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DIAGNOSIS AND TREATMENT OF MULTIPLE SULFATASE DEFICTENCY AND
OTHER SULFATASE DEFICIENCIES

Field of the Invention
This invention relates to methods and compositions for the diagnosis and treatment of
Multiple Sulfatase Deficiency (MSD) as well as other sulfatase deficiencies. More
specifically, the invention relates to isolated molecules that modulate post-translational

modifications on sulfatases. Such modifications are essential for proper sulfatase function.

Backeround of the Invention
Sulfatases are members of a highly conserved gene family, sharing extensive

sequence homology (Franco, B., et al., Cell, 1995, 81:15-25; Patenti, G., et al., Curr. Opin.
Gen. Dev., 1997, 7:386-391), a high degree of structural similarity (Bond, C.S,, et al.,
Structure, 1997, 5:277-289; Lukatela, G., et al., Biochemistry, 1998, 37:3654-64), and a
unique post-translational modification that is essential for sulfate ester cleavage (Schmidt, B.,
et al., Cell, 1995, 82:271-278; Selmer, T., et al., Eur. J. Biochem., 1996, 238:341-345). The
post-translational modification involves the oxidation of a conserved cysteine (in eukaryotes)
or serine (in certain prokaryotes) residue, at Cp, yielding L-Co-formylglycine (ak.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 ather 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).

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

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 arc five different types of mucopolysaccharidoses (MPS types II, IIIA,
D, IVA, and VI) due to deficicncies of sulfatases acting on the catabolism of
glycosaminoglycans (Neufeld and Mucnzer, 2001, The mucopolysaccharidoses, In The
Metabolic and Molecular Bases of Inherited Disease, CR. Scriver, AL. Beaudet, W.S. Sly,
D. Valle, B. Childs, K.W. Kinzler and B. Vogelstein, eds. New York: Mc Graw-Hill, pp.
3421-3452), and metachromatic leukodystrophy (MLD), which is characterized by the
slorage 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. Sulfatases are also
implicated in drug-induced human malformation syndromes, such as Warfarin embryopathy,
caused by inhibition of ARSE activity due to in utero exposure to warfarin during pregnancy.

In an intriguing human monogenic disorder, multiple sulfatase deficiency (MSD), all
sulfatase activities are simultancously 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
¢DNAs encoding human sulfatases, suggesting the presence of a common mechanism
required for the activity of all sulfatases (Rommerskirch and von Figura, Proc. Naid. 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.
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Summary of the Invention
This invention provides methods and compositions for the diagnosis and treatment of

Multiple Sulfatase Deficiency (MIM 272200), and the treatment of other sulfatase
deficiencies. More specifically, 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-
Ca-fonﬂylglycine; ak.a. FGly and/or 2-amino-3-oxapropanoic acid). It has been discovered,
unexpectedly, that mutations in the FGE gene lead to the development of Multiple Sulfatase
Deficiency (MSD) in subjects. It has also been discovered, unexpectedly, that FGE enhances
the activity of sulfatases, including, but not limited to, Iduronate 2-Sulfatase, Sulfamidase, N-
Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A,
Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F,
Arylsulfatase G, HSuli-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, and HSulf-6. In view of these
discoverics, the molecules of the present invention can be used in the diagnosis and treatment
of Multiple Sulfatase Deficiency as well as other sulfatase deficiencies.

Methods for using the molecules of the invention in the diagnosis of Multiple
Sulfatase Deficiency, are provided.

Additionally, methods for using these molecules in vivo or in vitro for the purpose of
modulating FGIy formation on sulfatases, methods for treating conditions associated with
such modification, and compositions useful in the preparation of therapeutic preparations for
the treatment of Multiple Sulfatase Deficiency, as well as other sulfatase deficiencies, are
also provided.

The present invention thus involves, in several aspects, polypeptides modulating FGly
formation on sulfatases, isolated nucleic acids encoding those polypeptides, functional
modifications and variants of the foregoing, useful fragments of the foregoing, as well as
therapeutics and diagnostics, research methods, compositions and tools relating thereto.

According to one aspect of the invention, an isolated nucleic acid molecule selected
from the group consisting of: (a) nucleic acid molecules which hybridize under stringent
conditions to a molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and
which code for a Formylglycine Generating Enzyme (FGE) polypeptide having Cq-
formylglycine generating activity, (b) nucleic acid molecules that differ from the nucleic acid
molecules of (a) in codon sequencc due to the degencracy of the genetic code, and (c)
complements of (a) or (b), is provided. In certain embodiments, the isolated nucleic acid

molecule comprises the nucleotide sequence set forth as SEQ ID NO:l. In some
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embodiments, the isolated nucleic acid molecule consists of the nucleotide sequence set forth
as SEQ ID NO:3 or a fragment thereof,

The invention in another aspect provides an isolated nucleic acid molecule selected
from the group consisting of (a) unique fragments of a nucleotide sequence set forth as SEQ
ID NO:1, and (b) complements of (a), provided that a unique fragment of (a) includes a
sequence of contiguous nucleotides which is not identical to any sequence selected from the
sequence group consisting of: (1) bsequences identical to SEQ ID NO. 4 and/or nucleotides
20-1141 of SEQ ID NO. 4, and (2) complements of (1). In any of the foregoing
embaodiments, complements refer to full-length complements.

In one embodiment, the sequence of contiguous nucleotides is selected from the group
consisting of (1) at least two contiguous nucleotides nonidentical to the sequence group, (2)
at least three contiguous nucleotides nonidentical to the sequence group, (3) at least four
contignous nucleotides nonidentical to the sequence group, (4) at least five contiguous
nucleotides nonidentical to the sequence group, (5) at least six contiguous nucleotides
nonidentical to the sequence group, and (6) at least seven contiguous nuclcotides nonidentical
to the sequence group.

In another embodiment, the fragment has a size selected from the group consisting of
at least: 8 nucleotides, 10 nucleotides, 12 nucleotides, 14 nucleotides, 16 nucleotides, ,18
nucleotides, 20, nucleotides, 22 nucleotides, 24 nucleotides, 26 nucleotides, 28 nucleotides,
30 nucleotides, 40 nucleotides, 50 nucleotides, 75 nucleotides, 100 nucleotides, 200
nucleotides, 1000 nucleotides and every integer length therebetween.

According to another aspect, the invention provides expression vectors, and host cells
transformed or transfected with such expression vectors, comprising the nucleic acid
molecules described above.

According to still another aspect, the invention provides cells expressing activated
forms of the endogenous FGE gene. In one embodiment, activation of the endogenous FGE
gene occurs via homologous recombination.

According to another aspect of the invention, an isolated polypeptide is provided.
The isolated polypeptide is encoded by the foregoing nucleic acid molecules of the invention.
In some embodiments, the isolated polypeptide is encoded by the nucleic acid of SEQ ID
NQ:1, giving rise to a polypeptide having the sequence of SEQ ID NO:2 that has Co-
formylglycine generating activity. In other embodiments, the isolated polypeptide may be a
fragment or variunt of the foregoing of sulficient length to represent a sequence unique within

the human genome, and identifying with a polypeptide that has Cq-formylglycine generating
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activity, provided that the fragment includes a sequence of contiguous amino acids which is
not identical to any sequence encoded for by a nucleic acid sequence having SEQ ID NO. 4.
In another embodiment, immunogenic fragments of the polypeptide molecules described
above are provided. The immunogenic fragments may or may not have C,-formylglycine
generating activity.

According to another aspect of the invention, isolated binding polypcptides are
provided which selectively bind a polypeptide encoded by the forcgoing nucleic acid
molecules of the invention. Preferably the isolated binding polypeptides selectively bind a
polypeptide which comprises the sequence of SEQ TD NO:2, fragments thereof, or a
polypeptide belonging to the family of isolated polypeptides having C,-formylglycine
generating activity described elsewhere herein. In preferred embodiments, the isolated
binding polypeptides include antibodies and fragments of antibodies (e.g., Fab, F(ab),, Fd
and antibody fragments which include a CDR3 region which binds selectively to the FGE
polypeptide). In certain embodiments, the antibodies are human. In some embodiments, the
antibodies are monoclonal antibodies. In one embodiment, the antibodies are polyclonal
antisera. In further embodiments, the antibodies are humanized. In yet further embodiments,
the antibodies are chimeric.

According to another aspect of the invention, a family of isolated polypeptides having
C.-formylglycine generating activity, are provided. Each of said polypeptides comprises
from amino terminus to catboxyl terminus: (a) an amino-terminal subdomain 1; a subdomain
2; a carboxy-terminal subdomain 3 containing from 35 to 45 amino acids; and wherein
subdomain 3 has at least about 75% homology and a length approximately equal to
subdomain 3 of a polypeptide 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, and 78. In important embodiments,
subdomain 2 contains from 120 to 140 amino acids. In further important embodiments, at
least 5% of the amino acids of subdomain 2 are Tryptophans. In some embodiments,
subdomain 2 has at least about 50% homology to subdomain 2 of a polypeptide 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, and 78. In certain embodiments, subdomain 3 of each of the polypeptides has at
least between about 80% and about 100% homology to subdomain 3 of a polypeptide
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, and 78.

According to a further aspect of the invention, a method for determining the level of

FGE expression in a subject, is provided. The method involves measuring expression of FGE
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in a test sample from a subject to determine the level of FGE expression in the subject. In
certain embodiments, the measured FGE expression in the test sample is compared to FGE
expression in a control containing a known level of FGE expression. Expression is defined as
FGE mRNA expression, FGE polypeptide expression, or FGE C,-formylglycine generating
activity as defined elsewhere herein. Various methods can be used to measure expression.
Preferred embodiments of the invention include PCR and Northern blotting for measuring
mRNA expression, FGE monoclonal antibodies or FGE polyclonal antisera as reagents to
measure FGE polypeptide expression, as well as methods for measuring FGE Cq-
formylglycine generating activity.

In certain embodiments, test samples such as biopsy samples, and biological fluids
such as blood, are used as test samples. FGE expression in a test sample of a subject is
compared to FGE expression in control.

According to another aspect of the invention, a method for identifying an agent vseful
in modulating C-formylglycine generating activity of a molecule, is provided. The method
involves (a) contacting a molecule having Cy-formylglycine generating activity with a
candidate agent, (b) measuring Co-formylglycine generating activity of the molecule, and
(c) comparing the measured Cy-formylglycine generating activity of the molecule to a control
to determine whether the candidate agent modulates Co-formylglycine generating activity of
the molecule, wherein the molecule is a nucleic acid molecule having the nucleotide sequence
selected from the group consisting of SEQ ID NO: 1, 3, 4, 45, 47, 49, 51, 53, 55, 57, 59, 61,
63, 65, 67, 69, 71, 73, 75, 71, and 80-87, or an expression product thereof (e.g., a peptide
having 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, and 78). In certain embodiments, the control is Cq-
formylglycine generating activity of the molecule measured in the absence of the candidate
agent,

According to still another aspect of the invention, a method of diagnosing Multiple
Sulfatase Deficiency in a subject, is provided. The method involves contacting a biological
sample from a subject suspected of having Multiple Sulfatase Deficiency with an agent, said
agent specifically binding to a molecule selected from the group consisting of: (i) a FGE
nucleic acid molecule having the nucleotide sequence of SEQ ID NO:1, 3, or 4, (ii) an
expression product of the nucleic acid molecule of (i), or (iii) a fragment of the expression

product of (ii); and measuring the amount of bound agent and determining therefrom if the
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expression of said nucleic acid molecule or of an expression product thereof is aberrant,
aberrant expression being diagnostic of the Multiple Sulfatase Deficiency in the subject.

According to still another aspect of the invention, a method for diagnosing a condition
characterized by aberrant expression of a nucleic acid molecule or an expression product
thereof, is provided. The method involves contacting a biological sample from a subject with
an agent, wherein said agent specifically binds to said nucleic acid molecule, an expression
product thereof, or a fragment of an expression product thereof; and measuring the amount of
bound agent and determining therefrom if the expression of said nucleic acid molecule or of
an expression product thereof is aberrant, aberrant expression being diagnostic of the
condition, wherein the nucleic acid molecule has the nucleotide sequence of SEQ ID NO:1
and the condition is Multiple Sulfatase Deficiency.

According to another aspect of the invention, a method for determining Multiple
Sulfatase Deficiency in a subject characterized by aberrant expression of a nucleic acid
molecule or an expression product thereof, is provided. The method involves monitoring a
sample from a patient for a parameter selected from the group consisting of (i) a nucleic acid
molecule having the nucleotide sequence of SEQ ID NO:1, 3, 4, or a nucleic acid molecule
having a sequence derived from the FEG genomic locus, (ii) a polypeptide encoded by the
nucleic acid molecule, (iii) a peptide derived (rom the polypeptide, and (iv) an antibody
which selectively binds the polypeptide or peptide, as a determination of Multiple Sulfatase
Deficiency in the subject. In some embodiments, the sample is a biological fluid or a tissue
as described in any of the foregoing embodiments. In certain embodiments the step of
monitoring comprises contacting the sample with a detectable agent selected from the group
consisting of (a) an isolated nucleic acid molecule which selectively hybridizes under
stringent conditions to the nucleic acid molecule of (i), (b) an antibody which selectively
binds the polypeptide of (ii), or the peptide of (iii), and (c) a polypeptide or peptide which
binds the antibody of (iv). The antibody, polypeptide, peptide, or nucleic acid can be labeled
with a radioactive label or an enzyme. In further embodiments, the method further comprises
assaying the sample for the peptide.

According to another aspect of the invention, a kit is provided. The kit comprises a
package containing an agent that selectively binds to any of the foregoing FGE isolated
nucleic acids, or expression products thereof, and a control for comparing to a measured
value of binding of said agent any of the foregoing FGE isolated nucleic acids or expression
products thereof. In some embodiments, the control is a predetermined value for comparing

to the measured value. In certain embodiments, the control comprises an epitope of the

-10-
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expression product of any of the foregoing FGE isolated nucleic acids. In one embodiment,
the kit further comprises a second agent that selectively binds to a polypeptide selected from
the group consisting of Iduronate 2-Sulfatase, Sulfamidase, N-Acetylgalactosamine 6-
Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A, Arylsulfatase B, Arylsulfatase
C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2,
HSuif-3, HSulf-4, HSulf-5, and HSulf-6, or a peptide thereof, and a control for comparing to
a measured value of binding of said second agent to said polypeptide or peptide thereof.

According to a [urther aspect of the invention, a method of treating Multiple Sulfatase
Deficiency, is provided. The method involves administering to a subject in need of such
treatment an agent that modulates Cq-formylglycine generating activity, in an amount
effective to trcat Multiple Sulfatase Deficiency in the subject. In some embodiments, the
method further comprises co-administering an agent selected from the group consisting of a
nuclcic acid molecule encoding Iduronate 2-Sulfatase, Sulfamidasc, N-Acetylgalactosamine
6-Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A, Arylsulfatase B,
Arylsulfatase C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F, Arylsulfatase G, HSulf-1,
HSulf-2, HSulf-3, HSulf-4, HSulf-3, or HSulf-6, an expression product of the nucleic acid
molecule, and a fragment of the expression product of the nucleic acid molecule. In certain
embodiments, the agent that modulates Co-formylglycine generating activity is an isolated
nucleic acid molecule of the invention (e.g., a nucleic acid molecule as claimed in Claims 1-
8, or a nucleic acid having a sequence selected from the group consisting of SEQ ID NO: 1,
3,4, 45,47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and 80-87). In important
embodiments, the agent that modulates Co-formylglycine generating activity is a peptide of
the invention (e.g., a peptide as claimed in Claims 11-15, 19, 20, or a peptide having 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, and 78). The agent that modulates Cy-formylglycine
generating activity may be produced by a cell expressing an endogenous and/or exogenous
FGE nucleic acid molecule. In important embodiments, the endogenous FGE nucleic acid
molecule may be activated.

According to one aspect of the invention, a method for for increasing Co-
formylglycine generating activity in a subject, is provided. The method involves
administering an isolated FGE nucleic acid molecule of the invention (e.g., a nucleic acid
molecule as claimed in Claims 1-8, or a nucleic acid having a sequence selected from the
group consisting of SEQ ID NO: 1, 3, 4, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71,

-11-
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73, 75, 77, and 80-87), and/or an expression product thereof, to a subject, in an amount
effective to increase Co-formylglycine generating activity in the subject.

According to one aspect of the invention, a method for treating a subject with
Multiple Sulfatase Deficiency, is provided. The method involves administering to a subject
in need of such treatment an agent that modulates C,-formylglycine generating activity, in an
amount effective to increase Cg-formylglycine generating activity in the subject. In some
embodiments, the agent that modulates C,-formylglycine generating activity is a sense
nucleic acid of the invention (e.g., a nucleic acid molecule as claimed in Claims 1-8, or a
nuclcic acid having a sequence selected from the group consisting of SEQ ID NO: 1, 3, 4, 45,
47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and 80-87). In certain
embodiments, the agent that modulates Cy-formylglycine generating activity is an isolated
polypeptide of the invention (e.g., a polypeptide as claimed in Claims 11-15, 19, 20, or a
peptide having a sequence selecled 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, and 78).

According to still another aspect of the invention, a method for increasing Cq-
formylglycine generating activity in a cell, is provided. The method involves contacting the
cell with an isolated nucleic acid molecule of the invention (e.g., a nucleic acid molecule as
claimed in Claims 1-8, or a nucleic acid having a sequence selected from the group consisting
of SEQ ID NO: 1, 3, 4, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and
80-87), or an expression product thereof, in an amount effective to increase Co-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.

According to a further aspect of the invention, a pharmaceutical composition is
provided. The composition comprises an agent comprising an isolated nucleic acid molecule
of the invention (e.g., an isolated nucleic acid molecule as claimed in any one of Claims 1-8,
an FGE nucleic acid molecule having a sequence selected from the group consisting of SEQ
ID NO: 1, 3, 4, 45,47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,71, 73, 75, 77, and 80-87), or
an expression product thereof, in a pharmaceutically effective amount to treat Multiple
Sulfatase Deficiency, or an expression product thereof, in a pharmaceutically effective
amount to treat Multiple Sulfatase Deficiency, and a pharmaceutically acceptable carrier.

According to one aspect of the invention, a method for identifying a candidate agent
useful in the treatment of Multiple Sulfatase Deficiency, is provided. The method involves

determining expression of a set of nuclejic acid molecules in a cell or tissue under conditions
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which, in the absence of a candidate agent, permit a first amount of expression of the set of
nucleic acid molecules, wherein the set of nucleic acid molecules comprises at least one
nucleic acid molecule selected from the group consisting of: (a) nucleic acid molecules which
hybridize under stringent conditions to a molecule consisting of a nucleotide sequence set
forth as SEQ ID NO:1 and which code for a polypeptide having Cformylglycine generating
activity (FGE), (b) nucleic acid molcculcs that diffor from the nucleic acid molecules of (a) or
(b) in codon sequence duc to the degeneracy of the genctic code, (¢) a nucleic acid molecule
having a sequence selected from the group consisting of SEQ ID NO: 1, 3, 4, 45, 47, 49, 51,
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73,75, 77, and 80-87, and (d) complements of (a) or (b)
or (c), contacting the cell or tissue with the candidate agent, and detecting a test amount of
expression of the set of nucleic acid molecules, wherein an increase in the test amount of
expression in the presence of the candidate agent relative to the first amount of expression
indicates that the candidate agent is useful in the treatment of the Multiple Sulfatase
Deficiency.

According to a further aspect of the invention, methods for preparing medicaments
useful in the treatment of Multiple Sulfatase Deficiency and/or other sulfatase deficiencies,
are provided.

According to still another aspect of the invention, a solid-phase nucleic acid molecule
array, is provided. The array consists essentially of a set of nucleic acid molecules,
expression products thereof, or fragments (of either the nucleic acid or the polypeptide
molecule) thereof, each nucleic acid molecule encoding for a polypeptide 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, and 78, Iduronate 2-Sulfatase, Sulfamidase, N-Acetylgalactosamine 6-Sulfatase, N-
Acetylglucosamine 6-Sulfatase, Arylsulfatase A; Arylsulfatase B, Arylsulfatase C,
Arylsulfatase D, Arylsulfatase E, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-
3, HSulf-4, HSulf-5, and HSulf-6, fixed to a solid substrate. In some embodiments, the solid-
phase array further comprises at least one conirol nucleic acid molecule. In certain
cmbodiments, the set of nucleic acid molccules comprises at least one, at least two, at least
three, at least four, or even at least five nucleic acid molccules, each 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,
and 78, Iduronate 2-Sulfatase, Sulfamidase, N-Acetylgalactosamine 6-Sulfatase, N-
Acetylglucosamine  6-Sulfatase, Arylsulfatase A, Arylsulfatase B, Arylsulfatase C,
Arylsulfatase D, Arylsulfatase E, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-
3, HSulf-4, HSulf-5, and HSuylf-6.
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According to a further aspect of the invention, a method for treating a sulfatase
deficiency in a subject, is provided. The method involves administering to a subject in need
of such treatment a sulfatase that has been produced according to the invention, in an amount
effective to treat the sulfatase deficiency in the subject and the sulfatase deficiency is not
Multiple Sulfatase Deficiency, In important embodiments, the sulfatase is produced by a cell
that has been contacted with an an agent that modulates Co-formylglycine generating activity.
In cerlain embodiments, the sulfatase deficiency includes, but is not limited to,
Mucopolysaccharidosis I (MPS IL; Hunler Syndrome), Mucopolysaccharidosis IIIA (MPS
IMA; Sanfilippo  Syndrome A), Mucopolysaccharidosis VI (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, or X-linked Ichthyosis (Steroid Sulfatase
Deficiency). In certain embodiments, the agent that modulates Cq-formylglycine generating
activity can be a nucleic acid molecule or peptide of the invention. In one embodiment, the
sulfatase and the agent that modulates Cy-formylglycine generating activity are co-expressed
in the same cell. The sulfatase and/or the agent that modulates Cq-formylglycine generating
activity can be endogenous or exogenous in origin. If endogenous in origin it can be
activated (e.g., by insertion of strong promoter and/or other elements at the appropriates
places known in the art). If exogenous, its expression can be driven by elements on the
expression vector, or it can be targeted to appropriated places within the cell genome that will
allow for its cnhanced expression (e.g., downstream of a strong promoter).

According to another aspect of the invention, a pharmaceutical composition, is
provided. The composition comprises an agent comprising an isolated nucleic acid molecule
of the invention, or an expression product thereof, in a pharmaceutically effective amount to
treat a sulfatase deficiency, and a pharmaceutically acceptable carrier.

According to a still further aspect of the invention, a method for increasing sulfatase
activity in a cell, is provided. The method involves contacting a cell expressing a sulfatase
with an isolated nucleic acid molecule of of the invention {e.g., an isolated nucleic acid
molecule as claimed in any one of Claims 1-8, an FGE nucleic acid molecule having a
sequence selected from the group consisting of SEQ ID NO: 1, 3, 4, 45, 47, 49, 51, 53, 55,
57,59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and 80-87), or an expression product thereof (e.g.,
polypeptide as claimed in Claims 11-15, 19, 20, or a peptide having 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, and 78), in an amount effective to increase sulfatase activity in the cell. The cell may
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express an endogenous and/or an exogenous sulfatase. 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
B, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, and/or
HSulf-6. In certain embodiments the cell is a mammalian cell.

According to another aspect of the invention, a pharmaceutical composition, is
provided. The composition comprises a sulfatase that is produced by cell, in a
pharmaceutically effective amount to treat a sulfatase deficiency, and a pharmaceutically
acceptable carrier, wherein said cell has been contacted with an agent comprising an isolated
nucleic acid molecule of the invention (e.g., as claimed in Claims 1-8, or a nucleic acid
molecule having a sequence selected from the group consisting of SEQ ID NO: 1, 3, 4, 45,
47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and 80-87), or an expression
product thereof (e.g., a peptide 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, and 78).

According to still another aspect of the invention, an isolated variant allele of a human
FGE gene which encodes a variant FGE polypeptide, is provided. The isolated variant allele
comprises an amino acid sequence comprising at least one variation in SEQ ID NO:2,
wherein the at least one variation comprises: MetlArg; Met1Val; Leu20Phe; Ser155Pro;
Alal77Pro; Cys218Tyr; Arg224Trp; Asn259lle; Pro266Leu; Ala279Val; Arg327Stop;
Cys336Arg; Arg345Cys; Ala348Pro; Arg349Gln; Arg349Trp; Arg349Trp; Ser359Stop; or a
combination thereof.

According to yet another aspect of the invention, an isolated variant human FGE
polypeptide, is provided. The isolated variant human FGE polypeptide comprises an amino
acid sequence comprising at least one variation in SEQ ID NO:2, wherein the at least one
variation comprises: MetlArg; MetlVal; Leu20Phe; Serl55Pro; Alal77Pro; Cys218Tyr,
Arg224Trp; Asn259Ile; Pro266Leu; Ala279Val, Arg327Stop; Cys336Arg, Arg345Cys;
Ala348Pro; Arg349GIn; Arg349Trp; Arg349Trp; Ser359Stop; or a combination thereof.

Antibodies having any of the foregoing variant human FGE polypeptides as an
immunogen are also provided. Such antibodies include polyclonal antisera, monoclonal,
chimeric, and can also be detectably labeled. A detectable label may comprise a radioactive
element, a chemical which fluoresces, or an enzyme.

According to another 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. The
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cell comprises: (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.c., 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.

According to a further aspect of the invention, an improved method for (reating a
sulfatase deficiency in a subject is 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. In an important
embodiment, the sulfatase is selected from the group consisting of Iduronate 2-Sulfatase,
Sulfamidase, N-Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase,
Arylsulfatase A, Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E,
Arylsulfatase F, Arylsulfatasc G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, and HSulf-6.
In certain embodiments, the Formylglycinc Generating Enzyme is encoded by a nucleic acid
molecule as claimed in Claims 1-8, or a nucleic acid having a sequence selected from the
group consisting of SEQ ID NO: 1, 3, 4, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71,
73, 75, 77, and 80-87. In some embodiments, the Formylglycine Generating Enzyme is a
peptide as claimed in Claims 11-15, 19, 20, or a peptide having 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, and 78.

These and other objects of the invention will be described in further detail in

connection with the detailed description of the invention.

Brief Description of the Sequences
SEQ ID NO:1 is the nucleotide sequence of the human FGE cDNA.

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

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

SEQ ID NO:4 is the nucleotide sequence of GenBank Acc. No. AK075459.
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SEQ ID NO:S is the predicted amino acid sequence of the translation product of SEQ
1D 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-Acetylghicosamine 6-
Sulfatase cDNA (GenBank Acc. No. Z12173).

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

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

SEQ ID NO:15 is the predicted amino acid scquence of the translation product of
human Arylsulfatase A cDNA (SEQ 1D 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).
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SEQ ID NO:22 is the nucleotide sequence of the human Arylsulfatase E cDNA
(GenBank Acc. No, X83573).

SEQ ID NO:23 is the predicted amino acid sequence of the translation product of
human Arylsulfatase E cDNA (SEQ ID NO:22).

SEQ ID NO:24 is the nucleotide sequence of the human Arylsulfatase F cDNA
(GenBank Acc. No. X97868).

SEQ ID NO:25 is the predicted amino acid sequence of the translation product of
human Arylsulfatase F cDNA (SEQ ID NO:24).

SEQ ID NO:26 is the nucleotide sequence of the human Arylsulfatase G cDNA
(GenBank Acc.No. BC012375).

SEQ ID 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 nuclcotide sequence of the HSulf-2 ¢cDNA (GenBank Acc.No.
AY101176).

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

SEQ ID NO:32 is the highly conserved hexapeptide L/V-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 lc.

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

SEQ ID NO:39 is human 5°- FGE-specific primer containing EcoRI 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.
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SEQ ID NO:43 is tryptic oligopeptide SQNTPDSSASNLGFR from a human FGE
preparation,

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

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

SEQ ID NO:46 is the predicted amino acid sequence of the translation product of the
human FGE2 paralog (SEQ ID NO:45).

SEQ ID NO:47 is the nucleotide sequence of the mouse FGE paralog (GenBank GI:
26344956).

SEQ 1D 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 NQ:51 is the nucleotide sequence of the fruitfly FGE ortholog (GenBank GI:
20130397).

SEQ ID NO:52 is the predicted amino acid sequence of the translation product of the
fruitfly FGE ortholog (SEQ TD NO:51).

SEQ ID NO:53 is the nucleotide sequence of the mosquito FGE ortholog (GenBank
GI: 21289310).

SEQ ID NO:54 is the predicted amino acid sequence of the translation product of the
mosquito FGE ortholog (SEQ ID NO:53).

SEQ ID NO:55 is the nucleotide sequence of the closely related S. coelicolor FGE
ortholog (GenBank 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).

SEQ ID NO:59 is the nucleotide sequence of the N. aromaticivorans FGE ortholog
(GenBank GT: 23108562).
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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 GI:
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
GI: 16264068).

SEQ ID NO:66 is the predicted amino acid sequence of the translation product of the
S. meliloti FGE ortholog (SEQ ID NQ:65).

SEQ ID NO:67 is the nucleotide scquence 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 GI: 26990068).

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

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

SEQ ID NO:72 is the predicted amino acid sequence of the translation product of the
R. metallidurans FGE ortholog (SEQ ID NO:71).

SEQ ID NO:73 is the nucleotide sequence of the P. marinus FGE ortholog (GenBank
GI: 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 GI: 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).
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SEQ ID NO:77 is the nucleotide sequence of the M. tuberculosis Ht37Rv FGE
ortholog (GenBank GI: 15607852).

SEQ ID NO:78 is the predicted amino acid sequence of the translation product of the
M. tuberculosis Fit37Rv 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.: A1721440,

SEQ ID NO:82 is the nucleotide sequence of FGE ortholog EST fragment having
GenBank Acc. No.: BI505402.

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.: AV6(09121.

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).
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Brief Description of the Drawings
Fig. 1: A MALDI-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

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

Fig. 6: Bar graph depictiﬁg 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
Cclls 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 featurcs of the present invention.

Detailed Description of the Invention
The invention involves 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 (ak.a. FGly and/or 2-amino-3-oxopropanoic acid). It has been
discovered, unexpectedly, that mutations in the FGE gene lead to the development of
Multiple Sulfatase Deficiency (MSD) in subjects. It has also been discovered, unexpectedly,
that FGE enhances the activity of sulfatases, including, but not limited to, Iduronate 2-
Sulfatase, Sulfamidase, N-Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-
Sulfatase, Arylsulfatase A, Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase
E, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, and HSulf-
6, and sulfatases described in U.S. Provisional applications with publication numbers
20030073118, 20030147875, 20030148920, 20030162279, and 20030166283 (the contents

of which are expressly incorporated herein). In view of these discoverics, the molecules of
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the present invention can be used in the diagnosis and/or treatment of Multiple Sulfatase
Deficiency, as well as the treatment of other sulfatase deficiencies.

Methods for using the molecules of the invention in the diagnosis of Multiple
Sulfatase Deficiency are provided.

Additionalty, methods for using these molecules in vivo or in vitro for the purpose of
modulating FGly formation on sulfatases, methods for treating conditions associated with
such modification, and compositions useful in the preparation of therapeutic preparations for
the treatment of Multiple Sulfatase Deficiency as well as other sulfatase deficiencies, are also
provided.

The present invention thus involves, in several aspects, polypeptides modulating FGly
formation on sulfatases, isolated nucleic acids encoding those polypeptides, functional
modifications and variants of the foregoing, useful fragments of the foregoing, as well as
therapeutics and diagnostics, research methods, compositions and tools relating thereto.

“Cq-formylglycine generating activity” refers to the ability of a molecule to form, or
enhance the formation of, FGly on a substrate. The substate may be a sulfatase as described
clsewherc hercin, or a synthetic oligopeptide (see, e.g., SEQ 1D 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 F"Gly formation are as described in the art (see, e.g., Dierks,
T., et al., Proc. Natl. Acad. Sci, U. S. A., 1997, 94:11963-11968), and elsewhere herein (see,
e.g., the Examples). A “molecule,” as used herein, embraces both “nucleic acids” and
“polypeptides.” FGE molecules are capable of forming, or enhancing/increasing formation
of, FGly both in vive and in vitro.

“Enhancing (or “increasing”)” Cq-formylglycine generating activity, as used herein,
typically refers to increased expression of FGE and/or its encoded polypeptide. Increased
expression refers to increasing (i.e., to a detectable extent) replication, transcription, and/or
translation of any of the nucleic acids of the invention (FGE nucleic acids as described
elsewhere herein), since upregulation of any of these processes results in
concentration/amount increase of the polypeptide encoded by the genc (nucleic aéid).
Enhancing (or increasing) Cy-formylglycine generating activity also refers to preventing or
inhibiting FGE degradation (e.g., via increased ubiquitinization), downregulation, etc.,
resulting, for example, in increased or stable FGE molecule ty, (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
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mRNA for the gene (e.g, FGE), or the levcl 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 Cq-formylglycine generating activity.

“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).

One aspect of the invention involves the cloning of a cDNA encoding FGE. FGE
according to the invention is an isolated nucleic acid molecule that comprises a nucleic acid
molecule of SEQ TD NO:1, and codes for a polypeptide with Cq-formylglycine generating
activity. The sequence of the human FGE ¢DNA is presented as SEQ ID NO:1, and the
predicted amino acid sequence of this cDNA’s encoded protein product is presented as
SEQ ID NO:2.

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

The invention thus involves in one aspect an isolated FGE polypeptide, the cDNA
encoding this polypeptide, functional modifications and variants of the foregoing, useful
fragments of the foregoing, as well as diagnostics and therapeutics relating thereto.

As used herein with respect to nucleic acids, the term “isolated” means: (i) amplified
in vitro by, for example, polymerase chain reaction (PCR); (i) 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 mot 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.

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
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one of the purposes of the invention. Thus, isolated means sufficiently pure to be used (i) to
raise and/or isolate antibodics, (ii) as a reagent in an assay, (iii) for sequencing, (iv) as a
therapeutic, etc.

According to the invention, isolated nucleic acid molecules that code for a FGE
polypeptide having Cq-formylglycine generating activity include: (a) nucleic acid molecules
which hybridize under stringent conditions to a molecule consisting of a nucleic acid of SEQ
ID NO:1 and which code for a FGE polypeptide having Cq-formylglycine generating activity,
(b) deletions, additions and substitutions of (a) which code for a respective FGE polypeptide
having Cg-formylglycine generéting activity, (c) nucleic acid molecules that differ from the
nucleic acid molecules of (a) or (b) in codon sequence due to the degeneracy of the genetic
code, and (d) complements of (a), (b) or (c). “Complements,” as used herein, includes “full-
length complementary strands or 100% complementary strands of (a), (b) or (c).

Homologs and alleles of the FGE nucleic acids of the invention also having C,-
formylglycine generating activity are encompassed by the present invention. 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 Co-formylglycine generating activity, they can
be used interchangeably with the human FGE molecule in all aspects of the invention.

Thus, an aspect of the invention is those nucleic acid sequences Vs./hich code for FGE
polypeptides and which hybridize to a nucleic acid molecule consisting of the coding region
of SEQ ID NO:1, under stringent conditions. In an important embodiment, the term
“stringent conditions,” as used herein, refers to parameters with which the art is familiar,
With nucleic acids, hybridization conditions are said to be stringent typically under
conditions of low ionic strength and a temperature just below the melting temperature (7,,) of
the DNA hybrid complex (typically, about 3°C below the 7, of the hybrid). Higher
stringency makes for a more specific correlation between the probe sequence and the target.
Stringent conditions used in the hybridization of nucleic acids are well known in the art and
may be found in rcferences which compile such mcthods, c.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, FM. Ausubel, et al., eds., John Wilsy & Sons, Inc., New York. An example of
“stringent conditions” is hybridization at 65°C in 6 x SSC.  Another example of stringent

conditions is hybridization at 65°C in hybridization buffer that consists of 3.5 x SSC, 0.02%
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Ficoll, 0.02% polyvinyl pyrolidone, 0.02% Bovine Serum Albumin, 2.5mM NaH;PO4[pH7],
0.5% SDS, 2mM EDTA. (SSC is 0.15M sodium chloride/0.15M sodium citrate, pH7; SDS is
sodium dodecyl sulphate; and EDTA is ethylenediaminetetracetic acid). After hybridization,
the membrane upon which the DNA is transferred is washed at 2 x SSC at room temperature
and then at 0.1 x SSC/0.1 x SDS at temperatares up to 68°C. In a further example, an
alternative to the use of an aqueous hybridization solution is the use of a formamide
hybridization solution. Stringent hybridization conditions can thus be achieved using, for
example, a 50% formamide solution and 42°C. There are other conditions, reagents, and so
forth which can be used, and would result in a similar degree of stringency. The skilled
artisan will be familiar with such conditions, and thus they are not given here. It will be
understood, however, that the skilled artisan will be able to manipulate the conditions in a
manner to permit the clear identification of homologs and alleles of FGE nucleic acids of the
invention. The skilled artisan also is familiar with the methodology for screening cells and
libraries for expression of such molecules which then are routinely isolated, followed by
isolation of the pertinent nucleic acid molecule and sequencing.

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 ingtances 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 idenlity 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%, 98%, or even 99%
amino acid identity to SEQ ID NO:1 and SEQ ID NO:2, respectively. The homology can be
calculated using various, publicly available software tools developed by NCBI (Bethesda,
Maryland). Exemplary tools include the heuristic algorithm of Altschul SF, et al., (J Mol
Biol, 1990, 215:403-410), also known as BLAST. Pairwise and ClustalW alignments
(BLOSUM30 matrix setting) as well as Kyte-Doolittle hydropathic analysis can be obtained
using public (EMBL, Heidelberg, Germany) and commercial (e.g., the MacVector sequence
analysis software from Oxford Molecular Group/enetics Computer Group, Madison, WI).
Watson-Crick complements of the foregoing mucleic acids also are embraced by the
invention.

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.
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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.

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

The invention also provides isolated unique fragments of SEQ ID NO:1 or SEQ ID
NO:3 or complements of thereof. 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 o 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.

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.

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
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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 aniisense molecules to -
inhibit the expression of FGE nucleic acids and polypeptides respectively.

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

As mentioned above, the invention embraces antisense oligonucleotides that
selectively bind to a nucleic acid molecule encoding a FGE polypeptide, to decrease FGE
activity.

As used herein, the term “antisense oligonucleotide” or “antisense” describes an
oligonucleotide that is an oligoribonucleotide, oligodeoxyribonucleotide, modified
oligoribonucleotide, or modified oligodeoxyribonucleotide which hybridizes under
physiological conditions to DNA comprising a particular gene or to an mRNA transcript of
that gene and, thereby, inhibits the transcription of that gene and/or the translation of that

mRNA, The antisense moleculcs are designed so as to interferc with transcription or
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translation of a target gene upon hybridization with the target gene or transcript. Those
skilled in the art will recognize that the exact length of the antisense oligonucleotide and its
degree of complementarity with its target will depend upon the specific target selected,
including the sequence of the target and the particular bases which comprise that sequence. It
is preferred that the antisense oligonucleotide be constructed and arranged so as to bind
selectively with the target under physiological conditions, i.e., to hybridize substantially more
to the target sequence than to any other sequence in the target cell under physiological
conditions. Based upon SEQ ID NO:1 or upon allelic or homologous genomic and/or cDNA
sequences, one of skill in the art can easily choose and synthesiée any of a number of
appropriate antisense molecules for use in accordance with the present invention. In order to
be sufficiently selective and potent for inhibition, such antisense oligonucleotides should
comprise at least 10 and, more preferably, at least 15 consecutive bases which are
complementary to the target, although in certain cases modified oligonucleotides as short as 7
bases in length have been used successfully as antisense oligonucleotides (Wagner et al., Nat.
Med, 1995, 1(11):1116-1118; Nat. Biotech., 1996, 14:840-844). Most preferably, the
antisense oligonucleotides comprise a complementary sequence of 20-30 bases. Although
oligonucleotides may be chosen which are antisense to any region of the gene or mRNA
transcripts, in preferred embodiments the antisense oligonucleotides correspond to N-terminal
or 5’ upstream sites such as translation initiation, transcription initiation or promoter sites. In
addition, 3'-untranslated rcgions may be targeted by antisense oligonucleotides. Targeting to
mRNA splicing sites has also been used in the art but may be less preferred if alternative
mRNA splicing occurs. In addition, the antisense is targeted, preferably, to sitcs in which
mRNA secondary structure is not expected (see, e.g., Sainio et al., Cell Mol. Neurobiol.
14(5):439-457, 1994) and at which proteins are not expected to bind. Finally, although, SEQ
ID No:1 discloses a cDNA sequence, one of ordinary skill in the art may easily derive the
genomic DNA corresponding to this sequence. Thus, the present invention also provides for
antisense oligonucleotides which are complementary to the genomic DNA corresponding to
SEQ ID NO:1. Similarly, antisense to allelic or homologous FGE cDNAs and genomic
DNAs are enabled without undue experimentation.

In one set of embodiments, the antisense oligonucleotides of the invention may be
composed of “natural” deoxyribonucleotides, ribonucleotides, or any combination thereof.
That is, the 5" end of one native nucleotide and the 3’ end of another native nucleotide may
be covalently linked, as in natural systems, via a phosphodiester internucleoside linkage.

These oligonucleotides may be prepared by art recognized metheds which may be carried out
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manually or by an automated synthesizer, They also may be produced recombinantly by
vectors.

In preferred embodiments, however, the antisense oligonucleotides of the invention
also may include “modified” oligonucleotides. That is, the oligonucleotides may be modified
in a number of ways which do not prevent them from hybridizing to their target but which
enhance their stability or targeting or which otherwise enhance their therapeutic
effectiveness.

The term “modified oligonucleotide” as used herein describes an oligonucleotide in
which (1) at least two of its nucleotides arc covalently linked via a synthetic internucleoside
linkage (i.e., a linkage other than a phosphodiester linkage between the 5° end of one
nucleotide and the 3° end of another nucleotide) and/or (2) a chemical group not normally
associated with nucleic acids has been covalently attached to the oligonuclcotide. Preferred
synthetic  internucleoside  linkages are  phosphorothioatcs,  alkylphosphonates,
phosphorodithioates, phosphate  esters,  alkylphosphonothioates, — phosphoramidates,
carbamates, carbonates, phosphate triesters, acetamidates, carboxymethyl esters and peptides.

The term “modified oligonucleotide” also encompasses oligonucleotides with a
covalently modified base and/or sugar. For example, modified oligonucleotides include
oligonucleotides having backbone sugars which are covalently attached to low molecular
weight organic groups other than a hydroxyl group at the 3’ position and other than a
phosphate group at the 53° position. Thus modified oligonucleotides may include a 2’-O-
alkylated ribose group. In addition, modified oligonucleotides may include sugars such as
arabinose instead of ribose. The present invention, thus, contemplates pharmaceutical
preparations containing modified antisense molecules that are complementary to and
hybridizable with, under physiological conditions, nucleic acids encoding FGE polypeptides,
together with pharmaceutically acceptable carriers. Antisense oligonucleotides may be
administered as part of a pharmaceutical composition. Such a pharmaceutical composition
may include the antisense oligonucleotides in combination with any standard physiologically
and/or pharmaceutically acceptable catriers which are known in the art. The compositions
should be sterile and contain a therapeutically effective amount of the antisense
oligonucleotides in a unit of weight or volume suitable for administration to a patient. The
term “pharmaceutically acceptable” means a non-toxic material that does not interfere with
the effectiveness of the biclogical activity of the active ingredients.  The term
“physiologically acceptable” refers to a non-toxic material that is compatible with a

biological system such as a cell, cell culture, tissue, or organism. The characteristics of the
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carrier will depend on the route of administration. Physiologically and pharmaceutically

acceptable carriers include diluents, fillers, salts, buffers, stabilizers, solubilizers, and other
materials which are well known in the art.

The invention also involves methods for increasing Cy-formylglycine generating
activity in a cell. In important embodiments, this is accomplished by the use of vectors
(“expression vectors” and/or “targeting vectors™),

“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 faéhion 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 bactcrium or just a single time
per host beforc the host reproduces by mitosis. In the casc of phage, replication may occur
actively during a lytic phase or passively during a lysogenic phase. An “expression vector” is
one into which a desired DNA sequence (e.g., the FGE cDNA of SEQ ID NO:3) may be
inserted by restriction and ligation such that it is operably joined to regulatory sequences and
may be expressed as an RNA transcript. Vectors may further contain one or more marker
sequences suitable for use in the identification of cells which have or have not been
transformed or transfected with the vector. Markers include, for example, genes encoding
proteins which increase or decrease either resistance or sensitivity to antibiotics or other
compounds, genes which encode enzymes whose activities are detectable by standard assays
known in the art (e.g., B-galactosidase or alkaline phosphatase), and genes which visibly
affect the phenotype of transformed or transfected cells, hosts, colonies or plaques (e.g.,
green fluorescent protein).

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 (c.g., encoded by the cDNA of SEQ ID

NO:1) and other sequences nccessary for the targeting of the gene to a preferred location in
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the genome (e.g., a trascriptionally active location, for example downstream of an enogenous
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, and which are expressly
incorporated herein by reference.

Virtually any cells, prokaryotic or eukaryotic, which can be transformed with
heterologous DNA or RNA andr 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 ccll 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), Hel.a cells and derivatives of HeLa cells (ATCC CCL 2, 2.1 and 2.2),
MCF-7 breast cancer cells (ATCC BTH 22), K-562 leukemia cells (ATCC CCL 243), KB
carcinoma cells (ATCC CCL 17), 2780AD ovarian carcinoma cells (Van der Blick, A. M. et
al., Cancer Res, 48:5927-5932 (1988), Raji cells (ATCC CCL 86), WiDr colon
adenocarcinoma cells (ATCC CCL 218), SW620 colon adenocarcinoma cells (ATCC CCL
227), Jurkat cells (ATCC TIB 152), Namalwa cells (ATCC CRL1432), HL-60 cells (ATCC
CCL 240), Daudi cells (ATCC CCL 213), RPMI 8226 cells (ATCC CCL 155), U-937 cells
(ATCC CRL 1593), Bowes Melanoma cells (ATCC CRL 9607), WI-38VA13 subline 2R4
cells (ATCC CLL 75.1), and MOLT-4 cells (ATCC CRL 1582), CHO cells, and COS cells,
as well as heterohybridoma cells produced by fusion of human cells and cells of another
species. Secondary human fibroblast strains, such as WI-38 (ATCC CCL 75) and MRC-5
(ATCC CCL 171) may also be used. Further discussion of the types of cells that may be used
in practicing the methods of the present invention are described in U.S. Patents 5,641,670 and

6,270,989. Cell-free transcription systems also may be used in lieu of cells.
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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 pharmacentically-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.

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 fo 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 werc capable of cffecting transcription of
that DNA sequence such that the resulting transcript might be translated into the desired
protein or polypeptide.

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 of the invention 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.
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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.

Preferred systems for mRNA expression in mammalian cells are those such as
PRc/CMYV (available from Invitrogen, Carlsbad, CA) that contain a selectable marker such as
a gene that confers G418 resistance (which facilitates the selection of stably transfected cell
lines) and the human cytomegalovirus (CMV) enhancer-promoter sequences. Additionally,
suitable for expression in primate or canine cell lines is the pCEP4 vector (Invitrogen,
Carlsbad, CA), which contains an Epstein Barr virus (EBV) origin of replication, facilitating
the maintenance of plasmid as a multicopy extrachromosomal element. Another expression
vector is the pEF-BOS plasmid containing the promoter of polypeptide Elongation Factor 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-Perricandet, which is
defective for E1 and E3 proteins (J. Clin. Invest. 90:626-630, 1992). The use of the
adenovirus as an Adeno.P1A recombinant is disclosed by Warnier et al., in intradermal
injection in mice for immunization against P1A (Int. J. Cancer, 67:303-310, 1996).

The invention also embraces so-called expression kits, 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.

It will also be recognized that the invention embraces the use of the above described,
FGE cDNA sequence containing expression vectors, 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,
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dendritic cells, U293 cells, peripheral blood Jeukocytes, bone marrow stem cells, embryonic
stem cells, and insect cells. The invention also permits the construction of FGE gene “knock-
outs” in cells and in animals, providing materials for studying certain aspects of FGE activity.

The invention also provides isolated polypeptides (including whole proteins and
partial proteins), encoded by the foregoing FGE nucleic acids, and include the polypeptide of
SEQ ID NO:2 and unique fragments thereof.. Such polypeptides are useful, for example,
alone or as part of fusion proteins to generate antibodies, as components of an immunoassay,
etc. Polypeptides can be isolated from biological samples including tissue or cell
homogenates, and can also be expressed recombinantly in a variety of prokaryotic and
eukaryotic expression systems by constructing an expression vector appropriate to the
expression system, introducing the cxpression 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-establishcd methods of peptide
synthesis.

A unique fragment of a FGE polypeptide, in general, has the features and
characleristics of unique fragments as discussed above in connection with mucleic 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 belween 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).

Unique fragments of a polypeptide preferably are those fragments which retain a
distinct functional capability of the polypeptide. TFunctional 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, eic. 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.

The invention embraces variants of the FGE polypeptides described above. As used

herein, a “variant” of a FGE polypeptide is a polypcptide which contains one or more
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modifications to the primary amino acid sequence of a FGE polypeptide. Modifications
which create a FGE polypeptide variant are typically made to the mucleic 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 nove. 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.

Variants can include FGE polypeptides which are modified specifically to alter a
featurc 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
climinating proteolysis by proteases in an expression system (e.g., dibasic amino acid
residues in yeast expression systems in which KEX?2 protease activity is present).

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.

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
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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.

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, FM. 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 NQO:2. Conservative substitutions of amino
acids include substitutions made amongst amino acids within the following groups: (a) M, T,
LV,b)EY W; ©)K. R, H; (d) A, G; (e) S, T; (f) Q, N; and (g) E, D.

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. Nat. Acad. Sci. U.S.A. 82:
488-492, 1985), or by chemical synthesis of a gene encoding a FGE polypeptide. The
activity of functionally equivalent fragments of FGE polypeptides can be tested by cloning
the gene encoding the altered FGE polypeptide into a bacterial or mammalian expression
vector, introducing the vector into an appropriate host cell, expressing the altered FGE
polypeptide, and testing for a functional capability of the FGE polypeptides as disclosed

herein (e.g., Co-formylglycine gencrating activity, etc.).
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The invention as described herein has a number of uses, some of which are described
elsewhere herein. First, the invention permits isolation of FGE polypeptides. A variety of
methodologies well-known to the skilled practitioner can be utilized to obtain isolated FGE
molecules. The polypeptide may be purified from cells which naturally produce the
polypeptide by chromatographic means or immunological recognition. Alternatively, an
expression vector may be introduced into cells to cause production of the polypeptide. In
another method, mRNA transcripts may be microinjected or otherwise introduced into cells
to cause production of the encoded polypeptide. Translation of FGE mRNA in cell-free
extracts such as the reticulocyte lysate system also may be used to produce FGE
polypeptides. 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.

The invention also provides, in certain embodiments, “dominant negative”
polypeptides derived from FGE polypeptides. A dominant negative polypeptide is an
inactive variant of a protein, which, by interacting with the cellular machinery, displaces an
active protein from its interaction with the cellular machinery or competes with the active
protein, thereby reducing the effect of the active protein. For example, a dominant negative
receptor which binds a ligand but does not transmit a signal in response to binding of the
ligand can reduce the biological effect of expression of the ligand. Likewise, a dominant
negative catalytically-inactive kinase which interacts normally with target proteins but does
not phosphorylate the target proteins can rcducc phosphorylation of the target proteins in
response to a cellular signal. Similarly, a dominant negative transcription factor which binds
to a promoter site in the control region of a gene but does not increase gene transcription can
reduce the effect of a normal transcription factor by occupying promoter binding sites
without increasing transcription.

The end result of the expression of a dominant negative polypeptide in a cell is a
reduction in function of active proteins. One of ordinary skill in the art can assess the
potential for a dominant negative variant of a protein, and use standard mutagenesis
techniques to create one or more dominant negative variant polypeptides. See, e.g., U.S.
Patent No. 5,580,723 and Sambrook et al., Molecular Cloning: A Laboratory Manual,
Second Edition, Cold Spring Harbor Laboratory Press, 1989. The skilled artisan then can test

the population of mutagenized polypeptides for diminution in a selected activity and/or for
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retention of such an activity. Other similar methods for creating and testing dominant
negative variants of a protein will be apparent to one of ordinary skill in the art.

The isolation of the FGE ¢DNA also makes it possible for the artisan to diagnose a
disorder characterized by an aberrant expression of FGE. These methods involve
determining expression of the FGE gene, and/or FGE polypeptides derived therefrom. In the
former situation, such determinations can be carried out via any standard nucleic acid
determination assay, including the polymerase chain reaction, or assaying with labeled
hybridization probes as exemplified below. In the latter situation, such determination can be
carried out via any standard immunological assay using, for example, antibodies which bind
to the sccrcted FGE protein, A preferred disorder that can be diagnosed according to the
invention is Multiple Sulfatase Deficiency.

The invention also embraces isolated peptide binding agents which, for example, can
be antibodies or fragments of antibodies (“binding polypeptides”), having the ability to
selectively bind to FGE polypeptides. Antibodies include polyclonal and monoclonal
antibodies, prepared according to conventional methodology. In certain embodiments, the
invention excludes binding agents (e.g., antibodies) that bind to the polypeptides encoded by
the nucleic acids of SEQ ID NO4.

Significantly, as is well-known in the art, only a small portion of an antibody
molecule, the paratope, is involved in the binding of the antibody to its epitope (see, in
general, Clark, W.R. (1986) The Experimental Foundations of Modern Immunology Wiley &
Sons, Inc., New York; Roitt, I. (1991) Essential Immunology, 7th Ed., Blackwell Scientific
Publications, Oxford). The pFc’ and Fc regions, for example, are effectors of the
complement cascade but are not involved in antigen binding. An antibody from which the
pFc’ region has been enzymatically cleaved, or which has been produced without the pFc’
region, designated an F(ab’); fragment, retains both of the antigen binding sites of an intact
antibody. Similarly, an antibody from which the Fc region has been enzymatically cleaved,
or which has been produced without the Fc region, designated an Fab fragment, retains one of
the antigen binding sites of an intact antibody molecule. Proceeding further, Fab fragments
consist of a covalently bound antibody light chain and a portion of the antibody heavy chain
denoted Fd. The Fd fragments are the major determinant of antibody specificity (a single Fd
fragment may be associated with up to ten different light chains without altering antibody
specificity) and Fd fragments retain epitope-binding ability in isolation.

Within the antigen-binding portion of an antibody, as is well-known in the art, there

are complementarity determining regions (CDRs), which directly interact with the epitope of
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the antigen, and framework regions (FRs), which maintain the tertiary structure of the
paratope (see, in general, Clark, 1986; Roitt, 1991). In both the heavy chain Fd fragment and
the light chain of IgG immunoglobulins, there are four framework regions (FR1 through FR4)
separated respectively by three complementarity determining regions (CDR1 through CDR3).
The CDRs, and in particular the CDR3 regions, and more particularly the heavy chain CDR3,
are largely responsible for antibody specificity.

It is now well-established in the art that the non-CDR regions of a mammalian
antibody may be replaced with similar regions of conspecific or heterospecific antibodies
while retaining the epitopic specificity of the original antibody. This is most clearly
manifested in the development and use of “humanized” antibodies in which non-human
CDRs are covalently joined to human FR and/or Fe/pFc’ regions to produce a functional
antibody. See, e.g., U.S. patents 4,816,567, 5,225,539, 5,585,089, 5,693,762 and 5,859,205.
Thus, for example, PCT International Publication Number WO 92/04381 tcaches the
production and usc of humanized murinc RSV antibodies in which at least a portion of the
murine FR regions have been replaced by FR regions of human origin. Such antibodies,
including fragments of intact antibodies with antigen-binding ability, are often referred to as
“chimeric” antibodes. -

Thus, as will be apparent to one of ordinary skill in the art, the present invention also
provides for F(ab’);, Fab, Fv and Fd fragments; chimeric antibodies in which the Fc and/or
FR and/or CDR1 and/or CDR2 and/or light chain CDR3 regions have been replaced by
homologous human or non-human sequences; chimeric F(ab'), fragment antibodies in which
the FR and/or CDR1 and/or CDR2 and/or light chain CDR3 regions have been replaced by
homologous human or non-human sequences; chimeric Fab fragment antibodies in which the
FR and/or CDR1 and/or CDR2 and/or light chain CDR3 regions have been replaced by
homologous human or non-human sequences; and chimeric Fd fragment antibodies in which
the FR and/or CDR1 and/or CDR?2 regions have been replaced by homologous human or non-
human sequences. The present invention also includes so-called single chain antibodies.

Thus, the invention involves polypeptides of numerous size and type that bind
specifically to FGE polypeptides, and complexes of both FGE polypeptides and their binding
partners. These polypeplides may be derived also from sources other than antibody
technology. For example, such polypeptide binding agents can be provided by degenerate
peptide libraries which can be readily prepared in solution, in immobilized form, as bacterial

flagella peptide display libraries or as phage display libraries. Combinatorial libraries also
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can be synthesized of peptides containing one or more amino acids. Libraries further can be
synthesized of peptides and non-peptide synthetic moieties.

Phage display can be particularly effective in identifying binding peptides useful
according to the invention. Briefly, one prepares a phage library (using e.g. ml13, fd, or
lambda phage), displaying inserts from 4 to about 80 amino acid residues using conventional
procedures. The inserts may represent, for example, a completely degenerate or biased array.
One then can select phage-bearing inserts which bind to the FGE polypeptide or a complex of
FGE and a binding partner. This process can be repeated through several cycles of
reselection of phage that bind to the FGE polypeptide or complex. Repeated rounds lead to
enrichment of phage bearing particular sequences. DNA sequence analysis can be conducted
to identify the sequences of the expressed polypeptides. The minimal linear portion of the
sequence that binds to the FGE polypeptide or complex can be determined. One can repeat
the procedure using a biased library conlaining inserts containing part or all of the minimal
linear portion plus one or more additional degenerate residues upstream or downstream
thereof. Yeast two-hybrid screening methods also may be used to identify polypeptides that
bind to the FGE polypeptides. Thus, the FGE polypeptides of the invention, or a fragment
thereof, or complexes of FGE and a binding partner can be used to screen peptide libraries,
including phage display libraries, to identify and select peptide binding partners of the FGE
polypeptides of the invention. Such molecules can be used, as described, for screening
assays, for purification protocols, for interfering directly with the functioning of FGE and for
other purposes that will be apparent to those of ordinary skill in the att.

An FGE polypeptide, or a fragment thereof, also can be used to isolate their native
binding partners. Isolation of binding partners may be performed according to well-known
methods. For example, isolated FGE polypeptides can be attached to a substrate, and then a
solution suspected of containing a FGE binding partner may be applied to the substrate. I
the binding partner for FGE polypeptides is present in the solution, then it will bind to the
substrate-bound FGE polypeptide. The binding partner then may be isolated. Other proteins
which are binding partners for FGE, may be isolated by similar methods without undue
experimentation. A preferred binding partner is a sulfatase.

The invention also provides methods to measure the level of FGE expression in a
subject. This can be performed by first obtaining a test sample from the subject. The test
sample can be tissue or biological fluid. Tissues include brain, heart, serum, breast, colon,
bladder, uterus, prostate, stomach, testis, ovary, pancreas, pituitary gland, adrenal gland,

thyroid gland, salivary gland, mammary gland, kidney, liver, intestine, spleen, thymus, blood
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vessels, bone marrow, trachea, and lung. In certain embodiments, test samples originate from
heart and blood vessel tissues, and biological fluids include blood, saliva and urine. Both
invasive and non-invasive techniques can be used to obtain such samples and are well
documented in the art. At the molecular level both PCR and Northern blotting can be used to
determine the level of FGE mRNA using products of this invention described herein, and
protocols well known in the art that are found in references which compile such methods. At
the protein level, FGE expression can be determined using either polyclonal or monoclonal
anti-FGE sera in combination with standard immunological assays. The preferred methods
will compare the measured level of FGE expression of the test sample to a control. A control
can include a known amount of a nucleic acid probe, a FGE epitope (such as a FGE
expression product), or a similar test sample of a subject with a control or ‘normal’ level of
FGE expression.

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.

The invention also is uscful in the gencration of transgenic non-human animals. As
uscd herein, “transgenic non-human animals” includes non-human animals having one or
more exogenous nucleic acid molecules incorporated in germ line cells and/or somatic cells.
Thus the transgenic animals include “knockout” animals having a homozygous or
heterozygous gene disruption by homologous recombination, animals having episomal or
chromosomally incorporated expression vectors, etc. Knockout animals can be prepared by
homologous recombination using embryoni;; stem cells as is well known in the art. The
recombination may be facilitated using, for example, the cre/lox system or other recombinase
systems known to one of ordinary skill in the art. In certain embodiments, the recombinase
system itself is expressed conditionally, for exarple, in certain tissues or cell types, at certain
embryonic or post-embryonic developmental stages, is induced by the addition of a
compound which increases or decreases expression, and the like. In general, the conditional
expression vectors used in such systems use a varety of promoters which confer the desired

gene expression pattern (e.g., temporal or spatial). Conditional promoters also can be
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operably linked to FGE nucleic acid molecules to increase expression of FGE in a regulated
or conditional manner. Trans-acting negative regulators of FGE activity or expression also
can be operably linked to a conditional promoter as described above. Such frans-acting
regulators include antisense FGE nucleic acids molecules, nucleic acid molecules which
encode dominant negative FGE molecules, ribozyme molecules specific for FGE nucleic
acids, and the like. The transgenic non-human animals are useful in experiments directed
toward testing biochemical or physiological effects of diagnostics or therapeutics for
conditions characterized by increased or decreased FGE expression. Other uses will be
apparent to one of ordinary skill in the art.

The invention also contemplates gene therapy. The procedure for performing ex vivo
gene therapy is outlined in U.S. Patent 5 ,399,3;46 and in exhibits submitted in the file history
of that patent, all of which are publicly available documents. In general, it involves
introduction in vitro of a functional copy of a gene into a cell(s) of a subject which contains a
defective copy of the gene, and returning the genetically engineered cell(s) to the subject.
The functional copy of the gene is under operable control of regulatory elements which
permit expression of the gene in the genetically engineered cell(s). Numerous transfection
and transduction techniques as well as appropriate expression vectors are well known to those
of ordinary skill in the art, some of which are described in PCT application W095/00654. In
vive gene therapy using vectors such as adenovirus, retroviruses, herpes virus, and targeted
liposomes also is contemplated according to the invention.

The invention further provides efficient methods of identifying agents or lead
compounds for agents active at the level of a FGE or FGE fragment dependent cellular
function. In particular, sich functions include interaction with other polypeptides or
fragments. Generally, the screening methods involve assaying for compounds which
interfere with FGE activity (such as Cy-formylglycine generating activity), although
compounds which enhance FGE Cy-formylglycine generating activity also can be assayed
using the screening methods. Such methods are adaptable to automated, high throughput
screening of compounds. Target indications include cellular processes modulated by FGE
such as Cp-formylglycine generating activity.

A wide variety of assays for candidate (pharmacological) agents are provided,
including, labeled in vitro protein-ligand binding assays, electrophoretic mobility shift assays,
immunoassays, cell-based assays such as two- or three-hybrid screens, expression assays, etc.
The transfected nucleic acids can encode, for example, combinatorial peptide libraries or

¢DNA libraries. Convenient reagents for such assays, e.g., GAL4 fusion proleins, are known
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in the art. An exemplary cell-based assay involves transfecting a cell with a nucleic acid
encoding a FGE polypeptide fused to a GAL4 DNA binding domain and a nucleic acid
encoding a reporter gene operably linked to a gene expression regulatory region, such as one
or more GALA binding sites. Activation of reporter gene transcription occurs when the FGE
and reporter fusion polypeptide binds such as to enable transcription of the reporter gene.
Agents which modulate a FGE polypeptide mediated cell function are then detected through a
change in the expression of reporter gene. Methods for determining changes in the
expression of a reporter gene are known in the art.

TGE fragments used in the methods, when not produced by a transfected nucleic acid
are added to an assay mixturc as an isolated polypeptide. FGE polypeptides preferably are
produced recombinantly, although such polypeptidecs 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 capablc of providing or
enhancing protein-protein binding, sequence specific nucleic acid binding (such as GALA),
enhancing stability of the FGE polypeptide under assay conditions, or providing a detectable
moiety, such as green fluorescent protein or Flag epitope.

The assay mixture is comprised of a natural intracellular FGE binding target capable
of interacting with FGE. While natural FGE binding targets may be used, it is frequently
preferred to use portions (e.g., peptides —see e.g., the peptide of SEQ ID NO:33- or nucleic
acid fragments) or analogs (i.e., agents which mimic the FGE binding properties of the
natural binding target for purposes of the assay) of the FGE binding targel so long as the
portion or analog provides binding affinity and avidity to the FGE fragment measurable in the
assay.

The assay mixture also comprises a candidate agent. Typically, a plurality of assay
mixtures are run in parallel with different agent concentrations to obtain a different response
to the various concentrations. Typically, one of these concentrations serves as a negative
control, i.e., at zero concentration of agent or at a concentration of agent below the limits of
assay detection. Candidate agents encompass numerous chemical classes, although typically
they are organic compounds. Preferably, the candidate agents are small organic compounds,
i.e., those having a molecular weight of more than 50 yet less than about 2500, preferably less
than about 1000 and, more preferably, less than about 500. Candidate agents comprise
functional chemical groups necessary for structural interactions with polypeptides and/or
nucleic acids, and typically include at least an amine, carbonyl, hydroxyl or carboxyl group,

preferably at least two of the functional chemical groups and more preferably at least three of
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the functional chemical groups. The candidate agents can comprise cyclic carbon or
heterocyclic structure and/or aromatic or polyaromatic structures substituted with one or
more of the above-identified functional groups. Candidate agents also can be biomolecules
such as peptides, saccharides, fatty acids, sterols, isoprenoids, purines, pyrimidines,
derivatives or structural analogs of the above, or combinations thereof and the like. Where
the agent is a nucleic acid, the agent typically is a DNA or RNA molecule, although modified
nucleic acids as defined herein are also contemplated.

Candidate agents are obtained from a wide variety of sources including libraries of
synthetic or natural compounds. For example, numerous means are available for random and
directed synthesis of a wide variety of organic compounds and biomolecules, including
expression of randomized oligonucleotides, synthetic organic combinatorial libraries, phage
display libraries of random peptides, and the like. Alternatively, libraries of natural
compounds in the form of bacterial, fungal, plant and animal extracts are available or readily
produced. Additionally, natural and synthetically produced libraries and compounds can be
modified throngh conventional chemical, physical, and biochemical meuns. Further, known
(pharmacological) agents may be subjected to directed or random chemical modifications
such as acylation, alkylation, esterification, amidification, etc. to produce structural analogs
of the agents. ‘

A variety of other reagents also can be included in the mixture. These include
reagents such as salts, buffers, neutral proteins (e.g., albumin), detergents, etc. which may be
used to facilitate optimal protein-protein and/or protein-nucleic acid binding. Such a reagent
may also reduce non-specific or background interactions of the reaction components. Other
reagents that improve the efficiency of the assay such as protease, inhibitors, nuclease
inhibitors, antimicrobial agents, and the like may also be used.

The mixture of the foregoing assay materials is incubated under conditions whereby,
but for the presence of the candidate agent, the FGE polypeptide specifically binds a cellular
binding target, a portion thereof or analog thereof. The order of addition of components,
incuhation temperature, time of incubation, and other parameters of the assay may be readily
determined. Such experimentation merely involves optimization of the assay parameters, not
the fundamental composition of the assay. Incubation temperatures typically are between
4°C and 40°C. Incubation times preferably are minimized to facilitate rapid, high throughput
screening, and typically are between 0.1 and 10 hours.

After incubation, the presence or absence of specific binding between the FGE

polypeptide and one or more binding targets is detected by any convenient method available
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to the user. For cell free binding type assays, a separation step is often used to separate
bound from unbound components. The separation step may be accomplished in a variety of
ways. Conveniently, at least one of the components is immobilized on a solid substrate, from
which the unbound components may be easily separated. The solid substrate can be made of
a wide variety of materials and in a wide variety of shapes, ¢.g., microtiter plate, microbead,
dipstick, resin particle, etc. The substrate preferably is chosen to maximum signal to noise
ratios, primarily to minimize background binding, as well as for ease of separation and cost.

Separation may be effected for example, by removing a bead or dipstick from a
reservoir, emptying or diluting a reservoir such as a microtiter plate well, rinsing a bead,
particle, chromatograpic column or filter with a wash solution or solvent. The separation step
preferably includes multiple rinses or washes. For example, when the solid substrate is a
microtiter plate, the wells may be washed several times with a washing solution, which
typically includes those components of the incubation mixture that do not participate in
specific bindings such as salts, buller, delergent, non-specific protein, etc. Where the solid
substrate is a magnetic bead, the beads may be washed one or more times with a washing
solution and isolated using a magnet.

Detection may be effected in any convenient way for cell-based assays such as two-
or three-hybrid screens, The transcript resulting from a reporter gene transcription assay of
FGE polypeptide interacting with a target molecule typically encodes a directly or indirectly
detectable product, e.g., P-galactosidase activity, luciferase activity, and the like, For cell
free binding assays, one of the components usually comprises, or is coupled to, a detectable
label. A wide variety of labels can be used, such as those that provide direct detection (e.g.,
radioactivity, luminescence, optical or electron density, etc), or indirect detection (e.g.,
epitope tag such as the FLAG epitope, enzyme tag such as horseseradish peroxidase, efc.).
The label may be bound to a FGE binding partner, or incorporated into the structure of the
binding partner.

A variety of methods may be used to detect the label, depending on the nature of the
label and other assay components. For example, the label may be detected while bound to the
solid substrate or subsequent to separation from the solid substrate. Labels may be directly
detected through optical or electron density, radicactive emissions, nonradiative energy
transfers, etc. or indirectly detected with antibody conjugates, streptavidin-biotin conjugates,
etc. Methods for detecting the labels are well known in the art.

The invention provides FGE-specific binding agents, methods of identifying and

making such agents, and their use in diagnosis, therapy and pharmaceutical development.
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For example, FGE-specific pharmacological agents are useful in a variety of diagnostic and
therapeutic applications, especially where disease or disease prognosis is associated with
altered FGE binding characteristics such as in Multiple Sulfatase Deficiency. Novel FGE-
specific binding agents include FGE-specific antibodies, cell surface receptors, and other
natural intracellular and extracellular binding agents identified with assays such as two hybrid
screens, and non-natural intracellular and extracellular binding agents identified in screens of
chemical libraries and the like.

In general, the specificity of FGE binding to a specific molecule is determined by
binding equilibrium constants. Targets which are capable of selectively binding a FGE
polypeptide preferably have binding equilibrium constants of at least about 107 M, more
preferably at least about 10° M, and most preferably at least about 10° M7, A wide variety
of cell based and cell free assays may be used to demonstrate FGE-specific binding, Cell
based assays include one, two and three hybrid screens, assays in which FGE-mediated
transcription is inhibited or increased, etc. Cell free assays include FGE-protein binding
assays, immunoassays, ctc. Other assays useful for screening agents which bind FGE
polypeptides include fluorcscence resonance cncrgy transfer (FRET), and electrophoretic
mobility shift analysis (EMSA).

According to another aspect of the invention, a method for identifying an agent useful
in modulating Cy-formylglycine generating activity of a molecule of the invention, is
provided. The method involves (a) contacting a molecule having Cg-formylglycine
generating activity with a candidate agent, (b) measuring Ce-formylglycine generating
activity of the molecule, and (c) comparing the measured Cy-formylglycine generating
activity of the molecule to a control to determine whether the candidate agent modulates Cq-
formylglycine generating activity of the molecule, wherein the molecule is an FGE nucleic
acid molecule of the invention, or an expression product thereof. “Contacting” refers to both
direct and indirect contacting of a molecule having Cq-formylglycine generating activity with
the candidate agent. “Indirect” contacting means that the candidate agent exerts its effects on
the Co-formylglycine generating activity of the molecule via a third agent (e.g., a messenger
molecule, a receptor, etc.). In certain embodiments, the control is Co-formylglycine
generating activity of the molecule measured in the absence of the candidate agent. Assaying
methods and candidate agents are as described above in the foregoing embodiments with

respect to FGE,
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According to still another aspect of the invention, a method of diagnosing a disorder
characterized by aberrant expression of a nucleic acid molecule, an expression product
thereof, or a fragment of an expression product thereof, is provided. The method involves
contacting a biological sample isolated from a subject with an agent that specifically binds to
the nucleic acid molecule, an expression product thereof, or a fragment of an expression
product thereof, and determining the interaction between the agent and the nucleic acid
molecule or the expression product as a determination of the disorder, wherein the nucleic
acid molecule is an FGE molecule according to the invention. The disorder is Multiple
Sulfatase Deficiency. Mutations in the FGE gene that cause the aberrant expression of FGE
molecules result in the following amino acid changes on SEQ ID NO:2: MetlArg; MetlVal;
Leu20Phe; Serl55Pro; Alal77Pro; Cys218Tyr; Arg224Tip; Asn259Ile; Pro266Leu;
Ala279Val; Arg327Stop; Cys336Arg; Arg345Cys; Ala348Pro; Arg349GIn; Arg349Tip;
Arg349Trp; Ser359Stop; or a combination thereof.

In the case where the molecule is a nucleic acid molecule, such determinations can be
carried out via any standard nucleic acid determination assay, including the polymerase chain
reaction, or assaying with labeled hybridization probes as exemplified herein. In the case
where the molecule is an expression product of the nucleic acid molecule, or a fragment of an
expression product of the nucleic acid molecule, such determination can be carried out via
any standard immunological assay using, for example, antibodies which bind to any of the
polypeptide expression products.

“Aberrant expression” refers to decreased expression (underexpression) or increased
expression (overcxpression) of FGE molecules (nucleic acids and/or polypeptides) in
comparison with a control (i.e., expression of the same molecule in a healthy or “normal”
subject). A “healthy subject”, as used herein, refers to a subject who, according to standard
medical standards, does not have or is at risk for developing Multiple Sulfatase Deficiency.
Healthy subjects also do not otherwise exhibit symptoms of disease. In other words, such
subjects, if examined by a medical professional, would be characterized as healthy and free of
symptoms of a Multiple Sulfatase Deficiency. These include features of metachromatic
leukodystrophy and of a mucopolysaccharidosis, such as increased amounts of acid
mucopolysaccharides in several tissues, mild ‘gargoylism’, rapid neurologic deterioration,
excessive presence of mucopolysaccharide and sulfatide in the urine, increased cerebrospinal
fluid protein, and metachromatic degeneration of myelin in peripheral nerves.

The invention also provides novel kits which could be vsed to measure the levels of

the nucleic acids of the invention, or expression products of the invention.
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In one embodiment, a kit comprises a package containing an agent that selectively
binds to any of the foregoing FGE isolated nucleic acids, or expression products thereof, and
a control for comparing to a measured value of binding of said agent any of the foregoing
FGE isolated nucleic acids or exptession products thereof. In some embodiments, the control
is a predetermined value for comparing to the measured value. In certain embodiments, the
control comprises an epitope of the expression product of any of the foregoing FGE isolated
nucleic acids. In one embodiment, the kit further comprises a second agent that selectively
hinds to a polypeptide selected from the group consisting of Iduronate 2-Sulfatase,
Sulfamidase, N-Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase,
Arylsulfatase A, Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E,
Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, and HSulf-6,
or a peptide thereof, and a control for comparing to a measured value of binding of said
second agent to said polypeptide or peptide thereof.

In the case of nucleic acid detection, pairs of primers for amplifying a nucleic acid
molecule of the invention can be included. The preferred kits would include controls such as
known amounts of nucleic acid probes, epitopes (such as Iduronate 2-Sulfatase, Sulfamidase,
N-Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A,
Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase T,
Arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, and HSulf-6, expression
products) or anti-epitope antibodies, as well as instructions or other printed material. In
certain embodiments the printed material can characterize risk of developing a sulfatase
deficiency condition based upon the outcome of the assay. The reagents may be packaged in
containers and/or coated on wells in predetermined amounts, and the kits may include
standard materials such as labeled immunological reagents (such as labeled anti-IgG
antibodies) and the like. One kit is a packaged polystyrene microtiter plate coated with FGE
protein and a container containing labeled anti-human IgG antibodies. A well of the plate is
contacted with, for example, a biological fluid, washed and then contacted with the anti-IgG
antibody. The label is then detected. A kit embodying features of the present invention,
generally designated by the numeral 11, is illustrated in Figure 25. Kit 11 is comprised of the
following major elements: packaging 15, an agent of the invention 17, a control agent 19 and
instructions 21. Packaging 15 is a box-like structure for holding a vial (or number of vials)
containing an agent of the invention 17, a vial (or number of vials) containing a control agent
19, and instructions 21. Individuals skilled in the art can readily modify packaging 15 to suit

individual needs.
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The invention also embraces methods for treating Multiple Sulfatase Deficiency in a
subject. The method involves administering to a subject in need of such treatment an agent
that modulates Co-formylglycine generating activity, in an amount effective to increase Cq-
formylglycine generating activity in the subject. In some embodiments, the method further
comprises co-administering an agent selected from the group consisting of a nucleic acid
molecule encoding Iduronate 2-Sulfatase, Sulfamidase, N-Acetylgalactosamine 6-Sulfatase,
N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A, Arylsulfatase B, Arylsulfatase C,
Arylsulfatase D, Arylsulfatase E, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-
3, HSulf-4, HSulf-5, and HSulf-6, an expression product of the nucleic acid molecule, and/or
a fragment of the expression product of the nucleic acid molecule. )

“Agents that modulate expression” of a nucleic acid or a polypeptide, as used herein,
are known in the art, and refer to sense and antisense nucleic acids, dominant negative
nucleic acids, antibodics to the polypeptides, and the like. Any agents that modulate
exression of a molecule (and as described herein, modulate its activity), are useful according
to the invention. In certain embodiments, the agent that modulates Ce-formylglycine
generating activity is an isolated nucleic acid molecule of the invention (e.g., a nucleic acid of
SEQ ID NO.3). In important embodiments, the agent that modulates Co-formylglycine
generating activity is a peptide of the invention (e.g., a peptide of SEQ ID NO.2). In some
embodiments, the agent that modulates Cy-formylglycine generating activity is a sense
nucleic acid of the invention,

According to one aspect of the invention, a method for for increasing Coy-
foml_ylglycine generating activity in a subject, is provided. The method involves
administering an isolated FGE nucleic acid molecule of the invention, and/or an expression
product thereof, to a subject, in an amount effective to increase Cq-formylglycine generating
activity in the subject.

According to still another aspect of the invention, a method for increasing Co-
formylglycine generating activity in a cell, is 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 Cy-formylglycine generating activity in the cell. In important
embodiments, the method involves activating the endogenous FGE gene to increase Cg-

formylglycine generating activity in the cell.
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In any of the foregoing embodiments the nucleic acid may be operatively coupled to a
gene expression sequence which directs the expression of the nucleic acid molecule within a
eukaryotic cell such as an HT-1080 cell. The “gene expression sequence” is any regulatory
nucleotide sequence, such as a promoter sequence or promoter-cnhancer 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, c-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, cytomegalovitus, 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.

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

Preferably, any of the FGE nucleic acid molecules of the invention 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
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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.

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

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

In general, the vectors useful in the invention 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 of the invention,

and additional nucleic acid fragments (e.g., enhancers, promoters) which can be attached to
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the nucleic acid sequences of the invention. Viral vectors are a preferred type of vector and
include, but are not limited to, nucleic acid sequences from the following viruses: adenévirus;
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 vifus; vaccinia virus; polio
virus; and RNA virus such as a retrovirus. One can readily employ other vectors not named
but known in the art.

A particularly preferred virus for cerlain applications is the adeno-associated virus; a
double-stranded DNA virus. The adeno-associated virus is capable of infecting a wide range
of cell types and species and can be engineered to be replication-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.

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 refroviruses are replication-deficient (i.e., capable of directing synthesis of the desired
proteins, but incapable of manufacturing an infectious particle). Such genetically altered
refroviral expression vectors have general utility for the high-efficiency transduction of genes
in vivo. Standard protocols for producing replication-deficient retroviruses (including the
steps of incorporation of exogenous genetic material into a plasmid, transfection of a
packaging cell lined with plasmid, production of recombinant retroviruses by the packaging
cell line, collection of viral particles from tissue culture media, and infection of the target
cells with viral particles) are provided in Kriegler, M., “Gene Transfer and Expression, A
Laboratory Manual,” W.H. Freeman C.0O., New York (1990) and Murry, E.J. Ed. “Methods
in Molecular Biology,” vol. 7, Humana Press, Inc., Cliffton, New Jersey (1991).
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Another preferred retroviral vector is the vector derived from the moloney murine
Jeukemia virus, as described in Nabel, E.G., et al., Science,1990, 249:1285-1288. These
vectors reportedly were effective for the delix}ery of genes to all thres 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
of the invention are described in U.S. Patent No. 5,674,722 by Mulligan, et. al.

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
endoathelial cell, and facilitatc uptake thercby.

A preferred such delivery method of the invention is a colloidal dispersion system.
Colloidal dispersion systems include lipid-bascd systems including oil-in-watcr emulsions,
micelles, mixed micelles, and liposomes. A preferred colloidal system of the invention is a
liposome. Liposomes are artificial membrane vessels which are useful as a delivery vector in
vivo or in vitro. It has been shown that large unilamellar vessels (LUV), which range in size
from 0.2 - 4.0 um 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 fo the target cell cytoplasm at high
efficiency; and (4) accurate and effective expression of genetic information.

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
o the vascular wall include, but are not limited to the viral coat protein of the
Hemagglutinating virus of Japan. Additionally, the vector may be coupled to a nuclear
targeting peptide, which will direct the nucleic acid to the nucleus of the host cell.

Liposomes are commercially available from Gibco BRL, for example, as
LIPOFECTIN™ and LIPOFECTACE™, 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

-54-




10

15

25

30

WO 2004/072275 PCT/US2004/003632
-52-
the intracellular delivery of macromolecules, including nucleic acids, are also described in
PCT International application no. PCT/US96/07572 (Publication No. WO 96/40060, entitled
“Intracellular Delivery of Macromolecules™).

In one particular embodiment, the preferred vehicle is a biocompatible micro particle
or implant that is suitable for implantation into the mammalian recipient. Exemplary
bioerodible implants that are useful in accordance with this method are described in PCT
International application no. PCT/US/03307 (Publication No. WO 95/24929, entitled
“Polymeric Gene Delivery System™, claiming priotity to U.S. patent application serial no.
213,668, filed March 15, 1994). PCT/US/0307 describes a biocompatible, preferably
biodegradable polymeric matrix for containing an exogenous gene under the control of an
appropriate promoter. The polymeric matrix is used to achieve sustained release of the
exogenous gene in the patient. In accordance with the instant invention, the nucleic acids
described herein are encapsulated or dispersed within the biocompatible, preferably
biodegradable polymeric matrix disclosed in PCT/US/03307. The polymeric matrix
preferably is in the form of a micro particle such as a micro sphere (wherein a nucleic acid is
dispersed throughout a solid polymeric matrix) or a microcapsule (wherein a nucleic acid is
stored in the core of a polymeric shell). Other forms of the polymeric matrix for containing
the nucleic acids of the invention include films, coatings, gels, implants, and stents. The size
and composition of the polymeric matrix device is selected to result in favorable release
kinetics in the tissuc into which thc matrix device is implanted. The size of the polymeric
matrix devise further is selected according to the mcthod of delivery which is to be uscd,
typically injection into a tissue or administration of a suspension by acrosol into thc nasal
and/or pulmonary arcas. The polymeric matrix composition can be selected to have both
favorable degradation rates and also to be formed of a material which is bioadhesive, to
further increase the effectiveness of transfer when the devise is administered to a vascular
surface. The matrix composition also can be selected not to degrade, but rather, to release by
diffusion over an extended period of time.

Both non-biodegradable and biodegradable polymeric matrices can be used to deliver
the nucleic acids of the invention to the subject. Biodegradable matrices are preferred. Such
polymers may be natural or synthetic polymers. Synthetic polymers are preferred. The
polymer is selected based on the period of time over which release is desired, generally in the
order of a few hours to a year or longer. Typically, release over a period ranging from

between a few hours and three to twelve months is most desirable. The polymer optionally is
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in the form of a hydrogel that can absorb up to about 90% of its weight in water and further,

optionally is cross-linked with multi-valent ions or other polymers.

In general, the nucleic acids of the invention are delivered using the bioerodible
implant by way of diffusion, or more preferably, by degradation of the polymeric matrix.
Exemplary synthetic polymers which can be used to form the biodegradable delivery system
include: polyamides, polycarbonates, polyalkylenes, polyalkylene glycols, polyalkylens
oxides, polyalkylene terepthalates, polyvinyl alcohols, polyvinyl ethers, polyvinyl esters,
poly-vinyl halides, polyvinylpyrrolidone, polyglycolides, polysiloxanes, polyurethanes and
co-polymers thereof, alkyl cellulose, hydroxyalkyl celluloscs, cellulose ethers, cellulose
esters, nitro celluloses, polymers of acrylic and methacrylic esters, methyl cellulose, ethyl
cellulose, hydroxypropyl cellulose, hydraxy-propyl methyl cellulose, hydroxybutyl methyl
cellulose, cellulose acetate, cellulose propionate, cellulose acetate butyrate, cellulose acetate
phthalate, carboxylethyl cellulose, cellulose triacetate, cellulose sulphate sodium salt,
poly(methyl methacrylate), poly(ethyl methacrylate), poly(butylmethacrylate), poly(isobutyl
methacrylate),  poly(hexylmethacrylate), poly(isodecyl — methacrylate),  poly(lauryl
methacrylate), poly(phenyl methacrylate), poly(methyl acrylate), poly(isopropyl acrylate),
poly(isobutyl acrylate), poly(octadecyl acrylate), polyethylene, polypropylene, poly(ethylene .
glycol), poly(ethylene oxide), poly(ethylene terephthalate), poly(vinyl alcohols), polyvinyl
acetate, poly vinyl chloride, polystyrene and polyvinylpyrrolidone.

Examples of non-biodegradable polymers include ethylene vinyl acetate, poly(meth)
acrylic acid, polyamides, copolymers and mixtures thereof.

Examples of biodegradable polymers include synthetic polymers such as polymers of
lactic acid and glycolic acid, polyanhydrides, poly(ortho)esters, polyurethanes, poly(butic
acid), poly(valeric acid), and poly(lactide-cocaprolactone), and natural polymers such as
alginate and other polysaccharides including dextran and cellulose, collagen, chemical
derivatives thereof (substitutions, additions of chemical groups, for example, alkyl, alkylene,
hydroxylations, oxidations, and other modifications routinely made by those skilled in the
art), albumin and other hydrophilic proteins, zein and other prolamines and hydrophobic
proteins, copolymers and mixtures thereof, In general, these materials degrade either by
enzymatic hydrolysis or exposure to water in vivo, by surface or bulk erosion.

Bioadhesive polymers of particular interest include bioerodible hydrogels described
by HS Sawhney, C.P. Pathak and J.A. Hubell in Macromolecules, 1993, 26, 581-587, the
teachings of which are incorporated herein, polyhyaluronic acids, casein, gelatin, glutin,

polyanhydrides, polyacrylic acid, alginate, chitosan, poly(methyl methacrylates), poly(ethyl
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methacrylates), poly(butylmethacrylate), poly(isobutyl methacrylate),
poly(hexylmethacrylate), poly(isodecyl methacrylate), poly(lauryl methacrylate), poly(phenyl
methacrylate), poly(methyl acrylate), poly(isopropyl acrylate), poly(isobutyl acrylate), and
poly(octadecyl acrylate). Thus, the invention provides a composition of the above-described
molecules of the invention for use as a medicament, methods for preparing the medicament
and methods for the sustained release of the medicament in vivo.

Compaction agents also can be used in combination with a vector of the invention. 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
targel 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.

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.

The invention embraces methods for increasing sulfatase activity in a cell. Such
methods involve contacting a cell expressing a sulfatase with an isolated nucleic acid
molecule of of the invention (e.g., an isolated nucleic acid molecule as claimed in any one of
Claims 1-8, an FGE nucleic acid molecule having a sequence selected from the group
consisting of SEQ ID NO: 1, 3, 4, 45,47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67,69, 71, 73, 75,
77, and 80-87), or an expression product thereof (e.g., a polypeptide as claimed in Claims 11-
15, 19, 20, or a peptide having 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, and 78), in an amount
effective to increase sulfatase activity in the cell. “Increasing” sulfatase activity, as used
herein, refers to increased affinity for, and/or conversion of, the specific substrate for the
sulfatase, typically the result of an increase in FGly formation on the sulfatase molecule. In
one embodiment, the cell expresses a sulfatase at levels higher than those of wild type cells.
By “increasing sulfatase activity in a cell” also refers to increasing activity of a sulfatase that
is secreted by the cell. The cell may express an endogenous and/or an exogenous sulfatase.
Said contacting of the FGE molecule also refers to activating the cells’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-Sullatase, Arylsulfatase A, Arylsulfatase B, Arylsulfatase
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C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2,
HSulf-3, HSulf-4, HSulf-5, and/or HSulf-6. In certain embodiments the cell is a mammalian
cell.

According to another aspect of the invention, a pharmaceutical composition, is
provided. The composition comprises a sulfatase that is produced by cell, in a
pharmaceutically effective amount to treat a sulfatase deficiency, and a pharmaceutically
acceptable carrier, wherein said cell has been contacted with an agent comprising an isolated
nucleic acid molecule of the invention (e.g., as claimed in Claims 1-8, or a nucleic acid
molecule having a sequence selected from the group consisting of SEQ ID NO: 1, 3, 4, 45,
47, 49, 51, 33, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and 80-87), or an expression
product thereof (c.g., a peptide sclected 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, and 78). In important embodiments,
the sulfatase is expressed at higher levels than normal/control cells.

The invention also embraces a sulfatase producing cell wherein the ratio of active
sulfatase to total sulfatase produced by the cell is increased. The cell comprises: (i) a
sulfatase with an increased activity comparcd to a control, and (ii) a Formylglycine
Generating Enzyme with an increased activity compared to a control, whercin the ratio of
active sulfatase to total sulfatase produced by the cell is increased by at Icast 5% over the
ratio of active sulfatase to total sulfatase produced by the cell in the absence of the
Formylglycine Generating Enzyme. It is known in the art that overexpression of sulfatases
can decrease the activity of endogenous sulfatases (Anson et al., Biochem. J., 1993, 294:657-
662). Furthermore, only a fraction of the recombinant sulfatases is active. We have
discovered, unexpectedly, that increased expression/activity of FGE in a cell with increased
expression/activity of a sulfatase results in the production of a sulfatase that is more active.
Since the presence of FGly on a sulfatase molecule is associated with sulfatase activity,
“active sulfatase” can be guantitated 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.

The invention also provides methods for the diagnosis and therapy of sulfatase
deficiencies. Such disorders include, but are not limited to, Multiple Sulfatase Deficiency,
Mucopolysaccharidosis II (MPS II; Hunter Syndrome), Mucopolysaccharidosis IIIA (MPS
IMIA;  Sanfilippo  Syndrome A), Mucopolysaccharidosis VII  (MPS  VHD,
Mucopolysaccharidosis IVA (MPS IVA; Morquio Syndrome A), Mucopolysaccharidosis VI
(MPS VI, Maroteaux-Lamy Syndrome), Metachromatic Leukodystrophy (MLD), X-linked
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Recessive Chondrodysplasia Punctata 1, and X-linked Ichthyosis (Steroid Sulfatase
Deficicncy).

The methods of the invention are useful in both the acute and the prophylactic
treatment of any of the foregoing conditions. As used herein, an acute treatment refers to the
treatment of subjects having a particular condition. Prophylactic treatment refers to the
treatment of subjects at risk of having the condition, but not presently having or experiencing
the symptoms of the condition.

In its broadest sense, the terms “treatment” or “to treat” refer to both acute and
prophylactic treatments. If the subject in need of treatment is experiencing a condition (or
has or is having a particular condition), lhen 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 subsel of symploms associaled 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.

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.

As described herein, the agents of the invention are 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.

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 50pg-500 mg/kg will be suitable, preferably orally and in

one or several administrations per day.
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Such amounts will depend, of course, on the particular condition heing 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 io 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.

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

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.

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

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

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-agueous
liquids such as a syrup, elixir or an emulsion.

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

According to one aspect of the invention, a method for increasing Cq-formylglycine
generating activity in a cell, is 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
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increase Co-formylglycine generating activity in the cell. In important embodiments, the
method involves activating the endogenous FGE genc to increase Co-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.

The term “permit eniry” of a molecule into a cell according to the invention 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).

Various techniques may be employed for introducing nucleic acids of the invention
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. 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. 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. 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. Such proteins include capsid proteins or
fragments thereof tropic for a particular cell type, antibodies for proteins which undergo
internalization in cycling, proteins that larget 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. '

Other delivery systems can include time-release, delayed release or sustained release
delivery systems. Such systems can avoid repeated administrations of an agent of the present

invention, increasing convenience to the subject and the physician. Many types of release
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delivery systems are available and known to those of ordinary skill in the art. They include
polymer basc systems such as poly(lactide-glycolide), copolyoxalates, polycaprolactones,
polyesteramides, ~ polyorthoesters, — polyhydroxybutyric  acid, and  polyanhydrides.
Microcapsules of the foregaing polymers containing drugs are described in, for example, U.S.
Patent 5,075,109. Delivery systems also include non-polymer systems that are: lipids
including sterols such as cholesterol, cholesterol esters and fatty acids or neutral fats such as
mono- di- and tri-glycerides; hydrogel release systems; sylastic systems; peptide based
systems; wax coatings; compressed tablets using conveutiopal binders and excipients;
partially fused implants; and the like. Specific examples include, but are not limited to: (a)
erosional systems in which an agent of the invention is contained in a form within a matrix
such as those described in U.S. Patent Nos. 4,452,775, 4,675,189, and 5,736,152, and (b)
diffusional systems in which an active component permeates at a controlled rate from a
polymer such as described in U.S. Patent Nos. 3,854,480, 5,133,974 and 5.407,686. In
addition, pump-based hardware delivery systems can be used, some of which are adapted for
implantation.

Use of a long-term sustained release implant may be desirable. Long-term release, as

.used herein, means that the implant is constructed and arranged to deliver therapeutic levels

of the active ingredient for at least 30 days, and preferably 60 days. Long-term sustained
release implants are well-known to those of ordinary skill in the art and include some of the
release systems described above. Specific examples include, but are not limited to, long-term
sustained release implants described in U.S. Patent No. 4,748,024, and Canadian Patent No.
1330939.

The invention also involves the administration, and in some embodiments co-
administration, of agents other than the FGE molecules of the invention that when
administered in effective amounts can act cooperatively, additively or synergistically with a
molecule of the invention to: (i) modulate C,-formylglycine generating activity, and (ii) treat
any of the conditions in which Cy-formylglycine generating activity of a molecule of the
invention is involved (e.g., a sulfatase deficiency including MSD). Agents other than the
molecules of the invention include Iduronate 2-Sulfatasc, Sulfamidase, N-
Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A,
Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F,
Arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, or HSulf-6, (nucleic acids and

polypeptides, and/or fragments thereof), and/or combinations thereof.
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“Co-administering,” as used herein, refers to administering simultaneously two or
more compounds of the invention (e.g., an FGE nucleic acid and/or polypeptide, and an agent
known to be beneficial in the treatment of, for example, a sulfatase deficiency -e.g., Iduronate
2-Sulfatase in the treatment of MPSII-), as an admixture in a single composition, or
sequentially, close enough in time so that the compounds may exert an additive or even
synergistic effect.

The invention also embraces solid-phase nucleic acid molecule arrays. The atray
consists essentially of a set of nucleic acid molecules, expression products thereof, or
fragments (of either the nucleic acid or the polypeptide molecule) thereof, each nucleic acid
molecule selected from the group consisting of FGE, Iduronate 2-Sulfatase, Sulfamidase, N-
Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A,
Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F,
Arylsulfatase G, HSulf-1, HSulf-2, HSuif-3, HSulf-4, HSulf-5, and HSulf-6, fixed to a solid
substrate. In some embodiments, the solid-phase array further comprises at least one control
nucleic acid molecule. In certain embodiments, the set of nucleic acid molecules compriscs at
least one, at least two, at least three, at least four, or even at least five nuclcic acid molecules,
each selected from the group consisting of FGE, Iduronate 2-Suifatase, Sulfamidase, N-
Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A,
Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F,
Arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, and HSulf-6. In preferred
embodiments, the set of nucleic acid molecules comprises a maximum number of 100
different nucleic acid molecules. In important embodiments, the set of nucleic acid
molecules comprises a maximum number of 10 different nucleic acid molecules.

According to the invention, standard hybridization techniques of microarray
technology are utilized to assess patterns of nucleic acid expression and identify nucleic acid
expression. Microarray technology, which is also known by other names including;: DNA
chip technology, gene chip technology, and solid-phase nucleic acid array technology, is well
known to those of ordinary skill in the art and is based on, but not limited to, obtaining an
array of identified nucleic acid probes (e.g., molecules described elsewhere herein such as of
FGE, Iduronate 2-Sulfatase, Sulfamidase, N-Acetylgalactosamine G6-Sulfatase, N-
Acetylglucosamine 6-Sulfatase, Arylsulfatase A, Arylsulfatase B, Arylsulfatase C,
Arylsulfatase D, Arylsulfatase E, Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-
3, HSulf-4, HSulf-5, and/or HSulf-6) on a fixed substrate, labeling target molecules with

reporter molecules (e.g., radioactive, chemiluminescent, or fluorescent tags such as
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fluorescein, Cye3-dUTP, or CyeS-dUTP), hybridizing target nucleic acids to the probes, and
evaluating target-probe hybridization. A probe with a nucleic acid sequence that perfectly
matches the target sequence will, in general, result in detection of a stronger reporter-
molecule signal than will probes with less perfect matches. Many components and
techniques utilized in nucleic acid microarray technology are presented in The Chipping
Forecast, Nature Genetics, Vol.21, Jan 1999, the entire contents of which is incorporated by
reference herein.

According to the present invention, microarray substrates may include but are not
limited o glass, silica, aluminosilicales, borosilicates, metal oxides such as alumina and
nickel oxide, various clays, nitrocellulose, or nylon. In all embodiments a glass substrate is
preferred. According to the invention, probes are selected from the group of nucleic acids
including, but not limited to: DNA, genomic DNA, cDNA, and oligonucleotides; and may be
natural or synthetic. Oligonucleotide probes preferably are 20 to 25-mer oligonucleotides
and DNA/cDNA probes preferably are 500 to 5000 bases in length, although other lengths
may be used. Appropriate probe length may be determined by one of ordinary skill in the art
by following art-known procedures. In one embodiment, preferred probes are sets of two or
more of the nucleic acid molecules set forth as SEQ ID NOs: 1, 3, 4, 6, 8, 10, and/or 12.
Probes may be purified to remove contaminants using standard methods known to those of
ordinary skill in the art such as gel filtration or precipitation.

In one ecmbodiment, the microarray substrate may be coated with a compound to
enhance synthesis of the probe on the substrate. Such compounds include, but arc not limited
to, oligoethylene glycols. In another embodiment, coupling agents or groups on the substrate
can be used to covalently link the first nucleotide or olignucleotide to the substrate. These
agents or groups may include, but are not limited to: amino, hydroxy, bromo, and carboxy
groups. These reactive groups are preferably attached to the substrate through a hydrocarbyl
radical such as an alkylene or phenylene divalent radical, one valence position occupied by
the chain bonding and the remaining attached to the reactive groups. These hydrocarbyl
groups may contain up to about ten carbon atoms, preferably up to about six carbon atoms.
Alkylene radicals are usually preferred containing two to four carbon atoms in the principal
chain. These and additional details of the process are disclosed, for example, in U.S. Patent
4,458,060, which is incorporated by reference in its entirety.

In one embodiment, probes are synthesized directly on the substrate in a

predetermined grid pattern using methods such as light-directed chemical synthesis,
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photochemical deprotection, or delivery of nucleotide precursors to the substrate and
subsequent probe production.

In another embodiment, the substrate may be coated with a compound to enhance
binding of the probe to the substrate. Such compounds include, but are not limited to:
polylysine, amino silanes, amino-reactive silanes (Chipping Forecast, 1999) or chromium
(Gwynne and Page, 2000). In this embodiment, presynthesized probes are applied to the
substrate in a precise, predetermined volume and grid pattern, utilizing a computer-controlled
robol (o apply probe to the substrate in a contact-printing manner or in a non-contact manner
such as ink jet or piezo-eleciric delivery. Probes may be covalently linked to the substrate
with methods that include, but are not limited to, UV-irradiation. In another embodiment
probes are linked to the substrate with heat.

Targets are nucleic acids selected from the group, including but not limited to: DNA,
genomic DNA, ¢cDNA, RNA, mRNA and may be natural or synthetic. In all embodiments,
nucleic acid molecules from subjects suspected of developing or having a sulfatase
deficiency, are preferred. In certain embodiments of the invention, one or more control
nucleic acid molecules are attached to the substrate. Preferably, control nucleic acid
molecules allow determination of factors including but not limited to: nucleic acid quality
and binding characteristics; reagent quality and effectiveness; hybridization success; and
analysis thresholds and success. Control nucleic acids may include, but are not limited to,
expression products of genes such as housekeeping genes or fragments thereof.

To select a set of sulfatase deficiency disease markers, the expression data generated
by, for example, microarray analysis of gene expression, is preferably analyzed fo determine
which genes in different categories of patients (each category of patients being a different
sulfatase deficiency disorder), are significantly differentially expressed. The significance of
gene expression can be determined using Permax computer software, although any standard
statistical package that can discriminate significant differences is expression may be used.
Permax performs permutation 2-sample t-tests on large arrays of data. For high dimensional
vectors of observations, the Permax software computes t-statistics for each attribute, and
assesses significance using the permutation distribution of the maximum and minimum
overall attributes. The main use is to determine the attributes (genes) that are the most
different between two groups (e.g., control healthy subject and a subject with a particular
sulfatase deficiency), measuring “most different” using the value of the t-statistics, and their

significance levels.
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Expression of sulfatase deficiency discase related nucleic acid molecules can also be
determined using protein measurement methods to determine expression of SEQ ID NOs: 2,
e.g., by determining the expression of polypeptides encoded by SEQ ID NOs: 1, and/or 3.
Preferred methods of specifically and quantitatively measuring proteins include, but are not
limited to: mass spectroscopy-based methods such as surface enhanced laser desorption
ionization (SELDI; e.g., Ciphergen ProteinChip System), non-mass spectroscopy-based
methods, and immunohistochemistry-based methods such as 2-dimensional gel
electrophoresis.

SELDI mcthodology may, through procedures known to those of ordinary skill in the
art, be used to vaporize microscopic amounts of protein and to create a “fingerprint” of
individual proteins, thereby allowing simultancous measurement of the abundance of many
proteins in a single sample. Preferably SELDI-based assays may be utilized to characterize
multiple sulfatase deficiency as well as stages of such conditions. Such assays preferably
include, but are not limited to the following examples. Gene products discovered by RNA
microarrays may be selectively measured by specific (antibody mediated) capture to the
SELDI protein disc (e.g., selective SELDI). Gene products discovered by protein screening
(e-g-, with 2-D gels), may be resolved by “total protein SELDI” optimized to visualize those
particular markers of interest from among SEQ ID NOs: 1, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26, and/or 28. Predictive models of a specific sulfatase deficiency from SELDI measurement
of multiple markers from among SEQ ID NOs: 1, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
and/or 28, may be utilized for the SELDI strategies.

The use of any of the foregoing microarray methods to determine expression of a
sulfatase deficiency disease related nucleic acids can be done with routine methods known to
those of ordinary skill in the art and the expression determined by protein measurement
methods may be correlated to predetermined levels of a marker used as a prognostic method
for selecting treatment strategies for sulfatase deficiency disease patients.

The invention also embraces a sulfatase-producing cell wherein the ratio of active
sulfatase to total sulfatase produced (i.e., the specific activity) by the cell is increased, The
cell comprises: (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.

A “sulfatase with an increased expression,” as used herein, typically refers to

increased expression of a sulfatase and/or its encoded polypeptide compared to a control.
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Increased expression refers to increasing (i.e., to a detectable extent) replication,
transcription, and/or translation of any of the sulfatase nucleic acids (sulfatase nucleic acids
of the invention as described elsewhere herein), since upregulation of any of these processes
results in concentration/amount increase of the polypeptide encoded by the gene (nucleic
acid). This can be accomplished using a number of methods known in the art, also described
elsewhere herein, such as transfection of a cell with the sulfatase cDNA, and/or genomic
DNA encompassing the sulfatase locus, activating the endogenous sulfatase gene by placing,
for example, a strong promoter element upstream of the endogenous sulfatase gene genomic
locus using homologous recombination (see, e.g., the gene activation technology described in
detail in U.S. Patents Nos. 5,733,761, 6,270,989, and 6,565,844, all of which are expressly
incorporated herein by reference), 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 decrcased expression refers to
decreased expression of a gene and/or its encoded polypeptide. The upregulation or
downregulation of gene cxpression can be directly determined by detecting an increase or
decrcase, 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.

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

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.
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The invention further embraces an improved method for treating a sulfatase
deficiency in a subject. 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 deficicney
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.

The invention will be more fully understood by reference to the following examples.
These examples, however, are merely intended to illustrate the embodiments of the invention

and are not to be construed to limit the scope of the invention.

Examples
Example 1:

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

Experimental Procedures
Materials and Methods

In vitre assay for FGE

For monitoring the activity of FGE, the N-acetylated and C-amidated 23mer peptide
P23 (MIDFYVPVSLCTPSRAALLTGRS) (SEQ ID NO:33) was used as substrate. The
conversion of the Cysteine residue in position 11 to FGly was monitored by MALDI-TOF
mass spectrometry. A 6uM stock solution of P23 in 30% acetonitrile and 0.1%
trifluoroacetic acid (TFA) was prepared. Under standard conditions 6 pmol of P23 were
incubated at 37°C with up to 10 pl enzyme in a final volume of 30 pl 50 mM Tris/HC], pH
9.0, containing 67 mM NaCl, 15 uM CaCly, 2 mM DTT, and 0.33 mg/ml bovine serum

-69-




10

15

20

25

30

WO 2004072275 PCT/US2004/003632
-67-

albumin. To stop the enzyme reaction 1.5 ul 10% TFA were added. P23 then was bound to
ZipTip C18 (Millipore), washed with 0.1% TFA and eluted in 3pl 50% acetonitrile, 0.1%
TFA. 0.5 ul of the eluate was mixed with 0.5 pl of matrix solution (5 mg/ml a-cyano-4-
hydroxy-cinnamic acid (Bruker Daltonics, Billerica, MA) in 50% acetonitrile, 0.1% TFA) on
a stainless steel target. MALDI-TOF mass spectrometry was performed with a Reflex ITT
(Bruker Daltonics) using refleciron mode and laser energy just above the
desorption/ionization threshold. All spectra were averages of 200-300 shots from several
spots on the target, The mass axis was calibrated using peptides of molecular masses ranging
from 1000 to 3000 Da as external standards, Monoisotopic MH' of P23 is 2526.28 and of the
FGly containing product 2508.29. Activity (pmol product / h) was calculated on the basis of
the peak height of the product divided by the sum of the peak heights of P23 and the product.
Purification of FGE from bovine testis

Bovine testes were obtained from the local slaughter house and stored for up to 20 h
on ice. The parenchyme was freed from connective tissue and homogenized in a waring
blendor and by three rounds of motor pottcring. 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, 13 M
sucrose, 5 mM f-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, NJT) at room temperature,
washed and eluted at 2 ml/min with a linear gradient of 0 to 0.75 M NaCl in 80 ml of the Tris
buffer. The fractions containing FGE activity, eluting at 50-165 mM NaCl, of three runs were
pooled (42 ml) and mixed with 2 m! 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
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MgCly, 1 mM MnCl, 1 mM CaCl,, and 2.5 mM DTT. After incubation for 16 h at 4 °C, the
Concanavalin A-Sepharose was collected in a column and washed with 6 ml of the same
Hepes buffer. The bound material was eluted by incubating the column for 1 h at room
temperature with 6 ml 0.5 M a-methylmannoside in 50 mM Hepes, pH 74, 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 peplide (PVSLPTRSCAALLTGR) (SEQ 1D 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 at 4 °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 (PVSLSTPSRAALLTGR) (SEQ ID NO:35) and washed with buffer A.
After incubation overnight at 4°C, the affinity matrix was collected in a column, washed 3
times with 6 ml of buffer B (buffer A containing 2 M NaCl and a mixture of the 20
proteinogenic amino acids, each at 50 mg/ml). The bound material was eluted from the
affinity matrix by incubating the Affigel twice for 90 min each with 6 ml buffer B containing
25 mM Ser69 peptide. An aligout of the eluate was substituted with [ 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

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

in the NCBInr protein database and the NCBI EST nucleotide database.
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Bioinformatics

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-Modcls (version 7.8) (Sonnhammer et
al., Nucleic Acids Res., 1998, 26:320-322). To search for FGE homologs, the databases of the
National Center for Biotechnology Information (Wheeler et al., Nucleic Acids Res., 2002,
20:13-16) were queried with BLAST (Altschul et al., Nucleic Acids Res., 1997, 25:3389-
3402). Sequence similarities were computed using standard tools from EMBOSS. Genomic
loci organisation and synteny were determined vsing the NCBI's human and mouse genome
resources and the Human-Mouse Homology Map also form NCBI, Bethesda, MD).
Cloning of human FGE ¢DNA

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 lc (ACATGGCCCGCGGGAC) (SEQ ID NO:37) and, as
reverse primer, either 1199nc or 1182n¢ (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
Standard protocols utilized in this study were essentially as described in Liibke 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 tﬁe entire coding region and a
B-actin cDNA probe as a control for RNA loading.
Cell lines and cell culture

The fibroblasts from MSD patients 1-6 were obtained from E. Christenson
(Rigshospitalet Copenhagen), M. Beck (Universititskinderklinik Mainz), A. Kohlschiiiter
(Universititskrankenhaus Eppendorf, Hamburg), E. Zammarchi (Meyer Hospital, University

of Florence), K. Harzer (Institut fiir Hirnforschung, Universitit Tiibingen), and A. Fensom
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(Guy’s Hospital, London), respectively. Fluman skin fibroblasts, HI-1080, BHK21 and CHO
cells were maintained at 37°C under 5% CO2 in Dulbecco’s modified Eagle’s medium

containing 10% fetal calf serum.

. Transfection, indirect immunofluorescence, Western blot analysis and detection of FGE

activity
The FGE cDNA was equipped with a 5' EcoRl-site and either a 3' HA-, c-Myc or

RGS-Hisg-tag sequence, followed by a stop-codon and a Hindlll site, by add-on PCR using
Pfu polymerase (Stratagene, La Jolla, CA) and the following primers:
GGAATTCGGGACAACATGGCTGCG (EcoRI) (SEQ ID NO:39), CCCAAGCTTATGC
GTAGTCAGGCACATCATACGGATAGTCCATGGTGGGCAGGC(HA)(SEQ ID NO:40),
CCCAAGCTTACAGGTCTTCTTCAGAAATCAGCTTTTGTTCGTCCATGGTGGGCAG

GC (c-Myc) (SEQ ID NO41), CCCAAGCTTAGTGATGGTGATGGTGATGCGATC
CTCTGTCCATGGTGGGCAGGC (RGS-Hiss) (SEQ ID NO:42). The resulting PCR
products were cloned as EcoRI/HindIII 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 (Liibke 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), ¢-Myc (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) or RGS-His
(Qiagen) as primary antibodics. 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 antibodics werde detected with
isotype-specific goat secondary antibodies coupled to CY2 or CY3, respectively (Molccular
Probes, Inc., Bugene, OR). Immunofluorescence images were obtained on a Leica TCS Sp2
AOBS laser scan microscope. For Western blot analysis the same monoclonal antibodies and
a HRP-conjugated anti-mouse IgG as secondary antibody were used. For determination of
FGE activity, the trypsinised cells were washed with phosphate buffered saline containing a
mixture of proteinase inhibitors (208 pM 4-(2- aminoethyl)benzene sulfonyl fluoride
hydrochloride, 0.16 M aprotinin, 4.2 pM leupeptin, 7.2 upM bestalin, 3 uM pepstatin A, 2.8
uM E-64), solubilized in 10 mM Tris, pH 8.0, containing 2.5 mM DTT, the proteinase
inhibitors and 1% Triton X-100, and cleared by centrifugation at 125,000 g for 1h. The
supernatant was subjected to chromatography on a MonoQ PC 1.6/5 column using the

conditions described above, Fractions eluting at 50-200 mM NaCl were pooled, lyophilised
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and reconstituted in one tenth of the original pool volume prior determination of FGE activity
with peptide P23.
Retroviral transduction

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
perfoﬁned as described (Liibke 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 detcrmination of sulfatase activitics.
Sulfatase assays

Activity of ASA, STS and GalNAc6S were determincd as described in Rommerskirch
and von TFigura, Proc. Natl. Acad. Sci., USA, 1992, 89:2561-2565; Glossl and Kresse, Clin.
Chim. Acta, 1978, 88:111-119.
Results
A rapid peptide based assay for FGE activity

We had developed an assay for determining FGE activity in microsome extracts using
in vitro synihesized [°S] 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
quaniitation of the [*°S]-labeled FGly containing tryptic peptide by a combination of
chemical derivatization to hydrazones, RP-HPLC separation and liquid scintillation counting
(Fey et al., J. Biol. Chem., 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 hovine pancreas or bovine testis converted up to

-74-




10

15

25

30

WO 2004/072275 PCT/US2004/003632
72-

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

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

material and of the active fractions obtained after the four chromatographic steps of a typical
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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

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

The gene for human FGE is encoded by the cDNA of (SEQ ID NOs:1 and/or 3) and
Jocated on chromosome 3p26. Tt spans ~105 kb and the coding sequence is distributed over 9
exons. Three orthologs of the human FGE gene are found in mousc (87% identity),
Drosophila 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
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orthologs identified in data bases indicates that this domain is composed of three distinct
subdomains.

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

Expression, subcellular localization and molecular forms

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 f-actin RNA the abundance varies by one order of
magnitude and is highest in pancreas and kidney and lowest in brain. Various eukaryotic cell
lines stably or transiently expressing the cDNA of human FGE or FGE derivatives C-
terminally extended by a HA-, Myc- or Hisg-tag were assayed for FGE activity and
subcellular localization of FGE. Transient expression of tagged and non-tagged FGE
increased the FGE activity 1.6 — 3.9-fold. Stable expression of FGE in PT67 cells increased
the activity of FGE about 100-fold. Detection of the tagged FGE form by indirect
immunofluorescence in BHK 21, CHO, and HT'1080 cells showed a colocalization of the
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variously tagged FGE forms with proteindisulfide isomerase, a lumenal protein of the
endoplasmic reficulum. Western blot analysis of extracts from BHK 21 cells transiently
transfected with cDNA encoding tagged forms of FGE showed a single immunoreactive band
with an apparent size between 42 to 44 kDa.
The FGE gene carries mutations in MSD

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 \ $359X. Truncation of the C-terminal 16 1%
residues
TVS3+5-8 del } Deletion of residues | In-frame deletion of exon 3 1,2
149-173
979C>T R327X Loss of subdomain 3 2
1045C>T R349W Substitution of a conserved 3,7
residue in subdomain 3
1046G>A R349Q Substitution of a conserved 4
residue in subdomain 3
1006T>C C336R Substitution of a conserved 4
residue in subdomain 3
836C>T A279V Substitution of a conserved 5
residue in subdomain 2
243delC frameshift and Loss of all three subdomains 3
truncation
661delG frameshift and Loss of the C-terminal third of e
truncation FGE including subdomain 3
IVS6-1G>A Dcletion of residues | In-frame deletion of exon 7 5
281-318

*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.

The first patient was heterozygous for a 1076C>A substitution converting the codon
for serine 359 into a stop codon (S359X) 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
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substitution converting the codon for arginine 327 into a stop codon (R327X). The truncated
FGE encoded by the 979C>T allele lacks most of subdomain 3. The third patient was
homozygous for a 1045C>T substitution replacing the conserved arginine 349 in subdomain
3 by tryptophan (R349W). The fourth patient was heterozygous for two missense mutations
replacing conserved residues in the FGE domain: a 1046>T substitution replacing arginine
349 by glutamine (R349Q) and a 1006T>C substitution replacing cysteine 336 by arginine
(C336R). The fifth patient was heterozygous for a 836 C>T substitution rcplacing 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 (TVS6-
1G>A) causing an in-frame deletion of exon 7 encoding residues 281-318. In the seventh
paticnt the same 1045C>T substitution was found as in the third patient. In addition we
detected two polymorphisms in the coding region of 18 FGE alleles from controls and MSD
patients. 22% carried a 188G>A substitution, replacing serine 63 by asparagine (S63N) and
28% a silent 1116C>T substitution.
Transduction of MSD fibroblasts with wild type and mutant FGE ¢cDNA

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-suifatase (GalNACc6S) 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 carlicr
observation that 15 to 50% of the fibroblasts become transduced (Liibke 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).

-79-




10

15

20

25

WO 2004/072275 PCT/US2004/003632

77-
Table 2: Complementation of MSD fibroblasts by transduction of wild type or
mutant FGE cDNA
Fibroblasts FGE-insert Sulfatase
ASA? STSt . GalNAc6S!
MSD 3° - 19402 <3 56.7+32
FCE' 79 135 n.d.
FGE™ 122%02 752 283142
FGE-TVS3+5-8del* 1.8 <3 n.d.
FGE-IVS3+5-8del™ 2.1 <3 98.5
MSD 4° - 1103 <3 n.d.
FGE' 47 17.0 n.d.
Control fibroblasts 58411 66 +31 828 426

'The values give the ratio between ASA (mU/mg cell protein), STS (uU/mg cell protein), GalNAc6S (uU/mg
cell protein) and that of f-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.

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 bovinc testis may have becn 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 funciion 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 acceplor. The resulting thioaldehyde would spontaneously hydrolyse to FGly and H,S

-80-




10

15

20

25

30

WO 2004/072275 PCT/US2004/003632

-78- .
(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 dependence of the
FGly formation on molecular oxygen. This would suggest that FGE acts as a mixed-function
oxygenase. The particular high conservation of subdomain 3 and the presence of three fully
conserved cysteine residues therein malke this subdomain a likely candidate for the catalytic
site. It will be interesting to see whether the structural elements mediating the recognition of
the FGly motif and the binding of an electron acceptor or electron donor correlate with the
domain structure of FGE.

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

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 hetsrogenous. 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 mucopolysaccharidosis prevail, have been differentiated. Biochemically it is
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characteristic that a residual activity of sulfatases can be detected, which for most cases in
cultured skin fibroblasts is below 10% of controls (Burch et al., Clin. Genet., 1986, 30:409-
15; Basner et al., Pediatr. Res., 1979, 13:1316-1318). However, in some MSD cell lines the
activity of selected sulfatases can reach the normal range (Yutaka et al., Clin. Genet., 1981,
20:296-303). Furthermore, the residual activity has been reported to be subject to variations
depending on the cell culture conditions and unknown factors. Biochemically, MSD has
been classified into two groups. In group I the residual activity of sulfatases is below 15%
including that of ASB. In group IT 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 I except patient 5, which falls into group II (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.

The phenotypic heterogeneity suggests that the different mutations in MSD patients
are associated with different residual activities of FGE. Preliminary data on PT67 cells stably
expressing FGE IVS3+35-8del 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

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 Engincering, 1997,
10:1-6). N-glycosylation sites were predicted using the algorithm of Brunak (Gupta and
Brunak, Pac. Symp. Biocomput., 2002, 310-22).

Functional domains were detccted by searching PFAM-Hidden-Markov-Models
(version 7.8) (Sonnhammer et al., Nucleic Acids Res., 1998, 26:320-322). Sequences from the
PFAM DUF323 seed were obtained from TrEMBL (Bairoch, A. and Apweiler, R., Nucleic
Acids Res., 2000, 28:45-48). Multiple alignments and phylogenetic tree constructions were

-82-




10

15

20

25

30

WO 2004072275 PCT/US2004/003632
-80-
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.

To search for FGE homologs, the databases NR, NT and EST of the National Center
for Biotechnology Information (NCBI) (Wheeler et al., Nucleic Acids Res., 2002, 20:13-16),
were queried with BLAST (Altschul et al., Nucleic Acids Res., 1997, 25:3389-3402). For
protein sequences, the search was performed using iterative converging Psi-Blast against the
current version of the NR database using an expectation value cutoff of 10, 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 10*° was used.

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).

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

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,
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A search with the FGE protein sequence against the protein motif database PFAM
(Sonnhammer et al., Nucleic Acids Res., 1998, 26:320-322) revealed that residues 87-367 of
human FGE can be classified as the protein domain DUF323 (“domain of unknown
function”, PF03781) with a highly significant expectation value of 7:9:10™*, The PEAM-
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
sced was performed. Based on this, a phylogenetic tree was constructed and bootstraped.
Four of the hypothetical sequences (TTEMBL-IDs Q9CK12, Q91761, 094632 and Q9Y405)
bad 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.

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 L5 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 (TTEMBL: Q9ALVSE) 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 B-lactam antibiotic from
E. carotovora (McGowan, S., et al., Mol Microbiol., 1996, 22:415-426; Khaleeli N, T. C,,
and Busby RW, Biochemistry, 2000, 39:8666-8673). XyIR (TrEMBL: 031397) and BH0900
(TYEMBL: 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
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homologs with different functions. The latter include a serine/threonine kinase and XyIR, a

transcription enhancer as well as FGE, a FGly generating enzyme and CarC, an oxygenase.
As discussed in elsewhere herein, FGE might also exert its cysteine modifying function as an
oxygenase, suggesting that FGE and non-FGE members of the DUF323 seed may share an
oxygenase function.
Homologs of FGE

The presence of closely related homologs of human FGE in the DUF323 seed directed
us to search for homologs of human FGE in NCBI's NR databasc {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 sced and other closely related homologs were obtained
without finding the other seed members. This search led to the identification of three FGE
orthologs in eukaryotes, 12 orthologs in prokaryotes and two paralogs in man and mouse
(Table 3).
Table 3: The FGE gene family in eukaryotes and prokaryotes

SEQID NOs: | SPECIES LENGTH [AA] SUBGROUP
NA, AA
[GT)

1/3,2 Homo sapiens 374 E1
49, 50 Mus musculus 372f El
[22122361]

51,52 Drosophila melanogaster 336 El
201303971

53, 54 Anopheles gambiae 290 El
[21289310)

47,48 Mus musculus 308 E2
[26344956]

45, 46 Homo sapiens 301 E2
[24308053] )

35,56 Streptomyces coelicolor A3(2) 314 Pl
[21225812]

57,58 Corynebacterium efficiens YS-314 334 P1
[25028125]

39, 60 Novosphingobium aromaticivorans 338 P2
[23108562]

61,62 Mesorhizobium loti 372 P2
[13474559] :

63, 64 Burkholderia fungorum 416 P2
[22988809]

63, 66 Sinorhizobium meliloti 303 P2
[16264068]

67,68 Microscilla sp. 354 P2
[14518334]

69,70 Pseudomonas putida K'T2440 291 P2
[26990068)

71,72 Ralstonia metallidurans 259 P2

L
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[22975289]

73,74 Prochlorococcus marinus 291 P2
[23132010]

75,76 Caulobacter crescentus CB15 338 P2
[16125425]

717,78 Mycobacterium tuberculosis Ht37Rv 299 P2
[15607852]

GI- 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

Note that the mouse sequence GI 22122361 is predicted in GenBank to encode
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 BEST 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 enkaryotes

SEQ ID NOs: SPECIES
NA
[GB]
80 Oncorhynchus mykiss
[CA379852]
81 Danio rerio
[AI721440]
82 Oryzias latipes
[BJ505402]
83 Xenopus lacvis
[BI054666]
84 Silurana tropicalis
[AL892419]
85 Salmo salar
[CAD640791
86 Sus scrofa
[BF189614]
87 Bos taurns
[AV609121]

GB- GenBank Accession No; NA- nucleic acid

-86-




20

25

30

WO 2004/072275 PCT/US2004/003632

84~
Multiple alignment and construction of a phylogenetic tree (using ClustalW) of the

coding sequences from the NR database allowed the definition of four subgroups of
homologs: eukaryotic orthologs (human, mouse, mosquito and fruitfly FGE, eukaryotic
paralogs (human and mouse FGE paralog), prokaryotic orthologs closely related to FGE
(Streptomyces and Corynebacterium and other prokaryotic orthologs (Caulobacter,
Pseudomonas, ~Mycobacterium,  Prochlorococcus, Mesorhizobium, — Sinorhizobium,
Novosphingobium, Ralstonia, Burkholderia, and Microscilla) . The eukaryotic orthologs
show an overall identity to human FGE of 87% (mousc), 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.

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

Subdomains of FGE

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.

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 o-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 o-helices or f-strands. The first subdomain is made

up of several f-strands and an o-helix, the second subdomain contains two f-strands and four
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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 o-helices and B-strands).

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 snbdomains

Subfamily Members Subdomain
1 2 3
El 4 79 82 100
B2 2 90 94 100
P1 2 70 79 95
P2 10 59 79 80

E1 - eukaryotic orthologs; E2 - eukaryotic paralogs
P1 - closely related prokaryotic orthologs; P2 - other prokaryotic orthologs

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

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 identificd 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
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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

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 locaied
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 mutine FGE loci
are flanked by the genes coding for LMCD1, KIAA0212, ITPR1, AXCAM, and ILSRA. In
the centromeric dircction, both FGE loci are flanked by the loci of CAV3 and OXTR.
Genomic organisation of the prokaryotic FGE genes

In prokaryotes the sulfatases arc 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).

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
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FGE and the sulfatase. In two of them (C. efficiens and P. putida), FGE and the sulfatase
have even overlapping ORFSs, strongly pointing to their coexpression. Furthermore, the
genomic neighbourhood of FGE and sulfatase genes in four prokaryotes provides additional
evidence for the assumption that the bacterial FGEs are functional orthologs.

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 npeighbouring FGE in these organisms neither contain a canonical
sulfatase signature (Dicrks, T, et al., J Biol Chent., 1998, 273:25560-25564) nor a domain
that would indicate their function. In these organims the expression of FGE and cysteine-type
sulfatases is therefore likely to be regulated in trans.

Conclusions

The identification of human FGE whose deficiency causes the autosomal-recessively
transmitted lysosomal storage disease Multiple Sulfatase Deficiency, allows the definition of
anew gene family which comprises FGE orthologs from prokarjotes and evkaryotes 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 (Dicrks, 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

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
(I28) or N-Acetylgalactosamine 6-Sulfatase (GALNS) were transfccted 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.
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Table 6. Transfected Cell Lines Expressing Sulfatases Used as Substrates for
Transfection
Cell Strain Plasmid Sulfatase Expressed
36F pXEM4A.1 N-Acetylgalactosamine 6-Sulfatase
30C6 pXI286 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 Elcments"
pPXMG.1.3 >1.6 kb CMV enhancer/promoter > 1.1 kb FGE cDNA>hGH3’ -
) . untranslated sequence <amp <DHFR cassette < Cdneo cassette (neomycin
(FGE expression) phosphotransferase)
pXMG.1.2 (control, |>1.6 kb CMV enhancer/promoter < 1.1 kb FGE cDNA<hGH3’
FGE reverse untranslated sequence <amp <DHFR cassette < Cdneo cassette (neomycin
orientation) phosphotransferase)

* > denotes orientation 5’ to 3’

Experimental Procedures
Materials and Methods

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

HT-1080 cells were harvested to obtain 9-12 x 10° 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 ¢DNA 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 16x10° cells/mL, To the bottom of electroporation cuvette, 100
pug of plasmid DNA was added, 750 uL of cell suspension (12x10° 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 clectroporated at 450 V, 250 uF
(BioRad Gene Pulser). The time constant was recorded.

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

samples were collected and the cells harvested from duplicate T75 flasks.
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Mediom Preparation
1L DMEM/10 (contains: 23m! 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 pM MTX, 30C6 =
0.IM MTX). Medium was harvested and cells collected 24, 48, and 72 hours after re-feed.
Activity Assays
Iduronate 2-Sulfatase (I2S). NAPS Desalting columns (Amersham Pharmacia Biotech AB,
Uppsala, Sweden) were equilibrated with Dialysis Buffer (5 mM sodium acetate, 5 mM (ris,

pH 7.0). 12S-containing sample was applied to the column and allowed to enter the bed. The
sample was cluted in 1 ml of Dialysis Buffer, Desalted samples were further diluted to
approximately 100 ng/mL I2S in Reaction Buffer (5 mM sodium acetate, 0.5 mg/L BSA, 0.1
% Triton X-100, pH 4.5). 10 pL of each 128 sample was added to the top row of a 96-well
Fluormetric Plate (Perkin Elmer, Norwalk, CT) and pre-incubated for 15 minutes at 37°C.
Substrate was prepared by dissolving 4-methyl-umbelliferyl sulfate (Fluka, Buchs,
Switzerland) in Substrate Buffer (5 mM sodium acetate, 0.5 mg/mL BSA, pH 4.5) at a final
concentration of 1.5 mg/ml. 100 pL of Substrate was added to each well containing 12S
sample and the plate was incubated for 1 hour at 37°C in the dark. After the incubation 190
gL 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 pM.
150 pL of 1 pM 4-MUF Stock and 150 uL Stop Bulfer were added to one top row well in the
plate. 150 pL of Stop Buffer was added to every remaining well in the 96-well plate. Two
fold serial dilutions were made from the top row of each column down to the last row of the
plate, The plate was read on a Fusion Universal Microplate Analyzer (Packard, Meriden, CT)
with an excitation filter wavelength of 330 nm and an emission filter wavelength of 440 nm.
A standard curve of pumoles of 4-MUF stock versus fluorescence was generated, and
unknown samples have their fluorescence extrapolated from this curve. Results are reported
a3 Units/mL where one Unit of activity was equal to 1 pimole of 4-MUF produced per minute
at 37°C,

N-Acetylgalactosamine 6-Sulfatase (GALNS). The GALNS activity assay makes use of the

fluorescent  substrate, 4-methylumbelliferyl-p-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 propared in reaction buffer (0.1M sodivm
acctate, 0.1M sodium chloride, pH 4.3) was incubated for 4 hours at 37°C with 10 pL of
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media/protein sample or its comesponding dilutions. The reaction was stopped by the
addition of 5 uL of 2M monobasic sodium phosphate to inhibit the GALNS activity.
Following the addition of approximately 500 U of p-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 uL of stop solution (1% glycine, 1% sodium carbonate, pH 10.7). The
fluorescence of the resultant mixture was measured by using a measurement wavelength of
359 nm and a reference wavelength of 445 nm with 4-methylumbelliferone (sodium salt from
Sigma, Catalogue No. M1508) serving as a reference standard. One unit of the activity
corresponds to nmoles of released 4-methylumbelliferone per hour.
Immunoassays (ELISA)
Iduronate 2-Sulfatase (128). A 96-well flat bottom plate was coated with a mouse monoclonal
anti-I2S antibody diluted to 10 pg/mL in 50 nM sodium bicarbonate pH 9.6 for 1 hour at
37°C. The mouse monoclonal anti-I2S antibody was developed under contract by Maine
Biotechnology Services, Inc. (Portland, ME) to a purified, recombinantly-produced, full-
length, human I2S polypeptide 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. 128 standard was diluted and used from 100 ng/mL to 1.56 ng/mL. After removal
of the blocking buffer, samples and standards were applicd to the plate and incubated for 1
hour at 37°C. Detecting antibody, horseradish peroxidase-conjugated mousc anti-I2S
antibody, was diluted to 0.15 pg/mL in wash buffer with 2% BSA. The platc 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 pL of substrate was added to each well and it was incubated for 15
minutes at 37°C. The reaction was stopped with 2 N sulfuric acid (100 pL/well) and the plate
was read on a microtiter plate reader at 430 nm, using 655 nm as the reference wavelength.
N-Acetylgalaciosamine _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
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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
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.
12S.  Although of smaller absolute magnitude, a similar effect was observed for total 128
activity where an approximately 5-fold increase in total I2S activity was observed over the
control levels. This level of increased activity was sustained for the duration of the
experiment. 128 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
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.
12S. A similar effect was seen with 125, 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).

The ELISA values for both GALNS (Figure 7) and 128 were not significantly affected
by transfection of FGE. This indicates that expression of FGE does not impair translational
and secretory pathways involved in sulfatase production.

' In sum, all of these results for both sulfatases indicate that FGE expression
dramatically increases sulfatase specific activity in cell lines that overexpress GALNS and
128.
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Co-expression of FGE (SUMF1) and other sulfatase genes

To test the effect of FGE (SUMF1) on additional sulfatase activities in normal cells
we overexpressed ARSA (SEQ ID NO:14), ARSC (SEQ ID NO:18) and ARSE (SEQ ID
NO:22) cDNAs in various cell lines with and without co-transfection of the FGE (SUMF1)
cDNA and measured sulfatase activities. Overexpression of sulfatase cDNAs in Cos-7 cells
resulted in a moderate increase of sulfatase activity, while a striking synergistic increase (20
to 50 fold) was observed when both a sulfatase gene and the FGE (SUMF1) gene were co-
expressed. A similar, albeit lower, effect was observed in three additional cell lines, HepG2,
LE293, and U20S. Simultaneous overexpression of multiple sulfatase cDNAs resulted in a
lower increase of éach specific sulfatase activity as compared to overexpression of a single
sulfatase, indicating the presence of competition of the different sulfatases for the
modification machinery.

To test for functional conservation of the FGE (SUMF1) gene during evolution we
overexpressed ARSA, ARSC and ARSE ¢DNAs 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 of the gene mutated in MSD by means of functional complementation using

microcell mediated chromosome transfer.

In a separate experiment using microcell mediated chromosome transfer by means of
functional complementation we confirmed that the gene mutated in MSD is FGE. Our
findings provide further insight into a novel biological mechanism affecting an entire family
of proteins in distantly related organisms. [n 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.
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The gene for MSD maps to chromosome 3p26

To identify the chromosomal location of the gene mutated in MSD we atiempied 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 [rom 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
cntirc 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 chromosomé 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 fo survive in
hygromycin containing medium. These data indicate that a normal human chromosome 3 was
able to complement the defect observed in the MSD patient cell line.

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
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chromosome 3p26. A higher resolution analysis using additional markers from this rcgion
mapped the putative location for the complementing gene between markers 0353630 and
D352397.
Identification of the gene mutated in MSD

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),
comesponding (o a gene of unknown function, strongly suggesting that this was the gene
involved in MSD. Each mutation was found to be absent in 100 control individuals, thus
excluding the presence of a sequence polymorphism. . Additional confirmatory mutation
analysis was performed on reverse transcribed patients’ RNAs, particularly in those cases in
which genomic DNA analysis revealed the presence of a mutation in or near a splice site,
possibly affecting splicing. Frameshift, nonsense, splicing, and missense mutations were also
identified, suggesting that the disease is caused by a loss of function mechanism, as
anticipated for a recessive disorder. This is also consistent with the observation that almost all
missense mutations affect amino acids that are highly conserved throughout evolution (see
below).
Table 8: Additional MSD Mutations identified

Case reference phenotype exon nucleotide amino acid
change change
1. BA426 Conary et al, 1988 moderate 3 463T>C 8155P
3 463T>C S155P
2. BA42R Burch et al, 1986 severe neonatal 5 661delG frameshift
3.BA431 Zenger et a, 1989 moderate 1 215G MIR
2 276delC frameshift
4. BA799 Burk et al, 1981 mild-moderate 3 463T>C S155P
3 463T>C S155P
5. BA806 unpublished severe neonatal 9 1045T>C R349W
6. BA8Q7 Schmidt et al, 1995 unknown 3 c519+4delGTAA ex 3 skipping
9 1076C>A S359X
7. BA809 Couchot et al, 1974 mild-moderate 1 1A>G M1V
9 1042G>C A348P
3. BA810 unpublished SEevere 8 1006T>C C336R
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9 1046G>A R349Q

9. BA811 unpublished severe neonatal 3 c519+4delGTAA ex 3 skipping
8 979C>T R327X

10. BA815 unpublished moderate 5 ¢.603-6delC ex 6 skipping
6 836C>T A279V

11. BA919 unpublished mild-moderate 9 1033C>T R345C
9 1033C>T R345C

12. BA920 unpublished moderate 5 633G>A C218Y
9 1033C>T R345C

Mutations were identified in each MSD patient tested, thus excluding locus
heterogeneity. No obvious correlation was observed between the types of mutations identified
and the severity of the phenotype reported in the patients, suggesting that clinical variability
is not caused by allelic heterogeneity. In three instances different patients (case 1 and 4, case
6 and 9, and case 11 and 12 in Table 6) were found to carry the same mutation. Two of these
patients (case 11 and 12) originate from the same town in Sicily, suggesting the presence of a
founder effect that was indeed confirmed by haplotype analysis. Surprisingly, most patients
were found to be compound heterozygotes, carrying differcnt allelic mutations, whilc 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

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
(BEST) 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 thal we
designated FGE2 (also used interchangeably herein as SUME2) (SEQ ID NOs: 45, 46).
Functional complementation of sulfatase deficiencies

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 virases containing the wild type and two mutated forms of the FGE (SUMF1)
c¢DNA (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) asbthe MSD

-98-




10

15

20

25

Jo

35

40

WO 2004/072275 PCT/US2004/003632
-96-
gene and they prove the functional relevance of the mutations found in patients. The disease-
associated mutations result in sulfatase deficiency, thus demonstrating that BGE (SUMF1) is

an essential factor for sulfatase activity.

Table 9: Functional complementation of sulfatase deficiencies

Recipient  construct ARSA® ARSB® ARSC®

MSD cell

line

BA426 HSV amplicon 24.0 225 0.15
SUMF1-Aex3 420 23.8 0.29
SUMF1-R327X 336 24.2 0.16
SUMFI1 119.5 (4.9 x) 37.8 (1.7x) 0.62(4.1 x)

BA920 HSV amplicon 16.6 113 0.15
SUMF1-Aex3 17.2 144 0.07
SUMF1-R327X 36.0 13.5 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

MAll enzymatic activities are expressed as nmoles 4-methylumbelliferone

liberated * mg protein 1 3 hrs. MSD cell lines BA426 and BA920 were infected with the HSV amplicon alone,
and with constructs carrying either mutant or wild-type SUMF1 cDNAs, The increase of single arylsulfatase
activities in fibroblasts infected with the wild-type SUMFI 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

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

hybrids resulted in the mapping of the complementing region to chromosome 3p26.
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Once the critical genomic region was defined, the FGE (SUMF1) gene was also
identified by mutation analysis in patients’ DNA. Mutations were found in all patients tested,
proving that a single gene is involved in MSD. The mutations found were of different types,
the majority (e.g. splice site, start site, nonsense, frameshift) putatively result in a loss
function of the encoded protein, as expected for a recessive disease. Most missense mutations
affect codons corresponding to amino acids that have been highly conserved during
evolution, suggesting that also these mutations cause a loss of function. No corrclations 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

The identity of the FGE (SUMF1) gene as the “complementing factor” was
demonstrated definitively by rescuing the enzymatic deficiency of four different sulfatases
upon expression of exogenous FGE (SUMF1) ¢DNA, inserted into a viral vector, in two
different patient cell lines. In each case a consisient, albeil 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) c¢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.

As mentioned elsewhere herein, Schridt 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 Co-formylglycine. They also showed that this modification was
defective in MSD (Schmidt, B., et al., Cell, 1995, §2:271-278). Our mutational and
functional data provide strong evidence that FGE (SUMF1) is responsible for this
modification.

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 (SUMFI) gene is able lo activate

overexpressed human sulfatases, proving that the observed high level of sequence similarity
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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
(SUMF1) and sulfatase genes.

Interestingly, there are two homologous genes, FGE (SUMF1) and FGE2 (SUMF2),
in the genomes of all vertebrates analyzed, including humans. As evident from the

phylogenetic tree, the FGE2 (SUMF2) gene appears to have evolved independently from the

FGE (SUMF1) gene. In our assays the FGE2 (SUMF2) gene is also able to activate

sulfatases, however it does it in 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

A strong increase, up to 50 fold, of sulfatase activities was observed in cells
overexpressing FGE (SUMFL) cDNA together with either ARSA, ARSC, or ARSE ¢DNAs,
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 abserved between different cell lines which may have different levels of
endogenous formylglycine generating enzyme. Consistent with these observations, we found
that the expression of the MSD gene varies among different tissues, with significantly high
levels in kidney and liver. This may have important implications as tissues with low FGE
(SUMF1) gene expression levels may be less capable of effectively modifying exogenously
delivered sulfatase proteins (see below). Together these data suggest that the function of the
FGE (SUMF1) gene has evolved to achieve a dual regulatory system, with each sulfatase
being controlled by both an individual mechanism, responsible for the mRNA levels of each
structural sulfatase gene, and a common mechanism shared by all sulfatases. In addition,
FGE2 (SUMF2) provides partial redundancy for sulfatase modification.

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

V1, and proved to be effective in preventing and curing several symptoms. Therapeutic trials
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in humans are currently being performed for two congenital disorders due to sulfatasc
deficiencies, 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

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 rescarch 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 -MKIT, 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 (o demonstrate that FGE-activated GALNS penetrates into the growth plate
(biodistribution study) and show functional GALNS enzyme activity directed towards
removal of accumulated GAG in affected tissues (pharmacodynamic study).

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

Biodistribution Study

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,
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with the exception of bone. Demonstration of GALNS uptake in the growth plate required
the use of a more sensitive fluorescein-isothiocyanate (FITC) reporter system and indicatcs
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 examincd as compared to the vehicle controls.
Pharmacodynamic Study in MKI Mice

Four-weck-old MKI or wild-type mice were given weekly TV 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.

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 subsct of cclls expressing mutant
GALNS. Nonetheless, enzyme injection over the course of 16 weeks demonstrated strong
evicience of multiple tissue FGE-activated GALNS delivery and in vivo enzymatic activity.
Detailed Description of the Drawings
Fig. 1: MALDI-TOF mass spectra of P23 after incubation in the ahsence (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
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microsomal extract. The samples were prepared for MALDI-TOF mass spectrometry as
described in Experimental Procedures. The monoisotopic masses MH" of P23 (2526.28) and
its FGly derivative (2508.29) are indicated.
Fig. 2: Phylogenetic tree derived from an alignment of human FGE and 21 proteins of
the PFAM-DUF323 seed. The numbers at the branches indicate phylogenetic distance. The
proteins are designated by their TrEMBL ID number and the species name. hFGE - human
FGE. Upper right: scale of the phylogenetic distances. A asterisk indicates that the gene has
been further investigated. The top seven genes are part of the FGE gene family.
Fig. 3: Organisation of the human and murine FGE gene locus. Exons are shown to scale
as dark boxes (human locus) and bright boxes (murine locus). The bar in the lower right
corner shows the scale. The lines between the exons show the introns (not to scale). The
numbers above the intron lines indicate the size of the introns in kilobases.
Fig. 4: Diagram showing a map of FGE Expression Plasmid pXMG.1.3
Fig. 5: Bar graph depicting N-Acetylgalactosamine 6-Sulfatase Activity in 36F Cells
Transiently Transfected with FGE Expression Plasmid. Cells were transfected with either
a conlrol 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 uM MTX. Medium was harvested and cells collected
24, 48, and 72 hours after re-feed. N-Acetylgalactosamine 6-Sulfatase activity was
determined by activity assay. Each value shown is the average of two separate transfections
with standard deviations indicated by error bars.
Fig. 6: Bar graph depicting N-Acetylgalactosamine 6-Sulfatase Specific Activity in 36F
Cells Transiently Transfected with FGE Expression Plasmid. Cells were transfected with
either a control plasmid, pXMG.1.2, with the FGE cDNA in the reverse oreintation, or a FGE
expression plasmid, pXMG.1.3 in media without methotrexate (MTX). 24 hours later cells
were re-fed with media containing 1.0 uyM MTX. Medium was harvested and cells collected
24, 48, and 72 hours after re-feed. N-Acetylgalactosamine 6-Sulfatase specific activity was
determined by activity assay and ELISA and is represented as a ratio of N-
Acetylgalactosamine 6-Sulfatase activity per mg of ELISA-reactive N-Acetylgalactosamine
6-Sulfatase. Each value shown is the average of two separate transfections.
Fig. 7: Bar graph depicting N-Acetylgalactosamine 6-Sulfatase Production in 36F
Cells Transiently Transfected with FGE Expression Plasmid. Cells were 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

-104-




20 Jul 2010

2004210936

20

25

CANRPoRBIDCOLYSIINS1716_{ BOC- 20

-102 -

were re-fed with media containing 1.0 pM MTX. Medium was harvested and cells
collected 24, 48, and 72 hours after re-feed. N-Acetylgalactosamine 6-Sulfatase total
protein was determined by ELISA. Each value shown is the average of two separate

transfections with standard deviations indicated by error bars.

Fig. 8: Graph depicting Iduronate 2-Sulfatase Activity in 30C6 Cells Transiently
Transfected with FGE Expression Plasmid. Cells were transfected with either a control
plasmid, pXMG.1.2, with the FGE c¢DNA in the reverse orientation, or a FGE expression
plasmid, pXMG.1.3 in media without methotrexate (MTX). 24 hours later cells were re-
fed with media containing 0.l yM MTX. Medium was harvested and cells collected 24, 48,
and 72 hours after re-feed. Iduronate 2-Sulfatase aclivity 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.

All references disclosed herein are incorporated by reference in their entirety. What is

claimed is presented below and is followed by a Sequence Listing,

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprisc”, and variations such as "comprises" and "comprising”, will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived
from it) or known matter forms part of the common general knowledge in the ficld of

endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for determining the level of FGE expression in a subject, the method
comprising measuring Ca- formylglycine generating activity of a peptide having a
sequence selected from the group consisting of: (a) amino acids 34-374 of SEQ ID NO:2;
and (b) SEQ ID NO:2, 5, 46, 48, 50, 52, 54, 56, 38, 60, 62, 64, 66, 68, 70, 72, 74, 76 and

78 in vitro in a sample obtained fiom a subject.

2, A method for identifying an agent useful in modulating Co-formylglycine
generating activity, comprising;

() contacting a molecule having Co-formylglycine generating activity with a
candidate agent,

(b) measuring C,-formylglycine generating activity of the molecule, and

(¢) comparing the measured Cy-formylalycine generating activity of the molecule
to a control to determine whether the candidate agent modulates Co-formylglycine
generating activity of the molecule,

wherein the molecule is a nucleic acid molecule having a nucleotide sequence as

the one set forth as SEQ ID NO:1, or an expression product thereof.

3. A method of diagnosing Multiple Sulfatase Deficiency in a subject, said method
comprising :

(a) contacting a biological sample from a subject suspéctecl of having Multiple
Sulfatase Deficiency with an agent, said agent selectively binding to a molecule selected
from the group consisting of: (1) a nuelei¢ acid molecule having a nucleotide sequence as
the one set forth as SEQ ID NO:1, {ii) an expression product of the nucleic acid molecule
of (i), or (iii) a fragment of the expression product of (if); and

b) measuring the amount of bound agent and determining therefrom if the
expression of said nucleic acid molecule or of an expression product thereof is aberrant,

aberrant expression being diagnostic of the Muitiple Sulfatase Deficiency in the subject.

4. A method of diagnosing a condition characterized by aberrant expression of a
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nucleic acid molecule or an expression product thereof, said method comprising:

a) contacting & biological sample from a subject with an agent, wherein said agent
selectively binds to said nucleic acid molecule, an expression product thercof, or a
fragment of an cxpression product thereof; and

b) measuring the amount of bound agent and determining therefrom if the
expression of said nucleic acid molecule or of an expression product thereof is aberrant,
aberrant expression being diagnostic of the condition; wherein the nucleic acid molecule
has a nucleotide sequence as the one set forth as SEQ ID NO:1 and the condition is

Multiple Sulfatase Deficiency.

5. A method for determining Muttiple Sulfatase Deficiency in a subject characterized
by aberrant expression of a nucleic acid molecule or an expression product thereof,
comprising:

monitoring a sample from a subject for a parameter selected from the group
consisting of

() a nucleic acid molecule having a nucleotide sequence as the one set forth as
SEQ ID NO:,

(i) a polypeptide encaded by the nucleic acid molecule,

(iii) a peptide derived from the polypeptide, and

(iv) an antibody which selectively binds the polypeptide or peptide, as a
determination of Multiple Sulfatase Deficiency in the subject.

6. The method of Claim 5, wherein the sample is & biological fluid or a tissue.

7. The method of Claim 5, wherein the step of monitoring comprises contacting the
sample with a detectable agent selected from the group consisting of

(a) an isolated nucleic acid molecule which selectively hybridizes under stringent
conditions to the nueleic acid molecule of (i),

(b) an antibody which selectively binds the polypeptide of (ii), or the peptide of
(iii), and

(c) a polypeptide or peptide which binds the antibody of (iv).
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8. The method of Claim 7, wherein the antibody, the polypeptide, the peptide or the

nucleic acid is labeled with a radioactive label or an enzyme.
9. The method of Claim $, comprising assaying the sample for the peptide.

10.  AKit, comprising a package containing:

an agent that selectively binds to a nuclei¢ acid molecule encoding an FGE or an
expression product thereof, and

a control for comparing to a measured value of binding of said agent to said
isolated nucleic acid selected from the group consisting of

() a nucleic acid molecule which hybridizes under stringent conditions to a
molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for
a polypeptide having C,-formylglycine generating activity (FGE),

(b) a nucleic acid molecule that differs from the nucleic acid molecules of (a) in
codon sequence due to the degeneracy of the genetic code, and

(¢) complements of (a) or (b) or expression product thereof; and

a second agent that selectively binds to a polypeptide selected from the group
consisting of Iduronate 2-Sulfatase, Sulfamidase, N-Acetylgalactosamine 6-Sulfatase, N-
Acetylglucosamine 6-Sulfatase, Arylsulfaase 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, or a peptide thereof, and a control for comparing

10 a measured value of binding of said second agent to said polypeptide or peptide thereof.

11.  The kit of Claim 10, wherein the control is a predetermined value for comparing to

the measured value.
12.  The kit of Claim 10, wherein the control comprises an epitope of the expression
product of the nucleic acid selected from the group consisting of

(a) a nucleic acid molecule which hybridizes under stringent conditions to a

molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for
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a polypeptide having Co-formylglycine gencrating activity (FGE),
(b a nucleic acid molecule that differs from the nucleic acid molecules of (a) in
¢odon sequence due to the degeneracy of the genetic code, and

(c) complements of (&) or (b).

13. A method for treating Multiple Sulfatase Deficiency in a subject, comprising!

administering to a subject in need of such treatment an agent that modulates Ce-
formylglycine generating activity in an amount effective to treat Multiple Sulfatase
Deficiency in the subject, the agent being:

1) a nuclelc acid molecule selected from the group consisting of

(a) a nucleic acid molecule which hybridizes under stringent conditions to a
molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for
a polypcptlide having C,-formylglycine generating activity (FGE),

(b) a nucleic acid molecule that differs from the nucleic acid molecules of (a) in
codon sequence due to the degeneracy of the genetic code, and

(¢) complements of (a) or (b);

or a nucleic acid having a sequence selected from the group consisting of SEQ ID
NO:1, 3, 4, 45, 47, 49, 51, 53, §5, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and 80-87; or

ii) a peptide encoded by a nucleic acid molecule selected from the group consisting
of

(a) a nucleic acid molecule which hybridizes under stringent conditions to a
molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for
a polypeptide having C,-formylglycine generating activity (FGE),

(b) a nucleic acid molecule that differs from the nucleic acid molecules of (a) in
codon sequence due to the degenetacy of the genetic code, and

(c) complements of (a) or (b);

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

14.  The method of Claim 13, further comprising co-administering an agent selected
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from the group consisting of a nucleic acid molecule encoding Iduronate 2-Sulfatase,
Sulfamidase, N-Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase,
Arylsulfatase A, Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E,
Arylsulfatase F, Arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, or HSulf-
6, an expression product of the nueleic acid molecule, and a fragment of the expression

product of the nucleic acid molecule.

15.  The method of Claim 13, wherein the agent that modulates C,-formylglycine
generating activity is produced by a cell expressing an FGE nucleic acid molecule selected
from the group consisting of

(a) a nucleic acid molecale which hybridizes under stringent conditions to a
molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for
a polypeptide having C,-formylglycing generating activity (FGE),

(b a nucleic acid molecule that differs from the nucleic acid molecules of (a) in
codon sequence due to the degeneracy of the genetic code, and

(¢) complements of (a) or (b);
or an FGE nucleic acid molecule having a sequence selected from the group consisting of
SEQ ID NQ:1, 3, 4, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and
80-87.

16.  The method of Claim 15, wherein the cell expressing an FGE nucleic acid molecule

expresses an exogenous FGE nucleie acid molecule,

17.  The method of Claim 15, wherein the cell expressing an FGE nucleic acid molecule

expresses an endogenous FGE nucleic acid molecule.

18. A method for increasing Cq-formylglycine penerating activity in a subject,
comprising :

administering an isolated FGE nucleic acid molecule or an expression product
thereof to a subject, in an amount effective to increase Co-formylglycine generating

activity in the subject, wherein the nucleic acid or the expression product thereof is
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selected from the group consisting of

8) & nucleic acid molecule which hybridizes under stringent conditions to a
molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for
a polypeptide having Cq-formylglycine generating activity (FGE),

(b) & nucleic acid molecule that differs from the nucleic acid molecules of (a) in
codon sequence due to the degeneracy of the genetic code, and

(c) complements of (a) or (b);

or an FGE nucleic acid molecule having a sequence selected from the group
consisting of SEQ ID NQ:1, 3, 4, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73,
75, 77, and 80-87

or an expression product thereof.

19. A method for increasing C,-formylglycine generating activity in a cell, the method
comprising:

contacting the cell with an isolated mucleic acid molecule or an expression product
thereof, in an amount effective to increase C,-formylglycine generating activity in the cell,
wherein the nucleic acid molecule is selected from the group consisting of

() & nucleic acid molecule which hybridizes under stringent conditions to a
molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for
a polypeptide having Cy-formylglycine generating activity (FGE),

(b) a nucleic acid molecule that differs from the nucleic acid molecules of (a) in
codon sequence due to the degeneracy of the genetic code, and

(c) complements of (a) or (b);

or an expression product thereof.

20. A pharmaceutical composition, comprising:

an agent comprising an isolated nucleic acid molecule selected from the group
consisting of ‘

(a) a nucleic acid molecule which hybridizes under stringent conditions to a
molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for

a polypeptide having C,-formylglycine generating activity (FGE),
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(b) a nucleic acid molecule that differs from the nucleic acid molecules of (a) in
codon sequence due to the degeneracy of the genetic code,

(¢) complements of (a) or (b,

or an FGE nucleic acid molecule having a sequence selected from the group
consisting of SEQ ID NO:1, 3, 4, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73,
75, 77, and 80-87, or an expression product thereof,

in a pharmaceutically effective amount to treat Multiple Sulfatase Deficiency, and a

pharmaceutically acceptable carrier.

21. A method for identifying a candidate agent useful in the treatment of Multiple
Sulfatase Deficiency, comprising:

determining expression of a set of nucleic acid molecules in vitro in a cell or tissue
under conditions which, in the absence of a candidate agent, permit a first amount of
expression of the set of nucleic acid melecules, wherein the set of nucleic acid molecules
comprises at least one nucleic acid molecule selected from the group consisting of

(a) nucleic acid molecules which hybridize under stringent conditions to a molecule
consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for a
polypeptide having C,-formylglycine generating activity (FGE),

(b) nucleic acid molecules that differ from the nucleic acid molecules of (8) or (b)
in codon sequence due to the degeneracy of the genetic code,

(c) a nucleic acid molecule having a sequence selected from the group consisting of
SEQ ID NO:1, 3, 4, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and
80-87, and

(d) complements of {a) or (b) or (¢},

contacting the cell or tissue with the candidate agent in vitro, and

detecting a test amount of expression of the set of nucleic acid molecules, wherein
an increase in the test amount of expression in the presence of the candidate agent relative
to the first amount of expression indicates that the candidate agent is useful in the
treatment of the Multiple Sulfatase Deficiency.

22, A solid-phase nucleic acid molecule array consisting essentially of a set of nucleic
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acid molccules, expression products thereof, or fragments thereof, wherein the set of
nucleic acid molecules comprises at least two nuclejc acid molecules, wherein at least one
nucleic acid molecule encodes for a polypeptide selected from the group consisting of: (a)
amino acids 34-374 of SEQ ID NO:2; and (b} SEQ ID NO:2, 5, 46, 48, 50, 52, 54, 56, 58,
60, 62, 64, 66, 68, 70, 72, 74, 76, and 78, and at least one nucleic acid molecule cncodes a
polypeptide selected from the group consisting of Iduronate 2-Sulfatase, Sulfamidase, N-
Acetylgalactosamine 6-Sulfatase, N-Acetylglucosamine 6-Sulfatase, Arylsulfatase A,
Arylsulfatase B, Arylsulfatase C, Arylsulfatase D, Arylsulfatase E, Arylsulfatase F,
Arylsulfatase G, HSulf-1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, and HSulf-6.

23. A method for increasing sulfatase activity in a cell, comprising:
contacting a cell expressing a sulfatase with an isolated nucleic acid molecule selected
from the group consisting of

(a) a nucleic acid molecule which hybridizes under stringent conditions to a
molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for
a polypeptide having C,-formylglycine generating activity (FGE),

(b) a nucleic acid molecule that differs from the nucleic acid molecules of (a) in
codon sequence due to the degeneracy of the genetic code, and

(¢) complements of (a) or (b);

or a nucleic acid molecule having a sequence selected from the group consisting of
SEQ ID NO:1, 3, 4, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and
80-87, or an expression product thereof, in an amount effective to increase sulfatase

activity in the cell.

24, The method of Claim 23, wherein the cell expresses endogenous sulfatase.
25. The method of Claim 23, wherein the cell expresses exogenous sulfatase.
26. The method of Claim 24, wherein the endogenous sulfatase is activated.

27.  The method according to any one of Claims 23-26, wherein the sulfatase is selected
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from the group consisting of Iduronate 2-Sulfatase, Sulfamidase, N-Acetylgalactosamine
6- Sulfatase, N-Acetylglucosamine &-Sulfatase, Arylsulfatase A, Arylsulfatase B,
Arylsulfatase C, Arylsulfatase D, Arylsulfatasc E, Arylsulfatase F, Arylsulfatase G, HSulf-
1, HSulf-2, HSulf-3, HSulf-4, HSulf-5, and HSulf-6.

28.  The method of Claim 23, whergin the cell is a mammalian cell.

29. A pharmaceutical composition, comprising:

a sulfatase that is produced by cell to treat a sulfatase deficiency, and

a pharmaceutically acceptable carrier,

wherein said cell has been contacted with an agent comprising an isolated nucleic
acid molecule selected from the group consisting of

(a) a nucleic acid molecule which hybridizes under stringent conditions to a
molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for
a polypeptide having C,-formylglycine generating activity (FGE),

(b) & nucleic acid molecule that differs from the nucleic acid molecules of (a) in
codon sequence due to the degeneracy of the genetic code, and

(¢) complements of (a) or (b);

or a nucleic acid molecule having a sequence selected from the group consisting of
SEQ ID NO:1, 3, 4, 45, 47, 49, 51, 53, 53, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and

80-87, or an expression product thereof.

30.  An isolated variant allele of a human FGE pens, which encodes a variant FGE
polypeptide, comprising:

an amino acid sequence comprising at least one variation in SEQ [D NO:2, wherein
the at least one variation comprises: MetlArg; MetlVal; Serl55Pro; Cys218Tyr;
Ala279Val, Arg3278top; Cys336Arg; Arg345Cys; Argd49Trp; Arg349Gin; Ser3595top;

or a combination thereof.

31.  Anisolated variant human FGE polypeptide, comprising:

an amino acid sequence comprising at feast one variation in SEQ ID NO:2, wherein
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the at least one variation comprises: MetlArg; MetlVal; Serl55Pro; Cys218Tyr
Ala279Val; Arg3275top; Cys336Arg; Arg3d5Cys; Argdd9Trp; Arg349Gln; Ser3595top;

or 2 combination thereof.

32, Anisolated antibody having the variant human FGE polypeptide of Claim 31 as an

immunogen.

33, The antibody of Claim 32, which is a polyclonal antibody.
34, The antibody of Claim 32, which is a monoclonal antibody.
35,  The antibody of Claim32, which is a chimeric antibody.
36.  The antibody of Claim 32, detectably labeled.

37.  The antibody of Claim 36, wherein said detectable label comprises a radioactive

element, 4 chemical which flucresces, or an enzyme,

38. A sulfatase-producing cell wherein the ratio of active sulfatase to total sulfatase
produced by the cell is increased, the cell comprising: ‘

(1) a sulfatase with an increased expression, and

(ii) a Formylglycine Gengrating 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.
39.  The cell of Claim 38, wherein the ratio of active sulfatase to total sulfatase
produced by the cell is increased by at least 10% over the ratio of active sulfatase to total

sulfatase produced by the cell in the absence of the Formylglycine Generating Enzyme.

40.  The cell of Claim 38, wherein the ratio of active sulfatase to total sulfatase
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produced by the cell is increased by at least 20% over the ratio of active sulfatase to total
sulfatase produced by the cell in the absence of the Formylglycine Generating Enzyme.

41.  The cell of Claim 38, wherein the ratio of active sulfatase to total sulfatase
produced by the cell is increased by at least 50% over the ratio of active sulfatase to total
sulfatase produced by the cell in the absence of the Formylglycine Generating Enzyme.

42.  The cell of Claim 38, whercin the ratio of active sulfatase to total sulfatase
produced by the cell is increased by at least 100% over the ratio of active sulfatase to total
sulfatase produced by the cell in the absence of the Formylglycine Generating Enzyme.

43, Inamethod for treating a sulfatase deficiency with a sulfatase by administering toa
subject in need of such treatment a sulfatase to treat the sulfatase deficiency, the
improvement comprising administering to the subject a sulfatase that has been contacted
with a Formylglycine Generating Enzyme in an amount effective to increase the specific

activity of the sulfatase in & subject.

44,  The method of Claim 43, wherein the sulfatase is selected from the group
consisting of Iduronate 2-Sulfatase, Sulfamidase, N-Acetylgalactosamine 6-Sulfatase, N-
Acetylglucosamine 6-Sulfatase, Arylsulfatase A, Arylsulfatase B, Arylsulfatase C,
Arylsulfatase D, Arylsulfatase E, Aryleulfatase F, Arylsulfatase G, HSulf-1, HSulf-2,
HSﬁlf~3, HSulf-4, HSulf"5, and HSulf:6.

45.  The method of Claim 43, wherein the Formylglycine Generating Enzyme is
encoded by .a nucleic acid molecule selected from the group consisting of

(a) a nucleic acid molecule which hybridizes under stringent conditions to a
molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for
a polypeptide having Co-formylglycine generating activity (FGE),

(b) a nucleic acid molecule that differs from the nucleic acid molecules of (a) in
codon sequence due to the degeneracy of the genetic code,

(c) complements of (a) or (b); as ¢laimed in Claims 1-8,
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or & nucleic acid having a sequence selected from the group consisting of SEQ ID
NO:1,3, 4, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, and 80-87.

46.  The method of Claim 43, wherein the Formylglycine Generating Enzyme is a
peptide encoded by a nucleic acid molecule selected from the group consisting of

(2) a nucleic acid molecule which hybridizes under stringent conditions to a
molecule consisting of a nucleotide sequence set forth as SEQ ID NO:1 and which code for
a polypeptide having Cq-formylglycine generating activity (FGE),

(b) a nueleic acid molecule that differs from the nucleic acid molecules of (a) in
codon sequence due to the degeneracy of the genetic code, and

(c) complements of (a) or (b);

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

47. A method for determining the levet of FGE expression in a subject according to
Claim 1 or a method for identifying an ageni according to Claim 2, or a method of
diagnosing Multiple Sulfatase Deficiency according to Claim 3 or a method of diagnosing
a condition according to Claim 4 or a or 4 method for determining Multiple Sulfatase
Deficiency according to any one of Claims 5 to 9 or a kit according to any one of Claims
10 to 12 or a method for treating Multiple Sulfatase Deficiency according to any one of
Claims 13 to 17 or a method for increasing C,-formylglycine generating activity in a
subject according to Claim 18 or a method for increasing Co-formylglycine generating
activity in a cell according to Claim 19 or a pharmaceutical composition according to any
one of Claims 20 and 29 or a method for identifying a candidate agent useful in the
treatment of Multiple Sulfatase Deficiency according to Claim 21 or a solid-phase nucleic
acid molecule array according to Claim 22 pr a method for increasing sulfatase activity in a
cell according to any one of Claims 23 to 28 or an isolated variant allele of a human FGE
gene according to Claim 30 or an isolated variant human FGE polypeptide according to
Claim 31 or an isolated antibody according to any one of Claims 32 to 37 or a sulfatase-
producing cell according to any one of Claims 39 to 42 or a method for treating a sulfatase
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deficiency according to any one of Claims 43 to 46 substantially as hereinbefore described

with reference to the Figures and Examples.
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<110> Transkeryotic Therapies, Inc.
von Figura, Kurt
Schmidt, Bernhard
Dierks, Thomas
Heartlein, Michael W.
Cosma, Maria P.
Ballabio, Andrea

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

<130> 0403WO

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

<160> 95
<170> PatentIn version 3.2

<210> 1

<211> 1180

<212> DNA

<213> Homo sapiens

<220>

<221> CDS

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

<400> 1
acatggcecg cgggacaac atyg get geg cec gea cta ggg ctg gtg tgt goa 52
Met Ala Ala Pro Ala Lsu Gly Leu Val Cys Gly
1 5 10
cgt tge oot gag ctg ggt cte gte cte ttg ctg ctg ctg cte <cg ctg 100
Arg Cys Pro Glu Leu Gly Leu Val Leu Leu Leu Leu Leu Leu Ser Leu
18 20 25
ctg tgt gga gog gea ggg age cag gag goc ggy ace ggt geg ggc gog 148
Leu Cys Gly Ala Ala Gly Ser Gln Glu Ala Gly Thr Gly Ala Gly Rla
30 35 40
ggg tee ctt geg ggt tet tge ggc tge gge acg ccc cag cgy cet gye 195
Gly Sexr Leu Ala Gly Ser Cys Gly Cys Gly Thr Pro Gln Arg Pro Gly
45 50 55

gee cat gge agt teg gea gee get cac cga tac tcg cgg gag get aac 244
Ala His @Gly Ser Ser Ala Ala Ala His Arg Tyr Ser Arg Glu Ala Asn
60 65 70 75
get ceg gge cee gta cce gga gag cgg caa cte gog 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 cce 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

95 100 108
ata aag cag gat ggyg gaa gca cct gog agg aga gtt act att gat cce 388
Ile Lys Gln Asp Gly Glu Ala Pro Ala Arg Arg Val Thr Ile Asp Ala
110 115 120
ttt tac atg gat gec tat gaa gtc agt aat act gaa ttt gag aag ttt 435
Phe Tyr Met Asp Ala Tyr Glu Val Ser 2sn Thr Glu Phe Glu Lys Phe
125 130 135

gtg aac teca act ggc tat ttg aca gag get gag aag ttt gge gac teco 484
Val Asn Ser Thr Gly Tyr Leu Thr Glu Ala Glu Lys Phe Gly Asp Ser
140 145 150 155
ttt gte 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 Ile Gln

160 165 170
cag gca gtt geca get get cee tgg tgg tta cct gty zaa ggc get aac 580
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cat
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Leu
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Gly

get
Ala

cge
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Ala

aga
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cca
Pro
205

gca
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gga
Gly

aaa
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aac
Asn

cct
Pro
285

tag
Trp

aac
Asn

tce
ser

cgg
Arg

tgt
Cys
365

val

cac
His
190

gtt
val

g99
Gly

ggc
Gly

ggc
Gly

act
Thr
270

cce
Bro

act
Thr

cca
Pro

tac
Tyr

agce
Ser
350

gea
Ala

Ala Ala
175

ceca gaa
Pro Glu

ctc cat
Leu His

zag cgg
Lyvs Arg

ctg cat
Leu His
240

cag cat
Gln His
255

ggt gag
Gly Glu

aat ggt
Asn Gly

tca gac
Ser Asp

aaa ggt
Lys Gly
320

atg tgc
Met Cys
335

cag aac
Glo Asn

gee gac
Ala Asp

Ala

999
Gly

gtg
Val

ctg
Leu
225

aat
Asn

tat
Tyr

gat
Asp

tat
Tyr

tog
Trp
305

cee
Pro

cat
His

aca
Thr

cge
Arg

ccccagteoca aggageagt

<210> 2
<211> 3

<212>
<213>

<400> 2
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BRT
Homo
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1

Gly

Gly

Ser

Ala

Leu
sSex
Cys
50

Ala

Val

Gln

35

Gly
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5

Leu Leu

20
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Pro
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Ser
210
cce
Pzo
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Ala
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Gly

gge
Gly
290

tgg
Trp
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Pro

agg
Arg

cet
Pro

ctg
Leu
370

Gly

Thr

Pro

Ser

Trp

gac
Asp
195
tgg
Trp

acg
Thr

ctt
Leu

aac
Asn

tte
Phe
275
tta
Leu

act
Thr

tct
Ser

tet
Ser

gat
Asp
355

cce
Pro

Leu

Leu

Gly

40

Gln

Arg

Trp
180

tet
Ser

aat
Asn

gaa
Glu

tte
Fhe

att
Ile
260
caa
Gln

tac
Tyr

gtt
Val
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Gly

tat
Tyr
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Ser

ace
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val

Leu

25

Ala

Arg

Glu

Leu

act
Thx
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Asp

gct
Ala

cce
pro
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tgg
Trp

gga
Gly
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Asn
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His

aaa
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325
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tet
Sex
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Sexr

Gly
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Pro

att
Ile

gcg
Ala
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230
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Trp
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ata
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His
310
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Ala

gac
Asp

Gly

Leu

Ala

Gly

Asn

-129-

val

ctg
Leu

gtt
val
215

tgg
Trp

ggc
Gly

ggc
Gly

gcg
Ala

gty
val
295

tet

Ser

cga
Arg

agg
Arg

teg
Ser

Lys

cac
His
200

gecc
Ala

gaa
Glu

aac
Asn

gag
Glu

cct
Pro
280

agg
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Val
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tat
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360
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agg ccg
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Tyr Ser
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Lys Leu
250

ttt cocg
Phe Pro
265

gtt gat
val Asp

aac gca
Asn Ala

gaa gaa
Glu Glu

aag aaa
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330

cgc tgt
Arg Cys
345
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Ser
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Glu
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265
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345
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<210> 3

<211> 1122

<212> DNA

<213> Homo sapiens

<400> 3
atggctgege ccgcactagg gotggtgtgt ggacgttgec ctgagetggg tetcgtecte 60

ttgetgetge tgeotceteget getgtgtgga geggcaggga geocaggagge cgggaccggt 120
gegggegcgy ggteccttge gggttettge ggetgeggeca cgecccageg goctggegee 180
catggeagtt cggcageege tcaccgatac teogegggagy ctaacgetee gggecccgta 240
ccocggagage ggcaactege goactcaaag atggteccca tecetgetgg agtatttaca 300
atgggcacag atgatcctca gataaagcag gatggggaag cacctgegag gagagttact 360
attgatgcet tttacatgca tgcctatgaa gtcagtaata ctgaatttga gaagttitgtg 420
aactcaacty gotatttgac agaggetgag aagtttggeg actectttgt ctttgaagge 480
atgttgagty agcaagtgaa gaccaatatt caacaggcag ttgecagetge tccctggtgé 540
ttacctgtga aaggcgeotza ctggagacac ccagaagggc ctgactctac tattctgeac 600
aggccggate atccagttet ccatgtgtec tggaatgatyg cggttgecta ctgeacttgg 660
goagggaage ggctgcecac ggaagcetgag tgggaataca getgtcgagg aggectgeat 720
aatagacttt tccectggeg caacaaactg cagcccaaag gccagcatta tgccaacatt 780
tggeagggey agttteceget gaccaacact ggtgaggatg gettccaagg aactgegect 840
gttgatgcer teccteccaa tggttatggce ttatacaaca tagtggggaa cgcatgggaa 900
tggacttcay actggtyggac tgttcatcat tctgttgaag aaacgcttaa cccaaaaggt 960
ceecettety ggaaagacceg agtgaagaaa ggtggatcet acatgtgeeca taggtettat 1020

tgttacaggc atcgetgtge tgctcggage cagaacacac ctgategcte tgcttegaat 1080

ctgggattee getgtgeage cgaccgeetg cccaccatgyg ac 1122
<210> 4

<211> 2130

<212> DONA

<213> Homo sapiens

<400> 4

acatggeceyg cgggacaaca tggctgcgec cgecactaggg ctggtgtgtyg gacgttgece 60

tgagetggot ctegtectet tgetgetget getctegetg ctgtatggag cggcagggag 120
ccaggaggcee gggaccggtyg cgggegcgyyg gtceccttgeg ggttcettgeg getgeggeac 180
geeoccagegyg cectggegeee atggeagtte ggeagecget caccgatact cgegggaggc 240
taacgetoey ggocccocgtac ceggagageg gcaactcgeg cactcaaaga tggtccccat 300
cectgetgga gtatttacaa tggycacaga tgatcctcag ataaagcagg atggggaagc 360
acctgegagyg agagttacta ttgatgoect ttacatggat gectatgaag tcagtaatac 420
tgaatttgay aagtttgtga actcaactgyg ctatttgaca gaggctgaga agtttggega 480
ctectttgte tttgaaggca tgttgagtga gcaagtgaag accaatattc aacaggcagt 540
tgeagetget coctggtogt tacctgtgaa aggegctaac tggagacacce cagaagggec 600
tgactctact attctgecaca ggccggatca tccagttctc catgtgtect ggaatgatge 660
ggttgectac tgcacttggg cagggaageg getgcccacg gaagetgagt gggaatacag 720

ctgtcgagga ggcctgeata atagactttt ceccetgggge aacaaactge agcccaaagg 780
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ccagcattat gecaacattt ggeagggega ttttecyggty accaacacty glgaggatgg 84¢
cttccaagga actgegectg ttgatgectt cecteccaat gottatgget tatacaacat 900
agtggggaac gcatgggaat ggacttcaga ctggtggact gttcatcatt ctgttgaaga 960
aacgcttaac ccaaaaggte ccoccttctgg gaaagaccga gtgaagaaag gtggatccta 1020
catgtgccat aggtcttatt gttacaggta tegctgtget goteggagec agaacacacc 1080
tgatagetet gottcgaatc tgggatteeg ctgtgeagec gaccgectge ccaccatgga 1140
ctgacaacca agggtagtct tccccagtee aaggagcaght cgtgtctgac ctacattggg 1200
ctttecteag aactttgaac gatcocatge aaagaattce caccctgagg tgggttacat 1260
acctgcccaa tggccaaagy aaccgecttg tgagaccaaa ttgetgacct gggtcagtge 1320
atgtgettta tggtgtggtg catctttgga gatcatcace atattttact tttgacagte 1380
tttaaagagg aaggggagtyg gagggaacce tgagectagge ttcaggagge ccgcatccta 1440
cgcaggetbet gecacagggy Ltagaccece ggtcecgacge ttgacettee tgggectcaa 1500
gtgcecteee ctatcaaatg aaggaatgga cagcatgace tetgggtgtc tcetecaacto 1560
accagttcta aaaagggtat cagattctat tgtgacttca tagaatttat gatagattat 1620
titttageta ttbtttccat gtgtgaacct tgagtgatac taatcatgta aagtaagagt 1680
tctettatgt attatgtteg gaagaggggt gtggtgacte ctttatatte gtactgeact 1740
ttgtttttee aaggaaatca gtgtotttta cgttgttaty atgaatccca catggggceg 1800
gtgatggtat gctgaagttc ageccgttgaa cacataggaa tgtetgtggy gtgackctac 1860
tgtgetttat ctittaacat taagtgocctt tggtteagag gggcagteat aagetctgtt 1920
tceceectete cecaaagect tcagegaacy tgaaatgtge getaaacggg gaaacctgtt 1580
taattctaga tataggcaaa aaggaacgag gaccttgaat gagetatatt cagggtatcc 2040

ggtattttgt aatagggaat aggaaacctt gttggetgtg gaatatccga tgctttgaat 2100

catgcactgt gttgaataaa cgtatctget 2130
<210> 5

<211> 374

<212> PRT

<213> Homo sapiens

<400> 5

Met Ala Ala Pro Ala Leu Gly Leu Val Cys Gly Arg Cys Pro Glu Leu
1 5 10 15

Gly Leu Val Leu Leu Leu Leu Leu Leu Ser Leu Leu Cys Gly Ala Ala
20 25 30

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

Ser Cys Gly Cys Gly Thr Pro Gln Arg Pro Gly Ala His Gly Ser Ser
50 55 60

Ala Ala Ala His Arg Tyr Ser Arg Glu Ala Asn Ala Pro Gly Pro Val
65 70 75 80

Pro Gly Glu Arg Gln Leu Ala His Ser Lys Met Val Pro Ile Pro Ala
85 20 95
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Gly Val Phe Thr Met

Glu Ala Pro

115

Tyr Glu val

130

Tyr Leu Thr

145

Met Leu Ser

Ala Pro Trp

Gly Pro Asp

195

val Ser Trp

210

Leu Pro Thr

225

Asn Arg Leu

Tyr Ala Asn

Asp Gly Phe

275

Tyr Gly Leu

290

Trp Trp Thr

305

Pro Pro Ser

His Arg Ser

Thr Pro Asp

355

Arg Leu Pro

370

<210>
<211>
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<400>

4
2297
DNA
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100

Ala

Ser

Glu

Glu

Trp

180

Ser

Asn

Glu

Phe

Ile

260

Gln

TyY

Val

Gly

Tyr

340

Ser

Thr

Arg

Asn

Gln

165

Leu

Thr

Asp

Ala

Pre

245

Trp

Gly

Asn

His

Lys

325

Cys

Sex

Met

sapiens

Gly

Arg

Thr

Glu

150

val

Pro

Ile

Ala

Glu

230

Trp

Gln

Thr

Ile

Hig

310

Asp

Tyr

Ala

Asp

Thr

val

Glu

135

Lys

Lys

val

Leu

val

215

Trp

Gly

Gly

Ala

val

295

Ser

Arg

Arg

Ser

Asp

Thr

120

Phe

Phe

Thr

Lys

His

200

Ala

Glu

Asn

Asp

Pro

280

Gly

val

val

TYX

Asn
360

Asp

105

Ile

Glu

Gly

Tyr

Tyr

Lys

Phe

265

val

Asn

Glu

Lys

Arg

345

Leu

Pro

Asp

Lys

Asp

Ile

170

Ala

Pro

Cys

Ser

Leu

250

Pro

Asp

Lys
330

Cys

Gly

-6-
Gln

Ale

Phe

Sex

155

Glr

Asr

Asp

Thr

Cys

233

Gln

Val

Ala

Trp

Thr

315

Gly

Ala

Phe

-133-

Ile

Leu

val

140

Phe

Gln

Trp

His

Trp

220

Arg

Pro

Thr

Phe

Glu

300

Leu

Gly

Ala

Lys

Tyr

125

Asn

val

Ala

Arg

Pro

205

Ala

Gly

Lys

Asn

Pro

285

Trp

Aan

Sexr

Arg

Cys
365

Gln

110

Met

Ser

Phe

val

His

190

val

Gly

Gly

Gly

Thr

270

Pro

Thr

Pro

Tyr

Ser

350

Ala

Asp

Asp

Thr

Glu

ala

175

Pro

Leu

Lys

Leu

Gln

255

Gly

Asn

Ser

Lys

Met

335

Gln

Ala

Gly

Ala

Gly

Gly

160

Ala

Glu

His

Arg

His

240

His

Glu

Gly
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cggctgtgtt gegeagtett catgggttec cgacgaggac gtctetgtgg ctgeggegac 60
tgctaactge gccacctget gcagectgte ccegeegete tgaageggec gegtcgaage 120

cgaaatgceg ccaccccgga ccggccgagg cettetotage ctgggtetgg tteotgagete 180
cgtetgegte geecteggat c¢cgaaacgea ggccaactce accacagatg ctetgaacgt 240
tcttcteate atcgtggatg acctgegecce ctecctggge tgttatgggg ataagetggt 300
gaggtceoeea aatattgace aactggeate ccacagecte ctettecaga atgectttge 360
gcagcaagca gkgtgcgoce cgagccgegt ttctttccte actggcagga gacctgacac 420
cacccgectg tacgacttca actectactg gagggtgeac getggaaact tetecaccat 480
cceccagtac tbcaaggaga atggctatgt gaccatgtcg gtgggaasaag tctttcacce 540
tgggatatct tctaaccata ccgatgatte tccgtatage tggtctttte caccttatca 600
tcettectet gagaagtatg aaaacactaa gacatgtega gggccagaty gagaactcca 660

tgccaaccty ctttgeccty tggatatget ggatgttece gagggcacct tgectgacaa 720

acagagceact gagcaagceca tacagttgtt ggaaaagatg azaacgtcag ccagtecttt 780
cttectggee gttgggtate ataageccaca catccectte agatacccca aggaatttea 840
gaagttgtat cccttggaga acatcaccct ggccceccgat ccegaggtec ctgatygecet 900
accecetgtyg gectacaace cctggatgga catcaggecaa cgggaagacg tccaagectt 960

aaacatceagt gtgeegtatyg gtecaattee tgtggacttt cageggaaaa tecegecagag 1020
ctacttcgee tctgtgtcat atttggatac acaggbcgge cgectcttga gtgettigga 1080
cgatecticag ctggocaaca geaccatcat tgeatttace teggatcatg ggtgggctet 1140
aggtgaacat ggegaatgogg ccaaatacag caattttgat gttgctaccc atgttcccct 1200
gatattctat gttcctggaa ggacggette acttecggag gecaggegaga agettttceec 1260
ttacctegac ccttttgatt cecgecteaca gttgatggag ccaggeagge aatccatgga 1320
ccttgtggaa ctigtgtcte tttttcccac getggetgga cttgecaggac tgcaggthcc 1380
acetegetge ccegttectt catttcacgt tgagetgtgce agagaaggea agaaccttet 1440
gaagcatttt cgattccgtg acttggaaga ggatccgtac ctccctggta atccocegtga 1500
actgattgee tatageccagt atccecggee ttcagacate coteagtgga attetgacaa 1560
gececgagttta aaagatataa agatcatggg ctattccata cgecaccatag actataggta 162C
tactgtgtgg gttggcttca atcctgatga atttctaget aacttttctg acatccatge 1680
aggggaactyg tattttgtgg attctgacce attgcaggat cacaatatgt ataatgatte 1740
ccaaggtgga gatcttttec agttgttgat gecttgagtt ttgecaacca tggatggoaa 1800
atgtgatgtyg ctcectteca getggtgaga ggaggagtta gagetggteg ttttgtgatt 1860
acccataata ttggaagecag cctgaggget agttaatcca aacatgeate aacaatttgg 1920
cctgagaaka tgtaacagce aaaccttibtce gittagbcett tattaaaatt tataattggl 1980
aattggacca gttttttttt taattteccot ctttttazaa cagttacgge ttatttactg 2040
aataaataca aagcasacaa actcaagtta tgtcatacct ttggatacga agaccataca 2100
taataaccaa acataacatt atacacaaag aatactttca ttatttgtgg aatttagtge 2160
atttcaaaaa gtaatcatat atcaaactag gcaccacact aagttectga ttattttgtt 2220
tataatttaa taatatatct tatgagccct atatattcaa aatattatgt taacatgtaa 2280

tececatgttte ttttteo 2297
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<210>
<211>
<212>

<213>

<400>

7
5850
PRT
Homo

7

Met Pro Pro
1

Leu

Thr

Pro

Asp

65

Gln

Pro

Ala

val

His

145

Ser

Glu

Glu

Leu

Tyr

225

Leu

Asp

Ser

Thr

Ser

50

Ala

Asp

Gly

Thr

130

Thr

Ser

Leuw

Gly

Glu

210

His

Gly

Glu

Ser

Asp

35

Leu

Leu

val

Thr

Asn

115

Met

Asp

Glu

His

Thr

195

Lys

Lys

Pro

Leu

Asp
275

sapiens

Pro

val

20

Ala

Gly

Ala

Cys

Thr

100

Phe

Ser

Asp

Lys

Ala

80

Leu

Met

Pro

Leu

Pro

260

val

Cys

Leu

Cys

Ser

Ala

85

Arg

Ser

val

Ser

Tyr

165

Asn

Pro

Lys

His

Glu

245

Pro

Gln

Thr

val

Asn

Tyr

Leu

Thr

Gly

Fro

150

Glu

Asp

Thr

Ile

230

Asn

val

Ala

Gly

aAla

val

Gly

55

Ser

Ser

Tyr

Ile

Lys

135

Tyr

Asn

Leu

Lys

Ser

215

Pro

Tle

Ala

Leu

Arg

Leu

Leu

40

Asp

Leu

Arg

AsSp

Pro

120

val

Ser

Thr

Cys

Gln

200

Ala

Phe

Thr

VL

Asn
280

Gly

Gly

25

Leu

Lys

Leu

val

Phe

105

Gln

Phe

Trp

Lys

Pro

185

Ser

Ser

Arg

Leu

Asn

265

Ile

Leu

10

Sex

Ile

Leu

Phe

Ser

90

Asn

Tyr

His

Sexr

Tar

170

val

Pro

Tyr

Ala

230

Pro

Ser

-8-

Leu

Glu

Ile

val

Gln

75

Phe

Sexr

Phe

Pro

Pre

155

Cys

Asp

Glu

Phe

Pro

235

Pro

Trp

val

-135-

Trp

Thr

val

Arg

60

Asn

Leu

Tyr

Lys

Gly

140

Pro

Arg

Val

Gln

Phe

220

Lys

Asp

Met

Pro

Leu

Gln

Asp

45

Sex

Ala

Thr

Trp

Glu

125

Ile

Pro

Gly

Leu

Ala

205

Glu

Pro

Asp

TYY
285

Gly

Ala

30

Asp

Pro

Phe

Gly

Arg

110

Asn

Ser

Tyr

Pro

Asp

190

Ile

Ala

Phe

Glu

Ile

270

Gly

Leu

15

Leu

Asn

Ala

Arg

g5

Val

Gly

Ser

Eis

Asp

175

Val

Gln

val

Gln

val

255

Arg

Pro

Sex

Arg

Ile

Gln

80

Arg

TYr

Asn

Pro

160

Gly

Pro

Leu

Gly

Lys

240

Gln

Ile
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Pro Vval Asp
290

Sexr Tyr Leu

305

Leu Gln Leu

Trp Ala

Leu

Val Ala Thr

Ser Leu

355

2ro

370

Asp Ser

385

Val Glu

Ala

Leu

Gln Val Pro

Arg Glu Gly

435

Glu Asp Pro

450

Gln Tyr Pro

465

Ser Leu Lys

Tyr Arg Tyr

Pro Leu

Ser
515

Gln

530

Phe Gln Leu

545

<210>
<211l>
<212>
<213>

<400>

8
2657
DNA

Phe

Asp

Ala

Gly

340

Glu

Ser

Val

Pro

420

Lys

Tyr

Arg

Asp

Thx

300

Asp

Asp

Leu

Gln

Asn
325
Glu
val
Ala
Gln
Ser
408
Arg
Asn
Leu

gael
Ile
485
Val
Ile

His

Mekt

Homeo sapiens

8

Arg

Gln

310

Ser

His

Pro

Leu

390

Leu

Cys

Leu

Pro

Ser

470

Lys

Trp

His

Asn

Pro
550

Lys

295

Val

Thr

Gly

Leu

Glu

375

Met

Phe

Pro

Leu

Gly

455

Asp

Ile

val

Ala

Met
535

Ile

Gly

Zle

Glu

Ile

360

Lys

Glu

Pro

Val

Lys

440

Asn

Ile

Met

Gly

(28]
o

Tyr

Arg

Arg

Ile

Trp

345

Phe

Leu

Pro

Thr

Pro

425

His

Pro

Pro

Gly

Phe

505

Glu

Asn

Gln

Leu

2la

330

ala

Tyr

Phe

Gly

Leu

410

Sex

Phe

arg

Gln

Tyr

490

Asn

Leu

Asp

Ser

Leu

318

Phe

Lys

val

Pro

Arg

395

Ala

Phe

Arg

Glu

Tro

475

Ser

Pro

Tyr

Ser

TYr

300

Thx

TyY

Pro

Tyr

380

Gln

“he

Leu

460

Asn

Ile

Asp

Phe

Gln
540

Phe

Ala

Ser

Ser

Gly

365

Leu

Ser

Leu

val

Arg

445

Ile

Ser

Arg

Glu

val

525

Gly

Ala

Leu

Asp

Asn

350

Arg

Asp

Met

Ala

Glu

430

Asp

Ala

ASD

Thy

Phe

510

Asp

Gly

Ser

Asp

His

335

Phe

Thr

Pro

Asp

Gly

415

Leu

Leu

Tyr

Lys

Ile

495

Leu

Ser

Asp

Val
Asp

320

Gly

Phe

Leu

400

Leu

Cys

Glu

Ser

Pro

4380

Asp

Ala

Asp

Leu
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gaattecggg ccatgagetg ccecgigoce gectgetgey cgctgctget agtectgggg 60
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ctetgecogg cgegtecccg gaacgcactg ctgctcctig cggatgacgg aggctttgag 120
agtggcgegt acaacaacag cgccategoe accocgeoace tggacgectt ggeccgecge 180
agcctectet tbcgcaatge cttcaccteg gtcageaget gelcoclbeccag ccgcgecage 240
ctecctcacty goctgeccea geatcagaat gggatgtacy ggetgeacca ggacgtgcac 30C
cacttcaact ccttegacaa ggtgeggagc ctgcegetge tgctcageca agetggtgtg 36C
cgcacaggca tcatcgggaa gaagcacgtg gggocggaga ccgtgtacce gtttgacttt 420

gcegtacacgg aggagaatgg ctcegtecte caggtgggge ggaacatcac tagaattaag 480
ctgctegtec ggaaattect geagacteag gatgaccgge ctttettect ctacgtegec 540
ttecacgace ceocacegetg tgggecactoe cagecccagt acggeacctt ctgtgagaag 600
tttggcaacyg gagagagegyg catgggtegt atcccagact ggacccceca ggcectacgac 660
ccactggacg tgctggtgece ttacttegtc cccaacaccc cggcagceeg agecgacctg 72C
gccgeteagt acaccaccgt cggcecgecatg gaccaaggag ttggactggt gotecaggag 78C
ctgegtgacy cocggtgtect gaacgacaca ctggtgatet tcacgtoccga caacgggatc 84Q
ccecttcoeoceca goggcaggac caacctgtac tggocgggea ctgetgaacc cttactggtg 90q0
tecatcccegyg ageacccaaa acgetgggge caagtcageg aggectacgt gagectecta 960
gacctcacge ccaccatctt ggattggttc tcgatccegt accccageta cgeccatcttt 1020
ggcteogaaga ccatccacct cackggecgyg tacctactge cggegetgga ggecgageee 1080
ctetgggeca ceogtettbgg cagecagage caccacgagg tcaccatgte ctaccecatg 1140
cgcteegtge agcaccggea cttccgecte gtgracaacc tcaacttcaa gatgeccttt 1200
ccecatcgace aggacttcota cgtetcacce accttecagg acctocctgaa ccgcaccaca 1260
getggteage ccacgggctyg gtacaaggac ctecegtcatt actactaccyg ggcgegetgg 1320
gagctctacg accggagocg ggacccecac gagacccaga acctggecac cgaccegege 1380
tttgctcage ttectggagat gettegggac cagetggeca agtggeagtg ggagacccac 1440
gaccecetggyg tgtgegecee cgacggegte clggaggaga agectctctco ccagtgecag 1500
ccectecaca atgagetgtg accatcecag gaggectgtg cacacatcce aggeatgtec 1560
cagacacate ccacacgtgt cegtgtggcee ggccagecty gggagtagtg goaacagece 1620
tteegtercac actececcatee aaggaggghbt cttectteck ghggggteac tettgeeatt 1680
geetggaggy ggaccagage atgtgaccag ageatgtgee cageccectee accaccaggy 1740
geactgeecgt catggecaggg gacacagttg tecttgtgtc tgaaccatgt cccagcacgg 1800
gaattctaga catacgtggt ctgecggacag ggcagcgece ccageccatg acaagggagt 1860
cttgtttbet ggcttggttt ggggacctge aaatgggagg cctgaggecce tettcagget 1920
ttggcagecra cagatacttc tgaacccttc acagagagea ggcaggggct teggtgecge 1980
gtgggcagta cgcaggtcce accgacacte acctgggage acggegectg getettacea 2040
gogtetggee tagaggaace ctttgagega cctttgggeca ggtttetget tctteotgttt 2100
tgcccatggt caagtcectg ttecccagge aggtttcage tgattggeag caggetcceet 2160
gagtgatgag cttgaacctg tggtgtttet gggoagaage ttatcttttt tgagagtgte 2220
cgzagatgaa ggcatggcga tgcccgtect ctggettggg ttaattctte ggtgacactyg 2280
geattgetgy gtggtgatge cegtectetyg gettgggtta attetteggt gacactggey 2340

ttoctgggtg geaatgeceg tecketeget tgggttaatt ctteggtgac actggegtty 2400
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ctgagtggey
ggagaatety
caccectegyg
cttgeectte
tattgtaaaa
<210> ¢

<2.1> 502
<212> PRT
<213> Homo

<400> ¢

Met Ser Cys
1
Zeu Cys Arg

Gly Gly Phe
35

His Leu Asp
50

Thr Ser Val
Leu Pro Gln
His Phe Asn

Gln Ala Gly
115

Glu Thr Vval
130

Val Leu Gln
145

Lys Phe Leu
Phe His 2asp

Phe Cys Glu
195

Asp Trp Thr
210

Phe Val Pro
225

atgecegtee
cegttectge
cetggacace
cctecectate

gettttt

sapiens

Pro Val Pr
el

Ala Arg Pr
20

Glu Ser GI,

Ala Leu Al

-11-
tetggettyg gttaattett

cekgeeteca cecacctegy
cclcgaagga gagggegett

actccatact ggggtgggct

o Ala Cys Cys Ala Leu
10

o Arg Asn Ala Leu Leu
25

y Ala Tyr Asn Asn Ser
40

a Arg Arg Ser Leu Leu
55

Ser Ser Cys Ser Pro Ser Arg Ala

70

His Gln As
85

Ser Phe Ag
100

val Arg Th

Tyr Pro Ph

val Gly Ar
15

Gln Thr Gl
165

Pro His Ar
180

Lys Phs Gl

Pro Gln Al

Asn Thr Pr
23

75

n Cly Met Tyr Gly Leu
90

p Lys Val Arg Sex Leu
105

r Gly Ile Ile Gly Lys
120

e Asp Phe Ala Tyr Thr
135

g Asn Ile Thr Arg Ile
0 155

n Asp Asp Arg Pro Phe
170

g Cys Gly His Ser Gln
185

y 2sn Gly Glu Ser Gly
200

a Tyr Asp Pro Leu Asp

o Ala Ala Arg Ala Asp
0 235
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ggatgacgte ggegttgetg 2460

gagcagaagce ceggectgga 2520

ccttgagtag gtgggetccco 2580

ggaggaggec acaggecage 2640

Leu

Leu

Ala

Phe

60

Ser

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

2Asp

Leu

110

val

Asn

Leu

Tyr

TYY

190

Arg

Val

Ala

Leu

15

Asp

Thr

Ala

Thr

val

95

Leu

Gly

Gly

Val

Val

175

Gly

Ile

Pro

Gln

Gly

Asp

Pro

Phe

Gly

80

Ser

Pro

Sexr

Arg

150

Ala

Thr

Pro

Oyr

Tyr
240
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Thr Thr Val Gly Arg

Leu Arg Asp

Asp Asn Gly

275

Gly Thr Ala

290

Trp Gly Gln

305

Thr Ile Leu

Gly Ser Lys

Glu Ala

Glu Val
370

Glu
}55

Thr

Arg Leu Val

385

Asp Phe Tyr

Ala Gly Gln

Arg Ala

Arg
435

Gln Asn Leu

450

Arg Asp
465

Cys Ala

Pro Leu

<210>
<211>
<212>
<213>

<400>

Gln

Pro

10
1014
DNA
Homo

10

Ala

260

Ile

Glu

val

Asp

Thr

340

Pro

Met

val

Pro

420

Trp

Ala

Leu

Asp

Asn
500

245

Gly

Fro

PFro

Ser

Trp

328

Leu

Ser

Asn

Ser

405

Thr

Glu

Thr

Ala

Gly

485

Glu

sapiens

Met

val

Phe

Leu

Glu

310

Phe

His

Trp

Tyr

Leu

330

Prc

Gly

Leu

Lys
470

Val

Leu

Asp

Leu

Pro

Leu

295

Ala

Ser

Leu

Ala

Pro

375

Asn

Thr

TP

Tyr

Leu

Gln

Asn

Ser

280

val

Tyr

Ile

Thr

Thr

360

Met

Phe

Phe

TYyE

Asp

440

Arg

Gln

Gly

Asp

265

Gly

Ser

val

Pro

Gly

345

val

Arg

Lys

Gln

Lys

425

Arg

Phe

Trp

Glu

val

250

Thr

Arg

Ser

Ser

Tyxr

330

Arg

zhe

Sexr

Met

Asp

410

Asp

Ser

Ala

Glu

Lys
490
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Gly

Leu

Thr

Pro

Leu

315

Pro

Ser

Gly

val

Pro

395

Leu

Leu

Arg

Gln

Thr
475

Leu

val

Glu

300

Leu

Ser

Leu

Ser

Gln

380

Leu

Arg

Asp

Leu

460

His

Sexr

val

Ile

Leu

285

His

Asp

Tyr

Leu

Gln

365

His

Pro

Asn

His

2ro

445

Asp

Pro G

Leu

FPhe

270

Tyr

Pro

Leu

Ala

Pro

350

Ser

Arg

Ile

Arg

Tyr

430

Glu

Pro

Gln

255

Thr

Trp

Lys

Thr

Ile

335

ala

Asp

Thr

415

Tyxr

Glu

Met

Trp

cys
495

Glu

Ser

Pro

Arg

Pro

320

Phe

Leu

His

Phe

Gln

400

Thr

Tyr

Thr

Leu

val

480

Gln
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cgtgcetgta atcecageag ctactcacte aggaggctga ggcaggagaa tctctigaac 60

ccggaaggcea gaggttgcag tgagccaaga tcogegccact gaactccage ctgggtgaca 120
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gagtgagact gtctcagaac agcaacaaca aaatgcccge tgctgetggg tecagaagag 180

cttgaataac tgcatgttct ttttctcaat tttcatttee cagaactggy cacctcoggg 240

ctgtgaaaag ttagggaagt gtctgacace tccagaatce attcccaaga agtgectetg 300
gteccactag cacctgegea gactcaggee aggectagaa tcotecagtty geectgeaag 360
tgectggagg aaggatgget ctggcectegyg tectccoceca accelgecca agecagacag 420
acagcacctyg cagacgcagg gggactgcac aattccacct geccaggace .tgaccctgge 480

gtgtgcttgg ccetectect cgeccacgge gectcagatt tcaggaccct cctcecetegea 540
cacggegect cagaccteag gaccotgecg tctcacgect ttgtgaacce caaatatctg 600
agaccagtct cagtttattt tgecaaggtt aaggatgeac ctgtgacage ctoaggaggt 660
cctgacaaca ggtgeccgag gtggcetuggg atacagtttg cctttataca tettagggag 720
acacaagatc agtatgtgta tggegtacat tggttcagte agecttecac tgaatacacg 780
attgagtctg geccagtgas tccgeattthb tatgtaaaca gtaagggaac ggggcaatca 840
tataagegtt tgtctcaggg gagecccaga gggatgactt ccagttcegt ctgtcettig 9200
tcocacaagga atttcecetgg gegetaatta tgagggagge gtgtagette ttatcattgt 960
agctatgtta tttagaaate aaacgggagg caggtttgecc taattcccag cttg 1014
<210> 11

<211> 522

<212> PRT

<213> Homo saplens

<400> 11

Ij‘-Iet Ala 2la val \Slal Ala Ala Thr Arg ‘:Il‘gp Trp Gln Leu Leu ?.L.csau val

Leu Ser Ala Ala Gly Met Gly Ala Ser Gly Ala Pro Gln Pro Pro Asn
20 2 30

Tle Leu Leu Leu Leu Met Asp Asp Met Gly Trp Gly Asp Leu Gly val
35 40 45

Tyr Gly Glu Pro Ser Arg Glu Thr Pro Asn Leu Asp Arg Met Ala Ala
50 55 60

Glu Gly Leu Leu FPhe Pro Asn Phe Tyr Ser Ala Asn 2ro Leu Cys Ser
65 70 75 80

Pro Ser Arg Ala Ala Leu Leu Thr Gly Arg Leu Pro Ile Arg Asn Gly
85 90 95

Phe Tyr Thr Thr Asn Ala His Ala Arg Asn Ala Tyr Thr Pro Gln Glu
Lo0 105 110

Ile Val Gly Gly Ile Pro Asp Ser Glu Gln Leu Leu Pro Glu Leu Leu
115 120 125

Lys Lys Ala Gly Tyr Val Ser Lys Ile Val Gly Lys Trp His Leu Gly
130 135 140

His Arg Pro Glr Phe His Pro Leu Lys His Gly Phe Asp Glu Trp Phe
145 150 155 160
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Gly Ser Pro Asn Cys

Glu

Tyr

Pro

225

Ala

Ala

Gln

Pro
308

Pro

His

Tyx

385

Asp

Glu

Gly

Leu
465

Ile

Phe

Leu

210

Phe

Ser

val

Asp

Gly

290

Phe

Ala

Gln

Gly

Pro

370

Arg

Phe

Phe

Asp

Glu

450

Ser

Pro

Pro

195

Gln

Phe

Lys

Arg

Leu

275

Ala

Leu

Leu

Leu

Leu

355

Thr

Gly

Trp

Cys

His

435

Arg

Arg

Val

180

Ile

Glu

Leu

Pro

Glu

260

His

Ala

Cys

Ala

Gly

340

Thr

Leu

Asp

Thr

Pro

42C

Thr

Phe

165

Tyr

Asn

Ala

Tyr

Phe

245

Ile

val

Leu

aly

Trp

325

Ser

Pro

Leu

Thr

Trp

405

Gly

Lys

Pro

Thr

His

Arg

Leu

Leu

Trp

230

Leu

Asp

Ala

Lys

310

Trp

Ile

Pro

Gln

Leu

390

Thr

Gln

Leu

Leu

Ser
470

Fhe

Asp

Lys

Asp

215

Ala

Gly

Asp

Asp

Sex

295

Gln

Pro

Met

Ser

Gly

375

Met

Asn

Asn

Pro

Ser

455

Val

Gly

Trp

Thx

200

Phe

Val

Thr

Ser

Asn

280

Ala

Thr

Cly

Asp

Asp

360

Arg

Ala

Ser

val

Leu

440

Phe

val

Pro

Glu

185

Gly

Ile

Asp

Ser

Ile

265

Thr

Pro

Thr

His

Leu

345

Arg

Leu

Ala

Trp

Ser

425

Ala

Gln

-14-
Tyr Asp Asn
170

Met val Gly

Glu Ala Asn

Lys Arg Gln
220

Ala Thr His
235

Gln Arg Gly
250

Gly Lys Ile

Phe val Phe

Glu Gln Gly G

300

Phe Glu Gly
315

Phe Thr Thr

Ala Ile Asp

Met Asp Arg
380

Thr Leu Gly
395

Glu Asn Phe
410

Gly val 7Thr
Phe His Leu
Ser Ala Glu

460

Gln His Gln
475

-141-

Lys

Arg

Leu

205

Ala

ala

Arg

Leu

Fhe

285

Gly

Gly

Ser

Gly

365

Pro

Gln

Arg

Thr

Gly

445

Glu

Ala Arg Pro

Tyr

190

Thr

Arg

Pro

Tyr

Glu

27¢

Thr

" Ser

Met

Gln

Leu

350

Teu

Ile

Gln

His

430

Arg

Gln

Ala

175

Tyr

Gln

val

Gly

255

Leu

Ser

Asn

Ary

val

335

Ala

Asn

Phe

Lys

Gly

415

Asn

Asp

Glu

Leu

Glu

Ile

His

TYr

240

Asp

Leu

Asp

Gly

Glu

320

Ser

Leu

Leu

Ty<

ala

400

Ile

Leu

Pro

Ala

Val
480
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Pro Ala Gln Pro Gln Leu Asn Val Cys Asn Trp Ala Val Met Asn Trp
485 490 495

Ala Pro Pro Gly Cys Glu Lys Leu Gly Lys Cys Leu Thr Pro Pro Glu
500 505

Ser Ile Pro Lys Lys Cys Leu Trp Ser His
520

515
<210> 12
<211> 2379
<212> DNA
<213> Homo sapiens
<400> 12

ggaattccgg teggectcte geccttcage tacctgtgeg teocctecgte cogtecegte 60
écggggtcac cccggagect gteegelbatyg cggotccotge ctetagecce aggteggete 12¢
cggeggggea goeccegoca ccotgecetee tgeageccag cgetectact geotggtgetg 180
ggeggetgee tggggétctt cggggtgget gegggaacce ggaggoccaa cgtggtgctg 240
cteckeacgg acgaccagga cgaagtgete ggeoggeatga caccactaaa gaaaaccaaa 300
gctecteateg gagagatggg gatgactttt tecagtgett atgtgecaag tgetctetge 360
tgceccagea gagecagtat cctgacagga aagtacccac ataatcatca cgttgtgaac 420
aacactctgg aggggaactg cagtagtaag tectggeaga agatccaaga accaaatact 480
ttcecageaa ttectcagate aatgtghggt tatcagacct tttttgcagy gaaatattta 540
aatgactacg gagccccaga tgoaggtgga ctagaacacg ttectetggg ttggagttac 600
tggtatgect tggaaaagea ttctaactat tataattaca ccctgtetat caatgggaag 660
gcacggaagc atggtgaacza ctatagtgtg gactacctga cagatgtttt ggctaatgte 720
tcecttggact ttotggacta caagtccaac tttgagcect tettcatgat gatcegecact 780
ccagegecte attegectty gacagetgea ccteagtace agaaggettt ccagaatgte 840
tttgcaccea gaaacaagas cttcaacabc cabggaacga acaagcactg gttaattagg 900
caagccaacga ctecaatgac taattettea atacagtttt tagataatge atttaggaaa 960
agotggcaaa ctectectete agttgatgac cttgtggaga aactggtcaa gaggctggag 1020
ttcactgggy agctcaacaa cacttacate ttetatacet cagacaatgg ctatcacaca 1080
ggacagtttt ccttgccaat agacaagaga cagetgtaty agtttgatat caaagttcca 1140
ctgttggttc gagvacctgy gatcaaacca aatcagacaa gcaagatget ggttgccaac 1200
attgacttgg gtcctactat tttggacatt gotggetacy acctaaataa gacacagatg 1260
gatgggatgt ccttattgcec cattttgaga ggtgecagta acttgacctyg gegatcagat 1320
gtectggtgg aataccaagg agaaggcegt aacgteactg acccaacatyg cecttocctg 1380
agtcctggcg tatctcaaty cttececagac tgtgtatgtg aagatgetta taacaatace 1440
tatgectgtg tgaggacaat gteageattyg tggaétttgc agtattgcga cgtttgatgac 1500
caggaggtgt ttgtagaagt ctataatctg actgeagace cagaccagakt cactaacatt 1560
gctaaaacca tagacccaga gettttagga aagatgaact atcggttaat catgttacag 1620
tectgttetg ggecaacctg tegeacteca ggggtttttg accccggata caggtttgac 1680

cceecgtetea tgttecageaa tegeggeagt gteaggacte gaagatttte caaacatcett 1740

-142-




WO 2004/072275 PCT/US2004/003632
-16-

ctgtaccgac ctcacacagce ctectgcagat ggatccctge acgectettt ctgatgaagt 1800
gattgtagta ggtgtctgta getagtcttc azgaccacac ctggaagagt ttctgggety 1860
getttzagte ctgtttgaaa aagecaaccca gtecagetgac ttectegtge aatgtgttaa 1920
actgkgaact ctgcccatgt gtcaggagtg getgtctetg gtetcttoet ttagetgaca 1980
aggacactce tgaggtettt gttetcactg tatttttttt atcctgggge cacagttctt 2040
gattatteet cttgtggtta aagactgaat ttgtaaaccc attcagataa atggcagtac 2100
tttaggacac acacaaacac acagatacac ctittgatat gtaagcttga cctaaagtea 2160
aaggacctgt gtagcatttc agattgegca cttcactatc aaaaatacta acatcacatg 2220
gcttgaagag taaccatcag agctgaatca tccaagtaag aacaagtacc attgttgatt 2280
gataagtaga gatacatttt ttatgatgtt catcacagtg tggtaaggtt gcaaattcaa 2340
aacatgtcac ccaagcetctg tteatgtttt tgtgaattce 2379
<210> 13

<211> 552

<212> PRT

<213> Homo saplens

<400> 13

Met Arg Leu Leu Pro Leu Ala Prc Gly Arg Leu Arg Arg Gly Sexr Pro
1

Arg His Leu Pro Ser Cys Ser Pro Ala Leu Leu Leu Leu Val Leu Gly
20 25 30

Gly Cys Leu Gly Val Phe Gly Val Ala Ala Gly Thr Arg Arg Pro Asn
35 40 45

Val Val Leu Leu Leu Thr Asp Asp Gln Asp Glu Val Leu Gly Gly Met
50 55 60

Thr Pro Leu Lys Lys Thr Lys Ala Leu Ile Gly Glu Met Gly Met Thr
65 70 75 80

Phe Ser Ser Ala Tyr Val Pro Ser Ala Leu Cys Cys Pro Ser Arg Ala
85 90 95

Ser Ile Leu Thr Gly Lys Tyr Pro His Asn His His Val val Asn &sn
ico 105 110

Thr Leu Glu Gly Asn Cys Ser Ser Lys Ser Trp Gln Lys Ile Gln Glu
115 120 125

2ro Asn Thr Phe Pro Ala Ile Leu Arg Ser Met Cys Gly Tyr Gln Thr
130 135 140

Phe Phe Ala Gly Lys Tyr Leu Asn Glu Tyr Gly Ala Pro Asp Ala Gly
145 150 155 160

Gly Leu Glu His Val Pra Leu Gly Trp Ser Tyr Trp Tyr Ala Leu Glu
165 170 175

Lys Asn Ser Lys Tyr Tyr Asn Tyr Thr Leu Ser Ile Asn Gly Lys ala
180 185 190
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Arg Lys His

Ala

Phe

225

Ala

Lys

Ala

Phe

Lys

305

Ile

val

Asp

385

Arg

Gln

Pro

Gln
465

Pro

Asn

210

Phe

Prc

Asn

Lys

Arg

290

Leu

Phe

Ile

val

ala

370

Leu

Gly

Gly

Gly

Asn

450

Tyr

Thr

Glu

195

Val

Mel

Gln

?he

Thr

275

Val

Tyxr

Asp

Arg

355

Asn

Agn

Ala

Glu

Val

435

Thr

Cys

Ala

Leu

Gly

Ser

Met

Tyr

Asn

260

Ero

Ary

Lys

Thr

Lys

340

Gly

Ile

Lys

Ser

Gly

420

Ser

Tyr

Glu

Asp

Leu
500

Glu

Leu

Gln

245

Ile

Met

TR

Arg

Ser

325

Arg

Pro

Asp

Thr

Asn

405

Arg

Gln

Ala

Phe

Pro
485

Asn

Asp

Ala

230

Lys

His

Thr

Gln

Leu

310

Asp

Gln

Gly

Leu

Gln

390

Leu

Asn

Cys

Cys

Asp

470

Asp

Lys

Tyr

Fhe

215

Thr

Ala

Gly

Asn

Thr

295

Glu

Asn

Leu

Ile

Gly

375

Thr

val

Fhe

Val

455

Gin

Met

Ser

200

Leu

Pro

Phe

Thr

Ser

280

Leu

Phe

Gly

Tyr

Lys

360

Pro

Asp

Trp

Thr

Pro

440

Arg

Gln

Ile

Asn

Val

Asp

Ala

Gln

Asn

265

Ser

Leu

Thr

Tyr

Glu

345

Pro

Thr

Gly

Arg

Asp

425

Asp

Thr

Glu

Thr

Ty
505

Asp

Pro

Asn

250

Ile

Ser

Gly

His

330

Phe

Asn

Ile

Met

Ser

410

Pro

Met

Val

Asn

490

Arg
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Tyr

Lys

His

235

Val

His

Gln

Val

Glu

315

Thr

Asp

Gln

Leu

Sex

385

Asp

Thr

Val

Ser

Phe

475

Leu
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Leu

Ser

220

Ser

Phe

Trp

Phe

Asp

300

Leu

Gly

Ile

Thr

Asp

380

Leu

val

cys

Ala

460

val

Ala

Met

Thr

205

Asn

Pre

Ala

Leu

Leu

285

Asp

Asn

Gln

Lys

Ser

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

Ser

430

Asp

Trp

Val

Thr

Leu
510

val

Glu

Thr

Arg

255

Arg

Asn

val

Thy

Ser

335

Pro

Met

Gly

Ile

Glu

415

Leu

Ala

Asn

Tyr

Ile

495

Gln

PCT/US2004/003632

Leu

Pro

Ala

240

Aszn

Gln

Ala

Glu

Tyr

320

Leu

Leu

Leu

Tyr

Leu

400

Tyr

Ser

“yr

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
515 520

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

Arg Arg Phe Ser Lys His Leu Leu
545

550
<210> 14
<211> 2022
<212> DNA
<213> Homo szapiens
<400> 14
ccggtaccgg ctecteckgg geteecteta gegecttece cecggeccga chgectggte 60

agegecaagt gacttacgee cecgaccetg ageccggacc gotaggcgag gaggatcaga 120
tctecgeteg agaatctgaa ggtgecctagg tectggagga ghttccgteee ageectgegy 18¢C
tcteoccgata ctgetegeee cggecctelyg gaguttcagg aggeggeegt cagggteggg 24Q
gagtatttgg gtceggggte tcagggaagg geggegectg ggtetgeggt atcggaaaga 30C
gcetgetgga gecaagtage cetcectete ttgggacaga ccecteggte ccatgtecat 360
gggggcaccy cygctecctee tectggeecet gootgetgge ctggeegttg ccegtecgee 420
caacategty ctgatctity cegacgacct cggetatggg gacctggget getatgggea 48Q
ccecagetet accactecca acctggacca getggeggeg ggagggetge ggttcacaga 540
cttetacgtyg cctgtgtete tgtgeacace ctetagggee gecctectga coggeegget 600
ceeggttegg atgggeatgt acectggegt cotgatgece agetcceggy ggggcctgee 660
cctggaggag gtgaccgtgg ccgaagtect ggctgcccga ggetacctca caggaatgge 720
cggeaagtgg caccttgggy tggggectga gggggcctte ctgeeccccee atcagggett 780
ccatcgattt ctaggcatce cgtactcecea cgaccaggge cectgccaga acctgacctg 840
cttececegeeg geocactectt gegacggtgy ctgtcaccag ggectggtcee ccatcccact 900
gttggceaac ctgteogtgg aggogeagec ccectggety cecggactag aggeccgeta 960
catggcttte geoccatgace tcatggeega cgeccagege caggatcgee cettettect 1020
gtactatgee tctecaccaca cccactacce tcagttceagt gggeagaget ttgeagageg 1080
ttcaggcege gggecattty gegacteect gatggagetg gatgcagety tggggaccct 1140
gatgacagce ataggggace tggggctget tgaagagacg ctggtcatet teactgeaga 1200
caatggacct gagaccatgc gtatgtcceg aggeggetge tccggtetet tgcggtgtgg 1260
aaagggaacg acctacgage gcggtgtccg agagoetgec ttggectict ggocaggtca 1320
tategetcce ggegtgacee acgagetgge cagetecctg gacctgetge ctaccctgge 1380
agcectgget ggggecccac tgeccaatgt caccttggat ggcetttgace teagcccect 1440
gctgetggge acaggeaaga geecteggea gtetctette ttctaccegt cetacccaga 1500
cgaggtceegt gggotttttg ctgtgeggac tggaaagtac aaggcetcact tcttcaccca 1560
gggctetgee cacagtgata ccactgeaga ccctgectge cacgentcca getctctgac 1620
tgcteatgag ccccegetge tctatgacct gtecaaggac cetggtgaga actacaacct 1680

getgggggat gtggeegggg ccaccecaga ggtgetgcaa gecctgaaac agettcaget 1740

-145-




WO 2004/072275 PCT/US2004/003632
-19-

gctcaaggece cagttagacg cagetgtgac ctteggeece agecaggtgg cccggggega 1800
ggacccegec ctgeagatct geotgtcatee tggetgeace ccccgeccag cttgetgecea 1860
ttgeccagat ceccatgect gagggcccet cggetggect gggeatgtga tggectectea 1920
ctgggageet gtgggggagg ctcaggtgte tggagggggt ttgtgectga taacgtaata 1980
acaccagtgg agacttgcac atctgaaaaa aaaaazaaaa aa 2022
<210> 15
<211> 507
<212> PERT
<213> Homo sapiens
<400> 15
Met Gly Ala Pro Arg Ser Leu Leu Leu Ala Leu Ala Ala Gly Teu Ala
1 -

3 10 15

Val Ala Arg Pro Pro Asn Ile Val Leu Ile Pae Ala Asp Asp Leu Gly
20 25 30

Tyr Gly Asp Leu Gly Cys Tyr Gly His Pro Ser Ser Thr Thr Pro Asn
35 40 45

Leu Asp Gln Leu Ala Ala Gly Gly Leu Arg Phe Thr Asp Phe Tyr val
50 55 60

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

Leu Pro Val Arg Met Gly Met Tyr Pro Gly Val Leu Val Pro Ser Ser
85 90 25

Arg Gly Gly Leu Fro Leu Glu Glu Val Thr Val Ala Glu Val Leu Ala
100 105 110

Ala Arg Gly Tyr Leu Thr Gly Met Ala Gly Lys Trp His Leu Gly Val
115 120 125

Gly Pro Glu Gly Ala Phe Leu Pro Pro His Gln Gly Phe His Arg Phe
130 135 140

Leu @ly Ile Pro Tyr Ser His Asp Gln Gly Pro Cys Gln Asn Leu Thr
145 150 155 160

Cys Phe Pro Pro Ala Thr Pro Cys Asp Gly Gly Cys Asp Gln Gly Leu
165 170 175

Val Pro Ile Pro Leu DLeu Ala Asn Leu Ser Val Glu Ala Gln Pro Pro
180 185 190

Trp Leu Pro Gly Leu Glu Ala Arg Tyr Met Ala Fhe Ala His Asp Leu
195 200 205

Met Ala Asp Ala Gln Arg Gln Asp Arg Pro Phe Phe Leu Tyr Tyr Ala
210 215 220

Ser His His Thr His Tyr Pro Gln Phe Ser Gly Gln Ser Phe Ala Glu
225 230 235 240
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Arg Ser Gly Arg

Ala val

Gly

Glu Thr Leu

275

Met Ser Arg
290

Thr Tyr Glu

His Ile

Leu Pro

370

Gly val

38h

Ala

Thx

o Gly

355

Gln

Phe

Gln Gly Ser

Ser Ser

Lys Asp

Thr Pro

450

Gln Leu

465

Glu Asp

Ser

Pro

435

Glu

Asp

Pro

Pro Ala Cys

<210>
<211>
<212>
<213>

<400>

16
2228
DNA
Homo

16

Thr

260

Val

Gly

Gly

Pro

Leu

340

The

Ser

Ala

Ala

Leu

420

Gly

val

ala

aAla

Cys
500

Gly

24t

Ile

Gly

Gly

Gly

328

Ala

Leu

val

His

405

Thr

Glu

Leu

Ala

Leu

485

His

sapiens

Pro

Met

Phe

Cys

val

310

val

Ala

Leu

Phe

Arg

390

Ser

Ala

Asn

Gln

Val

470

Gln

Cys

Phe

Thr

Thr

Ser

295

Arg

Thr

Leu

Ser

Phe

375

Thr

Asp

His

Tvr

Ala

455

Thr

Ile

Pro

Gly

Ala

Ala

280

Gly

Glu

Ala

Pro

360

1r'yx

Gly

Thr'

Glu

Asn

440

Phe

Cys

Asp

Ile

265

Asp

Leu

Pro

Glu

Gly

345

Leu

Pro

Thr

Pro

425

Leu

Lys

Gly

Cys

Pro
505

Ser

250

Gly

Asn

Leu

Ala

Leu

330

Ala

Leu

Ser

Tyr

Ala

410

Leu

Gln

Pro

His

490

His
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Leu

Asp

Gly

Arg

Leu

315

Ala

Pro

Leu

Lyr

Lys

395

Asp

Leu

Gly

Leu

Ser

475

Pro

ala

Met

Leu

Pro

Cys

300

Ala

Ser

Leu

Gly

Pro

380

Ala

Pro

Leu

Gly

Gln

460

Gln

Gly

Glu

Gly

Glu

285

Gly

Phe

Ser

Pro

Thr

365

Asp

Ala

Tyr

val

445

Leu

Val

Cys

Len

Leu

270

Thr

Lys

Trp

Leu

Asn

350

Gly

Glu

Phe

Cys

Asp

430

Ala

Leu

Ala

Thxr

Asp

255

Leu

Met

Gly

Pro

Asp

335

val

Lys

val

Phe

His

415

Leu

Gly

Lys

Arg

Pro
495

Ala

Glu

Arg

Thr

Gly

320

Leu

Thr

Ser

Arg

Thr

400

aAla

Sex

Ala

Ala

Gly

480

Arg
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acaaggatgg gtccgegegg cgeggegage ttgecccgag gecceggace teggeggctg 60

ctectecceg tegtecteee getgetgctg ctgctgttot tggegecgee gggcteggac 120
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gccggggeca geeggeegee ccacctggte ttettgetgg cagacgacct aggctggaac 180
gacgtegget tccacggete ccgeatccge acgeegeace tggacgeget ggeoggocgge 240
gggutgctee tggacaacta ctacacgcag cegetgtgca cgecgtogeg gagcocagety 300
ctcectggee gctaccagat ccgtacaggt ttacagcace aaataatctg geocctgtceag 360
cccagetgty ttoctctgga tgaaazacte ctgececcage tectzaaaga ageaggttat 420
actacccata tggtcggaaa atggcacctyg ggaatgtace ggaaagaatg ccttecaace 480
cgccgaggat ttgataccta ctttgoatat ctectgggta gtgaagatta ttatbcccat 540
gaacgcetgta cattaattga cgetctgaat gteacacgat gtgetcttga ttttegagat 600
ggcgaagaag ttgcaacagyg atatazaaat atgtattcaa casacatatt caccaaaagg 660
gctatagece tcataactaa ccatccacca gagaagcctce tgtttetcta ccttgetcte 720
cagtctgtge atgagecect tcaggtecct gaggaatact tgaagccata tgactttate 780
caagacaaga acaggcatca ctatgeagga atggtgtccc ttatggatga ageagtagga 840
aatgtcactg cagctttaaa aagcagtggg ckctggaaca acacggtgtt catcttttct 900
acagataacg gagggcagac tttggecaggg ggtaataact ggccectteg aggaagaaaa 960
tggagecetgt gggaaggegy cgtccgagoyg gtgggettty tggezagecc cttgetgaag 1020
cageagggcg tgaagaaccyg ggagctcate cacatctetg actgectgec aacactegtg 1080
aagctggeca ggggacacac caatggcaca aagcctotgg atggettega cgtgtggaaa 1140
accatcagtyg aagdgaagcec aktcecccaga attgagetge tgcataatat tgacccaaac 1200
ttcgtggact cttcaccgtyg toccaggaac agecatggetc cagcaaagga tgactettet 1260
cttecagaat attecageett taacacatet gtccatgetyg caattagaca tggaaattgg 1320
aaactcctca cgggctaccce aggetgtggt tactggttee ctccaccgte tcaataczat 1380
gtttetgaga tacccteate agacccacca accaagacec tcotggetcott tgatattgat 1440
cggeaccctyg aagaaagaca tgacctgtce agagaatate ctcacategt cacaaagcte 1500
ctgtececcgee tacagttcta ccatasacac tcagtccecg tgtacttccece tgeacaggac 1560
ccecegetghy atcccaagge cactggggtyg tggggeeett ggatctagga tttcaggnag 1620
getagaaaac ctttcaattg gaagttggac ctcaggectt ttetcacgac tecttgtetca 1680
tttogttatce caacctgggt tcacttggee cttetettge tettaaacca caccgaggty 1740
tetaatttea accectaaty catttaagaa getgataaaa tctgecaacac tecctgetgtt 1800
ggctggagca tgtgtctaga ggtggggotyg getgggttta tcccecttte ctaagectty 1860
ggacagctgy gaacttaact tgaaatagga agttctcact gaatcetgga ggotggaaca 1920
getggetett ttagactcac aagtcagacg ttcgatteec ctetgecaat agecagtttt 1980
attcgagtga atcacatttc ttacgcaaat gaagggagca gacagtgatt aatggttctg 2040
ttggecaagy ctteteecty tecggtgaagg atcatgtteca ggcactecaa gtgaaccace 2100
cctettggtt caccccttac tcacttatct catcacagag cataaggcce attttgttgt 2160

tcaggtcaac agcaaaatgg cctgcaccat gactgigget tttaaaataa agaaatgtgt 2220

ttttateg 2228
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ccaatatcga ceggttggee agtgggggag tgaaactcac tcageacctg gcagcatcac 420
cgctgtgecac accaageagyg geagecttca tgactggeeg gtacectgte cgatcaggaa 480
tggcatctig gtecegeact ggagttttce tettcacage cbellheggga ggacticcca 540
cegatgagat tacctttgot aagcttctga aggatcaagg ttattcaaca geoactgatag 600
ggaaatggeca ccttgggaty agetgtcaca geaagactga cttctgtcac caccctttac 660
atcacggctt caattatttc tatgggatct ctttgaccaa tctgagagac tgecaagceceg 720
gagagggcag tgtettcace acgggettca agaggetggt cttecteccee ctgecagatey 780
tcggggtecac cctecttace cttgetgeac teaattgtet ggggctacte cacgtgecte 840
taggegtttt tttcagecott ctettcectag cagoectaat ccotgaccctt ttcttggget 90a
tectteatta cttecggece ctgaactget teatgatgag gaactacgag atcattcage 2860
agcccatgte ctatgacaat ctcacccaga ggctaacggt ggaggeggec cagttcatac 1020
agcggaacac tgagactccg ttoctgettg tettgtocta cctecacgtg cacacagece 1080
tgttctecag caaagacttt getggceaaa gtcaacacgg agtctacggg gatgetgttg 1140
aggaaatgga ctggagtgtg gggcagatct tgaaccttct ggatgagetg agattggeta 1200
atgataccet catcetactte acatcggacce agggagcaca tgtagaggag gtgtcttcoca 1260
aaggagaaat tcatggecgga agtaatggga tctataaagg aggaaaagca aacaactggyg 1320
aaggaggtat cogggttcca ggoatcctte gttggeccag ggtgatacag gotggecaga 1380
agattgatga gcccactage aacatggaca tatttectac agtagecaag ctggetggag 1440
cteeccttgee tgaggacagg atcattgatg gecgtgatct gatgcocccctg cttgasggaa 1500
aaagccaacyg ctcegatecat gagtttctet tecattactg caacgectac ttaaatgotg 1560
tgcgetggea cectecagasc agcacatcca tetggaagge ctttttette acccccaact 1620
tcaacccegt gggttccasc ggatgetttg ccacacacgt gtgettetgt ttegggagtt 1680
atgtcaccca tcacgacceca cckttactet ttgatattte caaagatcee agagagagaa 1740
acccactaac tccagcatbce gageccceggb bltatgaaat ccltcazaagle atgcacgaag 1800
ctgeggacag acacacccag accctgccag aggtgcccga tcagttttca tggaacaact 1860
ttetttggaa geectggett cagetgtgct gtecttecac cggectgtet tgecagtgtg 1920
atagagaaaa acaggataag agactgagce gctagcageg cctggggacc agacagacge 1980
atgtggcaaa getcaccate ttcactacaa acacgectga gagtggeact ggggaaacat 2040
aactccatet acaccttgga tttggactga ttcticcatt: tatcacctga aggcttggge 2100
cagagctcza cagctactca actggagggg tgagggggat aaggtcetgta gtatacagac 2160
agoaagatog taggtttatg ccttekgtgy ccagagtett ggactcatgy aaatagaatg 2220
aatagaggcg cattcacaag gcacaccagt gcaagcagat gacaaaaagg tgcagaagge 2280
aatcttaaaa cagaaaggtyg caggaggtac cttaactcac ccctcageaa atacctatgt 2340

caacagtata agttaccatt tactctataa tctgcagtga tgcaataacc agcataataa 2400

a 2401
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gggecagege teggecatge gatcogeege geoggagggga cgogecgcege ccgeegecag 120
ggactctityg ceggtgetac tgtttttatg cttgettety aagacgtgtyg aacctaaaac 180

tgcaaatgce tttaaaccaa atatcctact gatcatggcy gatcatctag geactgggga 240

teteggttoe tacgggaaca atacactgag aacgecgaat attgaccage ttgcagagga 300
aggtgtgagg ctcactcage acctggegge cgecccgetc tgcaccccaa gecgagetge 360
attcctcaca gggagacalt ccttcagatce aggecatggac gcragcaaty gataceggge 420

ccttcagtgy aacgcagget caggtggact ceoctgagaac gaaaccactt ttgcaagsat 480
cttgeageayg catggctaty ceaccggect cataggaaaa tggcaccagg gtgtgaattyg 540
tgcatcecge ggggatcact gecaccacce cctgaaccac ggatttgact atttctacgg 600
catgeectte acgetcacaa acgactgtga ccocaggeagg ccccccgaag tggacgecge 660
cctgagugeg cagetetggy gttacaccca gttectggey ctggggatte tcaccctgge 720
tgceggecag acctgeggtt tettctctgt ctecegegaga geagtcaccyg geatggccgg 780
cgtgggetge ctgttitttea tetcttggta ctecteette gggtttgtge gacgetggaa 840
ctgtateccty atgagazacc atgacgtcac ggagcaacce atggttctgg agaaaacage 9200
gagtcttatg ctaaaggaag ctgtttecta tattgaaaga cacaagcatg ggecatttet 960
cctettectt tckttgetge atgtgeacat tececttgtg accacgagbg cattcecctggg 1020
gaaaagtcay catggcttat atggtgataa tgtggaggag atggactgge tcataggtaa 1080
ggttecttast gecatcgaag acaatggttt aaagaactca acattcacgt atttcacctc 1140
tgaccatgga ggacatttag aggcaagaga tggacacage cagttagggy gatggaacgg 1200

aatttacaaa ggtgggeagyg gcatgggagg atgggaaget gggatccgag tgcccgggat 1260

cttecactgy ceogggggatace teccggoegg cogagtgatt ggagagecca cgagoctgat 1320
ggacgtgttc cctactgtgy tccagetggt ggctggcgag gtgccccagg acagggtgat 1380
tgatggecae agoctggtac cecttgetgea gggagetgag geacgetegg cacatgagtt 1440
cctgttteat tactgtggge agcatcttca cgcageacge tggcaccaga aggacagtgg 1500
aagcgtctgg aaggttcatt acacgaccee geagbtccac cccgaggage geggectgcet 1560
aacggccgag gegtetgece atgctgaatg gggaggegtg acccatcaca gaccccctth 1620
gctetttgac ctcotccaggg accoctecga ggeacggeee ctgacceeeg actecgagee 1680
cetgtaccac gecgtgetag caagggtagg tgecgeggtg teggageatce ggecagacccet 1740
gagtcctgtg ccccageagt tttccatgag caacatecty tggaageegt ggetgeagec 1800
gtactgegga cattteccgt tetgtteatg ccacgaggat ggggatggea cccectgaat 1860

gccaggactg tgagagagga tccaggagag cctgactgeg ttgcaaacaa aattctccaa 1920

gcttggttct atcttecagtc cggaa 1945
<210> 21

<211> 583

<212> PRT

<213> Homo sapiens
<400> 21
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1 5 10 15
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20 25 30
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getegetgta ctgctaagtt tggecaccate agettecage gacatttecy ccoteecgace 180
gaacatcctt cttctgatgg cggacgacct tggeattggg gacattgget getatggeaa 240
caacaccaty aggactccga atattgaccg ccttgecagag gacggegtga agetgaccca 300
acacatctet gocgeatett tgtgcaccee aagcagagece gectlectea cgggcagata 360
cectgtgega tcagggatgg tttccageat tggttaccegt gttcttecagt ggacceggage 420
atctggaggt cttccaacaa atgagacaac ttttgcaaaa atactgaaag agaaaggcta 480
tgccactgga ctecattggaa aatggcatct gggtctcaac tgtgagtcayg ccagtgatca 540
ttgccacéac cctetecate atggcttiga geatttctac ggaatgectt tctecttgat 600
gagtgattge gecccgetggg aactctcaga gaagegtgte aacctggaac aaaaactcaa 660
cttoctotte caagtectgg cottggttge cctecacactg gtagcaggga agctcacaca 720
cctgatacce gtetcgtgga tgccggtcat ctggtcageoe cttteggeeg tectectect 780
vgcaagctee tattttgtug gtgetctgat tgtccatgec gattgettte Lgatgagaaa 840
ccacaccate acggagcage ccatgtgett ccaaagaacg acacccectta tteotgeagga 900
ggttgegtee tttctcamaa ggaataagca tgggecttte ctectetttg tttectttet 960
acacgttcac ateccctetta tcactatgga gaactteccte gggaagagtc tccacgggct 1020
gtatggggac aacgtagagg agatggactg gatggtagga cggatccttyg acactttgga 1080
cgtggagggt ttgagcaaca gesccctcat ttattttacg teggatcacg goggttcocct 1140
agagaatcaa cttggaaaca cccagtatgg tggctggaat ggaatttata aaggtgggaa 1200
gggcatggga ggatgggaag gtgggatccg cgtgcceggg atctteocget ggeceggggt 1260
gcteeeggec ggecgagtga ttggogagee cacgagtctg atggacgtgt tccccaccgt 1320
ggtceggety gegggeggeg agotgeccca ggacagagtyg attgacggec aagaccttet 1380
geecttgete ctggggacag cccaacacte agaccacgag ttectgatge attattgtga 1440
gaggtttety cacgcageca ggtggeatca acgggacaga ggaacaatgt ggaaagteca 1500
ctttgtgacy cctgtgttce agccagagay agccggtgoe tgctatggaa gaaaggtetg 2560
cecegtgelbtt ggggaaasmag taglhccacca cgatbecacct tlgetettiy acctetcaag 1620
agacccttet gagacccaca toctcacace agecteagag ccegtgttet atcaggtgat 1680
ggaacgagte cagcaggcgg tgtgggaaca ccageggaca cteageccag ttectetgea 1740

gctggacagy ctgggcaaca tctggagacce gtggetgcag cectgetgtg geccegttcece 1800

cctetgetgy tgecttaggg aacatgaccee acaataaatg tetgcagtga aaagetgg 1858
<210> 23

<211> 589

<212> PRT

<213> Homo sapiens
<4£00> 23
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1 5 10 15
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. 20 30

Ile Ser Ala Ser Arg Pro Asn Ile Leu Leu Leu Met Ala Asp Asp Leu
35 40 45
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taatgagaca acacttgecag ccttgetaza gaagcaagga tacagcacgg ggcttatagg 480
caaatggcac caaggettga actgegacte cegaagtgac cagtgecace atccatataa 540

ttatgggttt gactactact atggcatgce gttcactete gttgacaget gelggecgga 600
ccectotegt aacacggaat tagectttga gagtcagete tggetetgty tgcagetagt 660
tgecattgee atcctcacce taacctttgg gaagctgage ggctgggtet ctgttccctg 720
gctecetgate tbctecatga ttetgtttet tttectcttg ggetatgett ggttctocag 780
ccacacgtee cetttatact ggeactgect ceteatgegg gggcacgaga teacggagea 840
gcecatgaay gotgaacgag ctggatccat tatggtgaag gaagcgattt cctttttaga 900
aaggcacaght aaggaaactt teccttetett ttteteettt ctteacgtge acacacctet 960
ccecaccacy gacgatttea ctggcaccag caagcatgge ttgtatgggg ataatgtgga 1020
agagatggac tccatggtgg gcaagattct tgatgcetate gatgattttg gectaaggaa 1080
caacaccctt gtctacttta catcagatca cggagggcat ttggaageta ggcgagggcea 1140
tgeccaactt ggtggatgga atcgaatata caaaggtgga aaaggcatgg ggggctggga 1200
aggtggaate cgegteccayg gaattgtecg atggectgga aaggtaccag ctggacggtt 1260
gattaaggaa cctacaagtt taatggatat tttaccaact gtegeatecag tgtecaggagg 1320
aagtctecet caggacaggy tcattgacgg cegagaccte atgeccttge tgcagggcaa 1380
cgtcaggeac tcggageatg aatttetttt ccactactgt ggetcctace tgecacgeegt 1440
geggtggate cocaaggacy acagtgggte agtttggaag getcactatg tgaccccoggt 1500
attcecageca ccagettctg gtggcotgeta tgtcacctea ttatgeagat gtttecggaga 1560
acaggttace taccacaacc cccctetget cttegatete tccagggace cctcagagte 1620
cacacccetg acacctgeoca cagageccet ctatgatttt gtgattaaaa aggtggecaa 1680
cgcectgeag gaacaccagyg aaaccatcegt gectgtgace taccaactct cagaactgaa 1740
tcagggcagyg acgtggctga agecttgety tggggtgtte ccattttgte tgtgtgacaa 1800
ggaagagcaa gtctctecage ctcggggtcc taacgagaag agataattac aatcaggecta 1860
ccagaggaag cctttggtec taacgagaag agataattac aatcaggeta ccaaaggaag 1920
cactaacttt ggtgcttbca agttggcaag gagtgcattt aatagtcaat aaattcatct 1980
accattecag attatt 1996
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380

-161-

Ser

Ile

Leu

Leu

125

Gln

Asn

Sex

Gln

Thr

205

Phe

Ser

Glu

Val

Leu

285

Asp

Glu

Phe

Gly

Gly

355

Arg

Leu

Arg

Ala

110

Leu

Gly

Tvr

Cys

Leu

190

Phe

Ser

His

Ile

Lys

270

Leu

Asp

Glu

Gly

His

350

Ile

val

Cys

Ser

95

Val

Lys

Leu

Gly

Trp

175

Trp

Gly

Met

Thr

Thr

255

Glu

Phe

Phe

Met

Leu

335

Leu

Tyr

Pro

PCT/US2004/003632

Ser

80

Gly

Pro

Lys

Asn

Phe

150

Pro

Leu

Lys

Ile

Ser

240

Glu

2la

Fhe

Thr

Asp

320

Arg

Glu

Lys

Gly




WO 20

Ile val
385

Pro Thr

Gly Ser

TYT Cys
450

Ser Gly
465

Pro Ala

Glu Gln

Asp Pro

Asp Phe
530

Thr Ile
545

Thr Trp

Lys Glu

<210>
<211>
<212>
<213>

<400>
atggget:

cotetty
alktttgg
actgeea;
gceteca
ggagtca
ttggcay:

ggacace:

tatagecatg

04/072273

Arg Trp Pro

Ser Leu Met
405

Leu Fro Gln
420

Gln Gly Asn
435

Gly Ser Tyr

Ser Val Trp

Ser Gly Gly
485

Val Thr Tyr
500

Ser Glu Ser
515

Val Ile Lys

Val Pro Val

Leu Lys Pro
565

Glu Glu val
580

26

1578

DNA

Homo sapiens

26
ggc

tgg
ccg
acc
cct
cac
agg

acg

tctttctaaa
atttttgeat
atgacatggg
ttgataagat
gcteacecte
gcaactttge
tgctgcagea
gctcttatca

atatgggetg

Gly

390

Asp

Asp

Val

Leu

Lys

470

Cys

His

Thr

Lys

Thr

550

Cys

Ser

Lys

Ile

Arg

Arg

His

455

Ala

TYyr

Asn

Pro

val

535

Tyr

Cys

Gln

Val

Leu

Val

His

440

Ela

Vval

Prc

Leu

520

Ala

Gln

Gly

Pro

ggttttgttg
cagtgggaaa
gtggggtgac
ggctteggag
cegggettee
agtcacttct
ggcgggttac
cececaactte

tactgatact

Pro Ala

Pro Thr
410

Ile Asp
425

Ser Glu

Val 2rg

Tyr Val

Thr Ser
490

Pro Leu
505

Thr Pro

Asn Ala

Leu Ser

Val Fhe

570,

Arg Gly
585

35-

Gly

395

val

Gly

His

Trp

Thr

475

Leu

Leu

ala

Leu

Glu

555

Pro

Pro

gegggagtga

acaagaggac

arg

Ala

Arg

Glu

Ile

460

Pro

Cys

Phe

Thr

Lys

540

Leu

Phe

Asn

Leu

Ser

Asp

Phe

445

Val

Arg

Asp

Glu

525

G-u

Asn

Ile

val

Leu

430

Leu

Lys

Phe

Cys

Leu

510

Prao

His

Gln

Leu

Lys
590

gtttctcagg

agaagccaaa

ctgggagcaa actgggeaga

ggaatgaggt

ttgtggattt

ttgcteacey gocggettay

gtgggaggee

gteactggga

cotggtttty

ccaggctaca

-162-

Lys

Ser

415

Met

Phe

Asp

Gln

Phe

495

Ser

Leu

Gln

Gly

Cys

575

Arg

Glu
400

Gly

Pro

Asp

Pro

480

Gly

Arg

Glu

Arg
560
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atttetttat 60
ctttgtgatt 120
aacaazggac 180
ccatgeaget 240

ccttcgeaat 300

ttcegetcaa cgagaccace 360
taataggcaa atggcatctt 420
aktactactt tggaatccca 480
accaccctee ttgteccageyg 540
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tgtccacagg

cteectettt

cagaagtatg

ttcectgetet

gcagegeoac

ggccagatca

ggagacaatg

ggattttgge

cacegggtee

gecttgttaa gegtgctgga

cctcaaggac

cctoggeaca

cagactgtce

gatgggagca

gataccgeag

gaggtcagaa aggttettge

gcagattaca ctecaggaccc

cgctgtoaay

<210>
<211>
<2L2>
<213>

<400>

27
525
PRT
Homo

27

Met Gly Trp
1

Gly

Gly

Gly

Asp

65

Ala

Gly

Gly

Gly

Phe

Gln

Asp

50

Lys

Ser

Leu

Leu

Tyr
130

Leu

Lys

35

Leu

Met

Thr

Arg

Pro

115

val

gtgatggacc
atgaaaacct
ctgagaaagc
atgtggectet
ggggcagaag
aggacaaagt
gcecegtggge
aaactcgtea

cagcactgge

ggcgetttga
gggtgetgte
gcetggagey
cggggectga

aagetgtgec

ccgeataa

sapiens

Tyr Pro
20

Pro Asn

Gly ala

Ala Ser

Cys Ser

85

Asn Gly
100

Leu Asn

Thr Gly

Leu

Leu

Phe

Asn

Glu

70

Pro

val

Glu

Ile

Lys

val

Val

Trp

55

Gly

Ser

Thr

Thr

Ile
135

atcaaggaac
ceacattgtg
ascccagtte
ggcccacaty
cctgtatggt
Tgaccacaca
tcagaagtgt
agggggaagt
ttactggecet
catttttcca
togtgtggac
craccccaac
ttacaaggce
gctgeageat
cctagazaga
agacgtccte

ttcagtaact

val

Asp

Ile

40

Ala

Met

Arg

Thr
120

Gly

_36-

ctteaaagag actgttacac

atccagegtg

cacgtgeecet

gcagggcetct

gtgaaggaaa

gagciagegy

ccagecaage

ggcagagttc

actgtggtag

gtcteccgagy

agcggggeag

ttctacatta

aagtttcete

gotggtgegy

caagacattg

cectgetgta

Leu

Phe

25

Ile

Arg

Ala

Asn

105

Leu

Lys

Leu Ala

10

Cys Ile

Leu Ala

Thr Lys

Phe Val
75

Ser Leu
a0
Phe Ala

Ala Glu

Trp His

-163-

gagcageegg tgaacttgag

caagcaccag

tacctgtgac

gggagatgga

acacattect

gecagtgtggg

agacgaccetg

cagttaatgt

cectggecca

tgctetttgg

ctggagagtt

ccggtggage

tgattttecaa

agtaccaggce

ccaacgacaa

atccctacca

Ser

Asp

Asp

60

Leu

val

Val

Leu
140

val

aly

Asp

45

Thr

Phe

Thr

Tax

Leu

125

Gly

PCT/US2004/003632

tgacgtaggee 600

cagcettgeo 660

cgggaggecc 720

tcagctacca 780

cagtctggtyg 840

ctyggtttaca 900

tcectteact 960

ggaaggaggy 1020

caccagcact 1080

ggccagctta 1140

coggtcacag 120C

tggagcecty 1260

cagggegtgt 1320

cctggaagac 1380

tatgctgcee 1440

catectceage 1500

aattgcetge 1560

Ser Phe

Lys

30

Met

Ala

dis

Gly

Ser

110

Gln

His

Gly

Asn

Ala

Arg

95

val

Gln

His

Ser

Trp

Leu

Ala

80

Leu

Gly

Ala

Gly

1578
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Ser
145

Pro

Ile

Glu

225

Phe

Thr

Leu

Pro

30%

Gly

~rp

Val

Phe

Arg

385

Pro

Phe

Ile

Tyr

Ser

Cys

aAsp

Val

210

Lys

Leu

Gln

Trp

Thr

290

Trp

phe

Glu

Pro

Pro

370

Phe

Gly

Gly

Thr

His

Pro

Cys

195

Glu

Ala

Leu

Leu

Glu

275

val

Ala

Trp

Gly

Val

355

Thr

Asp

His

aAla

Gly
435

Pro

Asp

Ala

180

Gln

Thr

Tyr

Pro

260

Met

Gln

Gln

Gly

340

Asn

Val

Gly

Arg

Leu

420

Gly

Asn

Met

165

Cys

Thr

Pro

Gln

Val

245

Ala

Asp

Glu

Lys

Thr

325

His

Val

val

Val

vel

405

Ala

Phe

150

Gly

2ro

Asp

Val

Phe

230

Ala

Ala

Sexr

Asn

Cys

310

Arg

Arg

Thr

Ala

Asp

390

Leu

Thr

Arg

Arg

Cys

Gln

val

Asn

215

Ile

Leu

Fro

Leu

Thr

295

Glu

Gln

val

Ser

Zeu

375

Phe

val

Ala

Thr

Gly

Ala

200

Leu

Gln

Ala

Arg

val

280

Phe

Leu

Gly

Pro

Thr

360

2la

Sexr

His

Arg

Cys
440

Phe

Asp

Asp

185

Leu

Ser

Arg

Hig

Gly
265

Gly G.

Leu
Ala
Gly
Ala
345

Ala

Gln

Pro

Leu
425

Asp

Asp

Thr

170

Pro

Ser

Ala

Met

250

Arg

Trp

Gly

Ser

330

Leu

Leu

Ala

val

Asn

410

Glu

Gly

-37-

Tyr Tyr
155

Pro Gly

Pro Ser

Leu Tyr

Leu Ala
220

Ser Thr
235

His Val

Ser Leu

Ile Lys

Phe Thr

300

Ser Val
315

Pro Ala

Ala Tyr

Leu Ser

Ser Leu

380

Leu Phe
395
Ser Gly

Arg Tyr

Ser Thr

-164-

Phe

Tyr

Arg

Glu

205

Gln

Ser

Pro

Tyr

2sp

285

Gly

Gly

Lys

Trp

val

365

Pro

Gly

ala

lys

Gly
445

Gly

Asn

Asn

190

Asn

Lys

Gly

Leu

Gly

270

Lys

Asp

Pro

Gln

Pro

350

Leu

Gln

Arg

RAla

Ala

4390

Pro

Ile

His

175

Leu

Leu

Tyr

Arg

Pro

255

Ala

val

Asn

Phe

Thx

335

Gly

Asp

Gly

Ser

Gly

415

Phe

Glu

Pro

%60

Gln

Asn

Ala

Pro

240

Val

Gly

Asp

Gly

Thr

320

Thr

Arg

Ile

Arg

Gln

400

Tyr

Leu

PCT/US2004/003632
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_38-
Gln His Lys Phe Prc Leu Ile Phe Asn Leu Glu Asp Asp Thr Ala Glu
450 455 460

Ala Val Pro Leu Glu Arg Gly Gly Ala Glu Tyr Gln Ala Val Leu Pro
465 470 475 480

Glu Val Arg Lys val Leu Ala Asp Val Leu Gin Asp Ile Ala Asn Asp
485 490 495

Asn Ile Ser Ser Ala Asp Tyr Thr Gln Asp Pro Ser Val Thr Pro Cys
500 505 510

Cys Asn Pro Tyr Gln Ile Ala Cys Arg Cys Gln Ala Ala

515 520 525
<210> 28
<211> 4669
<2.2> DNA
<213> Homo sapiens
<400> 28
cgcagaccgt cgctaatgaa tcttgogggce ggtgteggge cagggcgget tgatcggcaa 60

ctaggaaacc ccaggegeag aggecaggag cgagggcage gaggatcaga ggecaggect 120
teceeggetge cggegeteet cggaggtecag ggcagatgag gaacatgact cteecectte 180
ggaggagygaa ggaagtcceg ctgecacctt atctebgele ctetgectee tccctgttee 240
cagagctﬁtt tetetagaga agattttgaa ggeggetttt gtgetgacgg ccacccacca 300
tcatctaaag aagataaact tggcaaatga catgcaggtt cttcaaggca gaataattge 360
agaaaatctt caaaggacce tatctgcagé tgttctgaat acctotgaga atagagattg 420
attattcaac caggatacct aattbaagaa ctecagaaat caggagacgg agacattttg 480
tcagttttge aacattggac caaatacaat geagtattct tgctgtgete tggttttgge 540
tgtectggge acagaattge tgggaagect ctgttcogact gtcagatccee cgaggttceag 600
aggacggata cagcaggaac gaacaaacat ccgacccaac attattettg tgcttaccga 660
tgatcaagat gtygagetgy ggtccctgea agtcatgaac aaaacgagaa agattatgga 720
acatggggyg gecaccttea tcaatgeett tgtgactaca cccatgtget gecegteacy 780
gteeteeatg ctecaccggga agtatgtgca caatcacaat gtctacacca acaacgagaa 840
ctgetetice cectegtgge aggccatgea tgagectegy acttttgetg tatatcttaa 900
caacactgge tacagaacag ccttttttgg amaatacctc aatgaatata atggcagcta 9260
catcccecct gggtggcgag aatggettgg attaatcaag aattcoteget tetataatta 1020
cactgtttgt cgcaatggea tcaaagaaaa geatggattt gattatgeaa zggactactt 1080
cacagactta atcactaacg acagcattaa ttacttcaaa atgtclaaga caalgtatcc 1140
ccataggcce gttatgatgg tgatcageca cgetgegece cacggeeccg aggacteage 1200
cecacagttt tctaaactgt accocaatge tteccaacac ataactccta gttataacta 1260
tgcaccaaat atggataaac actggattat gcaglacaca ggaccaatgc tgcccatcca 1320
catggaattt acaaacattc tacagegeaa aaggotccag actttgatgt cagtggatga 1380
ttctgtggag aggctgtata acatgctegt ggagacggog gagetggaga atacttacat 1440
catttacacc gecgaccatg gttaccatat tgggcagttt ggactggtca aggggazate 1500

catgecatat gactttgata ttegtgtgec tttttttatt cgbggtceaa gtgtagaace 1560
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aggatcaata gtcccacaga tegttotcaa cattgacttg geccccacga tcctggatat 1620
tgctgggcte gacacaccte ctgatgtgga cggeaagtet gtectcaaac ttotggacce 1680
agaaaagcca ggtaacaggt ttcgaacaaa caagaaggec aaaatttgge gtgatacatt 1740
cctagtggan agaggcasat ttctacgtaa geaaggaagaa tccagcaaga atatccaaca 1800
gtcaaatcac ttgcccaaat atgaacgggt caaagaacta tgccageagy ccaggtacca 1860
gacagcetgt gaacaaccgg ggcagaagty geaatgeatt gaggatacat ctggcaaget 1920
tecgaattcac aagtgtaaag gacccagtga cetgetcaca gtccggeaga gcacgeggaa 1980
cctctacget cgeggettee atgacaaaga caaagagtge agttotaggg agtetggtta 2040
cegtgecage agaagccaaa gaaagagtca acggcaattc ttgagaasce aggggactcc 2100
aaagtacaag cccagatttyg tccatactcyg geagacacgt tccttgtecyg tcgaatttga 2160
aggtgaasta tatgacataa atctggaaga agaagaagaa ttgcaagtgt tgcaaccaag 2220
aaacattget aagcgtcatg atgaaggcca caaggggeca agagatctce aggcttccag 228C
tggtggecaac aggggeagga tgctggeaga tagragcaac gecgtgggee cacctaccac 2340
tgtecgagty acacacaagt gttttattet teecaatgac tctatccatt gtgageagaga 2400
actgtaccaa teggecagag cgtegaagga ceataaggea tacattgaca aagagattga 2460
agctctgraa gataaaatta agaatttaag agaagtgaga ggacatctga agagaaggaa 2520
gcetgaggaa tgtagctgea gtamacaaay ctattacaat asagagaaag gtgtaaaaaa 2580
gcaagegaaa ttaaagagee atcttecacce attcaaggag getgetcagg aagtagatag 2640
casactgcaa cttttcaagg agaacaaccy taggaggaag aaggagagga aggagaagag 2700
acggcagagg aagcgggaag actgcagect goctggecte acttgotteca cgeatgacaa 2760
casccactgy cagacagccc cgttetggaa cctgggatet ttotgtgett geacgagtte 2820
taacaataac acctactggt gtttgcgtac agttaatgag acgeataatt ttcttttctg 2880
tgagtttget actggetbit tggagtattt tgatatgaat acagatcctt atcagetcac 2940
aaatacagtg cacacggtag aacgaggcat tttgaatcag ctacacgtac aactaatgga 3000
gctecagaage tgtcaaggat ataagcagty caacccaaga cctaagaalbce ttgatgttgg 3060
aaataaagat ggaggaagct atgacctaca cagaggacag ttatgggatg gatgggaagy 3120
ttaatcagee cegtctcact geagacatea actggcaagyg cctagaggay ctacacagtg 3180
tgaatgaaaa catctatgag tacagacaaa actacagact tagtctggtg gactggacta 3240
attacttgaa ggatttagat agagtatttg cactgctgaa gagtcactat gagcaaaata 3300
aaacaaataa gactcaaact goctcaaagtg acgggttctt ggttgtctct gctgagcacg 3360
ctgtgteaat ggagatgcce tctgetgact cagatgaaga cccaaggeat aaggttggga 3420
aaacacctca tttgaccttg ccagetgace ttcaaaccct geatttgaac cgaccaacat 3480
taagtccaga gagtaaactl gaatggaata acgacattce agaagttaat catttgaatt 3540
ctgaacactg gagaaaaacc gaaaaatgga cggggcatga agagactaat catctggaaa 3600
cegattteag tggegatgge atgacagage tagagetcgg geccagecce aggctygcage 3660
ccattcacag gcaccegaaa gaacktcece agtatggtgg tectggaaay gacattbttg 3720
aagatcaact atatcttcct gtgeattceg atggaattte agttcatcag atgttcacca 3780
tggccacege agaacaccga agtaattcca geatageggg gaagatgttyg accaaggtgg 3840

agaagaatca cgaaaaggag aagtcacage acctagaagg cageacctec tettcactet 3900
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cctetgatta gatgaaactyg ttaccttace ctaaacacag tatttetttt taactttttt 3960
atttgtaaac taataaaggt aatcacagcc accaacatte caagetaccce tgggtacctt 4020
tgtgcagtag aagctagtga geatgtgage aageggtgtg cacacggaga ctcatcgtta 4080
taatttacta tctgccaaga gtagaaagaa aggctgggga tatttgggtt ggcttggttt 4140
tgatttttty cttgtttgtt tgttttgtac taasacagts ttatcttttg aatategtag 4200
ggacataagt atatacatgt tatccaatca agatggctag aatggtgect ttotgagtgt 4260
ctaaaacttg acacccctgg tazatctttc aacacacttc cactgectge gtaatgaagt 4320
tttgattcat ttttaacrac tggaattttt caatgeccgte attttcagtt agatgatttt 4380
gcactttgag attazaatge catgtctatt tgattagtct tattttttta tttttacagg 4440
cttatcagte teactgttgg ctgtcattgt gacaaagtca aatazacccc caaggacgac 4500
acacagtatg gatcacatat tgtttgacat taagcttttg ccagzaaatg ttgeatgtgt 4560
tttacctega cttgctaaaa tcgattagca gaaaggealg getastaatyg Litggtggtga 4620
aaataaataa ataagtaaat gaaaaaaaaa aaaaaaaaaa aaaaaaaaa 4669
<210> 29
<211> 871
<212> PRT .
<213> Homo sapiens
<400> 29
I{Iet Lys Tyr Ser Cys Cys Ala Leu Val Leu Ala Val Leu Gly Thr Glu

5 . 10 15

Leu Leu Gly Ser Leu Cys Ser Thr Val Arg Ser Pro Arg Phe Arg Gly
20 25 30

Arg TIle Gln Gln Glu Arg Lys Asn Ile Arg Pro Asn Ile Ile Leu Val
35 40 45

Leu Thr Asp Asp Cln Asp Vel Glu Leu Gly Ser Leu Gln Val Met Asn
50 55 60

Lys Thr Arg Lys Ile Met Glu Eis Gly Gly Ala 'Thr Phe Ile Asn Ala
65 70 75 80

Phe Val Thr Thr Pro Met Cys Cys Pro Ser Arg Ser Ser Met Leu Thr
85 90 a5

Gly Lys Tyr Vel His Asn His 2sn Val Tyr Thr Asn Asn Glu Asn Cys
100 105 110

Ser Ser Pro Ser Trp Gln Ala Met His Glu Pro Arg Thr Phe Ala Val
115 120 125

Tyr Leu Asn Asn Thr Gly Tyr Arg Thr Ala Phe Phe Gly Lys Tyr Leu
130 135 140

Asn Glu Tyr Asn Gly Ser Tyr Ile Pro Pro Gly Trp Arg Glu Trp Leu
145 150 155 160

Gly Leu Ile Lys Asn Ser Arg Phe Tyr Asn Tyr Thr Val Cys Arg Asn
165 170 175
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Gly

Met

His

225

Ala

Lys

Glu

val

Glu

305

Ile

Asp

Leu

Val

385

Lys

Arg

Glu
465

Asp

Ile

Leu

Tyr

210

Gly

Ser

Phe

Asp

290

Leu

Gly

Ile

Ile

ASD

370

Leu

Lys

Phe

His

Tyr

450

Asp

Leu

Lys

Ile

125

Pro

Pro

Gln

Trp

Thr

275

Asp

Glu

Gln

Arg

val

355

Ile

Lys

Lys

Leu

Leu

435

Gln

Thr

Leu

Glu

180

Thr

His

Glu

His

Ile

260

Asn

Ser

Asn

Phe

val

340

Pro

Ala

Leu

Ala

Arg

420

Ero

Thr

Ser

Thr

Lys

Asn

Arg

Asp

Ile

245

Ile

Val

Thr

Gly

325

Pro

Gln

Gly

Leu

Lys

405

Lys

Lys

Ala

Gly

val
485

His Gly

Glu Ser

Pro Val
215

Sexr Ala
230

Thr Pro

Gln Tyr

Leu Gln

Glu Arg
295

Tyr Ile
310

Phe Fhe

Ile val

Leuw Asp
375

Asp Pro
390

Ile Trp

Lys Glu

Tyr Glu

Cys Glu
455

Lys Leu
470

Arg Gln

Fhe

Ile

200

et

Pro

Ser

Thr

Arg

280

Leu

Ile

Lys

Ile

Leu

360

Thxr

Glu

Arg

Glu

Arg

440

Gln

Arg

Asp

185

Asn

Met

Gln

Gly

268

Lys

TyY

Tyy

Gly

Arg

345

Pro

Lys

Asp

Ser

425

val

Pro

Ile

Thr

-168-

Tyx

Tyr

Phe

Asn

250

Arg

Asn

Thr

Lys

330

Ile

Pro

Pro

Thr
410

Gly

His

Axg
£90

41-
Ala

Phe

Ile

Ser

235

Tvr

Met

Leu

Met

Ala

315

Ser

Pro

Asp

Asp

Gly

395

Phe

Lys

Glu

Gln

Lys

475

Asn

Lys

Lys

Ser

220

Lys

Ala

Leu

Gln

Leu

300

Asp

Met

Sex

Leu

val

380

Asn

Leu

Asn

Leu

Lys

460

Cys

Leu

Met

205

Leu

Pro

Pro

Thr

285

val

Pro

val

Ala

365

Asp

Arg

val

Ile

Cys

445

Trp

Lys

TyY

Tyr

190

Ala

Tyr

Asn

Ile

27¢

Leu

Glu

Gly

Tyr

Glu

350

Pro

Gly

Phe

Glu

Gln

430

Gln

Gln

Gly

Ala

Phe

Ala

Pro

Met

255

His

Met

Thr

Tyr

Asp

335

Pro

Thr

Arg

Arg

415

Gln

Gln

Cys I

Pro

Arg
495

Thr

arg

Pro

Asn

240

Asp

Met

Ser

Gly

His

320

Phe

Gly

Ile

Thr
400

Gly

Sexr

Ala

Ser
480

Gly
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Phe

Ala

Gly

Ser

545

Glu

His

Gly

Pro

Ser

625

Asp

Val

Ala

705

Arg

Glu

His

Thx

Thx
785

His

Ser

Thr

530

Glu

Asp

Thr

610

Ile

His

Lys

Glu

Lys

690

Ala

Arg

Glu

Trp

Ser
770

Asp

Arg

515

Ser

Glu

Arg
595

Thr

Asn

Cys

575

Lys

Gln

Arg

Cys

Gln

755

Ser

Asn

Lys

500

Ser

Lys

val

Glu

Gly

580

Gly

val

Cys

Ala

Leu

660

Ser

Glu

Lys

Ser

740

Thr

Asn

Phe

Asp

Gln

Tyr

Glu

Leu

565

His

Arg

Arg

Glu

Tyr

645

Arg

Cys

Glu

Val

Lys

725

Leu

ala

Asn

Leu

Lys

Phe

550

Gln

Lys

Met

Val

Arg

630

Glu

Sexr

Lys

Asp

710

Glu

Pro

Pro

Asn

Phe
790

Glu

Lys

Pro

535

Glu

val

Gly

Zeu

Thr

615

Glu

val

Lys

Leu

695

Sex

Arg

Gly

Phe

Thr

775

Cys

cys

Ser

520

Arg

Gly

Pro

2la

600

His

Leu

Lys

Arg

Gln

680

Lys

Lys

Lys

Leu

Trp

760

Tyr

Glu

Ser

Gln

Phe

Glu

Gln

Arg

585

Asp

Lys

Tyx

Glu

Gly

665

Ser

Ser

Leu

Glu

Thr

745

Asn

Trp

Phe

-42-

Cys Arg

Arg Gln

Val His

Ile Tyr

555

Pro Arg
570

Asp Leu

Ser Ser

Cys Phe

Gln Ser

635

Ile Glu
650

His Leu

Tyr Tyr

His Leu

Gln Leu

715
Lys Arg
730
Cys Phe
Leu Gly

Cys Leu

Ala Thr
795

-169-

Glu

Phe

Thr

540

Asp

Asn

Gln

Asn

Ile

620

Ala

Ala

Lys

‘Asn

His

700

Phe

Arg

Thr

Ser

Axg

780

Gly

Ser

Leu
525

Arg

Ile

Ile

Rla

Ala

505

Leu

Arg

Leu

Arg

Lys

685

Pro

Lys

Gln

Fhe

PCT/US2004/003632

Gly Tyr Arg

510

Arg

Gln

Asn

Ala

Ser

520

Val

Pro

Ala

Gln

Arg

670

Glu

Phe

Glu

Arg

Asp

750

Cys

Val

Leu

Asn

Thr

Leu

Lys

575

Gly

Asn

Trp

Asp

655

Lys

Lys

Lys

Asn

Lys

735

Asn

Ala

Agn

Glu

Gln

g

Glu

560

Arg

Gly

Pro

Asp

Lys

640

Lys

Pro

Gly

Glu

Asn

720

Gly

Asn

Cys

Glu

Tyr
800
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Fhe 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 Fis Val Gln Leu Met Glu Leu
B20 825 830

Arg Ser Cys Gln Gly Tyr Lys Gln Cys Asn Pro Arg Pro Lys Asn Leu
835 840 245

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

Leu Trp Asp Gly Trp Glu Gly

865 870

<210> 30

<211> 4279

<212> DNA

<213> Homo sapiens

<400> 30

gggccattte tggacaacag ctgctattit cacttgagee caagttaatt tetecggggay 60

ttetegggeyg cgcacaggeca getoggttty cocigegatt gagctgeggg tegeggccag 120
cgeeggecte tecaatggea aatgtgtgty getggaggeg agegegagge tttcggcaaa 180
ggcagtegag tgtttgeaga ccggggcgay toctgtgaaa geagataaaa gaaaacal:Lt 240
attaacgtgt cattacgagg ggagcgeceg goeggggetg togeactece cgoggaacat 300
ttggctececet ccagetecta gagaggagaa gaagasagey gaaaagaggc agattcacgt 360
cegtttecage caagtggace tgatcgatgg cectectgaa tttatzacga tatttgattt 420
attagegatg cccocectggtt tgtgtgttac geacacacac gtgcacacaa ggctetgget 480
cgetteccte cetegttteo agetecetggyg cgaatcccac atctgtttea actctecgec 540
gagggcgage aggagcegaga glbgtglcgaa tctgegagtyg aagagggacy agggaaaaga 600
aacaaageca cagacgcaac ttgagactee cgcatcccaa aagaagcace agatcagcaa 660
aaaaagaaga tgggccccec gagectegtg ctgtgettge tgtcegeaac tgtgttctee 720
ctgctgggty gaagctegge cttectgkeg caccacegee tgaaaggeag gtttcagagy 780
gaccgeagga acatcegeee caacatcate ctggtgetge cggacgacca ggatotggag 840
ctgggtteca tgcaggtgat gaacaagacc cggcegcatca tggageaggg cggggegeac 900
ttcatcaacg ccttegtgac cacacccatyg tgctgeccect cacgetecte catcctcace 960
ggcaagracy teccacaacca caacacctac accaacaatyg agaactgetce ctegeectec 1020
tggcaggcac agcacgagag ccgeaccttt gecgtgtace tcaatagecac tggctaccgg 1080
acagctttet tegggaagta tcttaatgaa tacaacgget cctacgtece acceggetgg 1140
aaggagtggg tcggactect taaaaaclcc cgettttata actacacget gtgteggaac 1200
ggggtgaaag agaagcacgg ctecgactac tecaaggatt acctcacaga cctcatcace 1260
aatgacageg tgagettett cegeacgtec aagaagatgt acccgeacag gecagtecke 1320
atggteatca gecatgecage cecccacgge cotgaggatt cagececaca atatteacge 1380
ctctteccaa acgeatctea geacatcacy cegagetaca actacgegee caacceggac 1440
aaacactgga teatgegeta cacggggcce atgasgecca tccacatgga attcaccaac 1500

atgctccage ggaagcgett geagacccte atgteggtgg acgactocat ggagacgatt 1560
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tacaacatgc tggttgagac gggcgagetyg gacaacacgt acatcgtata caccgccgac 1620
cacggttace acatcggeca gtttggecty gtgaaaggga aatccatgec atatgagttt 1680
gacatcaggg tcecgttcta cgtgagggge cecaacgtgg aagecggetg tctgaatceee 1740
cacatcgtece tcaacattga cctggeccee accatcctgy acattgecagg cctggacata 1800
cetgeggata tggacgggaa atccatecte aagetgetgg acacggageg gecggtgaat 1860
cggtttcact tgaaasaagaa gatgagggte tggegggact celictiggt ggagagagge 1920
aagctgctac acaagagaga caatgacaag gtggacgecc aggaggagaa ctttctgecce 1980
aagtaccage gtgtgaagga cctgtgtcag cgtgctgagt accagacgge gtgtgageag 2040
cbtgggacaga agtggcagtyg tgtggagoac gecacgggga agctgaaget geataagtge 2100
aagggccceca tgeggctggg cggcagcaga gocctctoca acctogtgee caagtactac 2160
gggcagggcea gegaggecty cacctgtgac ageggggact acaagctcag cctggecgga 2220
cgecggaaaa aactcttcaa gaagaagtac aaggcecaget atgtceegeag tegetcecate 2280
cgcetecagtgyg ceatcgaggt ggacggeagyg gtgtaccacy taggectggy tgatgecgec 2340
cagccccgaa acctcaccaa geggecactgg ccaggggcce ctgaggacca agatgacaag 2400
gatggtggay acttcagtgy cactggagge ctteccgact actcageecge caaccecatt 2460
aaagtgacac atecggtgcta catcctagag aacgacacag tccagtgtga cctggaccty 2520
tacaagtece tgecaggecty gaaagaccac aagotgcaca tcgaccacga gattgaaacco 2580
ctgcagaaca aaattaagaa cctgagggaa gtcegaggtce acctgaagaa aaageggeca 2640
gaagaatgty actgtcacaa aatcagctac cacacccagce acaaaggcecyg cctcaagcac 2700
agaggcteoca gtectgeater ttteaggaayg ggccetigeaay agaaggacaa ggtgtggety 2760
ttgcgggage agaagegcaa gaagaaactc cgcaagetge tcaagogect gcagaacaac 2820
gacacgtgeca gcatgccagg cctcacgtgc ttcacccacg acaaccagca ctggcagacg 2880
gegectttet ggacactggy gockttctgt gectgeacca gegecaacaa taacacgtac 2940
tggtgcatga ggaccatcaa tgagactcac aatttectct tcotgtgaatt tgcaactgge 3000
ttectagagt actttgatet caacacagac cectaccage tgatgaatge agtgaacaca 3060
ctggacaggg atgtcectcaa ccagetacace gtacagetca tggagetgag gagetgeaag 3120
ggttacaagc agtgtaaccc ccggactcga aacatggacce tgggacttaa agatggagga 3180
agctatgage aatacaggea gtttcagegt cgaaagtgge cagaaatgaa gagaccttet 3240
tccaaatecac tgggacaact gtgggaagge tgggaaggtt aagaaacaac agaggtggac 3300
cteocaaaaac atagaggecat cacctgactg cacaggcaat gaaaaaccat gtgggtgatt 3360
tccagcagac ctgtgetatt ggecaggagg cctgagaaag caagcacgca ctcetcagtea 3420
acatgacaga ttctggagga taaccagcag gagcagagat aacttcagga agtccatttt 3480
tgccectget tttgetttgg attataccte accagcetgea caaaatgeat tttttcgtat 3540
caaaaagtca ccactaaccc tecccccagaa gotcacaaag gaaaacggag agagcegageg 3600
agagagattt ccttggazat ttctcecaag ggcgaaagtc attggaattt ttaaatcata 3660
ggggaaaage agtoctgtte tasatcctet tattettttyg gtttgtcaca aagaaggaac 3720
taagaagcag gacagaggca acgtggagag gcetgaaaaca gtgcagagac gttigacaat 3780
gagtcagtag cacaaaagag atgacattta cctageatat aaaccetggt tgectctgaa 3840

gaaactgect teattgtata tatgtgacta tttacatgta atcaacatgg geacttttag 3900

-171-




WO 2004/072275 PCT/US2004/003632
-45-
gggaacctaa taagaaatcc caattttcag gagtggtogt gtcaataaac getetgtgge 3960
cagtgtaaaa geaaaaaaaa aadaattgtg gacatttcty ttectgteca gataccattt 4020
Ctectagtat ttctttgtta tgtcccagza ctgatgtttt tttttiaagg tactgaaaag 4080
Qaatgaagtt gatgtatgtc cczagtibty atgsaactgt atttgtaaaa aaaattttgt 4140
agtttaagta ttgtcataca gtgttcaaaa ccccagccaa tgaccagecag ttggtatgaa 4200

gaacctttga cattttgtaa aaggccattt cttggggaaa aaaaaaaaaa azaaaaaaaa 4260

agaaaaaaaa aasaaaaaa 4279
<210> 31

<211> 870

<212> PRT

<213> Homo sapiens
<400> 31

Met Gly Pro Pro Ser Leu Val Leu Cys Leu Teu Ser Ala Thr Val pPhe
1

Ser Leu Leu Gly Gly Ser Ser Ala Phe Leu Ser His His Arg Leu Lys
20 25 30

Gly Arg Phe Gln A¥g Asp Arg Arg Asn Ile Arg Pro Asn Ile Ile Leu
35 40 45

Val Leu Thr Asp Asp Gln Asp Val Glu Leu Gly Ser Met Gln Val Met
50 55 60

Asn Lys Thr Arg Arg Ile Met Glu Gln Gly Gly Ala His Phe Ile Asn
65 70 75 80

Ala Phe val Thr Thr Pro Met Cys Cys Pro Ser Arg Ser Ser Ile Leu
85 90 95

Thr Gly Lys Tyxr Val His Asn Hig Asn Thr Tyr Thr Asn Asn Glu Asn
i00 105 110

Cys Ser Ser Pro Ser Trp Gln Ala Gln His Glu Ser Arg Thr Phe Ala
115 120 125

Val Tyr Leu Asn Ser Thr Gly Tyr Arg Thr Ala Phe Phe Gly Lys Tyr
130 i35 140

Leu Asn Glu Tyr Asn Gly Ser Tyr Val Pro Pro Gly Trp Lys Glu Trp
145 150 155 160

Val Gly Leu Leu Lys Asn Ser Arg Fhe Tyr Asn Tyr Thr Leu Cys Arg
165 170 175

Asn Gly val Lys Glu Lys His Gly Ser Asp Tyr Ser Lys Asp Tyr Leu
180 185 190

Thr Asp Leu Ile Thr Asn Asp Ser Val Ser Phe Phe Arg Thr Ser Lys
195 200 205

Lys Met Tyr Pro His Arg Pro Val Leu Met Val Ile Ser Hig Ala Ala
210 215 220

172-
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Pro His
225

Asn Ala

Asp Lys

Met Glu

Ser Val
2290

Gly Glu
305

His Ile

Phe Asp

Gly Cys

Ile Leu

370

Ser Ile
385

Leu Lys

Gly Lys

Glu Asn

Ala Glu

450

Val Glu

465

M=t Arg

Tyr Gly

Leu Ser

Ala Ser
530

Gly

Phe

275

Asp

Leu

Gly

Ile

Leu

355

Asp

Leu

Lys

Leu

Phe

435

Tyxr

Asp

Leu

Gln

Leu
515

Tyr

pro

Gln

Trp

260

Thr

Asp

Asp

Gln

Axrg

340

Asn

Ile

Lys

Lys

Leu

420

Leu

Gln

Ala

Gly

Gly

500

Ala

Val

Glu

His

245

Ile

Asn

Ser

Asn

Phe

323

val

Pro

Ala

Leu

Met

405

His

Pro

Thr

Thr

Gly

485

Ser

Gly

Arg

Asp

230

Ile

Met

Met

Met

Thr

310

Gly

Pro

His

Gly

Leu

390

Arg

Lys

Lys

Ala

Gly

470

Ser

Glu

Arg

Ser

Ser

Thr

Arg

Leu

Glu

295

Tyx

Leu

Fhe

Ile

Leu

375

Asp

val

Arg

Tyr

Cys

455

Lys

Arg

Ala

Arg

Arg
535

Ala

Pro

Tyr

Gln

280

Thr

Ile

Val

Tyr

Val

360

Asp

Thr

Trp

ASp

Gln

£40

Glu

Leu

Zla

Cys

Lys

520

Ser

Pro

Ser

Thr

265

Arg

Ile

val

Lys

Val

345

Leu

Ile

Glu

Arg

Asn

425

Arg

Gln

Lys

Leu

Thr

505

Lys

Ile

Gln

Tyr

250

Gly

Lys

Tyr

Tyr

Gly

330

Arg

Asn

Pro

Arg

Asp

410

val

Leu

Leu

Ser

490

Leu

Arg

46-

Tyr

235

Asn

Pro

Arg

Asn

Thr

315

Lys

Gly

Ile

Ala

Pro

395

Ser

Lys

Lys

Qly

His

475

Asn

Asp

Phe

173-

Ser

Tyr

Met

Leu

Met

300

Ala

Ser

Pro

Asp

Asp

380

val

Phe

val

Asp

Gln

460

Lys

Leu

Sexr

Lys

‘ Val

540

Arg

Ala

Lys

Gln

285

Leu

Asp

Met

Asn

Leu

365

Met

Asn

Leu

Asp

Leu

445

Lys

Cys

val

Gly

Lys

525

Ala

Leu

Pro

Pro

270

Thr

val

His

Pro

val

350

Ala

Asp

Arg

val

Ala

430

Cys

Trp

Lys

Pro

Asp

510

Lys

Ile

Phe

Asn

255

Ile

Leu

Glu

Gly

Tyr

335

Glu

Pro

Gly

Fhe

Glu

415

Gln

Gln

Gln

Gly

Lys

495

Tyx

Tyr

Glu

Pro
240

Pro

Met

Thr

Tyz

320

Glu

RAla

Thx

Lys

His

400

Glu

Arg

Cys

Pro

£80

Tyr

Lys

Lys

Val
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Asp

545

Lys

Ala

Asp

Lys

625

Lys

Pro

Gly

Leu

Lys

708

Ser

Thyr

Asn

Phe

Asn

785

Asp

Leu

Gly

Leu

Asp

Ala

Thr

610

Agp

Ile

Glu

Arg

Gln

690

Lys

Met

Ala

Asn

Leu

770

Thr

val

Gly

Lys

Arg

Thr

Gly

Asn

595

Val

His

Lys

Glu

Leu

€75

Glu

Leu

Pro

Pro

2sn

755

Phe

Asp

Leu

Tyr

Asp
835

val

Lys

Gly

580

Pro

Gln

Lys

Cys

660

Lys

Lys

Arg

Gly

Phe

740

Thx

Cys

Pro

Asn

Lys

820

Gly

Ile

Cys

Leu

Leu
645

Lys

Leu

725

Trp

Tyr

Glu

TyY

Gln

805

Gln

Gly

His

550

His

Phe

Lys

Asp

His

630

Arg

Cys

Lys

Leu

710

Thr

Thx

Trp

Phe

Gln

790

Leu

Ser

Val

Trp

Ser

Val

Leu

615

Glu

His

Gly

val

695

Leu

Cys

Leu

Cys

Ala

775

Leu

Tyr

Gly
Pro
Gly
Thr
600
Asp
Asp
val
Lys
Ler
680
Trp
Lys
Phe
Gly
Met
760
Thxr
Met
Val

Pro

Glu
840

Leu

Gly

Thr

585

His

Leu

His

Arg

Ile

665

Ser

Leu

Arg

Thr

Pro

745

Arg

Gly

Asn

Gln

Arg

825

Gln

47-

Gly Asp
555

Ala Pro
570

Gly Gly

Arg Cys

Tyr Lys

Glu Ile

635

Gly His
550

Ser Tyr

Leu His

Leu Arg

Leu Gln

715

His Asp

730

Phe Cys

Thr Ile

Zhe Leu

Ala val
795

Leu Met
810

Tyr Arg

174-

Ala

Glu

Leu

Tyr

Sex

620

Glu

Leu

Asn

Ala

Asn

Glu

780

Asn

Glu

Asn

Gln

Ala

Asp

Pro

Ile

605

Leu

Thr

Lys

Thr

Phe

685

Gln

Asn

Gln

Cys

Glu

765

Tyr

Thr

Leu

Met

Phe
845

Gln

Gln

Asp

590

Leu

Gin

Leu

Lys

Gln

670

Arg

Lys

Asp

Thr

750

Thr

Phe

Leu

Arg

Asp

830

Gln

Pro

Asp

575

Tyr

Glu

Ala

Gln

Lys

655

His

Lys

Arg

Thr

Trp

735

Ser

Asp

Asp

Ser

815

Leu

Arg

Arg

560

Asp

Ser

Asn

Trp

Asn

640

Arg

Lys

Cly

Lys

cys

720

ala

Asn

Leu

Arg

800

Cys

Gly

Arg
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Lys Trp Pro Glu Met Lys Arg Pro Ser Ser Lys Ser Leu Gly Gln Leu
850 860

Trp Glu Gly Trp Glu Gly
865 870

<210> 32

<211> &

<212> PRT

<213> Homo sapiens

<220>

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

<220>

<221> misc_feature

<222> (1)..(3)

<223> Xaa can be any naturally occurring amino acid

<220>

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

<220>

<221> VARIANT

<222> (3)..(3)

<223> ZAny Amino Acid

<400> 32

Xaa Xaa Xaa Pro Ser Arg
1 5

<210> 33

<211> 23

<212> PRT

<213> Artificial

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

<220>

<221> PEPTILCE

<222>  (1)..(23)

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

<400> 33

Met Thr Asp Phe Tyr Val PBro Val Ser Leu Cys Thr Pro Ser Arg Ala
1 5 10 15

Ala Leu Leu Thr Gly Arg Ser
20

<210> 34

<211> 16

<212> PRT

<213> Artificial

<220>
<223> a variant of the ASA65-80 peptide, in which residues Cys69, Pro7l
and Arg73, critical for FGly formation, were scrambled

<220>
<221> MISC_FEATURE
<222> (1)..(16)
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<223> scrambled oligopeptide
<400> 34
Pro val Ser Leu Pro Thr Arg Ser Cys Ala Ala Leu Leu Thr Gly Arg
1 5 10 15
<210> 35
<211> 1é
<212> PRT
<213> Artificial
<220>
<223>» a variant of the ASA65-80 peptide, in which the Cys69 was
replaced by a Serine
<220>
<221> MISC_FEATURE
<222>  (1)..(16)
<223> Ser69 oligopeptide
<400> 35

Pro Val Ser Leu Ser Thr Pro Ser Arg Ala Ala Leu Leu Thr Gly 2rg
1 5 0 15

<210>
<211>
<212>
<213>

<220>
<223>

<2Z0>
<231>
<222>
<223>

<400>

36
19

DNA
Artificlal

human FGE-specific PCR primer

misc_feature
(1)..(19)
human FGE-specific PCR primer 1199nc

36

ccaatgtagg tcagacacg

<210>
<211>
<212>
<213>

<220>
<223>

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

<400>

37

16

DNA
artificial

human FGE-specific PCR primer
misc_feature

(1)..(16)
human FGE-specific forward PCR primer lc

37

acatggceeg cgggac

<210>
<211>
<212>
<213>

<220>
<223>

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

38

19

DNA
Artificial

‘human FGE-specific BCR primer

misc_feature
{1)..(19}
human FGE-specific reverse PCR primer 1182c

-176-
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<400> 38
cgactgctce ttggactgg

<210> 39

<211> 24

<212> DNA

<213> Aartificial

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

<220>

<221> misc_feature

<222>  (1)..(24)

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

<400> 39
ggaattcggg acaacatgge tgeg

<210> 40

<211> 54

<212> DNA

<213> Aartifiecial

<220>
<223> HA-specific primer

<220>

<221> misc_feature

<222>  (1)..(54)

<223> HA-specific primer

<400> 40 .
cccaagetta toegtagtea ggeacatcat acggatagtce catggtggge aggce

<210> 41

<211> 57

<212> DNA

<213> Artificial

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

<220>

<221> mnisc_feature

<2225 (1)..(57)

<223> c-myc -specific primer

<400> 41
cccaagetta caggtebtet tragaaatca gettttgrte gtecatggtg ggeagge

<210> 42

<211> 54

<212> DNA

<213> Artificial

<220>
<223> RGES-Hisd - specific primer

<220>

<221> misc_feature

<222>  (1)..(54)

<223> RGS-His6 - specific primer

<400> 42
cccaagetta gtgatggtga tggtgatgeg ateectetgte catggtggge agge

<210> 43

A77-

PCT/US2004/003632
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<211l> 15
<212> PRT
<213> Artificial
<220>
<223> tryptic oligopeptide from a human FGE preparation

<220>

<221> MISC_FEATURE

<222>  (1)..(15)

<223> tryptic oligopeptide from a human FGE preparation
<400> 43

Ser @ln Asn Thr Pro Asp Ser Ser Ala Ser Asn Leu Gly Phe 2Arg
1 5 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

Met Val Pro Ile Pro Ala Gly val Phe Thr Met Gly Thr Asp Asp Pro
1 5 0 15
Gln Ile Lys

<210> 45

<211> 906

<212> DNA

<213> Homo sapiens

<400> 45
atggecegge atgggttace getgetgece ctgetgtege tecetggtegg cgegtggete 60

aagctaggaa atggacagge tactagcatg gtccaactge agggtgggag attcctgatg 120
ggaacaaatt ctccagacag cagagatggt gaagggccte tgegggagge gacagtgaaa 180
ccetttgeca tecgacatatt tcctgtcace aacaaagatt tcagggattt tgtcagggag 240
asaaagtatc ggacagaagce tgagatgttt ggatggaget ttgtctttga ggactttgte 300
tetgatgage tgagaaacaa agcecacccag ccaatgaagt ctgtactetg gtggettcca 360
gtggaaaagg cattttggag gcagectgea ggteoctgget ctggeatceg agagagactg 420
gagcacccag tgttacacgt gagetggaat gacgeccgtyg cctactgbge ttggcgggga 480
aaacgactge ccacggagga agagtgggag tttgeegece gagggggett gaagggtcaa 540
gtttacccat gggggaactg gttccageca aaccgcacces acctgtggea gggaaagtte 600
cccaagggag acaaagctga ggatggette catggagtct ccccagtgaa tgctttcccce 660
gcoccagaaca actacggget ctatgaccte ctggggaacyg tgtgggagty gacagcatca 720
cegtaccagyg ctgetgagea ggacatgege gtectecggg gggcatcctg gategacaca 780
gctgatgget ctgecaatca cegggoocogg gtcaccacca ggatgggeaa cactccagat 840

tcageetcag acaacctegg titcegetgt getgecagacg caggecggee gccaggggag 3500

-178-
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ctgtaa

<210>
<211>
<212>
<213>

<400>

46
301
PRT
Homo

46

Met Ala Arg

1

Gly

Asp
Asp
55

.Lys

Glu

Lys

Leu
145

Lys

Thr
Gly
Tyr

225

Trp

Ala Trp

Gln Gly

35

Gly Glu

50

Ile pPhe

Lys

Tyr

Asp Phe

Ser Val

115

Ala Gly

130

His

Val

Arg Leu

Lys

Gly

Asn Leu

Phe
210

195

His

Gly Lesu

Tyr Gln

Ile Asp

sapiens

His Gly
5

Leu Lys
20

Gly Arg

Gly Pro

Pro val

Arg Thr
85

Val Ser
100

Leu Trp

Pro Gly

Ser Trp

Pro Thr
165

Gln val
180

Trp Gla

Gly val

Tyr Asp

Ala Ala

245

Thr Ala
260

Leu

Phe

val

Thr

70

Glu

Asp

Trp

Ser

Asn

150

Glu

Tyr

Gly

Ser

Leu

230

Glu

Pro

Leu

Arg

55

Asn

2la

Leu

cGly

135

Asp

Glu

Pro

Lys

Pro

215

Leu

Gln

Leu

Asn

Met

40

Glu

Lys

Glu

Leu

Pro

120

Ile

Ala

Glu

Trp

Pne

200

val

Gly

Asp

Sex

Leu

Gly

25

Cly

Ala

Asp

Met

Arg

105

Val

Arg

Arg

Trp

Cly

185

Pro

Asn

Asn

Met

Ala
265

-52-

Pro Leu
10

Gln Ala
Thr Asn
Thr Val

Phe Arg
15

Phe Gly
20

Asn Lys
Glﬁ Lys
Glu Arg
Ala Tyr

155

Glu Phe
170

Lys Gly
Ala Phe
val Trp

235

Arg Val
250

Asn His

-179-

Leu

Thr

Ser

Lys

60

Asp

Trp

Ala

Ala

Leu

140

Cys

Ala

Phe

Asp

Pro

220

Glu

Leu

Arg

Ser

Ser

Pro

45

Pro

Phe

Ser

Thr

Phe

1325

Glu

Ala

Ala

Gln

Trp

Arg

Ala

Leu

Met

30

Asp

Phe

val

Phe

Gln

110

Trp

His

Trp

Arg

Pro

190

Ala

Gln

Thr

Gly

Arg
270

Leu
15

Val

Ser

Ala I

Axrg

Val

95

Pro

Arg

Pro

Arg

Gly

175

Glu

Asn

Ala

Ala

255

Val

Val

Gln

Arg

Glu

80

Phe

Met

Gln

val

Gly

160

Gly

Arg

Asp

Asn

Ser

240

Ser

Thr

PCT/US2004/003632
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Thr Arg Met Gly Asn Thr
275

Arg Cys Ala Ala Asp Ala

<210>
<211>
<zZ12>
<213>

<400>

47

927
DNA
Mus

47

atgegetety

aggctectgt

ctgccaggty

cetgecoggy

gacttcaggy

) agcttcegtet

getgtteact

tctggeatce

gcttacktgeg

cgagggggcet

aecttatgge

teaccagtga

gtgtgggagt

gocggeateat

aggatgggaa

gcaggeegac

<210>
<211>
<212>
<213>

<400>

48

308
PRT
Mus

48

musculus

agtretggtt
cetgeeccay
gceggtttet
aagtgacagt
agtttgtcag
ttgaggattt
ggtggcagee
gagagaaact
catggcegggg
tgaagggtca
agggaaagtt
acgettteec
ggacagcgtc
ggatcgacac
acactecaga

cgaaggagga

musculus

Met Arg Ser Glu Phe T
1 5

Val Leu

Ala Gln

Leu Leu Arg L

35

20

Asp Pro Ala M

Gly Thr Asp Ala Pro A

50

Val Thr val
65

Asp Fhe

ccecageatg
getteageta
gatggggaca
aaaacccttt
ggagaagaag
tgtcteecect
agtgccaaag
ggagcticce
gagacgcttg
ggtttateca
ccccaaaggt
cecacagaac
cacataccaa
cgcagacgge
ctcagoctea

cctgtga

rp Phe Pro

eu Leu Ser

et Val His
40

-53-

CGly Arg Pro Pro Gly
295

ggttecttge

ggacatgcce

gacgctccag

gccatogaca

taccagactg

gagctcagaa

geattttgga

gtggtacacg

cccacagaag

tgogggaace

gacaaagctg

aactacggac

cctgetggee

tetgetaate

gaczacctgg

Sexr Met
10

Cys Pro
25

Leu Pro

sp Gly Arg Asp Gly

55

Lys Pro Phe Ala Ile Asp Ile
7

Arg Glu Phes Vi

85

]

al Arg Glu Lys Lys

Gly

Arg

Gly

Glu

Phe
75

-180-

Glu
300

285

Leu

teectecggt

aggatcctga

atggcagaga

tatttccagt

aagocgagge

agcaagaaaa

ggeagcetge

tgagckggaa

aggagtggga

ggttccagee

aagatggttt

tgtatgacct

aggacatgecg

acagggcteg

gettoegetg

Ser

Leu

Gly

Gly

60

Pro

Gln

Leu

Gln

Arg

45

Pro

val

Thx

Leu

Leu

30

Phe

Ala

Thr

Glu

Pro Asp Ser Ala Ser Asp Asn Leu Gly Phe
280 5

Pro Pro
15

Gly His
Leu Met
Arg Glu
Asn Lys
80

Ala Glu
95

PCT/US2004/003632

gttgetgetg 60
catggtgeat 120
cggtgaaggy 180
caccaataaa 240
attcgggtog 300
tctgatgceg 360
aggtccegge 420
cgacgetggt 480
gtttgeagee 540
aaaccgcace 600
“catggactg 660
catgggcaat 720
tgtcctecgg 780
ggtcaccacc 840

cgectecagt 900
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54-

Ala Phe Gly Trp Ser Phe Val Phe Glu Asp pPhe Val Ser Pro Glu Leu
100 105 110

Arg Lys Gln Glu Asn Leu Met Pro Ala Val His Trp Trp Gln Pro Val
115 129 125

Pro Lys Ala Pae Trp Arg Gln Pro Ala Gly Pro Gly Ser Gly Ile Arg
130 135 140

Glu Lys Leu Glu Leu Pro Val Val His Val Ser Trp Asn Asp Ala Gly
145 150 155 160

Ala Tyr Cys Ala Trp Arg Gly Arg 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 Glun Pro Asn Arg Thr Asn Leu Trp Gln Gly Lys Phe Fro
195 200 205

Lys Gly Asp Lys Ala Glu Asp Gly Phe Hig Gly Leu Ser Pro Val Asn
210 215 220

2Zla Phe Pro Pro Gln Asn Asn Tyr 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 Me:
245 250 255

2Arg Val Leu Arg Gly Ala Ser Trp Ile Asp Thr Ala Asp Gly Ser Ala
260 265 270

Asn His Arg Ala Arg Val Thr Thr Arg Met Gly Asn Thr Pro Asp Ser
275 280 285

Ala Ser Asp Asn Leu CGly Zhe Arg Cys Ala Ser Ser Ala Gly Arg Fro
290 295 300

Lys Glu Asp Leu

305

<210> 4¢

<211> 855

<212> DNA

<213> Mus musculus

<400> 4¢

atggtccecca ttecctgetgg agtattcaca atgggeactg atgatcctca gatcaggeag 60

gatggagaag cccctgecag gagagtcact gttgatgget tttacatgga cgectatgaa 120
gtcagcaatg cggattttga gaagtttgty aactcgactg gctatttgac agaggctgag 180
aagtttggayg actetttegt ctitgaagge atgttgagey agcaagtgaa aacgeatate 240
caccaggceg ttgcagctge tecatggtgg ttgectgtca agggagctaa ttggagacac 300
ccagagggtc cggactccag tattctgcac aggtcaaatc atpcggttct ccatgtttee 360
tggaacgatg ctgttgecta ctgcacatgy gegggcaaga ggttgcetac tgaggcagag 420

tgggaataca gctgtagagg aggcctgeay aacaggettt tcecectygggg caacaaactg 480

-181-
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-55-
cagcccaaag gacagcatta tgccaacate tggcagggea agtttectgt gagcaacact 540
ggcgaggaty gettecaagg aactgoccce gttgatgeet ttectococaa tggetatgge 600
ttatacaaca tagtggggaa tgtgtgggag tggacctcag actggtggac tgttcaccat 660
tctgttgagg aaacgticaa cccaaagggt cccacttctg ggaaagaccy agtgaagaay 720

ggtggatcet acatgtgceca taagtcctat tgctataggt accgetgtge agctegaage 780

cagaacacac cagatagctc tgcatccaac ctgggattecc gatgtgcage cgaccacctg 840
cccaccgeag actga 855
<210> 50
<21il> 284
<212> PRT

<213> Mus musculus

<400> 50

Met Val Pro Ile Pro Ala Gly Val Phe Thr Met Gly Thr Asp Asp Pro
1 5 10 i5

@ln Ile Arg Gln Asp Gly Glu Ala Pro Ala Arg Arg Val Thx Val Asp
20 25 30

Gly Phe Tyr Met Asp Ala Tyr Glu Val Ser Asn Ala Asp Phe Glu Lys
35 40 45

Phe Val Asn Ser Thr Gly Tyr Leu Thr Glu Zla Glu Lys Phe Gly Asp
50 55 60

Ser Phe Val Phe Glu Gly Met Leu Ser Glu Gln Val Lys Thr His Ile
65 70 75 80

His Gln Ala Val Ala Ala Ala Pro Trp Trp Leu Pro Val Lys Gly Ala
85 90 95

Asn Trp Arg His Pro Glu Gly Pro Asp Ser Ser Ile Leu His Arg Ser
100 105 i10

Asn His Pro Val Leu His Val Ser Trp Bsn Asp Ala Val Ala Tyr Cys
115 120 125

Thr Trp Ala Gly Lys Arg Leu Pro Thr Glu Ala Glu Trp Glu Tyr Ser
130 135 140

Cys Arg Gly Gly Leu Gln Asn Arg Leu Phe Pre Trp Gly Asn Lys Leu
145 150 155 160

Gln Pro Lys Gly Gln His Tyr Ala Asn Ile ''rp Gln Gly Lys Phe Pro
165 170 175

Val Ser Asn Thr Gly Glu Asp Gly Phe Gln Gly Thr 2la Pro Vel Asp
180 185 190

Ala Phe Pro Pro Asn Gly Tyr Gly Leu Tyr Asn Ile Val Gly Asn Val
195 200 205

Trp Glu Trp Thr Ser Asp Trp Trp Thr Val His His Ser Val Glu Glu
210 215 220

-182-
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Thr Phe Asn Pro Lys Gly Pro Thr Ser Gly Lys Asp Arg Val Lys Lys
225 230 235 240

Gly Gly Ser 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 Lsu Gly
260 265 0

Phe Arg Cys Ala Ala Asp His Leu Pro Thr Ala Asp
280

<210> 51

<211> 1011

<212> DNA

<213> Drosophila melanocgaster

<400> 51
atgacaacaa ttatattagt cctetttatt tggatagttt tattcaatga cgtatccage 60

gactgtgget gecaaaaget cgaccggaag gocccggata tgecgtecat ttocggacaa 120
gtgtgecage aacgagcaca gggtgcacac agecactace gggattacta tggegaactg 180
gagcacaaata ttgeggacat gtcactgett cegggaggea cggtttacet gggtactgac 240
aaaccgcact ttcecggcega cegegaggcel ceggaacggce aggtgaaget gaatgacttc 300
tacatcgaca agtatgaggt ttccaacgaa goctttgega agtttgbtet gcacactaac 360
tacaccacgyg aggctgageg atatggegac agttttetgt ttaagageet tttgagecca 420
ttggagecaga agaacctaga ggactbtcecga gtggcgageg ctgtetggtg gtacaaagtg 480
gceggegtga actggcgaca tccaaatgge gtggacageg atatagacca cttaggeega 540
cacocggtay tgcacgtate grtggegcgac getgtggagt actgtaagtg ggccggcaag 600
cggbtgeeca gegaggegga gtgggaggeg gottgeaggy goggeaagga gcgcaaactg 660
tttcoetggy gezacaaget gatgeccaagg aatgaacatk ggetgaacat ctggeaggga 720
gactttcoceg atggcaacct ggctgaagat gggtttgagt acaccagece cgtggatgee 780
tteccgacaga atatttacga cctgceacaac atggtgggea acgtctggga gtggacggca 840
gatctotggy acgtaaatga cgttagegat aatccaaatc gggtcaagaa gggeggttct 900
tatctgtgtc acaagtccta ctgctacagg tacaggtgeg cggcacgctc gcagaacaca 960
gaagacagtt cagcecggtaa cctgggtttt cggtgcgecca agaatgegtyg a 1011
<210> 52

<211> 338

<212> PRT

<213> Drosophila melanogaster

<400> 52

?et Thr Thr [le éle Leu Val Leu Phe {3e Trp Ile Val Leu Phe Asn

15

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

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

Ala His Ser His Tyr Arg Asp Tyr Tyr Gly Glu Leu Glu Prd Asn Ile
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ala
65

Lys

Gly

Asn

145

ala

His

Glu

Glu

Asn

225

Asp

Lys
305

Giu

50

Asp Met

Pro His

Asn Asp

Lys Phe
115

Asp Ser
130

Leu Glu

Gly val

Leu Gly

Tyx Cys
135

Ala ala
210

Lys Leu

Phe Pro

Val Asp

Asn Val

275

Asp Asn
290

Ser Tyr

ASp Ser

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

<213>

<400> 53
ccggagaget tgctcgatct ggtggaacat tccaageggt

Phe

Phe

100

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

cys

Ser

Leu

Pro

85

TYyr

Leu

Leu

Phe

Trp

165

His

TR

Arg

Pro

Gly

245

Phe

Glu

Asn

Tyr

Ala
325

Leu
70

Ala
Ile
His
Phe
Arg
150
Arg
Pro
Ala
Gly
Arg
230
Asn
Arg
Trp
Arg
Ar

310

Gly

55

Pro

Asp

Asp

Thr

Lys

135

Val

His

Val

Gly

Gly

215

Asn

Leu

Gln

“hr

Val

295

Tyr

Asn

Anopheles gambiae

Gly

Arg

Lys

Asn

120

Ala

Pro

val

Lys

200

Lys

Glu

Ala

Asn

Ala

280

Lys

Arg

Leu

Gly

Glu

Tyr

105

Tyr

Leu

Ser

Asn

His

185

Arg

Glu

His

Glu

Ile

265

Asp

Lys

Cys

Gly

Thr

Ala

90

Glu

Thr

Leu

Ala

Gly

170

val

Leu

Arg

Trp

Asp

250

Tyx

Leu

Gly

Ala

Phe
330

-57-

val

75

Pro

val

Thr

ser

Val

155

val

Ser

Pro

Lys

Leu

235

Gly

Asp

Trp

Gly

Ala

315

Arg

-184-

60

Tyx

Glu

Ser

Pro
140

2]

rp

Asp

Ser

Leu

220

Asn

Phe

Leu

Asp

Sex

300

arg

Cys

Met

Arg

Asn

Ala

125

Leu

Trp

Ser

Arg

Glu

205

Phe

Ile

Glu

Val

285

Tyr

Ser

Ala

Gly

Gln

Glu

110

Glu

Glu

Tyr

Asp

Asp

190

Ala

Pro

Trp

Tyr

Asn

270

Asn

Leu

Gln

Lys

Thr

Val

95

Ala

Arg

Gln

Lys

Ile

175

Ala

Glu

Trp

Gln

Thr

255

Met

Asp

Cys

Asn

Asn
335

Asp

80

Lys

Fhe

Tyr

Lys

Val

160

Asp

val

Trp

Gly

Gly

240

Ser

val

val

His

Thr

320

Ala

PCT/US2004/003632
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58~
ccaggaggtg aatatgtaat cgccacaaat gaacctatet tegteaagga tcgcgaatca 120
ccggeecygge ccgegacgat ¢cgegacttl tacctegace agtacgaagt ctecaacgea 180
cagttcaagg cattegtega ccagacggge tacgtcacgg aggcggaaaa gtttggcgac 240
agcttegtet tccagecaget getcagegaa ceggtgegee agecagtacga agatticcge 300
gtggeggegg cgccctgeotg gtacaaggta cgtggagect cctggeagea tcoggaaggt 360
gatgtgtcac gtgatataag cgaccgatty gaccatcege tggtgcacgt gtcctggaac 420
gatgcggleg cgtactgege cltggaaaggg aagcgectge cgacggaage ggaatgggaa 480
geggectgec ggggeggteg caageagaag ctgttecect ggggtaacaa getgatgecg 540
aaggagcegce acatgatgaa catatggcag ggcgagttce cggacagcaa tctgaaggag 600
galtggclacg agaccacctg cccggtgacg tecttecgee agaaccegtt cgagetgtac 660
aacategtty geaacgtgty ggagtggacg geggatcttt gggacgegaa ggatgeggee 720
atcgagegea agccgggcag cgatccaccg astogggtga aaaagggtgg ctcatacctg 780
tgtcacgaat cgtactgcota tegetatege tgtgeggeto gatcgeagaa caccgaggac 840
agtteggegg geaatctggg ctteeggtge 87C
<210> 54
<211> 290
<212> PRT
<213> Anopheles gambiae
<400> 54
iro Glu Ser Leu Eeu Asp Leu Val Glu His Ser Lys Arg Phe Glu Asp

0 15

Met Ser Leu Ile Pro Gly Gly Glu Tyr Val Ile Gly Thr Asn Glu Pro
20 25 30

Ile Phe Val Lys Asp Arg Glu Ser Pro Ala Arg Pro Ala Thr Ile Arg
35 40 45

Asp Phe Tyr Leu Asp Gln Tyr Glu Val Ser asn Ala Gln Phe Lys Ala
50 55 60

Phe Val 2Agp Gln Thr Gly Tyr Val Thr Glu Ala Glu Lys Phe Gly Asp
65 70 75 80

Ser Phe val Phe Gln Gln Leu Leu Ser Glu Pro Val Arg Gln Gln Tyr
85 90 95

Glu Asp Fhe Arg Val Ala Ala Ala Pro ‘rp Trp Tyr Lys Val Arg Glv
100 105 110

Ala Ser Trp Gln His Pro Glu Gly Asp Val Ser Arg Asp Tle Ser Asp
115 120 125

Arg Leu Asp His Pro Val Val His Val Ser Trp Asn Asp Ala val Ala
130 135 140

Tyr Cys Ala Trp Lys Gly Lys Arg Leu Pro Thr Glu Ala Glu Trp Glu
145 150 155 160

Ala Ala Cys Arg Gly Gly Arg Lys Gln Lys Leu Phe Pro Trp Gly Asn
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Pke

Val

Asn

225

Ile

Gly

Ala

Arg

Leu

Pra

Thr

210

val

Glu

Ser

Arg

Cys
290

<210>
<211>

<212>

<213>

<400>

gtggcegtgg ccgeocegte

Met

Asp

195

Ser

Trp

Tyx

Ser

275

55
945

DNA

Ero

180

Ser

Phe

Glu

Lys

Leu

260

Gln

165

Lys

Asn

Arg

Trp

Pro

245

Cys

Asn

Glu

Leu

Gln

Thr

230

Gly

His

Thr

Gln

Lys

Asn

215

Ala

Ser

Giu

Glu

200

Pro

Asp

Asp

Ser

Asp
280

Streptomyces coelicolor

55

cgetegacee

ggggagggat

cacategacy

catgtgaccyg

ccggacgeeg

gcecactgge

gtegtecacy

cocacegagy

tggggegacy

ccgeacglea

cccaacgged

ttetcgecea

geggeacggg

cgggtegeey

tgcgecaacg

<210>
<211>
<212>
<213>

36
314
PRT

goggacaggt
atccggecga
agaccgeegt
acgccgaacg
acgtcctegg
gcegeccega
tetectyggaa
cegaatggga
agctgaccee
acacggecga
acggectgtyg
cctactacge
tgctgegegy
ceccgetecte

acgcggacct

ccecegeggea
gegectgecg
cggcgagaca
caccaacgee
ctteggetee
cagcgcegee
gggegeceege
cgatgecace
gtacgcegee
gggcggecag
ggacgggcac
gaacacageg
cgaatcacce
cggctcctac
caacaccecg

cacgtccgga

Streptomyces coelicolor

170

Met Met

185

Asp Gly

Phe Glu

Leu Trp

Pro Fro

250

Tyr Cys

Ser Ser

-59-

Asn

Tyr

Leu

Asp

235

Asn

Tyx

ala

geegeggage

ggcggtgagt

ccegtgeaca

cggttegecy

tcggecgtct

ggcgeccect

tcegacatea

gectacgege

cgecgggggac

tggcgetgea

ctgagcaccg

ggcaacgtgt

accgtegace

ctgtgecacg

gactcetegt

tcagcegetg

-186-

Ile

Glu

Tyr

220

ala

Arg

Arg

Gly

Tre

Thr

205

Asn

Lys

Val

TYY

Asn
285

Gln

190

Ile

Asp

Lys

Arg

270

Leu

cggggcceega

tecgegatggg

cggtgegeet

ccttegteaa

tccacctggt

ggtggatcaa

ceggeeggee

ggtgggecgy

tggecggeeg

acatctgoca

caceggtceaa

gggaatgetg

cgeacggecce

actectactg

ccggcaaccet

agtga

175

Gly

Cys

Val

Ala

Lys

3255

Cys

Gly

Glu

Pro

Gly

&

240

Gly

Ala

Phe

PCT/US2004/003632

cgeeegteeg 60
ggacgectte 120
geggeectte 180
ggegacegge 240
cgtegeegee 300
cgtgcggggce 360
gaaccatccg 420
caagcgecty 430
cogetacgee 540
gageegette 600
gtcctaccgg 660
ctecegactgy 720
cgggaccaggy 780
caaccgctac 840

cggattecege 900

945
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<400>

56

Met Ala Val
1

Ala

Glu

Glu

Thr

65

val

Pro

Ala

Ser

145

Pro

Cys

Gly

Gly

225

Phe

Pro

Thr

Ala

Phe

Thr

50

Ala

val

Val

Trp

Arg

130

Trp

Thr

Asn

His

210

Leu

Ser

Gly

Asp

Pro
290

Arg

Ala

35

Pro

Val

Thr

Ala

Trp

115

Ser

Asn

Glu

Tyx

Ile

195

Leu

Trp

Pro

Thr

Ser

275

Asp

Ala

Pro

20

Met

Val

Thr

Asp

Ala

100

Ile

Asp

Asp

Ala

Ala

180

Trp

Ser

Asn

Thr

Gly

260

Tyx

Ser

Ala
5
Arg

Gly

Ala
a5

Pro

Asn

Ala
Glu
165
Trp
Gln
Thr
Thx
Tyx
245
Ala

Cys

Ser

Ser

Asp

Thr

Ala

70

Glu

Asp

val

Thr

Thr

150

Trp

Gly

Gly

Ala

Ala

230

Tyr

Ala

Asn

Ser

Thr

Ala

val

55

Arg

Arg

Ala

Arg

Gly

135

Glu

Asp

Arg

Pro

215

Zla

arg

Arg

Gly
295

Pro

Arg

Phe

40

Arg

Phe

Phe

Asp

Gly

120

Arg

Tyr

Tyx

Glu

Ala

Gly

25

Gly

Leu

Ala

Gly

val

105

Ala

Pro

ala

Ala

Leu

' 185

Phe

200

val

Asn

Glu

Val

Tyr

280

Asn

Lys

val

Leu
265

Arg

Leu

-187-

Ala

10

Glu

2rg

ala

Ser
co

Asn

Arg

Ala

170

Thy

Trp

Pro

250

Arg

val

Gly

-60-

Val

Gly

Pro

Phe

75

Ser

Gly

Trp

His

Trp

155

Arg

Pro

val

TyY

Glu

235

Thr

Gly

Ala

Phe

Ala

Arg

Tyr

Phe

60

val

Ala

Ser

Arg

Pro

140

Ala

Gly

Gly

Asn

Arg

220

Trp

val

Gly

Ala

Arg
300

Glu

Leu

Pro
45

val

Ala

Arg

125

val

Gly

Gly

Gly

Thr

205

Pro

cys

Asp

Ser

Arg

285

Cys

Pro

Pro

30

ala

Ile

Ala

Phe

Ala

110

Val

Lys

Leun

Arg

190

Ala

Asn

Ser

Pro

TYyTr

270

Ser

Ala

Gly
15

Gly
Asp
Asp
Thr
His
95

Gly
Glu
His
Arg
Ala
175
Trp
Glu
Gly
Asp
His
255
Leu

Ser

Asn

Pro

Gly

Gly

Glu

Gly

80

Leu

Ala

Gly

val

Leu

160

Gly

Arg

Asp

Trp

240

Gly

Cys

Asn

Asp

PCT/US2004/003632
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-61-
Ala 2Asp Leu Thr Ser Gly Ser Ala Ala Glu
305 310

<210> 57

<2il> 1005

<212> DNA

<213> Corynsbacterium efficiens

<400> 57
gtggttegee atcgactyggg ceaccggece tgeacactga ggattacgte catgagtaac 60

tgetgetece cgtcaagege acaatggegt accactacce gggatttate agatcctgte 120
aatccecacca ctecatgeaa cceeggaacaa teocegegatg ctgtgacact gecgggtgga 180
gcetttocaca tgggegatea tcacggggag gggtaccegg cggacgggga ggggocagta 240
catgaggttc accteogecee ctteggeatt aatgtcacca cggtcacgaa tgccgagttc 300
ggacgattta ttgaagccac agggtatacyg acgacagegy aacgcetacgg tgtetegget 360
gtattetacyg cagegttoca agggeaacge getgacatte ttegecaggt tcccggegtg 420
ccetggtgge tggceggtcaa gggtgcgaac tggcagegtce ccaacggecc cggatccacc 486
ctggacggge ttgaggacca ccccogtegtt cacgtttect gggatgatge egttgectac 540
tgcacctggy ctggcggteg tctgeccace gaagecgagt gggaatacge cgeccggggt 600
ggactgeagg gogeacgata tgootggggg gataaccteg ccctagacgg gaggtggaac 660
tgeaatatet ggcagggagyg ctteccecatyg gagaacacceg ccgeggatgg ttacctcace 720
actgcaccgyg tgaagaccta cacgcccaat ggatacggtc tgtggcagat ggcagggaat 780
gtatgggaat ggtgocagga ctggtttgat geggagtact actceegtge ttectecate 840

aacccgeggg gacceggatac cggtgegege cgggtgatge geggaggete gtatctetge 800

catgattcet actgcaacag ataccgggtg gcocgeccgea attcgaacac cceggabtcee 960
acctegggga ataccggtti ccggtgegtt ttegatagte cttga 1005
<210> 58

<211> 334

<212> PRT

<213> Corynebacterium efficiens
<400> 58

Met Val Arg His Arg Leu Gly His Axg Pro Cys Thr Leu Arg Ile Thr
1 5 10 15

Ser Met Ser Asn Cys Cys Ser Pro Ser Ser Ala Gln Trp Arg Thr Thr
20 25 30

Thr Arg Asp Leu Ser Asp Pro Val Asn Pro Thr Thr Pro Cys Asn Pro
35 40 45

Glu Gln Ser Arg Asp Ala Val Thr Leu Pro Gly Gly Ala Phe His Met
50 55 60

Gly Asp His His Gly Glu Gly Tyr Pro Ala Asp Gly Glu Gly Pro Val
65 70 75 80

His Glu Vval His Leu Ala Pro Phe Gly Ile Asn Val Thr Thr val Thr
g5 90 85

Asn Ala Glu Phe Gly Arg Phe Ile Glu Ala Thr Gly Tyr Thr Thr Thr

-188-
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Ala

Gln

Ala

145

Leu

Ala

Glu

Trp

Gln

225

Met

Tyr

Ala

Glu

Arg

130

Val

Asp

Trp

Gly

210

Gly

Ala

Ala

Tyr

Arg

290

Asn

Ser

<210>
<211>

<212>
<213>

<400>
atggcgcaac

Arg

115

Ala

Lys

Gly

Ala

Glu

195

Asp

Gly

Pro

Gly

Ser

275

Arg

Arg

Gly

59
1017

DNA
Novosphingobium aromaticivorans

59

cccaattgea

ggcacttteca

aaggtagaca

gtggaggeca

ggcatgetoe

gtegacatgg

100

TvIL

Asp

Gly

Leu

Tyr

180

Tvr

Asn

Phe

val

Asn

260

Arg

Val

TVY

Asn

Gly

Ile

Ala

Glu

165

Cys

Ala

Leu

Pro

Lys

245

Val

Ala

Met

Arg

Thr
325

cattecgate
ggagcacgte
ccatgggete
gcttetggat
cgggatacgt
cgggcatgga

cggatgegte

val

Leu

Asn

150

Asp

Thr

aAla

Ala

Met

230

Thr

Trp

Ser

Arg

val

310

Gly

Ser

Arg

135

Tro

His

Trp

Arg

Leu

215

Glu

TYY

Glu

Sexr

Gly

295

Ala

Fhe

Ala

120

Gln

Gln

Pro

Ala

Gly
200

Thy

Trp

Ile

280

Gly

Ala

Arg

gcgaatggte
ggaagectte
cgatgaagcg
cactgtggee
ccgegeggga

caactggtgg

105

val

Val

Arg

val

Gly

185

Gly

Gly

Thr

Pro

Cys

265

Asn

Ser

Arg

Cys

Phe

Pro

Pro

val

170

Gly

Leu

Axg

Ala

Asn

250

Gln

Pro

Tyr

Asn

Val
330

-62-

TYL

Gly

Asn

155

His

Arg

Gln

Trp

Ala

235

Gly

Asp

Arg

Leu

Ser

315

Phe

gacggceggee agbegtacaa

gaacgececyg

taccecggagy

ccggtgacga

gagatcgage

tecgetggtgt

cactttacct

-189-

Ala

val

140

Gly

val

Leu

Gly

Asn

220

Asp

TyY

Trp

Gly

Cys

300

Asn

Asp

ala

125

Pro

Pro

Sar

Pro

Ala

205

Cys

Gly

cly

Phe

Pro

285

His

Thr

sSer

110

FPhe Gln

Trp Trp

Gly Ser

Trp AsSp

175

Thr Glu

190

Arg Tyr

Asn Ile

Tyr Leu

Leu Trp

255

Asp Ala

270

Asp Thr

Asp Ser

Pro Asp

Pro

gtattgaacyg

gcatgegect

aagcgeeget

acgcacagtt

cggatcccaa

tccagaaaac

ttggcgectg

Gly

Leu

Thr

160

Asp

Ala

aAla

Trp

Thr

240

Gln

Glu

Gly

Tyr

Ser
320

PCT/US2004/003632

ccatctegaa 60

gatcgaaggce 120

tcgcecgggtg 180

cgecgeatte 240

ggactaccec 300

agcagggeeyg 360

ctggaageat 420
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-63-
ccacttggac cgggeagttc catcgatggg ategacgace atccegtegt tcacgtegec 480
tatgccgatg cogaggecta tgccaaatgy gogggcaagg atctgecgac cgaagecegag 540

ttcgaatatg ctgecgogegg cgggttggac ggttccgaat tttectgggg agacgaacte 600
gcacctgaag gecggatgat ggecaactac tggeaaggece tgtttcectt cgccaaccagy 660
tgeetegatg getgggaacy gacategece gtecgeaact tcecgoccaa cggcetatggt 720
ctttacgaca tgatcgggaa cacgtgggag tggacctgeg attggtggge cgacaagecg 780

ctgactccge aaaggaaatc ggcatgetge gegatcagea atccgegegy cggcaagcte 840

aaggacagct tcgaccegte gcaacccgcea atgegeateg gcecggaaggt cataaagggc 900
ggttcgeace tgtgkgegge caattactge cagegetate gcccegeage acgccatcct 960
gaaatggtty ataccgcgac gacgcacatc ggettcaggt gtgtggtgeg geectga 1017
<210> 60
<211> 338
<212> ERT

<223> Novosphingobium aromaticivorans
<400> €0

Met Ala Gln Pro Phe Arg Ser Thr Ala Ala Ser Arg lhr Ser Ile Glu
1 5 10 15

Arg His Leu Glu Pro Asn Cys Arg Ser Thr Ser Arg Met Val Glu Arg
20 25 30

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

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

Phe Trp Ile Asp Glu Ala Pro Val Thr aAsn Ala Gln Phe Ala Ala FPhe
65 70 75 80

val Glu Ala Thr Gly Tyr Val Thr val Ala Glu Ile Glu Pro Asp Pro
85 S0 95

Lys Asp Tyr Pro Gly Met Leu Pro Gly Met Asp Arg Ala Gly Ser Leu
100 105 110

val Phe Gln Lys Thr Ala Gly Pro Val Asp Met Ala Asp Ala Ser Asn
118 120 ]:25

Trp Trp His Phe Thr Phe Gly Ala Cys Txp Lys His Pro Leu Gly Pro
130 : 135 140

Gly Ser Ser Tle Asp Gly Ile Glu Asp His Pro Val Val His Val Ala
145 150 155 60

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

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

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

-190-
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Asn

Trp

225

Ala

Pro

cys

305

Glu

Arg

Tyr

210

Glu

Tyr

Asp

Asn

Ala

280

Ala

Met

Pro

<210>
<211>
<212>

<213>

<400>
atgggeccac

Arg

Asp

Lys

Pro

275

Met

Ala

val

61
1119
DNA

61

tgcegggaag

tttegggate

tegtacceeg

tatcecggagyg

accgteteca

gagaaacceg

tcgatgatgt

gtetatgtee

gttgcagate

gcaggcaagg

gcegecgaat

tggcaaggag

gtaggctcgt

tggacgaceg

aatcocgegty

cctegecaagg

Gln

Thx

Met

Pro

260

Arg

Arg

Asn

Asp

gaggtegagg tcaaaaaccg
ttctagccga
tttcgatgaa
gaatggtctyg
aggcaccgge
accgegactt
ccaatcecega
tcaggaagce
gcggegecaa
atccggtegt
aacttoccac
acgtctggay
acttteoccta
tcceggecaa
actggtacca
geggecateg

teaccaaggy

Gly

Ser

Ile

245

Leu

Gly

Ile

Tyr

Thr
325

Leu

Pro

23C

Gly

Thr

Gly

Gly

Cys

310

Ala

Phe

215

val

Asn

Pro

Lys

Arg

295

Gln

Thr

Mesorhizobium loti

200

Pro

Arg

Thr

Gln

Leu

280

Lys

Arg

Thr

tagcggatgg
cgeecctgee
gatcececgge
ceacegggte
cgaacgcette
cgactatcce
ggcecggeect
ctggegeeat
gcatgtggec
cgaggecgag
caacgagett
ccggaatact
cgactacggt
ggaccacaag
cgaagcgagc

tggcteccat

Phe Ala

Asn Phe

Trp Glu

250

Arg Lys

265

Lys Asp

Vval Ile

Tyr Arg

His Ile
330

64-

Asn

Pro

235

Trp

Ser

Ser

Lys

Pro

315

Gly

catgaaagge

gcggctgaty

gaagtctteg

ggtaccttecc

agggtcgacyg

gttgeggega

ggtgccttac

gkegaccttg

ccacgeggge

tacgaggatyg

togggaatteg

acgecggecyg

gtcgacgacyg

ctectacgaca

gegatcgaca

tatgacacee

ctgtgegege

-191-
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205

Gln Cys Leu Asp Gly
220
Pro Asn Gly Tyr Gly

240
Thr Cys Asp “rp Trp

2585
Ala Cys Cys Ala Tle
270
Phe Asp Pro Ser Gln
285

Gly Gly Ser His Leu
300
Ala Ala Arg His Pro

320
Phe Arg Cys Val Val

335

gacgeggtea tgttegacat 60
gagatgagca cgcegtgtca 120
agecgegetge ageogaacgy 180
tgatgggctc agacaaccac 240
getteclggat ggacaaatte 300
caggacatgt cactetitgee 360
ccgatctget ggeteegtee 420
gcaatracta caalbtgglyg 480
cggeaagtac aatcaagaag 540
tcgtggecta tgccaactgg (]
cggegegagyg cggectegat 660
ggasagcacat ggccaacate 720
gttacgaata tacggcccca 780
tggeceggecaa tgtctggeaa 840
geeegtgety caccgetgte 800
ggctacctga cgttaagatc 60
cgaactactyg tcggegetac 1020
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-65-

PCT/US2004/003632

cggcccgegg cgegaatgge gcaaccegtc gacactgeaa tetcccatet cggetttege 1080

tgcategtge gaaggaaaat ggaattgaac gegeagtaa

<210> 62

<211> 372

«212> PRT

<213> Mesorhizobium loti

<400> 62

Met Gly Pro Arg Gly Arg Gly Gln Lys Pro His
1 5 10

His Val Arg His Cys Arg Glu Val Leu Ala Asp
20 25

Asp Gly Asp Glu His Ala Val Ser Phe 2Arg Asp
35 40

Pro Ala Glu Val Phe Glu Arg Ala Ala Ala Glu
50 55

Met Val Trp Ile Pro Gly Gly Thr Phe Leu Met
65 70 75

Tyr Pro Glu Glu Ala Pro Ala His Arg val Arg
85 80

Met Asp Lys Phe Thr val Ser Asn Arg Asp Phe
100 105

Ala Thr Gly His Val Thr Leu Ala Glu Lys Pro
115 120

Tyr Pro Gly Ala Leu Pro Asp Leu Leu Ala Pro
130 135

Arg Lys Pro Ala Gly Pro Val Asp Leu Gly Asn
145 150 155

Val Tyr Val Arg Gly 2ala Asn Trp Arg His Pro
165 170

Thr Ile Lys Lys Val Ala Asp His Pro Val val
180 185

Asp Val val Ala Tyr Ala Asn Trp Ala Gly Lys
195 200

Ala Glu Trp Glu Phe Ala Ala Arg Gly Gly Leu
210 215

Val Trp Gly Asn Glu Leu Thr Pro Ala CGly Lys
225 230 235

Trp Gln Gly Asp Phe Pro Tyxr Arg Asn Thr Val
. 245 250

Tyr Thr Ala Pro Val Gly Ser Phes Pro Ala Asn

-192-

Glu

Ser

Leu

Arg

60

val

Glu

Ala

Ser

140

His

Arg

His

Glu

Asp

220

His

Asp

Asp

Arg

Gly

Ser

45

Ser

Ser

Asp

Arg

Asn

125

Tyr

Gly

val

Leu

205

Ala

Met

Asp

Tyr

Arg

Trp

30

Met

Tyr

Asp

Gly

Phe

110

Pro

Met

Asn

Pro

ala

190

Pro

Gly

Gly

Arg

15

Ala

Asn

Pro

Asn

Phe

95

Val

Asp

Met

Trp

Ala

175

Tyr

Thx

Glu

Asn

Tyx

255

Leu

Gly

Ala

Ala

Gly

His

80

Trp

Ala

Asp

Phe

Trp

160

Ser

Glu

Glu

Tyx

Ile

240

Glu

Tyr

1119
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-66-
260 265 270

Asp Met Ala Gly Asn Vval Trp Gln Trp Thr Thr Asp Typ Tyr Gln Asp
275 280 285

His Lys ala Ile Asp Ser Pro Cys Cys Thr Ala Val Asn Proc Arg Gly
290 295 300

Gly His Arg Glu Ala Ser Tyr Asp Thr Arg Leu Pro Asp Val Lys Ile
305 310 315 320

Pro Arg Lys Val Thr Lys Gly Gly Ser His Leu Cys 2la Prc Asn Tyr
325 330 335

Cys Arg Arg Tyx Arg Pro Ala Ala Arg Met Ala Gln Pro Val Asp Thr
340 345 350

Ala Ile Ser His Leu Gly Phe Arg Cys Ile Val Arg Arg Lys Met Glu
355 360 365

Leu Asn Ala Gln

370
<210> 53
<211> 1251
<212> DNa
<213> Burkholderia fungorum
<400> 63
atgaagagtg azagagatcg acagccegea aagtegtece getegaacgyg gteggtegea 60
gcaacccaaa cgcgegecgy tegegbgege amactaatglt tgtggggege ccetgelegto 120

atactgeceg cetgtgtegg cgeegeggte agttgggees teacgeegea cgeacceget 180
caccegcaaa tegttttegyg cgacggeacg catggtecge teggeatgge gtgggtgcce 240
ggcggccagt tcctcatggg cegcgacgec aaacaggoge aaccgaacga acgcccegeg 300
cacaaggtca aggtgcacgg cttetggatg gacegecate acgtgaccaa cgccgaatte 360
cgeegettecg tegaagegac cggectacgte accacggocg agaagaaace cgactgggag 420
accetgaaag teecagttgee geceggeacyg cegegaccge ccgagagege gatggtggeg 480
ggtgcaatgg tgttcgtegg caccagecegt ccegtgeecge tagacgacta ttegecagtgg 540
tggcgetatg tgcctggege taactggegt catccagocg ggcoctgagag caacatcate 600
ggtaaagatg atcacccegt gghkicaagty tcctacgaag atgegeagge ttatgegaaa 660
tgggcoggea agegtetgee gaccgaagee gaatgggaat tcgccgcgqg cggcggecte 720
gaacaggceca cgtatgegty gggegatcag ttetctecca acggcaaaca gatggecaac 780
gtetggeagg geccageagee geagtettte cecgttgtea accegaaage gggtggcgeg 840
cteggtacaa gtecggtggg tacltbtcceg gocaacgget acggecttte cgacatgacc 900
ggcaacgect ggcagtgggt tgccgactgg tatcgegegg atcagttcag gegtgaggeg 960
gtaagcacca gcgcgatcga caatcceggty ggcccgageyg agtcgtggga cocegcagac 1020
cagggegtge ccgtcaacge goccaagegt gtcacacgeg geggtitegtt cctcotgeaac 1080
gaaatctatt gectgageta ccggeccage gegagacgeg geaccgatee ctacaacage 1140
atgtecgcalbe tgggettecy getggtgatg gacgaagaca cctggaaaga agccggtget 1200

cgecaggett cggcgaaage tgceggegeg ccotggaaccece ctggegocta g 1251

-193-
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<210>
<211>
<212>
<213>

<400>

Met Lys
1

Gly Ser
Met Leu

Ala Val
50

val Phe
65

Gly Gly

Glu Arg

Tyr vVal
130

Gln Leu
145

Gly Ala
Tyr Sexr
Ala Gly
Gln Vval

210
Arg Leu
225
Glu Gln

Gln Met

Val Asn

64
416
PRT

Burkholderia

64

Ser

val

Trp

35

Ser

Gly

Gln

Pro

val

115

Thr

Pro

Met

Gln

Bro

195

Ser

Pro

Ala

Ala

Pro

Glu

Ala

20

Gly

Txp

Asp

Fhe

Ala

100

Thr

Thr

Pro

val

Trp

180

Glu

Tyx

Thx

Thr

Asn

260

Lys

Arg
5
Ala
Ala
Ala
Gly
Leu
85
Asn
Ala
Gly
Fhe
165
Trp
Ser
Glu
Glu
Tyr
245

Val

Ala

fungorum

Asp Arg

Thr Gln

Leu Leu

Phe Thr
55

Thr His
70

Met Gly

Lys Val

Ala Glu

Glu Lys

135

Thr Pro
150

Val Gly

Arg Tyr

Asn Ile

Asp Ala

218

Ala Glu
230
2la Trp

Trp Gln

Gly Gly

Glu

Thr

val

40

Pro

Gly

Ser

Lys

Phe

120

oys

Arg

Thr

Vval

Tle

200

Trp

Gly

Gly

Ala

67-

Pro Ala Lys
10

Arg Ala Gly
25

Ile Leu Pro
His Ala Pxo

Pro bLeu Gly
75

Asp Ala Lys
90

Val His Gly
105

Arg Arg Phe
Pro Asp Trp

Pro Pro Glu
155

170

Pro Gly Ala
185

Gly Lys Asp
ala Tyr Ala

¢lu Phe Ala
235

Asp Gln Phe
250

Gln Gln Pro
265

Leu Gly Thr

-194-

Sexr

Arg

Ala

Ala

&0

Met

Gln

Phe

Val

Glu

140

Ser

Val

Asn

asp

Lys

220

Ser

Gln

Ser

Ser

Val

Cys

45

His

Ala

ala

Glu

125

Thr

Ala

Pro

1'rp

His

205

Trp

Arg

Pro

Ser

Pro

Arg
Arg
30

val
Pro
Trp
Gln
Met
110
Ala
Leu
Met
Leu
Arg
190
Pro
Ala
Gly
Asn
Phe

270

Val

Ser

15

Lys

Gly

Gln

val

Pro

95

Asp

Thr

Lys

val

Asp

175

His

val

Gly

Gly

255

Pro

Gly

Asn

Leu

Ala

Ile

Pro

80

Asn

Arg

Cly

val

Ala

16C

Aep

bro

val

Lys

Leu

2440

Lys

val

Thr

PCT/US2004/003632
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Phe Pro
2890

275

280

Ala Asn Gly Tyr Gly Leu

295

-68-

Ser asp Met

Gln Trp val Ala Asp Trp Tyr Arg Ala asp Glo
310

305

Val Ser Thr Ser ala Ile Asp Asn

325

315

Pro Val Gly

330

Asp Pro Ala Asp Gln Gly Val Pro Val Asn Ala

340

345

Arg Gly Gly Ser Phe Leu Cys Asn Glu Ile Tyr

355

380

Pro Ser Ala Arg Arg Gly Thr Asp

370

375

Pro Tyr Asn

Gly Phe Arg Leu Val Met Asp Glu Asp Thr Trp
390

385

Arg Gln Ala Ser Ala Lys Ala Ala

<210>
<211>
<212>
<213>

<400>
atggtet:

405

65
812
DNA

Sinorhizobium meliloti

65
ggy tteccggage

gegeccgtge atccggtaac

cgecagttte tcogaattegt

cgegecgaag actatceggyg

acaccee:
ggtgeca
ceggtegs

cteecga

cga agcgaccget
act ggcggcacea
tece atgtegetta

ccg ageccgagtg

tcetgggccg gegagetkge

titecgy

tcg agaattctat

ccgeccgaacg gctacggect

tactggt
cgcaatgt
gtgetea

gcgaggc

ccg tgegecacce
cecg atgecgatge
agg gtggatcgea

acg cccaggaaat

cgegttegat aa

<210>
<211>
<212>
<213>

66
303
BRT

gacctteatg
cgtecgacgga
aaatgcgacyg
cgetecgeca
gcagggaacg
getegggege
cagcgacgea
ggagctggeg
gecgggegega
ggacgatggt
ctacgacatg
ggaagcggcc
gagtatcgat
tetetgegey

cgacacgacyg

Sinorhizobium meliloti

395

Gly Ala Pro

410

atggggtega
ttctggatcg
gggcatgtga
tecaatctaa
gatatatcge
aagagcagca
aaggectaty
gecegeggey
aatcacatgg
ttegegegaa
atcggraatg
gecaagectt
cecggeggega
cegaactact

accagcecaty

-195-

285

Thr G
300

Phe Arg Arg

PCT/US2004/003632

y Asn Ala Trp

Glu Ala
320

Pro Ser Glu Ser Trp

335

Pro Lys Arg Val Thr

350

Cys Leu Ser Tyr Arg

365

Ser Met Ser

380

Lys Glu Ala

Gly Ala
400

Gly Thr Pro Gly Gly

acgaccatta
atgtoacacc
ccttegegga
gggceggtte
agtgctggat
teggagegat
cegastggge
gcctegatgg
ccaatacttg
catecgecggt
tgtgggagty
gectgeattee
gegtgaaagt
geeggeggta

tcggtttecy

415

ccoggaggaa
ggtaacgaac
aagaaagccg
gctegtette
attecacgeotg
tctggatcat
cggcaaggac
ggctgaattt
gcagggaagt
cagattttac
gaccacggat
gagecaateec
tregegoegg
ccgecetgey

atgtgtcagy

60
120
180
240
300
360
420
480
540
600
650
720
780
840
900

912
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<400>

66

Met Val Trp
1

Tyr

Ile

Ala

Tyr

65

Thr

Ile

Ser

Asp

Thr

145

Sexr

Trp

Arg

Arg

225

val

Tyr

Thr

Pro

Asp

Thr

50

Prec

Prc

Phe

Ile

Rla

130

Glu

Trp

Gln

Thr

Melt

210

His

Asn

Pxo

Cys

Thr
290

Glu

Val

35

Gly

Gly

Pro

Thr

Gly

115

Tre

Gly

Gly

Ser

195

Ile

Pro

Ala

Arg

Arg

275

Thr

val

Glu

20

Thr

Eis

2la

Lys

Leu

100

Ala

2la

Glu

Gly

Ser

180

Era

Gly

Glu

Asp

Arg

260

Arg

Ser

Pro
5
ala
Pro
val
Pro
Arg
85
Gly
Ile
Tyr
Leu
Glu
165
Phe
val
Asn
Ala
2Ala
245
val

Tyr

His

aly

Pro

Val

Thr

Pro

70

Pro

Ala

eu

Ala

Ala

150

Leu

Pro

Arg

val

Ala

230

Asp

Leu

Arg

val

Ala

val

Thr

¥ha

55

Ser

Leu

Asn

Asp

Glu

135

Ala

Ala

val

Phe

Txp

215

Ala

Ala

Lys

Pro

Gly
295

Thx

His

Asn

40

Ala

Asn

Gln

Trp

His

120

Trp

Arg

Pro

Glu

Tyr

200

Glu

Lys

Gly

Ala
280

Phe

Phe

Pxro

25

Arg

Glu

Leu

Gly

Arg

105

Pro

ala

Gly

Gly

Asn

185

Pro

Trp

Pro

Ile

Gly

265

Ala

Met

10

Val

Gln

Arg

Arg

Thr

90

His

Val

Gly

Gly

Gly

170

Ser

Pro

Thr

Cvys

Asp

250

Ser

Arg

Cys

-69-

Met

Thr

Phe

Lys

Ala

75

Asp

Pro

val

Lys

Leu

155

Asn

Met

Asn

Thr

Cys

235

Pro

His

His

Val

-196-

Gly

val

Leu

Pro

60

Ile

Leu

Asp

140

Asp

Hig

Asp

Gly

Asp

220

Ala

Leu

Ala

Arg
300

Sex

Asp

Glu

45

Arg

Ser

Ser

Gly

Val

125

Gly

Met

Asp

Tyr

205

Tyr

Pro

Ala

Cys

Gln

285

Ary

Asn

Gly

30

Phe

Ala

Leu

Gln

Arg

110

Ala

Pro

Ala

ala

Gly

190

Gly

Trp

Ser

Ser

Ala

270

Glu

Val

AsSp

15

Phe

val

Glu

Val

Trp

95

Lys

Tyr

Thr

Glu

Asn

175

Phe

Leu

Ser

Asn

val

255

Pro

Ile

Arg

His

Trp

Asn

Asp

Phe

80

Trp

Ser

Ser

Glu

Phe

150

Thy

Ala

Tyr

val

Pro

240

Lys

Asn

Asp

PCT/US2004/003632
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<210>
<211>
<212>
<213>

<400>

atgaaataca tttttttagt tettttctta
gaggacaaga gagtggaaac tgatactrce
gttccegaayg gaatggetta tatteccgeg
caggcttata aggatgaata tcccegecat
cttacagaag tgaccaatge ggagtttaag
attgctgaga aagatattga ctgggaagag
aagcctectg attctgtget tecaggcaggt
gtttcecteotee aggattatte acagtggtgg
ceggagggte caggtagtac gattgaggat
ttltgaagaty tccaagcgta tgcggattyg
tgggaatggy ccgccatggg aggccaaaat
gtcgaacaag catccgataa agcaaacttt
gcectegaty gattcgaacg caccgceccet
ctatatgata tggctggeaa tgtgtgggaa
tatgazagct ataagcaaaa aggactgaca
gaccctaggy aacegtatac tectaageat
gacagctact gtagtgggta tegtgtttea

tttaatcata cgggattcag gtgtgtgaaa

<210>
<211>
<212>
<213>

<400>

67

1065

DNA
Microscilla sp.

67

68
354
PRT
Microscilla sp.

68

Met Lys Tyr Ile Phe Leu
1 5

Thr Gly Lys Tyr Glu Asp

Lys Ala

Prc Ala
50

20

Glu Ala Sex Asp
35

Gly Gla Tyr Met

lu Tyr 2ro Arg His

70

Leu Thr Glu Val Thr Asn

85

Gly Tyr val Thr Ile Ala

100

Val

Lys

Ile

Met

55

Asn

Ala

Glu

Leu Phe

Axg Val
25

Lys Val

40

Gly Gly

Val Lys

Glu Phe

Lys Asp
105

-70-

tgggccttga
agaccaaaag
ggccagtaca
aacgtgaagg
cdoggtttgtag
ttaaagtetce
tcactggttt
gaatggacta
cgtatggatc
gceggtaage
gacgtgaaat
tggcagggga
gtacgcteet
tggtgecagy
gaagacccca
gtgatcagag
cgtegtatga

gatgtaaatg

Leu Trp
10

Glu Thxr

Lys Ser

Vval ser
75

Lys Arg
ED)

TIle Asp

-197-

PCT/US2004/003632
ccegatgtac cggaaagtat 60
ccgaagegte agatalaaaa 120
tgatgaggagy taaatcagac 180
ttteggettt ttatatggac 240
acgaaacggy ctacgtgacc 300
aggtgecaca gggtaccecg 360
tcaagcagac agatgaaccc 420
tcggagecaa ctggcegaaat 480
atceggtggt acacgtttec 540
gecctygectac tgaggcagaa 600
atccatggog aaatgaatcg 660
attttccaca tcaaaactat 720
tceceagegaa tgggtacggce 780
ataagtatga tgtcaatget 840
cgggttetga gcactacaac 900
ggggttettt cctatgcaat 960
gttccagtag agattcaggt 1020
gatag 1065
Ala Leu Thr Arg Cys
15
Asp 1hr Ser Arg Pro
30
Gly Met 2la Tyr Ile
45

Asp Gln 2la Tyr Lys

60

Ala Phe Tyr Met Asp

80
Phe Val Asp Glu Thr
85
Trp Glu Glu Leu Lys

110
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Ala

Asp

145

val

Lys

Gln

Sex

225

Ala

Gln

Pro
305

Asp

Asn

Gln

Gly

Tyx

Glu

His

Axg

Asn

210

Asp

Leu

Gly

Asp

Thr

290

Tyr

Ser

Asp

Gly

<210>
<211>

<212>

<213>

<400>

ggececgecte acceccgecaa ggtgtoegge
geccagtteg cgcgcttegt caaggccracg

cgtgtegagyg acgaccectge cctgeccgac

val

115

Ser

Sex

Gly

Val

Leu

195

Asp

Lys

Asp

Tyr

Lys

275

Glu

Thr

Ser

65

876
DA
Pseudomonas putida KT2440

68
atggtgcacy tgccgggegg cgagtteage

Pro

Leu

Gln

Pro

Ser

180

Pro

val

Ala

Gly

Gly

260

Tyr

Pro

Cys

Gly
340

Gln

val

Trp

Gly

165

Phe

Thr

Lys

Asn

Phe

245

Asp

Pro

Lys

Ser
325

cly

Phe

Trp

150

Glu

Glu

Phe
230
Glu

Tyxr

val

His
310

Gly

Asn

Thr

Lys

135

Glu

Thr

Asp

Ala

Pro

215

Txp

Asp

Asn

Ry

285

Val

Tyr

His

Pro

120

Trp

Ile

val

Glu

200

Trp

Gln

Thr

Met

Ala

280

Ser

Ile

Arg

Thr

Lys

Thr

Thr

Glu

Gln

185

Trp

Gly

Gly

ala

Ala

265

Glu

Arg

val

Gly
345

Fro

Asp

Ile

Asp

170

Ala

Glu

Asn

Asn

Pro

250

Gly

Glu

His

Gly

Ser

330

Phe

T71-

Pro

Glu

Gly

155

Arg

Tyx

Trp

Glu

Phe

235

val

Ser

Tyr

Gly

315

Arg

Arg

tttggttcaa

ttetggattg

gggtatglkca

gegetgegga

-198-

Asp Ser Val
125

Pro Val Ser
140

Ala Asn Trp

Met Asp His

Ala Asp Trp
190

Ala Ala Met
205

Ser Val Glu
220

Pro His Gln

Arg Ser Fhe

Val Trp Glu
270

Tyr Lys Gla
285

Asn Asp Pre
300

Ser Phe Leu

Arg Met Ser

Cys Val Lys
350

Leu

Leu

Arg

Pro

175

Ala

Gly

Gln

Asn

Pre

255

Trp

Lys

Arg

Cys

Ser

335

Asp

Gln

Gln

Asn

160

val

Gly

Gly

ala

Tyr

240

ala

Cys

GLy

Glu

Asn

320

Val

PCT/US2004/003632

geecgetttta cgacgaagaa 60

acgtgeatee ggtcaccaac 120

cccatgccga gegeggtacc 180

tacegggtge gatggtgttt 240
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12-

catcagggty cggacgtgct cggcccegge tggcagttcg tgcccggege caactgacga 300
caceccgeaag gogecgggcag caccctggee gggetggaca accatecggt ggtgeagatce 360
geectggaag atgeccagge ctatgeccge tgggcaggee gcogaactgece cagegaggeg 420
cagctggaat acgccatgeg cggcygectyg accgatgecy acttcagety gggtaccace 480
gagcagccea agggcaaget catggccaat acctggeagy gtcagttece ttatcgeaat 540
geggegaagg atggttttac cggtacateg cecgtgggtt getteecgge caacggettt 600
ggcetgtteg atgecggegg caatgtebgg gagetgactc gracgggeta tocggecagge 660
catgacgecac agcgecgacgce caagcetegac cccteaggec cggecctgag tgacagette 720
gacccggcag accceggegt geccggtggeg gtaatcaaag gcggetegea cctgtgtteg 780
gaggaceget geatgegeta cegecccteg geacgecage cgeagecggt gttcatgacg 840
acctcgeacg tgggtttcag aacgattcgg caatga 876
<210> 70
<211> 291
<212> PRT
<213> Pseudomonas putidas KT2440
<400> 70
114e\: val His Val gro Gly Gly Glu Phe fgr Phe Gly Ser Ser ?Eg Phe

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

Ile Asp Val His Pro Val Thr Asn Ala Gln Phe Ala Arg Phe Val Lys
35 40 45

Ala Thr Gly Tyr Val Thr His Ala Glu Arg Gly Thr Arg Val Glu Asp
50 585 60

Asp Pro Ala Leu Pro Asp Ala Leu Arg Ile Pro Gly Ala Met Val Phe
65 70 75 80

His Gln Gly Ala Asp Val Leu Gly Pro Gly Trp Gln Phe Val Pro Gly
85 90 95

Ala Asn Trp Arg His Pro Gln Gly Pro Gly Ser Ser Leu Ala Gly Leu
100 105 110

Asp Asn His Pro Val Val Gln Zle Ala Leu Glu Asp Ala Gln Ala Tyr
115 220G 125

Ala Arg Trp Ala Gly Arg Glu Leu Pro Ser Glu Ala Gln Leu Glu Tyx
130 135 140

Ala Met Arg Gly Gly Leu Thr Asp Ala 2Asp Phe Ser Trp Gly Thr Thr
145 150 155 160

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

Pro Tyr Arg Asn Ala Ala Lys Asp Gly Phe Thr Gly Thr Ser Pro Val
180 185 190

-199-
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13-
Gly Cys Fhe Pro Ala Asn Gly FPhe Gly Leu Phe Asp Ala Gly Gly asn
195 200 205

Val Trp Glu Leu Thr Arg Thr Gly Tyr Arg Pro Gly His Asp Ala Gln
210 213 220

Ary Asp Ala Lys Leu Asp Pro Ser Gly Proc Ala Leu Ser Asp Ser Phe
225 230 235 240

Asp Pro Ala Asp Pro Gly Val Pro val ala val Ile Lys Gly Gly Ser
245 250 255

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

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

Ile Arg Gln
290

<210> 71

<211> 780

<212> DNA

<213> Ralstonia metallidurans

<400> 71
ztggtogegg gegggatggt gttegtegge accaacagee cggtgecgot gogegaatac 60

tagegetggt ggcgettegt acctggegeg gactggeghe accegaccgg ceegggeagt 120
tcocatcgaag geaaggacaa tcabccegte gtgcaggtet cgtatgaaga cgcgcaggcg 180
tacgccaagt gegcocggeaa gegtetgeee accgaggecy agtgggagtt tgecgeeegt 240
ggcggoctgg ageaggecac ctacgectgg ggtgacaagt tegegecgga tggcecggeag 300
atggcgaatyg tctggeaggg ccagecaggtg cageccttcc cggtggtcag cgccaaggeg 360
ggeggegegg ctggeaccay tgetgtegge acgtteccgg geaatggeta tgggetetat 420
gacatgaccg gecaacgecetyg geagtgggtg gecgactggt atcgegegga ccagttcege 480
cgogaageca cggtggegge agtgotgeag aatecgaceg geoccggecga ttegtgogac 540
cegaccgaac ctggegtgce gotgteggeg cccaageggg tcacgegegyg tggetegttce 600
ctetgeaacg aggacttcty cctcageotac cgcccgaghtg ccoggogegg taccgaccecy 660
tacaccagca tgtcgeacet éggcttccgg ctegtgatgy atgacgeceg ttgggeagaa 720

gttegcaage agecagecgt ggcaatggec gogggcgagc agcagaacgt goagaaataa 780

<210> 72
<211> 259
<212> PRT

<213> Ralstonia metallidurans

<400> 72

Met Val Ala Gly Gly Met val Phe Val Gly Thr Asn Ser Pro Val Pro
1 5 10

Leu Arg Glu Tyr Trp Arg Trp Trp Arg Phe Val Prc Gly ala Asp Trp
20 25 30

Arg His Prc Thr Gly Pro Gly Ser Ser Ile Glu Gly Lys Asp Asn His

-200-




WO 2004/072275

35

Pro Val Vval
50

Ala Gly Lys
65

Gly Gly Leu

Asp Gly 2Arg

Pha Pro Val
115

Gln

Arg

Glu

Gln

100

val

Val Gly Thr Phe

130

Asn Ala Trp
145

Arg Glu Ala

Gln

Thx

Asp Ser Trp Asp

Arg Val Thr
195

Ser Tyr Arg
210

Ser His Leu
225

Val Arg Lys

Val Gln Lys

<210> 73
<211> 878
<212> DNA

18C

Are

Pro

Gly

Gln

Val

Leu

Gln

85

Met

Ser

Pro

Trp

val
165

FPhe

Pro
245

40

Ser Tyr Glu Asp
55

Pro Thr Glu 2la
70

Ala Thr Tyr Ala

Ala asn Val Trp
105

Ala Lys Ala Gly
120

Gly asn Gly Tyr
135

Val Ala Asp Trp
150

Ala Ala Val Leu

Thr Glu Pro Gly
185

Gly Sexr Phe Leu
200

Ala Arg Arg Gly
215

Arg Leu Val Met
230

Ala Val Ala Met

<213> Prochlorococcus marinus

<400> 73
gtgaccacat

tgtgateget
gaagtgcage
gctttegtta
tatceegate
gcaacggtgg

cgtcatcece

ctttyccagt agagatagta

ala

Glu

Trp

20

Gly

Gly

Tyr

Gln

170

Val

Cys

Thr

Asp

Ala
250

74-

Gln

Trp

75

Gly

Gly

Ala

Leu

Arg

155

Asn

Pro

Asn

Asp

Asp

235

Ala

accatccceg

getatecegga tggtteagtt cgetgetate

Ala Tyr
60

Glu Phe

Asp Lys

Gln Gln

Ala Gly
125

Tyr Asp
140

Ala Asp

Pro Thr

Val Ser

Glu Asp

205

Pro Tyx
220

Ala Arg

Gly Gly

PCT/US2004/003632

Ala Lys Trp

Ala Ala Arg
8Q

Phe Ala Pro
95

Val Gln Pro
110

Thr Sexr Ala

Met Thr Gly

Gln Phe Arg
160

Gly Pro Ala
178

Ala Pro Lys
190

Phe Cys Leu

Thr Ser Met

Trp Ala Glu
240

Gln Gln Asn
255

cagggcteta tegagttgge

cggaggaaac acccgegoga

ttgactecatt ccagatcgac gtagggccag tcaccaatge ccagticcga

gcgecacgca gecatctcaca gtctcggage taccacctga tccaacgctce

tagcgccoga ggaacgeatce cctgaatcag tbtgtctttea accgecteca

atcgeageaa accecttgage tggtggacce tcatggctgg ggctgattgg

aaggacccga aagcacgatc gatggectig atgatcacce tgtegtgeat

-201-

60
120
180
240
300
360

420
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-75-
gtcgectatg ccgacgecat cgectatgec cattgggetg geaagcegtet cecetetget 480
gaagagtggg aagtagecge cegegggggt cttgtegatg cccaatacge ctgggggaat 540
gaactcacte ccaataaccg ctggatggcg aacatctgge aaggtecttt cccttggeac 600
aacgaggage tacacggetg gttotggacc tegecegtitg geagetttee tgccaacgge 660
tatggactct tggatgtttg cggcaatgtg tgggaatgga ccaactctgt ttatcccgtg 720
gcgtcaggec accaggaacg gcegaactate aaaggeggat cgtttetetg cgcagataat 780
tactgegtac gttatcgacce ctctgeacta caaggccaga cagtagacac tgccacctgt 840
cacatggget ttcgetgkge aaaaggaggg ccttga 876
<210> 74
<211> 291
<212> PBRT
<213> Prochlorococcus marinus
<400> 74

Met Thr Thr Ser Leu Pro Val Glu Met Val Thr Ile Pro Ala Gly Leu
1

Tyx Arg Val Gly Cys Asp Arg Cys Tyr Pro Asp Gly Ser Val Arg Cys
20 25 30

Tyr Pro Glu Glu Thr Pro Ala Arg Glu Val Gln Leu Asp Ser Phe Gln
35 40 45

Ile Asp Val Gly Pro Val Thr aAsn Ala Gln Phe Arg Ala Phe Val Ser
50 55 60

Ala Thr Gln His Leu Thr Val Ser Glu Leu Pro Pro Asp Pro Thr Leu
65 70 75 80

Tyr Pro Asp Lau Ala Pro Glu Glu Arg Ile Pro Glu Ser Val Val Pae
83 20 85

Gln Pro Pro Pro Ala Thr Val Asp Arg Ser Lys Pro Leu Ser Trp Trp
100 105 110

Thr Leu Met Ala Gly Ala Asp Trp Arg His Pro Gln Gly Pro Glu Sex
115 120 125

Thr Ile Asp Gly Leu Asp Asp His Pro Val Val His val ala Tyr Alz
130 135 140

Asp Ala Ile ala Tyr 2la His 1rp 2la Gly Lys Arg Leu Pro Ser Ala
145 150 155 160

Glu Glu Trp Glu Val Ala Ala Arg Gly Gly Leu Val Asp Ala Gln Tyr
165 170 175

Ala Trp Gly Asn Glu Deu Thr Pro Asn Asn Arg Trp Met Ala Asn Ile
180 185 130

Trp Gln Gly Pro Phe Pro Trp His Asn Glu Glu Leu Asp Gly Trp Phe
195 200 205

Trp Thr Ser Pro Val Gly Ser Phe Pro Ala Asn Gly Tyr Gly Leu Leu
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76~
210 215 220

Asp Val Cys Gly Asn Val Trp Glu Trp Thr Asrn Ser Val Tyr Pro Val
2 235 240

Gly Gly Ser Phe Leu

u

Ala Ser Gly His Gln Glu Arg Arg Thr Ile Ly
245 250

Cys Ala Asp Asn Tyr Cys Val Arg Tyr Arg Pro Ser Ala Leu Gln Gly
260 265

Gln Thr Val Asp Thr Ala Thr Cys His Met Gly FPhe Arg Cys Ala Lys
275 28¢C 285

Gly Gly Pro
290

<210> 75

<Z11> 1017

<212> DNA

<213> Caulobacter crescentus CB15

<400> 75 '
ttgggaaaac tgacggeget teccgtectg atgettetgg cgctggeegg ctgoggecag 60

ccggegecea aggcttgeet ggeggacctg ceggttecag atccceagaa cecgeacggeg 120
ggtatggttc ggectggeggg cggcgactic cagatgugey ctgogceget gegtecggag 180
gagggacege cccagacggt cacggtceceg cogttetgga tegatcagac agaggteace 2490
aacgecegect togegeggtt cgtegaggee acgggttate geaccgtgge cgagegaceg 300
ctegacceeg cgegcotacge ccacgtaccg geggegcage ggcgtccgge ctegetogte 360
ttegtyggggy cgaaggggge gaggteggec gatccttece aatggtggea ggtgatccee 420
ggegeegact ggeggeatee cgaaggtece ggctegaaca tccggggcag ggacgcectgg 480
ceggtggtge atategegty ggeggacgee atggectacg ccegetgget gggeegtgac 540
ctgcoccacayg aggcecgaatg ggagtacgec gegegeggeg ggetggttgg caagegetac 600
acctggggeg accaggctca ggatccotgea aagccgegeg ccaatacttg geaacgegtg 660
ttcoecggeeco aggaccptgg caatgacggcc ttéaaggcca ageccegegec ggteggetgc 720
ttececgecca acggetatgg cctgcgegec atgoccggea atgtctggga gtggacccge 780
gactggttea agecgggect ggatccggte agectceteg aaaccggegyg gecgeccgag 840
geecgegege tggatoccga ggaccogaac acgeccaage acgteghtgaa gggeggtteg a0
tteetgtgeg cocgacgacta chtgekteoge tategacclg cggogcegaac geoggggecyg 960
ceggacagey gegeategea tgteggttte cgeaccgtge teegegecga gegetga 1017
<210> 76

<211> 338

<212> PBRT

<213> Caulobacter crescentus CB15

<400> 76

?et Gly Lys Leu Ehr Ala Leu Pro Val Leu Met Leu Leu Ala Leu Ala

15

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

Asp

Gln

65

Asn

Ala

Arg
145

Gly

Pro

AsD

225

Phe

Glu

Leu

Pro

Asp

305

Pro

Glu

Asp

Phe

50

Thr

Ala

Glu

Arg

Asp

130

Val

Gly

Gly

Ala

210

Pro

Trp

Glu

Asn

290

Asp

Asp

Arg

Pre

38

Gln

val

Ala

Arg

Arg

115

Asp

Pro

val

Arg

Leu

195

Lys

Gly

Pro

Thr

Thr

275

Thr

Tyx

Ser

Gln

Met

Thr

Phe

Pro

100

Pro

Proc

Glu

Asp

180

val

Pro

Asn

Asn

Arg

260

Gly

Pro

Cys

Gly

Asn

Gly

val

Ala

85

Leu

Ala

Ser

Gly

Ile

165

Leu

Gly

Arg

Asp

Gly

245

Asp

Gly

Lys

Phe

Ala
325

Arg

Ala

Pxo

70

Arg

Ser

Gln

Pro

150

Ala

Pro

Lys

Ala

Gly

230

Tyxr

Trp

Pro

His

Arg

310

Ser

Thr

Ala

55

Pro

Phe

Pro

Leu

TIp

135

Gly

Thr

arg

Asn

215

FPhe

Gly

Fhe

Pro

val

295

Tyr

His

Ala

40

Pro

Phe

val

Ala

val

120

Trp

Ser

Glu

Glu

Tyr

200

Thr

Lys

Leu

Lys

Glu

280

Val

Arg

val

Gly

Leu

Trp

Glu

Arg

105

Phe

Gln

Asn

Asp

Ala

185

Thr

Trp

Ala

Arg

Pro

265

Ala

Lys

Pro

Gly

Met

Arg

Ile

Ala

20

Tyx

val

Val

Ile

Ala

170

Glu

Trp

Gln

Lys

Asp

250

Gly

Aryg

Gly

Ala

Phe
330

-77-

Val Arg

Pro Glu
60

Asp Gln
75

Thr Gly

Ala His

Gly Ala

Ile Pro
140

Arg Gly
155

Met Ala

Trp Glu

Gly Asp

Gly Val
220

Pro Ala
235

Met Ala

Leu Asp

Ala Leu

Gly Ser
300

Ala Arg
315

Arg Thr

-204-

Leu
45

Glu
Thr
Tyr
val
Lys
125
Gly
Arg
Tyx
Tyr
Gln
205
Pro
Gly
Pro
Asp
285
Phe

Thr

val

Gly

Glu

Arg

Pro

110

Gly

Ala

Asp

Ala

Ala

180

Ala

Pro

Val

Asn

Val

270

Pro

Leu

Pro

Leu

Gly

Pro

val

Thr

95

Ala

Ala

AsSp

Ala

Arg

178

Ala

Gln

Ala

Gly

val

255

Ser

Glu

Cys

Gly

Arg
335

Gly

Pro

Thr

80

Ala

Trp

Trp

160

Trp

Arg

Asp

Gln

Cys

Trp

Val

Asp

Ala

Pro

320

ala
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<210> 77
<211> §00
<212> DNA

78-

<213> Mycobacterium tuberculosis H37Rv

<400> 77
gtgctgaceg

taccecgaag
ccggtgacca
geacaaccca
gegatggtgt
gactgggtac
cgagecgecee
getggtegac
gcaacctaty
cagggecggt
ggcaggitte
accaccaccg
ccggteaage
czcotgtgey
caggacaccg
<210> 78

<211> 299
<212> PRT

agttggttca
aagcgcegat
acgegeaatt

tgaccecgg
tttgteegac
ctggegectyg
acceggtegt
gcctaccgac
cgtggggega
ttccttaccg
cggccaacgg
agttctatce
Ltegelkacage
cgeeggagta

cgaccaccca

cetgeeegge
tcataccgtg
tgocgaatte
gctctaceca
ggccgggcecy
ctggegeeat
acaggtggcec
cgaggccegag
ccaggagaag
caacgacggt
gtttggettg
acaccatege
cgcegacceg
ctgccacege

tatcgggtte

ggategttee
accgtgegeg
gtcteegega
ggagtggacyg
gtegacctge
cegtttggec
tatceggacy
tgggagtacg
ccggggggea
gcattggget
ctcgacatga
atecgatccac
acgalcagce
taccgeeegy

cggtgegtag

<213> Mycobacterium tuberculosis H37Rv

<400> 78

Met Leu Thr
1
Ser Thr Arg

Arg Ala Phe
35

Glu Phe Val
50

Asp Pro Gly
65

Ala Met Val

Arg Gln Txp

Gly Arg Asp
115

Glu Leu Val
5

Asp Leu Pro Gly CGly
10

Phe Tyr Pro Glu Glu Ala Pro Ile

20

Ala val Glu Arg Hig

Ser Ala Thr

40

55

25

Pro val Thr

Gly Tyr Val Thr val

Leu Tyr Pre Gly Val Asp 2la Ala

70

2he Cys Pro Thr Ala

a5

Trp Asp Trp Val Prc

100

75

Gly Pro Val

S0

Gly Ala Cys
105

Ser Asp Ile Ala Asp Arg Ala Gly

120

-205-
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geatgygete gacgegette

cctttgeggt agagegacac

caggctatgt gacggttgea

cagcagacct gtgtcceggt

gtgactggeg gcaatggtgy

gogacagega tatcgecgac

ccgtggecta cgecacgatgg

cggecegtgg cggaaccacyg

tgeteatgge gaacacctgg

goggtgggaac ctecceeggty

tcggaaacgt ttgggagtgg

cctegacgge ctgetgegea

agaccclecaa gggeggcteyg

cggegogete gocgoagteg

ccgacceggt gtecgggtag

Ser

His

Asn

Ala

60

Asp

Asp

Trp

His

Phe

Thr

Ala

45

Leu

Leu

Arg

Pro
125

Arg Met Gly

Val Thr Val
30

Gln Phe Ala

Gln Pro Leu

Cys Pro Gly
80

Arg Asp Trp
95

His Pro Phe
110

Val val Gln

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

900
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vVal Ala Tyr Pro Asp Ala
130
Leu Pro Thr Glu Ala Glu
145 150
Ala Thr Tyr Ala Trp Gly
165
Ala Asn Thr Trp Cln Gly
180
Gly Trp Val GLy Thr Ser
195
Gly Leu Leu Asp Met Ile
210
FPhe Tyr Pro His His Arg
225 230
Pro Val Lys Leu Ala Thr
245
Lys Gly Gly Ser His Leu
260
Pro Ala Ala Arg Ser Pro
275
Gly Phe Arg Cys Val Ala
290
<210> 79
<211> 7
<212> PRT
<213> Artificial
<220>
<223> conserved domain
<220>
<221> DOMAIN
<222> (1)..(7)
<223> conserved domain
<220>
<221> MISC_FFATURE
<222> (3)..(4)
<223> Any amino acid
<220>
<221> MISC_FEATURE
<222> (B)..(6)
<223> Any amino acid
<220>
<221> MISC_FEATURE
<222> (6)..(8)
<223> Gly or Ala
<400> 79

Val

135

Trp

Asp

Arg

Pro

Gly

215

Ile

Ala

Cys

Gln

Asp
295

Ala

Gln

Phe

Val

200

Asn

Asp

Ala

Ala

Ser
280

Tyr

Tyr

Glu

Pro

185

Gly

val

Pro

Asp

Pro

265

Gln

Val

ala

Ala

Lys

170

Tyr

Arg

Trp

Pro

Pro

250

Glu

-79-

Arg

Ala

155

Pro

Arg

Phe

Glu

Sex

235

Thr

Tyr

Thr

Gly

Trp

140

Arg

Gly

Asn

Pro

Trp

220

Thx

Ile

cys

ala

Ala

Gly

Gly

Asp

Ala

205

Thr

aAla

Ser

Hig

Thr
285

Gly

cly

Met

Gly

190

Asn

Thr

Cys

Arg
270

Thr

in prokaryotes and prokaryotes

Arg vVal Xaa Xaa Gly Xaa Ser
1 5

-206-

Arg

Thr

Leu

175

Ala

Gly

Thr

Cys

Thr

255

His

Arg

Thr

160

Leu

Phe

Glu

Ala

240

Leu

Arg

Ile
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<210> 80
<211> 630
<212> DNA
<213> Oncorhynchus mykiss
<400> 80
tcaggtgget getgecceet ggtggttgee tgtecagagga geagactgga ggeaccctga 60

gggcceegac tccageatea cagacagget ggaccaccet gtgetgeatg tgtcatggea 120
ggacgetgtg goctactget cctgggcecta caagagacta cccacagagyg ctgagtggga 180
gtacgectge acagggggece tacaggagag actttacceg tgggggaaca aactgaaace 240
taaaggacag cactacgcca acctetggea gggaaagttc cccacacaca actcagaaga 300
ggacgggtac actaaaacct caccagtgaa gtcatttect geaaatgget atggectgta 360
caacatggta gggaatgecat gggagtggac atctgactgg tggactgtac accacaccac 420
agatgaacag cacaacccgg caggtccacce atcaggcaca gaccgagtga agaaaggadyg 480
ctectacaty tgecataagt catactgtta caggtacagg tgtgcageac ggagtcagaa 5490

caccectgac agetctgect ctaacctagg gttcegotgt gtcetcocagg ageagecgta 600

acctttcace ctegaccecty acatgggtayg 630
<210> 81

<211> 655

<212> DNA

<213> Danio rerio

<220>

<221> misc_feature

<222> (590)..(590)

<223> nisa, ¢, g, or t
<220>

<221> misc_feature

<222> (626)..(626)

<223> nis a, ¢, g, or t

<400> 81
caaatggttt tatttacata aazaaatcct cttagtttga agtgtaagac agtgagatta 60

gtgatgttty aggttatgga tcaacatcag aggcgcagcg gaagcccaag ttegaggetg 12Q
azcktgteegy tgtgttctga ctgegagegg cacacctgta tetgtageag taagacttgt 180
ggcacatgta ggatcetect ttettgacte tgtetgtece tgattetgot ccctttgggt 240
taaacttgte ttetgeagtg tgatgeacag tecaccaghbe tgecgtccac tceccacgeat 300
ttecccaccat gteatacagg ccesaagecat tgggaggaaa agacatcacc ggggatgtgt 360
tggeatagce gtectctgea gtgttgtgat tagggaaate tccctgecac aggttageat 420
agtgetgece tcettggeatt aatttatbtc cecatgggta catcctgtec tgtagtecte 480
ctctacagge caactcccalk tcagettctg taggaagtct gegtttggec cattgacact 540

acgecegtge atcatcceat gaaacatgca gagcagggtg attcattein gtgtgtatgg 600

ttgaatctgy teetttetgg tgtekncagt ctgecaccttt cactggtgac cacca 655
<210> 82

<211> 773

<212> DNA

<213> Oryzias latipes

<220>
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81-
<221> misc_feature
<222> (690)..(690)
<223> nis a, ¢, g, oY €
<220>
<221> miszc_feature
<222> (755)..(755)
<223> nisa, ¢, g, ort
<400> 82
tctocttttt toccataaata acattagagt cotiacattc tgeclltaca tacattgtca 60
gagacagtac aaaaaatctg cctttgtaaa attagagtta caaaaatata ttttagattt 1290

gacttettca gaattgtcgg tggeagcaza agaatcggat tgatcteatyg acaagagegt 180
gagocagaag thettggate aaactgatbt ggttetgtea tegtttetgt tcagcageac 240
agcgaaaacc aagattggaa geggagebgt ctggagtgtt ttggecttega geagcacate 300
tgtacctgta acaataagac tktgtggcaca tgtacgagec tectttctbe accttatctg 360
tgectgacygy aggaccegtt gggttotget gatggtetgt tgtgtggtge acgetccace 429
agtctgaggt ccactcecat gegtteecca ccatgteata cagaccaaaa geattgectg 480
ggaaggacat caccggggag gttttagtgt agecatccte tgcagagttg tgtgetggga 540
attcccectyg ccagaggttyg gogtaatget gtecetttgg gtttagettg tttecccagg 600
ggtagagtet gtccttecagg ccgeccctge aggcaaccte ccactetgec tecagtgggaa 660

gtctettgtt gacccaggag cagtaagcen aggecatcatt cccagaaacc tgaacgacgy 720

atgatccatc ctgtctgtga tgttggagtc tggancttca gggtocttec agt 773
<210> 83

<211> 566

<212> DNA

<213> Xenopus laevis

<220>

<221> nmiszc_feature

<222> (6)..(6)

<223> n is a, ¢, ¢, or t
<220>

<221> ‘misc_feature

<222>  (47)..(47)

<223> nis a, ¢, g, oF t
<220>

<221> misc_feature

<222> (81)..(81)

<223> n is a, ¢, g, or t

<400> 83
atatgnaact aaaggtaaltg taallggaabt gatggatitc acaaggnctg agagttccct 60

attgctcety cttgtegtgt nacaggtcac ggagceggey ccacacagey aaatcccagyg 120
ttggaggceyg agetgteggg tatattctga cttcgageay cacagegata cctgtageaa 180
taggactcat ggcacatgta ggagcctcct ttcttcactc tatcaltlbec cgtagaaggt 240
cctttegegb tgtgaaccte atctgetgta tgatgagtgt cccaccaatce agatgtecac 300
teccaageat ttcccaccat gttatataga ccataaccat tggetgggaa agcagttaca 360
ggtgaagtct grcacataacc atcctetecca gtgttttggg ttggaaaakce ccoccoctgocag 420
acattegeat aatgttgtee ctitggtbtce agettgbtce cccatggaza aatcctgtte 480
tecaagtccee cgeggeagge gtatteccac tcagettcag ttggaaggceg tttacctgee 540

caggtgcaga aagcagasgc aktcatt 566
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<2.0> 84

<211> €47

<212> DNA

<213> Silurana tropicalis

<400> 84
geogetbtttt totttttttt ttttttttit catcacaaaa ataattttat taataaaata 60

ggattttgtg ttcattctta ttatgaagga caaggaatgt cattgaaatt tttgttttea 120
caaggtctty ggagttectt cetgetcagg teattiltgca gtggtcaccyg agccgacgee 180
acgcagcgga atcccaggtt agaggecgag ctgtcaggtyg tattctgact tcgageoagea 240
cagcgatacc tgtagcagta ggactcatgg cacatgtatg agcctccttt tttcaccttg 300
tctitteceg taaaaggacc tttegggttc taagtctcat ctgetgtatg atgagtgtoc 360
caccaatcgg atgteccacte ccaagcattt cccaccatgt tatatagget ataaccattg 420
gctgggaaag cggttacagg tgaagtctge acatagecgt cctetecagt gttttgggtt 480
ggaaattcce cctgecagac attcgecataa tgttctceet ttggtteccag cttgttecce 540

cacggaaaaa gectgttete sagteccceca cgggaggeat atteccacte agettctgte 600

ggaaggcget tacccgecca ggtgcagaag gecagaagcat cgttceca 647
<210> 85

<211l> 636

<212> LNA

<213> Salmo salar

<400> 85

atagacattt tttaaatatt ttacaacaaa atatattcca taaatatcca catgtcatge 60

ggtaatccty catttcatga agaacactga catcactgge tgtatgaaga ggtgecacttg 120
atttgttteg cctggeggge aagataggea gagttageac cctagactag agecaatgge 180
gaatggtaca aaaagggaaa agtcagacta cccatgtcag ggtcaagggt aaaaggttac 240
ggctgctect gggagacaca gcggaacccl aggtbagacg cagagcbgte aggggtgttc 300
tgactcegtyg ctgeacacct gtacctgtaa cagtatgact tatggcacat gtaggagect 360
cctttettea cteggtetgt gectgatggt ggacctgecy ggttgtgeeg tteatetgtg 420
gtgtggtgta cagtccacca gtcagatgtc cactcccatg cattccctac catgttgtac 480
aggeccatage catttgcagg aaatgacttce actggtgagg ttttggtgta cccgtéctct 540
tctgagttgt gtgtggggaa cttbtcectgce cagagottgy cgtagtgctg tcctttaggt 600
ttcagttigt teeccczcgg gtaaagtetg tectgt 636
<210> 86

<211> 415

<212> DNA

<213> Sus scrofa

<400> 86
agtttectgt gaccaacacce ggagaggatyg gettccgagg aactgegect gttgatgect 60

ttceteccaa tggttatgge ctttazcaata tagtagggaa cgectgggaa tggacctcag 120
actggtggac cattcaccat gctgetgaag aaacaattaa cecatcaagt tettectget 180
gcaccgaata acagagccge cactacgtga tgaaagcaga gaaaggocece ccttctggga 240
aagaccgggt gaagaaaggg ggatcctata tgtgecataa gtectactge tacaggtace 300

gctgtgetge tecgaageeag aacacgcegg acagetcgge ttcaaatctg gggttceget 360
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gtgcagetga craccagccc accacagget gagtcaggaa gagtcettoce gaatc 415

<210> 87

<211> 595

<212> DNA

<213> Bos taurus

<400> 87
ccacgegtcc gggggcaaca aactgcagce gaaaggccag cattatagece aacatcttgg 60

¢aaggegagt ttocctgtgac caacaccggg gaggacgoct tccgagggac cgegoctgtt 120
gacgccttte ctcccaatgg ttattggett atacaatata gtagggaacg cctgggagtg 180
gactteagac tggtggactg ttcaccatbte tgckgaagaa acgattaacc caaaaggecc 240
cectteotyggy aaagaccggy tgaagaaagg tggatectac atgtgecata aatectattg 300
ctacaggtat cgctgtgctg ctogaagcca gaacacaccce gacagetcetg cttegaatet 360

gggattecgt tgtgeagetg accacctgec caccacaggc taagagccaa aaagagectt 420

ccegaacceg agaagtegtyg tetactetge acgeggettc ccteagaagyg ctgaacaacce 480
_ tgctgtgaag aattcccacc ccaaggtggg ttacatacct tgcccagtgg ccaaaggace 540

tatggrcaaga ccaaattget gagetgatca geatgtgege tttattgggg gatgg 595

<210> &8

<211> 1611

<212> DNA

<213> Eomo sapiens

<220>

<221> CDS

<222> (Z)..(le08)
<223> hSULF3

<400> 88

atg cta ctg ctg tgg gty teg gty gtc gca gcc ttg gog ctg geg gta 48
Met Leu Leu Leu Trp Val Ser val val Ala Ala Leu Ala Leu Ala Val

1 5 10 15

ctg gcc cce gga goa ygy gag cag agy cgg aga gca goc aaa gcg cec 96
Teu Ala Pro Gly Ala Gly Glu Gln Arg Arg Arg Ala Ala Lys Ala Pro
20 25 30

aat gtg gtg ctg gte gtg age gac tce tte gat gga agyg tta aca ttt 144
Asn Val Val Leu Val Val Ser Asp Ser Phe Asp Gly Arg Leu Thr Phe
35 40 45

cat cca gga agt cag gta gtg aaa ctt cct ttt ate aac ttt atg aag 192
His Pro Gly Ser Gln Val Val Lys Leu Pro Phe Ile Asn Phe Met Lys
50 55 60

aca cgt ggg act tec ttt ctg aat gee tac ace aac tect cca att tgt 240
Thr Arg Gly Thr Ser Phe Leu Asn Ala Tyr Thr Asn Ser Pro Ile Cys
55 70 75 80

tgc cca trca cge gea gea atg tgg agt gge ctc tte act cac tta aca 288
Cys Pro Ser Arg Ala Ala Met Trp Ser Gly Leu Phe Thr His Leu Thr
85 g0 95

gaa tct tgg aat aat ttt szag ggt cta gat cca aat tat aca aca tgg 336
Glu Ser Trp Asn Asn Phe Lys Gly Leu Asp Pro Asn Tyr Thr Thr Trp
100 105 i10

atg gat gte atg gag agg cat gge tac cga aca cag aaa ttt ggg aaa 384
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<400> 92

atg cac acc ctc act ggc ttc tcc ctg gtc age ctg ctc age tte gge 48
¥et His Thr Leu Thr Gly Phe Ser Leu Val Ser Leu Leu Ser Phe Gly

1 5 10 15

tac ctg tce tgg gac tgg gec aag ceg age tte gtg gec gac ggg cce 96
Tyr Leu Ser Trp Asp Trp Ala Lys Pro Ser Phe Val Ala Asp Gly Pro
20 25 30

ggg gag gct ggc gag cag ccc teg gee get ceg ceoc cag ect cce cac 144
Gly Glu Ala Gly Glu @ln Pro Ser Ala Ala Pro Pro Gln Pro Pro His
35 40 45

atc atc ttc atc ctc acg gac gac caa ggco tac cac gac gtg gge tac 192
Ile Ile Phe Ile Leu Thr Asp Asp Gln Gly Tyr His Asp Val Gly Tyxr
50 55 60

cat ggt tca gat atc gag acc cct acg ctg gac agg ctg gcg gec aag 240
His Gly Ser Asp Ile Glu Thr Pro Thr Leu Asp Arxrg Leu Ala Ala Lys
65 70 75 80

ggg gtc aag ttg gag aat tat tac atc cag ccc atc tge acg cct tecg 288
Gly Vval Lys Len Glu Asn Tyr Tyr Tle Gln Pro Ile Cys Thr Pro Ser
85 90 95

cgg age cag cte cte act gge agg tac cag ate cac aca gga cte cag 336
Arg Ser Gln Leu Leu Thr Gly Arg Tyr Gln Ile His Thr Gly Leu Gln
100 105 110

cat tce ate atc cge cca cag cag cec aac tge ctg cec ctg gac cag g4
His Ser Ile Ile Arg Pro Gln Gln Pro Asn Cys Leu Pro Leu Asp Gln
115 120 125

gtg aca ctg cca cag aag ctg cag gag gea ggt tat tec acc cat atg 432
Val Thr Leu Fro Gln Lys Leu Gln Glu Ala Gly Tyr Ser Thr His Met
130 135 140

gty ggc aag tgg cac ctg ggc tte tac cgg aag gag tgt ctg ccc ace 480
Val Gly Lys Trp His Leu Gly Phe Tyr Arg Lys Glu Cys Leu Pro Thr
145 150 155 160

cgt cgg gge tte gac acc tte ctg gge teg cte acg gge aat gtg gac 528
Arg Arg Gly Phe Asp Thr Phe Leu Gly Ser Leu Thr Gly Asn Val Asp
165 170 175

tat tac acc tat gac aac tgt gat ggc cca gge gtg tge gge tte gace 576
Tyr Tyr Thr Tyr Asp Asn Cys Asp Gly Pro Gly Val Cys Gly Phe Asp
180 185 190

ctg cac gag ggt gag aat gtg goc tgg ggg cte age gge cag tac tce 624
Leu His Glu Gly Glu 2sn Val Ala Txp Gly Leu Ser Gly Gln Tyr Ser
195 200 205

act atg ctt tac gcc cag cgc gocc age cat atc ctg gecc agc cac age 672
Thr Met Leu Tyr Ala Gln Arg Ala Ser His Ile Leu Ala Ser His Ser
210 215 220

cet cag cgkt cee ctec tte cte tat gtg gec tkc cag geca gta cac aca 720

Pro Gln Arg Pro Leu Phe Deu Tyr Val Ala Phe Gln Ala val His Thr
225 230 235 240
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Gly Gly Val Arg Gly Leu Gly Phe Val Higs Ser Pro Leu Leu Lys Arg
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aag caa cgg aca agc cgg gca ctg atg cac atc act gac tgg tac ccg 1056
Lys Gln Arg Thr Ser Arg Ala Leu Met His Ile Thr Asp Trp Tyr Pro
340 345 350
acce ctyg gty ggt ctg gea ggt ggt acce ace tea gea gec gat ggg cta 1104
Thr Leu Val Gly Leu Ala Gly Gly Thr Thr Ser Ala Ala Asp Gly Leu
355 360 365
gat ggc tac gac gty tgg cecg goe ate age gag gge cgg goe teca cea 1152
Asp Gly Tyr Asp Val Trp Pro Ala Ile Ser Glu Gly Arg Ala Ser Pro
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cge acg gag ate ctg cac aac att gac cca ctec tac azac cat gecc cag 1200
Arg Thr Glu Ile Leu His Asn Ile Asp Pro Leu Tyr Asn His Ala Gln
385 390 395 400
cat gge tee ctg gag gge gge ttt gge ate tgg aac acc goeo gtg cag 1248
His Gly Ser Leu Glu Gly CGly Phe Gly Ile Trp Asn Thr Ala Val Gln
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gct gee ate cge gtg ggt gag tgg aag ctg ctg aca gga gac ccc ggo 1296
Ala Ala Ile Arg Val Gly Glu Trp Lys Leu Leu Thr Gly Asp Pro Gly
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Tyr Gly Asp Trp Ile Pro Pro Gln Thr Leu Ala Thr Phe Pro Gly Ser
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tagg tgg aac ctg gaa cga atg gec agt gte cge cag gee gtg tgy cte 1392
Trp Trp Asn Leu Glu Arg Met Ala Ser Val Arg Gln Ala Val Trp Leu
450 455 460
ttc aac atc agt get gac cct tat gas cgg gag gac cty get gge cag 1440
Phe Asn Ile Ser Ala Asp Pro Tyr Glu Arg Glu Asp Leu Ale Gly Gln
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cgg cct gat gtg gtc cgc acc ctg ctg get cge ctg gecc gaa tat aac 1488
Arg Pro Asp Val Val Arg Thr Leu Leu Ala Arg Leu Ala Glu Tyr Asn
485 490 495
cgc aca gcc atc ccg gta cge tac cce get gag aac cec cgo get cat 1536
Arg Thr Ala Ile Pro Val Arg Tyr Pro Ala Glu Asn Pro Arg Ala His
500 505 510 .
cct gac ttt aat ggg ggt get tgy gge coe tgg geoe agt gat gag gaa 1584
Pro Asp Phe Asn Gly Gly Ala Trp Gly Pro Trp Ala Ser Asp Glu Glu
515 520 525
gag gag gaa gag gaa ggg agg gcet cga age tte tce cgg ggt cgt cge 1632
Glu Glu Glu Glu Glu Gly Arg Ala Arg Ser Phe Ser Arg Gly Arg Arg
530 535 540
aag aaa a@aa tge aag att tgc aag ctt cga tcc ttt ttc cgt aaa ctc 1680
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