcaggy
catacgtggt
ggcttggttt
cagatacttc
cgcaggtcce
tagaggaagce
caagtccctg
cttgaacctg
ggcatggega
gtggtgatge

gcaatgcccg

EP 2 325 302 B1

gaacgcactg
cgccategee
ctteaccteg
gcatcagaat
ggtgcggage
gaagcacgtg
ctecgtecte
gcagactcag
tgggcactcc
catgggtcgt
ttacttcgte
cggccgcatg
gaacgacaca
caacctgtac
acgctggggc
ggattggtte
cactggcegg
cagccagage
ctteegecte
cgtctcacce
gtacaaggac
ggacccccac
gcttegggac
cgacggcgtce
accatcccag
ccgtgéggcc
aaggagggtt
atgtgaccag
gacacagttg
ctgcggacag
ggggacctge
tgaacccttc
accgacacte
ctttgagega
ttcceccagge
tggtgtttct
tgeccegtect
cegtectectg
tcctetgget

ctgcteceteg
acceccgeace
gtcagcagct
gggatgtacg
ctgecegetge
gggccggaga
caggtggggce
gatgaccggce
cagccccagt
atcccagact
cccaacacce
gaccaaggag
ctggtgatct
tggccgggea
caagtcagcg
tcgatcccegt
tccetectge
caccacgagg
gtgcacaace
accttccagg
ctccgtcatt
gagacccaga
cagetggeca
ctggaggaga
gaggcctgtg
ggccagcectg
cttccttect
agcatgtgce
tccttgtgte
ggcagcgcce
aaatgggagg
acagagagca
acctgggage
cctttgggea
aggtttcage
gggcagaagc
ctggettagg
gcttgggtta
tgggttaatt

47

cggatgacgg
tggacgeccett
gctectcccag
ggctgcacca
tgctcagececa
ccgtgtacce
ggaacatcac
ctttcttcct
acggaacctt
ggaccceccca
cggcagcceg
ttggactggt
tcacgtecga
ctgctgaacc
aggcctacgt
accccagcta
cggecgetgga
tcaccatgtc
tcaacttcaa
acctcctgaa
actactaccg
acctggecac
agtggcagtg
agctctctcee
cacacatccc
gggagtagtyg
gtggggtcac
cagcecectee
tgaaccatgt
ccagcccatg
cctgaggccc
ggcagggget
acggegcctyg
ggtttctgect
tgattggcag
ttatcttttt
ttaattectte
attcttcggt
cttcggtgac

aggcectttgag
ggccegecge
ccgcgecage
ggacgtgcac
agcetggtgtg
gtttgacttt
tagaattaag
ctacgtcgce
ctgtgagaag
ggectacgac
agccgacctg
gcteccaggag
caacgggatc
cttactggtg
gagcctcecta
cgccatcettt
ggecgagece
ctaccccatg
gatkgeceettt
ccgeaccaca
ggcgegetgg
cgaceegege
ggagacccac
ccagtgccag
aggcatgtcc
gcaacagcce
tcttgecatt
accaccaggg
cccagcacgg
acaagggagt
tcttcaggcet
teggtgccge
gctcttacca
tcttctgttt
caggctccct
tgagagtgte
ggtgacactg
gacactggcg
actggcgttg

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400
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<210> 9

EP 2 325 302 B1

ctgggtggcg atgcccgtee tetggettgg gttaattett ggatgacgte ggegttgetg

ggagaatgtg ccgttcctge cctgecctceca cccacctcgg gagcagaage ccggectgga

cacccctecgg cctggacace cctcgaagga gagggcgett ccttgagtag gtgggetecce

ctégcccttc cctecctate actccatact ggggtgggct ggaggaggcc acaggccage

tattgtaaaa gecttttt

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

<400> 9

Met

Leu

Gly

His

Thr

65

Leu

His

Gln

Glu

val

145

Lys

Phe

Asp

Phe
225

Sex

Cys

Gly

Leu

50

Sex

Prxo

Phe

aAla

Thr

130

Leu

Phe

His

Cys

Cys

Axg

Phe

35

Asp

Val

Gln

Asn

Gly

11s

val

Gln

Leu

Asp

Glu

195

Pro

Pro Val

Ala Arg
20

Glu Ser

Ala Leu

Ser Ser

His Gln
85

Ser Phe
100

Val Axg

Tyr Pro

val Gly

Gln Thr

165

Pro His
180

Lys Phe

Pxo Gln

Asn Thr

Pro

Pro

Gly

Ala

Cys

70

Asn

Asp

Ala

Axrg

Ala

Axg

55

Ser

Gly

Lys

Gly

Phe Asp

Arg
150

GQln

Gly

Ala

Pro
230

Asn

Aap

Cys

Asn

215

Ala

Cys

Asn

Pro

Met

val

Ile

120

Phe

Ile

Asp

Gly

Gly

200

Asp

Cys Ala Leu
10

Ala Leun Leu
25

Asn Asn Sex

Ser Leu Leu

Ser Arg Ala
75

Tyr Gly Leu
90

Arg Ser Leu
105

Ile Gly Lys
Ala Tyr Thx

Thr Arg Ile
155

Arg Pro Phe
170

His Ser Gln
i85

Glu Ser Gly

Pro Leu Asp

Ala Arg Ala Asp

235

48

Leu

Leu

Ala

Phe

60

Serx

His

Pro

Lys

Glu

140

Lys

Phe

Pro

Met

val

220

Leu

Leu

Leu

Ile

45

Arg

Leu

Gln

Leu

‘His

125

Glu

Leu

Leu

Gln

Gly

205

Leu

Ala

val

Ala

30

Ala

Asn

Leu

Asp

Leu

110

val

Asn

Arg

val

Ala

Leu

15

RAsp

Thx

Ala

Thx

val

95

Leu

Gly

Gly

val

val

1758

Gly

Ile

Pro

Gln

Gly

Asp

Pro

Phe

Gly

80

His

Sexr

Pro

Ser

Ala

Thr

Pro

i 4

N
[
[~}

2460
2520
2580
2640
2657
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Leu Arg

Asp Asn

250

Gly

w
&8
o

?

Ile

Gly Ser

Glu Ala

Glu Val
370

Axg Leu
385

.Asp Phe

Ala Gly

Arg Ala

Gln Asn
450

Axg Asp

Cys Ala

Pxo Leu

<210> 10

<211> 1014

<212> DNA

<213> Homo sapiens

<400> 10

Val
Asp
Gly
275
Ala
Gln
Leu
Lys
Glu
2155

Thr

val

Gln

3
w
0

Gln

Pro

His

Gly

Ala

260

Ile

Glu

val

Thr

340

Pxo

Met

His

val

Pxo
420

Trp

Ala

Leu

ABp

Asn
500

Arg

245

Gly

Pxo

Pro

Ser

Ile

Leu

Ser

Asn

Ser

405

Glu

Thr

Ala

Gly

485

Glu

EP 2 325 302 B1

Met Asp Gln Gly Val
250

val

Phe

Leu

Glu

310

Phe

His

Trp

Tyx

Leu

390

Pro

Gly

Leu

Asp

Lys

470

val

Leu

Leu

Pro

Leu

295

Ala

Ser

Leu

aAla

Pro

375

Asn

Pro
455

Trp

Leu

Asn
Ser

2380

val

Ile

Thr

Thr

360

Met

Phe

Tyx

Asp

440

Axg

Gln

Glu

Asp
265
Gly

Serxr

val

Thr

Ser

Ser

Pro Tyx

Gly

345

val

Arg

Lys

Gln

Lys

425

Axg

Phe

Txp

Glu

Arg

Phe

Ser

Met

Asp

410

Asp

Sex

Ala

Glu

Lys
490

Gly

Leu

Pro

Leu

315

Pro

Sex

Qly

val

Pro

395

Leu

Leu

Axg

Gln

475

Leu

Leu

val

Asn

Glu

300

Leu

Sex

Leu

Sex

Gln

380

Phe

Leu

Asp

Leu

460

His

ser

Val

Ile

Leu

285

His

Asp

Leu

Gln

365

His

Pxo

Asn

His

Pro

445

Leu

Asp

Pro

Leu

Phe

270

Pro

Leu

Pro

350

Ser

Arg

Ile

Gln
255

Thr

Txp

Lys

Thr

Ile

335

Ala

His

His

Asp

Thr
415

Tyr Tyx

His

Glu

Pro

Gln

Glu

Met

TP

Cys
495

Glu

Serx

Pro

Pro

320

Phe

Leu

His

Phe

Gln
400

TYx

Thx

Leu

val

480

Gln

cgtgcctgta atcccageag ctactcactc aggaggetga ggeaggagaa tctcttgaac

ccggaaggca gaggttdcag tgagccaaga tegegecact gaactccage ctgggtgaca

49

60
120
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<210> 11

gagtgagact
cttgaataac
ctgtgaaaag
gtcccactag
tgecctggagg
acagcacctg
gtgtgcttgg
cacggcgect
agaccagtct
cctgacaaca
acacaagatc
attgagtctg
tataagecgtt
tccacaagga

agctatgtta

<211> 522
<212> PRT
<213> Homo sapiens

<400> 11

Met Ala

Leu Sexr

Ile Leu

Gly
50

Qlu
65

Gly

Sex

Phe

Ile Val

Lys Lys

130

His
145

Axg

gtctcagaac
tgcatgttet
ttagggaagt
cacctgcgca
aaggatgget
cagacgcagg
ccetectect
cagacctcag
cagtttattt
ggtgccegag
agtatgtgta
geccagtgaa
tgtctcaggg
atttccctgg
tttagaaata

Ala Val

Ala
20

Leu
35

Qlu Prxo

Leu

val Ala Ala
5

Ala Qly Met Gly
Leu Leu Met Asp
Ser Arg Glu

Leu Phe Pro Asn
70

EP 2 325 302 B1

agcaacaaca
ttttctcaat
gtctgacace
gactcaggce
ctggcctcgyg
gggactgcac
cgceccacgge
gaccctgeeg
tgccaaggtt
gtggctgggg
tggcgtacat
tecgeatttt
gagcceccaga
gcgctaatta

aaacgggagg

Thx

Ala

aaatgcccege
tttecatttce
tccagaatcee
aggcctagaa
tccteccececa
aattccacct
gectcagatt
tctcacgect
aaggatgcac
atacagtttg
tggttcagtc
tatgtaaaca
gggatgactt
tgagggaggc
caggtttgcc

Sex Gly

25

Met Gly

40

55

Thr

Pha

Pro Asn

Tyr Ser

Arxg

Thx

Aly

115

Ala

Pxo

Ala

Thr

100

Gly

Gly

Gln

Ala Leu Leu
85

Asn Ala His

Ile Pxo Asp

Tyr Val Ser
135

Phe His Pro
150

Thr

Ala

Ser

120

Lys

Leu

Gly

105

Qlu

Ile

Lys

50

Asn

Gln

val

His

tgctgetgagg
cagaactggg
attcccaaga
tctccagttg
accctgecca
gceccaggace
tcaggaccet
ttgtgaacce
ctgtgacage
cctttataca
agcctteccac
gtaagggaac
ccagttccgt
gtgtagctte

taattcccag

Trp Gln

Ala Pxo

Trp Gly

45

Leu AsSp

60

Ala
7S

Asn

Ile

Leu

Ala

Leu Pro

125

Leu

Gly Lys

140

Gly Phe

155

Asp

Leu

Gln

Asp

Axg

Pro

tccagaagagd
cacctecgygyg
agtgcctctg
gccctgcaag
agccagacag
.tgaccctgge
cctectcgee
caaatatctg
ctcaggaggt
tcttagggag
tgaatacacg
ggggcaatca
ctgtcctttg
ttatcattgt

gttg

Leu
15

Pro
30

Leu

Mat

Leu Cys

80

Leu val

Pro Asn

Gly val

Ala Ala

Ser

Axg

Pro

110

Glu

Hisg

Glu

Asn Gly
85

Gln GQlu

Leu Leu
Leu

Gly

Phe
160

Trp

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1014
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Gly

Asn

Glu

Pro
225

Ala

Gln

Asn

Pro
305

"Pro

His

Ala

Leu

Tyr

385

His

Asp

Glu

Gly

Leu
465

Ser

Ile

Phe

Leu

210

Phe

Ser

Val

‘ASp

aQly

290

Phe

Ala

Gln

Gly

Pro

370

Axg

Phe

Phe

Asp

Glu

450

Ser

Pro

Pro

Pro

195

Gln

Phe

Lys

Arg

Leu

275

Ala

Leu

Leu

Leu

Leu

355

Thr

Gly

Cys

His
435

Arg

Asn

val

180

Ile

Glu

Lieu

Pro

Glu

260

His

Ala

Cys

Ala

Gly

340

Thr

Leu

Asp

Thr

Pro

420

Thr

Phe

Ile

Cys

165

Tyr

Asn

Ala

Tyr

Phe

245

Ile

val

Leu

Gly

w
N
w

Ser

Pro

Leu

Thr

His

Arg

Leu

Leu

2§
w
o

Leu

Asp

Ala

Ile

Lys

310

Ile

Pxo

Gln

Leu

390

Thr

40s

Gly

Lys

Pro

Thr

Gln

Leu

Leu

Ser
470

EP 2 325 302 B1

Phe

Asp

Lys

Asp

215

Gly

Asp

Asp

Sex

295

Gln

Pro

Met

Serxr

Qly

375

Met

Asn

Asn

Pro

Ser

455

val

Gly

Trp

Thx

200

Phe

Val

Ser

Asn

280

Ala

Thr

Gly

Asp

-ABp

360

Ala
Sex
val
Leu
440

Phe

val

Pro

Glu

185

Gly

Ile

Asp

Ser

Ile

265

Thx

Pro

Thr

His

Leu

348

Leu

Ala

Txp

Sex

425

Ile

Ala

Gln

51

Tyr

170

Met

Glu

Lys

Ala

Gln

250

Gly

Phe

Glu

Phe

val

330

Phe

Ala

Met

Glu

410

Gly

Phe

Ser

Gln

Asp

val

Ala

Arg

Thr

235

Axg

Lys

val

Qln

Glu

315

Thx

Ile

Asp

Leu

395

Asn

val

His

ala

His
475

Asn

Gly

Asn

Gln

220

His

Gly

Ile

Phe

Gly

300

Gly

Ala

Asp

Arg

380

Gly

Phe

Thr

Leu

Glu

460

Gln

Lys

Arg

Leu

208

Ala

Ala

Axg

Leu

Phe

285

Gly

Gly

Gly

Ser

Gly

365

Pro

Gln

Gly
445

Tyx

Glu

Ala

Axg
178

Tyx Tyr

Pro

Tyr

Glu

270

Ser

Met

Gln

Leu

350

Leu

Ile

His

Gln

His

430

Arg

Gln

Ala

Gln

val

Gly
255

Leu

Asn

val

335’

Ala

Asn

Phe

Lys

Gly

415

Asn

Glu

Leu

Prxo

Glu

Ile

Hisg

N
»
o

Asp

Leu

Gly

Qlu

320

Ser

Leu

Leu

Ala

400

Ile

Leu

Pro

Ala

val
480
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EP 2 325 302 B1

Pro Ala Gln Prxo Gln Leu Asn Val Cys Asn
485

490

Ala Pro Pro Gly Cys Glu Lys Leu Qly Lys

500

505

Ser Ile Pro Lys Lys Cys Leu Trp Ser His
S1S 520

<210> 12

<211> 2379

<212> DNA

<213> Homo sapiens

<400> 12

ggaattcecgg
;cggggtcac
cggcggggca
ggcggcetgece
ctectcacgg
gctctcatceg
‘tgccccagca
aacactctgg
ttcccagcaa
aatgagtacg
tggtatgceet
gcacggaagc
tccttggact
ccagegecte
tttgcaccaa
caagccaaga
aggtggcaaa
ttcactgggg
ggacagtttt
ctgttggttce
attgacttgg
gatgggatgt
gtcctggtgg
agtcctggeg
tatgcctgtg
caggaggtgt
gctaaaacca
tcctgttctg

ceccgtetea

tcggectcte
cccggagecet
gccceccgeca
tgggggtett
acgaccagga
gagagatggg
gagccagtat
aggggaactg
ttctcagate
gagccccaga
tggaaaagaa
atggtgaaaa
ttctggacta
attcgcecttg
gaaacaagag
ctccaatgac
ctctectete
agctcaacaa
ccttgccaat
gaggacctgg
gtcctactat
ccttattgee
aataccaagg
tatctcaatg
tgaggacaat
ttgtagaagt
tagacccaga
ggccaacctg

tgttcagcaa

gcecctteage
gtecgectatg
cctgecctee
cggggtggcet
cgaagtgctc
gatgactttt
cctgacagga
cagtagtaag
aatgtgtggt
tgcaggtgga
ttctaagtat
ctatagtgtg
caagtccaac
gacagctgea
cttcaacatce
taattcttca
agttgatgac
cacttacatc
agacaagaga
gatcaaacca
tttggacatt
cattttgaga
agaaggccegt
cttecccagac
gtcagcattg
ctataatctg
gcttttagga
tegecactcea

tegeggeagt

tacctgtgcg
cggetectge
tgcagcccag
gcgggaacec
ggcggecatga
tecagtgett
aagtacccac
tcectggcaga
tatcagacct
ctagaacacg
tataattaca
gactacctga
tttgagccct
cctcagtgcc
catggaacga
atacagtttt
cttgtggaga
ttctatacct
cagctgtatg
aatcagacaa
getggctacg
ggtgccagta
aacgtcactg
tgtgtatgtg
tggaatttge
actgcagacce
aagatgaact
ggggtttttg

gtcaggacte

52

Trp Ala Val Met Asn Txp

Cya Leu Thr Pro Pro Glu

tcccteegte
ctctagcecece
cgctgctact
ggaggcccaa
caccactaaa
atgtgccaag
ataatcatca
agatccaaga
tttttgcagg
ttcctetggg
ccetgtctat
cagatgtttt
tcttcatgat
agaaggcettt
acaagcactg
tagataatge
aactggtcaa
cagacaatgg
agtttgatat
gcaagatget
acctaaataa
acttgacctg
acccaacatg
aagatgctta
agtattgega
cagaccagat
atcggttaat
accecceggata

gaagattttc

49s

510

ccgtecegte
aggtcggcetce
gctggtgetg
cgtggtgctg
gaaaaccaaa
tgctctectge
cgttgtgaac
accaaatact
gaaatattta
ttggagttac
caatgggaag
ggctaatgtce
gatcgccact
ccagaatgtc
gttaattagg
atttaggaaa
gaggctggag
ctatcacaca
caaagttcca
ggttgccaac
gacacagatg
gegatcagat
cecctteectg
taacaatacc
gtttgatgac
cactaacatt
gatgttacag
caggtttgac

caaacatctt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
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ctgtagcgac ctcacacagc ctctgcagat
gattgtagta ggtgtctgta gctagtctte
getttaagtc ctgtttgaaa aagcaaccca
actgtgaact ctgcccatgt gtcaggagtg
aggacactcc tgaggtcttt gttctcactg
gattattcct cttgtggtta aagactgaat
tttaggacac acacaaacac acagatacac
aaggacctgt gtagcatttc agattgagca
gcttgaagag taaccatcag agetgaatca
gataagtaga gatacatttt ttatgatgtt
aacatgtcac ccaagctctg ttcatgtttt
<210> 13
<211> 552
<212> PRT
<213> Homo sapiens
<400> 13
Met Arg Leu Leu Pro Leu Ala
1 5
Arg His Leu Pro Ser Cys Ser
20
Gly Cys Leu Gly Val Phe Gly
3s
Val Val Leu Leu Leu Thr Asp
50 55
Thr Pro Leu Lys Lys Thr Lys
65 70
Phe Ser Ser Ala Tyr Val Pro
85
Ser Ile Leu Thx Gly Lys Tyr
100
Thr Leu Glu Gly Asn Cys Ser
115
Pro Asn Thr Phe Pro Ala Ile
130 135
Phe Phe Ala Gly Lys Tyr Leu
145 150
Gly Leu Glu His Val Pro Leu
16S
Lys Asn Ser Lys Tyr Tyr Asn
180

ggatccctge
aagaccacac
gtcagctgac
gctgtetetg
tatttttttt
ttgtaaacce
cttttgatat
cttcactatce
tccaagtaag
catcacagtg

tgtgaatte

Pro
10

Pro
25

val ala

40

Asp Gln

Ala Leu

Sex Ala

90

His
105

Pro

Ser
120

Lys
Leu Arg
Glu

Asn

Gly Trp

Gly Arg

Ala Leu

Ala

Asp

Ile

Leu

Asn

Ser

Sex

TYr

Sex

acgecctcttt
ctggaagagt
ttcectegtge
gtctcttcect
atcctgggge
attcagataa
gtaagcttga
aaaaatacta
aacaagtacc

tggtaaggtt

Leu Arg

Leu Leu

Gly

val
60

Glu

Gly Glu

75

Cys Cys

His His

Trp Gln

Arg Gly

Leu Val

Leu
Meé
Pro
Val

Lys

ctgatgaagt 1800

ttctgggctg 1860

aatgtgttaa 1920

ttagctgaca 1980

cacagttctt 2040

atggcagtac 2100

cctaaagtca 2160
acatcacatg 2220
attgttgatt 2280
gcaaattcaa 2340

2379

Sex
15

Pro

Leu Gly

30

| Pxo Asn

Gly Gly Met

Met Thx

80

Gly

Ser Axg Ala

95

val
110

AsSn Asn

Ile Gln Glu

125

Met Cys

140

Gly Ala

1s5

Txp

170

Thr
185

Tyr

53

Leu

Ser Ile

Gly Tyr

Pxo

Asn

Gln Thr

Ala Gly

160

Asp

Ala Leu

175

Glu

Qly aAla

190

Lys
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Phe

225

Ala

Lys

Ala

Phe

Lys

305

Ile

Pro

Leu

val

Asp

385

Gln

Pro

Asn

Gln

465

Leu

Pro

Lys

Asn

210

Phe

Pro

Asn

Lys

Axrg

290

Leu

Phe

Ile

val

Ala

370

Leu

Gly

Gly

Gly

Asn

450

Tyxr

Thr

Glu

His

195

val

Met

Gln

Phe

Thr

275

Lys

Vval

Gly

Ser

Met

Ty

Asn

260

Pro

Axrg

Lys

Lys
340

Arg Gly

Asn
Asn
Ala
Glu
val
435
Thx
Cys

Ala

Leu

Ile

Lys

Ser

Gly

420

Ser

Glu

Asp

Leu
500

Glu

Leu

Ile

Gln

245

Ile

Met

Sex

325

Arg

Pro

Asp

Asn
405

Gln’

Ala

Phe

Pro

485

Gly

Asn

Asp

Ala

230

Lys

His

Gln

Leu

310

Asp

Gln

Gly

Leu

Gln

390

Leu

Asn

Cys

Cys

Asp

470

Asp

Lys

EP 2 325 302 B1

Tyx

Phe

215

Thr

Ala

Gly

Asn

Thr

295

Glu

Asn

Leu

Ile

Gly

375

Met

Thr

Val

Phe

val

45S

Asp

Gln

Met

Sexr
200
Leu

Pro

Phe

Serx

280

Leu

Phe

Gly

Tyr

Lys

360

Pro

Asp

Pro

440

Arg

Gln

Ile

Asn

val

Ala

Gln

Asn

265

Ser

Leu

Thr

Glu
345

Pro

Gly

Arg

Asp

425

Asp

Thr

Glu

Tyx
505

54

Asp
Tyx
Pro
Asn
250
Lys
Ile
Sexr
Gly
His
330
Phe
Asn
Ile
Met
Ser

410

Pro
Cys
et
val
asn

490

Axg

Tyx

Lys

His

235

val

His

Gln

val

Glu

315

Thr

Asp

Gln

Leu

Serx

395

Asp

Thr

val

Ser

Phe

475

Ile

Leu

Leu
Ser
220
Ser
Phe
Txp
Phe
ASp
300
Leu

Gly

Ile

Asp
380
Leu
Val
Cys
Cys
Ala
460
Val

Ala

Met

205

Asn

Pro

Ala

Leu

Leu

285

Asp

Asn

Gln

Lys

Serx

365

Ile

Leu

Leu

Pro

Glu

445

Leu

Glu

Lys

Met

Asp

Phe

Trp

Pro

Ile

270

ASp

Leu

Asn

Phe

val

350

Lys

Ala

Pro

Val

Sex

430

Agp

Trp

Val

Leu
510

val

Glu

Axg

255

Axg

Asn

val

Thr

Ser

335

Pro

Met

Gly’

Ile

Glu

415

Leu

Ala

Asn

Tyx

Ile

495

Gln

Leu

Pro

Ala

240

Aan

Gln

Ala

Glu

89
N
o

Leu

Leu

Leu

Leu
400

Ser

Tyr

Leu

Asn

480

Asp

Sex
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Cys Ser Gly Pro Thr Cys Arg Thr Pro Gly Val Phe Asp Pro Gly Tyr
520

Arg Phe Asp Pro Arg Leu Mat Phe Sex Asn Arxrg G

530

518

EP 2 325 302 B1

535

Arg Arg Phe Ser Lys His Leu Leu

545

<210> 14

<211> 2022

<212> DNA

<213> Homo sapiens

<400> 14

ccggtaccgg
agcgecaagt
tctccgeteg
tctececggta
gagtatttgg
gcctgctgga
gggggcaccg
caacatecgtg
ccccagetct
'cttctacgtg
ccecggttegg
cctggaggag
cggcaagtgg
ccatcgattt
cttcecegeeg
gttggccaac
catggctttc
gtactatgece
ttcaggccge
gatgacagcce
caatggacct
aaagggaacg
tatcgctcce
agcectgget
gctgetggge
cgaggtccgt
gggctetgee
tgqtcatgag

getggggggt

ctcctectgg
gacttacgee
agaatctgaa
ctgctcgeee
gtccggggte
gccaagtage
cggtecectce

ctgatctttg

accactcceca.

cctgtgtcte
atgggcatgt
gtgaccgtgy
caccttgggg
ctaggcatce
gccactcéctt
ctgtccgtgg
gcccatgace
tckcaccaca
gggccatttg
ataggggacce
gagaccatgc
acctacgagyg
ggecgtgaccce
ggggececcac
aCaggeaaga
ggggtttttg
cacagtgata
cceecgetge

gtggcegggg

550

gctecctcta
cccgaccctg
ggtgcectgg
cggccectctg
tcagggaagg
ccteectcte
tectggeeet
ccgacgacck
acctggacca
tgtgcacacc
accctggcegt
ccgaagtccet
tggggcctga
cgtactccca
gcgacggtgg
aggcgcagec
tcatggccga
ceccactacce
gggactccet
tggggctget
gtatgtcceg
geggtgtecg
acgagctggce
tgcccaatgt
geecteggea
ctgtgeggac
ccactgcaga
tctatgacct

ccacccecaga

gecgecettece
agcccggacce
tectggagga
gagcttcagg
geggegectg
ttgggacaga
ggctgetgge
cggctatggg
gctggeggeg
ctctagggee
cctggtgeee
ggctgccega
gggggccttc
cgaccagggce
ctgtgaccag
cccctggetg
cgceccagege
tcagttcagt
gatggagctg
tgaagagacg
aggeggctge
agagcctgece
cagctccctg
caccttggat
gtctctctte
tggaaagtac
ccctgectge
gtccaaggac

ggtgectgcaa

55

535

S

cccggeccga
gctaggecgag
gktccgtecee
aggeggecgt
ggtctgcggt
ccecteggte
ctggcegttg
gacctgggct
ggagggctgce
gccctectga
agctcceggg
ggctaccteca
ctgcceccce
ccetgecaga
ggectggtece
cccggactag
caggatcgce
gggcagagct
gatgcagctg
ctggtcatct
tcecggtetet
ttggccttet
gacctgctgce
ggctttgace
ttctacccgt
aaggcteact
cacgectcca
cctggtgaga

gccctgaaac

1y Ser Val Axg Thr
40

ctgcctggtce
gaggatcaga
agecectgcegg
cagggtcggg
atcggaaaga
ccatgtccat
ccegtecgee
gctatgggca
ggttcacaga
ccggecgget
ggggcctgcee
caggaatggc
atcagggctt
acctgacctg
ccatcecact
aggcccgcta
ccttcttect
ttgcagagcg
tggggaccct

tcactgcaga

tgcggtgtgg |

ggccaggtca
ctaccctgge
tcagccecccet
cctacccaga
tettcaccea
gctctctgac
actacaacct

agcttcagcet

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

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

EP 2 325 302 B1

ggaccccgece ctgcagatet getgtcatce

ttgcccagat ccecatgect gagggccect

ctgggagcct gtgggggagg ctcaggtgte

acaccagtgg agacttgcac atctgaaaaa

<210> 15
<211> 507
<212> PRT

<213> Homo sapiens

<400> 15

Met

Vval

Leu
Pro

65

Leu

Ala

Gly

Leu

145

val

Met

Ser
225

Gly Ala Pro Arg Ser Leu

Ala Arg Pro Pro Asn Ile
20

Gly Asp Leu Gly Cys Tyrx
35

Asp Gln Leu Ala Ala Gly
50 55

Val Ser Leu Cys Thr Pro

Pxo Val Arg Met Gly Met
85

Gly Gly Leu Pro Leu Glu
100

Arg Gly Tyr Leu Thr Gly
115

Pro Glu Gly Ala Phe Leu
130 : 135

Gly XIle Pro Tyr Ser His
150

Phe Pro Pro Ala Thr Pro
168

Pro Ile Pro Leu Leu Ala
180

Leu Pro Gly Leu Glu Ala
195

Ala Asp Ala Gln Arg Gln
210 215

His His Thr His Tyr Pro

cagttagacg cagctgtgac cttcggecce agccaggtgg cecggggega

tggetgcace cccecgeccag cttgectgcecea
cggetggect gggcatgtga tggetecteca
tggagggggt ttgtgcctga taacgtaata

aaaaaaaaaa aa

Leu Leu Ala Leu Ala Ala Gly Leu
10 15

val Leu Ile Phe Ala Asp Asp Leu
25 30

Gly His Pro Ser Sex Thr Thr Pro

Gly Leu Axg Phe Thr Asp Phe Tyrx
60

Ser Arg Ala Ala Leu Leu Thr Gly
75

Tyr Pro Gly Val Leu Val Pro Ser
90 95

Glu val Thr val Ala Glu Val Leu
105 110

Met Ala Gly Lys Trp His Leu Gly
120 125

Pro Pro His Gln Gly Phe Hia Arg
140

Asp Gln Gly Pro Cys Gln Asn Leu
155

Cys Asp Gly Gly Cys Asp Gln Gly
170 175

Asn Leu Ser Val @Glu Ala Gln Pro
185 190

Axrg Tyr Met Ala Phe Ala His Asp
200 205

Asp Axg Pro Phe Phe Leu Tyr Tyr
220

Gln Phe Ser Gly Gln Ser Phe Ala
235

56

1800
1860
1920
1980
2022

Ala
Gly
Asn
val
Axrg
80

Ser
Ala
val
Phe
Thr
160
Leu
Pro
Leu

Ala

Glu
240
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Glu

Met

Thx

305

His

Leu

Leu

Pro

Gly

385

Gln

Serxr

Lys

Gln
465

Glu

Fro

<210> 16
<211> 2228
<212> DNA

Ser

Val

Sarxr
290

Tyr

Ile

Pro

Asp

Axg

370

val

Gly

Ser

Asp

Pro

450

Leu

Asp

Ala

<213> Homo sapiens

<400> 16

Gly

Gly

Leu

275

Axg

Glu

Ala

Gly

355

Gln

Phe

Sexr

Ser

Pro

435

Glu

Asp

Pro

Cys

Axg

Thr

260

val

Gly

Gly

Pro

Leu

340

Phe

Sex

Ala

Ala

Leu

420

Gly

Val

Ala

Ala

Cys
500

aly

Leu

Ile

Gly

Qly

Gly

325

Ala

Asp

Leu

val

His

405

Glu

Leu

Ala

Leu

485

His

EP 2 325 302 B1

Pro Phe Gly Asp

Met

Phe

cys

val

310

val

aAla

Leu

Phe

Arg

390

Sex

Ala

Asn

Gln

val

470

Gln

Thx
Serxr

295

Arg

Leu
Ser
Phe
375
Thr

Asp

His

Ala
455

Thr

Ile

Ala Ile
265

Ala Asp
280

GQly Leu

Glu Pro

His Glu

Ala Gly
345

Pro Leu
360

Tyxr Pro

Gly Lys

Thx' Thx

Glu Pro

425

Asn Leu
440

Leu Lys

Phe Gly

Cys Cys’

ABp Pro
505

Ser

250

Gly

Asn

Leu

Ala

Leu

330

Ala

Leu

Sex

Ala

410

Pro

Leu

Gln

Pro

His

490

His

Leu

Asp

Gly

Leu

31s

Ala

Pro

Leu

Tyr

Lys

395

Asp

Leu

Gly

Leu

Ser

475

Pro

Ala

Met

Leu

Pro

Cys

300

Ala

Ser

Gly

Pro

380

Ala

Pro

Leu

Gly

Gln

460

Gln

Gly

Glu

Gly

Glu

285

Qly

FPhe

Ser

Pro

Thr

365

Asp

His

Ala

val

445

Leu

val

Cys

Leu

Leu

270

Thr

Lys

Trp

Leu

Asn

350

Gly

Glu

Phe

Cys

Asp

430

Ala

Leu

Ala

Thr

Asp

255

Leu
Met
Gly
Pro
Asp
335
val
Lys
val
Phe
His
415
Leu
ély
Lys

Axrg

Pro
495

Ala

Glu

Axg

Thx

Gly

320

Leu

Ser

Thr

400

Ala

Sex

Ala

Ala

aly
480

Axg

acaaggatgg gtccgcgegg cgcggecgage ttgccccgag gecccggace tcggeggotg

ctectccecg tegtecteee getgetgetg ctgetgttgt tggegeegee gggctcggge

57

60
120
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gccggggcoca
gacgteggcet
ggggtgctce
ctcactggcee
Cccagetgtg
actacccata
cgccgaggat
gaacgctgta
ggcgaagaag
gctatagecce
cagtctgtge
caagacaaga
aatgtcactg
acagataacg
tggagcctgt
cagaagggcg
aagctggcca
accatcagtg
ttegtggact
cttccagaat
aaactcctca
gtttetgaga
cgggaccctg
ctgteccgea
ccccgetgtyg
gctagaaaac
tttgttatcc
tctaatttca
ggctggagea
ggacagctgg
getggctett
attggagtga

ttggccaagyg

‘cctettggtt

<210> 17

tcaggtcaac

ttttatcg

<211> 533
<212> PRT
<213> Homo sapiens

<400> 17

gceggeegee
teccacggete
tggacaacta
gctaccagat
ttcctctgga
tggtcggaaa
ttgataccta
cattaattga
ttgcaacagg
tcataactaa
atgagccecct
acaggcatca
cagctttaaa
gagggcagac
gggaaggagg
tgaagaaccg
ggggacacac
aaggaagccc
cttecaccgtg
attcagecctt
cgggctacce
taccctcatc
aagaaagaca
tacagttcta
atccecaagge
ctttcaattg
caacctgggt
acccctaatg
tgtgtctaga
gaacttaact
ttagactcac
atcacatttc
cttetecctg
caccccttac

agcaaaatgg

EP 2 325 302 B1

ccacctggte
ccgcecatcege
ctacacgeag
ccgtacaggt
tgaaaaacte
atggcacctg
ctttggatat
cgctetgaat
atataaaaat
ccatccacca
tcaggtcect
ctatgcagga
aagcagtagg
tttggcaggg
cgtccgaggg
ggagctcatce
caatggcaca
atccecccaga
tcccaggaac
taacacatct
aggctgtggt
agacccacca
tgacctgtec
ccataaacac
cactggggtg
gaagttggac
tecacttggee
catttaagaa
ggtgggggtyg
tgaaatagga
aagtcagacg
ttacgcaaat
tcggtgaagg
tcacttatct

cctgcaccat

ttcttgetgy
acgccgeace
cegetgtgea
ttacagcacec
ctgcecccage
ggaatgtace
ctcctgggta
gtcacacgat
atgtattcaa
gagaagecctce
gaggaatact
atggtgtcce
ctctggaaca
ggtaataact
gtgggctttg
cacatctctg
aagcctctgg
attgagetge
agcatggcte
gtccatgctg
tactggttcce
accaagacce
agagaatatc
tcagtccecg
tggggcectt
ctcaggcctt
cttctettge
gctgataaaa
gotgggttta
agttctcact
ttcgattcce
gaagggagca
atecatgttea
catcacagag

gactgtggct

58

cagacgacct
tggacgcgcet
cgcecgtegeyg
aaataatctg
tcctaaaaga
ggaaagaatg
gtgaagatta
gtgctcttga
caaacatatt
tgtttctcta
tgaagccata

ttatggatga

'acacggtgtt

ggcccctteg
tggcaagccc
actggctgece
atggcttcga
tgcataatat
cagcaaagga
caattagaca
ctccacggtc
tctggctett
ctcacategt
tgtacttcce
ggatgtagga
ttctcacgac
tcttaaacca
tctgcaacac
tccecettte
gaatcétggg
ctctgccaat
gacagtgatt
ggecactccaa
cataaggecc

tttaaaataa

aggctggaac
ggcggecgge
gagccagctg
gccctgtcag
agcaggttat
cctteccaace
ttattccecat
ttttcgagat
caccaaaagg
ccttgctcete
tgactttatc
agcagtagga
catcttttct

aggaagaaaa

cttgctgaag

aacactegtg
cgtgtggaaa
tgacccaaac
tgactcttcet
tggaaattgg
tcaatacaat
tgatattgat
cacaaagcte
tgcacaggac
tttcagggag
tcttgtctca
caccgaggtg
tcctgetgtt
ctaageccttg
ggctggaaca
agccagtttt
aatggttctg
gtgaaccacce
attttgttgt
agaaaktgtgt

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2228
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Met

Ala

Phe

Sar

65

Leu

Gln

Xle

Leu

Lys

145

Gly

Sexr

Gly

Leu

Pro

Leu

S0

Arg

Leu

Leu

Ile

Pro

130

Phe

His

Leu

Met Tyx

Asn

225

val

Phe

Mot

Leu

His

His

Xle

Asp

Txp
290

Pxo

Leu

Pxo

35

Leu

Ile

Asp

Leu

Trp

115

Gln

His

Asp

Glu

Asp

185

Serxr

Pxo

Glu

Gln

Glu

275

Asn

Arg

Leu

20

Gly

Ala

Arg

Gly

Pro

Ser

Asp

Asn Tyx

Thx

100

Pro

Leu

Leu

Thr

Arg

180

Phe

Thx

Pro

Pro

Asp

260

Ala

Asn

Gly

Cys

Leu

Gly

Tyr

165

Cys

Arg

Asn

Glu

Leu

245

Lys

val

EP 2 325 302 B1

Ala Ala

val val

Gly Ala

Asp Leu
5SS

Pro His
70

Gln Pro

Lys Glu
135

Met Tyr
150

Phe Gly

Thr Leu

Asp Gly

Ile Phe

215

Lys Pro

230

Gln Vval

Aan Axg

Gly Asn

val Phe
295

Ser

Leu

Gly

40

Gly

Leu

Gln

Qln

Ser

120

Ala

Axrg

Ile

Qlu

200

Thr

Leu

Pro

His

Val

280

Xle’

59

Leu Pro
10

Pro Leu
2as

Ala Serx

Trp Asn

aAsp Ala

Pro Leu
S0

Ile Arg
108

Cys val

Gly Tyr

Lys Glu

Leu Leu
170

Asp Ala
185

Glu Val

Lys Arg

Phe Leu

Glu Glu

250

His Tyx
265

Thr Ala

Phe Ser

Arg Gly

Leu

Asp

Leu

75

Cys

Thx

Pro

Thx

Cys

155

Gly

Leu

Ala

Ala

Tyxr

Ala

Ala

Thr

Leu

Pxo

val

60

Ala

Qly

Leu

140

Leu

Ser

Asn

Ile

220

Leu

Leu

Gly

Leu

Asp
300

Pro

Leu

Pro

45

Gly

Ala

Leu

Asp

125

His

Pro

Glu

val

Gly

205

Ala

Ala

Lys

Met

Lys

285

Asn

Gly

Leu

30

His

Phe

Gly

Serxr

Gln

110

Glu

Met

Thr

Asp

Thr

190

Leu

Leu

Pro

val

270

Ser

Gly

Pro

15

Leu

Leu

His

Gly

Arg

985

His

Lys

val

Axg

Axg

Lys

Ile

Gln

Tyx
255
Ser

Ser

Gly

Axg

Leu

Val

Gly

Val

80

Sexr

Gln

Leu

Gly

Arg

160

Cys

Asn

Ser

240

Asp

Leu

Gly

Gln
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Thr
305

Leu

Leu

Txp

Leu Lys

Trp Leu

Pro
370

Lys

Pro
385

Serx

Ser

Ser

Serxr

Ile Axg

24
w
o

Ser Asp
465

Pro Glu
Lys Leu

Phe

Trp Gly
530

<210> 18

<211> 2401

<212> DNA

<213> Homo sapiens

<400> 18

gcetccageca getgacggga cccagctgta gtgaggttge

ctgcttcaaa

accatgaaca gaggatgaac aagtgaagtt gcaatctcct

aacaacagga
tgttctttcet
tggctgacga

Ala

Qlu

Gln

Pro

35S

Leu

Pro

Sex

Leu

His

43s

Pro

Glu

Leu

Pro

515

Pro

gcagaggttt ctcatgggaa tatgcttatt

tcacaagctg gagatgcctt taaggaagat
gtgggaagce gagagccacg cagcatcaag
ccteggecatt ggagatcctg ggtgctatgg

Gly Gly Asn
310

Gly Gly Val
325

Lys Gly Val
340

Thr Leu Val
Asp Gly Fhe

Arg Ile Qlu
380

Pxo Cys Pro
40s

Pro Glu Tyr
420

Gly Asn Trp

Pro Pro Pro

Pro Thr Lys
470

Arg His Asp
. 485

Ser Arg Leu
500

Ala Gln Asp

Trp Met

EP 2 325 302 B1

Asn Trp

Arg Oly

Lys Asn

Lys Leu

360

Asp Val

375

Leu Leu

Arg Asn

Ser Ala

Leu
440

Lys

Ser Gln

455

Thr Leu

Leu Serxr

Gln pPhe

Pro Arg
520

Pro

val

Axg

348

Ala

Txp

His

Ser

Phe

425

Leu

25
o
wn

3

60

Leu

Gly

330

Glu

Axg

Lys

Asn

Met

410

Asn

Leu

Glu
490

His

Axg

315

Pha

Leu

Gly

Thx

Ile

395

Ala

Gly

val

Phe

475

Lys

Pro

Gly

val

Ile

His

Ile

380

Asp

Pro

Ser

Ser

460

Asp

Pxo

His

Lys

Arg

Ala

Bis

Thr

365

Sex

Pro

Ala

val

Pro

445

Glu

Ile

His

Sex

Ala
525

agtgattgag
aaactcccac
ccatcacagc
gaagatccct
geccgaacate

gaacaaaact

Sex

Lys
320

Pro Leu

335

Sex

Ile
350

Ser Asp
Asn Gly Thx

Glu Gly Serx

Phe Val
400

Asn

Asp Asp
415

Lys

His Ala Ala

430

Gly Cys Gly

Ile Pro Ser

Asp Axg Asp
480

Ile val Thr

495

Val Pro Val

510

Thr Gly Val

taggattgge
tggtgcagaa
tcagttcccc
ttcctectac
atcctggtga

atcaggactc

60
120
180
240
300
360
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ccaatatcga
cgctgtgcac
tggcatcttyg
ccgatgagat
ggaaatggca
atcacggctt
gagagggcag
tcggagtcac
taggcgtttt
tccttcatta
agcccatgte
agcggaacac
tgttctecag
aggaaatgga
atgataccct
aaggagaaat
aaggaggtat
agattgatga
ctcecktgee
aaagccaacg
tgegetggea
tcaacccecgt
atgtcaccca
acccactaac
ctgcggacag
ttctttggaa
atagagaaaa

atgktggcaaa

_aactccatct

cagagctcaa
aggaagatgg
aatagagggg
aatcttaaaa
caacagtata

a

ccggttggee
accaagcagg
gtcecgcact
tacctttget
ccttgggatg
caattattte
tgtcttcace
cctccttace
tttcagectt
cttceggece
ctatgacaat
tgagactceg
caaagacttt
ctggagtgtg
catctacttc
tcatggcgga
ccgggttceca
gcccactage
tgaggacagg
ctccgatcat
ccctcagaac
gggttccaac
tcacgaccea
tccagcatce
acacacccag
geccectggett
acaggataag
gctcaccate
acaccttgga
cagctactca
taggtttatg
cattcacaag
cagaaaggtg

agttaccatt

EP 2 325 302 B1

agtgggggag
gcagcecttca
ggagttttcc
aagcttctga
agctgtcaca
tatgggatct
acgggcttca
cttgctgcac
ctcttectag
ctgaactgct
ctcacccaga
ttcetgcecttg
gctggcaaaa
gggcagatct
acatcggacc
agtaatggga
ggcatcctte
aacatggaca
atcattgatg
gagtttctet
agcacatcca
ggatgctttg
cctttactct
gagccceggt
accctgeccag
cagctgtget
agactgagce
ttcactacaa
tttggactga
actggagggg
ccttctgtag
gcacaccagt
caggaggtac
tactctataa

tgaaactcac
tgactggccg
tcttcacage
aggatcaagg
gcaagactga
ctttgaccaa
agaggctagt
tcaattgtct
cagccctaat
tcatgatgag
ggctaacggt
tcttgtceccta
gtecaacacgy
tgaaccttct
agggagcaca
tctataaagg
gttggcceag
tatttcctac
gacgtgatct
tccattactg
tctggaagge
ccacacacgt
ttgatattte
tttatgaaat
aggtgcccga
gtecttecac
gctagcagceg
acacgcctga
ttctcecattt
tgagggggat
ccagagtctt
gcaagcagat
cttaactcac

tetgcagtga

<210> 19

<211> 583

<212> PRT

<213> Homo sapiens

<400> 19

61

tcagcacctyg
gtaccctgte
ctctteggga
ttattcaaca
cttctgteac
tctgagagac
cttectccee
ggggctactc
cctgaccett
gaactacgag
ggaggcggcec
cctccacgtyg
agtctacggg
ggatgagctg
tgtagaggag
aggaaaagca
ggtgatacag
agtagccaag
gatgcccctg
caacgectac
cttttetctte
gtgcttctgt
caaagatcce
cctcaaagte
tcagttttca
cggectgtet
cctggggacc
gagtggcact
tatcacctga
aaggtctgta
ggactcatgg
gacaaaaagg
ccctecagcaa

tgcaataacc

gcagcatcac
cgatcaggaa
ggacttccca
gcactgatag
caccctttac
tgcaagecccg
ctgcagatcg
cacgtgccte
ttcttggget
atcattcage
cagttcatac
cacacagccc
gatgctgttg
agattggcta
gtgtettceca
aacaactggg
gctggccaga
ctggctggag
cttgaaggaa
ttaaatgctyg
acccccaact
ttcgggagtt
agagagagaa
atgcaggaag
tggaacaact
tgccagtgtg
agacagacgc
ggggaaacat
aggettggge
gtatacagac
aaatagaatg
tgcagaaggc
atacctatgt

agcataataa

420

480

540

600

660

720

780

840

9S00

960
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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Met

Trp

Met

Leu
65
Ala

Ser

145

Gly

vVal

val

Leu

225

Tyr

Gln

Val

His
305

Pro

Glu

Ala

Ile

50

Phe

Arg

Asp

Ala

130

Asp

Ile

Phe

Gly

His

210

Xle

Cys

Asp

His
290

Gly

Leu

Ala

Asp

35

Gln

Met

Glu

115

Leu

Phe

Ser

Thx

Val

195

val

Leu

Phe

Asn

Asn
275

Axg
Glu
20

A8Sp

Thr

His

Gly
100
Ile
Ile

Cys

Leu

180

Pro
Thr
Met
Leu

260

Thx

Thr Ala

Sex

Leu

Pro

Leu

Gly

85

val

Aly

His

165

Gly

Leu

Leu

Leu

Met

245

Glu

Leu

Val Tyr Gly

EP 2 325 302 B1

Met

His

Gly

Asn

Ala

70

Axg

Phe

Phe

Lys

His

150

Asn

Phe

Leu

Gly

Phe

230

Axg

Gln

Thx

pPhe

Asp

Lys

Ala

Ile

Ile

55

Ala

Leu

Ala

Txp

Pro

Leu

Lys

Thr

val

215

Lew

Asn

Pro

Ser
295

Ala

Ile

Ala

Gly

40

Asp

Sex

Pro

Phe

Lys

120

His

Leu

Axg

Arg

Leu

200

Phe

Gly

Tyx

Leu

Phe

280

Sex

val

62

Pro

Ser

25

Asp

Arg

Pro

val

Thr

105

Leu

Leu

His

Asp

Leu

185

Ala

Phe

Phe

Glu

Thr

265

Leu

Lys

Glu

Phe

10

Pro

Leu

Leu

Arg

80

Ala

Leu

Gly

His

Cys

170

val

aAla

Ser

Leu

Ile

250

val

Leu

Asp

Glu

Leu Leu
Pro Asn

Gly Cys

Ala Ser
60

Cys Thr
75

Sexr Gly
Ser Ser
Lys Asp

Met Ser
140

Gly Phe
155

Lys Pro
Phe Leu
Leu Asn

Leu Leu
220

His Tyr
235

Ile Gln
Glu Ala
Val Leu
Phe Ala

300

Met Asp
315

Leu

Ile

Tyr

Gly

Pro

Met

Gly

Gln
125

Cys

Asn

Gly

Pro

Cys

205

Phe

Phe

Gln

Ala

Ser

285

Gly

Phe

Ile

30

Qly

Gly

Ser

Ala

Gly

110

Gly

Hin

Glu

Leu

190

Lau

Leu

Arg

Pro

Gln
270

Tyr

Lys

Ser

Phe
15

Leu
Asn
val
Axg
sex
95

Leu

Sex
Phe
Gly
175
Gln
Gly
Ala
Pro
Met
255
pPhe
Leu

ser

val

Leu

val

Lys

Lys

Ala

80

Pro

Sex

Lys

Tyr

160

Sex

Ile

Leu

Ala

Leu

240

Ser

Ile

His

Gln

Gly
320
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Gln

Ile

Lys

Ala

Pro

385

Met

GQlu

Lys

Lys

465

Cys

His

Asn

val

Pro

545

Leu

Gln

<210> 20
<211> 1945
<212> DNA

Ile

Tyr

Gly

Asn

370

Asp

Asp

Ser

Leu

450

Ala

Phe

Asp

Pro

Met

530

Asp

Cys

Asp

<213> Homo sapiens

<400> 20

Leu

Phe

Glu

355

Asn

val

Ile

Gln

435

Asn

Phe

Ala

Pro

Leu

515

Gln

Qln

Cys

Lys

Asn
Thr

340

Ile

Ile

Phe

Ile

420

Arxg

Ala

Phe

Thx

Pro

500

Glu

Phe

Pro

Axg
580

Leu

325

Sex

His

QGlu

Gln

Pro

405

Ile

Sexr

Val

Phe

His

485

Leu

Pxo

Ala

Ser

Ser

565

Leu

Leu

Asp

Gly

Gly

Ala

390

Thx

Asp

Asp

Axg

470

val

Leu

Ala

Ala

Txp

550

Thx

Ser

EP 2 325 302 B1

Asp Glu Leu Arg

Gln

Gly

Gly

375

Gly

val

Gly

His

Trp

455

Pro

Cys

Phe

Ser

Asp

535

Asn

Gly

Arg

Gly

Ser

360

Ile

Gln

Ala

Glu

440

His

Asn

Phe

Asp

Alu

520

Arg

Asn

Leu

Ala
345

Asn

Lys
Lys
Asp
425
Phe
Pxo
Phe
cys
Ile
505
Pro
His

Phe

Ser

330

His

Gly

val

Ile

Leu

410

Leu

Leu

Gln

Asan

Phe

490

Sex

Thx

Leu

Cys
570

Leu

val

Ile

Pro

Asp

395

Ala

Met

Phe

Asn

Pro

475

Gly

Lys

Phe

Gln

Txp

555

Gln

Ala

Glu

Gly

380

Glu

Gly

Pro

Asn

Qlu

Lys

365

Ile

Pro

Ala

Leu

His Tyr

Sex

460

val

Ser

Asp

Thr
540

Lys

Cys

Thx

Gly

Pro

Glu

525

Leu

Pro

Asp

Asp
val
350
Gly
Leu
Thx
Pro
Leu
430
sex
Sexr
val
Axg
510
Ile
Pro

Trp

Arg

Thr
335
Ser
Gly
Arg
Ser
Leu
415
Glu
Asn
Ile
asn
Thr
495
Glu
Leu
Glu
Leu

Glu
575

Leu

Sex

Lys

TXp

Asn

400

Pxo

Gly

Ala

Txp

Gly

480

His

Axg

Lys

val

Gln

560

Lys

ggaageccttg gcactagegg cgeccgggeg cggagtgoge agggcaaggt cctgegetct

63

60
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gggccagege
ggactctttg
tgcaaatgce
tcteggttge
aggtgtgagg
attcctcaca
ccttcagtgg
cttgcagcag
tgcatcecege
catgcectte
cctgagggcg
tgceggecag
cgtgggctge
ctgtatcctg
gagtcttatg
cctcttectt
gaaaagtcag
ggttcttaat
tgaccatgga
aatttacaaa
cttccactgg
ggacgtgtte
tgatggccac
cctgtttcat
aagcgtcetgg
aacggccgag
gctctttgac
cctgtaccac
gagtcctgtg
gtgctgcgga
gccaggactg
gecttggttct

tcggecatge
ccggtgetac
tttaaaccaa
tacgggaaca
ctcactcagce
gggagacatt
aacgcaggct
catggctatg
ggggatcact
acgctcacaa
cagctctggg
acctgcggtt
ctgtttttca
atgagaaace
ctaaaggaag
tctttgetge
catggcttat
gccatcgaag
ggacatttag
ggtgggaagg
ccgggggtge
cctactgtgg
agcctggtac
tactgtggge
aaggttcatt
gegtctgece
ctctccaggg
gccgtgatag
ccccagcagt
catttéccgt
tgagagagga
atcttcagte

EP 2 325 302 B1

gatccgecge
tgtttttatg
atatcctact
atacactgag
acctggcgge
ccttcagate
caggtggact
caaccggect
geccaccacece
acgactgtga
gttacaccca
tcttctctgt
tctecttaggta
atgacgtcac
ctgtttecta
atgtgcacat
atggtgataa
acaatggttt
aggcaagaga
gcatgggagg
tccecggecgg
tccagetggt
ccttgetgea
agcatcttca
acacgaccce
atgctgaatg
acccctececga
caagggtagg
tttccatgag
tctgttcatyg
tccaggagag

cggaa

<210> 21

<211> 593

<212> PRT

<213> Homo sapiens

<400> 21

¥et Arg Ser Ala gla Axrg Arg Gly Arg A%a Ala Pro Ala Ala Arxrg Asp
1 15

Sexr Leu Pxo gal Leu Leu Phe Leu Cys Leu Leu Leu Lys Thr Cys Glu
0 25 30

gcggagggga
cttgcttctg
gatcatggcg
aacgcegaat
cgeccecgete
aggcatggac
ccctgagaac
cataggaaaa
cctgaaccac
cccaggcagg
gttcctggeg
ctcecgegaga
ctcctcette
ggagcaacce
tattgaaaga
tceecettgtg
tgtggaggag
aaagaactca
tggacacagc
atgggaaggt
ccgagtgatt
gggtggcgag
gggagctgag
cgcagcacge
gcagttccace
gggaggegtg
ggcacggece
tgccgeggtg
caacatcectg
ccacgaggat

cctgactgeg

64

cgecgeegege
aagacgtgtg
gatgatctag
attgaccagce
tgcaccccaa
gccagcaatg
gaaaccactt
tggcaccagg
ggatttgact
ccccccgaag
ctggggattc
gcagtcaccg
gggtttgtge
atggttctag
cacaagcatg
accacgagtg
atggactgge
acattcacgt
cagttagggg
gggatccgag
ggagagccca
gtgccccagg
gcacgctcgg
tggcaccaga
cccgaggagce
acccatcaca
ctgacccceg
tcggagcatc
tggaagecegt
ggggatggea

ttgcaaacaa

ccgcecgecag
aacctaaaac
geactgggga
ttgcagagga
gccgagetge
gataccggge
ttgcaagaat
gtgtgagttg
atttctacgg
tggacgccge
tcaccctgge
gcatggccgg
gacgctggaa
agaaaacagc
ggccatttct
cattcctggg
tcataggtaa
atttcaccte
gatggaacgy
tgcececgggat
cgagcctgat
acagggtgat
cacatgagtt
aggacagtgg
ggggcctget
gacccccttt
actccgagce
ggcagacect
ggctgcagee
cccectgaat

aattcteccaa

120
180
240
300
360
420
480
S40
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1945
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Pro

Asp

Gln

Leu

Glu
Leu

145

Hig

Leu

val

225

Phe

Ile

Lys

His

Ile

30s

Leu

Lys
Asp
S0

Thr

His

130

Ile

Cya

Phe

Ala

Gly

210

Ser

Ile

Leu

Lys
290

Pro

Thx

35

Leu

Pro

Leu

Gly

Ala

115

Thx

Gly

His

Thr

Ala

195

Ile

Ala

Sex

Ala
275

His

Leu

Ala

Gly

Asn

Ala

Arg

100

Leu

Phe

Lys

His

Leu

180

Leu

Leu

Arg

Arg
260
Ser

Gly

Val

Tyr Gly Asp

Asn

Ile

Ala

85

His

Gln

Ala

TP

Pro

16S

Thx

Thr

Ala

Tyxr

245

Asn

Leu

Pro

Asn
325

EP 2 325 302 B1

Ala

Gly

Asp

70

Ala

Sexr

Txp

Axg

His

150

Leu

Ala

Leu

val

230

Ser

His

Met

Phe

310

val

Phe

Asp

SS

Gln

Pro

Pha

Asn

Ile

135

Gln

Asn

Asp

Gln

Ala

215

Thr

Serxr

Asp

Leu

Leu

295

Ser

Glu

Lys
40
Leu

Leu

Leu

Ala
120
Leu
Gly
His
Cys
Leu
200
Ala
Gly
Phe
val
Lys
280
Leu

ala

Glu

65

Pro

Gly

Ala

Cys

Ser

105

Gly

Gln

val

Gly

Asp

185

Txp

Gly

Met

Gly

265

Glu

Phe

Phe

Met

Asn

Cys

Glu

Thr

90

Gly

Ser

Gln

Asn

Phe

170

Pro

Gly

Gln

Ala

Phe

250

Glu

Ala

Leu

Leu

AsSp
330

Ile

Glu

75

Pro

Met

Gly

His

Cys

155

Asp

Gly

Gly

235

val

Gln

val

Ser

Gly

315

Trp

Leu

Gly

60

Gly

Sex

Asp

Gly

Gly

140

Ala

Arg

Cys

220

val

Axg

Pro

Ser

Leu

300

Lys

Leu

Leu
45
Asn

val

Leu

125

Ser

Phe

Pro

Gln

205

Gly

Gly

Met

g%

Leu

Sexr

Ile

Ile

Asn

Axg

Ala

Ser

110

Pro

Arg

Pro

190

Fhe

Fhe

Cys

Trp

Mot

Thr

Leu

Ala

95

Asn

Glu

Thr

Gly

Gly

175

Glu

Fhe

Leu

Asn

255

val

270

Ile

His

Gln

Gly

Leu

Glu

val

His

Lys
33s

Ala

Leu

Thr

80

Phe

Gly

Asn

Gly

Asp

160

Met

val

Ala

Sex

Phe
240

Cys

Glu

Arg

His

Gly

320

val
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Leu
Phe
6ln
Gly
385

val

val

Hia
465

His

Pro
Leu

Gly
545

Gln

Pro

<210> 22
<211> 1858
<212> DNA

Asn

Thr

Leu

370

TP

Leu

Phe

val

Axg

450

Ala

Glu

530

Ala

Phe

Gly

<213> Homo sapiens

<400> 22

Ala

Ser

355

Gly

Glu

Pro

Pro

Ile

435

Sex

Ala

Ala

Leu

515

Pro

Ala

Ser

His

Ile
340

ASp

Gly

Glu

His

Txp

Asp

EP 2 325 302 B1

Asn

Gly Leu Lys

Gly Gly His

Asn

Aly Gly Ile

Ala
Thr

420

Asp

Thr

Ser

500

Leu

Asp

Val

Met

Phe
580

Gly

405

val

Gly

His

Txp

Pro

485

Ala

Phe

Sex

Ser

Sex
565

Pro

390

Axg

val

His

Glu

Hisg

470

Gln

His

Asp

Glu

Glu

550

Asn

Phe

Gly

375

Arg

Val

Gln

Sexr

Phe

455

Gln

Phe

Ala

Leu

Pro

535

His

Ile

Cys

360

Ile

Vval

Ile

Leu

Leu

440

Leu

Lys

His

34s

Leu

Gly

val

425

val

Phe

Asap

Pro

Glu Trp

Sex
520

Leu

Axg

Leu

Ser

Tyx

Gln

Cys
585

Glu

Lys

Gly

Glu

410

Gly

Pxo

His

Serx

Glu

490

Gly

Asp

His

Thx

Lys

570

His

Asn

Ala

Gly

Ile

395

Pxo

Qly

bLeu

Gly

475

Glu

Gly

Pro

Ala

Leu

855

Pro

Glu

Ser

Arg

Gly

380

Phe

G1lu

Leu

Cys

460

Ser

Axg

val

Ser

val

540

Ser

Agp

Thr

Asp

365

Lys

His

Sex

val

Gln

445

Gly

Val

Gly

Thr

Glu

525

Ile

Pro

Leu

Gly

Phe

350

Gly

Gly

Tcp

Leu

Pro

430

Gly

Gln

Leu

His

510

Ala

Ala

val

Gln

Asp
590

His

Met

Pro

Met

415

Gln

Ala

Lys
Leu

495

His

Arg

Pro

Pro

575

Gly

Sex

Gly

Gly

400

Asp

Glu

Leu

val

480

Thr

Pro

val

Gln
560

Cys

Thx

ccttectett cttgatcggg gattcaggaa ggagcccagg agcagaggaa gtagagagag

agacaacatg ttacatctgc accattcttg tttgtgtttc aggagetgge tgccagecgat

66

60

120
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gctegetgta
gaacatcctt
caacaccatg
acacatctct
ccectgtgega
atctggaggt
tgccactgga
ttgccacé;c
gggtgattge
cttcctctte
cctgataccce
cgcaagetcece
ccacaccate
ggttgegtece
acacgttcac
gtatggggac
cgtggagggt
agagaatcaa
gggcatggga
gckteceggece
ggtccggctg
gcecettgete
gaggtttetg
ctttgtgacg
cccgtgette
agacccttcet
ggaacgagtc
getggacagg
cectectgetgg

<210> 23

<211> 589

<212> PRT

<213> Homo sapiens

<400> 23

ctgctaagtt
cttctgatgg
aggactccga
gccgeatcett
tcagggatgg
cttccaacaa
ctcattggaa
cctctecate
geccgetggy
caagtcctgg
thtcgtgga
tattttgtgg
acggagcage
tttctcaaaa
atccctctta
aacgtagagg
ttgagcaaca
cttggaaaca
ggatgggaag
ggccgagtga
gcgggcggey
ctggggacag
cacgcagcca
cctgtgttce
ggggaaaaag
gagacccaca
cagcaggegg
ctgggecaaca

tgccttaggg

?et Leu His Leu

Ala Met Leu Ala

. 20

Ile Ser Ala Sex
35

EP 2 325 302 B1

tggcaccatc
cggacgacct
atattgaccyg
tgtgcaccce
tttccagecat
atgagacaac
aatggcatct
atggctttga
aactctcaga
ccttggttge
tgccggtcat
gtgctctgat
ccatgtgcett
ggaataagca
tcactatgga
agatggactg
gcaccctecat
cccagtatgg
gtgggatccg
ttggcgagce
aggtgcccca
cccaacacte
ggtggcatca
agccagaggag
tagtccacca
tcctcacace
tgtgggaaca
tctggagace

aagatgaccc

agcttccagce
tggcattggyg
ccttgeagag
aagcagagcc
tggttaccgt
ttttgcaaaa
gggtctcaac
gcatttctac
gaagcgtgtce
cctcacactg
ctggtcagcc
tgtccatgce
ccaaagaacg
tgggccttte
gaacttccte
gatggtagga
ttattttacg
tggctggaat
cgtgeccggg
cacgagtetg
ggacagagtg
agaccacgag
acgggacaga
ageccggtgcee
cgatccacct
agcctcagag
ccagecggaca
gtggctgcag

acaataaatg

25 .

67

gacatttccyg
gacattggct
gacggegtga
gecctteckca
gttcttcagt
atactgaaag
tgtgagtcag
ggaatgectt
aacctggaac
gtagcaggga
cttteggceg
gattgetttce
acacccctta
ctectetttg
gggaagagtc
cggatccttg
tcggatcacg
ggaatttata
atcttcegcet
atggacgtgt
attgacggce
ttcetgatge
ggaacaatgt
tgctatggaa
ttgctctttyg
ccegtgttet
ctecageccag
ccctgetgtg
tctgecagtga

cckcecegace
gctatggcaa
agctgaccca
cgggcagata
ggaccggagce
agaaaggcta
ccagtgatca
tctecttgat
aaaaactcaa
agctcacaca
tcctectecet
tgatgagaaa
ttctgeagga
tttectttet
tccacgggct
acactttgga
gcggtteect
aaggtgggaa
ggcccggggt
tccecaccgt
aagaccttct
attattgtga
ggasagtcca
gaaaggtctg
acctctcaag
atcaggtgat
ttcctectgea
gcccgttece

aaagctgg

30

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
i858

His His Ser Cys Leu Cys Phe Arg Ser Trp Leu Pro
5 10 . 15
Val Leu Leu Sar Leu Ala Pro Ser Ala Ser Ser Asp

Arg Pro Asn Ile Leu Leu Leu Met Ala Asp Asp Leu
40 45
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Gly
Asn

65

Ser

Leu
Phe

Lys
145
His
Leu
Leu
Leu
Met
225

Ser

ély
Ile
308
Leu

Asp

Ile
1

Ile

Ala

Qly

Ala

Pro

Gln Trp

Ala
130

Trp

Pro

Met

Glu

Thr

210

Pxo

TYyr

Asn

Leu

Pro

290

Asn

Asp

His

Lys

Hisg

Gly

Gln

195

Leu

val

Phe

His

Ile

27S

Phe

Met

val

val

Gly
355

Asp

Ser

val

100

Ile

Leu

His

Asp

180

Lys

Val

Ile

Val

Thr

260

Leu

Leu

Glu

Glu

Qlu

340

Gly

Ile

Leu

Leu

85

Gly

Leu

Gly

His

165

Leu

Ala

Gly

245

Ile

Gln

Leu

aAsn

Glu

325

Gly

Sex

EP 2 325 302 B1

Gly

Ala
70

Cys

Sex

Ala

Lys

Leu

150

Gly

Ala

Asn

Gly

Sex

230

Ala

Thx

Glu

Phe

Phe

310

Met

Leu

Leu

Cys
55

Glu

Gly

Sex

Glu

i35

Phe

Arg

Phe

Lys

215

Ala

Leu

Glu

val

val

295

Leu

Agp

Ser

Glu

Tyx
Asp
Pro
Met
Gly
120
Lys

Cys

Glu

Leu
200
Leu
Leu
Ile
Gln
Ala
280

Ser

Gly

Asn

Asn
360

68

Gly

Gly

Ser

Val

105

Gly

Gly

Glu

His

Glu

185

Phe

Ser

Val

Pro

265

Ser

Phe

Lys

Met

Ser

345

Gln

Asn

Vval

Sar

Leu

Ser

Phe

170

Leu

Gln

His

Ala

His

250

Met

Phe

Leu

Sex

val

330

Thx

Leu

Asn

Lys

75

Ala

Sex

Pro

Thx

60

Leu

Ala

Ile

Thr

Thr

- 140

Ala

155

Sex

val

Leu

val

235

Ala

Cys

Leu

His

Lesu

315

Gly

Loeu

Gly

Serxr

Gly

Glu

Leu

Ile

220

Leu

Asp

Phe

Lys

val

300

His

Axg

Ile

Asn

Mat

Thr

Phe

Gly

Asn

135

Gly

Asp

Met

Lys

Ala

205

Pro

Leu

Cys

Oln

Axg

285

His

Gly

Ile

Tyr

365

Arg

Gln

Leu

Glu

Leu

Hig

Pro

Arg

190

Leu

val

Leu

Phe

Axrg

270

Asn

Xle

Leu

Leu

Phe

350

Gln

Thy

His

Thx

95

Thr

Ile

Phe

175

val

val

Ser

Ala

Leu

255

Lys

Pro

ABp
335

Thx

TYT

Pro

Ile

80

AQly

val

Thr

Gly

His

160

Serxr

Asn

Ala

Serx
240

Met

His

Leu

Gly

320

Thx

Ser

Gly
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<210> 24
<211> 19

Gly Trp
370

Gly
385

Gly

Gly

val

Qly

His
450

o
(=)
(V1]

Pro

Cys

Leu Phe

Ala Ser

530

val
545

Trp

Leu

Phe Pro

96

<212> DNA
<213> Homo sapiens

<400> 24

qggttctgct
aagctgcaca
gaacacatgg
ggttgatgac
tcacatcgac
cctectgcage

ggtttctagt

Asn

Ile

Arg

Gly

Arg

val

Val Arg

Gln

435

Glu

His

val

Pro

Asp

515

Glu

Glu

Gly

Leu

420

Asp

Phe

Gln

Phe

Cys

500

Leu

Pxo

His

Asn

Cys
580

EP 2 325 302 B1

Ile Tyx Lys
375

Pro Gly
390

val

Ile
405

Gly Glu

Leu Ala Gly

Leu Leu Pxro

Leu Met His
455

Arg Asp Arg
470

Gln Pro Glu

485

Phe Gly Glu

Sex Axg Asp

Val Phe Tyrx

5§35

Gln Axrg Thr

S50

Ile
565

Trp Axg

Trp Cys Leu

Gly

Ile

Pro

Gly

Leu

440

aly

Gly

Lys

Pro

520

Gln

Lou

Pro

Arg

Gly

Phe

Glu

425

Leu

Cys

Thx

Ala

val

505

Ser

val

Sex

Qlu
585

Lys

Arg

Sex

410

val

Leu

Glu

Met

Gly

490

Vval

Glu

Met

Pro

Leu

570

Asp

Gly

W
0
wn

Leu

Gly

His

Glu
val
555

Gln

Asp

Met

380

Mot

Gln

Thr

Phe

460

Lys

Cys

His

His

Axg

540

Pro

Pro

Pro

Gly

Qly

Asp

Asp

Ala

445

Leu

val

Asp

Ile

525

val

Leu

Cys

Gln

Gly

val

val

Axrg

430

Gln

His

His

Gly

Pro

510

Leu

Gln

Gln

Cys

Trp

Leu

Phe

41s

val

His

Ala

Phe

Arg

485

Pro

Thr

Gln

Leu

Gly
575

Glu

Pxo

400

Pxo

Ile

Ser

Ala

val
480

Lys

Leu

Pro

Ala

Asp

560

Pxo

cctagacatt
atgaggccca
ccagggcaca
ctgggtattyg
cgececttgeca
ccaagecggt

ggtaatagac

agagagataa tacggctgat
ggagaccgtt ggtcttcatg
cagggtgcat gacgacaagg
gagatctggg ctgctacggc
gggaaggegt gcgactgact
ccgegtbett gacgggaaga

gtgtcatcca aaatcttgcea

69

agacaacaag
tetttggtgt
cctaatattg
aatgacacca
cagcacatct
taccccatce

gtceccegcag

aaggtagtcc
gtgecactcett
tectaatcat
tgaggacgce
ctgeegecte
gatcaggtat

gcctcectet

60
120
180
240
300
360
420
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taatgagaca
caaatggcac
ttatgggttt
ccectetegt
tgccattgee
gctectgatce
ccacacgtce
gcccatgaag
aaggcacagt
ccccaccacg
agagatggac
caacaccctt
tgcccaactt
aggtggaate
gattaaggaa
aagtctccct
cgtcaggcac
gcggtggate
attcéagcca
acaggttacc
cacacccctg
cgcecctgaag
tcagggcagy
ggaagaggaa
ccagaggaag
cactaacttt

accattccag

acacttgcag
caaggcttga
gactactact
aacacggaat
atcctcacce
ttctccatga
cctttatact
gctgaacgag
aaggaaactt
gacgatttca
tccatggtgg
gtctacttta
ggtggatgga
cgcgteccag
cctacaagtt
caggacaggg
tcggageatg
cccaaggacg
ccagcttctg
taccacaacc
acacctgcca
gaacaccagg
acgtggctga
gtctctecage
cctttggtee
ggtgcetttca
attatt

EP 2 325 302 B1

ccttgctaaa
actgecgacte
atggcatgce
tagcctttga
taacctttgg
ttctgtttat
gggactgect
ctggatccat
tccttetett
ctggcaccag
gcaagattet
catcagatca
atggaatata
gaattgtcecg
taatggatat
tcattgacgg
aatttectttt
acagtgagtc
gtggctgceta
ccectetget
cagagcccct
aaaccatcgt
agccttgetg
ctcggggtcec
taacgagaag

agttggcaag

gaagcaagga
ccgaagtgac
gttcactcte
gagtcagcte
gaagctgagce
tttectettg
cctcatgcgg
tatggtgaag
ttectecettt
caagcatgge
tgatgctatc
cggagggcat
caaaggtgga
atggcctgga
tttaccaact
ccgagaccte
ccactactgt
agtttggaag
tgtcacctea
cttecgatcte
ctatgatttt
gectgtgace
tggagtgtte
taacgagaag
agataattac

gagtgcattt

tacagcacgg
cagtgccacc
gttgacaget
tggctetgtg
ggctgggtct
ggctatgctt
gggcacgaga
gaagcgattt
cttcacgtge
ttgtatgggg
gatgattttg
ttggaagcta
aaaggcatgg
aaggtaccag
gtcgcatcag
atgceccttge
ggctectace
gctcactatg
ttatgcagat
tccagggacce
gtgattaaaa
taccaactct
ccattttgte
agataattac
aatcaggcta

aatagtcaat

ggcttatagg
atccatataa
gctggcegga
tgcagctagt
ctgttcccetg
ggttctccag
tcacggagca
cctttttaga
acacacctet
ataatgtgga
gcctaaggaa
ggcgagggca
ggggctggga
ctggacggtt
tgtcaggagg
tgcagggcaa
tgcacgcegt
tgaccccggt
gtttcggaga
cctcagagte
aggtggccaa
cagaactgaa
tgtgtgacaa
aatcaggcta
ccaaaggaag

aaattcatct

<210> 25

<211> 591

<212> PRT

<213> Homo sapiens

<400> 25

Met Arg Pro Axg Arg Pro Leu

1 5

Leu Asn Thr Trp Pro Gly His
N 20

Ile Val Leu Ile Met Val Asp
35

Tyr Gly Asn Asp Thr Met Arg
50 55

val Phe Met Ser Leu Val Cys Ala Leu
io 15
Thr Gly Cys Met Thxr Thr Arg Pxo Asn
25 30

Asp Leu Gly Ile Gly Asp Leu Gly Cys
40 45

Thr Pro His Ile Asp Axg Leu Ala Arg
60

70

480
540
600
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

Leu

225

Gln

Ile

Sex

Gly

305

Sex

Asn

GQly

Gly

Ser

val

Gly

Gly

130

Asp

Tyr

Pro

val

Ser

210

Phe

Leu

Pro

Ser

Phe

290°

Met

Asn

Arg

Gly
370

Val

Arg

Ser

Leu

115

Tyxr

Sex

EP 2 325 302 B1

Arg Leu Thr QGln His
70

Sexr

Serxr

100

Pro

Ser

Axg

Pyr

Sex Arg

Gln
195
Gly

Ile

Met

Phe

275

Leu

Ser

val

Lys

Leu

Trp

Phe

Trp

Lys

260

Leu

His

Lys

Oly

Leu

340

Gly

Gly

Ala

85

Gly

Leu

Thr

Sex

Gly

165

Asn

val

val

Leu

Asp

245

Ala

Glu

vVal

His

Lys

325

val

His

Mot

Phe

Asn

Asn

Gly

Asp

150

Met

Thx

Ala

Ser

Leu

230

cys

Glu

Axg

His

Gly

310

Ile

TYX

Ala

Gly

Leu

Arg

Glu

Leu

135

Gln

Pro

Adlu

Ile

val

215

Gly

Leu

Arg

His

Thr

295

Leu

Leu

Phe

Gln

Gly
375

Thx

Arg

Thx

120

Ile

Cys

Phe

Leu

Ala

200

Pro

Leu

Ala

Sex

280

Prxo

Tyxr

Asp

Thr

Leu

360

Txp

71

Ile Ser

Gly Arxg
90

Val Ile
105

Thr Leu

Gly Lys

His His

Thr Leu
170

Ala Phe
185

Ile Leu

Tzp Leu

Met Axg
250

Gly Ser
265

Lys Glu

Leu Pro

Gly Asp

Ala Xle

330

Ser Asp
345

Gly Gly

Glu Gly

Ala

78

Gln

Ala

Trp

Pro

158

val

Glu

Leu

Phe

235

Gly

Ile

Thr

Asn

315

Asp

His

Trp

Gly

Ala

Pro

Asn

Ala

His
140

Tyr

Asp

Ser

Leu

Ile

220

Ser

His

Mst

Phe

Thr

300

val

ASp

Gly

Asn

Ile
380

Sex

Ile

Leu

Leu

125

Gln

Asn

Sex

Gln

Thr

205

Phe

Serxr

Glu

val

Leu

285

AsSp

Glu

Phe

Gly

Gly

365

Arg

Leu

Arg

Ala

110

Leu

Gly

Cys

Leu

190

Phe

Sex

His

Ile

Lys

270

Leu

Asp

Glu

Gly

His

350

Ile

val

Cys
Sexr

95

Val

Lys

Leu

Gly

Trp

17s

Trp

Gly

Met

Thr

Thr

258

Glu

Phe

Phe

Met

Leu

335

Leu

Pro

Sex

80

Gly

Pro

Lys

Asn

Phe

160

Pro

Leau

Lys

Ile

Sex

240

Glu

Ala

Phe

Thr

Asp

320

Arg

Glu

Lys

Gly
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EP 2 325 302 B1

Ile Val Arg Trp Pro Gly Lys Val Pro Ala Gly Axg Leu
385 390 395
Pro Thr Ser Leu Met Asp Ile Leu Pro Thr val Ala Ser
405 410
Gly Sex Lieu Pro Gln Asp Arg Val Ile Asp Gly Axg Asp
420 425
Leu Leu Gln Gly Asn Val Arg His Ser Glu His Glu rhe
435 440 445
Tyr Cys Gly Ser Tyr Leu His Ala val Arg Trp Ile Pro
450 455 460
Ser Gly Ser Val Trp Lys Ala His Tyr val Thr Pro val
465 470 47s
Pro Ala Ser Gly Gly Cys Tyx Val Thr Ser Leu Cys Axg
485 490
Glu Gln Val Thr Tyr His Asn Pro Pro Leu Leu Phe Asp
500 50S
Asp Pro Ser Glu Ser Thr Pro Leu Thr Pro Ala Thr Glu
515 . 520 525
Asp Phe Val Ile Lys Lys Val Ala Asn Ala Leu Lys Glu
530 535S 540
Thr Ile Val Pro Val Thr Tyr Gln Leu Ser Glu Leu Asn
545 550 555
Thr Trp Leu Lys Pro Cys Cys Gly Val Phe Pro Phe Cys
565 570,
Lys Glu Glu Glu Val Ser Gln Pro Arg Gly Pro Asn Glu
580 585
<210> 26
<211> 1578
<212> DNA
<213> Homo sapiens
<400> 26
atgggctgge tttttctaaa ggttttgttg gegggagtga gtttctecagg
cctettgtgg atttttgeat cagtgggaaa acaagaggac agaagccaaa
attttggccg atgacatggg gtggggtgac ctgggagcaa actgggcaga
actgccaacc ttgataagat ggcttcggag ggaatgaggt ttgtggattt
gcctecacct gctecacccte cegggettece ttgetcaccg goecggettgg
ggagtcacac gcaactttgc agtcacttct gtgggaggce tbkccgctcaa
ttggcagagg tgctgcagea ggegggttac gtcactggga taataggcaa
dggacaccacg gctettatca ccccaacttc cgtggttttg attactacpt
tatagccatg atatgggcetg tactgatact ccaggctaca accaccctec

72

Glu
400

Ile Lys

Sex
415

val Gly

Leu Met Pro

430

Leu Phe His

Lys Asp Asp

Gln Pro

480

Phe

Phe
495

Cys Gly

Leu Sex

510

Arg

Pro Leu

Hig Gln

Gln Gly

Leu Cys

578

Asp

Lys Arg

590

atttctttat
ctttgtgatt

aacaaaggac

ccaktgcagct
ccttcgecaat
cgagaccacc
atggcatctt
tggaatccca

ttgtccageg

60
120
180
240
300
360
420
480
540
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tgtccacagg
ctccctcttt
cagaagtatg
ttcctgetet
gcagcgcececac
ggccagatca
ggagacaatg
ggattttgge
caccgggtce
gccttgttaa
cctcaaggac
cctgggecaca
cagactgtcc
gatgggagca
gataccgcag
gaggtcagaa
gcagattaca

cgctgtcaag

<210> 27

<211> 525

<212> PRT

<213> Homo sapiens

<400> 27

Met Gly

Gly Phe

Gly Gln

Gly Asp

50

Asp
65

Ala Ser

Gly Leu

Qly Leu

Gly Tyr

130

gtgatggacc
atgaaaacct
ctgagaaagc
atgtggctct
ggggcagaag
aggacaaagt
gcecgtgggc
aaactcgtca
cagcactggc
gcgtgcectgga
ggcgcectttga
gggtgetgtt
gcctggageg
cggggcctga
aagctgtgcee
aggttcttgce
ctcaggacce

ccgeataa

Trp Leu

Leu Tyr

Lys Pxo

35

Leu Gly

Met Ala
Thr Cys

Asn
100

Axg

Pro
115

Leu

vVal

EP 2 325 302 B1

atcaaggaac
caacattgtg
aacccagttc
ggcccacatg
cctgtatggt
tgaccacaca
tcagaagtgt
agggggaagt
ttactggcecect
catttttcca
tggtgtggac
ccaccccaac
ttacaaggcc
gctgecagecat
cctagaaaga
agacgtcctce

ttcagtaact

Phe Leu Lys

Pro Leu Val

Asn Phe Val

Ala Asn Trp

55

Sexr Glu Gly
70

Sexr Pro Ser

85

Gly val Thr

Asn Glu Thr

Ile Ile

Gly
135

cttcaaagag actgttacac tgacgtggcc 600

gagcagccgg tgaacttgag cagecttgee 660

atccagcgtg caagcaccag cgggaggccce 720

cacgtgcect tacctgtgac tcagctacca 780

gcagggctct gggagatgga cagtctggtg 840

gtgaaggaaa acacattcct ctggtttaca 900

gagctagecgg gcagtgtggg tceccttcact 960

ccagccaagce agacgacctg ggaaggaggg 1020

ggcagagttc cagttaatgt caccagcact 1080

actgtggtag ccctggccca ggccagctta 1140

gtctccgagg tgctetttgg ccggtcacag 1200

agcggggcag ctggagagtt tggagccctg 1260

ttctacatta ccggtggage cagggegtgt 1320

aagtttccte tgattttcaa cctggaagac 1380

ggtggtgcgg agtaccagge tgtgctgcec 1440

caagacattg ccaacgacaa catctccage 1500

ccctgetgta atccctacca aattgectge 1560
1578

Val Leu Leu Ala Qly Val Ser Phe Ser

10 15
Asp Phe Cys Ile Ser Gly Lys Thr Arxg
25 30

Ile Ile Leu Ala Asp Asp Met Gly Trp

40 45

Ala Glu Thr Lys Asp Thr Ala Asn Leu

60
Met Arg Phe Val Asp Phe His Ala Ala
75 80
Arg Ala Ser Leu Leu Thx Gly Arg Leu
90 95
Arg Asn Phe Ala Val Thrx Ser Vval Gly
105 110

Thr Leu Ala Glu Val Leu Gln Gln Ala

120 125

Gly Lys Trp His ?:: Gly His His Gly

73
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Sex Tyr His

145

Pro

Ile
Glu

225

Phe

Leu

Pro
305

Gly

val

Phe

]

Phe

Ser

Cys

val

210

Lys

Leu

Gln

290

Trp

Phe

Glu

Pxro

Pro

370

Phe

Gly

Gly

His

Pxo

Cys

195

Glu

Ala

Leu

Leu

Glu

275

val

Ala

Gly

val

355

Thr

Asp

His

Ala

Gly
435

Pro

Asp

Ala

180

Tyr

Gln

Thr

Pro

260

Met

Lys

Gln

Gln

Gly

340

aAsn

val

Gly

Axg

Leu

420

Gly

Asn

Met
165

Cys

Thr

Pro

Gln

Val

245

Ala

Asp

Glu

Lys

Thr

325

His

val

val

val

val

405

Gln

Ala

EP 2 325 302 B1

Phe Arg Gly

150

Gly

Pro

Asp

val

Phe

230

Ala

Ala

Sex

Asn

Cys

310

Arg

Axg

Ala
Asp

390

Leu

Arg

Cys

Gln

val

Asn

215

Ile

Leu

Pro

Leu

295

Glu

Gln

Vval

Sex

Leu

375

Vval

Phe

Vval

Ala

Thr
Gly
Ala
200
Leu
Gln
Ala
Arg
Vval
280
Phe
Leu
Qly
Pro
Thr
360
Ala
Ser
His

Axg

Cys
440

74

Phe Asp

Asp Thr
170

Asp Gly
185

Leu Pro
Ser Serxr
Axrg Ala
His Met

aso

Gly Arg
265
Gly Gln

Leu Trp

Ala Gly

Tyx

155

Pro

Pro

Leu

Leu

Serxr

235

His

Ser

XIle

Phe

Ser

. 315

Gly Ser
330

Ala Leu
345

Ala Leu

Gln Ala

Glu val

Pro Asn
410

Leu Glu
425

Asp Gly

Pxo

Ala

Leu

Ser

Leu

3985

Sexr

Axg

Sex

TYX

Gly

Serx

TYT

Ala

220

Thr

val

Leu

Lys

Thr

300

val

Ala

Tyx

Sex

Leu

380

Phe

Gly

Phe

Tyx

Axg

GQlu

205

Gln

Ser

Asp
285
Qly

Gly

Lys

val

365

Pro

Gly

Ala

Lys

GQly
445

Gly
Asn
Asn
190
Asn
Lys
Gly
Leu
Gly
270
Lys
Asp
Pro
Gln
Pro
350
Leu
Gln
Axg
Ala
Ala

430

Pxo

Ile

His

175

Leu

Leu

TYr

Pro

255

Ala

val

Asn

Phe

Thr

335

Gly

Asp

Gly

Serxr

Gly

415

Phe

Glu

Pro
160
Pro
Gln
Asn
Ala
Pro
240
val
Gly
Asp
Gly
Thx
320
Arg
Ile
Arg
Gln

400

Glu

Leu
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Gln His Lys
450

EP 2 325 302 B1

Phe Pro Leu Ile Phe Asn Leu
455

Ala val Pro Leu Glu Arg Gly

465

Glu vVal Arxg

Asn Ile Sex

Cys Asn Pro
5185

Lys

Sex
500

Tyx

<210> 28

<211> 4669

<212> DNA

<213> Homo sapiens

<400> 28

cgcagaccgt
ctaggaaacc
tceceggetge
ggaggaggaa
cagagctitt
tcatctaaag
agaaaatctt
attattcaac
tcagttttge
tgtcctggge
aggacggata
tgatcaagat
acatgggggg
gtccteccatg
ctgctctteco
caacactgge
catecccecet
cactgtttgt
cacagactta
ccataggece
cccacagttt
tgcaccaaat
catggaattt
ttctgtggag
catttacacc

catgccatat

cgctaatgaa
ccaggcgcag
cggcgeteet
ggaagtcccg
tctctagaga
aagataaact
caaaggaccc
caggatacct
aacattggac
acagaattge
cagcaggaac
gtggagctgg
gccaccttca
ctcaccggga
ccctaegtgge
tacagaacag
gggtggcgag
cgcaatggca
atcactaacg
gttatgatgg
tctaaactgt
atggataaac
acaaacatte
aggctgtata
gccgaccatg

gactttgata

470

val Leu Ala
485

Ala Asp Tyr

Gln Ile Ala

tcttggggee
aggccaggag
cggaggtcag
ctgccacctt
agattttgaa
tggcaaatga
tatctgcagé
aattcaagaa
caaatacaat
tgggaagcct
gaaaaaacat
ggtcectgea
tcaatgccett
agtatgtgca
aggccatgca
ccttetttgg
aatggcttgg
tcaaagaaaa
agagcattaa
tgatcagcca
accccaatgce
actggattat
tacagcgcaa
acatgctegt
gttaccatat
ttcgtgtgee

Gly Ala Glu

Asp Val Leu
490

Thr Gln Asp
505

Cys Arg Cys
520

ggtgtcggge
cgagggcagc
ggcagatgag
atctctgete
ggeggetttt
catgcaggtt
tgttetgaat
ctccagaaat
gaagtattct
ctgttcgact
ccgacccaac
agtcatgaac
tgtgactaca
caatcacaat
tgagcctcgg
aaaatacctc
attaatcaag
gcatggattt
ttacttcaaa
cgetgegecece
ttcccaacac
gcagtacaca
aaggcteccag
ggagacgggg
tgggcagttt
ttteettatt

75

Glu Asp Asp
460

Tyr Gln Ala
475

Gln Asp Ile

Pro Ser Val

Gln Ala Ala
525

Thr Ala
Val Leu

Ala Asn
495

Thx Pro
510

Glu

Pro

480

Asp

Cya

cggggegget
gaggatcaga
gaacatgact
ctectgectcece
gtgctgacgg
cttcaaggca
acctctgaga
caggagacgg
tgctgtgctce
gtcagatcce
attattcttg
aaaacgagaa
cccatgtgct
gtctacacca
acttttgctg
aatgaatata
aattctcgcet
gattatgcaa
atgtctaaga
cacggcecccg
ataactccta
ggaccaatgc
actttgatgt
gagctggaga
ggactggtca

cgtggtccaa

tgatcggcaa
ggccaggcct
cteccecctte
tcecctgttce
ccacccacca
gaataattge
atagagattg
agacattttg
tggttttgge
cgaggttcag
tgcttaccga
agattatgga
gecegteacy
acaacgagaa
tatatcttaa
atggcagcta
tctataatta
aggactactt
gaatgtatce
aggactcage
gttataacta
tgeccatcca
cagtggatga
atacttacat
aggggaaatc

gtgtagaacc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
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aggatcaata
tgctgggete
aéaaaagcca
cctagtggaa
gtcaaatcac
gacagcctgt
tcgaattcac
cctctacgect
ccgtgeccage
aaagtacaag
aggtgaaata
aaacattgct
tggtggcaac
tgtccgagtg
actgtaccaa
agctctgcaa
gcctgaggaa

gcaagagaaa

‘caaactgcaa

acggcagagg
caaccactgg
taacaataac
tgagtttget
aaatacagtg
gctcagaage
aaataaagat
ttaatcagee
tgaatgaaaa
attacttgaa
aaacaaataa
ctgtgtcaat

aaacacctca

gtcccacaga
gacacaccte
ggtaacaggt
agaggcaaat
tégcccaaat
gaacaaccgg
aagtgtaaag
cgeggettcee
agaagccaaa
cccagatttg
tatgacataa
aagcgtcatg
aggggcagga
acacacaagt
tcggccagag
gataaaatta
tgtagctgca
ttaaagagcc
cttttecaagg
aagggggaag
cagacagccce
acctactggt
actggctttt
cacacggtag
tgtcaaggat
ggaggaaget
cegtetcact
catctatgag
ggatttagat
gactcaaact
ggagatggcce
tttgaccttg

taagtccaga gagtaaactt

ctgaacactg
ccgatttcag
ccattcacag
aagatcaact
tggccacecge

agaagaatca

gagaaaaacc
tggcgatgge
gcacccgaaa
atatecttect
agaacaccga

cgaaaaggag

EP 2 325 302 B1

tegttctceaa
ctgatgtgga
ttcgaacaaa
ttctacgtaa
atgaacgggt
ggcagaagtg
gacccagtga
atgacaaaga
gaaagagtca
tccatacteg
atctggaaga
atgaaggcca
tgckggcaga
gttttaktct
cgtggaagga
agaatttaag
gtaaacaaag
atcttcacce
agaacaaccg
agtgcagecet
cgttctggaa
gtttgcgtac
tggagtattt
aacgaggcat
ataagcagtg
atgacctaca
gcagacatca
tacagacaaa
agagtatttg
gctcaaagtg
tctgctgact
ccagctgacc
gaatggaata
gaaaaatgga
atgacagagc
gaacttcecec
gtgecattceg
agtaattecca

aagtcacagce

cattgacttg
cggcaagtct
caagaaggcc
gaaggaagaa
caaggaacta
gcaatgcatt
cctgctcaca
caaagagtgce
acggcaattc
gcagacacgt
agaagaagaa
caaggggcca
tagcagcaac
tcccaatgac
ccataaggca
agaagtgaga
ctattacaat
attcaaggag
taggaggaag
gcctaggecte
cctgggatct
agttaatgag
tgatatgaat
tttgaatcag
caacccaaga
cagaggacag
actggcaagg
actacagact
cactgctgaa
acgggttctt
cagatgaaga
ttcaaaccct
acgacattce
cggggcatga
tagagctcgg
agtatggtgg
atggaattte
gcatageggg

acctagaagg

76

geccccacga
gtcctcaaac
aaaatttggc
tccﬁgcaaga
tgccagecagg
gaggatacat
gtccggeaga
agttgtaggg
ttgagaaacc
tecttgtceg
ttgcaagtgt
agagatctce
gccgtgggee
tctatccatt
tacattgaca
ggacatctga
aaagagaaag
gctgeteagyg
aaggagagga
acttgcttea
ttctgtgcett
acgecataatt
acagatcctt
ctacacgtac
cctaagaatc
ttatgggatg
cctagaggag
tagtctggtg
gagtcactat
ggttgtctet
cccaaggcat
gcatttgaac
agaagttaat
agagactaat
gcceageccce
tectggaaag
agttcatcag
gaagatgttg

cagcacctce

tcctggatat
ttctggacce
gtgatacatt
atatccaaca
ccaggtacca
ctggcaagct
gcacgcggaa
agtctggtta
aggggactce
tcgaatttga
tgcaaccaag
aggcttccag
cacctaccac
gtgagagaga
aagagattga
agagaaggaa
gtgtaaaaaa
aagtagatag
aggagaagag
cgcatgacaa
gcacgagttc
ttcettttetg
atcagctcac
aactaatgga
ttgatgttgyg
gatgggaagg
ctacacagtg
gactggacta
gagcaaaata
gctgagcacg
aaggttggga
cgaccaacat
catttgaatt
catctggaaa
aggctgcage
gacatttttg
atgttcacca
accaaggtgy
tcttcactct

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
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
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<210> 29

cctctgatta
atttgtaaac
tgtgcagtag
taatttacta
tgattttttg
ggacataagt
ctaaaacttg
tttgattecat
gcactttgag
cttatcagtc
acacagtatg
tttacctcga

aaataaataa

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

<400> 29

Met

Leu

Leu

Lys

65

Phe

Gly

Sexr

Lys

Leu

Ile

val

Lys

Sex

Leu

gatgaaactg
taataaaggt
aagctagtga
tctgeccaaga
cttgtttgtt
atatacatgt
acacccctag
ttttaaccac
attaaaatge
tcactgttgg
gatcacatat
cttgctaaaa

ataagtaaat

Gly
20

Gln
35

aAsp

Thr

100

Pro
115

Asn

130

Asn
145

Gly

Glu

Leu

Ile

Ser Cys
S
Ser Leu
Gln Glu
Asp Gln
Lys Ile
Thr Pro
85
Vval His
Sex Trp
Asn Thr

Asn Gly

Lys Asn
165

EP 2 325 302 B1

ttaccttace
aatcacagcc
gcatgtgage
gtagaaagaa
tgttttgtac
tatccaatca
taaatcttte
tggaattttt
catgtctatt
ctgtcattgt
tgtttgacat
tcgattageca

gaaaaaaaaa

Cys Ala
Cys Ser
Arg Lys

val
55

Asp

Met
70

Glu
Met Cys
Asn His

Gln

Gly

-
&4
3!

Ser
150

g

Sex

ctaaacacag
accaacattc
aagcggtgtg
aggctgggga
taaaacagta
agatggctag
aacacacttc
caatgccgte
tgattagtct
gacaaagtca
taagcttttg
gaaaggecatg

aaaaaaaaaa

Leu Val

10

val
25

Thx

Asn Ile

40

Glu Leu

His Gly

Cys Pro

90

val
105

Asn

Met His

120

Arg Thr

Ile

Pro

Phe

Leu

Arg

Gly

Gly

Ser

Glu

Ala

Pro

Asn

tatttetttt
caagctaccce
cacacggaga
tatttgggtt
ttatcttttg
aatggtgect
cactgecetge
attttcagtt
tattttttta
aataaacccc
ccagaaaatg
gctaataatg

aaaaaaaaa

aAla val

Pro

sex

Asn

Leu

Ile

taactttttt
tgggtacctt
ctcatecgtta
ggcttggttt
aatatcgtag
ttctgagtgt
gtaatgaagt
agatgatttt
tttttacagy
caaggacgac
ttgcatgtgt
ttggtggtga

Gly Thr
15

Phe
30

Arg

Ile Leu

45

Ser
60

Ala Thr

75

Ser

Arg

Asn

Pro Arg

Leu Gln

Phe

Ser

Asn

vVal Met

Ile Asn

Met Leu

95

Glu Asn

110

Phe Ala

125

Phe
140

Phe

Gly
158

Txp

Tyr Thx

170

77

Gly

Axg

val Cys

Lys Tyr

Glu Trp

Axg
175

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

Glu

Gly

val

Asn

Ala

80

Cys

val

Leu

Leu

160

Asn
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Gly

Met

His

225

Lys

Glu

val

Glu

305

Ile

Asp

Sex

Leu

val

385

Lys

Asn

Glu
465

Asp

Ile

Leu

TYX

210

Gly

Ser

His

Phe

Asp

290

Leu

Aly

Ile

Ile

Asp

370

Leu

Lys

Phe

His

Lys

Ile

195

Prxo

Pro

Gln

Trp

Thr

275

Asp

Glu

Gln

Axg

Val

355

Ile

Lys

Lys

‘Leu

Leu
435

Tyr Gln

Asp

Leu

Thr

Leu

Glu

Lys

180 -

Thy

His

Glu

His

Ile

260

Asn

Ser

AsSn

Phe

val

340

Pro

Ala

Leu

Ala

Axg

420

Pro

Sex

Asn

Arg

Asp

Ile

245

Met

Ile

val

Gly

325

Pro

Gln

Gly

Leu

Lys

405

Lys

Lys

Ala

Gly

val
485

EP 2 325 302 B1

His Gly Phe Asp

Glu

Pro

ser

230

Gln

Leu

Glu

Sex

val

215

Ala

Pro

Gln

Axg
295

Tyr Ile

Leu

Fhe

Ile

Leu

Asp

350

Ile

Lys

Tyr

Cys

Lys

470

Axrg

val

Phe

val

Asp

375

Pro

Trp

Glu

Glu

Glu

455

Leu

Gln

Xle

200

Met

Pro

Serx

Arg

280

Leu

Ile

Lys

Ile

Leu

360

Qlu

Axg

Glu

440

Gln

Arg

Sexr

78

185

Asn

Met

Gln

Gly
265

Lys

Tyr

Gly

w
[
(V]

Asn
Pro
Lys
Asp
Ser
425
val
Pro

Ile

Thr

Tyx

Tyx

val

rhe

Asn

250

Pro

Axg

Asn

Thr

Lys

330

Gly

Ile

Pro

Pro

Thr

410

Ser

Lys

Gly

His

Arg
490

Ala

Phe

Ile

Sex

235

Tyx

Met

Leu

Met

Ala

315

Ser

Pro

Asp

Asp

Gly

395

Phe

Lys

Glu

Gln

Lysa

475

Asn

Lys

Lys

Sex

220

Lys

Ala

Leu

Gln

Leu

300

Asp

Met

Sex

Leu

val

380

Asn

Leu

Asn

Leu

Lys

460

Cys

Leu

Asp

Met

205

His

Leu

Pro

Pro

285

Val

His

Pro

val

Ala

365

Asp

Axg

Val

Ile

Cys

445

Txp

Lys

Tyr

190

Ser

Ala

Tyr

Asn

Ile

270

Leu

Glu

Gly

TYX

Glu

350

Pro

aly

Phe

Glu

Gln

430

Gln

Gln

Gly

Ala

Phe

Lys

Ala

Pro

Met

255

His

Mat

Asp
335

Pro

Lys

Arg

Arg

415

Gln

Gln

Cys

Pro

Axg
4385

Axg

Pro

Asn

240

Asp

Met

Ser

Gly

His

320

Phe

Gly

Ile

Ser

Thx

400

Gly

Ser

Ala

Ile

Ser

480

Gly
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Phe

Gly

Sexr

545

Glu

His

Gly

Pro

Serxr

625

Ile

Glu

val

Ala

705

Glu

His

Thx

785

Hiso

Sex

Thr

530

Leu

Glu

Asp

Asn

Thr

610

Ile

His

Lys

Glu

Lys

690

Ala

Axg

Glu

Trp

Ser

770

His

Asp

Axg

Pro

Serx

Glu

Glu

Arg

595

Thr

His

Lys

Gln

Arg

Cys

Gln

755

Ser

Asn

Lys

500

Ser

Lys

val

Glu

Gly

580

Gly

val

Cys

Asp

Gln

Glu

Leu

565

His

Glu

Ala Tyx

Leu

660

Ser

Gln

Glu

Lys

Ser

740

Thr

Asn

Phe

Arg

Cys

Glu

val

Lys

7325

Leu

Ala

Asn

Leu

Lys

Arg

Lys

Phe

550

Gln

Lys

Met

Val

Arg

630

Ile

Glu

Ser

Lys

Asp

710

Glu

Pxo

Pro

Asn

Phe
790

EP 2 325 302 B1

Glu

Lys

Pro

535

Glu

Vval

Gly

Leu

615

Glu

Asp

val

Lys

Leu

695

Ser

Axg

Qly

Phe

Thx

115

Cys

Cya Ser
505

Ser Gln
520

Axg Phe
Gly Glu
Leu Gln
Pxo
Ala Asp
600
His Lys
Leu Tyx
Lys Glu
Arg Gly
665

Gln Serx
680

Lys Sex
Lys Leu
Lya Glu
Leu Thxr

745

Asn

2§

3

Txp

Glu Phe

79

Cys Arg

Arg Gln

val His

Ile

&3
wn
[P

Pro Axg
570

Asp Leu

Sexr Ser

Cys Phe

Gln Ser
635

Ile Glu
650

His Leu

Tyr Tyr

His Leu

Gln Leu
715

Lys Axg
730

Cys Phe

Leu Gly

Cys Leu

Ala Thr
79S8

Glu

Phe

540

Asn

Gln

Asn

Ile

620

Ala

Ala

Lys

Asn

His

700

Phe

Arg

Sex

Arg
780

Gly

Serxr

Leu

525

Axg

Ile

Ile

Ala

Ala

60S

Leu

Axg

Leu

Arg

Lys

685

Pro

Lys

Gln

His

Phe

765

Phe

Gly
510
Gln
Asn
Ala
Sex
590
vVal
Pro
Ala
Gln
Axg
670
Glu
Phe
Qlu
Axg
Asp
750
Cys

val

Leu

Tyx

Asn

Thr

Leu

Lys

575

Sex

Gly

Asn

Asp

655

Lys

Lys

Lys

Asn

Lys

735

Asn

Ala

Asn

Glu

Axg
Gln
Arg
Glu
560
Arg‘
Gly
Pxo
Asp
Lys
640

Lys

Pro _

Gly

Glu

Asn

720

Gly

Asn

Cys

Glu

Tyr
800
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EP 2 325 302 B1

Phe Asp Met Asn Thr Asp Pro Tyr Gln Leu Thr Asn Thr Val His Thr
805 810 815

Val Glu Arg Gly Ile Leu Asn Gln Leu His Val Gln Leu Met Glu Leu
820 825 830

Arg Ser Cys Gln Gly Tyr Lys Gln Cys Asn Pro Arxg Fxo Lys Asn Leu
835 840 845

Asp Val Gly Asn Lys Asp Gly Gly Ser Tyr Asp Leu His Arg Gly Gln
850 855 860

Leu Txp Asp Gly Trp Glu Gly
86S 870

<210> 30

<211> 4279

<212> DNA

<213> Homo sapiens

<400> 30

gggecattte
ttctecgageg
cgceggecte
ggcagtcgag
attaacgtgt
ttggctcect
cgtttcecage
attagcgatg
cgcttcecte
gagggcgage
aacaaagcca
aaaaagaaga
ctgctgggtg
gaccgcagga
ctgggttcca
ttcatcaacg
ggcaagtacg
tggcaggcac
acagectttct
aaggagtggg
ggggtgaaag
aatgacagcg
atggtcatca
ctcttcccaa
aaacactgga

atgctccage

tggacaacag
cgcacaggca
tccaatggca
tgtttgcaga
cattacgagg
ccagctccta
caagtggacc
ccceetkggtt
cctegtttee
aggagcgaga
cagacgcaac
tgggcceccece
gaagctcggce
acatccgece
tgcaggtgat
ccttegtgac
tccacaacca
agcacgagag
tcgggaagta
tcggactcct
agaagcacgg
tgagcttctt
gccatgcage
acgcatctea
tcatgcgeta

ggaagcgett

ctgctatttt
gecteggtttg
aatgtgtgtg
ccggggcgag
ggagcgcccyg
gagaggagaa
tgatcgatgg
tgtgtgttac
agctcctggg
gtgtgtcgaa
ttgagactcc
gagcctegtg
cttectgtceg
caacatcatc
gaacaagace
cacacccatg
caacacctac
ccgecaccttt
tcttaatgaa
taaaaactce
ctccgactac
ccgecacgtcece
cccccacgge
gcacatcacg
cacggggcece

gcagacccte

cacttgagce
ccctgegatt
gctggaggeg
tcctgtgaaa
gccggggctg
gaagaaagcg
ccctcctgaa
gcacacacac
cgaatcccac
tctgcgagtg
cgcatcccaa
ctgtgettge
caccaccgce
ctggtgctga
cggcgcatca
tgctgcececet
accaacaatg
gccgtgtace
tacaacgget
cgcttttata
tccaaggatt
aagaagatgt
cctgaggatt
ccgagctaca
atgaagccea

atgtcggtgg

80

caagttaatt
gagctgeggg
agcgcgagge
gcagataaaa
tcgcactccce
gaaaagaggc
tttatcacga
gtgcacacaa
atctgtttca
aagagggacg
aagaagcace
tgtcegcaac
tgaaaggcag
cggacgacca
tggagcaggy
cacgcetccecte
agaactgctce
tcaatagcac
cctacgtgce
actacacgct
acctcacaga
acccgcacag
cagccccaca
actacgcgce
tccacatgga

acgactccat

tctcggggag
tcgeggeegg
tttcggcaaa
gaaaacattt
cgcggaacat
agattcacgt
tatttgattt
ggctctgget
actctcegcee
agggaaaaga
agatcagcaa
tgtgttctce
gtttcagagg
ggatgtggag
cggggcgcac
catecctcace
ctegeectee
tggctaccgg
acccggetgg
gtgtcggaac
cctcatcacce
gccagtecte
atattcacgc
caacccggac
attcaccaac

ggagacgatt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
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tacaacatgc
cacggttacce
gacatcaggg
cacatcgtec
cctgeggata
cggtttcact
aagctgctac
aagtaccagc
ctgggacaga
aagggcccca
gggcagggca
cgccggaaaa
cgctcagtgg
cagccccgaa
gatggtgggg
aaagtgacac
tacaagtccc
ctgcagaaca
gaagaatgtg
agaggctcca
ttgcgggage
gacacgtgca
gcgectttct
tggtgcatga
ttcectagagt
ctggacaggg
ggttacaage
agctatgage
tccaaatcac
ctccaaaaac
tccagcagac
acatgacaga
tgeccectget
caaaaagtca
agagagatkt
ggggaaaagc
taagaagcag
gagtcagtag

gaaactgect

tggttgagac
acatcggeca
tcecgttcta
tcaacattga
tggacgggaa
tgaaaaagaa
acaagagaga
gtgtgaagga
agtggcagtg
tgcggetgag
gcgaggectg
aactcttcaa
ccatcgaggt
acctcaccaa
acttcagtgg
atcggtgcta
tgcaggcctg
aaattaagaa
actgtcacaa
gtctgeatece
agaagcgcaa
gecatgecagg
ggacactggg
ggaccatcaa
actttgatct
atgtcctcaa
agtgtaaccc
aatacaggca
tgggacaact
atagaggcat
ctgtgctatt
ttctggagga
tttgctttag
ccactaacec
ccttggaaat
agtcctgttce
gacagaggca
cacaaaagag

tecattgtata

EP 2 325 302 B1

gggegagetg
gtttggectyg

cgtgaggggce

gacaacacgt
gtgaaaggga

cccaacgtgg

cetggececce accatcctgg

atccatcctc
gatgagggtc
caatgacaag
cctgtgtcag
tgtggaggac
cggcagcaga
cacctgtgac

gaagaagtac

aagctgctag
tggegggact
gtggacgecce
cgtgctgagt
gccacgggga
gcectcteca
agcggggact

aaggccagct

ggacggcagg gtgtaccacg

gcggcactgg ccaggggccec

cactggagge

cttcecgact

catcctagag aacgacacag

gaaagaccac
cctgagggaa
aatcagctac
tttcaggaayg
gaagaaactce
cctcacgtge
gectttcectgt
tgagactcac
caacacagac
ccagctacac
ceggactcga
gtttcagegt
gtgggaaggce
cacqtgactg
ggccaggagg
taaccagcag
attataccte
tcecccagaa
tteteccaag
taaatectct
acgtggagag
atgacattta

tatgtgacta

aagctgcaca
gtcegaggte
cacacccagc
ggcctgcaag
cgcaagctgc
ttcacccacyg
gcctgecacca
aatttectet
ccctaccage
gtacagctca
aacatggacc
cgaaagtgge
tgggaaggtt
cacaggcaat
cctgagaaag
gagcagagat
accagctgca
gctcacaaag
ggcgaaagte
tattcttttg
gctgaaaaca
cctagcatat

tttacatgta

81

acatcgtata
aatccatgcc
aagccggetg
acattgcagg
acacggagceg
cettcttggt
aggaggagaa
accagacgge
agctgaagct
acctcgtgee
acaagctcag
atgtccgeag
taggcctggg
ctgaggacca
actcagecge
tccagtgtga
tcgaccacga
acctgaagaa
acaaaggcecg
agaaggacaa
tcaagcgcecct
acaaccagca
gcgccaacaa
tctgtgaatt
tgatgaatgce
tggagctgag
tgggacttaa
cagaaatgaa
aagaaacaac
gaaaaaccat
caagcacgca
aacttcagga
caaaatgcat
gaaaacggag
attggaattt
gtttgtcaca
gtgcagagac
aaaccctggt

atcaacatgg

caccgccgac
atatgagttt
tctgaatccee
cctggacata
gcecggtgaat
ggagagagge
ctttctgcéc
gtgtgagcag
gcataagtge
caagtactac
cctggecgga
tcgetccate
tgatgccgece
agatgacaag
caaccccatt
cctggacctg
gattgaaacc
aaagcggeca
cctcaagcac
ggtgtggctg
gcagaacaac
ctggcagacg
taacacgtac
tgcaactgge
agtgaacaca
gagctgcaag
agatggagga
gagaccttct
agaggtggac
gtgggtgatt
ctetecagtea
agtccatttt
tttttcgtat
agagcgageg
ttaaatcata
aagaaggaac
gtttgacaat
tgcctctgaa
gaacttttag

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
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
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gggaacctaa
cagtgtaaaa
ctectagtat
aaatgaagtt
agtttaagta
gaacctttga

aaaaaaaaaa

taagaaatce
gaaaaaaaaa
ttctttgttq
gatgtatgte
ttgtcataca
cattttgtaa

aaaaaaaaa

EP 2 325 302 B1

caattttcag
aaaaattgtg
tgtcccagaa
ccaagttttg
gtgttcaaaa
aaggccattt

<210> 31
<211> 870
<212> PRT

<213> Homo sapiens

<400> 31

Met
Sex
Qly
val
Asn
65

Ala
Thr

Cys

Gly

Leu

Arg

Leu

50

Lys

Phe

Gly

Ser

Val Tyr

Leu

145

val

Asn

Thr

Lys

Asn

Gly

Gly

Asp

Met
210

Pro
Leu
Fhe
35

Thx
Thr
val
Lys
Ser
115
Leu
Glu
Leu

val

Leu
195

Tyr

Pro

Gly

20

Gln

Asp

Thr

Leu

Lys

180

Ile

Pro

Ser Leu
Qly Ser
Arg Asp
Asp Gln

Ile
70

Axg

Thr Pro

85

val His

S8exr

Ser

Asn Gly

150

Lys Asn

165

Glu Lys

Thr Asn

His aAxg

val

ser

Asp

55

Met

Mat

Asn

Gln

Gly

135

Sex

Sex

His

Asp

Pxo
215

gagtggtggt
gacatttctg
ctgatgtttt
atgaaactgt
ccccagcecaa

cttggggaaa

Leu
10

Leu Cys

éhe Leu
25

Ala

Arg Asn Ile

40

Val Glu Leu

Glu Gln Qly

Pro
20

Cys Cys

His Asn Thrx

105

Ala Gln His

120

Tyr Arg Thr

val Pro

Phe Tyr

170

Ser
185

Gly Asp

Ser Val Ser

200

Val Leu Met

82

gtcaataaac
ttcctgtcca
ttttttaagy
atttgtaaaa
tgaccagcag

aaaaaaaaaa

getetgtgge
gataccattt
tactgaaaag
aaaattttgt
ttggtatgaa

aaaaaaaaaa

3960
4020
4080
4140
4200
4260
4279

Leu

Sex

Axg

Gly

Qly

75

Ser

Tyx

Glu

Ala

Pro

15s

Asn

Phe

val

Ser

His

Pro

Ser

60

Ala

Ser
Phe

140

Gly

Sex

Phe

Ile
220

val
1S

Ala

Arg Leu

30

His

Asn Ile Ile

45

Met Gln Val

His Phe Ile

Ile
95

Ser Ser

Asn Glu

110

Asn

Arg Thx Phe

125

Phe Gly Lys

Trp Lys Glu

Thr Leu Cys

175

Lys Asp

190

Ser
205

Sexr His Ala

Phe

Lys

Leu

Met

Asn

80

Leu

Asn

Ala

Tyx

Trp

160

Axg

Leu

Lys

Ala
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Pro
225

Asn

Asp

His

Ala

Lys

Gly Pro

Ser Gln

His Txp

Met Glu Phe Thr

Ser

Gly

305

His

Phe

Gly

Ile

Ser

385

Leu

Gly

Glu

Ala

val

465

Tyr

Leu

Ala

Val

+290

Glu

Ile

Asp

Cys

Leu

370

Ile

Lys

Lys

Asn

Glu

450

Glu

Axg

Gly

Ser

Sex
530

275

Asp Asp

Leu Asp

Gly Gln

Ile Arg
340

Leu Asn
355

Asp Ile

Leu Lys

Lys Lys

Leu Leu
420

Phe Leu
435

Tyr Gln

Asp Ala

Leu Gly

Gln Gly
500

Leu Ala
515

Tyr Val

Glu

His

245

Ile

Asn

Ser

Asn

Phe

325

val

Pro

Ala

Leu

Met

405

His

Pxo

Thr

Gly
485

Sex

Gly

EP 2 325 302 B1

Asp Ser Ala

230

Ile

Met

Met

Met

Thx

310

Gly

Pro

His

Gly

Leu

390

Arg

Lys

Lys

Ala

Gly

470

Ser

Glu

Axrg

Sex

Thr

Arg

Leu

Glu

295

Leu

Phe

Ile

Leu

375

Asp

val

Arg

Ala

Axg

Axg
535

Pro

Tyr

Gln

280

Ile

val

val
360

Asp

Thr

Asp

Gln

440

Glu

Leu

Ala

Cys

Lys
520

83

Pro

Ser

Thr

265

Arg

Ile

val

Lya

val

345

Leu

Ile

Glu

Asn

425

Axg

Gln

Lys

Leu

Thr
505

Lys

Ile

Gln

Gly

Lys

TYX

TYX

Gly

330

Axg

Asn

Pro

Axg

Asp

410

Asp

Val

Leu

Leu

Sexr
490

Cys

Leu

Axg

Asn
315
Lys
Gly
Ile
Ala
Pro
395
Ser
Lys
Lys
Gly
His
475
Asp

Phe

Ser

Met
Leu
Met
300
Ala
Sex
Pro
Asp
Asp
380
val
Phe
Val
Asp
Gln
460
Lya
Leu
Ser

Lys

val
540

Lys

Gln

285

Leu

Asp

Met

Asn

Leu

365

Met

Asn

Leu

Leu

445

LyS

Cys

val

Qly

Lys

535

Ala

Leu

Pro

Pxo

270

Thx

val

His

val

350

Ala

Asp

Arg

val

Ala
430

Cys

Trp

Lys

Asp
510

Lys

Ile

Phe Pro
240

Asn Pro

258

Ile His

Leu Met

Glu Thr

Gly Tyr

w
W
(4]

Glu Ala

Pro Thr

Gly Lys

Phe His

400

Glu Arg
415

Gln Glu

Gln Arxg

Gln Cys

Gly Pro
480

Lys Tyx
495
Tyxr Lys

Tyr Lys

Glu Val
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Asp
545

Lys

625

Lys

Pro

Gly

Leu

Lys

708

Ser

ABn

Phe

Asn

785

Asp

Lys

Leu

EP 2 325 302 B1

Gly Axrg val Tyr His val
550

Leu Thr Lys Arg His Trp
565

Asp Gly Gly Asp Phe Ser
580

Ala Asn Pro Ile Lys Val
595

Thr Val Gln Cys Asp Leu
610 615

Asp His Lys Leu His Ile
630

Ile Lys Asn Leu Arg Glu
645

Glu Glu Cys Asp Cys His
660

Arxrg Leu Lys His Arg Gly
675

Gln Glu Lys Asp Lys vVal
690 698

Lys Leu Arg Lys Leu Leu
710

Met Pro Qly Leu Thr Cys
725

Ala Pro Phe Trp Thx Leu
740

Asn Asn Thr Tyr Trp Cys
755

Leu Phe Cys Glu Phe Ala
770 775

Thr Asp Pro Tyr Gln Leu
790

val Leu Asn Gln Leu His
8058

Gly Tyr Lys Gln Cys Asn
820

Lys Asp Gly Gly Sexr Tyr
835

Gl-y
Pro
Qly
Thx
600
Asp
Asp
val
Lys
Sexr
680
Lys
Phe
Gly
Mat
760
Met
Val

Pro

Glu
840

Leu
Gly
585
His
Leu
His
Arg
Xle
665
Ser

Leu

Arg

Pro
745
Arg
Gly
Asn

Gln

Gly Asp
555

Ala Pro
570

Gly Gly

Arg Cys

Tyr Lys

Glu Ile

635

Gly His
650

Sexr Tyr

Leu His

Leu Arxg

Leu Gln

715

His Asp
730
Phe Cys

Thr Ile

Phe Leu

Ala

Glu

Leu

Ser
620

Glu

Leu

Pro

Glu

700

Asn

Asn

Ala

Asn

Glu

780

Ala Val
795

Leu Met

810

Arg
825

Gln

Tyr Arxg

Asn

Glu

Asn

Gln

Ala

Asp

Pro

Ile

605

Leu

Lys

Thr

Phe

685

Gln

Asn

Gln

Cys

Glu
765

Tyxr

Thr

Leu

Met

Phe
845

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

Gln

Pxao

Asp

575

Tyr

Glu

Ala

Gln

Lys

655

His

Lys

Thr

His

Asp

Asp

Serxr

815

Leu

Arg

4
[+)]
o

Ser

Asn

Trp

Asn

640

Lys

Gly

Lys

Gln

Ala

Asn

Leu

Arg

800

Cys

Gly

Axg

Lys Trp Pro Glu Met Lys Arg Pro Ser Ser Lys Ser Leu Gly Gln Leu
855 860

B50

Trp Glu Gly Trp Glu Gly
865 870
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<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)

EP 2 325 302 B1

<223> Xaa can be any naturally occurring amino acid

<220>

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

<220>

<221> VARIANT
<222> (3)..(3)

<223> Any Amino Acid

<400> 32

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

<220>

Xaa Xaa Xaa Pro Ser Arg
1 5

<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 Arg Ala
1 5 10 15

Ala Leu Leu Thr Gly Arxrg Ser
20

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

<220>

<223> a variant of the ASA65-80 peptide, in which residues Cys69, Pro71 and Arg73, critical for FGly formation,
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EP 2 325 302 B1

were scrambled

<220>

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

<223> scrambled oligopeptide

<400> 34

Pro Val Ser Leu Pro Thr Arg Sexr Cys Ala Ala Leu Leu Thr i;;.y Arg
1 5 10

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

<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 Ala Ala Leu Leu Thrx g;.y Arg
1 5 10

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

<220>
<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> Atrtificial

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

<220>

<221> misc_feature

<222> (1)..(16)

<223> human FGE-specific forward PCR primer 1¢
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<400> 37
acatggcccg cgggac 16

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

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

<220>

<221> misc_feature

<222> (1)..(19)

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

<400> 38
cgactgctcc ttggactgg 19

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

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

<220>

<221> misc_feature

<222> (1)..(24)

<223> human 5’ -FGE-specific PCR primer containing EcoRI

<400> 39
ggaattcggg acaacatggce tgcg 24

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

<220>
<223> HA-specific primer

<220>

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

<223> HA-specific primer

<400> 40
cccaagctta tgcgtagtca ggcacatcat acggatagtc catggtggge agge

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

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

87
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<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> Atrtificial

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

<220>

<221> misc_feature

<222> (1)..(54)

<223> RGS-His6 - specific primer

<400> 42
cccaagctta gtgatggtga tggtgatgceg atcctctgtc catggtggge agge

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

<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

Ser Gln Asn Thr Pro Asp Ser Ser Ala Ser Asn Leu Qly Phe Axg
1 5 1 15

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

88
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Met Val Pro Ile Pro Ala Gly Val Phe Thr Met Gly Thr Asp Asp Pro
1 ] 10 15

Gln Ile Lys .
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<210> 45

<211> 906

<212> DNA

<213> Homo sapiens

<400> 45
atggcccgge atgggttacc gectgctgece ctgetgtege tectggtegg cgegtggete 60
aagctaggaa atggacaggc tactagcatg gtccaactgc agggtgggag attcctgatg ‘120
ggaacaaatt ctccagacag cagagatggt gaagggcctg tgcgggaggc gacagtgaaa 180
ccctttgceca tcgacatatt tcocctgtcacc aacaaagatt tcagggattt tgtcagggag 240
aaaaagtatc ggacagaagc tgagatgttt ggatggagct ttgtctttga ggactttgtc 300
tctgatgage tgagaaacaa agccacccag ccaatgaagt ctgtactctg gtggcttcca 360
gtggaaaagg cattttggag gcagcctgca ggtcctgget ctggcatccg agagagactg 4?0
gagcacccag tgttacacgt gagctggaat gacgccegtg cctactgtge ttggcgggga 480
aaacgactge ccacggagga agagtgggag tttgcegecc gagggggett gaagggtcaa 540
gtttacccat gggggaactg gttccageca aaccgcacca acctgtggeca gggaaagtte 600
cccaagggag acaaagctga ggatggettc catggagtet ccccagtgaa tgetttecce 660
gcccagaaca actacggget ctatgacctce ctggggaacg tgtgggagtg gacagcatca 720
ccgtaccagg ctgectgagea ggacatgege gtcctccggg gggcatectg gatcgacaca 780
gctgatgget ctgecaatca ccgggcccgg gtcaccaccé ggatgggcaa cactccagat 840
tcagcctcag acaacctcgg tttccgetgt getgcagacg caggccggec gcocaggggag 900
ctgtaa 906

<210> 46

<211> 301

<212> PRT

<213> Homo sapiens

<400> 46
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Met

Gly

Leu

Asp
65
Lys
Glu
Lys
Pro
Leu
145
Lys
Leu

Thr

Gly

Trp

<210> 47
<211> 927
<212> DNA

ala

Ala

Gln

Gly

50

Ile

Lys

Asp

Ser

Ala

130

His

Lys

Asn

Phe

Axg

Trp

Gly

35

Glu

Phe

Phe

val

115

Gly

val

Leu

Gly

Leu

195

His

210 °

Gly

Tyr

Ile

Leu
Gln

Asp

His

Leu

20

Gly

Gly

Pro

val

100

Leu

Pro

Sex

Pro

Gln

180

Gly

TYr

Ala

Thx
260

Gly

Lys

Pxo

val

Thx

85

Sexr

Trp

Gly

Trp

Thx

165

val

Gln

Val

Asp

Ala

245

Ala

EP 2 325 302 B1

Leu Pro Leu Leu Pro

Leu Gly
Phe Leu
val Axg
55
Thr Asn

70

Glu Ala
Asp Glu

Trp Leu

Ser Gly
135

Asn Asp
150

Glu Glu
Tyr Pro
Gly Lys
Sex Pro

215

Leu Leu
230

Glu Gln

Asp Gly

Arg Met Gly Asn Thr Pro

Cys Ala Ala Agp Ala Gly Arg Pro Pro Gly Glu Leu
9 300

290

<213> Mus musculus

275

295

Asn Gly
25

Met Gly
40

Qlu Ala

Lys Asp

Glu Met

Leu Axg

105

Pro Val
120

Ile Arg

Ala Arg

Glu Trp

Trp Gly

185

Phe Pro

200

Vval Asn

Gly Asn

Asp Met

Sexr Ala
265

Gln

Thr

rhe
Phe
90

Asn
Glu
Glu
Ala
Glu
170
Asn
Lys
Ala
val
Arg
250

Asn

Leu

‘Ala

Asn

Val

Gly

Lys

Lys

Arg

Leu

Thr

Ser

Lys

60

Asp

Trp

Ala

Ala

Leu
140

Tyx Cys

155

Phe

Qly

Phe

His

Ala

Phe

Asp

Pxo

220

Glu

Leu

Axg

Ser

Sex

Pro

4S

Pro

Phe

Sex

Thr

Phe

125

Glu

Ala

Ala

Gln

Lys

205

Ala

Axg

Ala

Leu

Met

30

Asp

Phe

val

Phe

Gln
110

TP

Trp

Arg

Pro

190

Ala

Gln

Thr

Gly

Axg
270

Leu

15

val

Ser

Ala

Arg

val

95

Pro

Axg

Pro

Gly

1175

Asn

Glu

Asn

Ala

Ala

255

val

Val

Gln

Arg

Ile

Glu
80

Phe

Met

Gln

val

Gly

160

Gly

Axg

Asp

Asn

Serxr

240

Ser

Asp Ser Ala Sex Asp Asn Leu Gly Phe

280

20

285
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<400> 47

atgecgctetg
aggctecctgt
ctgccaggtg
cctgeccecggg
gacttcaggg
agcttegtet
gectgttcact
tctggcatcee
gcttactgeg
cgagggggct
aacttatggc
tcaccagtga
gtgtgggagt
ggggcatcat
aggatgggaa
gcaggccgac

<210> 48

<211> 308

<212> PRT

<213> Mus musculus

<400> 48

Met Axg Ser
1
Val Leu Leu

Ala Gln Asp
35

Gly Thr Asp
s0

Val Thr vVal
65

Asp FPhe Arg

agttctggtt
cetgcceecag
gccggtttet
aagtgacagt
agtttgtcag
ttgaggattt
ggtggcagece
gagagaaact
catggcgggg
tgaagggtca
agggaaagtt
acgctttcce
ggacagcgtce
ggatcgacac
acactccaga

cgaaggagga

Glu Phe Txp Fhe Pro Ser
5

Leu Arg Leu Leu Ser

20

Pro Ala Met Val His
40
Ala Pro Asp Gly Axg
55
Lys Pxro Phe Ala Ile
70

Glu P?e val Axg Glu
8

EP 2 325 302 B1

ccccageatg
gcettcageta
gatggggaca
aaaacccttt
ggagaagaag
tgtctccecct
agtgccaaag
ggagettecce
gagacgettg
ggtttatceca
ccccaaaggt
cccacagaac
cacataccaa
cgcagacggce
ctcagcctca

cctgtga

Cys

ggttccettge
ggacatgcce
gacgctccag
gccatcgaca
taccagactg
gagctcagaa
gcattttgga
gtggtacacg
cccacagaag
tgggggaacc
gacaaagctg
aactacggac
cctgctggee
tctgetaatce

gacaacctgg

10

25

Leu

Asp

Agp

Lys

75

o1

tcecctecggt
aggatcctgce
atggcagaga
tatttccagt
aagccgaggce
agcaagaaaa
ggcagcctge
tgagctggaa
aggagtggga
ggttccagcc
aagatggttt
tgtatgacct
aggacatgcg
acagggctcg
gettecgetg

Met Gly Ser Leu Leu

Pro Axrg Leu Gln Leu

30

Pro Gly Gly Arg Phe
445 -
Gly Glu Gly Pro Ala
60

Ile Phe Pro Val Thr

gys Tyr Gln Thr Glu
0

gttgctgetg
catggtgcat
cggtgaaggg
caccaataaa
attcgggtag
tctgatgecceg
aggtceceggce
cgacgctggt
gtttgecagce
aaaccgcace
tcatggactg
catgggcaat
tgtcctccgg
ggtcaccacc

cgecteccagt

Pro Pro
15

Gly His

Leu Met

Arg Glu

Asn Lys

80

Ala Glu
95

60
120
180
240
300
360
420
480
540
600
660
720
780
840
soo0
927
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92

Ala Phe Gly Trp Sexr FPhe Val Phe Glu Asp Phe Val Ser Pro Glu Leu
100 105 110
Arg Lys Gln Glu Asn Leu Met Pro Ala Val His Trp Trp Gln Pro Val
115 120 125
Pro Lys Ala Phe Trp Arg Gln Pro Ala Gly Pro Gly Ser Gly Ile Arg
130 135 140 :
Glu Lys Leu Glu Leu Pro vVal Val His val Ser Trxp Asn Asp Ala Qly
145 150 155 160
Ala Tyr Cys Ala Trp Arg Gly Axrg Arg Leu Pro Thr Glu Glu Glu Trp
165 170 175
Glu Phe Ala Ala Arg Gly Gly Leu Lys Gly Gln Val Tyr Pro Trp Gly
180 185 190
Asn Arg Phe Gln Pro Asn Axg Thr Asn Leu Txp Gln Gly Lys Phe Pro,
195 200 205
Lys Gly Asp Lys Ala Glu Asp Gly Phe His Gly Leu Sar Pro Val Asn
210 215 220
Ala Phe Pro Pro Gln Asn Asn Tyxr Gly Leu Tyr Asp Leu Met Gly Asn
225 230 235 240
Val Trp Glu Trp Thr Ala Ser Thr Tyr Gln Pro Ala Gly Gln Asp Met
245 250 255
Arg val Leu Arg Gly Ala Ser Trp lle Asp Thr Ala Asp Gly Ser Ala
260 265 270
Asn Hias Arg Ala Arg Val Thr Thr Arg Met Gly Asn Thr Pro Asp Ser
275 280 285
Ala Ser Asp Asn Leu Gly Phe Arg Cys Ala Ser Ser Ala Gly Arg Pro
290 295 300
Lys Glu Asp Leu
305
<210> 49
<211> 855
<212> DNA
<213> Mus musculus
<400> 49
atggtcccca ttectgotgg agtattcaca atgggcactg atgatccteca gatcaggcag
gatggagaag ccecctgecag gagagtcact gttgatgget tttacatgga cgcecctatgaa
gtcagcaatg cggattttga gaagtttgtg aactcgactg gctatttgac agaggctgag
aagtttggag actctttcegt ctttgaagge atgttgagcg agcaagtgaa aacgcatatce
caccaggcag ttgcagetge tccatggtgg ttgectgtca agggagctaa ttggagacac
ccagagggte cggactccag tattctgcac aggtcaaatc atgcggtt:cl: ccatgtttcc
tggaacgatg ctgttgccta ctgcacatgg gcgggcaaga ggttgcctac tgaggcagag
tgggaataca gctgtagagg aggcctgcag aacaggcttt tcccctgggg caacaaactg

60
120
180
240
300

‘360

420
480
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<210> 50

cagcccaaag
ggecgaggatg
ttatacaaca
tctgttgagg
ggtggatcet
cagaacacac

cccaccgeag

<211> 284
<212> PRT
<213> Mus musculus

<400> 50

Met Val
1

Gln Ile

Gly Phe

Phe Val

S0

Ser Phe

(1

His Gln

Asn His

Thr Trp

130

Cys
145

Axg

Gln Pro

val

Serx

Ala Phe

Glu
210

gacagcatta
gcttccaagg
tagtggggaa
aaacgttcaa
acatgtgcca
cagatagctce

actga

Pro Ile Pxo
5

Gln
20

Arg Asp

Met Asp

Asn Ser Thx

val Phe Glu

Ala Ala

85

val

His Pro

100

Pro Val

115

Ala Gly Lys

Gly Gly Leu

Qln
165

Lys Gly

Thxr
180

Asn Gly

Pro Asn

195

Pro

Sex

Leu

EP 2 325 302 B1

tgccaacate tggcagggea
aactgcccece gttgatgect
tatgtgggag tggacctcag
cccaaagggt cccacttctg
taagtcctat tgctataggt

tgcatccaae ctgggattce

Ala Gly Val Phe

Pro
25

Gly Glu Ala Ala

Glu Val Ser

40

Ala

Leu Thx GQlu

Gly Met Leu Sex Glu

Ala Ala Pro Trp

80

Trp

Glu Gly Pro Asp Sex

105

Ser Asn

120

Hias val Trp

Leu Thr Glu

13§

Axg Pro

Gln Leu Phe

150

Asn Axg

Ile
170

His Ala Asn

Phe
185

Glu Asp Gly Gln

GQly Leu
200

Gly Tyx TYrx

Asp Trp Trp Thr Val

93

Met

Arg

Asn

Ala

Gln

75

Leu

Ser

Ala

Pxo

155

Gly

Asn

His

agtttcctgt
ttcctecccaa
actggtggac
ggaaagaccyg
accgetgtge

gatgtgcage

GQly

val

Ala Asp

45

Glu
60

Lys

Val Lys

Pro Val

Ile Leu

val
125

Glu
140

Trp Gly

Gln Gly

Thxr Ala

Ile Val

205

His
220

Sexr

gagcaacact
tggctatgge
tgttcaccat
agtqaagaag
agctcgaagce

cgaccacctg

Asp Pro

15

Thr val

30

Asp

Phe Glu Lys

Phe Gly Asp

His Ile

80

Thx

Lys Gly Ala

85

His
110

Arg Ser

Ala

Glu

Sex

Tyr

Leu
160

Asn Lys

Phe
175

Lys Pro

Pro Val

190

Asp

Gly Asn Val

Val Glu Glu

540
600
660
720
780
840
855
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Lys Asp Axrg Val Lys Lys

Thr he Asn Pro Lys Gly Pro Thr Ser Gly
23S 240

225 230

QGly Gly Sex Tyr Met Cys His Lys Ser Tyr Cys Tyr Arg Tyr Arg Cys
245 250 255

Ala Ala Arg Ser Gln Asn Thr Pro Asp Ser Ser Ala Ser Asn Leu Gly
270 -
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260 265
Phe Axg Cys Ala Ala Asp Hia Leu Pro Thr Ala Asp
275 280

<210> 51

<211> 1011

<212> DNA

<213> Drosophila melanogaster

<400> 51
atgacaacaa ttatattagt cctctttatt tggatagttt tattcaatga cgtatccagc 60
gactgtgget gcecaaaagct cgaccggaag gecccggata tgccgtcecat ttccggacaa 120
gtgtgccage aacgagcaca gggtgcacac agccactacc gggattacta tggcgaactg 180
gagccaaata ttgcggacat gtcactgctt ccgggaggca cggtttacat gggtactgac 240
aaaccgcact ttccggccga ccgecgaggct ccggaacgge aggtgaaget gaatgactte 300
tacatcgaca agtatgaggt ttccaacgaa gcctttgega agtttgttct gcacactaac 360
tacaccacgg aggctgagcg atatggcgac agtttitctgt ttaagagct':t: tttgagccea 420
ttggagcaga agaacctaga, ggacttccga gtggcgageg ctgtctggtg gtacaaagtg 480
gceggcgtga actggegaca tccaaatggce gtggacageg atatagacca cttaggccga 540
cacceggtag tgcacgtatc gtggegcegac gectgtggagt actgtaagtg ggccggcaag 600
cggttgccca gocgaggegga gtgggaggceg geottgcaggg geggcaagga gegcaaactg 660
tttcecctggg gcaacaaget gatgccaagg aatgaacatt ggctgaacat ctggecaggga 720
gactttcccg atggcaacct ggctgaagat gggtttgagt acaccagcce cgtggatgec 780
ttccgacaga atatttacga cctgcacaac atggtgggca acgtctggga gtggacggca 840
gatctgtaggg acgtaaatga cgttagcgat aatccaaatc gggtcaagaa gggeggttcet 900
tatctgtgte acaagtccta ctgctacagg tacaggtgeg cggecacgctc gcagaacaca 960
gaagacagtt cagccggtaa cctgggtttt cggtgcgeca agaatgegtg a 1011

<210> 52

<211> 336

<212> PRT

<213> Drosophila melanogaster

<400> 52

94
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Met Thx Thr XIle Ile Leu Val Leu Phe Ile Trp Ile Val Leu Phe Asn

1 5 10 15

Asp Val Ser Ser Asp Cys Gly Cys Gln Lys Leu Asp Arg Lys Ala Pro
20 25 30

Asp Met Pro Ser Ile Ser Gly Gln Val Cys Gln Gln Arg Ala Gln Gly
35 40 . 45 .

Ala His Ser His Tyr Arg Asp Tyr Tyr Gly Glu Leu Glu Prd Asn Ile

95
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aAla
65
Lys

Leu

Gly

Asn

145

Ala

His

Glu

Glu

Asn

225

ASp

Pro

Gly

Ser

Lys

305

Glu

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

S0

Asp

Pro

Asn

Lys

Asp

130

Leu

Gly

Leu

Ala

210

Lys

Phe

val

Asn

Asp

290

Ser

Asp

Met

His

Asp

Phe

115

Sex

Glu

val

Gly

Cys

195

Ala

Leu

Pro

Asp

val

275

Asn

Ser

<213> Anopheles gambiae

<400> 53

Sex

Phe

Phe

*100

val
Phe
Asp
Asn
180
Lys
Cys
Met
Asp
Ala
260
Trp

Pxo

Sex

Leu

Pro

8s

Leu

Leu

Phe

EP 2 325 302 B1

Leu

70

Ala

Ile

His

Phe

Axg
150

Trp Arg

Arg

Pro

Gly

245

Phe

Glu

Asn

Ala
325

Pro

Ala

Gly

230

Asn

Axg

Trp

Arg

55

Pro

Asp

Asp

Lys

135

Val

His

val

Gly

Gly

215

Asn

Leu

Gln

val
295

Gly

Axrg

Lys

Asn

120

Sex

Ala

Pro

val

Lys

200

Lys

Glu

Ala

Asn

Ala

280

Lys

Arg

Leu

Gly Thr Val
75

Glu

Ala
90

Tyr Glu

Tyr

Leu

Serxr

Asn

His

185

Axg

Glu

His

Glu

Ile

265

Asp

Lys

Cys

Gly

Leu

Ala

Gly

170

val

Leu

Arg

Asp

250

Leu

Gly

Ala

Phe
330

Pro

val

Ser

val

158

val

Ser

Pro

Lys

Leu

235

Gly

Asp

Trp

Qly

Ala

315

Axg

60

Tyx

Glu

Sexr

Glu

Pro
140

Trp

Asp

Trp

Ser

Leu

220

Asn

Phe

Leu

Asp

Sex

300

Arg

Cys

Met

Arg

Asn

Ala

125

Leu

Trp

Sex

Glu

205

Phe

Ile

Glu

His

val

285

Ser

Ala

Gly

Gln

Glu

110

Glu

Glu

Asp

Asp

190

Ala

Pro

Asn

270

Asn

Leu

Gln

Lys

Thr Asp

val

95

Ala

Axg

Gln

Lys

Ile

175

Ala

Glu

Trp

Gln

255

Met

Asp

Cys

Asn

Asn
335

80

Lys

Phe

Tyr

Lys

val

160

Asp

val

Trp

Gly

Gly

240

Ser

val

val

His

320

Ala

ccggagagcect tgetcgatct ggtggaacat tccaagcggt tcgaagacat gagecttatce

96

60
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<210> 54
<211> 29

ccaggaggtg
ccggeccggce
cagttcaagg
agcttcgtect
gtggcggegg
gatgtgtcac
gatgcggtcg
gcggectgcece
aaggagcagc
gatggctacg
aacatcgttg
atcgagegea
tgtcacgaat

agtteggegg

0

<212> PRT
<213> Anopheles gambiae

<400> 54

Pro

Met

Ile

AsSp

Phe

65

Ser

Glu

Ala

Arg

Glu

Ser

Phe

Phe

S0

val

Phe

Asp

Serx

Leu

aatatgtaat
ccgegacgat
cattcgtcga
tccagcaget
cgeccctggtg
gtgatataag
cgtactgege
ggggeggteg
acatgatgaa
agaccacctg
gcaacgtgtg
agccgggcag
cgtactgcta
gcaatctggg

Ser Leu

Ile
20

Leu

val
35

Lys

Tyr Leu

Asp Gln

Val pPhe

Phe Axg

100

Trp Gln

115

Asp His

130

'yr Cys

T
145

aAla

Ala

Ala Trp

Cys

Leu

Pro

Asp

asp

Thx

Gln

85

val

His

Pro

Lys

Gly

EP 2 325 302 B1

cggcacaaat
ccgcgacttt
ccagacggge
gctcagcgaa
gtacaaggta
cgaccgattg
ctggaaaggg
caagcagaag
catatggcag
cceggtgacg
ggagtggacg
cgaktccaccg
tcgetatcge
cttecggtge

Asp Leu
Gly Gly
Axrg Glu
Gln Tyx
Gly Tyx
70

Gln Leu
Ala Ala
Pro Glu
val val

135

Gly Lys
150

Gly Arg

gaacctatct
tacctcgace
tacgtcacgg
ccggtgegee
cgtggagect
gaccatcegg
aagegectgce
ctgttcecect
ggcgagttcce
tccttcegece
gcggatcttt
aatcgggtga

‘tgtgecggete

val Glu

10

Glu

Ser Pro

40

Glu val

val

Leu Ser

90

Ala Pro

105

Gly
120

Asp
His val
Leu

Arg

Lys Gln

97

His

val

Ala

Ser

Glu

Glu

Trp

val

Sex

Pxo

Lys

tcgtcaagga
agtacgaagt
aggcggaaaa
agcagtacga
cctggcagcea
tggtgcacgt
cgacggaage
ggggtaacaa
cggacagcaa
agaacccgtt
gggacgcgaa
aaaagggtgg

gatcgcagaa

Ser Lys
Ile

Arg Pxo

Gly Thr

Ala

tecgegaatca
ctccaacgca
gtttgbcgac
agatttccge
tcocggaaggt
gtcctggaac
ggaatgggaa
gctgatgecyg
tctgaaggag
cgagctgtac
ggatgcggce
ctcatacctg

caccgaggac

Glu
15

Phe

Asn Glu

30

Thx Ile

45

Ala
60

Asn

Ala Glu

75

Pro Val

Trp Tyx

Ser
12

Asn
140

Trp

Glu Al

155

Leu Phe

Gln

Lys

Lys

Asp

Phe Lys

Phe GQly

Gln Gln

85

val
110

Axrg

Ile Ser

S

Ala Val

a Glu Trp

Pro Trp Gly

Asp

Pro

Arg

RAla

Asp

80

Tyr

Gly

Asp

Ala

Qlu

160

Asn

120
180
240
300
360
420
480
540
600
660
720
780
840
870
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<210> 55

Lys

Pha

val

Leu

Pro

Thr

EP 2 325 302 B1

165

Pro Glu

180

Met Lys

Asp Ser Asn Leu

195

Ser Phe Arg Gln

210

Asn
225
Ile

Gly

Ala

<211> 945
<212> DNA
<213> Streptomyces coelicolor

<400> 55

<210> 56
<211> 31

gtggccgtag
cgctcgacce
ggggagggat
cacatecgacg
catgtgaceg
ccggacgecg
gcccactggce
gtecgtccacg
cccaccgagg
tagggegacg
ccgecacgtca
cccaacggec
ttetcgecca
gcggcacggg
cgggtcgeecg
tgcgccaacg

4

<212> PRT
<213> Streptomyces coelicolor

val

Glu

Serxr

Trp Glu Trp

230

Pro
245

Axrg Lys Gly

Leu His

260

Cys

Asn Thx

Gln

Lys

Asn

215

Ala

Sex

Glu

Glu

Sexr Gln

275

ccgececcgte
gcggacaggt
atcecggccga
agaccgecgt
acgccgaacyg
acgtcctegg
gccgeccega
tctectggaa
ccgaatggga
agctgacccce
acacggecga
acggectgtg
cctactacge
tgctgcgegg

ccegetecete

-acgcggacct

cceccgeggee
gegectgecg
cggcgagaca
caccaacgcc
ckteggctce
cagcgccgec
gggcgcccge
cgatgccace
gtacgccgcce
gggcggccgg
ggacgggcac
gaacaccgcg
cgaatcacce
cggectectace
caacaccccg

cacgtccgga

Asp Ser

170

His Met

185

Met

Glu Asp
200

Gly

Pro Phe Glu

Asp Leu

Trp

Pro
250

ASp Pro

Ser

N
(2]
wn

Sexr
280

gccgeggage
ggcggtgagt
cccgtgeaca
cggttcgecg
tcggecegtcet
ggcgececct
tccgacatceca
gectacgege
.CQCQQQQQQC
tggcgctgeca
ctgagcaccg
ggcaacgtgt
accgtcgace
ctgtgccacg
gactcctegt
tcagccgetg

98

Asn Ile Trp

Glu Thr
205

Leu Tyr Asn

220

Asp Ala Lys

235

Asn Axrg val

Tyx Arg Tyr

Ala Gly Asn

175

Gln Gly Glu
190

Thr Cys Pro
Ile vVal Gly

Asp Ala Ala
240

Lys Lys Gly
255

Arg Cys Ala
270

Leu Gly Phe

285

cggggcccge
tcgegatggg
cggtgcgeet
cecttegtcaa
teccacctggt
ggtggatcaa
ccggecggee
ggtgagcegg
tggccggeeg
acatctggca
caccggtcaa
gggaatggtg
cgcacggece
actecctactg
ccggcaacct

agtga

cgeeecgtecg
ggacgcectte
geggcecctte
ggcgaceggce
cgtegecgee
cgtgcgggge
gaaccatccecg
caagcgcctg
ccgctacgee
gggecegette
gtcctaccgg
ctccgactgg
cgggaccggyg
caaccgctac

cggattcege

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
245
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<400> 56

Met

Ala

Glu

Glu

His

val

Pro

Ala

Sexr

145

Pro

Cys

Gly

GQly

225

Phe

Pro

His

Thr

Ala

Ala

Phe

Ala

val

val

val

Ala

35

Pro

val

Thr

Ala

Trp Txp

Arg
130
Trp

Thr

Asn

His

210

Leu

Ser

Gly

Asp

Pro
290

Ser

Asn

Glu

Ile
195

Leu

Pro

Thr

Ser

275

Asp

EP 2 325 302 B1

Ala Ala Pro Ser Pro

Pro Arg Ser Thr Arg
20

Met Gly Asp Ala Fhe
a0

val His Thr Val Arg
55

Thr Asn Ala Arg Fhe
70

Asp Ala Glu Arg Phe
85

Ala Pro Asp Ala Asp
100

Ile Asn Val Arg Gly
120

Asp Ile Thr Gly Arg
135

Asp Ala Thr Ala Tyx
150

Ala Glu Trp Glu Tyr
165

Ala Trp Gly Asp Glu
180 )

Trp Gln Gly Axrg FPhe
200

Ser Thr Ala Pro Val
215

Asn Thr Ala Gly Asn
230

Thr Tyr Ala Glu

&5
[-3
w

Gly Ala Ala Arg Val
260

280

Ser Ser Ser Gly Asn
295

Ala

Gly

25

Qly

Leu

Ala

Gly

val

105

Ala

Pro

Ala

Leu

18s

Pro

Lys

val

Ser

Leu

265

Leu

Ala

10

Gln

Glu

Arg

Ala

Serx

90

Leu

His

Asn

Axg

Ala

170

Thr

His

Ser

Trp

Pro

250

val

Gly

Ala Asp Leu Thr Ser Gly Ser

305

929

310

Ala

val

Gly

Pxo

Phe

75

Ser

Gly

Trp

His

Trp

1S5S

Arg

Pro

val

Tyr

Qlu

235

Thr

Gly

Ala

Phe

Ala

Ala
AxXg

TyxT

Phe
60

val
Ala
Sexr
Arg
Pro
140
Ala
Gly
Gly
Asn
Arg
220
Trp
val
Gly

Ala

Axg
300

Ala

Glu

Leu

Bxo

45

His

Lys

val

Ala

Axg

125

val

aly

Gly

Gly

Thx

205

Pro

Cys

Asp

Pro

Pro

30

Ala

Ile

Ala

Phe

Ala

110

Pro

Val

Lys

Leu

Arg

190

Ala

Asn

Ser

Pro

Sex Tyx

Arg
285

Cys

Glu

Sex

Ala

Gly
15
Gly

Asp

Asp

His
9s
Gly

Glu

His

Ala
175
Glu
Gly
His
255
Leu
Ser

Asn

Pxo

aly

Gly

Glu

Gly

80

Leu

Ala

Gly

val

Leu

160

Gly

Axrg

AsSp

His

Txp

240

Gly

Cys

Asn

Asp
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<210> 57

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

<400> 57

gtggttcgce
tactgctecce
aatcccacca
gctttecaca
catgaggttc
ggacgattta
gtattctacg
cecctggtgge
ctggacggge
tgcacctggg
ggactgcagg
tgcaatatct
actgcaccgg
gtatgggaat
aacccgeggg
catgattcct
acctcgggga

<210> 58

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

<400> 58

atcgactggg
cgtcaagcge
ctccatgcaa
tgggcgatca
acctecgcecc
ttgaagccac
cagcgttcca
tggcggtcaa
ttgaggacca
ctggcggtcg
gecgeacgata
ggcagggggag
tgaagaccta
ggtgccagga
gaccggatac
actgcaacag

ataccggttt

EP 2 325 302 B1

ccaccggece
acaatggegt
cccggaacaa
tcacggggag
cttcggeatt
agggtatacg
agggcaacgc
gggtgcgaac
cccegtegtt
tctgcccace
tgcetggggg
cttccecatg
cacgcccaat
ckggtttgat
cggtgegege
ataccgggtg
ccggtgegtt

Met Val Axg

1

Ser Mst Ser

Thr Axg Asp
35

Glu Gln Sex
50

Gly Asp His

65

His Glu val

Asn Ala Glu

His

Asn

20

Leu

Arg

His

His

Phe

Axrg Leu Gly
5

Cys Cys Serxr
Ser Asp Pro
Asp Ala val

1]
Gly Glu Gly
70
Leu Ala Pro

85

Gly Arg Phe

tgcacactga
accactacce
tccegegatyg
gggtaccegg
aatgtcacca
acgacagcgg
gctgacattce
tggcagcgtce
cacgtttcct
gaagccgagt
gataaccteg
gagaacaccg
ggatacggtc
gcggagtact
cgggtgatge
gccgoecgea

ttcgatagte

Pro
10

His Arg

Pro Sex Ser

25

Val Asn Pro

40

Thr Leu Pro

Tyr Pro Ala

Ile
90

Phe Gly

Yle Glu Ala

100

ggattacgtc
gggatttate
ctgtgacact
cggacgggga
cggtcacgaa
aacgctacgg
ttcgccaggt
ccaacggcce
gggatgatgce
gggaatacgce
ccctagacgg
ccgeggatgg
tgtggcagat
actcccgtge
gcggaggcete
attcgaacac

cttga

catgagtaac
agatcctgte
gccgggtgga
ggggccagta
tgccgagtte
tgtctceggcet
tccecggegtyg
cggatcecacce
cgttgcctac
cgcccggggat
gaggtggaac
ttacctcacc
ggcagggaat
ttcctccate
gtatctctge

cccggattcee

Cys Thr Leu Arg Ile Thr
i5

Ala Gln Trp Arg Thr Thr
30

Thr Thxr Pro Cys Asn Prxo
45

Gly Gly Ala FPhe His Met
60

val

Asp Gly Glu Gly Pro
75 80

Asn Val Thx Thr Val Thx

9s

Thr Gly Tyr Thr Thr

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1005
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<210> 59
<211> 10

Ala Glu

Gln Arg

130

Ala
145

val
Leu Asp
Ala Val

Glu

Gly
210

Txp

Gln
325

Gly
Thr Ala
Met Ala

Ala Arg

290
Asn

Ser

17

<212> DNA
<213> Novosphingobium aromaticivorans

<400> 59

atggegeaac
cccaattgea
ggcactttca
aaggtagaca
gtggaggcea
ggcatgctcc

gtcgacatgg

100

Axg Tyr Gly

115

Ala Asp

Lys Gly

Gly Leu

Ile

Glu

EP 2 325 302 B1

val Ser

Ala

105

Val Phe

120°

Leu Arg

135

Asn
150

Asp His

165

Ala Tyx

Glu
195

Tyxr

Asn

Asgp

Gly Phe

Pro Val

Ala

Leu

Pro

Lys

Thr Trp

Ala Arg

Gln

Gln

Pro

Ala

Gly

Val Pro

Axrg Pro

Val Val
170

Gly Gly
185

Gly Leu

200

Ala Leu

215

Met Glu

230

TYyx

245

Asn
260

Gly

Ser
275

Arg
Arg Val

Arg

Gly

Vval

Ala

Met

Tyr Arg

aAsn Thr

Txp Glu

Ser Serx

Asp

Asn

Thx

Trp

Ile

Gly Arg
Thr Ala

Pro Asn
250

Cys Gln
265

Asn Pro

280

aly
295

Arg

val Ala

310

Gly Phe

325

cattccgatce
ggagcacgtc
ccatgggctce
gettetggat
cgggatacgt
cgggcatgga
cggatgegtce

gacggcggcc
gcgaatggte
ggaageccttc
cgatgaagcg
cactgtggce
ccgcgeggga
caactggtgg

Gly

Ala

Axg

Ser Tyr

Arg Asn

Cys Val
330

agtcgtacaa
gaacgccecg
tacccggagg
ccggtgacga
gagatcgage
tcgctggtgt

cactttacct

101

Gly
Asn

155

His

Gln

Txp

Ala

235

Qly

Asp

Arg

Leu

Ser

315

Phe

Ala Ala

val

140

Gly

val

Leu

Gly

Asn

220

Asp

Txp

Gly

Cys

300

Asn

aAsp

110

Phe Gln

125

Pro Trp Trp

Pro Gly Ser

Ser Asp

175

Txp

Thr Qlu
190

Pro

Ala
205

Arg

Cys Asn Ile

Gly Tyxr Leu

Gly Leu Txp

255

Phe Asp Ala
270

Pro Asp
285

His Asp Sexr

Thr Pro Asp

Sexr Pro

Gly

Leu

Thx
160
Ala
Ala
Txp
Thx
240
Gln

Glu

Gly

Sex
320

gtattgaacg ccatctcgaa

gcatgcgecet gatcgaaggce

aagcgecget tcgceogggtg

acgcacagtt cgecgcatte

cggateccaa ggactacecec

tccagaaaac agcagggecg

ttggcgcctg ctggaagcat

60
120
180
240
300
360
420
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ccacttggac
tatgeccgatg
ttcgaatatg
gcacctgaag
tgcetegatg
ctttacgaca
ctgactccge
aaggacagct
ggttcgcace

gaaatggttg

cgggeagtte
ccgaggecta
ctgcgecgegyg
gecggatgat
gctgggaacg
tgatcgggaa
aaaggaaatc
tcgaccegte
tgtgtgegge

ataccgcgac

EP 2 325 302 B1

catcgatggg
tgccaaatgg
cgggttggac
ggecaactac
gacatcgcce
cacgtgggag
ggcatgectge
gcaacccgca
caattactge

gacgcacatc

atcgaggacc
gcgggcaaqg
ggttcegaat
tggeaaggce
gtcecgcaact
tggacctgcg
gegatcagea
atgegecateg
cagcegctatce

ggcttcaggt

atccegtegt
atctgcegac
ttteectggag
tgtttcectt
tccegeecaa
attggtgggce
atcegcgegg
gccggaaggt
gccccgecage

gtgtggtgcg

tcacgtcgee
cgaagecgag
agacgaacte
cgccaaccag
cggctatggt
cgacaagecg
cggcaagcte
cataaaggge
acgccatcct

gecectga

<210> 60

<211> 338

<212> PRT

<213> Novosphingobium aramaticivorans

<400> 60

Met Ala Gln Pro Phe Arg Ser Thr Ala Ala Ser Arg Thxr Ser Ile

Leu Glu Pro Asn Cys Arg Ser Thx Ser Arg Met Val Glu

Arg His
20 25 30

Pro Gly Met Arg Leu Ile Glu Gly Gly Thxr Phe Thr Met Gly Serx
35 40 45

Ala Phe Tyr Pro Glu Glu Ala Pro Leu Arg Arg Val Lys Val Asp
50 55 60

Phe Trp Xle Asp Glu Ala Pro Val Thr Asn Ala Gln Phe Ala Ala
6S 70 75

Val Glu Ala Thr Gly Tyr Val Thr Val Ala Glu Ile Glu Pro Asgp
85 90 . 95

Leu Pro Gly Mst Asp Arg Ala Gly Ser

Lys Asp Tyr Pro-Gly Met
105 110

100

Thr Ala Gly Pro Val Agp Met Ala Asp Ala Ser

120

Val Phe Gln Lys
118

His
140

Phe Gly Ala Cys Trp Lys Pro Leu Gly

135

Trp Trp His Phe Thr

Pro Val Val His Val

Ile Asp Gly Ile Glu Asp Hia
158

150

Gly Ser Ser
145

Tyx Ala Asp Ala Glu Ala Tyr Ala Lys Trp Ala Gly Lys Asp Leu
165 170 175

Thr Glu Ala Glu Phe Glu Tyr Ala Ala Arg Gly Gly Leu Asp Gly
-180 | 185 190

Glu Phe Ser Trp Gly Asp Glu Leu Ala Pro Glu Gly Arg Met Met

102

1

Glu

Arg

Glu

Ser

Phe

80

Pro

Leu

Asn

Pro

Rla

160

Pro

Ser

Ala

480
540
600
660
720

780 °

840
900
960
017
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<210> 61

Tyx
210

Trp Glu

Leu

Ala Asp

Ser Asn

Ala
290

Cys Ala

305

Glu Met

Arg

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

<400> 61

atgggcccac
tgccgggaag
tttcgggatc
tcgtaccccg
tatccggagg
accgtcteca
gagaaacccg
tcgatgatgt
gtctatgtcc
gttgcagatc
gcaggcaagg
gccgccgaat
tggcaaggag
gtaggctcgt
tggacgaccg
aatccgegtyg

cctcgeaagg

19§

Trp Gln Gly

Axrg Thr Ser

EP 2 325 302 B1

Leu Phe
215

Pro Val

230

Asp Met Ile
245

Pro Leu
260

Lys
Pro Arg Gly

275

Met Arg Ile
Ala Asn

Val Asp

Gly Asn

Thr Pro

Gly Lys

Gly Arg
295

200

Pro Phe Ala

Axg Asn Phe

Thr Glu

250

Gln Lys

265

Leu
280

Lys Asp

Lys val Ile

Asn

Pro

235

Trp

Ser

Ser

Lys

Gln

220

Pro

Thr

Ala

Phe

Aly
300

205

Leu Asp Gly

Asn Gly

240

Gly Tyx

Cys Trp

Cys Ile

Pro Ser Gln

Asp
285

Gly Ser His Leu

Cys Gln Arg

310

Ala Thr Thr

His

Ile

. 325

Pxo

gaggtcgagg
ttctagecga
tttcgatgaa
gaatggtctg
aggcaccgge
accgecgactt
ccaatcccga
tcaggaagcc
geggegecaa
atccggtcgt
aacttcecac
acgtctgggg
actttceccta
tcccggecaa
actggtacca
gecggcecatkeg

tcaccaaggg

tcaaaaaccg
tagcgggtgg
cgcecctgee
gatcccegge
ccaccgggte
cgaacgctte
cgactatece
ggceggecct
ctggcgecat
gcatgtggce
cgaggccgag
caacgagett
ccggaatact
cgactacggt
ggaccacaag
cgaagcgagc

tggctceccat

330

catgaaaggce
geggetgatg
gaagtctteg
ggtaccttce
agggtcgacg
gttgcggcga
ggtgccttac
gtcgacct§g
ccacgcggge
tacgaggatg
tgggaattcg
“acgecggecg
gtcgacgacg
ctctacgaca
gcgategaca
tatgacaccce

ctgtgcgege

103

Pro
315

Gly

gacgcggtca
gagatgagca
agcgcgctgce
tgaggggctc
gettctggat
caggacatgt
ccgatctgect
gcaatcacta
cggcaagtac
tegtggccta
cggegcgagg
ggaagcacat
gttacgaata
tggecggcaa
gccegtgetyg
ggctacctga

cgaactactg

Ala Ala

Phe Arg Cys Val

Pro
320

Arg His

val

338

tgttcgacat
cgccgkgtea
agccgaacgg
agacaaccac
ggacaaattc
cactcttgee
ggcteccgtee
caattggtgg
aatcaagaag
tgccaactgg
cggcctegat
ggccaacatce
tacggcccca
tgtctggcaa
caccgcetgte
cgttaagatc

tcggcgctac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
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cggeccgegg cgcgaatgge gcaacccgtc gacactgcaa tctcccatct cggetttege

EP 2 325 302 B1

tgcatcgtge gaaggaaaat ggaattgaac gcgcagtaa

<210> 62
<211> 372
<212> PRT

<213> Mesorhizobium loti

<400> 62

Met

His

Pro

Met

65

Met

Ala

Axg
145
val

Thr

Ala

val
225

Tyr

Gly

val

Gly

Ala

S0

val

Pro

Asp

Pro

130

Lys

Tyr

Ile

val

Glu
210

Trp

Gln

Thr

Pro

Axrg

Asp

35

Glu

Trp

Glu

Lys

Gly

115

Gly

Pro

val

Lys

val

195

Trp

Gly

Gly

Ala

Arg Gly Axg Gly
5

His
20

Glu
Val
Ile
Glu
Phe
100
His

Ala

Ala

Lys
180
Ala
Glu
Asn

Asp

Pro

Cys

His

Pro

Ala

85

val

Leu

Gly

Gly

165

val

Tyr

Phe

Glu

Phe

245

Val

Axg

Ala

Glu

Gly

70

Pro

val

Thr

Pxo

Pro

150

Ala

Ala

Ala

Ala

Leu

230

Pxo

Gly

Glu

val

Arg

55

Gly

ala

Ser

Leu

Asp

135

Val

Asn

Asp

Asn

aAla

21S

Thx

Sexr

Gln

val

Ser

40

Ala

His

Lys

Leu

25

Phe

Ala

pPhe

Axrg

Asn Arg

Ala

120

Leu

Asp

Trp

His

Trp

200

Arg

Pro

Arg

Phe

104

Glu

Leu

Leu

Arg

Pxo

185

Ala

Gly

Ala

Asn

Pro

Pro

10

Ala

Arg

Ala

Leu

val

90

Lys

Ala

Gly

His

170

val

Gly

Gly

Gly

Thr

250

Ala

His

Asp

Asp

Glu

Met

75

Axg

Phe

Pro

Pro

aAsn

155

Pro

val

Lys

Leu

Lys

235

val

Asn

Glu

Ser

Leu

Axg

60

Gly

val

GQlu

Ala

Serxr

140

His

Arg

His

Glu

Asp

220

His

Asp

Asp

Axg Axg

Gly Txp

Ser Met

45

Ser Tyr

Ser Asp

Asp Gly

Axg Phe
110

Arg

15

Ala

Asn

Pro

Asn

Phe

95

val

1080
1119

Gly

Ala

Ala

Gly

His

80

Ala

Asn Pro Asp Asp

125

Ser Met

Tyr Asn

Gly Pro

Val Ala

180

Leu Pra

205

Ala Ala

Met Ala

Asp Gly

Tyr Gly

Met
Trp
Ala
175

Tyx

Glu
Asn
Tyx
2

Leu

Phe

Ser

Glu

Glu

Tyx

Ile

240

Glu

Tyx
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260

Ala
215

Asp Met

His Lys Ala

290

Gly His Arg
305

Pro Axg Lys

Cys Arg Arg Tyr Arg Prxo Ala Ala Arg Met
340

Ala Ile Ser

355

Leu Asn Ala
370

<210> 63

<211> 1251

<212> DNA

<213> Burkholderia fungorum

<400> 63

Gly

Ile

val

His

Gln

atgaagagtg
gcaacccaaa
atactgcceg
cacccgcaaa
ggeggccagt
cacaaggtca
cgeccgetteg
accctgaaag
ggtgcaatgg
tggcgctatg
ggtaaagatg
tgggecggca
gaacaggcca
gtctggcagg
ctcggtacaa
ggcaacgcct
gtaagcacca
cagggegtge
gaaatctatt
atgtcgcatc
cgccaggett

aaagagatceg
cgcgcgeegg
cctgtgtegg
tcegttttegyg
tcctcatggg
aggtgcacgg
tcgaagcgac
tecagttgee
tgttcgtegg
tgcctggcge
atcacccegt
agcgtetgcee
cgtatgegtg
gccageagee
gtccggtgag
ggcagtgggt
gcgecgatcga
ccgtcaacge
gcctgageta
tgggcttceg

cggcgaaage

EP 2 325 302 B1

Asn Val Trp Gln Trp
Asp Ser Pro Cys Cys
295

Glu Ala Ser Tyx Asp Thr

310

Thr Lys Gly Gly Serxr

325

Leu Gly Phe Arg Cys
’ 360

agagcccgea
tcgegtgege
cgcegeggte
cgacggcacg
cagcgacgec
cttctggatg
cggctacgte
gcceggeacg
caccagccgt
taactggcgt
ggttcaagtg
gaccgaagcc
gggcgatcag
gcagtcttte
tactttcecyg
tgccgactgg
caatccggtyg
geccaagegt
ccggeccage
gctggtgatg
tgccggegeg

265

280

Thr

Thr

Axg

His

Thx

300

Leu
315

330

345

aagtcgtcece
aaactaatgt
agttgggcecet
catggteccge
aaacaggcege
gaccgcecate
accacggccg
ccgegeccge
ccegtgecge
catccagceg
tcctacgaag
gaatgggaat
ttctcteeca
ccegttgtea
gccaacggct
tatcgcgegg
ggcccgageg
gtcacacgeg
gcgagacgeg
gacgaagaca

cctggaaccce

105

Ile Val

Ala Gln

Axg

gcktcgaacgg
tgtggggcge
tcacgecgea
teggcatgge
aaccgaacga
acgtgaccaa
agaagaaacc
ccgagagcege
tagacgacta
ggcctgagag
atgcgcagge
tcgccgcgqg
acggcaaaca
acccgaaage
acggccttte
atcagttcag
agtcgtggga
gcggttegtt
gcaccgatce
cctggaaaga

ctggcggcta

Asp Trp Tyr
285
Ala Val Asn Pro

Pro Asp Val

270

Gln

Arg

Lys

Leu Cys Ala Pro Asn

335

Pro Val Asp
350

Arg Lys Met

365

gtcggtcgeca
cctgctegte
‘cgcacceget
gtgggtgccc
acgcceccgeg
cgccgaatte
cgactgggag
gatggtageg
ttcgcagtgg
caacatcate
ttatgcgaaa
cggcggcecte
gatggccaac
gggtggcgeg
cgacatgacce
gcgtgaggeg
ccccgeagac
cctctgcaac
ctacaacagc
agceggtget

g

Asp

Gly

Ile
320

Tyr

Glu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1251
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<210> 64
<211> 416
<212> PRT

<213> Burkholderia fungorum

<400> 64

Mst
Gly
Met
Ala
val
65

Gly
Glu
His
Tyx
Gln

145

Gly

Ala
Gln
Arg
225
Glu

Gln

val

Lys

Ser

Leu

Val

50

Phe

Gly

Arg

His

val

130

Leu

Ala

Sex

Gly

val

210

Leu

Gln

Met

Asn

Ser

val

Txp

35

ser

Gly

Gln

Pro

val

115

Thr

Pxo

Mat

Gln

Pro

195

Ser

Pro

Ala

Ala

Pro

Glu

Ala

20

Gly

Txp

Asp

Phe

Ala

Ala

Ala

Ala

Gly

Leu

85

Hisg

100 -

Thr

Pro

val

Trp

Glu

Thr

Asn
260

Lys

Asn

Ala

Gly

Phe

165

Trp

Ser

Glu

Glu

val

Ala

EP 2 325 302 B1

Asp

Leu

Phe

Thr

70

Met

Lys

Ala

Glu

Thr

150

Vval

Axrg

Asn

Asp

Ala

230

ala

Txp

Gly

Axg

Gln

Leu

Thr

S5

His

Gly

val

Glu

Lys

135

Pro

Gly

Ile
Ala

215

Glu

Trp

Gln

Gly

Glu
Thr
val
40

Pro
Gly
Ser
Lys
Phe
120
Lys
Arg‘
Thr
Val
Ile

200

Gln

Prxo

Axg

25

Ile

His

Pxo

Asp

val

105

Axg

Pxo

Pro

Sex

Pro

185

aly

Ala

Trp Glu

Gly Asp

Gly Gln

Ala

106

265

Leu

Ala
10

Ala

Leu

Ala

Leu

Ala

90

His

Arg"

Asp
Pxo
Axrg
170
Gly

Lys

Phe
Glo
250

Gln

Gly

Lys
Gly

Pro

Gly
15

Gly
Phe
Trp
Glu
155
Pro
Ala
Asp
Ala
Ala
23S

Phe

Pro

Serx

ala

Ala

60

Met

Gln

Phe

val

Glu

140

Ser

Val

Asn

Asp

Lys

220

Ala

Ser

Gln

Ser

Ser

val

Cys

45

Hisg

Ala

Ala

Glu
125
Thr

Ala

Txp

His

205

Axg

Pxo

Ser

Pro

Axg
Arg
30

val

Pro

Gln

Met

110

Ala

Leu

Met

Leu

Arg

190

Pro

Ala

Gly

Asn

Phe

270

Val

Serx
15

Lys
Gly
Gln
val
Pro
95

Asp

Lys
val
Asp
His
val
oly
Gly
Gly

255

Gly

Asn

Leu

Ala

Ile

Pro

80

Asn

Arg

Gly

Vval

Ala

160

Asp

Pro

val

Lys

Leu

240

Lys

val

Thx
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<210> 65

Pro
290

Phe

Gln
308

Trp
val Ser
Asp Pro

Gly

Serxr
370

Pro

Gly pPhe

385

Axrg Gln

<211> 912
<212> DNA
<213> Sinorhizobium meliloti

<400> 65

atggtctggg
gecgceccgtge
cgccagtete
cgcgeccgaag
acacccccga
ggtgccaact
ccggtegtee
ctceccgaceyg
tcctggggeg
tttceggtcg
ccgccgaacyg
tactggtccg
cgcaatgecg
gtgctcaagy
gcgaggcacg
cgcgttcgat

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

275

Ala Asn Gly

val Ala Asp

Thr Ser Ala
325

Ala Asp
340

Gly Serxr
355

aAla Arg Axg

Arg Leu Val

Ala Ser
405

ttceceggage
atccggtaac
tcgaattcgt
actatccggg
agcgaccgcet
ggcggcacce
atgtcgetta
agaccgagtg
gegagettge
agaattctat
gectacggect
tgcgecacce
atgccgatge
gtggatcgca
cccaggaaat

aa

Gln Gly

Phe Leu

Ala Lys

EP 2 325 302 B1

280

TyT
295

Txp
310

Ile

Gly Leu
Tyxr Arg Ala
Asp Asn
Val P;o

Cys Asn

Ser

Pro
330

val
345

Glu

360

Gly
375

Met
390

gaccttcatg
cgtcgacgga
aaatgecgacg
cgeteccgeca
gcagggaacg
gctcgggege
cagcgacgca
ggagctggceg
gccgggegga
ggacgatggt
ctacgacatg
ggaagcggec
gagtatcgat
tctctgegeg

cgacacgacg

Thr Asp

Asp Glu

Ala Ala

Pxo

Asp

Gly
410

atggggtcga
ttctggatecg
gggcatgtga
tccaatctaa
gatatatcge
aagagcagca
aaggcctatg
gcccgeggceg
aatcacatgg
ttcgegegaa
atcggcaatg
gccaagecett
ccggeggega
ccgaactact

accagccatg

107

ASp Met

Asp Gln

315

Val Gly

Asn Ala

Ile Tyx

Tyr Asn

Thr Trp

395

Ala Pro

285

Thr Ala

300

Gly Asn

Ala
320

Phe Arg Axrg Glu

Ser Glu Ser Trp

33s

Pro

Pro Lys Arg Val Thr

350

Leu Ser
365

Cys Tyr Arg

Ser Met Sexr Hig Leu

380

Ala
400

Lys Glu Ala Gly

Thr Pro Gly Gly

415

Gly

acgaccatta cccggaggaa
atgtgacacc ggtaacgaac
ccttcgecgga aagaaagccg
gggceggttc gectcgtettce
agtggtggat attcacgctg
tcggagegat tctggatcat
ccgaatgggc cggcaaggac
gcctcgatgg ggctgaattt
ccaatacttg gcagggaagt
catcgccggt cagattttac
tgtgggagtg gaccacggat
gctgcattcc.gagcaatccc
gecgtgaaagt tccgegecegg
gceggcggta ccgecctgeg
teggtttecg atgtgtcagg

60
120
180
240
300
360
420
480
540
600
660
730
780
840
900
912
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<213> Sinorhizobium meliloti

<400> 66

<210> 67

Met Val

Tyr Pro

Ile Asp

Ala Thr

50

Tyr Pro

65

Thr Pro

Ile Phe

Ser Xle

130

Thr GQlu

145

Ser Trp

Trp Gln

Arg Thr

Asp Met

2190

Arg His

Arg Asn

val Pro

290

Trp

Glu

val

35

aQly

Gly

Pxo

Gly
115

Lys

Gly

Gly

Ser

195

Ile

Pro

Ala

Axg

Arg

275

Thr

val

Glu

20

His

Ala

Ala

Pro

val

Pro

Lys Arg

Leu

100

Ala

ala

Glu

Gly

Ser

180

Pro

Gly

Glu

Asp

Sexr

Gly

Ile

TYT

Leu

Qlu

165

Phe

val

Asn

Ala

Ala

245

val

Hisg

EP 2 325 302 B1

Gly
Pxo
Vval
Thr
Pro
70

Pro
Ala
Leu
Ala
Ala
150
Leu
Pro
Arg
Vval
Ala
230
Asp
Leu

Arg

val

Ala
val
Thr
Phe
55

Ser
Leu
Asn
Asp
Glu
135
Ala
ala
val
Phe
Trp
215
Ala
Ala
Lys

Pro

Gly
295

Thr

His

Asn

40

Ala

Asn

Gln

Txp

His
120

TP

Arg

Pro

Glu

TYX

200

Glu

Lys

Serx

Gly

Ala

280

Phe

Phe

Pro

25

Axg

Glu

Leu

Gly

Axg

105

Pro

Ala

Gly

Gly

Asn

185

Pro

Trp

Pro

Ile

Gly

265

Ala

Axg

108

Mat

10

val

Gln

Axg

Axg

His

val

Gly

Gly

Gly

170

Ser

Pro

Thx

Cys

Asp

250

Ser

Cys

Met

Phe

Lys

Ala

75

Asp

Pro

Val

Lys

Leu

155

Asn

Met

Asn

Cys

235

Pro

Hiag

His

Val

Gly

val

Leu

Pro

60

Gly

Ila

Leu

His

Asp

140

Asp

His

Asp

Gly

Asp

220

Ile

Ala

Leu

Ala

Arg
300

Sex

Asp

Glu

45

Ser

Sex

Qly

val

125

Leu

Gly

&4
o
w

3

Pro

Cys

Gln
285

Arg

Asn

Gly

30

Phe

Ala

Leu

Gln

Arg

110

Ala

Pxo

Ala

ala

Gly

190

Gly

Txp

Ser

Sex

Ala

270

Glu

val

Asp
15

Phe
val
Glu
val
Trp
95

Lys

Glu
Asn
175
Phe
Leu
Serx
Asn
val
255
Pro

Ile

Arg

His

Trp

Asn

Asp

Phe

80

Trp

Ser

Ser

Glu

Phe

160

Ala

Val

Pro

240

Lys

Asn

Asp
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<211> 1065
<212> DNA

<213> Microscilla sp.

<400> 67

atgaaataca
gaggacaaga
gttcccgaag
caggcttata
cttacagaag
attgcectgaga
aagcctcctg
gtttctctec
ccggagggte
tttg-aagatg
tgggaatggg
gtcgaacaag
gecctcgatg
ctatatgata
tatgaaagct
gaccctaggg
gacagctact

tttaatcata

<210> 68

<211> 354

<212> PRT

<213> Microscilla sp.

<400> 68

Met Lys
1

Thx Gly
Lys Ala
Pro Ala

S0

Asp Glu
65

Leu Thr

Gly Tyr’

tttttttagt
gagtggaaac
gaatggctta
aggatgaata
tgaccaatgce
aagatattga
attctgtget
aggattattc
caggtagtac
tccaagegta
ccgecatggg
catcegataa
gattcgaacg
tggctggcaa
ataagcaaaa
aaccgtatac
gtagtgggéa
cgggattcag

Tyx

Lys
20

Glu Ala

3s

Gly Gln

Pro

EP 2 325 302 B1

tecttttctta
tgatacttcc
tattcecegeg
tcecccgecat
ggagtttaag
ctgggaagag
tcaggcaégt
acagtggtag
gattgaggat
tgcggattgg
aggccaaaat
agcaaacttt
cacegecect
tgtgtgggaa
aggactgaca
tcctaagcat
tcgtgtttca
gtgtgtgaaa

Ile Phe Leu Val Leu
5
Tyr Glu Asp Lys Axg
Ser Asp Ile Lys
40

Tyr Met Met Gly
55

tgggecttga
agaccaaaag
ggccagtaca
aacgtgaagg
dggtttgtag
ttaaagtctc
tcactggttt
gaatggacta
cgtatggatce
gcecggtaage
gacgtgaaat
tggcagggga
gtacgctect
tggtgccagg
gaagacccca
gtgatcagag
cgtcgtatga
gatgtaaatg

Phe Leu

10

val Glu

25

Val Pro

Gly

Lys

val

TYYX

Glu

Val

Arg His Asn Val
70

Val Thr Asn Ala Glu

85

Thr
100

Ile Ala Glu Lys

Lys

Phe

Asp
105

109

Lys
90

Ile

cccgatgtac
ccgaagcgtc
tgatgggagg
tttcggettt
acgaaacggg
aggtgccaca
tcaagcagac
tcggagccaa
atccggtggt
gcctgectac
atccatgggag
attttccaca
tcccagegaa
ataagtatga
cgggttctga
ggggttettt
gttccagtag
gatag

Trp Ala Leu

Thr Asp Thr

Glu Gly Met
45

Ser asp Gln

60

Ser Ala, Pha

75

Arg Phe Val

Asp Txp Glu

cggaaagtat
agatataaaa
taaatcagac
ttatatggac
ctacgtgacc
gggtaccccg
agatgaaccc
ctggcgaaat
acacgtttce
tgaggcagaa
aaatgaatcg
tcaaaactat
tgggtacgge
tgtcaatget
gcactacaac
cctatgcaat

agattcaggt

Thr Arg Cys
15

S8er Arg Pro

30

Ala

Ala

Tyr

Tyxr Ile

Tyr Lys

Met Asp
80

Glu Thr
95

Asp

Glu
110

Leu Lys

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

1020
1065
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Ser

Ala

Asp

145

Pro

val

Lys

Gln

Sex

235

Ala

Gln

Leu

Pro
30S

<210> 69
<211> 876
<212> DNA

Gln

Gly

130

Glu

His

Asn

210

Asp

Leu

Gly

Asp

Thr

290

TYyr

Ser

Asp

Gly

val
115
Sexr

Sex

Gly

val

Leu

195

Asp

Lys

Asp

Lys
275

Glu

Sex

Pro

DLeu

Gln

Pro

Sex

180

Pro

val

Ala

Gly

Gly

260

Asp

Pro

Cys

Oly
340

EP 2 325 302 B1

Gln Gly

val Phe

Trp Txp
150

Gly Ser
165

Phe Glu

Thr Glu

Lys Tyx

Asn Phe
230

Phe Glu
245

Leu Tyr

Asp Val

Pxro Thr

Lys His
310

Ser Gly
325

Phe Asn

<213> Pseudomonas putida KT2440

<400> 69

Thr

Lys

135

Glu

Thr

Asp

Ala

Pro

215

Txp

Arg

Asn

Qly

295

Val

Tyx

His

Pro
120

Gln

Trp

Ile

val

Glu
200

Trp

Gln

Met

Ala

280

Sex

Ile

Arg

Thr

Lys
Thr
Thr
Glu
Gln
185
Trp
Gly
Gly
Ala
Ala

265

GQlu

Val

Gly
345

Pro

Asp

Ile

Asp

170

Ala

Glu

Asn

Asn

Prxo

250

Gly

Glu

His

Gly

Sex

330

Phe

atggtgcacg tgccgggcgg cgagttecage tttggtteaa

ggccecgecte accecgecaa ggtgtccgge ttctggattg

gcccagttcg cgegcocttegt caaggeccacg gggtatgtea

cgtgtcgagg acgaccetge cctgeccgac gegetgegga

110

Pro Asp

Glu Pro
140

Gly Ala
158

Arg Met
Tyx Ala
Trp Ala
Glu Ser

220

Phe Pro
235

val Arg
Asn Val
Ser Tyr
Tyr Asn

300

Gly ger
315

Arg Cys

Ser
125

val

Asn

val

Ser

His

Asp Trp

Ala

205

val

His

Sser

Trp

Lys

285

Asp

Phe

Mat

val

Met
Glu
Gln
Phe
Glu
270
qu
Pro
Leu

Ser

Lys
350

Leu

Leu

Axrg

Pxro

175

Ala

Gly

Gln

Asn

Pro
2SS

Trp

Lys

Arg

Cys

Ser

335

Asp

Gln

Gln

Asn

160

val

Gly

Gly

aAla

TYyT

240

Ala

Cys

Gly

Glu

Asn

320

Ser

val

gecegetttta cgacgaagaa

acgtgcatee ggtcaccaac

cccatgcega gegeggtacce

taccgggtge gatggtgttt

60
120
is0
240
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EP 2 325 302 B1

catcagggtyg cggacgtgct cggcccegge
cacccgcaag ggccgggeag cagectggee
gccetggaag atgcccaggce ctatgecege
cagctggaat acgccatgcg cggcggcctg
gagcagccca agggcaagct catggccaat
geggcgaagg atggttttac cggtacatceg
ggcctgtteg atgececggegyg caatgtcetgg
catgacgcac agcgcgacgc caagctcgac
gacceggecag accecggegt geccggtggeg
gcggaccget gcatgegeta ccgccecteg
acctcgcacg tgggtttcag aacgattcgg
<210> 70
<211> 291
<212> PRT
<213> Pseudomonas putida KT2440
<400> 70
Met Val His Val Pro Gly Gly
1 5
Tyr Asp GQlu Glu Gly Pro Pro
20
Ile Asp Val His Pro Val Thr
35
Ala Thr Gly Tyr Val Thx His
50 55
Asp Pro Ala Leu Pro Asp Ala
65 70
His Gln Gly Ala Agp Val Leu
8
Ala Asn Trp Arg His Pro Gln
100
Asp Asn His Pro val Val Gln
115
Ala Arg Trp Ala Gly Arg Glu
130 135
Ala Met Arg Gly Gly Leu Thr
145 150
Glu Gln Pro Lys Gly Lys Leu
165
Pro Tyr Arg Asn Ala Ala Lys
180

tggcagttcg
gggctggaca
tgggcaggcee
accgatgccg
acctggecagg
ceccgtgggtt
gagctgacte
ccctecaggec
gtaatcaaag
gcacgceagc

caatga

Glu Phe

10

His Pro

25

Asn Ala

40

Ala Glu

Leu Arg

Gly Pro

90

Pro
105

Gly

Ile Ala

120

Leu Pro

Asp Ala

Met Ala

Ser

Ala

Gln

Ile

Gly

Gly

Leu

Serx

Asp

Asn

tgccecggege
accatccggt
gegaactgee
acttcagctg
gtcagttccce
gcttccecgge
gcacgggcta
cggcectgag
gecggetegca
cgcagccggt

Phe
Lys Val
Phe Ala

Thr
60

Gly

Pro
75

Txp
Ser

Serxr

Glu Asp

Gly Ser Ser
Ser
Axg
+45

Axg
Gly Ala
Gln Phe

Leu

Ala

caactggcga
ggtgcagate
cagcgaggeg
gggtaccacc
ttatcgcaat
caacggcettt
tcggccaggce
tgacagcttce
cctgtgttecg
gttcatgacg

Arg
i5

Gly Phe
30

Phe Val

Val Glu

Met Val

vVal Pro

95

Ala
110

Gly

Gln Ala

125

Ala
140

Glu

Phe
155

Ser

Txp

170

Gly
185

Asp

111

Phe

Thr

Gln

Trp

Gln

Gly Thr

Leu Glu

Gly Thr

Gln
175

Gly

Ser
190

Phe

Txp

Lys

Asp

Phe
80

Gly

Leu

Tyx

Thx
160

Phe

Pro Vval

300
360
420
480
540
600
660
720
780
840
876
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<210> 71

Gly Cys

val Trp

210

Axg AsSp
225

Asp Pro

His Leu

Gln Pro

Ile Arg

290

<211> 780
<212> DNA
<213> Ralstonia metallidurans

<400> 71

<210> 72
<211> 25

atggtcgegg
tggegetggt
tccatcgaag
tacgccaagt
ggcggectgg
atggcgaatg
ggcggcegcegg
gacatgaccg
cgcgaagcca
ccgaccgaac
ctctgcaacg
tacaccagca

gttegecaage

9

<212> PRT
<213> Ralstonia metallidurans

<400> 72

Phe Pro Ala
19S5

Glu. Leu Thr

Ala Lys Leu Asp

Ala Asp Pro Gly

245

Cys Ser Ala
260

Gln Pro val
275

Gln

gegggatggt
ggcgettegt
gcaaggacaa
gggccggcaa
agcaggccac
tctggcaggg
ctggcaccag
gcaacgcctg
cggtggcgge
ctggcgtgcee
aggacttctg
tgtcgcacct

agccagecgt

EP 2 325 302 B1

Asn

Gly Phe

Gly Leu

200

Arg
215

230

Asp

Phe

Thr Gly Tyr Arg

Pro Serx

Val Pro

Axg Cys

Met Thr

Qly Pro

Pro Gly

Ala Leu

pPhe Asp Ala Gly Gly

205

220

235

val ala
250

265

Thr Ser

280

gttcgtegge
acctggegeg
tcatcecgte
gcgtetgece
ctacgcectgg
ccagcaggtg
tgctgtegge
gcagtgggtg
agtgctgcag
gatgtcggeg
cctcagctac
éggcttccgg
ggcaatggec

accaacagec
gactggegte
gtgcaggtct
accgaggceg
ggtgacaagt
cagecgttce
acgttcecgg
gccgactggt
aatccgaceg
cccaageggg
cgcecgagtg
ctcgtgatgg
gcgggcgagc

112

val Ile

Met Arg Tyr Arg

His val

Pro

Gly
285

cggtgeeget
accecgacegg
cgtatgaaga
agtgggagtt
tcgecgecgga
cggtggtcag
gcaatggcta
atcgegcgga
geceggecga
tcacgegegyg
cccggcgegg
atgacgcecg

agcagaacgt

His Asp Ala

Ser Asp Ser

Lys Gly Gly

Asn

Gln

Phe
240

Ser
255

Ser Ala

270

Axg

Phe Arg Thr

gecgegaatac
cccgggcagt
cgcgcaggceyg
tgccgccegt
tggccggeag
cgccaaggcg
tgggctctat
ccagttccecge
ttcgtgggac
tggetcgtte
taccgacccg
ttgggcagaa

gcagaaataa

60
120
180
240
300
360
420
480
540
600
660
720
780
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Met Val
1
Leu Arg

Arg His

Pro

Ala
65

Gly

Phe
val

Asn
14§

Ser

Sex
225

val

val

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

Ala

Glu

Pxo

val

50

Gly

Gly

Gly

Pro

Gly

130

Ala

Glu

Ser

val

210

His

Axg

Gln

Qly
TYC

20

Thr

3s

val

Lys

Leu

Axg

Val

115

Thr

Ala

195

Axg

Leu

Lys

Lys

Qly

Txp

Gly

Gln

Arg

Glu

Gln

100

val

Phe

Gln

Asp

180

Pro

Qly

Gln

<213> Prochlorococcus marinus

<400> 73

EP 2 325 302 B1

Met Val Phe Val Gly Thxr Asn
10
Arg Trp Trp Arg Phe Val Pro
. T 28

Pro Gly Ser Ser Ile Glu Gly

val Ser

Leu Pro
70

Gln Ala
85

Met Ala
Ser Ala
Pro Gly

Trp Val
150

val ala
165

Pro Thr
Gly Gly
Ser Ala
Phe Arg

230

Prxo Ala
245

Tyx
58

Thx
Thx
Asn
Lys
Asn
135
Ala
Ala

Glu

Sexr

o
[y
"

vVal

40

Glu

Glu

val

Ala

120

Gly

Asp

val

Pro

Phe

200

Arg

val

Ala

113

Asp

Ala

TCp
105

Gly

Txp
Leu
Gly
185
Leu
Gly

Met

Met

aAla Gln

Glu Txp
75

Trp Gly
90

Gln Qly
Gly Ala
Gly Leu

Tyx Arg
155

Gln Asn
170

Val Pro
Cys Asn
Thr Asp
Asp ASp

235

Ala Ala
250

Ser Pro Val Pro

Gly

Lys

Ala
60

Glu

Gln

Ala

3
S
[

val

Glu

Pro

220

Ala

Gly

Ala
30

Asp

45

Phe

Lys

Gln

Qly

125

Asp

Thr

Ser

Asp

205

Arg

Gly

15

ASp Trp

Asn His

Ala Lys

Ala Ala

Phe Ala
95

val Gln
110

Thr Ser

Met Thr

Gln pPhe

Gly Pro

175

Ala Pro

190

Phe Cys

Thr Ser

Trp Ala

Gln Gln
255

Trp

Axg

80

Pro

Pxo

Ala

Gly

Axg

160

Ala

Lys

Leu

Mekt

Glu

240

Asn
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gtgaccacat
tgtgatcgect
gaagtgcagc
gctttcgtta
tatcccgate
gcaacggtgg

cgtcatcecce

gtcgectatg
gaagagtggg
gaactcacte
aacgaggagc
tatggactct
gcgtcaggcece
tactgcgtac
cacatgggct

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

ctttgccagt
gctatecgga
ttgactcatt
gcgecacgca
tagegeecga
atcgcagcaa

aaggacccga

ccgacgccat
aagtagccge
ccaataaccg
tagacggcetg
tggatgtttg
accaggaacg
gttatcgacc
ttegectgtge

<213> Prochlorococcus marinus

<400> 74

EP 2 325 302 B1

agagatggta accatcecceg cagggctcta

tggttcagtt
ccagatcgac
gcatctcaca
ggaacgecatc
acccttgage

aagcacgate

cgectatgece
ccgegggggt
ctggatggcg
gttctggacce
cggcaatgtg
gcgaactate
ctctgcacta

aaaaggaggg

cgctgctate
gtagggccag
gtetecggage
cctgaatcag
tggtggaccce
gatggccttg

cattgggctg
cttgtcgatg
aacatctggc
tcogeecgttg
tgggaatgga
aaaggcggat
caaggccaga

ccttga

114

cggaggaaac
tcaccaatge
taccacctga
ttgtettteca
tcatggctgg

atgatcacce

gcaagcgtcet
cccaatacge
aaggtccttt
gcagetttec
ccaactctgt
cgtttetetg

cagtagacac

tecgagttgge
acccgegega
ccagttccga
tccaacgcetce
accgcecteea
ggctgattgg
tgtcgtgecat

ccecctetgct
ctgggggaat
cccttggcac
tgccaacgge
ttatccegtg
cgcagataat

tgccacctge

60
120
180
240
300
360
420

480
540
600
660
720
780
840
876
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Mat Thr Thr
1
Tyr Arg Val

Tyr Pro Glu
35

Ile Asp Val
50

Ala Thr Gln
65

Tyr Pro AsSp
Gln Pro Pro

Thr Leu Met
115

Thr Ile Asp
130

Asp Ala Ile
145

Glu Glu Trp
Ala Trp Gly

Trp Gln Gly
195

Trp Thr Ser

210

Asp Val Cys
225

EP 2 325 302 B1

Sex Leu Pro

Gly Cys Asp
20

Glu Thr Pro

Gly Pro Val
]

His Leu Thr

Leu Ala Pro
85

Pro Ala Thr
100

Ala Gly Ala

Gly Leu Asp

Ala Tyr Ala
150

Glu val Ala
165

Asn Glu Leu
180

Pro Phe Pro

Pro Val Gly

Gly Asn Val Trp Glu Trp Thr
230

val

Axrg

Ala

Thr

55

val

Glu

val

Asp

Asp

135

His

Ala

Sex

215

Glu Met

Cys Tyx
25

Arxg Glu
40

Asn Ala

Sexr Glu

Glu Arg

Asp

Trp Arg

120

His Pro

Arg Gly

Pro Asn
185

His Asn
200

Phe Pro

val

10

Pro

Val

Gln

Leu

Ile

90

Serx

His

Thx

ASp

Gln

Phe

Pro

75

Pxo

Lys

Pro

val val

Gly Lys

155

Gly Leu

170

Asn Axg

Glu Qlu

Ala Asn

Asn
235

Ala Ser Gly His Gln Glu Arg Arg Thr Ile Lys

Cys Ala Asp

Gln Thr val
275

Gly Gly Pro
290

<210> 75
<211> 1017
<212> DNA

245

250

Asn Tyr Cys Val Axg Tyxr Axg Pro

260

Asp Thr Ala Thr Cys His Met Gly
280

<213> Caulobacter crescentus CB15

265

115

Ile

Gly

Leu

Axrg

60

Pxo

Qlu

Pxo

Gln

His

140

Arg

val

Trp

Leu

Gly

220

Pro

Ser

Asp

45

Ala

Asp

Ser

Leu

Gly

125

val

Leu

Asp

Met

Asp

20S

Tyx

Ser Val

ala

Val

30

Sex

Phe

Pro

val

‘ser

110

Pro
Ala
Pro
Ala
Ala
190
Giy

Gly

Tyr

Gly Gly Ser

Sexr Ala

Phe Arg

285

Leu
270

Cys

Gly Leu
15

Arg Cys

Phe Gln

Val Ser

Thxr Leu
80

val Phe
95

Trp Txp

Qlu Ser

Tyxr Ala

Ser Ala
160

Gln Tyrxr
175

Asn Ile

Trp Phe

Leu Leu

Pro Val
240

Phe Leu
255

Gln Gly

Ala Lys
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<400> 75

ttgggaaaac
ccggegecea
ggtatggtte
gagggaccgc
aacgecgeet
ctcgaccecg
ttcgtggggg
ggecgecgact
ccggtggtge
ctgecccacag
acctggggeg
ttcecggece
tteccgecca
gactggttca
gcccgegege
ttcctgtgeg

ccggacaged

<210> 76

<211> 338
<212> PRT
<213> Caulobacter crescentus CB15

<400> 76

Met Gly Lys Leu Thr Ala Leu Pro Val Leu Met Leu Leu Ala Leu Ala
1 5 10 1s

Gly Cys Gly Gln Pro Ala Pro Lys Ala Cys Leu Ala Asp Leu Pro Val
20 25 30

tgacggecgct
aggckttgcet
ggctggcggg
cccagacggt
tegcgeggtt
cgcgctacge
cgaagggggc
ggcggecatec
atatcgegtg
aggccgaatg
accaggctca
aggacc;tgg
acggctatgg
agcecgggect
tggatcccga
ccgacgacta

gegeategea

EP 2 325 302 B1

tcecegtectg
ggcggacctyg
cggcgactte
cacggtecceg
cgtcgaggee
ccacgtaccy
gaggtcggac
cgaaggtcce
ggaggacgcce
ggagtacgcce
ggatcctgceca
caatgacggc
cctgegegac
ggatccggte
ggaccegaac
ctgecttecge
tgtcggttte

atgcttetgg
ccggttccag
cagatgggcg
ccgttctgga
acgggttatce
gcggegeage
gatccttcce
ggctcgaaca
atggcctacg
gcgcgeggcg
aagcegegeg
ttéaaggcca
atggeccggea
agegtccteg
acgcccaage
tatcgacctg

cgcaccgtge

116

cgctggcegg
atccccagaa
ctgegecget
tcgatcagac
gcaccgtgge
ggecgtecgge
aatggtggca
tccggggeag
ccegetgget
ggctggttgg
ccaatacttg
agccegegece
atgtctggga
aaaccggegg
acgtcgtgaa
cggcgcgaac

tccgegecga

ctgeggecag
cecgcacggcg
gcgtccggag
aéaggtcacc
cgagcgaceg
ctcgctegte
ggtgatccee
ggacgcctgg
gggcegtgac
caagcgctac
gcaaggcgtg
ggtcggetge
gtggaccecge
gccgeccgag
gggcggttcg
gccggggccg
gcgetga

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

1017
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<210> 77
<211> 900
<212> DNA

Pro

Gln

65

Asn

Ala

Gln

Sex

Arg

145

Pro

Leu

Gly

Pro

Asp

225

Fhe

Glu

Leu

Pro

Asp

305

Pro

Glu

Asp

Phe

S0

Thx

Ala

Glu

Arg

Asp

130

His

val

Gly

Gly

Ala

210

Leu

Pro

Glu
Asn
290

Asp

Asp

Pxo

35

Gln

val

Ala

Axg

Axrg

115

Asp

Pro

val

Leu

195

Lys

Gly

Pro

Thx

Thx

275

Thx

Sex

Gln

Met

Thx

Phe

Pro

100

Pro

!fro

Glu

His

Asp

180

val

Pro

Asn

Asn

Axg

260

Gly

Pro

Cys

Gly

EP 2 325 302 B1

asn Arg Thr }4\%3 Gly Met val

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

Asp

Sex

Gln

Pxo

150

Ala

Pro

Lys

Ala

Gly

230

Tyxr

Trp

Pro

Kis

Axg

310

Sexr

Ala

55

Pro

Phe

Pro

Leu

TP

135

Gly

Thr

Arg

Asn

215

Phe

Gly

Phe

Pro

val

295

His

Pro

Phe

val

Ala

Val

120

Ser

N
o
o

Lys

Glu

280

val

Axg

val

117

Leu

Tzp

Glu

Arg

105

Phe

Gln

Asn

Asp

Ala

185

Thr

Txp

Ala

Axrg

Pro

265

Ala

Lys

Pro

Gly

Axg Pro

Ile Asp
75

Ala Thr

90

Tyr Ala

Vval Gly

val 1le

Ile Axg

155

Ala Met
170

Glu Trp

Trp Gly

Gln Gly

Lys Pro
235

Asp Met
250

Gly Leu

Arg Ala

Qly Gly

Ala Ala

315

Phe Arg
330

Axg
Glu
60

Gln

Gly

His

Ala

Pro

140

Gly

Ala

Glu

val

220

Ala

Ala

Asp

Leu

Sex

300

Arg

Thr

Leu
45

Glu

Thr

Vval

Lys

125

Gly

Arg

Gln

205

Phe

Pro

Gly

Pro

Asp

285

Phe

Thr

val

Ala
Gly

Glu

110

Gly
Ala
Asp
Ala
Ala
190
Ala
Prxo
Vval
Asn
val
270
Pro
Leu

Pro

Leu

Gly

Pro

val

Thx

95

Ala

Ala

Asp

Ala

Arxg

175

Ala

Gln

Ala

Gly

val

255

Ser

Glu

Cys

Gly

w
&8
L]

Gly

Pxo

Thx

80

Val

Ala

Axrg

Txp

160

Txp

Axg

Asp

Gln

Cys

240

Txp

Val

Asp

AaAla

Pro

320

Ala
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EP 2 325 302 B1

<213> Mycobacterium tuberculosis H37Rv

<400> 77

gtgctgaccg
taccccgaag
ccggtgacca
gaacaaccce
gcgatggtgt
gactgggtac
cgagccggee
gctggtegac
gcaacctatg
cagggceggt
ggcaggtttc
accaccaccg
ccggtcaage
cacctgtgcg

caggacaccg

<210> 78

<211> 299
<212> PRT
<213> Mycobacterium tuberculosis H37Rv

<400> 78

Mebt Thx

1

Lau

Sexr Thr

Ala Pha

35

Phe
50

Glu val

Asp Pro

65

Gly

Met Vval

Arg Gln Trp

Gly Arg Asp

115

agttggttga
aagcgecgat
acgcgcaatt
ttgacccegg
tttgtcegace
ctggcgectg
acccggtcgt
gectaccgac
cgtggggcga
tteccttaceg
cggccaacgg
agttctatcc
tcgctacage
cgccggagta

cgaccaccca

cctgececgge
tcataccgtg
tgccgaatte
gectctacceca
ggccgggecyg
ctggcgececat
acaggtggcc
cgaggccgag
ccaggagaag
caacgacggt
gtttggcettg
acaccatcgq
cgccgaceeg
ctgccaccge

tatcgggtte

ggatcgttce
accgtgegeg
gtectecgega
ggagtggacg
gtcgacctge
cegtittggece
tatccggacg
tgggagtacg
ccggggggca
gecattgggect
ctcgacatga
atcgatccac
acgatcagece
taccgeccgg

cggtgcegtgg

Glu Leu Val
1

Phe Tyr Pro
20

Ala Val Glu
Ser Ala Thx

Leu Tyr Pro
70

Phe Cys Pro
85

Trp Asp Trp
100

Ser Asp Ile

ABp Leu

Glu Glu

Arg His
40

Gly Tyx
55

Gly val

Thr Ala

Val Pro

Ala Asp
120

Pro Gly Gly
10

Ala Pro Ile

25

Pro Val Thr

val Thr Val

Asp Ala Ala

75

Gly Pxo Val
90

Gly Ala Cys

105

Arg Ala Gly

118

gcatgggctc
cctttgceggt
caggctatgt
cagcagacct
gtgactggcg
gggacagcga
ccgtggecta
cggccagtgg
tgctecatggc
gggtgggaac
tcggaaacgt
cctcgacgge
agaccctcaa
cggegegete

cecgacccggt

Ser pPhe

His Thr

30

Ala
45

Asn

Ala Glu

60

Asp Leu

Asp Leu

Arg

val

Gln

Gln

Cys

Arg

His

gacgcgctte
agagcgacac
gacggttgea
gtgteceggt
gcaatggtgg
tatcgcegac
cgcacgatgg
cggaaccacg
gaacacctgg
ctceceggtg
ttgggagtag
ctgctgegceca
gggeggeteg
gcecgceagtceg

gtccgggtag

Met
1s

Gly

Thr Val

Phe Ala

Pro Leu

Pro Gly

80

Asp
95

Pro Phe

110

His Pro

125

val

Val Gln

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
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val Ala
130

Leu Pro
145

Ala Thx

Gly Trp

Gly Leu
210

Fhe Tyr
225

Pro Val

Lys Qly

Pro Ala

Gly Phe
290

<210> 79
<211>7
<212> PRT
<213> Atrtificial

<220>

Thx

Thx

val

195

Leu

Pro

Lys

Gly

Ala

275

Arg

Pxo

Glu

Ala

TP

180

Gly

ASp

His

Leu

Serxr

260

Arg

Cys

Asp

Ala

Txp

165

Gln

Thr

Met

His

Ala

245

His

Ser

val

EP 2 325 302 B1

Ala Val
135

Glu Trp
150

Gly Asp

Gly Axg

Sexr Pro

Ile Gly

215

Arg Ile

230

Thr Ala

Leu Cys

Prxo Gln

Ala Asp
295

Ala Tyr

Glu TyT

Gln Glu

Phe Pro
185

val Gly
200

Asn Val

AsSp Pro

Ala Asp

Ala Pro
265

Ser Gln
280

Pro Val

<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

119

Ala.

Ala
Lys
170
Tyx
Arg
Trp
Pro
Pro
250
Glu

Asp

Ser

Arg

Ala

155

Pro

Arg

Phe

Qlu

Ser
235

Gly

Trp

140

Arg

Gly

Asn

Pro

Ala

Gly

Gly

Asp

Ala
205

Trp Thr

220

Ile

Ala

Ser

His

Thr
285

Gly

Gly

Met

Gly

190

Asn

Thr

Cys

Gln

Axg

270

Thr

Axg

Thr

Leu

175

Ala

Gly

Thr

Cys

Thr

255

His

Thr

160

Met

Leu

Phe

Glu

Ala

240

Leu

Axg

Ile
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<400> 79

<210> 80
<211> 630
<212> DNA

<213> Oncorhynchus mykiss

<400> 80

tcaggtggct
gggcccegac
ggacgectgtg
gtacgcectge
taaaggacag
ggacgggtac
caacatggta
agatgaacag
ctcctacatg
cacccctgac

acctttcacc

<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

gctgceceet
tccagcatca
gcctactget
agagggggcece
cactacgcca
actaaaacct
gggaatgcat
cacaacccgg
tgccataagt
agctctgect

ctcgaccetg

EP 2 325 302 B1

Arg Val Xaa Xaa Gly Xaa Ser
1 5

ggtggttgee
cagacaggct
cctgggecta
tacaggagag
acctctggca
caccagtgaa
gggagtggac
caggtccacce
catactgtta
ctaacctagg

acatgggtag

tgtcagagga
ggaccaccct
caagagacta
actttacccg
gggaaagttc
gtcatttcct
atctgactgg
atcaggcaca
caggtacagg
gttccgectgt

120

gcagactgga
gtgctgeatg
cccacagagg
tgggggaaca
cccacacaca
gcaaatggct
tggactgtac
gaccgagtga
tgtgcagcac
gtctcccagg

ggcaccctga
tgtcatggca
ctgagtggga
aactgaaacc
actcagaaga
atggcctgta
accacaccac
agaaaggagg
ggagtcagaa

agcagccgta

60
120
180
240
300
360
420
480
540
600
630
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caaatggttt
gtgatgtttg
aactgtccgg
ggcacatgta
taaacttgtc
ttcccaccat
tggcatagcee
agtgctgccce
ctctacaggc
acgcccgtge

ttgaatctgg

<210> 82

<211> 773

<212> DNA

<213> Oryzias 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

tctececttttt
gagacagtac
gacttcttca
gagccagaag
agcgaaaacc
tgtacctgta
tgcectgacgg
agtctgaggt
ggaaggacat
attccccectg
ggtagagtct
gtctcttgtt

atgatccatc

<210> 83

<211> 566

<212> DNA

<213> Xenopus laevis

<220>

tatttacata
aggttatgga
tgtgttctga
ggatcctect
ttctgcagtg
gtcatacaagg
gtecctetgea
tcttggcatt
caactcccat
atcatcccat

tcetttctgg

tccataaata
aaaaaatctg
gaattgtcgg
ttcttggatce
aagattggaa
acaataagac
aggaccegtt
ccactcccat
caccggggag
ccagaggttg
gtccttcagg
gacccaggag

ctgtctgtga

EP 2 325 302 B1

aaaaaatcct
tcaacatcag
ctgcgagegg
ttcttgacte
tgatgcacag
ccaaagccat
gtgttgtgat
aatttattte
tcagcttetg
gaaacatgca

tgtectncagt

acattagagt
cctttgtaaa
tggcagcaaa
aaactgattt
gcggagctgt
ttgtggcaca
gggttgtgct
gcgttccceca
gttttagtgt
gcgtaatget
ccgecectge
cagtaagcen

tgttggagtc

cttagtttga
aggcgcageg
cacacctgta
tgtctgtcece
tccaccagte
tgggaggaaa
tagggaaatc
cccatgggta
taggaagtct
gagcagggtg
ctgcaccttt

ccttacattc
attagagtta
agaatcggat
ggttctgtca
ctggagtgtt
tgtacgagcce
gatggtctgt
ccatgtcata
ageccatcecte
gtcecetttgy
aggcaacctc
aggcatcatt
tggancttca

121

agtgtaagac
gaagcccaag
tetgtagcag
tgattctggt
tgcegtecac
agacatcacc
tccckgecac
catcctgtce
gegtttggee
attcattctn
cactggtgac

tgectttaca
caaaaatata
tgatctcatg
tcgtttetgt
ttggcttcga
tectttettce
tgtgtggtge
cagaccaaaa
tgcagagttg
gtttagcettg
ccactctgce
cccagaaacc

gggtgcttce

agtgagatta
ttcgaggctg
taagacttgt
ccectttgagt
tcccacgeat
ggggatgtgt
aggttagcat
tgtagtccte
cattgacagt
gtgtgtatgg

cacca

tacattgtca
ttttagattt
acaagagcgt
tcagcagcac
gcagcacatce
accttatctg
acgctccace
gcattgcctg
tgtgctggga
tttcceecagg
tcagtgggaa
tgaacgacgg
agt

60
120
180
240
300
360
420
480
540
600
655

60
120
180
240
300
360
420
480
540
600
660
720
7173
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<221> misc_feature

<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

(6)..(6)

nisa,c,g,ort

misc_feature
(47)..(47)
nisa,c,g,ort

misc_feature
(81)..(81)
nisa,c,g,ort

<400> 83

atatgnaact
attgctcoctg
ttggaggccg
taggactcat
cctttegggt
tceccaagcat
ggtgaagtct
acattcgecat
tcaagtccee

caggtgcaga

<210> 84
<211> 647
<212> DNA
<213> Silurana tropicalis

<400> 84

gcégcttttt
ggattttgtg
caaggtcttg
acgcagcgga
cagcgatace
tcttttcccg
caccaqtcgg
gctgggaaag
ggaaattccc
cacggaaaaa

ggaaggcget

<210> 85

<211> 636

<212> DNA
<213> Salmo salar

aaaggtaatg
cttgtcgtgt
agctgtcggg
ggcacatgta
tgtgaaccte
ttceccacecat
gcacataacc
aatgttgtce
cgcggeagge

aagecagaagc

tttttetett
ttcattctta
ggagttcctt
atcccaggtt
tgtagcagta
taaaaggacc
atgtccactc
cggttacagg
cctgcecagac
gectgttcte

tacccgeccca

EP 2 325 302 B1

taattggaat
nacaggtcac
tgtattctga
ggagcctect
atctgctgta
gttatataga
atcctctecca
ctttggttce
gtattcccac
atcatt

ttttttette
ttatgaagga
cctgctcagy
agaggccgag
ggactcatgg
tttcgggttg
ccaagcattt
tgaagtctge
attcgcataa
aagtccececca

ggtgcagaag

gatggattte
ggagccggceg
cttcgagcag
ttctteacte
tgatgagtgt
ccataaccat
gtgttttggg
agettgttce

tcagcttcag

catcacaaaa
caaggaatgt
tcattttgeca
ctgtéaggtg
cacatgtatg
taagtctcat
cccaccatgt
acatagccgt
tgttcteccet
cgggaggcat

gcagaagcat

122

acaaggnctg
ccacacagcg
cacagcgata
tatcatttce
cccaccaatc
tggctgggaa
ttggaaaatce
cccatggaaa

ttggaaggcg

ataattttat
cattgaaatt
gtggtcacgg
tattctgact
agcctecettt
ctgctgtatg
tatatagget
cckctccagt
ttggttccag
attcccacte

cgttcca

agagttccct
aaatcccagg
cctgtagcaa
cgtagaaggt
agatgtccac
agcagttaca
ccectgecag
aatcetgtte
tttacctgee

taataaaata
tttgttttca
agccgacgee
tcgagcageca
tttcaccttg
atgagtgtec
ataaccattg
gttttgggtt
cttgtteccee
agcttctgte

60
120
180
240
300
360
420
480
540
566

60
120
180
240
300
360
420
480
540
600
647
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<400> 85

atagacattt
ggtaatcctg
akttgtttcg
gaatggtaca
ggctgctecet
tgactccgtg
cctttcttea

gtgtggtgta

~aggccatagce

<210> 86
<211> 41

tctgagttgt
ttcagtttgt

5

<212> DNA
<213> Sus scrofa

<400> 86

agtttectgt
ttccteccaa
actggtggac
gcaccgaata
aagaccgggt
getgtgetge

gtgcagctga

<210> 87

<211> 595
<212> DNA
<213> Bos taurus

<400> 87

ccacgegtee
caaggcgagt
gacgccttte
gacttcagac
ceccttctggg
ctacaggtat
gggattecgt
cccgaacccg
tgctgtgaag

tatggcaaga

tttaaatatt
catttcatga
cctggegggc
aaaagggaaa
gggagacaca
ctgcacacct
ctceggtetgt
cagtccacca
catttgcagg
gtgtggggaa

tcecececcacgg

gaccaacace
tggttatggc
cattcaccat
acagagccgce
gaagaaaggg
tcgaagccag

ccaccagcce

gggggcaaca
ttecctgtgac
ctceccaatgg
tggtggactg
aaagaccggg
cgctgtgctg
tgtgcagctg
agaagtcgtg
aattcccacc

ccaaattgct

EP 2 325 302 B1

ttacaacaaa
agaacactga
aagataggca
agtcagacta
gcggaacect
gtacctgtaa
gcctgatggt
gtcagatgte
aaatgacttc
ctttccetge

gtaaagtctg

ggagaggatg
ctttacaata
gctgetgaag
cactacgtga
ggatcctata

aacacgccegg

accacaggcet

aactgcagec
caacaccggg
ttattggett
ttcaccattc
tgaagaaagg
ctcgaagcca
accacctgec
tctactctge
ccaaggtggg

gagctgatca

atatattcca
catcactggc
gagttagcac
cccatgtecag
aggttagagg
cagtatgact
ggacctgceg
cactcccatg
actggtgagg
cagaggttgg
teectgt

gcttcecgagg
tagtagggaa
aaacaattaa
tgaaagcaga
tgtgecataa

acagctcgge

gagtcaggaa

gaaaggccag
gaggacggct
atacaatata
tgctgaagaa
Eggatcctac
gaacacacce
caccacaggc
acgcggettce
ttacatacct

gcatgtgcge

123

taaatatcca
tgtatgaaga.
cctagactag
ggtcaagggt
cagagctgtc
tatggcacat
ggttgtgeeg
cattccctac
ttttggtgta

cgtagtgctg

aactgegect
cgcctgggaa
cccatcaagt
gaaaggccce
gtcctactge
ttcaaatetg

gagtcttcce

cattatagcce
tccgagggac
gtagggaacg
acgattaacc
atgtgccata
gacégctctg
taagagccaa
cctcagaagg
tgcecagtgg
tttattgggg

catgtcatge
ggtgcacttg
agccaatgge
aaaaggttac
aggggtgtte
gtaggagcct
ttcatctgtg
catgttgtac
cccgtéctct

tcctttaggt

gttgatgcet
tggacctcag
tcttectget
cctteckggga
tacaggtacc

gggttceget

gaatc

aacatcttgg
cgcgcecetgtt
cctgggagtyg
caaaaggccc
aatcctattg
cttcgaatct
aaagagcectt
ctgaacaacc
ccaaaggace

gatgg

60
120
180
240
300
360
420
480
540
600
636

60
120
180
240
300
360

415

60
120
180
240
300
360
420
480
540
595
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<210> 88
<211> 1611
<212> DNA

<213> Homo sapiens

<220>
<221> CDS

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

<400> 88

atg
Met

ctg
Leu

aat
Asn

cat
His

aca
Thx
65

tgce
Cys

gaa
Glu

atg
Met

ctg
Leu

cta
Leu

gce
Ala

gtg
val

cca
Pro
50

cgt

cca
Pro

tct
Ser

gat

gac
Asp
130

ctg

ctg

tagg

Leu Leu Trp

cce
Pro

gtg
val
35

gga
Gly

gag9
Gly

tca
Ser

tgg
Trp

gtc
val
115

tat
Tyr

gga
Gly
20

ctg
Leu

agt
Ser

act
Thr

cge
Axg

aat
Asn
100

atg
Met

act
Thr

gca
Ala

gte
val

cag
Gln

tce
Ser

géa
Ala
85

aat
Asn

gag
Glu

tca
Ser

gtg
val

g99
Gly

gtg
val

gta
val

ttt
Phe
70

gea
Ala

ttt
Phe
agg
Arg

gga
Gly

EP 2 325 302 B1

tecg
Ser

gag
Glu

age
Sex

gtg
val
3

ctg
Leu

atg
Met

aag
Lys

cat
His

cat
His
135

gtg
val

cag
Gln
gac
40

aaa

Lys

aat
Asn

tgg
Trp

ggt
Gly
ggc
120

cac
His

gtc gca gce
Val Ala Ala
10

agg cgg aga
2;9 Arg Axg

tec tte gat
Ser Phe Asp

ctt cct ttt
Leu Pro Phe

gce tac aca
Ala Tyr Thr
75

agt gge ctc
Ser Gly Leu
90

cta gat cca
Leu Asp Pro
105

tac cga aca
Tyr Axrg Thr

tcec att agt
Ser Ile Ser

124

ttg
Leu

gca
Ala

gga
Gly

ate
Ile
60

aac
Asn

tte
Phe

aat
Asn

cag
Gln

aat

140

gcg
Ala

gece
aAla

agg
Arg
45

aac
Asn

tct
Ser

act

tat

aaa
Lys
125

cgt
Arg

ctg
Leu

aaa
Lys
30

tta
Leu

ttt
Phe

cca
Pro

cac
His
aca
110

tet
Phe

gtg
val

gcg
15

gcg
Ala

aca
Thr

atg
Met

att
Ile

tta
Leu
95

aca
Thr

999
Gly

gaa
Glu

gta
val

cce
Pro

ttt
Phe

aag
Lys

tgt
Cys
80

aca

Thx

tgg
TP

aaa
Lys

gcg
Ala

48

96

144

192

240

288

336

384

432
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tgg
145
gtt
Val

tgg

aca

aat
Asn

cag

Trp Gln

aat
Asn

cct
Pro

cac
His
225

ate
Ile

tct
Ser

aag
Lys

atg
Met

aaa
Lys
305

cat
His

ccg
Pro

aat
Asn

gga
Gly

tca
Ser
385

cce
Pro

tac
Tyr

gca
Ala

tta
Leu

tac
Tyr
tac
210
aca

Thx

cca
Pro

tct
Sexr

aat
Asn

ctt
Leu
290

act

cga

ctt
Leu

gtg
val

att
Ile
370

tca
Ser

tgg

atg
Met

tca
Ser

aca
Thr

aga

ctt
Leu

aat
Asn

act
195

cet
Pxo

tct
Sex

aag
Lys

tat
Tyr

att
Ile
275

ggt
Gly

att
Ile

cag
Gln

ttg
Leu

gtt
val
355

cct
Pro

gaa
GQlu

att
Ile

ctt
Leu

ata
Ile
435

aat
Asn

gat
A9p

ate
Ile

aca
180

gaa
Glu

tca
Ser

ctt
Leu

tgg

aca
260

aga

gaa
Glu

gte
val

ttt

gtt
val

cgt
Axg
165

gac
Asp

cca
Pro

cca
Pro

tat

tca
Ser
245

aaa
Lys

geca
Ala

att
Ile

ata

gct
Ala
150
aac
Asn

aaa
Lys

ttt
Phe

tct
Ser
tgg
230

cct
Pro

aac
Asn

ttt
Phe

att
Ile

tac

Ile Tyr

tat

Phe Tyr

atg
Met
340
tct
Sex

ctg
Leu

aca
Thr

ctg
Leu
cga
420
ttg

Leu

gtt
val

328
atg
Met

ctt
Leu

cct
Pro

ttt
Phe

agt
Ser
405

act

cect
Pro

gct
Ala

310
aaa
Lys

gga
Gly

gtg
val

cag
Gln
aag
390
gaa
Glu

aac
Asn

caa
Gln

gta
val

EP 2 325 302 B1

tte
Phe

agg
Arg

gca
Ala

gtt
Vval

tct
Ser
215

ctt
Leu

ttg
Leu

tgce
Cys

tat
Tyx

ttg
Leu
295

tcec
Ser

atg
Met

cca
Pro

gat
Asp

aac
Aan
375

aat
AsSn

ttc
Phe

cac
His

cte
Leu

aaa
Lys

tta
Leu

act
Thy

gta
val

att
Ile
200
gga
Gly

gaa
Glu

tca
Ser

act

tat
280
gec
Ala

tca
Sexr

agce
Sex

gga
Gly

att
Ile
360
ctg
Leu

gaa
Glu

cat
His

tgg
Trp
ttt
440

ttt
Phe

cte
Leu

aaa
Lys

aac
Asn
188

tac
Tyx

gaa
Glu

aaa
Lys

gaa
Glu

gga
265
gct
Ala

ctt
Leu

gac

atg
Met

att
Ile
345

tac
Tyx

agt
Ser

cat
His

gga
Gly

aaa
Lys
425

gat
Asp

cca
Pro

aga
Arg

gtc
Vval
170

tgg

ttg
Leu

aat
Asn

gtg
val

atg
Met
250

aga

atg
Met

His

cat
Hig

tac
Tyr
330

aaa
Lys

cct
Pro

gga
Gly

aaa
Lys

tgt
Cys
410

tat
Tyr

ctt
Leu

gaa
Glu

125

caa
Gln
155

aga

tta
Leu

gga
Gly

ttt
Phe

tct
Sex
235

cac
His

Lttt
Phe

tgt
Cys

caa
Gln

gga
31s

gag
Glu

gcce
Ala

ace
Thr

tac

qgtc
val
398

aat
Asn

ata
Ile

tce
Ser

att
Ile

gaa
Glu

gtg
Val

aga

tka
Leu

gga
Gly
220

cat
His

cct
Pro

aca
Thx

gct
Ala

tta
Leu
300

gag
Glu

gct
Ala

ggc
Gly

atg
Met

tect
Ser
380

aaa
Lys

gtg
val

gce
Ala

tcg
Sex

act
Thr

ggce
Gly

atg
Met

aag
Lys

aat
Asn
305

tct
Serx

gat
Asp

gta
val

aaa
Lys

gag
Glu
285

gat
Asp

ctg
Leu

agt
Ser

cta
Leu

ctt
Leu
365

.ttg

Leu

aac
Asn

aat
Asn

tat
TYT

gat
Asp
44s

tat
TYr

agg
Arg

gaa
Glu

gaa
Qlu
190

tta
Leu

tca
Ser

gee
aAla

gat
Asp

aaa
Lys
270

aca
Thx

ctt
Lieu

gce
Ala

gca
Ala

caa
Gln
350

gat

ttg
Leu

ctg
Leu

gce
Ala

teg
Ser
430

cca
Pro

tct
Ser

cce
Pro

agg
175
gca
Ala

cca
Pro

aca
Thxr

atc
Ile

tat
255
qgaa

Glu

gat
Asp

ctt
Leu

atg
Met

cat
His
335

gta
val

att
Ile

cecg
Pro

cat
His

tce
Ser
41s

gat
Asp

gat
Asp

ttg
Leu

atg
Met
160

gat
Asp

att
Ile

cac
His

tte
Phe

aaa
Lys
240

tac

att
Ile

gcc
Ala

cag
Gln

gaa
Glu
320

gtt
Val

tca
Sexr

gct
aAla

tta
Leu

cca
Prxo
400

acc
Thx

ggt
Gly

gaa
Glu

gat
Asp

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

.1296

1344

1392
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cag
Gln
465

cac
His

cag
Gln

cag
Gln

ace
Thr

<210> 89
<211> 536
<212> PRT

450

aag ctt
Lys Leu

cag tat

Gln Tyr

aat tat
Asn Tyr

aag gaa
Lys Glu
515

cat atg

His Met

530

<213> Homo sapiens

<400> 89

Met

Leu

Asn

His

Cys

Glu

Met

Leu

TLP

145

val

Leu

Ala

vVal

Pro

S0

Pxo

Ser

Asp

Asp

130

Thr

Asn

Gln

Asn

Asn

cat tcc att

His

aat

Sexr Ile

470

aaa gag
Lys Glu

485

tca aac gtt
Ser Asn Val

500

cca
Pro

aat

Leu

Pro

Val

35

Gly

Gly

Ser

val
115

Tyx

Leu

Asn

agg aag
Axg Lys

cca aga
Pro Arg

Leu Trp Val Ser
5

EP 2 325 302 B1

455
ata
Ile

cag
Gln

ata
Ile

tat
TYX

gca

535

aac tac
Asn Tyr

ttt atc
Phe Ile

gca aat
Ala Asn

cct
Prxo

aag
Lys

460

47s

490

50s

gaa aat
Glu Asn

520

gtt tga

val

Gly Ala Gly Glu

20

Leu Val val Ser

Ser Gln val Val
55

Thr Ser Phe Leu

Axg Ala
85

Asn Asn
100

Met Glu

Thr Ser

Asp vVal

Ile Arg

165

Thr Asp
180

70

aAla Met

Phe Lys

Axg His

Gly His

135

Ala Phe
150

Asn Arg

Lys Ala

val

Asp
40
Lys

Asn

Oly

Gly

120

His

Leu

Thx

val

126

ctt
Leu

gca
Ala

val

Axg

25

Ser

Leu

Ala

Ser

Leu

108

Ser

Leu

Lys

Asn
185

aaa gtt tct get
Lys Val Ser Ala Ser

tgg aaa caa agt ata
Txp Lys Gln Sex

510

att gat cag tgg ctt
Ile Asp Gln Trp Leu

525

Ala Ala
10

Arg Arg

Phe Asp

Pro Phe

Gly Leu
20

Asp Pro

Axg Thrx

Ile Ser

Arg Gln
155

val Arg
170

Trp Leu

Leu Ala
Ala Ala
Gly Axg
Ile Asn
60
Asn Ser
Phe Thr
Asn Tyx
Qln Lys
125

Asn Axg
140
Glu Gly

Val Met

Arg Lys

tct

gtc
val

480

gga

Ile Gly

495

agg tgg cac caa gac
Axg Trp His Gln Asp

Leu

Lys

30

Leu

Phe

Pro

His

Thx

110

Phe

val

Axg

Glu

Glu
190

tgg
Tzp

aaa
Lys

Ala

15

Ala

Thr

Met

Ile

Leu

95

Thr

Gly

Glu

Pro

Axg

175

Ala

1440

1488

1536

1584

1611

val

Pxo

Phe

Lys

Cys

80

Thr

Txp

Lys

Ala

Met

160

Asp

Ile
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Asn

Pro

His

.225

Ile

Sex

Lys

Met

Lys

305

His

Pro

Gly

Ser

385

Tyx

Ala

Leu

Gln

465

Hisg

Gln

Tyx

»
ford
o

Thr

Pro

Sex

Asn

Leu

290

Thr

Arg

Leu

val

Ile

370

Serx

Trp

Met

Sexr

Thr

450

Lys

Gln

Asn

195

Pro
Ser

Lys

Ile
275
Gly
Ile
Gln
Leu
val
35S
Pro
Glu
Ile
Leu
Ile
435

Asn

Leu

Glu

Sex

Leu

Trp

Thr

260

Axg

Glu

val

Phe

Met

340

Ser

Leu

Thr

Leu

Arg

420

Leu

val

His

Asn

Pro

Pro

Ser

245

Lys

Ala

Ile

Ile

Leu

Pro

Phe

Sexr

405

Thr

Ala

Ser

Lys

. 485

Sex
500

Asn

EP 2 325 302 B1

Phe Val Ile Tyr Leu
200

Ser

Trp

230

Pro

Asn

Phe

Ile

w
i
o

Lys

Gly

val

Gln

Lys

390

Glu

Asn

Gln

val

Ile

470

Glu

val

Sex

215

Leu

Leu

Cys

Tyr

Leu

295

Ser

Met

Prxo

Asp

Asn

375

Asan

Phe

His

Leu

Lys

455

Ile

QGln

Ile

Aly

Glu

8er

Tyr

280

Ala

Ser

Ser

Gly

Ile

360

Leu

Glu

His

Trp

Phe

440

Phe

Asn

Phe

Ala

127

Glu

Lys

Glu

Gly

265

Ala

Leu

Asp

Met

Ile

345

Sexr

His

Gly

Lys

425

Agp

Pro

Ile

Asn
505

Asn

val

Met

250

Arg

Met

His

His

Pro

Gly

Lys

Cys

410

Tyr

Leu

Glu

Pro

Lys

490

Leu

Gly

Phe

Ser

235

His

Phe

Cys

Gln

Gly

315

Glu

Ala

val

395

Asn

Ile

Sex

Ile

Lys

475

Axrg

Leu

Gly

220

Hia

Pro

Thxr

Ala

Leu

300

Glu

Ala

Gly

Met

Ser

380

Lys

Val

Ala

Ser

Thx

460

Val

Lys

Txp

Asn

205

Ser

Asp

val

Lys

Glu

285

Asp

Leu

Ser

Leu

Leu

365

Leu

Asn

Asn

Tyr

Asp

445

Tyx

Sex’

Gln

His

Leu

Ser

Ala

Asp

Lys

270

Thr

Leu

Ala

Ala

Gln

350

Asp

Leu

Leu

Ala

Serx

430

Pro

Sex

Ala

Ser

Gln
510

Pro

Ilea

N
0
wn

Glu

Asp

Leu

Met

His

335

val

Ile

Pxo

His

Sar

415

Asp

Asp

Leu

Ser

Ile

495-

Asp

Ris

Phe

Lys

240

TYX

Ile

Ala

Gln

Glu

320

val

Ser

Ala

Leu

Pro

400

Thr

Gly

Glu

Asp

val

480

Gly
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<210> 90

<211> 1722
<212> DNA
<213> Homo sapiens

<220>

<221> CDS
<222> (1)..(1719)
<223> hSULF4

<400> 90

atg
Met

tac

Tyr

cta
Leu

cag
Gln

gtg
val
65

gct
Ala

aca
Thx

gga
Gly

ctg
Leu
acg
14S
atg
Met

agt
Sex

ggce
Gly

ggce
Gly

EP 2 325 302 B1

Gln Lys Glu Pro Arg Lys Tyr Glu Asn Ala Ile Asp
515 520

Thr His Met Asn Pro Axrg Ala Val

gagg
Gly

ctg
Leu

gct
Ala

cce
Pro
S0

ggt
Gly

gce
Ala

cca
Pro

ctt
Leu

gac
Asp
130

cat
His

ccec
Pro

ggg9
Oly

tat

ata
Ile
210

530

gcg
Ala

tce
Ser

caa
Gln
35

cat
His

tac

gaa
Glu

tece
Serxr

caa
Gln
115
aat
Asn

atg
Met

acc

gat

gac

198

tac

ctg
Leu

tgg
20

gct
aAla

cte
Leu

cac
His

gga
Gly

agyg
Arg
100

cat

.His

gce
Ala

gtc
Val

aga

tac

Tyx
180

ttg
Leu

tece
Ser

gca
Ala

ggc
Gly

gga
Gly

att
Ile

gga
Gly

gtt
Val
8%

agt
Ser

tect
Ser

ace
Thr

gga
Aly
aga
165
tat

tat
Tyx

aca
Thx

gga
Gly

cag
Gln

gag
Glu

tte
Phe

kct
Sex
70

aaa
Lys

cag
Gln

atc
Ile

cta
Leu

aaa
Lys
150

gga
Gly

aca
Thr

gaa
GQlu

cag
Gln

tte
Phe

gce
Ala

aaa
Lys

ate
Ile
55

gag
Glu

ckg
Leu

ttt
Fhe

ata
Ile

cct
Pro
135

tgg
Trp

ttt
Phe

cac
His

aac
Asn

atg
Met
215

535

tgg
Trp

tta
Leu

cta
Leu
40

cta
Leu

att
Jle

gag
Glu

att
Ile

aga
120

cag
Gln

cac
His

gat

tac

gac
200

tac
Tyr

atc
Ile

gaa
Glu
25

gag
Glu

gcyg
Ala

aaa
Lys

aac
Asn
act
105
cect
PxXo

aaa
Lys

ttg
Leu

ace

aaa
Lys
185

aat
Asn

act

ctc tgce
Leu Cys
10

gag gag
Glu Glu

cece agce
Pro Ser

gat gat

aca cct
Thr Pro
75

tac tat
90

gga aag
Gly Lys

acc caa
Thr Gln

ctg aag
Leu Lys

ggt ttt
Gly Phe
155

ttt ttt
Phe Phe
170

tgt gac
Cys Asp

gct gce
Ala Ala

cag aga
Gln Arg

128

ctc
Leu

gaa
Glu

aca
Thr

cag
60
act

Thr

gte
Vval

tat

cce
Pro

gag
Glu
140

tac
Tyr

ggt
Gly

agt
Ser

tgg
Txp

gta
val
220

cte
Leu

gaa
Glu

act
Thr
45

gga
Gly

ctt
Leu

cag
Gln

cag
GQln

aac
Asn

125

gttt
val

aga
Axg

tce
Ser

cct
Pro

gac
AsSp
205

cag
Gln

Gln Trp Leu Lys

525

act
Thxr

g9g9
Gly
30

tecc
Ser

ttt
Phe

gac
Asp

cct
Pro

ata
Xle
110

tgt
Cys

gga
Aly

aaa
Lys

ctt
Leu

999
Gly
190

tat

caa
Gln

tat ggt
15

gee tta
Ala Leu

acc tce
Thr Ser

aga gat

aag ctc
Lys Leu
80

att tgce
Ile Cys
95

cac acc
His Thr

tta cct
Leu Pro

tat tca
Tyr Ser

gaa tgc
Glu Cys
160

ttg gga
Leu Gly
175

atg tgt
Met Cys

gac aat
Asp Asn

atc tta
I;a Leu

a8

96

144

192

240

288

336

384

432

480

528

576

624

672
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gct
Ala
225

gct
Ala

cga

tge
cys

ggt
Gly

cag
Gln
305

aca
Thr

ctt
Leu

ctt
Leu
38s

ace
Thr

act
Thye

gga
Qly

ctg
Leu

aaa
Lys
465

gac

cte
Leu

gac

tat
Tyxr

tce
Ser

gtt
val

tce
Ser

tta
Leu

tte
Phe
290

cct
Pro

tat
Tyr

ctg
Leu

tag
Txp

att
Ile
370

cgc

aag
Lys

gca
Ala

aat
Asn

gga
Gly
450

agt
Ser

cta
Leu

tca
Ser

cce
Pro

aaa
Lys

cat
His

cat
His

att
Ile
gat
278
tat

acg
Thr

tag
Trp

aaa
Lys
tac
Tyx
35S
caa

Gln

tca
Ser

gca
Ala

akc
Ile

cct
Pro
435
ccg
Pro

gta
val

tct
Ser

cag
Gln
aga
515

gag
Glu

aac
Asn

tca
Sex

atec
Ile
260

gaa
Glu

aac
Asn

geca
Ala

gaa
Glu

aac
Asn
340

cce
Prxo

cta
Leu

cce
Pro

aaa
Lys
cag
420

ggc
Gly

aac
Asn

tgg
Trp

aac
Asn

tte
Phe
500

agt
Sex

gaa
Glu

cce
Pro

cca
Pro
245

aac
Asn

gca
Ala

aac
Asn

gga
Gly

gga
Gly
325
aag
Lys

act
Thr

aat
Asn
405
tca
Ser

tac

cgg
Arg

ckt
Leu

agg
485
aac

Asn

aac
Asn

ace
Thr

aca
Thr
230

ctg
Leu

ata
Ile

ate
Ile

age
Ser

ggg
310

g99
Gly

gga
Gly

ctc
Leu

ggc
Gly

.gta

val
390

ggc
Gly

gcc
Ala

agce
Sex

tgg

tte
Phe
470

tat

aaa
Lys

cct
Pro

aag
Lys

EP 2 325 302 B1

aag
Lys

caa
Gln

.aac

Asn

aac
Asn

att
Ile
295
agt
Ser

ate
Ile

aca
Thr

att
Ile
tat
Tyr
375
gat
Asp

tce
Sex

atc
Ile

gac

cac
His
455

aac
Asn

cca
Pro

act
Thr

agg
Arg

aaa
Lys

cct
Pro

gct
Ala

agg
Axg

aac
Asn
280

atc
Ile

aac
Asn

cgg

gtg
val

tca
Ser
360

gat
Asp

att
119

tag
Trp

aga
aAxg
tgg
440
aat
Asn

até
Ile

gga
Gly

gca
Ala

ctc
Leu
520

aag
Lys

ata
Ile

cct
Pro

agg
Axg
265

gtg
val

att
Ile

tgg

gct
Ala
tgt
345
ctg

Leu

atc
Ile

ttg
Leu

gca
Ala

gtg
val
425

gte
val

gaa
Glu

aca

ate
Ile

gtg
val
505

aat
Asn

aag
Lys

ttt
Phe

ggc
Gly
250

aga

Arg

aca
Thx

tac
Tyr

cct
Pro

gta
val
330

aag
Lys

get
Ala

tgg
Trp

cat
His

gca
Ala
410

cag
Gln

cce
Pro

cgg
Axg

gee
Ala

gtg
val
490

ccg
Prxo

gga
GQly

cca
Pro

129

tta
Leu
235

agg
Axg

tat
Tyr

ttg
Leu

tct
Serx

ctc
Leu
315

ggc
Gly

gaa
Glu

gaa
Glu

gag
Glu

aac
Asn
395

ggc
Oly

cac
His

cct
Pro

atc
Ile

tat
Tyx

tat
Tyxr

gct
Ala

get
Ala

tca
Ser
300

aga

ttt
Phe

ctt
Leu

gga
Gly

acc
Thr
380
att
Ile

tat

tgg
Trp

cag
Gln

acc

* 460

gac
Asp
4175

aag
Lys

gte
val

g99
Gly

age
Sex

ceca
Pxo

aag
Lys

agg
Arg

gte
val

aaa
Lys

att gcc
Ile Ala

ttc gaa
Phe Glu

gcc atg
Ala Met
270

cta aag
Leu Lys
285

gat aat
Asp Asn

ggt'agc
Gly Sex

gtg cat
Val His

gtg cac
val His
350

cag att
Gln Ile
365

ata agt
Ile Sex

gac ccc
Asp Pro

ggg atc
Gly Ile

aaa ttg
Lys Leu
430

tct tte
Sex Phe
445

ttg tca
Leu Sex

tat gag
Tyx Glu

ctc cta
Leu Leu

tat ccc

Tyr Pro
510

tgg gga
Trp Gly
525

aat cag
Asn Gln

tat

caa

Tyr Gln

cac
His
255

ctt
Leu

act

ggt
Gly

aaa
Lys

age
Ser
335

ate
Ile

gat
Asp

gag
Glu

ata

240
tac
Tyr

tce

tat
Tyx

ggc
Gly

gga
320

cca
Pxo

act
Thx

gag
Glu

ggt
Gly

tac

Ile Tyxr

tgg
415

ctt
Leu

age
Ser

act
Thr

agg
Arg

cgg
Arg
495

cece
Pro
cca
Pro

get
Ala

400
aac
Asn

aca
Thr

aac
Asn

gge
Gly

gtg
val
480

agg
Arg

aaa
Lys

tgg

gag
Glu

720

768

816

864

912

960

io008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632
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<210> 91

EP 2 325 302 B1

530 535

540

aaa aag caa aag aaa agc aaa aaa aag aag aag aaa
Lys Lys Gln Lys Lys Ser Lys Lys Lys Lys Lys Lys

545 550

555

cag cag aaa gca
Gln Gln Lys Ala
560

gtc tca ggt tca act tge cq.t tca ggt gtt act tgt gga taa
val Ser Gly Ser Thr Cys His Ser Gly Val Thr Cys
570

565

<211> 573
<212> PRT
<213> Homo sapiens

<400> 91

Met Gly Ala Leu Ala Gly

Tyr Leu Ser Trp Gly Gln
20

Leu Ala Gln Ala Gly Glu
35

Gln Pro His Leu Ile Phe
S0 .

Val Gly Tyr His Gly Ser
65 70

Ala Ala Glu Gly Vval Lys
85

Thx Pro Ser Arg Ser Gln
100

Gly Leu Gln His Ser Ile
115

Leu Asp Asn Ala Thr Leu
130

Thr His Met Val Gly Lys
145 150

Met Pro Thr Arg Arg Gly
165

Ser Gly Asp Tyr Tyr Thr
180

Gly Tyr Asp Leu Tyr Glu
195

Gly Ils Tyr Ser Thr Gln
210

Ala Ser His Asn Pro Thr
225 230

Phe

Ala

Lys

Ile

S5

Glu

Leu

Phe

Ile

Pro

138

Trp

Phe

His

Asn

Met

215

Lys

Trp

Leu

Leu

40

Leu

Ile

Glu

Ile

Arg

120

Gln

His

Asp

Tyx

Asp

200

Pro

130

Ile

Glu

25

Qlu

Ala

Lys

Leu

10

Glu

Pro

Asp

Thr

Asn Tyr

105

Pro

Lys

Leu

Thr

Lys

185

Asn

Thr

Ile

Gly

Thr

Leu

Gly

Phe

170

Cys

Ala

Gln

Phe

Cys

Glu

Sex

Asp

Pro

75

Lys

Gln

Lys

Phe

15S

Phe

ASp

Ala

Arg

Leu
235

Gly

Leu

Glu

Thr

Gln

60

Thr

val

Tyx

Pro

Glu
140

Tyx

Gly

Ser

Trp

Val
220

Tyx

Leu

Glu

Thr’

45

Gly

Leu

Gln

Gln

Asn

125

Val

Ser

Pro

Asp

205

Gln

Ile

Gly
30

Ser
Phe
Asp
Pro
Ile
110
Cys
Gly
Lys

Leu

Gly
190

Tyx

Gln

Ala

TYyr
15

ala
Thr
aArg
Lys
Ile
95

His

Leu

6lu
Leu
175
Met

Asp

Ile

Gly

Leu

Serxr

Asp

Leu
80

Cys

Thr

Pro

Ser

Cys

160

Gly

Cys

Asn

Leu

Gln
240

1680

1722
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Ala

Axg

Cys

Gly

Gln

305

Thx

Leu

Asp

Leu

385

Thx

Thr

Gly

Leu

Lys

465

aAsp

Leu

Asp

Lys
545

val

Serxr

Leu

Phe

290

Pro

Leu

His

Ile

Asp

275

Thr

Trp

Lys

Trp Tyx

Ile

370

Axg

Lys

Ala

Asgn

Gly

450

Ser

Leu

Sar

Pro

Lys

530

Lys

Gln

Sex

Ala

Ile

Pro

435

Pro

Vval

Sex

Gln

Arg

515

Glu

Gln

Sex
Ile
260
Glu
Asn
Ala
Glu
Asn
340
Leu
Pro
Lys
Gln
420
Gly
Asn
Trp
Asn
Pha
500
Ser

Glu

Lys

Pro
245
aAsn
Ala
Asn
Gly
Gly
325
Lys
Thr
Asp
Axrg
Asn
405
Serxr
Tyx
Arg
Leu
Axg
48S
Asn
Asn

Thx

Lys

EP 2 325 302 B1

Leu

Ile

Ile

Serxr

Gly

310

Gly

Gly

Leu

Gly

Val

330

Gly

Ala

Ser

Txp

Phe

470

Lys

Pro

Lys

Sex
550

Gln

Asn

Asn

Ile

295

Ser

Ile

Thr

Ile

W
~J
w

Asp

Ser

Ile

Asp

His

455

Asn

Pro

Thr

Axg

Lys

535

Lys

Ala

Axg

Asn

280

Ile

Asn

Arg

val

Ser

360

Ile

TIp

Arg

[
'S
o

Asn

Ile

Gly

Ala

Leu

520

Lys

Lys

Pro Gly Arg Tyr Phe

Arg
265
Val

Ile

Ala

Ile

Leu

Ala

val

425

val

Glu

Thr

Ile

val

505

Asn

Lys

Lys

250

Arg

Thr

Tyx

Pro

val

330

Lys

Ala

Trp

His

Ala

410

Gln

Pro

Arg

Ala

val

490

Pro

Gly

Pro

Lys

Tyx

Leu

Sex

Leu

315

Gly

Glu

Glu

Glu

Asn

395

Gly

His

Pro

Ile

Asp

475

Lys

Val

Gly

8er

Lys
5§55

Ala

Ala

Ser

300

Arg

Phe

Lsu

Gly

Thx

380

Ile

Gln
Thr
460

Pro

Lys

val

Lys
540

Lys

Ala

Leu

285

Asp

Gly

val

val

Gln

365

Ile

Asp

Gly

Lys

Ser

445

Leu

Tyr

Leu

Trp
525

Asn

Gln

Glu

Met

270

Lys

Asn

Serx

His

His

350

Ile

Ser

Pro

Ile

Leu

430

Phe

Ser

Glu

Leu

Pro

510

Gly

Gln

Gln

His

255

Leu

Thx

Gly

Lys

sex

33s

Ile

Asp

Glu

Ile

Trp

415

Leu

Ser

Thr

Axg

Axg

495

Pro

Pro

Lys

val Ser Gly Ser Thr Cys His Ser Gly val Thr Cys Gly
565 570

131

Sex

Tyx

Gly

Gly

320

Pro

Glu

Gly

Tyx

400

Asn

Asn

Gly

val

480

Axg

Lys

Glu

Ala
560
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<210> 92
<211> 1710
<212> DNA

<213> Homo sapiens

<220>
<221> CDS

<222> (1)..(1707)
<223> hSUMF5

<400> 92

atg
Met
1

tac
Tyx

gg99
Gly

atc
Ile

cat
His
65

ggg
Aly

cgg
Axg

cat
His

gtg
val

gtg
val
145

cgt
Arg

tat

ctg
Leu

act
Thx

cct
Pro
225

cac
His

ctg
Leu

gag
Qlu

atc
Ile
S0

ggt
Gly

gtc
val

agce
Sexr

tce
Ser

aca
Thr
130
ggc
Gly

cgg
Arg

tac
Tyxr

cac
His

atg
Met
210

cag
Gln

acc
Thr

tcc
sSerxr

gct
Ala
35

tte
Phe

tca
Serx

aag
Lys

cag
Gln

ate
Ile
115

ctg
Leu

aag
Lys

gge
Gly

acc
Thr

gag
Glu
195

ctt
Leu

cgt
Axg

cte
Leu

tgg
20

ggc
Gly

ate
Ile

gat

ttg
Leu

ctec
Leu
100

ate
Ile

cca
Pxro

tag
Trp

tte
Phe

tat’

180

ggt
Gly

tac

cce
Pro

act
Thx

gac

gag
Glu

cte
Leu

ate
Ile

gag
Glu
B85

ctc
Leu

cge

cag
Gln

cac
His
gac
165
gac

Asp

gag
Glu

gce
Ala

cte
Leu

ggce
Gly

tgg
Trp

cag
Gln

acg

gag
Glu
70

aat
Asn

act
Thx

cca
Pxo

aag
Lys

ctg
Leu
150

acc
Thx

aac
Asn

aat
Asn

cag
Gln

ttc
Phe
230
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tte
Phe

gec
Ala

ccce
Pro

gac
Asp
55

acce

tat
Tyr

ggc
Gly

cag
Gln

ctg
Leu
135

ggc
Gly

tte
Phe

tgt
Cys

gtg
vVal

cgce
Axg
215

ctc

tcec
Ser

aag
Lys

tcg
Ser
40

gac
Asp

cct
Pro

tac
Tyx

agg
Axg

cag
Gln
120

cag
Gln

ttc
Phe

ctg
Leu

gat
ASp

gce
Ala
200

gce
Ala

tat

ctg
Leu

ccg
Pro
25

gcc
Ala

caa
Qln

acg
Thr

atc
Ile
tac
TyxT
105
cce

Pro

gag
Glu

tac
Tyr

ggc
Gly

ggce
Qly
185

tgg

agce
Serx

gtg

Leu Tyr Val

gtc
Val
10

agce
Ser

gct
Ala

ggc
Gly

ctg
Leu

cag
Qln
90

cag
Gln

aac
Asn

gca
Ala

cgg
Axg

tcg
Sexr
170

cca
Pro

999
Gly

cat
His

gcec
Ala

132

agce
Sex

ttc
Phe

ccg
Pro

tac
gac
15

ccc

Pro

ate
Ile

tge
Cys

ggt

ctg
Leu

gtg
Val

ccec
Pro

cac
His
60

agg
Axrg

atc
Ile

cac
His

ctg
Leu

tat

Gly Tyx

aag
Lys
155

cte
Leu

gge
Gly

ctc
Leu

atc
Ile

tte
Phe
23§

140

gag
Glu

acg
Thx

gtg
Vval

agce
Sex

cte
Leu

gce
Ala

cag
Gln
45

gac
Asp

ctg
Leu

tge
Cys

aca
cce

Pro
125

tce
Ser

tgt

ggc

.Qly

tgc

ggc
qQly

205

ctg
Leu
220

cag
Gln

gce
Ala

gca
ala

agce
Ser
gac
30

cct

Pro

gtg
val

gcg
Ala

acg
Thr

gga
Gly
110

ctg

Leu’

acc
Thx

ctg
Leu

aat
Asn

ggc
Gly
190

cag
Gln

agc
Serxr

gta
val

tte
Phe
1s

999
Gly

cca
Pro

ggce
QGly

gce
Ala

cct
Pro
95

cte
Leu

gac

cat
His

cce
Pro

gtg
val
175

ttc
Phe

tac
TYX

cac
His

cac
His

ggc
Gly

ccc
Pxo

cac
His

tac

aag
Lys
80

tecg
Sex

cag
Gln

cag
Gln

atg
Met

ace
160

gac

gac
Asp

tecc
Ser

agce
Ser

aca

240

48
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240

288
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384
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480

528
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672
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cce
Pro

aat
Asn

gct
Ala

aac
Asn

gg9
Gly
305
ggt
Gly

aag
Lys

ace
Thr

gat
Asp
cgc
385
cat

His

gct
Ala

tat
Tyr

tag
Trp

ttc
Phe
465

cgg

cge

cct
Pro

gag
Glu

aag
Lys

ctg
Leu

gtg
val

gtg
val

agt
Serxr
290

ggc
Gly

ggce
Gly

caa
Gln

ctg
Leu

ggc
Gly
370

acyg

ggc
Gly

gee
Ala

ggc
Gly
tgg
450

aac
Asn

cct
Pro

aca
Thr

gac
Asp

gag
Glu
530

aaa
Lys

cag
Gln

gce
Ala

cge
Arg
275

gte
val

agce
Ser

gtg
val

cgg
Axg

gtg

355

tac

gag
Glu

tece
Ser

ate
Ile

gat
Asp
435

aac
Asn

atc
Ile

gat
Asp

gee
Ala

ttt
Phe
515

gaa
Glu

aaa
Lys

tce
Sexr
cgg
260
aac

Asn

atec
1le

aac
Asn

cgg
Axg
aca
340

ggt
Gly

gac

atc
Ile

ctg
Leu

cge
Arg
420

tgg

ctg
Leu

agt
Ser

gtg
val

atc
Ile
500

aat
Asn

gag
Glu

tge
Cya

cct
Pro
24S

cgg
Axg

ate
Ile

atc
Ile

tgg
TP

gge

325

agc
Serx

ctg
Leu

gtg
val

ctg
Leu

gag
Glu
405

gtg
val

atc
Ile

gaa
Glu

gct
Ala

gtc
val
485

ccg
Pro

999
aly

gaa
Glu

aag
Lys

cgt

aag
Lys

ace

tte
Phe

ccyg
Pxo
310

cta
Leu

cgg
Axg

gca
Ala

tgg
Txp

cac
His
390

gge
Gly

ggt
Gly

cca
Pro

cga
Arg

gac
Asp
470

cge

gta
val

ggt
Gly

ggg
Gly

att
Ile
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gag
Glu

tac
Tyr

tgg
Txp

tce
Sex
295
cto
Leu

ggc
Gly

gca
Ala

ggt
aly

ccg
375
aac

Asn

ggc
Gly

gag
Glu

ccyg
Pro

atg
Met
455

cct
Pro

ace

cge

gect
Ala
agyg
53s
tgc

tac

gcyg
Ala

gce

ctg
Leu

gcce
Ala
265

cte
Leu

280

agt
Ser

cga
Axg

ttt
Phe

ctg
Leu

ggt
360

gece
Ala

att
Ile

ttt
Phe

tgg
TIp

cag
Gln
440

gce
Ala

tat
Tyr

ctg
Leu

tac
Tyx

tgg
Trp
520

get
Ala

aag
Lys

gac
Asp

gga
Gly

gtc
val

atg
Met
345

acc
Thr

atc
Ile

gac

ggc
Gly

aag
Lys
425

aca
Thr

agt
Serxr

gaa
Glu

ctg
Leu

cca
Pro
505

g99
Gly
cga
Arg

ctt
Leu

133

tac
Tyxr
250

atg
Met

aag
Lys

aat
Asn

cge

cac
His
330

cac
Hisg

ace
Thr

age
Sex

cca
Pro

ate
Ile
410

ctg
Leu

ctg
Leu

gtc
val

cgg
Arg

gct
Ala
490

gct
Ala

ccc
Pro

agce
Ser

cga
Axg

cge

gtg
val

cge
Arg

ggt
Gly

aag
Lys
315

agt
Ser

atc
Ile

tca
Ser

gag
Glu

cte
Leu
395

tgg
Trp

ctg
Leu

gee
Ala

cge
Arg

gag
Glu
475

cge

gag
Glu

tgg
Trp

tte
Phe

tce
Ser

tac

acce
Thr

tac

ggc
300

ggc
Gly

cce
Pro

act

gca
Ala

ggc
Gly
380

tac

aac
Asn

aca
Thx

acce

cag
Gln
460

gac

ctg
Leu

aac
Asn

gce
Ala

tee
Ser
540

ttt
Phe

cgc
Arg

tgc
Cys

ggt
Qly
285
cag
Gln

act

ctg
Leu

gac

gee
365

cgg
Arg

aac
Asn

acc

gga
Aly

ttec
Phe
445

gce
Ala

ctg
Leu

gce
Ala

cce
Pro

agt
Serx
525

cgg
Axrg

tte
Phe

acc
Thx

atg
Met
270
tte
Phe

act
Thr

tat
Tyx

cte
Leu
tgg
Txp
350
gat

gce
Ala

cat
His

gee
Ala
gac
430
ccg
Pxo

gtg
val

gct
Ala

gaa
Glu

cgg
510
gakt
Asp

ggt
Gly

cgt
Axg

atg
Met
255

gat
asp

tac
Tyr

tte
Phe

tgg
Txp

aag
Lys
335

tac

gg9g9
Gly

tca
Ser

gec
Ala

gtg
val
415

cce
Pro

ggt
Gly

tgg
Trp

ggc
Gly

tat
Tyx
495
gect
Ala

gag
Glu

cgt

aaa
Lys

ggc
Gly

gag
Glu

aac
Asn

tcg
Sex

gaa
Glu
320

cga

ccg
Pro

cta
Leu

cca
Pro

cag
Gln
400

cag
Gln

ggc
GQly

age
Ser

cte
Leu

cag
Gln
480

aac
Asn

cat
His

gaa
Glu

cge

cte
Leu
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1104
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aac acc agg cta atg tcc caa cgg atc tga
Asa Thr Arg Leu Met Ser Gln Arg Ile

<210> 93

<211> 569

<212> PRT

<213> Homo sapiens

<400> 93

Met His

Tyr Leu

Gly Glu

Ile Ile
50

His Gly
65

Gly val

Arg Ser

His Ser

Val Thr
: 130

Vval Gly
145

Arg Arg

Tyr Tyr

Leu His

Thxr Met
210

Pro Gln
225

Pro Leu

Sexr

Ala

35

Phe

Ser

Lys

Gln

Ile

115

Leu

Lys

Gly

Thx

Glu

195

Leu

Axrg

Gln

565

Leu

Txp

20

Gly

Ile

Asp

Leu

Leu

100

Ile

Pro

Trp

Phe

Hg
- @
o

Gly

Tyr

Pro

Ser

ASp

Glu

Leu

Ile

Glu

85

Leu

Arg

Gln

His
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165

Glu
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Leu

Pxo
245

Gly
Txp
Gln
Thr
Glu
70

Asn
Thr
Pxo
Lys
Leu
150
Thr
Asn
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Gln
Phe

230

Axg
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Ala Lys

Pro Ser
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55

Leu
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Ala

Gln

Thr

Ile

Gly Arg Tyr

Gln Gln
120

Leu Gln
135

Gly Phe
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200

Arg Ala
215

Leu Tyxr
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Gly

Gly

185

Ser

val

Val
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Serx

aAla
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Leu

Gln
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Leu Tyx
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Ser

Phe
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TYX
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Met
255
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<210> 94
<211> 2067
<212> DNA

Asn
Ala
Asn
Gly
305

Gly

Lys

Axg
385
His

Ala

Trp

Phe
465

Pro
Glu

Lys
545

Asn

val
Val
Ser
290
Gly
Gly
Gln
Leu
Gly
370
aly
Ala
Gly
Trp
450
Asn
Pro
?hr
Asp
Glu
530

Lys

Thr

Ala

Axg
275
Val

Ser

val

val

35S

Tyr

Glu

Ser

Ile

Asp

Axg
260
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340
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420

Trp

43S |
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Cys

Leu

Gly
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410
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Glu

475
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TP
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Thx
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Thr
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Ser
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365

Arg
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Trp
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Trp
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Glu
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<213> Homo sapiens

<220>
<221> CDS

<222> (1)..(2064)
<223> hSULF6

<400> 94

atg
Met

aca

aca

tee
Ser
tgc
65

cat

His

get
Ala

gtg
val

aga

gtg
145
att
Ile

gct
Ala

tac

tte
Phe

ket
Phe
228

aaa
Lys

cta
Leu

gag
Glu

cgg
Axg

agc
Ser
S0

att
Ile

ccg
Pro

ctt
Leu

tce
Sex

aac
Asn
130

gg99
Gly

gac
Asp

get
Ala

cce
Pro

acg
Thr
210

gece
Ala

tgg
Trp

att
Ile

gta
val

aac
Asn
35

tecc
Ser

tta
Leu

tgt
Cys

get
Ala

ctg
Leu
115

gee
Ala

gat

cge
Axg

tce
Sexr

atc
Ile
195

tgg

aag
Lys

cac
His

tca
Ser

gat
Asp
20

cca
Pro

aaa
Lys

cce
Pro

gga
Qly
gce
100
tge
Cys

aga

ttg
Leu

ctg
Leu

atg
Met
180

aga
Axg

ctt
Leu

ctg
Leu

ctg
Leu

gga
Gly

tgt
Cys

cag
Gln

tgt
Cys

aga
Arxg

gct
Ala
85

ttt
Phe

kgt
Cys

cce
Pro

tge

gca
165
tge
Cys

tca
Ser

ggt
Gly

ctg
Leu

ggt
245

aga

Arg

ttt
Phe

cga

cag
Gln

tet
Ser
70

tta
Leu

aca

ttg
Leu

aac
Asn
tgc
150
agt

Ser

acc

gg9
Gly

g99
Gly

cag
Gln
230

ttg
Leu
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gaa
Glu

gtg
val

att
Ile

ctg
Leu
55

tca
Ser

ctt
Leu

gac
Asp

ttt
Phe

att
Ile

*135

tac
Tyx

gaa
Glu

cca
Pxro

atg
Met

tca
Ser
215

cac
His

agce
Ser

gag
Glu

gtt
val

ttc
Phe
40

gac
Asp

aag
Lys

ctg
Leu

tce
Ser

tge
Cys
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val

ggt
Gly

gga
Gly

agt
Serx

gtg
val
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ggt
Aly

cgt
Arg

tge
Cys

aac
Asn

gaa
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25

acc
Thr

caa
Gln

cte
Leu

tat

cte
Leu
105

ggt
Gly

ctg
Leu

aat
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gtg
val
cgg
185

tct
Sex

ggt
Gly
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Ala

caa
Gln
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tta
Leu

aag
Lys

ggt
Gly

cte
Leu
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90

tet
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gtt
val

ctg
Leu

aac
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agg
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gect
Ala

gee
Ala

ctt
Leu

tac
Tyx

tct
Sex
250

136

ata
Ile

gga
Gly

cac
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gga
Gly

tca
Ser
s

tce
Sex
agg
gat

atg
Met

tca
Sex
155
ctt
Leu

gce
Ala

tac

cee
Pro

cge
235

cgg
Arg

gac
Asp

agt
Ser

gtg
val

aaa
Lys
60

cce
Pro

teca
Ser

age
Ser

ggce
Gly

gca
Ala
140

gtg
val

acc
Thx

ttc
Phe

aac
Asn
ace
320
acg
Thr

aat
Asn

ata
Ile

cta
Leu

gce
Ala
45

agc
Ser

ttg
Leu

gga
Gly

tge

aca
125
gat
Asp

agc
Ser

cag
Gln

ctg
Leu

ctg
Leu
205

aat
Asn

gga
Gly

gat
Asp

tcec
Ser

cac
His
30

acce

ctg
Leu

tgt

atce
Ile
tgg
Trp
110
ttt
Phe

gac
aca

cat
His

acc
Thr
190

aac
Asn

gaa
Glu

cte
Leu

cac
His

aag
Lys
15

aat
Asn

aag
Lys

gtc
val

cte
Leu

gce
95

ctg
Leu

atg
Met

ctt
Leu

cct
Pro

cte
Leu
175

ggc
Gly

cgt
Axg

acg
Thr

ata
Ile

tgt
Cys
255
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cct
Pro

tca
Sex

cag
Gln

cce
Pro
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tct
Ser

tca
Ser

aca

gga
Gly

aat
Asn
160
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Ala

cgg
Arg
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Ala

act

gge

240

tac

48
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240

288
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432

480
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576

624

672

720
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cac
Hia

ctt
Leu

ctc
Leu

ttt
Phe
305
aag
Lys

tgg

agg
Arg

tce
Ser

gaa
Glu
38S
atec
Ile

gac

ctg
Leu

gac

gge
Gly
465

gga
Gly

gct
Ala

acg
Thr

gac
Asp
gac

54S

agg
Axg

ccg
Pro

tta
Leu

agg
Arg
290

ctg
Leu

gte
val

tac

aac
Asn

cte
Leu
370

cct
Pro

tce
Serx

aat
Asn

gac
Asp

aac
Asn
450

tag
Trp

ggt
Gly

g99
Gly

ctg
Leu

gge
Gly
530

cac

p His

tgg

Txp

cte
Leu

age
Ser
275

atc
Ile

ctt
Leu

atc
Ile

tct
Ser

cat
His
355

atg
Met

(A4 4
Phe

aaa
Lys

gta
val

cag
Gln
435

gg9g9
Gly

aac
Asn

akce
Ile

aga

Arg

tct
Ser
515

cag
Gln

gag
Glu

cat
His

aac
ABn
260

gac

aaa
Lys

ctc
Leu

ttt
Phe

agt
Sex
340

gaa
Glu

ctg
Leu

cte
Leu

aag
Lys

gaa
Glu
420

gag
Glu

ggc
Gly

999
Gly

cgt

gtg
val
500

tat
Tyx

aac
Asn

tte
Phe

cag
Gln

cat
His

tgc
Cys

ctg

ggt
Gly

cag
Gln

tgg
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tte
Phe

gca
Ala

ate

Leu Txp Ile

att
Ile

gtc
Val
325

tat
Tyx

att
Ile

aag
Lys

cte
Leu

aag
Lys
405

gaa
Glu

cge
Arg

cac
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atc
Ile

gtg

485

atc
Ile

ata
Ile

cta
Leu

ctc
Leu

aag
Lys

cce
Pxo
310

ettt
Phe

gga
Gly

ate
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gag
Glu

ttt
Phe
390

ttt
Phe

atg
Met

ctg
Leu

ctg
Leu
tac
Tyx
470
cca

Pro

aat
Asn

ggc
Qly

atg
Met

ttc
Phe
550

gac
Asp

295

aag
Lys

gct
Ala

tee
Phe

cag
Gln

gca
Ala
375

tte
Phe

gtt
Val

gat
Asp

gecc
Ala

gag
Glu
455

aaa
Lys

999
Gly

gag
Glu

gga
Qly

cece
Pxo
53§

cac
His

tgt
Cys

cac
His

tce
Ser
280

tcc
Ser

tte
Phe

cte
Leu

act
Thx

cag
Gln
360

ctt
Leu

tce
Ser

ggg
Gly

tgg
Trp

aac
Asn
440

cce
Pro

ggt
Gly

ata
Ile

cce
Pro

ggg
520
ctg
Leu

tac
Tyx

gca
Ala

tac

Tyr
265

aag
Lys

acg
Thr

gee
Ala

cte
Leu

cga
Axg
345

cca
Pro
gct
Ala
ttec
FPhe

cgc

atg
Mat
425

cac
His

ctg
Leu

ggc
GQly

ttc
Phe

acc
Thr
S05

ate
Ile

ctg
Leu

tgt
Cys

act

ttt
Phe

aca

gta
Val

cge

gee
Ala
330

cgt

atg
Met

tte
Phe

ckg
Leu

agt
Ser
410

gtg
val

acc
Thr

gac

aaa
Lys

cgg
490
agc
Ser

ttg
Leu

gaa
Glu

gg99
aly

gtg

tac

Tyx

cca
Pro

gce
Ala

tag
315

tet
Phe

tgg
Trp

aaa
Lys

att
Ile

cac
His
395

aaa
Lys

ggt
Gly

ttg
Lsu

g99
Gly

gga
Gly
475

tgg
Txp

tta
Leu

tce
Ser

gga

ag99
aly

gaa
Glu

ctt
Leu
300

tte
Phe

ctg
Leu

aat
Asn

gag
Glu

gaa
Glu
380

gta
val

tat
Tyr

aaa
Lys

gtg
val

gct
Ala
460

atg
Met

ccg
Pro

atg
Met

cag
Gln

agg

Gly Arg

gte
val
S55

tgg

540

tat

aaa

Val Trp Lys

137

gty
val

ctg
Leu
285
gece
Ala

tca
Ser

ttt
Phe

tgc
Cys

gag
Glu
365
agg
Arg

cat
His

ggc
Gly

atc
Ile
tac
Tyr
445
gtt
val

gga
Qly

tca
Serx

gac

gac
525
gcyg
Ala

ctg
Leu

gct
Ala

cct
Pro
270

cac
His

ctg
Leu

gtg
val

tte
Phe

ate
Ile
350

aaa
Lys

tac

actk
Thr

agg
Arg

ctg
Leu
430

tte
Phe

cag
adln

gga
Gly

gtc
Val

ate
Ile
510

aga

tce
Ser

cac
His

cat
His

ttt
Phe

cge
Arg

gtt
val

cca
Pro

act
Thx
335
ctt
Leu

gta
val

aaa
Lys

cca
Pro
tat
Tyx
415
gat
Asp

ace
Thr

ctg
Leu

tgg

ttg
Leu
495

tat
TYC

gtg
Val

cac
His

acg
Thr

tat
Tyr

gga
Gly

tgg
TP

cct
Pro

tgg
320

tce
Ser

atg
Mat

gct
Ala

agg

cte
Leu
400

g99
Gly

gece
aAla

tct
Ser

ggt
Gly

gaa
Glu
480

gag
Glu

cecyg
Pro

att
Ile

tcec
Ser

gte
val
560

gtg
val

816

864

912

960
1008
1056
1104
1152
1200
1248
1256
1344
1392
1440
1488
1536
1584
1632
1680
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act
Thr

ata
1le

(444
Phe

aat
Asn
635

aga
Arg

tte
Phe

cce
Pxo

tga
<210> 95

<211> 688
<212> PRT

cct aaa
Pro Lys

tgt teca
Cys Ser
595

gac atc
Asp Ile
610

gag cca
Glu Pro

gag cat
Glu His

aac aca
Asn Thr

tte tgt
Phe

<213> Homo sapiens

<400> 95

Thr GQlu
Thr Axg
Ser Ser
50

Cys Ile
65

His Pro
Ala Leu

Val Ser

Axg Asn
130

tte
580

tgt
Cys

tca
Ser

tta
Leu

cgt
Arg

att
Ile
660

ggg
Gly

val

Asn

35

Ser

Leu

Cys

Ala

Leu
115

Ala Arg

565
tac
TYX

tcg
Sex

aga
Arg

ttt
Phe

agg
645

tgg
Trp

tgt
Cys

Met Leu Ile Serx

20

Pro

Lys

Pro
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cct gaa

Pro Glu

ggg gat
Gly Asp

gac cct
Asp.Pxo
615

gac

630

tce
Asp Sex

aca cta
Thr Leu

aaa cca

Lys

Pro

gac aag

AsSp Lys

Gln

Cys

Axg

Gly Ala

Ala
100

Cys

85

Phe

Cys

Pro

Val Gly Asp Leu Cys

145 :

Phe

Arg

Gln

Ser

70

Leu

Thr

Leu

Asn

Cys
150

gga
Qly

gta
val
600

tca
Sex

gty
val

aca
Thr

tgg

gaa
Glu
680

val

Ile

Leu

55

Ser

Leu

Asp

Phe

Ile

135

Tyx

aca

ace

gaa
Glu

570

585

ate
Ile

cect
Pro

ggt
Gly

tac
Tyr

gcc
Ala

aaa
Lys

gte
val

650

ctg
Leu
665

gat

Gly Arg Glu Glu

val

Phe

40

Asp

Lys

Leu

Ser

Cys

120

val

Gly

138

cag
Gln

gac
Asp

gce
Ala

cac
His

ctt
Lsu

aag
Lys
635

cca
Pro

cct
Pro

atc
Ile

tge
Cys

gac
Asp

cca
Pro
620

atg
Met

cag
Gln

tge
Cys

ctt
Leu

tat

cca
Pxo
605

ctg
Leu

gag
Glu

cag
Gln

tgt
Cys

cce
Pro
685

575

ggg agt gga
Gly Ser Gly

590

cca cte cte
Pro Leu Leu

aac cct gac
Asn Pro Asp

gea gec ata
Ala Ala Ile

tte

640

ktct gtg

Phe Ser val
655

ggg acc ttc
Gly Thr Phe

870

atg get cce
Met Ala Pxro

Asn Gln XIle Asp Ile

Glu

25

Thx

Gln

Leu

Leu

105

Gly

Leu

Asn

10

Leu Gly Ser Leu

Lys His val Ala

45

Gly Gly Lys Ser
60

Leu Sexr Pro Leu

75

Arg Ser Sexr Gly

920

Ser Arg Ser Cys Trp

Val Asp Gly Thr

125

Leu Met Ala AaAsp
140

Asn Ser Val Sex

155

Ser Lys
15

His 2asn

30

Thr Lys

Leu Val

Cys Leu

Ile Ala

95

Leu

Phe Met

Asp Leu

Thr Pro

1776

1824

1872

1920

1968

2016

2064

2067

Thr

Pro

Ser

Gln

Prxo

80

Serx

Ser

Thr

Gly

Asn
160
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Ile

Ala

Tyx

Phe

Phe

225

Lys

His

Leu

Leu

Phe

305

Lys

Tzp

Sexr
Glu

385

Ile

Leu

ASp

Ala

Pro

Thx

210

Ala

TP

Pxo

Leu

N
0
o

Leu
val
Tyx
Asn
Leu
370
Prxo
Ser
Asn

Asp

Asn
450

Sex

Ile

195

Trp

Lys

His

Leu

Sexr

275

Ile

Lau

Ile

Ser

His

355

Met

Phe

Lys

val

Gln
43S

Leu
Met
180
Le.u
Leu
Leu
Asn
260
Asp
Lys
Leu
Phe
Ser
340
Glu
Leu
Leu
Lys
Glu

420

Glu

Ala
165

cys

Ser

aly

Leu

Gly

245

His

Cys

Leu

Ile

val

325

Ile

Lys

Leu

Lys

405

Glu

Axg

Gly Gly His
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Sex

Thx

Gly

Gly

Gln

230

Leu

Gly

Gln

Pro

310

Phe

Gly

Ile

Glu

Phe

390

Phe

Met

Leu

Leu

Glu

Pro

Met

Ser

215

His

Ser

Phe

Ala

Ile

295

Lys

Ala

Phe

Gln

Ala

375

Phe

val

asp

Ala

Glu
455

Gly

Sex

Val

200

Gly

Axg

Cys

His

Ser

280

Ser

Phe

Leu

Thx

Gln

360

Leu

Ser

Gly

Txp

Asn

440

Pro

val

Axg

185

ser

Gly

Gly

Ala

Lys

Thr

Ala

Leu

Arg

345

Pro

Ala

Phe

Axg

Met

425

His

Leu

139

Arg
170
aAla
Ala
Leu
Tyr
Sexr
250

Phe

Val
Arg
Ala
330
Arg
Met
FPhe
Leu
Sexr

410

val

Asp

Leu

Ala

Tyr

Pro

Arg
235

Pro

aAla

Txp
315

Phe
Trp
Lys
Ile
His
395
Lys
aly

Leu

Gly

Thr

Phe

Asn

Thx

220

Thr

Asn

Gly

Glu

Leu

300

Phe

Leu

Asn

Glu

Glu

380

val

Tyxr

Lys

‘val

Ala
460

Gln

Leu

Leu

205

Asn

Gly

Asp

val

Leu

285

Ala

Ser

Phe

Glu

365

Axg

His

Gly

Ile

His

Thr

190

Asn

Glu

Leu

His

Pro

270

His

Leu

val

Phe

Ile

350

Lys

Tyx

Thr

Arg

Leu

430

Phe

Gln

Leu

175

Gly

Axg

Thr

Ile

Cys

255

Phe

Axg

val

Ala

Axg

Ala

Thr

Gly

240

Gly

Trp

Pxo

Pro Trp

Thr

335

Leu

val

Lys

Pro

Tyr
415

Asp

Leu

Ser

Met

Ala

Leu

400

Qly

Ala

Ser

aly
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Gly Trp Asn Gly Ile Tyr Lys Gly Gly Lys Gly Met Gly Gly Trp Glu
465 470 475 480

Gly Gly Ile Arg Val Pro Gly Ile Phs Arg Trp Pro Ser Val Leu Glu
485 490 495

Ala Gly Arg Val Ile Asn Glu Pro Thr Ser Leu Met Asp Ile Tyr Pro ,
500 505 510

Thr Leu Ser Tyr Ile Gly Gly Gly Ile Leu Sex Gln Asp Axg Val Ile
515 520 525

Asp Oly Gln Asn Leu Met Pro Leu Leu Glu Gly Arg Ala Ser His Ser
530 535 540

Asp His Glu Phe Leu Phe His Tyr Cys Gly Val Tyr Leu His Thr Val
545 S50 . 555 560

Arg Trp His Gln Lys Asp Cys Ala Thr Val Trp Lys Ala His Tyr val
565 570 575

Thr Pro Lys Phe Tyr Pro Glu Gly Thr Gly Ala Cys Tyr Gly Ser Gly
580 585 590

Ile Cys Ser c&s Ser Gly Asp val Thr Tyx His Asp Pro Pro Leu Leu
595 600 605

Phe Asp Ile Ser Arg Asp Pro Sexr Glu Ala Leu Pro Leu Asn Pro Asp
610 615 620

Asn Glu Pro Leu Phe Asp Ser Val Ile Lys Lys Met Glu Ala Ala Ile
625 630 635 640

Axrg Glu His Axg Arg Thxr Leu Thr Pro Val Pro Gln Gln Phe Ser Val
645 650 655

Phe Asn Thx Ile Txp Lys Pro Txp Leu Gln Pro Cys Cys Gly Thr Phe
660 665 670

Pro Phe Cys Gly Cys Asp Lys Glu Asp Asp Ile Leu Pro Met Ala Pro
675 680 685

Claims

1. A cell that coexpresses a sulfatase and a C -formylyglycine generating enzyme (FGE) so that activated sulfatase
is produced; wherein the cell comprises heterologous DNA or RNA that results in increased expression of the
activated sulfatase relative to what would occur in the absence of heterologous DNA or RNA;
and wherein the FGE is a polypeptide with C-formylyglycine generating activity that:

a) has a sequence selected from the group consisting of SEQ ID NO. 2, 5, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68, 70, 72, 74, 76, 78, or amino acids 34-374 of SEQ ID NO. 2; or

b) has at least 50% sequence identity with SEQ ID No 2; or

¢) has one or more conservative amino acid mutations relative to a polypeptide as described in a) or b) above; or
d) is a fragment of a polypeptide as described in any of a) to c) above; or

e) is a fusion protein of any of a) to d) above.

2. A cell according to claim 1; wherein the FGE is expressed at a higher level relative to what would occur in the
absence of the heterologous DNA or RNA.

3. Acell according to claim 1 or claim 2; wherein the degree of sequence identity in part b) of claim 1 is at least 75%.
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17.
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20.
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22,
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A cell according to claim 3; wherein the degree of sequence identity in part b) of claim 1 is at least 95%.
A cell according to claim 1; wherein the FGE is a polypeptide as described in part a) thereof.

A cell according to any of claims 1 to 5; wherein the FGE is a polypeptide that comprises SEQ ID No 2, or a fragment
thereof having C_-formylyglycine generating activity.

A cell according to claim 6; wherein the FGE is a polypeptide that comprises SEQ ID No 2 or amino acids 34-374
of SEQ ID NO. 2.

A cell according to any of claims 1 to 5; wherein the FGE is a polypeptide that has a subdomain 3 that comprises
at least one of the following:

(i) a GFR motif
(ii) an RVXXGG(A)S motif
(iii) a heptamer containing three arginines

(iv) three cysteine residues.

A cell according to any preceding claim; wherein the sulfatase is a eukaryotic sulfatase, a mammalian sulfatase or
a human sulfatase.

A cell according to any preceding claim; wherein the sulfatase is selected from the group consisting of Iduronate 2-
Sulfatase, Sulfamidase, N-Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A, Ar-
ylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2,
HSulf-3, HSulf-4, HSulf-5, or HSulf-6, or a fragment thereof having sulfatase activity.

A cell according to claim 10; wherein the sulfatase is Iduronate 2-Sulfatase.

A cell according to any preceding claim; wherein the sulfatase is exogenous, relative to the cell without the heter-
ologous DNA or RNA.

A cell according to any preceding claim that is a eukaryotic cell.

A cell according to any preceding claim wherein the cell has been transformed suing heterologous DNA or RNA of
claim 1 or is from a cell culture derived therefrom.

A cell according to any preceding claim that is a primary cell, or a secondary cell, or is a cell from an immortalised
cell line.

Anin vitro method comprising using one or more cells according to any of claims 1 to 15 to produce activated sulfatase.
A method according to claim 16 when used to produce sulfatase with a higher proportion of activated sulfatase to
total sulfatase than would be the case for sulfatase produced from said one or more cells in the absence of the

heterologous DNA or RNA.

A method according to claim 16 or 17, wherein the sulfatase is provided in a form that can be used in a pharmaceutical
composition for treating a sulfatase deficiency.

A method according to any of claims 16 to 18 comprising providing a pharmaceutical composition that comprises
activated sulfatase and a pharmaceutically acceptable carrier.

A method according to claim 18 or 19, wherein the pharmaceutical composition is provided in a form for administration
by the oral, rectal, topical, nasal, intradermal transdermal or parenteral route.

A method according to any of claims 18 to 20, wherein the pharmaceutical composition is provided in a form that is
suitable for use in treating a sulfatase deficiency.

A method according to any of claims 18 to 21, wherein the pharmaceutical composition is provided in a unit dosage
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23.

24.

25.

26.
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form that is suitable for use in treating a sulfatase deficiency.
A method according to any of claims 16 to 22 comprising assaying sulfatase activity
A cell according to any of claims 1 to 15, for use in a method of treating a sulfatase deficiency.

A cell according to any of claims 1 to 15, for use in a method of treating a sulfatase deficiency; wherein the sulfatase
deficiency is selected from the group consisting of: Multiple Sulfatase Deficiency, Mucopolysaccharidosis 1l, Muco-
polysaccharidosis IlIA, Mucopolysaccharidosis IVA, Mucopolysaccharidosis VI, Mucopolysaccharidosis VIII, Meta-
chromatic Leukodystrophy, X-linked Recessive Chondrodysplasia Punctata 1 and X-linked Ichthyosis.

A sulfatase for use in a method for treating a sulfatase deficiency in a subject, wherein the sulfatase is produced by
a cell with increased expression of formylglycine generating enzyme (FGE) to increase the ratio of active sulfatase
to total sulfatase in an amount effective to increase the specific activity of said sulfatase, wherein the FGE is a
polypeptide with C_-formylglycine generating activity that:

a) has a sequence selected from the group consisting of SEQ ID NO. 2, 5, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68, 70, 72, 74, 76, 78, or amino acids 34-374 of SEQ ID NO. 2; or

b) has at least 50% sequence identity with SEQ ID No 2; or

¢) has one or more conservative amino acid mutations relative to a polypeptide as described in a) or b) above; or
d) is a fragment of a polypeptide as described in any of a) to c) above; or

e) is a fusion protein of any of a) to d) above.

27. The sulfatase for use according to claim 26, wherein the sulfatase is Iduronate 2-sulfatase.
Patentanspriiche
1. Zelle, die eine Sulfatase und ein C_-Formylglycerin generierendes Enzym (FGE) so koexprimiert, dass aktivierte
Sulfatase produziert wird; wobei die Zelle heterologe DNA oder RNA umfasst, die zur erhéhten Expression der
aktivierten Sulfatase im Vergleich zu derjenigen, die bei Abwesenheit von heterologer DNA oder RNA auftreten
wirde;
und wobei das FGE ein Polypeptid mit C_-Formylglycin generierender Aktivitat ist, das:
a) eine Sequenz, ausgewahlt aus der Gruppe bestehend aus SEQ ID NO. 2, 5, 46, 48, 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 72, 74, 76, 78 oder den Aminosauren 34-374 von SEQ ID NO. 2, aufweist; oder
b) mindestens 50% Sequenzidentitat zu SEQ ID NO. 2 aufweist; oder
c) eine oder mehrere konservative Aminosauremutationen im Vergleich zu einem Polypeptid wie in a) oder b)
oben beschrieben aufweist; oder
d) ein Fragment eines Polypeptids wie in einem der Punkte a) bis ¢) oben beschrieben ist; oder
e) ein Fusionsprotein von einem der Punkte a) bis d) oben ist.
2. Zelle nach Anspruch 1, wobei das FGE auf einem héheren Niveau im Vergleich dazu, was bei Abwesenheit der
heterologen DNA oder RNA auftreten wiirde, exprimiert wird.
3. Zelle nach Anspruch 1 oder Anspruch 2, wobei der Grad der Sequenzidentitat in Teil b) von Punkt 1 mindestens
75% betragt.
4. Zelle nach Anspruch 3, wobei der Grad der Sequenzidentitat im Teil b) von Anspruch 1 mindestens 95% betragt.
5. Zelle nach Anspruch 1, wobei das FGE ein Polypeptid wie in Teil a) davon beschrieben ist.
6. Zelle nach einem der Anspriiche 1 bis 5, wobei das FGE ein Polypeptid, das SEQ ID NO. 2 umfasst, oder ein
Fragment davon mit C_-Formylglycin generierender Aktivitat ist.
7. Zelle nach Anspruch 6, wobei das FGE ein Polypeptid, das SEQ ID NO. 2 oder die Aminosauren 34-374 von SEQ

ID NO. 2 umfasst, ist.
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Zelle nach einem der Anspriiche 1 bis 5, wobei das FGE ein Polypeptid ist, das eine Subdomane 3 aufweist, die
mindestens eines der Folgenden umfasst:

(i) ein GFR-Motiv

(ii) ein RVXXGG (A) S-Motiv

(iii) ein Heptamer, das drei Argininreste enthalt
(iv) drei Cysteinreste.

Zelle nach einem vorhergehenden Anspruch, wobei die Sulfatase eine eukaryontische Sulfatase, eine Saugersul-
fatase oder eine menschliche Sulfatase ist.

Zelle nach einem vorhergehenden Anspruch, wobei die Sulfatase aus der Gruppe bestehend aus |duronat-2-Sul-
fatase, Sulfamidase, N-Acetylgalactosamin-6-Sulfatase, N-Acetylglucosamin-6-Sulfatase, Arylsulfatase A, Arylsul-
fatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-
3, HSulf-4, HSulf-5 oder HSulf-6, oder einem Fragment davon mit Sulfataseaktivitat ausgewahlt ist.

Zelle nach Anspruch 10, wobei die Sulfatase Iduronat-2-Sulfatase ist.

Zelle nach einem vorhergehenden Anspruch, wobei die Sulfatase in Bezug auf die Zelle ohne die heterologe DNA
oder RNA exogen ist.

Zelle nach einem vorhergehenden Anspruch, bei der es sich um eine eukaryontische Zelle handelt.

Zelle nach einem vorhergehenden Anspruch, wobei die Zelle unter Verwendung von heterologer DNA oder RNA
nach Anspruch 1 transformiert worden ist oder von einer davon abstammenden Zellkultur ist.

Zelle nach einem vorhergehenden Anspruch, bei der es sich um eine primare Zelle oder eine sekundare Zelle oder
eine Zelle von einer immortalisierten Zelllinie handelt.

In-vitro-Verfahren, umfassend die Verwendung von einer oder mehreren Zellen nach einem der Anspriiche 1 bis
15 zur Produktion von aktivierter Sulfatase.

Verfahren nach Anspruch 16 beider Verwendung zur Produktion von Sulfatase mit einem héheren Anteil an aktivierter
Sulfatase in Bezug auf Gesamtsulfatase als fir Sulfatase, die vonder einen oderden mehreren Zellen in Abwesenheit

der heterologen DNA oder RNA produziert wird, der Fall ware.

Verfahren nach Anspruch 16 oder 17, wobei die Sulfatase in einer Form, die in einer pharmazeutischen Zusam-
mensetzung zur Behandlung einer Sulfatasedefizienz verwendet werden kann, bereitgestellt wird.

Verfahren nach einem der Anspriiche 16 bis 18, bei dem man eine pharmazeutische Zusammensetzung, die akti-
vierte Sulfatase und einen pharmazeutisch unbedenklichen Trager umfasst, bereitstellt.

Verfahren nach Anspruch 18 oder 19, wobei die pharmazeutische Zusammensetzung in einer Form zur Verabrei-
chung auf dem oralen, rektalen, topischen, nasalen, intradermalen, transdermalen oder parenteralen Weg bereit-

gestellt wird.

Verfahren nach einem der Anspriiche 18 bis 20, wobei die pharmazeutische Zusammensetzung in einer Form, die
zur Verwendung in der Behandlung einer Sulfatasedefizienz geeignet ist, bereitgestellt wird.

Verfahren nach einem der Anspriiche 18 bis 21, wobei die pharmazeutische Zusammensetzung in einer Einzeldo-
sisform, die zur Verwendung in der Behandlung einer Sulfatasedefizienz geeignet ist, bereitgestellt wird.

Verfahren nach einem der Anspriiche 16 bis 22, bei dem die Sulfataseaktivitat in einem Assay getestet wird.

Zelle nach einem der Anspriiche 1 bis 15 zur Verwendung in einem Verfahren zur Behandlung einer Sulfatasede-
fizienz.

Zelle nach einem der Anspriiche 1 bis 15 zur Verwendung in einem Verfahren zur Behandlung einer Sulfatasede-
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fizienz, wobei die Sulfatasedefizienz aus der Gruppe bestehend aus multipler Sulfatasedefizienz, Mukopolysaccha-
ridose I, Mukopolysaccharidose |lIA, Mukopolysaccharidose IVA, Mukopolysaccharidose VI, Mukopolysaccharido-
se VI, metachromatischer Leukodystrophie, x-chromosomaler rezessiver Chondrodysplasia punctata 1 und X-
chromosomaler Ichthyose ausgewahlt ist.

Sulfatase zur Verwendung in einem Verfahren zur Behandlung einer Sulfatasedefizienz in einem Individuum, wobei
die Sulfatase von einer Zelle mit erhohter Expression des Formylglycin generierenden Enzyms (FGE) produziert
wird, um das Verhaltnis von aktiver Sulfatase zu Gesamtsulfatase in solch einer Menge zu erhéhen, die wirksam
ist, um die spezifische Aktivitat der Sulfatase zu erhdhen, wobei das FGE ein Polypeptid mit C_-Formylglycin ge-
nerierender Aktivitat ist, das:

a) eine Sequenz, ausgewahlt aus der Gruppe bestehend aus SEQ ID NO. 2, 5, 46, 48, 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 72, 74, 76, 78 oder den Aminosauren 34-374 von SEQ ID NO. 2, aufweist; oder

b) mindestens 50% Sequenzidentitat zu SEQ ID NO. 2 aufweist; oder

c) eine oder mehrere konservative Aminosauremutationen im Vergleich zu einem Polypeptid wie in a) oder b)
oben beschrieben aufweist; oder

d) ein Fragment eines Polypeptids wie in einem der Punkte a) bis ¢) oben beschrieben ist; oder

e) ein Fusionsprotein von einem der Punkte a) bis d) oben ist.

Sulfatase zur Verwendung nach Anspruch 26, wobei die Sulfatase Iduronat-2-Sulfatase ist.

Revendications

Cellule qui co-exprime une sulfatase et une enzyme de génération de C_-formylyglycine (FGE) de sorte qu’une
sulfatase activée soit produite ; ou la cellule comprend un ADN ou ARN hétérologue qui conduit & une expression
augmentée de la sulfatase activée par rapport a celle présente en I'absence d’ADN ou ARN hétérologue ;

et ou la FGE est un polypeptide ayant une activité de génération de C -formylyglycine qui :

a) a une séquence choisie dans le groupe constitué de SEQ ID NO. 2, 5, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64,
66, 68, 70,72, 74, 76, 78, ou les acides aminés 34-374 de SEQ ID NO. 2 ; ou

b) a au moins 50 % d’identité de séquence avec SEQ ID No. 2 ; ou

c) a une ou plusieurs mutations d’acide aminé conservatrice par rapport a un polypeptide tel que décrit dans
a) ou b) ci-dessus ; ou

d) est un fragment d’un polypeptide tel que décrit dans I'un quelconque de a) a c) ci-dessus ; ou

e) est une protéine de fusion de 'un quelconque de a) a d) ci-dessus.

Cellule selon la revendication 1 ; dans laquelle la FGE est exprimée a un taux plus élevé que celui qui est présent
en 'absence de TADN ou ARN hétérologue.

Cellule selon la revendication 1 ou la revendication 2 ; dans laquelle le degré d’identité de séquence dans la partie
b) de la revendication 1 est d’au moins 75 %.

Cellule selon la revendication 3 ; dans laquelle le degré d’identité de séquence dans la partie b) de la revendication
1 est d’au moins 95 %.

Cellule selon la revendication 1 ; dans laquelle la FGE est un polypeptide tel que décrit dans la partie a) de celle-ci.

Cellule selon 'une quelconque des revendications 1 a 5 ; dans laquelle la FGE est un polypeptide qui comprend
SEQ ID No 2, ou un fragment de celle-ci ayant une activité de génération de C-formylyglycine.

Cellule selon la revendication 6 ; dans laquelle la FGE est un polypeptide qui comprend SEQ ID No 2 ou les acides
aminés 34-374 de SEQ ID NO. 2.

Cellule selon 'une quelconque des revendications 1 a 5 ; dans laquelle la FGE est un polypeptide qui a un sous-
domaine 3 qui comprend au moins un des suivants :

(i) un motif GFR
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(i) un motif RVXXGG(A)S
(iii) un heptamére contenant trois arginines
(iv) trois résidus cystéine.

Cellule selon I'une quelconque des revendications précédentes ; dans laquelle la sulfatase est une sulfatase d’euca-
ryote, une sulfatase de mammifére ou une sulfatase humaine.

Cellule selon I'une quelconque des revendications précédentes ; dans laquelle la sulfatase est choisie dans le
groupe constitué des iduronate 2-sulfatase, sulfamidase, N-acétylgalactosamine 6-sulfatase, N-acétylglucosamine
6-sulfatase, arylsulfatase A, arylsulfatase B, arylsulfatase C, arylsulfatase D, arylsulfatase E, arylsulfatase F, aryl-
sulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, ou HSulf-6, ou un fragment de celles-ci ayant une activité
sulfatase.

Cellule selon la revendication 10, dans laquelle la sulfatase est I'iduronate 2-sulfatase.

Cellule selon I'une quelconque des revendications précédentes ; dans laquelle la sulfatase est exogéne, par rapport
a la cellule sans 'ADN ou ARN hétérologue.

Cellule selon I'une quelconque des revendications précédentes qui est une cellule eucaryote.

Cellule selon 'une quelconque des revendications précédentes caractérisée en ce que la cellule a été transformée
aumoyend’un ADN ou ARN hétérologue de larevendication 1 ou provientd’une culture de cellules dérivée de celle-ci.

Cellule selon 'une quelconque des revendications précédentes qui est une cellule primaire, ou une cellule secon-
daire, ou est une cellule d’'une lignée cellulaire immortalisée.

Procédé in vitro comprenant I'utilisation d’'une ou plusieurs cellules selon 'une quelconque des revendications 1 &
15 pour produire une sulfatase activée.

Procédé selon la revendication 16 lorsqu’il est utilisé pour produire une sulfatase avec une proportion plus élevée
de sulfatase activée par rapport a la sulfatase totale par rapport a celle qui serait présente pour une sulfatase
produite a partir desdites une ou plusieurs cellules en I'absence de TADN ou ARN hétérologue.

Procédé selon la revendication 16 ou 17, dans lequel la sulfatase est fournie sous une forme qui peut étre utilisée
dans une composition pharmaceutique pour traiter un déficit en sulfatase.

Procédé selon 'une quelconque des revendications 16 a 18 comprenant la fourniture d’'une composition pharma-
ceutique qui comprend une sulfatase activée et un véhicule pharmaceutiquement acceptable.

Procédé selon la revendication 18 ou 19, dans lequel la composition pharmaceutique est fournie sous une forme
pour administration par voie orale, rectale, topique, nasale, intradermique, transdermique ou parentérale.

Procédé selon 'une quelconque des revendications 18 a 20, dans lequel la composition pharmaceutique est fournie
sous une forme qui est adaptée pour utilisation dans le traitement d’un déficit en sulfatase.

Procédé selon 'une quelconque des revendications 18 a 21, dans lequel la composition pharmaceutique est fournie
dans une forme pharmaceutique unitaire qui est adaptée pour utilisation dans le traitement d’un déficit en sulfatase.

Procédé selon 'une quelconque des revendications 16 a 22 comprenant le dosage de 'activité sulfatase.

Cellule selon I'une quelconque des revendications 1 a 15, pour utilisation dans un procédé de traitement d’un déficit
en sulfatase.

Cellule selon I'une quelconque des revendications 1 a 15, pour utilisation dans un procédé de traitement d’un déficit
en sulfatase ; ou le déficit en sulfatase est choisi dans le groupe constitué des : déficience multiple en sulfatase,
mucopolysaccharidose Il, mucopolysaccharidose IlIA, mucopolysaccharidose IVA, mucopolysaccharidose VI, mu-
copolysaccharidose VI, leucodystrophie métachromatique, chondrodysplasie récessive liée a I’X 1 et ichtyose liée
alrx.
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26. Sulfatase pour utilisation dans un procédé de traitement d’'un déficit en sulfatase chez un sujet, caractérisée en
ce que la sulfatase est produite par une cellule ayant une expression augmentée d’enzyme de génération de
formylglycine (FGE) afin d’augmenter le rapport de la sulfatase active a la sulfatase totale en une quantité efficace
pour augmenter I'activité spécifique de ladite sulfatase, ot la FGE est un polypeptide ayant une activité de génération
de C_-formylglycine qui :

a) a une séquence choisie dans le groupe constitué de SEQ ID NO. 2, 5, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64,
66, 68, 70,72, 74, 76, 78, ou les acides aminés 34-374 de SEQ ID NO. 2 ; ou

b) a au moins 50 % d’identité de séquence avec SEQ ID No 2 ; ou

c) a une ou plusieurs mutations d’acide aminé conservatrice par rapport a un polypeptide tel que décrit dans
a) ou b) ci-dessus ; ou

d) est un fragment d’un polypeptide tel que décrit dans I'un quelconque de a) a c) ci-dessus ; ou

e) est une protéine de fusion de 'un quelconque de a) a d) ci-dessus.

27. Sulfatase pour utilisation selon la revendication 26, caractérisée en ce que la sulfatase est I'iduronate 2-sulfatase.
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