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CELLS FOR PRODUCING RECOMBINANT IDURONATE-2-SULFATASE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application Serial
No. 61/666,719, filed June 29, 2012; the entirety of which is hereby incorporated by

reference.

SEQUENCE LISTING

[0002] The present specification makes reference to a Sequence Listing submitted in
electronic form as an ASCII .txt file named “2006685-00340 SEQ LIST” on June 27, 2013.
The .txt file was generated on June 25, 2013 and is 25 KB in size. The entire contents of the

Sequence Listing are herein incorporated by reference.

BACKGROUND

[0003] Mucopolysaccharidosis type 1T (MPS 11, Hunter syndrome) is an X-
chromosome-linked recessive lysosomal storage disorder that results from a deficiency in the
enzyme iduronate-2-sulfatase (I2S). 12S cleaves the terminal 2-O-sulfate moieties from the
glycosaminoglycans (GAG) dermatan sulfate and heparan sulfate. Due to the missing or
defective 12S enzyme in patients with Hunter syndrome, GAG progressively accumulate in
the lysosomes of a variety of cell types, leading to cellular engorgement, organomegaly,

tissue destruction, and organ system dysfunction.

[0004] Generally, physical manifestations for people with Hunter syndrome include
both somatic and neuronal symptoms. For example, in some cases of Hunter syndrome,
central nervous system involvement leads to developmental delays and nervous system
problems. While the non-neuronal symptoms of Hunter Syndrome are generally absent at
birth, over time the progressive accumulation of GAG in the cells of the body can have a
dramatic impact on the peripheral tissues of the body. GAG accumulation in the peripheral
tissue leads to a distinctive coarseness in the facial features of a patient and is responsible for
the prominent forechead, flattened bridge and enlarged tongue, the defining hallmarks of a
Hunter patient. Similarly, the accumulation of GAG can adversely affect the organ systems

of the body. Manifesting initially as a thickening of the wall of the heart, lungs and airways,
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and abnormal enlargement of the liver, spleen and kidneys, these profound changes can
ultimately lead to widespread catastrophic organ failure. As a result, Hunter syndrome is

always severe, progressive, and life-limiting.

[0005] Enzyme replacement therapy (ERT) is an approved therapy for treating Hunter
syndrome (MPS II), which involves administering exogenous replacement 12S enzyme to

patients with Hunter syndrome.

SUMMARY OF THE INVENTION

[0006] The present invention provides, among other things, improved methods and
compositions for production of recombinant I2S protein that allows more effective enzyme
replacement therapy for Hunter syndrome. The present invention encompasses the discovery
that more potent recombinant I2S protein can be produced by mammalian cells engineered to
co-express a recombinant 12S protein and a formylglycine generating enzyme (FGE).
Unexpectedly, recombinant 12S protein produced by such engineered cells has an unusually
high level of C,-formylglycine (FGly) conversion percentage (e.g., greater than 70% and up
to 100%), resulting in significantly improved enzymatic activity of recombinant I12S protein.
In addition, mammalian cells co-expressing 12S and FGE proteins according to the present
invention have been successfully adapted to grow in suspension culture at a large scale.
Therefore, the present invention allows more efficient large scale production of highly potent

recombinant I2S protein.

[0007] Thus, in one aspect, the present invention provides a cell containing a first
nucleic acid encoding an iduronate-2-sulfatase (I12S) protein having an amino acid sequence
at least about 50% (e.g., at least about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99%) identical to SEQ ID NO:1; and a second nucleic acid encoding a
formylglycine generating enzyme (FGE) protein comprising an amino acid sequence at least
about 50% (e.g., at least about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99%) identical to SEQ ID NO:5, wherein the first and/or the second nucleic
acid are exogenous and wherein the cell, once cultivated under a cell culture condition (e.g.,
suspension or adherent culture), produces the I2S protein comprising at least about 70% (e.g.,
at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%) conversion of the
cysteine residue corresponding to Cys59 of SEQ ID NO:1 to Ca-formylglycine (FGly).
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[0008] In another aspect, the present invention provides a cell containing a first
nucleic acid encoding an iduronate-2-sulfatase (I2S) protein having an amino acid sequence
at least about 50% (e.g., at least about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99%) identical to SEQ ID NO:1; and a second nucleic acid encoding a
formylglycine generating enzyme (FGE) protein comprising an amino acid sequence at least
about 50% (e.g., at least about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99%) identical to SEQ ID NO:5, wherein the first and/or the second nucleic
acid are exogenous and wherein the cell, once cultivated under a cell culture condition,
produces 125 protein comprising at least about 50% (e.g., at least about 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%) conversion of the
cysteine residue corresponding to CysS9 of SEQ ID NO:1 to Ca-formylglycine (FGly) and at
a specific productivity rate of great than about 10 picogram/cell/day (e.g., greater than about
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 picogram/cell/day).

[0009] In some embodiments, the first nucleic acid encodes an 12S protein having an
amino acid sequence identical to SEQ ID NO:1. In some embodiments, the second nucleic

acid encodes an FGE protein having an amino acid sequence identical to SEQ ID NO:5.

[0010] In some embodiments, the first and/or the second nucleic acid is operably

linked to a hCMV promoter.

[0011] In some embodiments, the first and/or second nucleic acid are codon
optimized. In some embodiments, the first nucleic acid has a sequence at least about 50%
(e.g., at least about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%) identical to SEQ ID NO:7. In particular embodiments, the first nucleic acid has a
sequence of SEQ ID NO:7.

[0012] In some embodiments, the second nucleic acid comprises a sequence at least
about 50% (e.g., at least about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%) identical to SEQ ID NO:8. In some embodiments, the second nucleic acid
has a sequence identical to SEQ ID NO:8.

[0013] In some embodiments, both of the first and second nucleic acids are
exogenous (also referred to as recombinant). In some embodiments, the first and/or second

nucleic acids are integrated (e.g., stably) in the genome of the cell. In some embodiments,
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the first and/or second nucleic acids are present in one or more extra-chromosomal

constructs.

[0014] In some embodiments, a cell of the present invention is a mammalian cell. In
certain embodiments, a suitable mammalian cell is a human cell. In certain embodiments, a

suitable mammalian cell is a CHO cell.

[0015] In some embodiments, a cell according to the invention is adaptable to

suspension culture. In other embodiments, a cell according to the invention is adherent.

[0016] In a further aspect, the present invention provides a method of producing
recombinant iduronate-2-sulfatase (I2S) protein by cultivating a cell described in various
embodiments herein under conditions such that the recombinant 12S and FGE proteins are co-
expressed in the cell. In some embodiments, the cell is cultivated at a large scale. In some
embodiments, a large scale suitable for the present invention is a bioreactor process. In some
embodiments, a bioreactor suitable for the invention is at a scale selected from 10L, 200L,
S00L, 1000L, 1500L, 2000L. In some embodiments, a large scale (e.g., bioreactor) process
suitable for the present invention involves a perfusion process. In some embodiments, a large
scale (e.g., bioreactor) process suitable for the present invention involves a batch culture. In
some embodiments, a large scale process suitable for the present invention is a roller bottle
process. In some embodiments, a cell according to the present invention is cultivated in
suspension. In other embodiments, a cell according to the present invention is cultivated

adherent.

[0017] In some embodiments, a cell according to the present invention is cultivated in
a serum-free medium (e.g., animal-free, chemically-defined, or protein-free medium). In
other embodiments, a cell according to the present invention is cultivated in a serum-

containing medium.

[0018] In various embodiments, a method according to the invention further includes

a step of purifying the recombinant I2S protein.

[0019] In still another aspect, the present invention provides a recombinant iduronate-
2-sulfatase (12S) protein produced by a cell or method described in various embodiments

herein.
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[0020] In some embodiments, the present invention provides a preparation of
recombinant iduronate-2-sulfatase (I2S) protein, in which said recombinant I12S protein has
an amino acid sequence at least about 50% (e.g., at least about 55%, 60%, 65%, 70%, 75%.,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%) identical to SEQ ID NO:1; and containing at
least about 70% (e.g., at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
100%) conversion of the cysteine residue corresponding to Cys59 of SEQ ID NO:1 to C,-
formylglycine (FGly). In some embodiments, the recombinant I2S protein has an amino acid
sequence identical to SEQ ID NO:1. In some embodiments, the recombinant 12S protein has
specific activity of at least about 20 U/mg, 30 U/mg, 40 U/mg, 50 U/mg, 60 U/mg, 70 U/mg,
80 U/mg, 90 U/mg, or 100 U/mg as determined by an in vitro sulfate release activity assay

using heparin disaccharide as substrate.

[0021] Among other things, the present invention also provides a pharmaceutical
composition containing a recombinant I2S protein described in various embodiments herein
and a pharmaceutically acceptable carrier and a method of treating Hunter syndrome by
administering into a subject in need of treatment recombinant 12S protein described herein or

a pharmaceutical composition containing the same.

[0022] As used herein, the terms “I2S protein,” “I2S,” “I2S enzyme,” or grammatical
equivalents, refer to a preparation of recombinant I2S protein molecules unless otherwise

specifically indicated.

[0023] As used in this application, the terms “about” and “approximately” are used as
equivalents. Any numerals used in this application with or without about/approximately are
meant to cover any normal fluctuations appreciated by one of ordinary skill in the relevant

art.

[0024] Other features, objects, and advantages of the present invention are apparent in
the detailed description that follows. It should be understood, however, that the detailed
description, while indicating embodiments of the present invention, is given by way of
illustration only, not limitation. Various changes and modifications within the scope of the

invention will become apparent to those skilled in the art from the detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The Figures described below, that together make up the Drawings, are for

illustration purposes only, not for limitation.

[0026] Figure 1 depicts the amino acid sequence (SEQ ID NO:1) encoding the mature
form of human iduronate-2-sulfatase (I12S) protein and indicates potential sites within the

protein sequence for N-linked glycosylation and cysteine conversion.

[0027] Figure 2 depicts exemplary construct designs for co-expression of 12S and
FGE (i.e., SUMF1). (A) Expression units on separate vectors (for co-transfection or
subsequent transfections); (B) Expression units on the same vector (one transfection): (1)

Separate cistrons and (2) Transcriptionally linked cistrons.

[0028] Figure 3 depicts exemplary levels of 125 specific activity observed as

correlated to percent formylglycine conversion.

[0029] Figure 4 depicts an exemplary glycan profile generated for recombinant I12S
enzyme produced using the 12S-AF 2D and 4D cell lines grown under serum-free cell culture

conditions as compared to a reference recombinant 12S enzyme.

DEFINITIONS

[0030] In order for the present invention to be more readily understood, certain terms
are first defined. Additional definitions for the following terms and other terms are set forth

throughout the specification.

[0031] Amino acid: As used herein, term “amino acid,” in its broadest sense, refers to
any compound and/or substance that can be incorporated into a polypeptide chain. In some
embodiments, an amino acid has the general structure H,N-C(H)(R)-COOH. In some
embodiments, an amino acid is a naturally occurring amino acid. In some embodiments, an
amino acid is a synthetic amino acid; in some embodiments, an amino acid is a D-amino acid;
in some embodiments, an amino acid is an L-amino acid. “Standard amino acid” refers to
any of the twenty standard L-amino acids commonly found in naturally occurring peptides.

“Nonstandard amino acid” refers to any amino acid, other than the standard amino acids,
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regardless of whether it is prepared synthetically or obtained from a natural source. As used
herein, “synthetic amino acid” encompasses chemically modified amino acids, including but
not limited to salts, amino acid derivatives (such as amides), and/or substitutions. Amino
acids, including carboxy- and/or amino-terminal amino acids in peptides, can be modified by
methylation, amidation, acetylation, protecting groups, and/or substitution with other
chemical groups that can change the peptide’s circulating half-life without adversely
affecting their activity. Amino acids may participate in a disulfide bond. Amino acids may
comprise one or posttranslational modifications, such as association with one or more
chemical entities (e.g., methyl groups, acetate groups, acetyl groups, phosphate groups,
formyl moieties, isoprenoid groups, sulfate groups, polyethylene glycol moieties, lipid
moieties, carbohydrate moieties, biotin moicties, efc. In some embodiments, amino acids of
the present invention may be provided in or used to supplement medium for cell cultures. In
some embodiments, amino acids provided in or used to supplement cell culture medium may

be provided as salts or in hydrate form.

[0032] Approximately: As used herein, the term “approximately” or “about,” as
applied to one or more values of interest, refers to a value that is similar to a stated reference
value. In certain embodiments, the term “approximately” or “about” refers to a range of
values that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%,
9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less in either direction (greater than or less than)
of the stated reference value unless otherwise stated or otherwise evident from the context

(except where such number would exceed 100% of a possible value).

[0033] Batch culture: The term “batch culture” as used herein refers to a method of
culturing cells in which all the components that will ultimately be used in culturing the cells,
including the medium (see definition of “medium” below) as well as the cells themselves, are
provided at the beginning of the culturing process. A batch culture is typically stopped at
some point and the cells and/or components in the medium are harvested and optionally

purified.

[0034] Bioavailability: As used herein, the term “bioavailability” generally refers to

the percentage of the administered dose that reaches the blood stream of a subject.

[0035] Biologically active: As used herein, the phrase “biologically active” refers to

a characteristic of any substance that has activity in a biological system (e.g., cell culture,
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organism, etc.). For instance, a substance that, when administered to an organism, has a
biological effect on that organism, is considered to be biologically active. Biological activity
can also be determined by in vitro assays (for example, in vitro enzymatic assays such as
sulfate release assays). In particular embodiments, where a protein or polypeptide is
biologically active, a portion of that protein or polypeptide that shares at least one biological
activity of the protein or polypeptide is typically referred to as a “biologically active” portion.
In some embodiments, a protein is produced and/or purified from a cell culture system, which
displays biologically activity when administered to a subject. In some embodiments, a
protein requires further processing in order to become biologically active. In some
embodiments, a protein requires posttranslational modification such as, but is not limited to,
glycosylation (e.g., sialyation), farnysylation, cleavage, folding, formylglycine conversion
and combinations thereof, in order to become biologically active. In some embodiments, a
protein produced as a proform (i.e. immature form), may require additional modification to

become biologically active.

[0036] Bioreactor: The term “bioreactor” as used herein refers to a vessel used for the
growth of a host cell culture. A bioreactor can be of any size so long as it is useful for the
culturing of mammalian cells. Typically, a bioreactor will be at least 1 liter and may be 10,
100, 250, 500, 1000, 2500, 5000, 8000, 10,000, 12,0000 liters or more, or any volume in
between. Internal conditions of a bioreactor, including, but not limited to pH, osmolarity,
CO, saturation, O, saturation, temperature and combinations thereof, are typically controlled
during the culturing period. A bioreactor can be composed of any material that suitable for
holding cells in media under the culture conditions of the present invention, including glass,
plastic or metal. In some embodiments, a bioreactor may be used for performing animal cell
culture. In some embodiments, a bioreactor may be used for performing mammalian cell
culture. In some embodiments, a bioreactor may used with cells and/or cell lines derived
from such organisms as, but not limited to, mammalian cell, insect cells, bacterial cells, yeast
cells and human cells. In some embodiments, a bioreactor is used for large-scale cell culture
production and is typically at least 100 liters and may be 200, 500, 1000, 2500, 5000, 8000,
10,000, 12,0000 liters or more, or any volume in between. One of ordinary skill in the art
will be aware of and will be able to choose suitable bioreactors for use in practicing the

present invention.
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[0037] Cell culture: These terms as used herein refer to a cell population that is gown
in a medium under conditions suitable to survival and/or growth of the cell population. As
will be clear to those of ordinary skill in the art, these terms as used herein may refer to the
combination comprising the cell population and the medium in which the population is

grown.

[0038] Cultivation: As used herein, the term “cultivation” or grammatical equvilents
refers to a process of maintaining cells under conditions favoring growth or survival. The
terms “cultivation” and “cell culture” or any synonyms are used inter-changeably in this

application.

[0039] Culture vessel. As used herein, the term “culture vessel” refers to any
container that can provide an aseptic environment for culturing cells. Exemplary culture

vessels include, but are not limited to, glass, plastic, or metal containers.

[0040] Enzyme replacement therapy (ERT): As used herein, the term “enzyme
replacement therapy (ERT)” refers to any therapeutic strategy that corrects an enzyme
deficiency by providing the missing enzyme. In some embodiments, the missing enzyme is
provided by intrathecal administration. In some embodiments, the missing enzyme is
provided by infusing into bloodstream. Once administered, enzyme is taken up by cells and
transported to the lysosome, where the enzyme acts to eliminate material that has
accumulated in the lysosomes due to the enzyme deficiency. Typically, for lysosomal
enzyme replacement therapy to be effective, the therapeutic enzyme is delivered to lysosomes

in the appropriate cells in target tissues where the storage defect is manifest.

[0041] Expression: As used herein, “expression” of a nucleic acid sequence refers to
one or more of the following events: (1) production of an RNA template from a DNA
sequence (e.g., by transcription); (2) processing of an RNA transcript (e.g., by splicing,
editing, 5’ cap formation, and/or 3” end formation); (3) translation of an RNA into a

polypeptide or protein; and/or (4) post-translational modification of a polypeptide or protein.

[0042] Fed-batch culture: The term “fed-batch culture” as used herein refers to a
method of culturing cells in which additional components are provided to the culture at some
time subsequent to the beginning of the culture process. The provided components typically

comprise nutritional supplements for the cells which have been depleted during the culturing
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process. A fed-batch culture is typically stopped at some point and the cells and/or

components in the medium are harvested and optionally purified.

[0043] Fragment. The term “fragment” as used herein refers to polypeptides and is
defined as any discrete portion of a given polypeptide that is unique to or characteristic of
that polypeptide. The term as used herein also refers to any discrete portion of a given
polypeptide that retains at least a fraction of the activity of the full-length polypeptide.
Preferably the fraction of activity retained is at least 10% of the activity of the full-length
polypeptide. More preferably the fraction of activity retained is at least 20%, 30%, 40%,
50%, 60%, 70%, 80% or 90% of the activity of the full-length polypeptide. More preferably
still the fraction of activity retained is at least 95%, 96%, 97%, 98% or 99% of the activity of
the full-length polypeptide. Most preferably, the fraction of activity retained is 100% of the
activity of the full-length polypeptide. The term as used herein also refers to any portion of a
given polypeptide that includes at least an established sequence element found in the full-
length polypeptide. Preferably, the sequence element spans at least 4-5, more preferably at
least about 10, 15, 20, 25, 30, 35, 40, 45, 50 or more amino acids of the full-length
polypeptide.

[0044] Gene: The term “gene” as used herein refers to any nucleotide sequence,
DNA or RNA, at least some portion of which encodes a discrete final product, typically, but
not limited to, a polypeptide, which functions in some aspect of a cellular process. The term
is not meant to refer only to the coding sequence that encodes the polypeptide or other
discrete final product, but may also encompass regions preceding and following the coding
sequence that modulate the basal level of expression, as well as intervening sequences
(“introns”) between individual coding segments (“exons”). In some embodiments, a gene
may include regulatory sequences (e.g., promoters, enhancers, poly adenylation sequences,
termination sequences, kozac sequences, tata box, etc.) and/or modification sequences. In
some embodiments, a gene may include references to nucleic acids that do not encode
proteins but rather encode functional RNA molecules such as tRNAs, RNAi-inducing agents,

etc.

[0045] Gene product or expression product. As used herein, the term “gene product”
or “expression product” generally refers to an RNA transcribed from the gene (pre-and/or
post-processing) or a polypeptide (pre- and/or post-modification) encoded by an RNA

transcribed from the gene.
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[0046] Genetic control element. The term “genetic control element” as used herein
refers to any sequence element that modulates the expression of a gene to which it is operably
linked. Genetic control elements may function by either increasing or decreasing the
expression levels and may be located before, within or after the coding sequence. Genetic
control elements may act at any stage of gene expression by regulating, for example,
initiation, elongation or termination of transcription, mRNA splicing, mRNA editing, mRNA
stability, mRNA localization within the cell, initiation, elongation or termination of
translation, or any other stage of gene expression. Genetic control elements may function

individually or in combination with one another.

[0047] Homology: As used herein, the term “homology” refers to the overall
relatedness between polymeric molecules, e.g., between nucleic acid molecules (e.g., DNA
molecules and/or RNA molecules) and/or between polypeptide molecules. In some
embodiments, polymeric molecules are considered to be “homologous” to one another if their
sequences are at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 99% identical. In some embodiments, polymeric molecules are
considered to be “homologous” to one another if their sequences are at least 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% similar.

[0048] Identity: As used herein, the term “identity” refers to the overall relatedness
between polymeric molecules, e.g., between nucleic acid molecules (e.g., DNA molecules
and/or RNA molecules) and/or between polypeptide molecules. Calculation of the percent
identity of two nucleic acid sequences, for example, can be performed by aligning the two
sequences for optimal comparison purposes (e.g., gaps can be introduced in one or both of a
first and a second nucleic acid sequences for optimal alignment and non-identical sequences
can be disregarded for comparison purposes). In certain embodiments, the length of a
sequence aligned for comparison purposes is at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 95%, or substantially 100% of the
length of the reference sequence. The nucleotides at corresponding nucleotide positions are
then compared. When a position in the first sequence is occupied by the same nucleotide as
the corresponding position in the second sequence, then the molecules are identical at that
position. The percent identity between the two sequences is a function of the number of
identical positions shared by the sequences, taking into account the number of gaps, and the

length of each gap, which needs to be introduced for optimal alignment of the two sequences.
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The comparison of sequences and determination of percent identity between two sequences
can be accomplished using a mathematical algorithm. For example, the percent identity
between two nucleotide sequences can be determined using the algorithm of Meyers and
Miller (CABIOS, 1989, 4: 11-17), which has been incorporated into the ALIGN program
(version 2.0) using a PAM 120 weight residue table, a gap length penalty of 12 and a gap
penalty of 4. The percent identity between two nucleotide sequences can, alternatively, be
determined using the GAP program in the GCG software package using an
NWSgapdna.CMP matrix. Various other sequence alignment programs are available and can

be used to determine sequence identity such as, for example, Clustal.

[0049] Improve, increase, or reduce: As used herein, the terms “improve,”
“increase” or “reduce,” or grammatical equivalents, indicate values that are relative to a
baseline measurement, such as a measurement in the same individual prior to initiation of the
treatment described herein, or a measurement in a control individual (or multiple control
individuals) in the absence of the treatment described herein. A “control individual” is an
individual afflicted with the same form of lysosomal storage disease as the individual being
treated, who is about the same age as the individual being treated (to ensure that the stages of

the disease in the treated individual and the control individual(s) are comparable).

[0050] Intrathecal administration: As used herein, the term “intrathecal
administration” or “intrathecal injection” refers to an injection into the spinal canal
(intrathecal space surrounding the spinal cord). Various techniques may be used including,
without limitation, lateral cerebroventricular injection through a burrhole or cisternal or
lumbar puncture or the like. In some embodiments, “intrathecal administration” or
“intrathecal delivery” according to the present invention refers to IT administration or
delivery via the lumbar area or region, i.e., lumbar IT administration or delivery. As used
herein, the term “lumbar region” or “lumbar area” refers to the area between the third and

fourth lumbar (lower back) vertebrae and, more inclusively, the L2-S1 region of the spine.

[0051] Isolated: As used herein, the term “isolated” refers to a substance and/or
entity that has been (1) separated from at least some of the components with which it was
associated when initially produced (whether in nature and/or in an experimental setting),
and/or (2) produced, prepared, and/or manufactured by the hand of man. Isolated substances
and/or entities may be separated from about 10%, about 20%, about 30%, about 40%, about
50%, about 60%, about 70%, about 80%, about 90%, about 91%, about 92%, about 93%,
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about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or more than about
99% of the other components with which they were initially associated. In some
embodiments, isolated agents are about 80%, about 85%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or more
than about 99% pure. As used herein, a substance is “pure” if it is substantially free of other
components. As used herein, calculation of percent purity of isolated substances and/or

entities should not include excipients (e.g., buffer, solvent, water, etc.)

[0052] Medium: The terms as used herein refer to a solution containing nutrients
which nourish growing cells. Typically, these solutions provide essential and non-essential
amino acids, vitamins, energy sources, lipids, and trace elements required by the cell for
minimal growth and/or survival. The solution may also contain components that enhance
growth and/or survival above the minimal rate, including hormones and growth factors. In
some embodiments, medium is formulated to a pH and salt concentration optimal for cell
survival and proliferation. In some embodiments, medium may be a “chemically defined
medium” — a serum-free media that contains no proteins, hydrolysates or components of
unknown composition. In some embodiment, chemically defined medium is free of animal-
derived components and all components within the medium have a known chemical structure.
In some embodiments, medium may be a “serum based medium” — a medium that has been
supplemented animal derived components such as, but not limited to, fetal calf serum, horse

serum, goat serum, donkey serum and/or combinations thereof.

[0053] Nucleic acid: As used herein, the term “nucleic acid,” in its broadest sense,
refers to a compound and/or substance that is or can be incorporated into an oligonucleotide
chain. In some embodiments, a nucleic acid is a compound and/or substance that is or can be
incorporated into an oligonucleotide chain via a phosphodiester linkage. In some
embodiments, “nucleic acid” refers to individual nucleic acid residues (e.g., nucleotides
and/or nucleosides). In some embodiments, “nucleic acid” refers to an oligonucleotide chain
comprising individual nucleic acid residues. As used herein, the terms “oligonucleotide” and
“polynucleotide” can be used interchangeably. In some embodiments, “nucleic acid”
encompasses RNA as well as single and/or double-stranded DNA and/or cDNA.
Furthermore, the terms “nucleic acid,” “DNA,” “RNA,” and/or similar terms include nucleic
acid analogs, i.e., analogs having other than a phosphodiester backbone. For example, the so-

called “peptide nucleic acids,” which are known in the art and have peptide bonds instead of
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phosphodiester bonds in the backbone, are considered within the scope of the present
invention. The term “nucleotide sequence encoding an amino acid sequence” includes all
nucleotide sequences that are degenerate versions of each other and/or encode the same
amino acid sequence. Nucleotide sequences that encode proteins and/or RNA may include
introns. Nucleic acids can be purified from natural sources, produced using recombinant
expression systems and optionally purified, chemically synthesized, ezc. Where appropriate,
e.g., in the case of chemically synthesized molecules, nucleic acids can comprise nucleoside
analogs such as analogs having chemically modified bases or sugars, backbone
modifications, efc. A nucleic acid sequence is presented in the 5° to 3 direction unless
otherwise indicated. The term “nucleic acid segment” is used herein to refer to a nucleic acid
sequence that is a portion of a longer nucleic acid sequence. In many embodiments, a nucleic
acid segment comprises at least 3,4, 5, 6, 7, 8, 9, 10, or more residues. In some
embodiments, a nucleic acid is or comprises natural nucleosides (e.g., adenosine, thymidine,
guanosine, cytidine, uridine, deoxyadenosine, deoxythymidine, deoxyguanosine, and
deoxycytidine); nucleoside analogs (e.g., 2-aminoadenosine, 2-thiothymidine, inosine,
pyrrolo-pyrimidine, 3-methyl adenosine, 5-methylcytidine, C-5 propynyl-cytidine, C-5
propynyl-uridine, 2-aminoadenosine, C5-bromouridine, C5-fluorouridine, C5-iodouridine,
C5-propynyl-uridine, CS-propynyl-cytidine, C5-methylcytidine, 2-aminoadenosine, 7-
deazaadenosine, 7-deazaguanosine, 8-oxoadenosine, 8-oxoguanosine, O(6)-methylguanine,
and 2-thiocytidine); chemically modified bases; biologically modified bases (e.g., methylated
bases); intercalated bases; modified sugars (e.g., 2’-fluororibose, ribose, 2°-deoxyribose,
arabinose, and hexose); and/or modified phosphate groups (e.g., phosphorothioates and 5’-N-
phosphoramidite linkages). In some embodiments, the present invention is specifically
directed to “unmodified nucleic acids,” meaning nucleic acids (e.g., polynucleotides and
residues, including nucleotides and/or nucleosides) that have not been chemically modified in

order to facilitate or achieve delivery.

[0054] Perfusion process: The term “perfusion process” as used herein refers to a
method of culturing cells in which additional components are provided continuously or semi-
continuously to the culture subsequent to the beginning of the culture process. The provided
components typically comprise nutritional supplements for the cells which have been
depleted during the culturing process. A portion of the cells and/or components in the
medium are typically harvested on a continuous or semi-continuous basis and are optionally

purified. Typically, a cell culture process involving a perfusion process is referred to as
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“perfusion culture.” Typically, nutritional supplements are provided in a fresh medium
during a perfusion process. In some embodiments, a fresh medium may be identical or
similar to the base medium used in the cell culture process. In some embodiments, a fresh
medium may be different than the base medium but containing desired nutritional

supplements. In some embodiments, a fresh medium is a chemically-defined medium.

[0055] Protein: As used herein, the term “protein” refers to a polypeptide (i.e., a
string of at least two amino acids linked to one another by peptide bonds). Proteins may
include moieties other than amino acids (e.g., may be glycoproteins, proteoglycans, ezc.)
and/or may be otherwise processed or modified. Those of ordinary skill in the art will
appreciate that a “protein” can be a complete polypeptide chain as produced by a cell (with or
without a signal sequence), or can be a characteristic portion thereof. In some embodiments,
a protein can sometimes include more than one polypeptide chain, for example linked by one
or more disulfide bonds or associated by other means. In some embodiments, polypeptides
may contain L-amino acids, D-amino acids, or both and may contain any of a variety of
amino acid modifications or analogs known in the art. Useful modifications include, e.g.,
terminal acetylation, amidation, methylation, efc. In some embodiments, proteins may
comprise natural amino acids, non-natural amino acids, synthetic amino acids, and
combinations thereof. The term “peptide” is generally used to refer to a polypeptide having a
length of less than about 100 amino acids, less than about 50 amino acids, less than 20 amino
acids, or less than 10 amino acids. In some embodiments, proteins are antibodies, antibody

fragments, biologically active portions thereof, and/or characteristic portions thereof.

[0056] Recombinant protein and Recombinant polypeptide: These terms as used
herein refer to a polypeptide expressed from a host cell, that has been genetically engineered
to express that polypeptide. In some embodiments, a recombinant protein may be expressed
in a host cell derived from an animal. In some embodiments, a recombinant protein may be
expressed in a host cell derived from an insect. In some embodiments, a recombinant protein
may be expressed in a host cell derived from a yeast. In some embodiments, a recombinant
protein may be expressed in a host cell derived from a prokaryote. In some embodiments, a
recombinant protein may be expressed in a host cell derived from an mammal. In some
embodiments, a recombinant protein may be expressed in a host cell derived from a human.
In some embodiments, the recombinantly expressed polypeptide may be identical or similar

to a polypeptide that is normally expressed in the host cell. In some embodiments, the
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recombinantly expressed polypeptide may be foreign to the host cell, i.e. heterologous to
peptides normally expressed in the host cell. Alternatively, in some embodiments the
recombinantly expressed polypeptide can be a chimeric, in that portions of the polypeptide
contain amino acid sequences that are identical or similar to polypeptides normally expressed

in the host cell, while other portions are foreign to the host cell.

[0057] Replacement enzyme: As used herein, the term “replacement enzyme” refers
to any enzyme that can act to replace at least in part the deficient or missing enzyme in a
disease to be treated. In some embodiments, the term “replacement enzyme” refers to any
enzyme that can act to replace at least in part the deficient or missing lysosomal enzyme in a
lysosomal storage disease to be treated. In some embodiments, a replacement enzyme is
capable of reducing accumulated materials in mammalian lysosomes or that can rescue or
ameliorate one or more lysosomal storage disease symptoms. Replacement enzymes suitable
for the invention include both wild-type or modified lysosomal enzymes and can be produced
using recombinant and synthetic methods or purified from nature sources. A replacement

enzyme can be a recombinant, synthetic, gene-activated or natural enzyme.

[0058] Vector: As used herein, “vector” refers to a nucleic acid molecule capable of
transporting another nucleic acid to which it is associated. In some embodiment, vectors are
capable of extra-chromosomal replication and/or expression of nucleic acids to which they
are linked in a host cell such as a eukaryotic and/or prokaryotic cell. Vectors capable of
directing the expression of operatively linked genes are referred to herein as “expression

vectors.”

DETAILED DESCRIPTION OF THE INVENTION

[0059] The present invention provides, among other things, methods and
compositions for production of recombinant 12S protein with improved potency and activity
using cells co-expressing 12S and FGE protein. In some embodiments, cells according to the
present invention are engineered to simultaneously over-express recombinant I12S and FGE
proteins. Cells according to the invention are adaptable to various cell culture conditions. In
some embodiments, cells of the present invention are adaptable to a large-scale suspension

serum-free culture.
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[0060] Various aspects of the invention are described in further detail in the following
subsections. The use of subsections is not meant to limit the invention. Each subsection may
apply to any aspect of the invention. In this application, the use of “or” means “and/or”

unless stated otherwise.

Iduronate-2-sulfatase (12S)

[0061] As used herein, an 125 protein is any protein or a portion of a protein that can
substitute for at least partial activity of naturally-occurring Iduronate-2-sulfatase (12S) protein
or rescue one or more phenotypes or symptoms associated with 12S-deficiency. As used
herein, the terms “an 12S enzyme” and “an 12S protein”, and grammatical equivalents, are

used inter-changeably.

[0062] Typically, the human 12S protein is produced as a precursor form. The
precursor form of human I2S contains a signal peptide (amino acid residues 1-25 of the full
length precursor), a pro-peptide (amino acid residues 26-33 of the full length precursor), and
a chain (residues 34-550 of the full length precursor) that may be further processed into the
42 kDa chain (residues 34-455 of the full length precursor) and the 14 kDa chain (residues
446-550 of the full length precursor). Typically, the precursor form is also referred to as full-
length precursor or full-length 12S protein, which contains 550 amino acids. The amino acid
sequences of the mature form (SEQ ID NO:1) having the signal peptide removed and full-
length precursor (SEQ ID NO:2) of a typical wild-type or naturally-occurring human 12S
protein are shown in Table 1. The signal peptide is underlined. In addition, the amino acid
sequences of human I2S protein isoform a and b precursor are also provided in Table 1, SEQ

ID NO:3 and 4, respectively.

Table 1. Human Iduronate-2-sulfatase

Mature Form SETQANSTTDALNVLLIIVDDLRPSLGCYGDKLVRSPNIDQLASHSLLFQNAFA
QQAVCAPSRVSFLTGRRPDTTRLYDFNS YWRVHAGNFSTIPQYFKENGYVTMSV
GKVFHPGISSNHTDDSPYSWSFPPYHPSSEKYENTKTCRGPDGELHANLLCPVD
VLDVPEGTLPDKQSTEQAIQLLEKMKTSASPFFLAVGYHKPHI PFRYPKEFQKL
YPLENITLAPDPEVPDGLPPVAYNPWMDIRQREDVQALNISVPYGPIPVDFQRK
IRQSYFASVSYLDTQVGRLLSALDDLQLANSTI IAFTSDHGWALGEHGEWAKYS
NFDVATHVPLIFYVPGRTASLPEAGEKLFPYLDPFDSASQLMEPGRQSMDLVEL
VSLFPTLAGLAGLQVPPRCPVPSFHVELCREGKNLLKHFRFRDLEEDPYLPGNP
RELIAYSQYPRPSDIPQWNSDKPSLKDIKIMGYSIRTIDYRYTVWVGFNPDEFL
ANFSDIHAGELYFVDSDPLQDHNMYNDSQGGDLFQLLMP (SEQ ID NO:1)

Full_Length MPPPRTGRGLLWLGLVLSSVCVALGSETQANSTTDALNVLLIIVDDLRPSLGCY
GDKLVRSPNIDQLASHSLLFONAFAQOAVCAPSRVSFLTGRRPDTTRLYDENSY
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Precursor
(Isoform a)

WRVHAGNFSTIPQYFKENGYVTMSVGKVFHPGISSNHTDDSPYSWSFPPYHPSS
EKYENTKTCRGPDGELHANLLCPVDVLDVPEGTLPDKQSTEQAIQLLEKMKTSA
SPFFLAVGYHKPHIPFRYPKEFQKLYPLENITLAPDPEVPDGLPPVAYNPWMD I
ROREDVQALNISVPYGPIPVDFQORKIROSYFASVSYLDTQVGRLLSALDDLQLA
NSTIIAFTSDHGWALGEHGEWAKYSNFDVATHVPLIFYVPGRTASLPEAGEKLF
PYLDPFDSASQLMEPGRQOSMDLVELVSLFPTLAGLAGLOVPPRCPVPSFHVELC
REGKNLLKHFRFRDLEEDPYLPGNPRELIAYSQYPRPSDIPQWNSDKPSLKDIK
IMGYSIRTIDYRYTVWVGFNPDEFLANFSDIHAGELYFVDSDPLODHNMYNDSQ
GGDLFQLLMP (SEQ ID NO:2)

Isoform b Precursor

MPPPRTGRGLLWLGLVLSSVCVALGSETQANSTTDALNVLLIIVDDLRPSLGCY
GDKLVRSPNIDQLASHSLLFONAFAQQOAVCAPSRVSFLTGRRPDTTRLYDFNSY
WRVHAGNFSTIPQYFKENGYVTMSVGKVFHPGISSNHTDDSPYSWSFPPYHPSS
EKYENTKTCRGPDGELHANLLCPVDVLDVPEGTLPDKQOSTEQATIQLLEKMKTSA
SPFFLAVGYHKPHIPFRYPKEFQKLYPLENITLAPDPEVPDGLPPVAYNPWMDI
ROREDVQALNISVPYGPIPVDFQEDQSSTGFRLKTSSTRKYK (SEQ ID

NO: 3)

Isoform ¢ Precursor

MPPPRTGRGLLWLGLVLSSVCVALGSETQANSTTDALNVLLIIVDDLRPSLGCY
GDKLVRSPNIDQLASHSLLFONAFAQOAVCAPSRVSFLTGRRPDTTRLYDENSY
WRVHAGNFSTIPQYFKENGYVTMSVGKVFHPGISSNHTDDSPYSWSFPPYHPSS
EKYENTKTCRGPDGELHANLLCPVDVLDVPEGTLPDKQSTEQAIQLLEKMKTSA
SPFFLAVGYHKPHIPFRYPKEFQKLYPLENITLAPDPEVPDGLPPVAYNPWMDI
ROREDVQALNISVPYGPIPVDFORKIROSYFASVSYLDTOQVGRLLSALDDLQLA
NSTIIAFTSDHGFLMRTNT (SEQ ID No:4)

[0063] Thus, in some embodiments, an 12S enzyme is mature human 12S protein

(SEQID NO:1). As disclosed herein, SEQ ID NO:1 represents the canonical amino acid

sequence for the human I2S protein. In some embodiments, the I12S protein may be a splice

isoform and/or variant of SEQ ID NO:1, resulting from transcription at an alternative start

site within the 5 UTR of the 12S gene. In some embodiments, a suitable replacement enzyme

may be a homologue or an analogue of mature human I2S protein. For example, a

homologue or an analogue of mature human I2S protein may be a modified mature human

12S protein containing one or more amino acid substitutions, deletions, and/or insertions as

compared to a wild-type or naturally-occurring 12S protein (e.g., SEQ ID NO:1), while

retaining substantial I12S protein activity. Thus, in some embodiments, a replacement enzyme

suitable for the present invention is substantially homologous to mature human 12 protein

(SEQ ID NO:1). In some embodiments, a replacement enzyme suitable for the present
invention has an amino acid sequence at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more homologous to SEQ ID

NO:1. In some embodiments, a replacement enzyme suitable for the present invention is

substantially identical to mature human 12S protein (SEQ ID NO:1). In some embodiments, a

replacement enzyme suitable for the present invention has an amino acid sequence at least

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

Page 18 of 57




WO 2014/005019 PCT/US2013/048571

98%, 99% or more identical to SEQ ID NO:1. In some embodiments, a replacement enzyme
suitable for the present invention contains a fragment or a portion of mature human 12S

protein.

[0064] Alternatively, an 12S enzyme is full-length 12S protein. In some
embodiments, an 12S enzyme may be a homologue or an analogue of full-length human 12S
protein. For example, a homologue or an analogue of full-length human I2S protein may be a
modified full-length human 12S protein containing one or more amino acid substitutions,
deletions, and/or insertions as compared to a wild-type or naturally-occurring full-length 12S
protein (e.g., SEQ ID NO:2), while retaining substantial I2S protein activity. Thus, In some
embodiments, an 12S enzyme is substantially homologous to full-length human I12S protein
(SEQ ID NO:2). In some embodiments, an 12S enzyme suitable for the present invention has
an amino acid sequence at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more homologous to SEQ ID NO:2. In
some embodiments, an 12S enzyme suitable for the present invention is substantially identical
to SEQ ID NO:2. In some embodiments, an I2S enzyme suitable for the present invention
has an amino acid sequence at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to SEQ ID NO:2. In some
embodiments, an 12S enzyme suitable for the present invention contains a fragment or a
portion of full-length human I2S protein. As used herein, a full-length I2S protein typically

contains signal peptide sequence.

[0065] In some embodiments, an 12S enzyme suitable for the present invention is
human I2S isoform a protein. In some embodiments, a suitable 12S enzyme may be a
homologue or an analogue of human I2S isoform a protein. For example, a homologue or an
analogue of human I2S isoform a protein may be a modified human 12S isoform a protein
containing one or more amino acid substitutions, deletions, and/or insertions as compared to a
wild-type or naturally-occurring human 128 isoform a protein (e.g., SEQ ID NO:3), while
retaining substantial 12S protein activity. Thus, in some embodiments, an I12S enzyme is
substantially homologous to human 128 isoform a protein (SEQ ID NO:3). In some
embodiments, an I2S enzyme has an amino acid sequence at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99% or more
homologous to SEQ ID NO:3. In some embodiments, an I12S enzyme is substantially

identical to SEQ ID NO:3. In some embodiments, an 12S enzyme suitable for the present
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invention has an amino acid sequence at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to SEQ ID NO:3.
In some embodiments, an 12S enzyme suitable for the present invention contains a fragment
or a portion of human I2S isoform a protein. As used herein, a human I2S isoform a protein

typically contains a signal peptide sequence.

[0066] In some embodiments, an 12S enzyme is human I12S isoform b protein. In
some embodiments, an I12S enzyme may be a homologue or an analogue of human 12S
isoform b protein. For example, a homologue or an analogue of human 128 isoform b protein
may be a modified human I2S isoform b protein containing one or more amino acid
substitutions, deletions, and/or insertions as compared to a wild-type or naturally-occurring
human 128 isoform b protein (e.g., SEQ ID NO:4), while retaining substantial 12S protein
activity. Thus, In some embodiments, an I2S enzyme is substantially homologous to human
12S isoform b protein (SEQ ID NO:4). In some embodiments, an I12S enzyme has an amino
acid sequence at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%., 96%, 97%, 98%, 99% or more homologous to SEQ ID NO:4. In some
embodiments, an I12S enzyme is substantially identical to SEQ ID NO:4. In some
embodiments, an I2S enzyme has an amino acid sequence at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99% or more
identical to SEQ ID NO:4. In some embodiments, an I2S enzyme suitable for the present
invention contains a fragment or a portion of human I2S isoform b protein. As used herein, a

human 12S isoform b protein typically contains a signal peptide sequence.

[0067] Homologues or analogues of human I2S proteins can be prepared according to
methods for altering polypeptide sequence known to one of ordinary skill in the art such as
are found in references that compile such methods. In some embodiments, conservative
substitutions of amino acids include substitutions made among amino acids within the
following groups: (a) M, , L, V; (b)) F, Y, W; (¢) K, R, H; (d) A, G; (e) S, T; (f) Q, N; and (g)
E, D. In some embodiments, a “conservative amino acid substitution” refers to an amino acid
substitution that does not alter the relative charge or size characteristics of the protein in

which the amino acid substitution is made.

[0068] In some embodiments, I12S enzymes contain a moiety that binds to a receptor
on the surface of cells to facilitate cellular uptake and/or lysosomal targeting. For example,

such a receptor may be the cation-independent mannose-6-phosphate receptor (CI-MPR)
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which binds the mannose-6-phosphate (M6P) residues. In addition, the CI-MPR also binds
other proteins including IGF-II. A suitable lysosomal targeting moiety can be IGF-I, IGF-II,
RAP, p97, and variants, homologues or fragments thereof (e.g., including those peptide
having a sequence at least 70%, 75%, 80%, 85%, 90%, or 95% identical to a wild-type
mature human IGF-I, IGF-II, RAP, p97 peptide sequence). In some embodiments, a suitable
receptor that the M6P residues bind may be cation-dependent.

Formylglycine Generating Enzyme (FGE)

[0069] Typically, the enzyme activity of 12S is influenced by a post-translational
modification of a conserved cysteine (e.g., corresponding to amino acid 59 of the mature
human 12S (SEQ ID NO:1)) to formylglycine, which is also referred to as 2-amino-3-
oxopropionic acid, or oxo-alanine. This post-translational modification generally occurs in
the endoplasmic reticulum during protein synthesis and is catalyzed by Formylglycine
Generating Enzyme (FGE). The specific enzyme activity of I2S is typically positively
correlated with the extent to which the 12S has the formylglycine modification. For example,
an 128 protein preparation that has a relatively high amount of formylglycine modification
typically has a relatively high specific enzyme activity; whereas an 12S protein preparation
that has a relatively low amount of formylglycine modification typically has a relatively low

specific enzyme activity.

[0070] Thus, cells suitable for producing recombinant 12S protein according to the
present invention typically also express FGE protein. In some embodiments, suitable cells
express an endogenous FGE protein. In some embodiments, suitable cells are engineered to
express an exogenous (also referred to as recombinant) Formylglycine Generating Enzyme
(FGE) in combination with recombinant I2S. In some embodiments, suitable cells are
engineered to activate an endogenous FGE gene such that the expression level or activity of

the FGE protein is increased.

[0071] Typically, the human FGE protein is produced as a precursor form. The
precursor form of human FGE contains a signal peptide (amino acid residues 1-33 of the full
length precursor) and a chain (residues 34-374 of the full length precursor). Typically, the
precursor form is also referred to as full-length precursor or full-length FGE protein, which

contains 374 amino acids. The amino acid sequences of the mature form (SEQ ID NO:5)
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having the signal peptide removed and full-length precursor (SEQ ID NO:6) of a typical

wild-type or naturally-occurring human FGE protein are shown in Table 2.

Table 2. Human Formylglycine Generating Enzyme (FGE)

Mature Form

SOEAGTGAGAGSLAGSCGCGTPORPGAHGSSAAAHRY SREANAPGPVPGERQLA
HSKMVPIPAGVFTMGTDDPQIKQODGEAPARRVTIDAFYMDAYEVSNTEFEKEFVN
STGYLTEAEKFGDSEVFEGMLSEQVKTNIQQAVAAAPWWLPVKGANWRHPEGPD
STILHRPDHPVLHVSWNDAVAYCTWAGKRLPTEAEWEYSCRGGLHNRLE PWGNK
LOPKGOHYANIWQGEFPVINTGEDGFQGTAPVDAFPPNGYGLYNIVGNAWEWTS
DWWTVHHSVEETLNPKGPPSGKDRVKKGGSYMCHRSYCYRYRCAARSQNTPDSS
ASNLGFRCAADRLPTMD (SEQ ID NO:5)

Full-Length
Precursor

MAAPALGLVCGRCPELGLVLLLLLLSLLCGAAGSQEAGTGAGAGSLAGSCGCGT
PORPGAHGSSAAAHRYSREANAPGPVPGERQLAHSKMVPIPAGVEFTMGTDDPQI
KODGEAPARRVTIDAFYMDAYEVSNTEFEKFVNSTGYLTEAEKFGDSFVFEGML
SEQVKTNIQQAVAAAPWWLPVKGANWRHPEGPDSTILHRPDHPVLHVSWNDAVA
YCTWAGKRLPTEAEWEYSCRGGLHNRLFPWGNKLOPKGOHYANIWQGEFPVTNT
GEDGFQGTAPVDAFPPNGYGLYNIVGNAWEWTSDWWTVHHSVEETLNPKGPPSG
KDRVKKGGSYMCHRSYCYRYRCAARSONTPDSSASNLGFRCAADRLPTMD
(SEQ ID NO:6)

[0072] Thus, in some embodiments, an FGE enzyme suitable for the present

invention is mature human FGE protein (SEQ ID NO:5). In some embodiments, a suitable

FGE enzyme may be a homologue or an analogue of mature human FGE protein. For

example, a homologue or an analogue of mature human FGE protein may be a modified

mature human FGE protein containing one or more amino acid substitutions, deletions,

and/or insertions as compared to a wild-type or naturally-occurring FGE protein (e.g., SEQ

ID NO:5), while retaining substantial FGE protein activity. Thus, in some embodiments, an

FGE enzyme suitable for the present invention is substantially homologous to mature human

FGE protein (SEQ ID NO:5). In some embodiments, an FGE enzyme suitable for the present
invention has an amino acid sequence at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more homologous to SEQ ID

NO:5. In some embodiments, an FGE enzyme suitable for the present invention is

substantially identical to mature human FGE protein (SEQ ID NO:5). In some embodiments,

an FGE enzyme suitable for the present invention has an amino acid sequence at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99% or more identical to SEQ ID NO:5. In some embodiments, an FGE enzyme suitable for

the present invention contains a fragment or a portion of mature human FGE protein.

[0073] Alternatively, an FGE enzyme suitable for the present invention is full-length

FGE protein. In some embodiments, an FGE enzyme may be a homologue or an analogue of
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full-length human FGE protein. For example, a homologue or an analogue of full-length
human FGE protein may be a modified full-length human FGE protein containing one or
more amino acid substitutions, deletions, and/or insertions as compared to a wild-type or
naturally-occurring full-length FGE protein (e.g., SEQ ID NO:6), while retaining substantial
FGE protein activity. Thus, in some embodiments, an FGE enzyme suitable for the present
invention is substantially homologous to full-length human FGE protein (SEQ ID NO:6). In
some embodiments, an FGE enzyme suitable for the present invention has an amino acid
sequence at least 50%, 55%, 60%, 65%, 70%, 75%., 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more homologous to SEQ ID NO:4. In some embodiments,
an FGE enzyme suitable for the present invention is substantially identical to SEQ ID NO:6.
In some embodiments, an FGE enzyme suitable for the present invention has an amino acid
sequence at least 50%, 55%, 60%, 65%, 70%, 75%., 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more identical to SEQ ID NO:6. In some embodiments, an
FGE enzyme suitable for the present invention contains a fragment or a portion of full-length
human FGE protein. As used herein, a full-length FGE protein typically contains signal

peptide sequence.

[0074] Exemplary nucleic acid sequences and amino acid sequences encoding
exemplary FGE proteins are disclosed US Publication No. 20040229250, the entire contents

of which is incorporated herein by reference.

Cells Co-Expressing I2S and FGE

[0075] The present invention recognizes the need for the high-level, commercial
production of biologically active 12S using a cell culture system. Because a large number of
production factors can influence the selection of a specific host cell, nucleic acid molecules
disclosed in the present specification are directed toward a wide range of prokaryotic and
cukaryotic cells and/or cell lines including, without limitation, cell lines derived from bacteria
strains, yeast strains, insect cells, animal cells, mammalian cells and human cells. Aspects of
the present invention also provide for expression constructs and the generation of
recombinant stable cell lines useful for expressing naturally occurring, as well as, modified
12S and/or FGE proteins which are disclosed in the present specification. In addition, aspects
of the present invention also provide methods for producing cell lines that express 12S and

FGE using the disclosed nucleic acid sequences of the present specification.
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Nucleic Acids Encoding 125 and/or FGE Proteins

[0076] In some embodiments, nucleic acid molecules are provided comprising nucleic
acid sequences encoding for a recombinant gene of interest (herein referred to as a transgene)
such as an 12S and/or FGE protein described in various embodiments herein. In some
embodiments, the nucleic acid encoding a transgene may be modified to provide increased
expression of the encoded 12S and/or FGE protein, which is also referred to as codon
optimization. For example, the nucleic acid encoding a transgene can be modified by altering
the open reading frame for the coding sequence. As used herein, the term "open reading
frame" is synonymous with "ORF" and means any nucleotide sequence that is potentially
able to encode a protein, or a portion of a protein. An open reading frame usually begins with
a start codon (represented as, ¢.g. AUG for an RNA molecule and ATG in a DNA molecule
in the standard code) and is read in codon-triplets until the frame ends with a STOP codon
(represented as, e.g. UAA, UGA or UAG for an RNA molecule and TAA, TGA or TAG in a
DNA molecule in the standard code). As used herein, the term "codon" means a sequence of
three nucleotides in a nucleic acid molecule that specifies a particular amino acid during
protein synthesis; also called a triplet or codon-triplet. For example, of the 64 possible
codons in the standard genetic code, two codons, GAA and GAG encode the amino acid
Glutamine whereas the codons AAA and AAG specify the amino acid Lysine. In the
standard genetic code three codons are stop codons, which do not specify an amino acid. As
used herein, the term "synonymous codon" means any and all of the codons that code for a
single amino acid. Except for Methionine and Tryptophan, amino acids are coded by two to
six synonymous codons. For example, in the standard genetic code the four synonymous
codons that code for the amino acid Alanine are GCA, GCC, GCG and GCU, the two
synonymous codons that specify Glutamine are GAA and GAG and the two synonymous

codons that encode Lysine are AAA and AAG.

[0077] In some embodiments, a nucleic acid encoding the open reading frame of an
12S and/or FGE protein may be modified using standard codon optimization methods.
Various commercial algorithms for codon optimization are available and can be used to
practice the present invention. Typically, codon optimization does not alter the encoded

amino acid sequences. In some embodiments, codon optimization may lead to amino acids
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alteration such as substitution, deletion or insertion. Typically, such amino acid alteration

does not substantially alter the protein activity.

[0078] Exemplary nucleic acid sequences encoding an 12S and FGE proteins,
respectively are shown in SEQ ID NO:7 and 8 below.

SEQ ID NO:7 Exemplary nucleic acid sequence encoding iduronate 2-sulfatase (125)

ATGCCCCCGCCCCGCACCGGCCGCGGCCTGCTGTGGCTGGGCCTGGTGCTGAGCAGCGTGTGCGTG
GCCCTGGGCAGCGAGACCCAGGCCAACAGCACCACCGACGCCCTGAACGTGCTGCTGATCATCGT
GGACGACCTGCGCCCCAGCCTGGGCTGCTACGGCGACAAGCTGGTGCGCAGCCCCAACATCGACC
AGCTGGCCAGCCACAGCCTGCTGTTCCAGAACGCCTTCGCCCAGCAGGCCGTGTGCGCCCCCAGCC
GCGTGAGCTTCCTGACCGGCCGCCGCCCCGACACCACCCGCCTGTACGACTTCAACAGCTACTGGC
GCGTGCACGCCGGCAACTTCAGCACCATCCCCCAGTACTTCAAGGAGAACGGCTACGTGACCATG
AGCGTGGGCAAGGTGTTCCACCCCGGCATCAGCAGCAACCACACCGACGACAGCCCCTACAGCTG
GAGCTTCCCCCCCTACCACCCCAGCAGCGAGAAGTACGAGAACACCAAGACCTGCCGCGGCCCCG
ACGGCGAGCTGCACGCCAACCTGCTGTGCCCCGTGGACGTGCTGGACGTGCCCGAGGGCACCCTG
CCCGACAAGCAGAGCACCGAGCAGGCCATCCAGCTGCTGGAGAAGATGAAGACCAGCGCCAGCC
CCTTCTTCCTGGCCGTGGGCTACCACAAGCCCCACATCCCCTTCCGCTACCCCAAGGAGTTCCAGA
AGCTGTACCCCCTGGAGAACATCACCCTGGCCCCCGACCCCGAGGTGCCCGACGGCLCTGLCCCCCG
TGGCCTACAACCCCTGGATGGACATCCGCCAGCGCGAGGACGTGCAGGCCCTGAACATCAGCGTG
CCCTACGGCCCCATCCCCGTGGACTTCCAGCGCAAGATCCGCCAGAGCTACTTCGCCAGCGTGAGC
TACCTGGACACCCAGGTGGGCCGCCTGCTGAGCGCCCTGGACGACCTGCAGCTGGCCAACAGCAC
CATCATCGCCTTCACCAGCGACCACGGCTGGGCCCTGGGCGAGCACGGCGAGTGGGCCAAGTACA
GCAACTTCGACGTGGCCACCCACGTGCCCCTGATCTTCTACGTGCCCGGCCGCACCGCCAGCCTGC
CCGAGGCCGGCGAGAAGCTGTTCCCCTACCTGGACCCCTTCGACAGCGCCAGCCAGCTGATGGAG
CCCGGCCGCCAGAGCATGGACCTGGTGGAGCTGGTGAGCCTGTTCCCCACCCTGGCCGGCCTGGCC
GGCCTGCAGGTGCCCCCCCGCTGCCCCGTGCCCAGCTTCCACGTGGAGCTGTGCCGCGAGGGCAA
GAACCTGCTGAAGCACTTCCGCTTCCGCGACCTGGAGGAGGACCCCTACCTGCCCGGCAACCCCCG
CGAGCTGATCGCCTACAGCCAGTACCCCCGCCCCAGCGACATCCCCCAGTGGAACAGCGACAAGC
CCAGCCTGAAGGACATCAAGATCATGGGCTACAGCATCCGCACCATCGACTACCGCTACACCGTG
TGGGTGGGCTTCAACCCCGACGAGTTCCTGGCCAACTTCAGCGACATCCACGCCGGCGAGCTGTAC
TTCGTGGACAGCGACCCCCTGCAGGACCACAACATGTACAACGACAGCCAGGGCGGCGACCTGTT
CCAGCTGCTGATGCCCTAG

SEQ ID NO:8 Exemplary nucleic acid sequence encoding full-length precursor formylglycine
generating enzyme (FGE)
ATGGCTGCGCCCGCACTAGGGCTGGTGTGTGGACGTTGCCCTGAGCTGGGTCTCGTCCTCTTGCTG
CTGCTGCTCTCGCTGCTGTGTGGAGCGGCAGGGAGCCAGGAGGCCGGGACCGGTGCGGGCGCGGG

GTCCCTTGCGGGTTCTTGCGGCTGCGGCACGCCCCAGCGGCCTGGCGCCCATGGCAGTTCGGCAGC
CGCTCACCGATACTCGCGGGAGGCTAACGCTCCGGGCCCCGTACCCGGAGAGCGGCAACTCGCGC
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ACTCAAAGATGGTCCCCATCCCTGCTGGAGTATTTACAATGGGCACAGATGATCCTCAGATAAAGC
AGGATGGGGAAGCACCTGCGAGGAGAGTTACTATTGATGCCTTTTACATGGATGCCTATGAAGTC
AGTAATACTGAATTTGAGAAGTTTGTGAACTCAACTGGCTATTTGACAGAGGCTGAGAAGTTTGGC
GACTCCTTTGTCTTTGAAGGCATGTTGAGTGAGCAAGTGAAGACCAATATTCAACAGGCAGTTGCA
GCTGCTCCCTGGTGGTTACCTGTGAAAGGCGCTAACTGGAGACACCCAGAAGGGCCTGACTCTACT
ATTCTGCACAGGCCGGATCATCCAGTTCTCCATGTGTCCTGGAATGATGCGGTTGCCTACTGCACTT
GGGCAGGGAAGCGGCTGCCCACGGAAGCTGAGTGGGAATACAGCTGTCGAGGAGGCCTGCATAA
TAGACTTTTCCCCTGGGGCAACAAACTGCAGCCCAAAGGCCAGCATTATGCCAACATTTGGCAGG
GCGAGTTTCCGGTGACCAACACTGGTGAGGATGGCTTCCAAGGAACTGCGCCTGTTGATGCCTTCC
CTCCCAATGGTTATGGCTTATACAACATAGTGGGGAACGCATGGGAATGGACTTCAGACTGGTGG
ACTGTTCATCATTCTGTTGAAGAAACGCTTAACCCAAAAGGTCCCCCTTCTGGGAAAGACCGAGTG
AAGAAAGGTGGATCCTACATGTGCCATAGGTCTTATTGTTACAGGTATCGCTGTGCTGCTCGGAGC
CAGAACACACCTGATAGCTCTGCTTCGAATCTGGGATTCCGCTGTGCAGCCGACCGCCTGCCCACC
ATGGACTGA

[0079] In some embodiments, a nucleotide change may alter a synonymous codon
within the open reading frame in order to agree with the endogenous codon usage found in a
particular heterologous cell selected to express 12S and/or FGE. Alternatively or
additionally, a nucleotide change may alter the G+C content within the open reading frame to
better match the average G+C content of open reading frames found in endogenous nucleic
acid sequence present in the heterologous host cell. A nucleotide change may also alter a
polymononucleotide region or an internal regulatory or structural site found within an 12S or
FGE sequence. Thus, a variety of modified or optimized nucleotide sequences are envisioned
including, without limitation, nucleic acid sequences providing increased expression of 12S

and/or FGE proteins in a prokaryotic cell; yeast cell; insect cell; and in a mammalian cell.

[0080] Thus, in some embodiments, a nucleic acid encoding an I2S protein suitable
for the present invention has a nucleotide sequence at least 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99% or more identical to
SEQ ID NO:7. In some embodiments, a nucleic acid encoding an FGE protein suitable for
the present invention has a nucleotide sequence at least 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to
SEQ ID NO:8. Typically, a modified nucleic acid encodes an 12S and/or FGE protein with or
without amino acid sequence alteration. In the event there is amino acid alteration, such

alteration typically does not substantially alter the 12S or FGE protein activity.

Expression Vectors

[0081] A nucleic acid sequence encoding an 12S and/or FGE protein as described in

the present application, can be molecularly cloned (inserted) into a suitable vector for
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propagation or expression in a host cell. A wide variety of expression vectors can be used to
practice the present invention, including, without limitation, a prokaryotic expression vector;
a yeast expression vector; an insect expression vector and a mammalian expression vector.
Exemplary vectors suitable for the present invention include, but are not limited to, viral
based vectors (e.g., AAV based vectors, retrovirus based vectors, plasmid based vectors). In
some embodiments, nucleic acid sequences encoding an 12S and FGE proteins, respectively
can be inserted in separate vectors. In some embodiments, nucleic acid sequences encoding
an 12S and FGE proteins, respectively can be inserted in a same vector. Typically, a nucleic
acid encoding an I2S or FGE protein is operably linked to various regulatory sequences or

elements.

Regulatory Sequences or Elements

[0082] Various regulatory sequences or elements may be incorporated in an
expression vector suitable for the present invention. Exemplary regulatory sequences or
elements include, but are not limited to, promoters, enhancers, repressors or suppressors, 5’

untranslated (or non-coding) sequences, introns, 3’ untranslated (or non-coding) sequences.

[0083] As used herein, a “Promoter” or “Promoter sequence” is a DNA regulatory
region capable of binding an RNA polymerase in a cell (e.g., directly or through other
promoter bound proteins or substances) and initiating transcription of a coding sequence. A
promoter sequence is, in general, bound at its 3° terminus by the transcription initiation site
and extends upstream (5 direction) to include the minimum number of bases or elements
necessary to initiate transcription at any level. The promoter may be operably associated
with or operably linked to the expression control sequences, including enhancer and repressor
sequences or with a nucleic acid to be expressed. In some embodiments, the promoter may
be inducible. In some embodiments, the inducible promoter may be unidirectional or bio-
directional. In some embodiments, the promoter may be a constitutive promoter. In some
embodiments, the promoter can be a hybrid promoter, in which the sequence containing the
transcriptional regulatory region is obtained from one source and the sequence containing the
transcription initiation region is obtained from a second source. Systems for linking control
clements to coding sequence within a transgene are well known in the art (general molecular
biological and recombinant DNA techniques are described in Sambrook, Fritsch, and

Maniatis, Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor
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Laboratory Press, Cold Spring Harbor, NY, 1989, which is incorporated herein by reference).
Commercial vectors suitable for inserting a transgene for expression in various host cells

under a variety of growth and induction conditions are also well known in the art.

[0084] In some embodiments, a specific promoter may be used to control expression
of the transgene in a mammalian host cell such as, but are not limited to, SRa-promoter
(Takebe et al., Molec. and Cell. Bio. 8:466-472 (1988)), the human CMV immediate early
promoter (Boshart et al., Cell 41:521-530 (1985); Foecking et al., Gene 45:101-105 (1986)),
human CMV promoter, the human CMVS5 promoter, the murine CMV immediate early
promoter, the EF 1-a-promoter, a hybrid CMV promoter for liver specific expression (e.g.,
made by conjugating CMV immediate early promoter with the transcriptional promoter
elements of either human a-1-antitrypsin (HAT) or albumin (HAL) promoter), or promoters
for hepatoma specific expression (e.g., wherein the transcriptional promoter elements of
either human albumin (HAL; about 1000 bp) or human a-1-antitrypsin (HAT, about 2000 bp)
are combined with a 145 long enhancer element of human o-1-microglobulin and bikunin
precursor gene (AMBP); HAL-AMBP and HAT-AMBP); the SV40 early promoter region
(Benoist at al., Nature 290:304-310 (1981)), the Orgyia pseudotsugata immediate early
promoter, the herpes thymidine kinase promoter (Wagner at al., Proc. Natl. Acad. Sci. USA
78:1441-1445 (1981)); or the regulatory sequences of the metallothionein gene (Brinster et
al., Nature 296:39-42 (1982)). In some embodiments, the mammalian promoter is a is a
constitutive promoter such as, but not limited to, the hypoxanthine phosphoribosyl transferase
(HPTR) promoter, the adenosine deaminase promoter, the pyruvate kinase promoter, the
beta-actin promoter as well as other constitutive promoters known to those of ordinary skill in

the art.

[0085] In some embodiments, a specific promoter may be used to control expression
of a transgene in a prokaryotic host cell such as, but are not limited to, the B-lactamase
promoter (Villa-Komaroff et al., Proc. Natl. Acad. Sci. USA 75:3727-3731 (1978)); the tac
promoter (DeBoer et al., Proc. Natl. Acad. Sci. USA 80:21-25 (1983)); the T7 promoter, the
T3 promoter, the M 13 promoter or the M16 promoter; in a yeast host cell such as, but are not
limited to, the GAL1, GAL4 or GAL10 promoter, the ADH (alcohol dehydrogenase)
promoter, PGK (phosphoglycerol kinase) promoter, alkaline phosphatase promoter,
glyceraldehyde-3-phosphate dehydrogenase I1I (TDH3) promoter, glyceraldehyde-3-
phosphate dehydrogenase 11 (TDH2) promoter, glyceraldehyde-3-phosphate dehydrogenase I
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(TDH1) promoter, pyruvate kinase (PYK), enolase (ENO), or triose phosphate isomerase
(TPI).

[0086] In some embodiments, the promoter may be a viral promoter, many of which
are able to regulate expression of a transgene in several host cell types, including mammalian
cells. Viral promoters that have been shown to drive constitutive expression of coding
sequences in eukaryotic cells include, for example, simian virus promoters, herpes simplex
virus promoters, papilloma virus promoters, adenovirus promoters, human immunodeficiency
virus (HIV) promoters, Rous sarcoma virus promoters, cytomegalovirus (CMV) promoters,
the long terminal repeats (LTRs) of Moloney murine leukemia virus and other retroviruses,
the thymidine kinase promoter of herpes simplex virus as well as other viral promoters

known to those of ordinary skill in the art.

[0087] In some embodiments, the gene control elements of an expression vector may
also include 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, Kozak sequence and the like. Enhancer elements can optionally be used to
increase expression levels of a polypeptide or protein to be expressed. Examples of enhancer
elements that have been shown to function in mammalian cells include the SV40 early gene
enhancer, as described in Dijkema et al., EMBO J. (1985) 4: 761 and the enhancer/promoter
derived from the long terminal repeat (LTR) of the Rous Sarcoma Virus (RSV), as described
in Gorman et al., Proc. Natl. Acad. Sci. USA (1982b) 79:6777 and human cytomegalovirus,
as described in Boshart et al., Cell (1985) 41:521. Genetic control elements of an expression
vector will also include 3’ non-transcribing and 3’non-translating sequences involved with
the termination of transcription and translation. Respectively, such as a poly
polyadenylation (polyA) signal for stabilization and processing of the 3” end of an mRNA
transcribed from the promoter. Poly A signals included, for example, the rabbit beta globin
polyA signal, bovine growth hormone polyA signal, chicken beta globin terminator/polyA
signal, or SV40 late polyA region.

Selectable Markers

[0088] Expression vectors will preferably but optionally include at least one

selectable marker. In some embodiments, the selectable maker is a nucleic acid sequence
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encoding a resistance gene operably linked to one or more genetic regulatory elements, to
bestow upon the host cell the ability to maintain viability when grown in the presence of a
cyctotoxic chemical and/or drug. In some embodiments, a selectable agent may be used to
maintain retention of the expression vector within the host cell. In some embodiments, the
selectable agent is may be used to prevent modification (i.e. methylation) and/or silencing of
the transgene sequence within the expression vector. In some embodiments, a selectable
agent is used to maintain episomal expression of the vector within the host cell. In some
embodiments, the selectable agent is used to promote stable integration of the transgene
sequence into the host cell genome. In some embodiments, an agent and/or resistance gene
may include, but is not limited to, methotrexate (MTX), dihydrofolate reductase (DHFR, U.S.
Pat. Nos. 4,399,216; 4,634,665; 4,656,134; 4,956,288; 5,149,636; 5,179,017, ampicillin,
neomycin (G418), zeomycin, mycophenolic acid, or glutamine synthetase (GS, U.S. Pat. Nos.
5,122,464; 5,770,359; 5,827,739) for eukaryotic host cell; tetracycline, ampicillin, kanamycin
or chlorampenichol for a prokaryotic host cell; and URA3, LEU2, HIS3, LYS2, HIS4,
ADES, CUP1 or TRPI for a yeast host cell.

[0089] Expression vectors may be transfected, transformed or transduced into a host

29 <&

cell. As used herein, the terms “transfection,” “transformation” and “transduction” all refer
to the introduction of an exogenous nucleic acid sequence into a host cell. In some
embodiments, expression vectors containing nucleic acid sequences encoding for 12S and/or
FGE are transfected, transformed or transduced into a host cell at the same time. In some
embodiments, expression vectors containing nucleic acid sequences encoding for 12S and/or
FGE are transfected, transformed or transduced into a host cell sequentially. For example, a
vector encoding an I2S protein may be transfected, transformed or transduced into a host cell
first, followed by the transfection, transformation or transduction of a vector encoding an
FGE protein, and vice versa. Examples of transformation, transfection and transduction
methods, which are well known in the art, include liposome delivery, i.e., lipofectamine™
(Gibco BRL) Method of Hawley-Nelson, Focus 15:73 (1193), electroporation, CaPO,
delivery method of Graham and van der Erb, Virology, 52:456-457 (1978), DEAE-Dextran
medicated delivery, microinjection, biolistic particle delivery, polybrene mediated delivery,
cationic mediated lipid delivery, transduction, and viral infection, such as, e.g., retrovirus,
lentivirus, adenovirus adeno-associated virus and Baculovirus (Insect cells). General aspects
of cell host transformations have been described in the art, such as by Axel in U.S. Pat. No.

4,399,216; Sambrook, supra, Chapters 1-4 and 16-18; Ausubel, supra, chapters 1,9, 13, 15,
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and 16. For various techniques for transforming mammalian cells, see Keown et al., Methods
in Enzymology (1989), Keown et al., Methods in Enzymology, 185:527-537 (1990), and
Mansour et al., Nature, 336:348-352 (1988).

[0090] Once introduced inside cells, expression vectors may be integrated stably in
the genome or exist as extra-chromosomal constructs. Vectors may also be amplified and
multiple copies may exist or be integrated in the genome. In some embodiments, cells of the
invention may contain 1, 2, 3,4, 5,6, 7, 8, 9, 10, 15, 20 or more copies of nucleic acids
encoding an 12S protein. In some embodiments, cells of the invention may contain 1, 2, 3, 4,
5,6,7,8,9, 10, 15, 20 or more copies of nucleic acids encoding an FGE protein. In some
embodiments, cells of the invention may contain multiple copies (e.g., 2, 3,4, 5,6, 7,8, 9,

10, 15, 20 or more) of nucleic acids encoding both 12S and FGE proteins.

Host Cells

[0091] As used herein, the term “host cells” refers to cells that can be used to produce
recombinant I12S enzyme. In particular, host cells are suitable for producing recombinant 12S
enzyme at a large scale. Suitable host cells can be derived from a variety of organisms,
including, but not limited to, mammals, plants, birds (e.g., avian systems), insects, yeast, and
bacteria. In some embodiments, host cells are mammalian cells. In some embodiments, a

suitable host cell is not a endosomal acidification-deficient cell.

Mammalian Cell Lines

[0092] Any mammalian cell or cell type susceptible to cell culture, and to expression
of polypeptides, may be utilized in accordance with the present invention as a host cell. Non-
limiting examples of mammalian cells that may be used in accordance with the present
invention include human embryonic kidney 293 cells (HEK293), HeLa cells; BALB/c mouse
myeloma line (NSO/1, ECACC No: 85110503); human retinoblasts (PER.C6 (CruCell,
Leiden, The Netherlands)); monkey kidney CV1 line transformed by SV40 (COS-7, ATCC
CRL 1651); human embryonic kidney line (293 or 293 cells subcloned for growth in
suspension culture, Graham et al., J. Gen Virol., 36:59 (1977)); baby hamster kidney cells
(BHK, ATCC CCL 10); Chinese hamster ovary cells +/-DHFR (CHO, Urlaub and Chasin,
Proc. Natl. Acad. Sci. USA, 77:4216 (1980)); mouse sertoli cells (TM4, Mather, Biol.
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Reprod., 23:243-251 (1980)); monkey kidney cells (CV1 ATCC CCL 70); African green
monkey kidney cells (VERO-76, ATCC CRL-1 587); human cervical carcinoma cells (HeLa,
ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL
3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep
G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC CCL51); TRI cells (Mather et
al., Annals N.Y. Acad. Sci., 383:44-68 (1982)); MRC 5 cells; FS4 cells; and a human
hepatoma line (Hep G2). In some embodiments, a suitable mammalian cell is not a

endosomal acidification-deficient cell.

[0093] Additionally, any number of commercially and non-commercially available
hybridoma cell lines that express polypeptides or proteins may be utilized in accordance with
the present invention. One skilled in the art will appreciate that hybridoma cell lines might
have different nutrition requirements and/or might require different culture conditions for
optimal growth and polypeptide or protein expression, and will be able to modify conditions

as needed.

Non-Mammalian Cell Lines

[0094] Any non-mammalian derived cell or cell type susceptible to cell culture, and
to expression of polypeptides, may be utilized in accordance with the present invention as a
host cell. Non-limiting examples of non-mammalian host cells and cell lines that may be
used in accordance with the present invention include cells and cell lines derived from Pichia
pastoris, Pichia methanolica, Pichia angusta, Schizosacccharomyces pombe, Saccharomyces
cerevisiae, and Yarrowia lipolytica for yeast; Sodoptera frugiperda, Trichoplusis ni,
Drosophila melangoster and Manduca sexta for insects; and Escherichia coli, Salmonella
typhimurium, Bacillus subtilis, Bacillus lichenifonnis, Bacteroides fragilis, Clostridia

perfringens, Clostridia difficile for bacteria; and Xenopus Laevis from amphibian.

Adaptable to Adherent vs Suspension Growth

[0095] In certain embodiments, a host cell is selected for generating a cell line based
on certain preferable attributes or growth under particular conditions chosen for culturing
cells. It will be appreciated by one skilled in the art, such attributes may be ascertained based
on known characteristic and/or traits of an established line (i.e. a characterized commercially

available cell line) or though empirical evaluation. In some embodiments, a cell line may be
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selected for its ability to grow on a feeder layer of cells. In some embodiments, a cell line
may be selected for its ability to grow in suspension. In some embodiments, a cell line may
be selected for its ability to grow as an adherent monolayer of cells. In some embodiments,
such cells can be used with any tissue culture vessel or any vessel treated with a suitable
adhesion substrate. In some embodiments, a suitable adhesion substrate is selected from the
group consisting of collagen (e.g. collagen I, 11, 11, or IV), gelatin, fibronectin, laminin,
vitronectin, fibrinogen, BD MatrigelTM, basement membrane matrix, dermatan sulfate
proteoglycan, Poly-D-Lysine and/or combinations thereof. In some embodiments, an
adherent host cell may be selected and modified under specific growth conditions to grow in
suspension. Such methods of modifying an adherent cell to grown in suspension are known
in the art. For example, a cell may be conditioned to grow in suspension culture, by

gradually removing animal serum from the growth media over time.

Cell Line Selection and Evaluation

[0096] According to the present invention, cells engineered to express recombinant
12S protein are selected for its ability to produce the recombinant I2S protein at commercially
viable scale. In particular, engineered cells according to the present invention are able to
produce recombinant I12S at a high level and/or with high enzymatic activity. In some
embodiments, desirable cells, once cultivated under a cell culture condition (e.g., a standard
large scale suspension or adherent culture condition), can produce I2S enzyme in an amount
of or greater than about 5 picogram/cell/day (e.g., greater than about 10, 15, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 picogram/cell/day). In some
embodiments, desired cells, once cultivated under a cell culture condition (e.g., a standard
large scale suspension or adherent culture condition), are able to produce I2S enzyme in an
amount ranging from about 5-100 picogram/cell/day (e.g., about 5-90 picogram/cell/day,
about 5-80 picogram/cell/day, about 5-70 picogram/cell/day, about 5-60 picogram/cell/day,
about 5-50 picogram/cell/day, about 5-40 picogram/cell/day, about 5-30 picogram/cell/day,
about 10-90 picogram/cell/day, about 10-80 picogram/cell/day, about 10-70
picogram/cell/day, about 10-60 picogram/cell/day, about 10-50 picogram/cell/day, about 10-
40 picogram/cell/day, about 10-30 picogram/cell/day, about 20-90 picogram/cell/day, about
20-80 picogram/cell/day, about 20-70 picogram/cell/day, about 20-60 picogram/cell/day,
about 20-50 picogram/cell/day, about 20-40 picogram/cell/day, about 20-30
picogram/cell/day).
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[0097] As discussed above, typically, the enzyme activity of 12S is influenced by a
post-translational modification of a conserved cysteine (e.g., at amino acid 59) to
formylglycine. This post-translational modification generally occurs in the endoplasmic
reticulum during protein synthesis and is catalyzed by FGE. The enzyme activity of 12S is
typically positively correlated with the extent to which the I2S has the formylglycine
modification. For example, an 12S preparation that has a relatively high amount of
formylglycine modification typically has a relatively high specific enzyme activity; whereas
an 128 preparation that has a relatively low amount of formylglycine modification typically

has a relatively low specific enzyme activity.

[0098] It is further contemplated that the ratio between the 12S and FGE protein or
mRNA may also affect formylglycine modification on the produced recombinant 12S protein.
In some embodiments, the I12S and FGE expressed in a desired cell have different protein
and/or mRNA expression levels. In some embodiments, the I2S protein or mRNA expression
level is at least 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0,
5.5,6.0,6.5,7.0,7.5, 8,9, or 10-fold higher than the protein or mRNA level of FGE. In
some embodiments the recombinant FGE protein or mRNA expression level is at least 0.1,
0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0,4.5, 5.0, 5.5, 6.0, 6.5, 7.0,
7.5, 8, 9, or 10-fold higher than the protein or mRNA level of 12S.

[0099] In some embodiments, desirable cells, once cultivated under a cell culture
condition (e.g., a standard large scale suspension or adherent culture condition), can produce
128 protein comprising at least about 50% (e.g., at least about 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%) conversion of the cysteine residue
corresponding to Cys59 of SEQ ID NO:1 to Ca-formylglycine (FGly). In some
embodiments, desirable cells, once cultivated under a cell culture condition (e.g., a standard
large scale suspension or adherent culture condition), can produce 12S enzyme comprising at
least about 50% (e.g., at least about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%.,
97%, 98%, 99%, or 100%) conversion of the cysteine residue corresponding to Cys59 of
SEQ ID NO:1 to Ca-formylglycine (FGly) and in an amount of or greater than about 5
picogram/cell/day (e.g., greater than about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, or 100 picogram/cell/day).
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FGly Conversion Percentage

[0100] Various methods are known and can be used to determine the FGly conversion
percentage. Generally, the percentage of formylglycine conversion (%FG) can be calculated

using the following formula:

Number of active 125 molecules

Yol G (OF IS T e ————— x100
Number of total (active+inactive) 125 molecules

For example 50% FG means half of the purified recombinant 12S is enzymatically inactive
without any therapeutic effect. Various methods may be used to calculate %FG. For
example, peptide mapping may be used. Briefly, an I12S protein may be digested into short
peptides using a protease (e.g., trypsin or chymotrypsin). Short peptides may be separated
and characterized using chromatography (e.g., HPLC) such that the nature and quantity of
each peptide (in particular the peptide containing the position corresponding to position 59 of
the mature human 12S) may be determined, as compared to a control (e.g., an 12S protein
without FGly conversion or an I2S protein with 100% FGly conversion). The amount of
peptides containing FGly (corresponding to number of active 12S molecules) and the total
amount of peptides with both FGly and Cys (corresponding to number of total 12S molecules)

may be determined and the ratio reflecting %FG calculated.

Specific Activity

[0101] As discussed above, typically, the enzyme activity of I12S is influenced by a
post-translational modification of a conserved cysteine (e.g., at amino acid 59) to
formylglycine. Thus, the enzyme activity of I12S is typically positively correlated with the
extent to which the 12S has the formylglycine modification. For example, an 12S preparation
that has a relatively high amount of formylglycine modification typically has a relatively high
specific enzyme activity; whereas an 12S preparation that has a relatively low amount of

formylglycine modification typically has a relatively low specific enzyme activity.

[0102] As can be appreciated by one skilled in the art, the enzymatic activity of
recombinant I2S protein produced by cells of the present invention may be measured by

various in vitro and in vivo assays. In some embodiments, a desired enzymatic activity, as
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measured by in vitro sulfate release activity assay using heparin disaccharide as substrate, of
the produced recombinant I12S protein is at least about 20 U/mg, 30 U/mg, 40 U/mg, 50
U/mg, 60 U/mg, 70 U/mg, 80 U/mg, 90 U/mg, or 100 U/mg. In some embodiments, a
desired enzymatic activity, as measured by in vitro sulfate release activity assay using heparin
disaccharide as substrate, of the produced recombinant I12S protein ranges from about 20-100
U/mg (e.g., about 20-90 U/mg, about 20-80 U/mg, about 20-70 U/mg, about 20-60 U/mg,
about 20-50 U/mg, about 20-40 U/mg, about 20-30 U/mg, about 30-100 U/mg, about 30-90
U/mg, about 30-80 U/mg, about 30-70 U/mg, about 30-60 U/mg, about 30-50 U/mg, about 30-
40 U/mg, about 40-100 U/mg, about 40-90 U/mg, about 40-80 U/mg, about 40-70 U/mg,
about 40-60 U/mg, about 40-50 U/mg). Exemplary conditions for performing in vitro sulfate
release activity assay using heparin disaccharide as substrate are provided below. Typically,
this assay measures the ability of I2S to release sulfate ions from a naturally derived
substrate, heparin diasaccharide. The released sulfate may be quantified by ion
chromatography. In some cases, ion chromatography is equipped with a conductivity
detector. As a non-limiting example, samples are first buffer exchanged to 10 mM Na
acetate, pH 6 to remove inhibition by phosphate ions in the formulation buffer. Samples are
then diluted to 0.075 mg/ml with reaction buffer (10 mM Na acetate, pH 4.4) and incubated
for 2 hrs at 37°C with heparin disaccharide at an enzyme to substrate ratio of 0.3 ug 12S/100
ug substrate in a 30 pL reaction volume. The reaction is then stopped by heating the samples
at 100°C for 3 min. The analysis is carried out using a Dionex IlonPac AS18 analytical
column with an IonPac AG18 guard column. An isocratic method is used with 30 mM
potassium hydroxide at 1.0 mL/min for 15 minutes. The amount of sulfate released by the
12S sample is calculated from the linear regression analysis of sulfate standards in the range
of 1.7 to 16.0 nmoles. The reportable value is expressed as Units per mg protein, where 1
unit is defined as 1 umoles of sulfate released per hour and the protein concentration is

determined by A280 measurements.

[0103] In some embodiments, the enzymatic activity of recombinant 12S protein
produced by cells of the present invention may also be determined using various other
methods known in the art such as, for example, 4-MUF assay which measures hydrolysis of
4-methylumbelliferyl-sulfate to sulfate and naturally fluorescent 4-methylumbelliferone (4-
MUF). In some embodiments, a desired enzymatic activity, as measured by in vitro 4-MUF
assay, of the produced recombinant I2S protein is at least about 2 U/mg, 4 U/mg, 6 U/mg, 8
U/mg, 10 U/mg, 12 U/mg, 14 U/mg, 16 U/mg, 18 U/mg, or 20 U/mg. In some embodiments,
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a desired enzymatic activity, as measured by in vitro 4-MUF assay, of the produced
recombinant 128 protein ranges from about 0-50 U/mg (e.g., about 0-40 U/mg, about 0-30
U/mg, about 0-20 U/mg, about 0-10 U/mg, about 2-50 U/mg, about 2-40 U/mg, about 2-30
U/mg, about 2-20 U/mg, about 2-10 U/mg, about 4-50 U/mg, about 4-40 U/mg, about 4-30
U/mg, about 4-20 U/mg, about 4-10 U/mg, about 6-50 U/mg, about 6-40 U/mg, about 6-30
U/mg, about 6-20 U/mg, about 6-10 U/mg). Exemplary conditions for performing iz vitro 4-
MUF assay are provided below. Typically, a 4-MUF assay measures the ability of an 12S
protein to hydrolyze 4-methylumbelliferyl-sulfate (4-MUF-SOy) to sulfate and naturally
fluorescent 4-methylumbelliferone (4-MUF). One milliunit of activity is defined as the
quantity of enzyme required to convert one nanomole of 4-MUF-SO4 to 4-MUF in one
minute at 37°C. Typically, the mean fluorescence units (MFU) generated by 12S test samples
with known activity can be used to generate a standard curve, which can be used to calculate

the enzymatic activity of a sample of interest.
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Cell Culture Medium and Condition

[0104] Various cell culture medium and conditions may be used to produce a
recombinant I2S protein using engineered cells according to the present invention. For
example, a recombinant I12S protein may be produced in serum-containing or serum-free
medium. In some embodiments, a recombinant [2S protein is produced in serum-free
medium. In some embodiments, a recombinant 12S protein is produced in an animal free
medium, i.e., a medium that lacks animal-derived components. In some embodiments, a
recombinant I2S protein is produced in a chemically defined medium. As used herein, the
term “chemically-defined nutrient medium” refers to a medium of which substantially all of
the chemical components are known. In some embodiments, a chemically defined nutrient
medium is free of animal-derived components such as serum, serum derived proteins (e.g.,
albumin or fetuin), and other components. In some cases, a chemically-defined medium
comprises one or more proteins (e.g., protein growth factors or cytokines.) In some cases, a
chemically-defined nutrient medium comprises one or more protein hydrolysates. In other
cases, a chemically-defined nutrient medium is a protein-free media, i.e., a serum-free media

that contains no proteins, hydrolysates or components of unknown composition.

[0105] In some embodiments, a chemically defined medium may be supplemented by
one or more animal derived components. Such animal derived components include, but are
not limited to, fetal calf serum, horse serum, goat serum, donkey serum, human serum, and
serum derived proteins such as albumins (e.g., bovine serum albumin or human serum

albumin).

[0106] Various cell culture conditions may be used to produce recombinant 12S
proteins at large scale including, but not limited to, roller bottle cultures, bioreactor batch
cultures and bioreactor fed-batch cultures. In some embodiments, recombinant 12S protein is
produced by cells cultured in suspension. In some embodiments, recombinant [2S protein is

produced by adherent cells.

[0107] Exemplary cell media and culture conditions are described in the Examples
sections. Additional exemplary methods and compositions for producing recombinant 12S

protein are described in the provisional application entitled “Methods and Compositions for
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Producing Recombinant Iduronate-2-Sulfatase” filed herewith on even date, the entire

disclosure of which is hereby incorporated by reference.

Purification of Expressed I2S Protein

[0108] Various methods may be used to purify or isolate 12S protein produced
according to various methods described herein. In some embodiments, the expressed 12S
protein is secreted into the medium and thus cells and other solids may be removed, as by
centrifugation or filtering for example, as a first step in the purification process.
Alternatively or additionally, the expressed I12S protein is bound to the surface of the host
cell. In this embodiment, the host cells expressing the polypeptide or protein are lysed for
purification. Lysis of mammalian host cells can be achieved by any number of means well
known to those of ordinary skill in the art, including physical disruption by glass beads and

exposure to high pH conditions.

[0109] The 128 protein may be isolated and purified by standard methods including,
but not limited to, chromatography (e.g., ion exchange, affinity, size exclusion, and
hydroxyapatite chromatography), gel filtration, centrifugation, or differential solubility,
ethanol precipitation or by any other available technique for the purification of proteins (See,
e.g., Scopes, Protein Purification Principles and Practice 2nd Edition, Springer-Verlag, New
York, 1987; Higgins, S. J. and Hames, B. D. (eds.), Protein Expression: A Practical
Approach, Oxford Univ Press, 1999; and Deutscher, M. P., Simon, M. ., Abelson, J. N.
(eds.), Guide to Protein Purification: Methods in Enzymology (Methods in Enzymology
Series, Vol 182), Academic Press, 1997, all incorporated herein by reference). For
immunoaffinity chromatography in particular, the protein may be isolated by binding it to an
affinity column comprising antibodies that were raised against that protein and were affixed
to a stationary support. Alternatively, affinity tags such as an influenza coat sequence, poly-
histidine, or glutathione-S-transferase can be attached to the protein by standard recombinant
techniques to allow for easy purification by passage over the appropriate affinity column.
Protease inhibitors such as phenyl methyl sulfonyl fluoride (PMSF), leupeptin, pepstatin or
aprotinin may be added at any or all stages in order to reduce or eliminate degradation of the
polypeptide or protein during the purification process. Protease inhibitors are particularly
desired when cells must be lysed in order to isolate and purify the expressed polypeptide or

protein.
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[0110] Exemplary purification methods are described in the Examples sections below.
Additional purification methods are described in the provisional application entitled
“Purification of Recombinant I2S Protein” filed on herewith on even date, the entire

disclosure of which is hereby incorporated by reference.

Pharmaceutical Composition and Administration

[0111] Purified recombinant 12S protein may be administered to a Hunter Syndrome
patient in accordance with known methods. For example, purified recombinant I2S protein
may be delivered intravenously, subcutaneously, intramuscularly, parenterally, transdermally,

or transmucosally (e.g., orally or nasally)).

[0112] In some embodiments, a recombinant I12S or a pharmaceutical composition

containing the same is administered to a subject by intravenous administration.

[0113] In some embodiments, a recombinant I2S or a pharmaceutical composition
containing the same is administered to a subject by intrathecal administration. As used
herein, the term “intrathecal administration” or “intrathecal injection” refers to an injection
into the spinal canal (intrathecal space surrounding the spinal cord). Various techniques may
be used including, without limitation, lateral cerebroventricular injection through a burrhole
or cisternal or lumbar puncture or the like. In some embodiments, “intrathecal
administration” or “intrathecal delivery” according to the present invention refers to IT
administration or delivery via the lumbar area or region, i.e., lumbar IT administration or
delivery. As used herein, the term “lumbar region” or “lumbar area” refers to the area
between the third and fourth lumbar (lower back) vertebrae and, more inclusively, the L2-S1

region of the spine.

[0114] In some embodiments, a recombinant I2S or a pharmaceutical composition
containing the same is administered to the subject by subcutaneous (i.e., beneath the skin)
administration. For such purposes, the formulation may be injected using a syringe.
However, other devices for administration of the formulation are available such as injection
devices (e.g., the Inject-ease™ and Genject™ devices); injector pens (such as the
GenPen™); needleless devices (e.g., MediJector'™ and BioJector™); and subcutaneous patch

delivery systems.
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[0115] In some embodiments, intrathecal administration may be used in conjunction
with other routes of administration (e.g., intravenous, subcutaneously, intramuscularly,

parenterally, transdermally, or transmucosally (e.g., orally or nasally)).

[0116] The present invention contemplates single as well as multiple administrations
of a therapeutically effective amount of a recombinant I12S or a pharmaceutical composition
containing the same described herein. A recombinant I2S or a pharmaceutical composition
containing the same can be administered at regular intervals, depending on the nature,
severity and extent of the subject’s condition (e.g., a lysosomal storage disease). In some
embodiments, a therapeutically effective amount of a recombinant I2S or a pharmaceutical
composition containing the same may be administered periodically at regular intervals (e.g.,
once every year, once every six months, once every five months, once every three months,
bimonthly (once every two months), monthly (once every month), biweekly (once every two

weeks), weekly, daily or continuously).

[0117] A recombinant I2S or a pharmaceutical composition containing the same can
be formulated with a physiologically acceptable carrier or excipient to prepare a
pharmaceutical composition. The carrier and therapeutic agent can be sterile. The

formulation should suit the mode of administration.

[0118] Suitable pharmaceutically acceptable carriers include but are not limited to
water, salt solutions (e.g., NaCl), saline, buffered saline, alcohols, glycerol, ethanol, gum
arabic, vegetable oils, benzyl alcohols, polyethylene glycols, gelatin, carbohydrates such as
lactose, amylose or starch, sugars such as mannitol, sucrose, or others, dextrose, magnesium
stearate, talc, silicic acid, viscous paraffin, perfume oil, fatty acid esters,
hydroxymethylcellulose, polyvinyl pyrolidone, ezc., as well as combinations thereof. The
pharmaceutical preparations can, if desired, be mixed with auxiliary agents (e.g., lubricants,
preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure,
buffers, coloring, flavoring and/or aromatic substances and the like) which do not
deleteriously react with the active compounds or interference with their activity. In some

embodiments, a water-soluble carrier suitable for intravenous administration is used.

[0119] The composition or medicament, if desired, can also contain minor amounts of
wetting or emulsifying agents, or pH buffering agents. The composition can be a liquid

solution, suspension, emulsion, tablet, pill, capsule, sustained release formulation, or powder.
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The composition can also be formulated as a suppository, with traditional binders and carriers
such as triglycerides. Oral formulation can include standard carriers such as pharmaceutical
grades of mannitol, lactose, starch, magnesium stearate, polyvinyl pyrollidone, sodium

saccharine, cellulose, magnesium carbonate, efc.

[0120] The composition or medicament can be formulated in accordance with the
routine procedures as a pharmaceutical composition adapted for administration to human
beings. For example, in some embodiments, a composition for intravenous administration
typically is a solution in sterile isotonic aqueous buffer. Where necessary, the composition
may also include a solubilizing agent and a local anesthetic to ease pain at the site of the
injection. Generally, the ingredients are supplied either separately or mixed together in unit
dosage form, for example, as a dry lyophilized powder or water free concentrate in a
hermetically sealed container such as an ampule or sachette indicating the quantity of active
agent. Where the composition is to be administered by infusion, it can be dispensed with an
infusion bottle containing sterile pharmaceutical grade water, saline or dextrose/water.
Where the composition is administered by injection, an ampule of sterile water for injection

or saline can be provided so that the ingredients may be mixed prior to administration.

[0121] As used herein, the term “therapeutically effective amount” is largely
determined base on the total amount of the therapeutic agent contained in the pharmaceutical
compositions of the present invention. Generally, a therapeutically effective amount is
sufficient to achieve a meaningful benefit to the subject (e.g., treating, modulating, curing,
preventing and/or ameliorating the underlying disease or condition). For example, a
therapeutically effective amount may be an amount sufficient to achieve a desired therapeutic
and/or prophylactic effect, such as an amount sufficient to modulate lysosomal enzyme
receptors or their activity to thereby treat such lysosomal storage disease or the symptoms
thereof (e.g., a reduction in or elimination of the presence or incidence of “zebra bodies” or
cellular vacuolization following the administration of the compositions of the present
invention to a subject). Generally, the amount of a therapeutic agent (e.g., a recombinant
lysosomal enzyme) administered to a subject in need thereof will depend upon the
characteristics of the subject. Such characteristics include the condition, disease severity,
general health, age, sex and body weight of the subject. One of ordinary skill in the art will be

readily able to determine appropriate dosages depending on these and other related factors.
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In addition, both objective and subjective assays may optionally be employed to identify

optimal dosage ranges.

[0122] A therapeutically effective amount is commonly administered in a dosing
regimen that may comprise multiple unit doses. For any particular therapeutic protein, a
therapeutically effective amount (and/or an appropriate unit dose within an effective dosing
regimen) may vary, for example, depending on route of administration, on combination with
other pharmaceutical agents. Also, the specific therapeutically effective amount (and/or unit
dose) for any particular patient may depend upon a variety of factors including the disorder
being treated and the severity of the disorder; the activity of the specific pharmaceutical agent
employed; the specific composition employed; the age, body weight, general health, sex and
diet of the patient; the time of administration, route of administration, and/or rate of excretion
or metabolism of the specific fusion protein employed; the duration of the treatment; and like

factors as is well known in the medical arts.

[0123] Additional exemplary pharmaceutical compositions and administration
methods are described in PCT Publication WO2011/163649 entitled “Methods and
Compositions for CNS Delivery of Iduronate-2-Sulfatase;” and provisional application serial
no. 61/618,638 entitled “Subcutaneous administration of iduronate 2 sulfatase” filed on

March 30, 2012, the entire disclosures of both of which are hereby incorporated by reference.

[0124] It is to be further understood that for any particular subject, specific dosage
regimens should be adjusted over time according to the individual need and the professional
judgment of the person administering or supervising the administration of the enzyme
replacement therapy and that dosage ranges set forth herein are exemplary only and are not

intended to limit the scope or practice of the claimed invention.
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EXAMPLES

Example 1. Generation of Optimized Cell Line Co-expressing recombinant 12S and
FGE

[0125] This example illustrates an exemplary optimized cell line co-expressing
recombinant I2S and FGE that can be used to produce recombinant I2S protein. It will be
clear to one skilled in the art, that a number of alternative approaches, expression vectors and

cloning techniques are available.

[0126] A typical mature form of human iduronate-2-sulfatase enzyme (I12S) is a 525-
amino acid glycoprotein that undergoes extensive processing and post translational
modification for enzyme activation, such as glycosylation and cysteine conversion to
formylglycine (Figure 1). In mammalian cells, conserved cysteine residues within the 12S
(i.e., at amino acid 59) enzyme are converted to formylglycine by the formylglycine
generating enzyme (FGE). The conversion of cysteine to formylglycine within the active site
of the I12S enzyme is an important step in generating the active form of the human sulfatase
enzyme. The purpose of this experiment was to engineer an optimized human cell line co-

expressing [2S and FGE for generating active recombinant 12S.

[0127] Figure 2 illustrates a number of exemplary construct designs for co-expression
of I12S and FGE. For example, expression units of I2S and FGE can be located on separate
vectors and the separate vectors can be co-transfected or transfected separately (Figure 2A).
Alternatively, expression units of 12S and FGE can be located on the same vector (Figure
2B). In one configuration, I12S and FGE can be on the same vector but under the control of
separate promoters, also referred to as separate cistrons (Figure 2B(1)). Alternatively, 12S
and FGE can be designed as transcriptionally linked cistrons, that is, 12S and FGE are
designed as one open reading frame under the control of a same promoter (Figure 2B(2)).
Typically, an internal ribosome entry site (IRES) is designed to allow cap independent

translation initiation of the messenger RNA (Figure 2B(2)).

[0128] A human cell line was engineered to co-express human 12S protein with the
amino acid sequence shown in SEQ ID NO:2 and human formylglycine generating enzyme

(FGE) with the amino acid sequence shown in SEQ ID NO:6.
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SEQID NO: 2

> Full-lenth Precursor iduronate 2-sulfatase
MPPPRTGRGLLWLGLVLSSVCVALGSETQANSTTDALNVLLIIVDDLRPSLGCYGDK
LVRSPNIDQLASHSLLFQNAFAQQAVCAPSRVSFLTGRRPDTTRLYDFNSYWRVHAG
NEFSTIPQYFKENGYVTMSVGKVFHPGISSNHTDDSPYSWSFPPYHPSSEKYENTKTCR
GPDGELHANLLCPVDVLDVPEGTLPDKQSTEQAIQLLEKMKTSASPFFLAVGYHKPH
IPFRYPKEFQKLYPLENITLAPDPEVPDGLPPVAYNPWMDIRQREDVQALNISVPYGPI
PVDFQRKIRQSYFASVSYLDTQVGRLLSALDDLQLANSTIIAFTSDHGWALGEHGEW
AKYSNFDVATHVPLIFYVPGRTASLPEAGEKLFPYLDPFDSASQLMEPGRQSMDLVE
LVSLFPTLAGLAGLQVPPRCPVPSFHVELCREGKNLLKHFRFRDLEEDPYLPGNPREL
IAYSQYPRPSDIPQWNSDKPSLKDIKIMGYSIRTIDYRYTVWVGFNPDEFLANFSDIHA
GELYFVDSDPLQDHNMYNDSQGGDLFQLLMP

SEQ ID NO:6

Full-length human FGE precursor:
MAAPALGLVCGRCPELGLVLLLLLLSLLCGAAGSQEAGTGAGAGSLAGSCGCGTPQ
RPGAHGSSAAAHRYSREANAPGPVPGERQLAHSKMVPIPAGVFTMGTDDPQIKQDG
EAPARRVTIDAFYMDAYEVSNTEFEKFVNSTGYLTEAEKFGDSFVFEGMLSEQVKTN
IQQAVAAAPWWLPVKGANWRHPEGPDSTILHRPDHPVLHVSWNDAVAYCTWAGK
RLPTEAEWEYSCRGGLHNRLFPWGNKLQPKGQHYANIWQGEFPVINTGEDGFQGT
APVDAFPPNGYGLYNIVGNAWEWTSDWWTVHHSVEETLNPKGPPSGKDRVKKGGS
YMCHRSYCYRYRCAARSQNTPDSSASNLGFRCAADRLPTMD

[0129] To generate an 12S expressing cell line, cells were stably transfected with a
codon optimized nucleic acid sequence (SEQ ID NO. 7) encoding an 12S protein with the
amino acid sequence shown in SEQ ID NO:2 and a nucleic acid sequence (SEQ ID NO. &)
encoding the human FGE enzyme as set forth in SEQ ID NO. 6.

SEQ ID NO: 7
> Homo sapiens codon optimized iduronate 2-sulfatase (IDS), transcript variant 1, mRNA

ATGCCCCCGCCCCGCACCGGCCGCGGCCTGCTGTGGCTGGGCCTGGTGCTGAGCAGCGTGTGCGTG
GCCCTGGGCAGCGAGACCCAGGCCAACAGCACCACCGACGCCCTGAACGTGCTGCTGATCATCGT
GGACGACCTGCGCCCCAGCCTGGGCTGCTACGGCGACAAGCTGGTGCGCAGCCCCAACATCGACC
AGCTGGCCAGCCACAGCCTGCTGTTCCAGAACGCCTTCGCCCAGCAGGCCGTGTGCGCCCCCAGCC
GCGTGAGCTTCCTGACCGGCCGCCGCCCCGACACCACCCGCCTGTACGACTTCAACAGCTACTGGC
GCGTGCACGCCGGCAACTTCAGCACCATCCCCCAGTACTTCAAGGAGAACGGCTACGTGACCATG
AGCGTGGGCAAGGTGTTCCACCCCGGCATCAGCAGCAACCACACCGACGACAGCCCCTACAGCTG
GAGCTTCCCCCCCTACCACCCCAGCAGCGAGAAGTACGAGAACACCAAGACCTGCCGCGGCCCCG
ACGGCGAGCTGCACGCCAACCTGCTGTGCCCCGTGGACGTGCTGGACGTGCCCGAGGGCACCCTG
CCCGACAAGCAGAGCACCGAGCAGGCCATCCAGCTGCTGGAGAAGATGAAGACCAGCGCCAGCC
CCTTCTTCCTGGCCGTGGGCTACCACAAGCCCCACATCCCCTTCCGCTACCCCAAGGAGTTCCAGA
AGCTGTACCCCCTGGAGAACATCACCCTGGCCCCCGACCCCGAGGTGCCCGACGGCCTGCCCCCCG
TGGCCTACAACCCCTGGATGGACATCCGCCAGCGCGAGGACGTGCAGGCCCTGAACATCAGCGTG
CCCTACGGCCCCATCCCCGTGGACTTCCAGCGCAAGATCCGCCAGAGCTACTTCGCCAGCGTGAGC
TACCTGGACACCCAGGTGGGCCGCCTGCTGAGCGCCCTGGACGACCTGCAGCTGGCCAACAGCAC
CATCATCGCCTTCACCAGCGACCACGGCTGGGCCCTGGGCGAGCACGGCGAGTGGGCCAAGTACA
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GCAACTTCGACGTGGCCACCCACGTGCCCCTGATCTTCTACGTGCCCGGCCGCACCGCCAGCCTGC
CCGAGGCCGGCGAGAAGCTGTTCCCCTACCTGGACCCCTTCGACAGCGCCAGCCAGCTGATGGAG
CCCGGCCGCCAGAGCATGGACCTGGTGGAGCTGGTGAGCCTGTTCCCCACCCTGGCCGGCCTGGCC
GGCCTGCAGGTGCCCCCCCGCTGCCCCGTGCCCAGCTTCCACGTGGAGCTGTGCCGCGAGGGCAA
GAACCTGCTGAAGCACTTCCGCTTCCGCGACCTGGAGGAGGACCCCTACCTGCCCGGCAACCCCCG
CGAGCTGATCGCCTACAGCCAGTACCCCCGCCCCAGCGACATCCCCCAGTGGAACAGCGACAAGC
CCAGCCTGAAGGACATCAAGATCATGGGCTACAGCATCCGCACCATCGACTACCGCTACACCGTG
TGGGTGGGCTTCAACCCCGACGAGTTCCTGGCCAACTTCAGCGACATCCACGCCGGCGAGCTGTAC
TTCGTGGACAGCGACCCCCTGCAGGACCACAACATGTACAACGACAGCCAGGGCGGCGACCTGTT
CCAGCTGCTGATGCCCTAG

SEQ ID NO: 8
> Homo sapiens Full-length Precursor formylglycine generating enzyme (FGE), mRNA

ATGGCTGCGCCCGCACTAGGGCTGGTGTGTGGACGTTGCCCTGAGCTGGGTCTCGTCCTCTTGCTG
CTGCTGCTCTCGCTGCTGTGTGGAGCGGCAGGGAGCCAGGAGGCCGGGACCGGTGCGGGCGCGGG
GTCCCTTGCGGGTTCTTGCGGCTGCGGCACGCCCCAGCGGCCTGGCGCCCATGGCAGTTCGGCAGC
CGCTCACCGATACTCGCGGGAGGCTAACGCTCCGGGCCCCGTACCCGGAGAGCGGCAACTCGCGC
ACTCAAAGATGGTCCCCATCCCTGCTGGAGTATTTACAATGGGCACAGATGATCCTCAGATAAAGC
AGGATGGGGAAGCACCTGCGAGGAGAGTTACTATTGATGCCTTTTACATGGATGCCTATGAAGTC
AGTAATACTGAATTTGAGAAGTTTGTGAACTCAACTGGCTATTTGACAGAGGCTGAGAAGTTTGGC
GACTCCTTTGTCTTTGAAGGCATGTTGAGTGAGCAAGTGAAGACCAATATTCAACAGGCAGTTGCA
GCTGCTCCCTGGTGGTTACCTGTGAAAGGCGCTAACTGGAGACACCCAGAAGGGCCTGACTCTACT
ATTCTGCACAGGCCGGATCATCCAGTTCTCCATGTGTCCTGGAATGATGCGGTTGCCTACTGCACTT
GGGCAGGGAAGCGGCTGCCCACGGAAGCTGAGTGGGAATACAGCTGTCGAGGAGGCCTGCATAA
TAGACTTTTCCCCTGGGGCAACAAACTGCAGCCCAAAGGCCAGCATTATGCCAACATTTGGCAGG
GCGAGTTTCCGGTGACCAACACTGGTGAGGATGGCTTCCAAGGAACTGCGCCTGTTGATGCCTTCC
CTCCCAATGGTTATGGCTTATACAACATAGTGGGGAACGCATGGGAATGGACTTCAGACTGGTGG
ACTGTTCATCATTCTGTTGAAGAAACGCTTAACCCAAAAGGTCCCCCTTCTGGGAAAGACCGAGTG
AAGAAAGGTGGATCCTACATGTGCCATAGGTCTTATTGTTACAGGTATCGCTGTGCTGCTCGGAGC
CAGAACACACCTGATAGCTCTGCTTCGAATCTGGGATTCCGCTGTGCAGCCGACCGCCTGCCCACC
ATGGACTGA

[0130] Both 12S- and FGE- encoding nucleic acid sequences are controlled by a
human CMYV promoter. Translation of I2S mRNA results in synthesis of a 550 amino acid
full length 12S protein (SEQ ID NO:2), which includes a 25 amino acid signal peptide. The

signal peptide is removed and a soluble enzyme is secreted from the cell.

[0131] The bacterial neomycin phosphotransferase (neo) coding sequence and/or
Blasticidin S Deaminase (BSD) gene were used to allow for selection of transfected cells
using the neomycin analog G418 and/or blasticidin, respectively. In addition, the mouse
dihydrofolate reductase (DHFR) gene was used on the 12S- and/or FGE-encoding vector(s) to
allow for isolation of cell lines containing increased copies of the 12S- and/or FGE-encoding

sequences by methotrexate (MTX) selection.

[0132] Cells producing 12S were isolated and subjected to appropriate drug selection
to isolate cells with an increased number of copies of the transfected 12S and/or FGE genes.

Quantification of 12S was performed by ELISA.
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[0133] The cell population was also subjected to step-wise selection in methotrexate
(MTX) to isolate cells with increased 12S productivity. 12S productivity was monitored
during MTX selection by ELISA.

[0134] After several rounds of propagation, several 12S producing clones were then
subjected to suspension adaptation in serum-free media through a stepwise reduction from
DMEM containing 10% calf serum to serum free chemically defined media. Several
individual clonal populations were established through limited dilution cloning. Colonies
were screened by 12S enzyme activity assay and ELISA. Two stable cell lines 2D and 4D
showed high percent viability and robust expression of 12S and were selected for further

development.

Example 2. Evaluation of Stable Cell Lines Co-expressing 12S and FGE

[0135] Additional experiments were carried out to characterize two cell lines 2D and

4D co-expressing I2S and FGE.
Specific Activity

[0136] First specific activity of the 12S enzyme was evaluated. 12S enzyme produced
from the 2D and 4D cell lines were analyzed for specific activity using a fluorescence based
4-MUF assay. Briefly, the assay measures the hydrolysis of 12S substrate 4-
methylumbelliferyl-sulfate (4-MUF-SO4). Upon cleavage of the 4-MUF-SO4 substrate by
128, the molecule is converted to sulfate and naturally fluorescent 4-methylumbelliferone (4-
MUF). As a result, I12S enzyme activity can be determined by evaluating the overall change
in fluorescent signal over time. For this experiment, purified I12S enzyme produced from the
12S-AF 2D and 4D human cell lines were incubated with a solution of 4-methylumbelliferyl-
sulfate (4-MUF-SOy), Potassium Salt, Sigma Cat. # M-7133). Calibration of the assay was
performed using a series of control reference samples, using commercially available 12S
enzyme diluted at 1:100, 1:200 and 1:20,000 of the stock solution. The enzymatic assay was
run at 37°C and assayed using a calibrated fluorometer. Using the fluorescence values
obtained for each reference standard, the percent coefficient of variation was determined

using the following equation:
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S tan dard Deviationof Raw FluorescencValues(N =3)
Averagel FluorescenceValue

%CV = X'100%

[0137] The percent CV values were then used to calculate the Corrected Average
Fluorescence for each sample, in order to determine the reportable enzyme activity, expressed

in mU/mL using the following formula:

ndeL:«FU{MmdeI:IL lemml?hmrIImUj@W)

10FU 10°mL | 0.01mL )\ 60min \ nmole

CFU = Negative corrected average fluorescence

DF - Dilution Factor

[0138] One milliunit of activity is the quantity of enzyme required to convert 1

nanomole of 4-methylumbelliferyl-sulfate to 4-methylumbelliferone in 1 minute at 37°C.

Percent Formylglycine Conversion

[0139] Peptide mapping can be used to determine Percent FGly conversion. 12S

activation requires Cysteine (corresponding to position 59 of mature human 12S) to

formylglycine conversion by formylglycine generating enzyme (FGE) as shown below:
(HEN

) o~ s
}‘5&3\\“ ‘\)q}qjgi

Formylglyoin

XxE¥xs FGiy) Pre o BrgX ey
{Ads}

XX olye XOP raX ey Arg R Xy
T e e [T L T
Sery  falal IrenarRng sraEne

Therefore, the percentage of formylglycine conversion (%FG) can be calculated using the

following formula:

Number of active 125 molecules

%FG (of DS) = e x100
Number of total (active+inactive) 125 molecules

[0140] For example 50% FG means half of the purified recombinant 125 is

enzymatically inactive without any therapeutic effect.
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[0141] Peptide mapping was used to calculate %FG. Briefly, a recombinant 12S
protein was digested into short peptides using a protease (e.g., trypsin or chymotrypsin).
Short peptides were separated and characterized using HPLC. The peptide containing the
position corresponding to position 59 of the mature human 12S was characterized to
determine if the Cys at position 59 was converted to a FGly as compared to a control (e.g., an
12S protein without FGly conversion or an I2S protein with 100% FGly conversion). The
amount of peptides containing FGly (corresponding to number of active 12S molecules) and
the total amount of peptides with both FGly and Cys (corresponding to number of total 12S
molecules) may be determined based on the corresponding peak areas and the ratio reflecting

%FG was calculated.

Correlation between Percentage FGly Conversion and Specific Activity

[0142] Exemplary correlation between percentage FGly conversion and specific
activity is shown in Figure 3. As can be seen, the data suggest that a higher percentage of

formylglycine conversion results in higher 12S enzyme activity.

Glycan Map

[0143] The glycan composition of recombinant 12S protein produced by cell line 2D
and 4D was determined. Quantification of the glycan composition was performed, using
anion exchange chromatography. As described below, the glycan map of recombinant 12S
generated under these conditions consists of seven peak groups, eluting according to an
increasing amount of negative charges, at least partly derived from sialic acid and mannose-
6-phosphate glycoforms resulting from enzymatic digest. Briefly, purified recombinant 12S
obtained using the serum-free cell culture method (I2S-AF 2D Serum-free and 12S-AF 4D
Serum-free) and reference recombinant 12S produced, were treated with either (1) purified
neuraminidase enzyme (isolated from Arthrobacter Ureafaciens (10 mU/uL), Roche
Biochemical (Indianapolis, IN), Cat. # 269 611 (1U/100 pL)) for the removal of sialic acid
residues, (2) alkaline phosphatase for 2 hours at 37+£1°C for complete release of mannose-6-
phosphate residues, (3) alkaline phosphatase + neuraminidase, or (4) no treatment. Each
enzymatic digest was analyzed by High Performance Anion Exchange Chromatography with

Pulsed Amperometric Detection (HPAE-PAD) using a CarboPac PA1 Analytical Column
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equipped with a Dionex CarboPac PA1 Guard Column. A series of sialic acid and mannose-
6-phosphate standards in the range of 0.4 to 2.0 nmoles were run for each assay. An isocratic
method using 48 mM sodium acetate in 100 mM sodium hydroxide was run for a minimum
of 15 minutes at a flow rate of 1.0 mL/min at ambient column temperature to elute each peak.
The data generated from each individual run, for both the 12S-AF and reference 12S samples,
were each combined into a single chromatograph to represent the glycan map for each
respective recombinant protein. As indicated in Figure 4, an exemplary glycan map for 12S
produced by cell line 2D and 4D displayed representative elution peaks (in the order of
elution) constituting neutrals, mono-, disialyated, monophosphorylated, trisialyated and
hybrid (monosialyated and capped mannose-6-phosphate), tetrasialylated and hybrid
(disilaylated and capped mannose-6-phosphate) and diphosphorylated glycans.

Example 3. Serum-free Suspension Cell Culture
[0144] This example demonstrates that a large scale serum free suspension culture

may be developed to cultivate an optimized cell line to produce recombinant 12S.
Serum-free suspension cell culture system

[0145] Briefly, a seed culture was established using the 2D or 4D cell line of Example
1. Cells were transferred to a 250 mL tissue culture shake flask containing serum-free
chemically defined expansion medium supplemented with MTX for selection, adjusted with
sodium bicarbonate to a pH of 7.3 and grown at 37°C at 5% CO, for several days. Once the
culture reached a sufficient cell density and viability, the initial seed culture was used to
inoculate the first of a series of step-wise cell culture expansions in 500 mL tissue culture

shake flasks followed by 1 L tissue culture shake flasks.

[0146] A batch culture expansion was performed by transferring each of the 1L
cultures into a 10L Cellbag bioreactor® (Wave Europe), and adding expansion medium.
After reaching a sufficient cell density, new expansion medium was added and the cells
grown to a sufficient density. The 10L Cellbag was transferred to a Wave bioreactor®
system (Wave Europe) and culture conditions were modified to allow for growth under
continuous medium perfusion. Expansion growth medium was delivered and samples were
collected for off-line metabolite analysis of pH, glutamine, glutamate, glucose, ammonium,

lactate, pCO, and osmolarity.
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[0147] Upon reaching a sufficient cell density, the entire 10L cell culture was
transferred to a SOL Wave Cellbag bioreactor®, containing fresh expansion medium, and

grown to a sufficient cell density using a Wave bioreactor® system.

[0148] Cell expansion was next performed using a 200L disposable bioreactor and
centrifuge perfusion device (Centritech® CELL II unit, Pneumatic Scale Corporation), which
was designed to concentrate cells and clarify media for recycling during perfusion mediated
cell culture. Expansion medium (adjusted to pH 7.10) was inoculated with a portion of the

SOL culture and grown to a sufficient cell density.

[0149] Next a portion of the 200L culture was used to seed a 2000L disposable
bioreactor and centrifuge perfusion device (Centritech® CELL II unit, Pneumatic Scale
Corporation) in production medium (adjusted to pH 7.20). Cells were grown under batch
growth conditions. Following the two day growth, conditions were adjusted for continuous
perfusion, until a transition phase was reached. Cells were grown under perfusion growth

conditions for the 24 hour transition phase.

[0150] For the production phase, two Centritech CELL II units were used.
Production phase was started approximately 24 hours after the start of the transition phase

and maintained for a desired period, by regulating the bleed rate.

[0151] While certain compounds, compositions and methods described herein have
been described with specificity in accordance with certain embodiments, the following
examples serve only to illustrate the compounds of the invention and are not intended to limit

the same.

[0152] The articles “a” and “an” as used herein in the specification and in the claims,
unless clearly indicated to the contrary, should be understood to include the plural referents.
Claims or descriptions that include “or” between one or more members of a group are
considered satisfied if one, more than one, or all of the group members are present in,
employed in, or otherwise relevant to a given product or process unless indicated to the

contrary or otherwise evident from the context. The invention includes embodiments in
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which exactly one member of the group is present in, employed in, or otherwise relevant to a
given product or process. The invention also includes embodiments in which more than one,
or the entire group members are present in, employed in, or otherwise relevant to a given
product or process. Furthermore, it is to be understood that the invention encompasses all
variations, combinations, and permutations in which one or more limitations, elements,
clauses, descriptive terms, etc., from one or more of the listed claims is introduced into
another claim dependent on the same base claim (or, as relevant, any other claim) unless
otherwise indicated or unless it would be evident to one of ordinary skill in the art that a
contradiction or inconsistency would arise. Where elements are presented as lists, (e.g., in
Markush group or similar format) it is to be understood that each subgroup of the elements is
also disclosed, and any element(s) can be removed from the group. It should be understood
that, in general, where the invention, or aspects of the invention, is/are referred to as
comprising particular elements, features, etc., certain embodiments of the invention or
aspects of the invention consist, or consist essentially of, such elements, features, etc. For
purposes of simplicity those embodiments have not in every case been specifically set forth in
so many words herein. It should also be understood that any embodiment or aspect of the
invention can be explicitly excluded from the claims, regardless of whether the specific
exclusion is recited in the specification. The publications, websites and other reference
materials referenced herein to describe the background of the invention and to provide

additional detail regarding its practice are hereby incorporated by reference.
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We claim:

1. A cell comprising

a first nucleic acid encoding an iduronate-2-sulfatase (I12S) protein comprising an
amino acid sequence at least 70% identical to SEQ ID NO:1; and

a second nucleic acid encoding a formylglycine generating enzyme (FGE) protein
comprising an amino acid sequence at least 70% identical to SEQ ID NO:5,

wherein the first and/or the second nucleic acid are exogenous and wherein the cell,
once cultivated under a cell culture condition, produces I2S protein comprising at least about
70% conversion of the cysteine residue corresponding to Cys59 of SEQ ID NO:1 to Co-
formylglycine (FGly).

2. A cell comprising

a first nucleic acid encoding an iduronate-2-sulfatase (I12S) protein comprising an
amino acid sequence at least 70% identical to SEQ ID NO:1; and

a second nucleic acid encoding a formylglycine generating enzyme (FGE) protein
comprising an amino acid sequence at least 70% identical to SEQ ID NO:5,

wherein the first and/or the second nucleic acid are exogenous and wherein the cell,
once cultivated under a cell culture condition, produces I2S protein comprising at least about
60% conversion of the cysteine residue corresponding to Cys59 of SEQ ID NO:1 to Co-
formylglycine (FGly) and at a specific productivity rate of great than about 30
picogram/cell/day.

3. The cell of claim 1 or 2, wherein the cell, once cultivated under a cell culture condition,
produces the 12S protein comprising at least about 80% conversion of the cysteine residue

corresponding to Cys59 of SEQ ID NO:1 to Ca-formylglycine (FGly).

4. The cell of any one of the preceding claims, wherein the cell, once cultivated under a cell
culture condition, produces the 12S protein comprising at least about 90% conversion of the

cysteine residue corresponding to Cys59 of SEQ ID NO:1 to Ca-formylglycine (FGly).
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5. The cell of any one of the preceding claims, wherein the cell, once cultivated under a cell
culture condition, produces the I2S protein comprising at least about 95% conversion of the

cysteine residue corresponding to Cys59 of SEQ ID NO:1 to Ca-formylglycine (FGly).

6. The cell of any one of the preceding claims, wherein the cell, once cultivated under a cell
culture condition, produces the I12S protein comprising at least about 97% conversion of the

cysteine residue corresponding to Cys59 of SEQ ID NO:1 to Ca-formylglycine (FGly).

7. The cell of any one of the preceding claims, wherein the first and/or the second nucleic

acid is operably linked to a h(CMV promoter.

8. The cell of any one of the preceding claims, wherein the first nucleic acid encodes an 12S

protein having an amino acid sequence identical to SEQ ID NO:1.

9. The cell of any one of the preceding claims, wherein the second nucleic acid encodes an

FGE protein having an amino acid sequence identical to SEQ ID NO:5.

10. The cell of any one of the preceding claims, wherein the first nucleic acid comprises a

sequence at least 70% identical to SEQ ID NO:7

11. The cell of any one of the preceding claims, wherein the first nucleic acid comprises a

sequence of SEQ ID NO:7.

12. The cell of any one of the preceding claims, wherein the second nucleic acid comprises a
sequence at least 70% identical to SEQ ID NO:8

13. The cell of any one of the preceding claims, wherein the second nucleic acid comprises a

sequence identical to SEQ ID NO:8.

14. The cell of any one of the preceding claims, wherein both of the first and second nucleic

acids are exogenous.

15. The cell of any one of the preceding claims, wherein the first and/or second nucleic acids

are integrated in the genome of the cell.
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16. The cell of any one of the preceding claims, wherein the first and/or second nucleic acids

are present in one or more extra-chromosomal constructs.

17. The cell of any one of the preceding claims, wherein the cell is a mammalian cell.

18. The cell of claim 17, wherein the mammalian cell is a human cell.

19. The cell of claim 17, wherein the mammalian cell is a CHO cell.

20. The cell of any one of the preceding claims, wherein the cell is adaptable to suspension

culture.

21. A method of producing recombinant iduronate-2-sulfatase (12S) protein comprising
cultivating a cell of any one of the preceding claims under conditions such that the
recombinant I2S and FGE proteins are co-expressed in the cell.

22. The method of claim 21, wherein the cell is cultivated at a large scale.

23. The method of claim 22, wherein the large scale is a bioreactor process.

24. The method of claim 23, wherein the bioreactor process is a perfusion process.

25. The method of claim 23 or 24, wherein the bioreactor is at a scale selected from 10L,
200L, 500L, 1000L, 1500L, or 2000L.

26. The method of claim 22, wherein the large scale is a roller bottle process.

27. The method of any one of claims 21-26, wherein the cell is cultivated in a serum-free

medium.

28. The method of any one of claims 21-26, wherein the cell is cultivated in a serum-

containing medium.
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29. The method of any one of claims 21-26, wherein the cell is cultivated in suspension.

30. The method of any one of claims 21-26, wherein the cell is cultivated adherent.

31. The method of any one of claims 21-30, wherein the method further comprises a step of

purifying the recombinant 12S protein.

32. A recombinant iduronate-2-sulfatase (I2S) protein produced by a method of any one of

claims 21-31.

33. A recombinant iduronate-2-sulfatase (I2S) protein produced by a cell of any one of

claims 1-20.
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(54) Title: CELLS FOR PRODUCING RECOMBINANT IDURONATE-2-SULFATASE

FIG. 2A

128 and SUMF1 co-expression options

Expression units on separate vectors (co-transfection or subsequent transfections)

—{Promoter| 125 | suR |
4|Promoter SUMF1| 3'UTR F

FIG. 2B

Expression units on the same vector (one transfection}

1} Separate cistrons

(57) Abstract: The present invention
provides, among other things, methods
and compositions for production of re-
combinant I2S protein with improved
potency and activity using cells co- ex-
press I12S and FGE protein. In some
embodiments, cells according to the
present invention are engineered to
simultaneously over-express recombin-
ant 12S and FGE proteins. Cells ac-
cording to the invention are adaptable
to various cell culture conditions. In
some embodiments, cells of the present
invention adaptable to a large-scale
suspension serum- free culture.

4‘Promoter| 28 | JUTR |_|Promoter| SUMF1 | JUTR Ii

2) Transcriptionally linked cistrons

4|Promoter| 128 | IRES |SUMF1| JUTR Ii or
‘|Promoter SUMF1| IRES | 128 | J'UTR I_
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SEQUENCE LISTING

<110> Boldog, Ferenc
Heartlein, Mike

<120> CELLS FOR PRODUCING RECOMBINANT IDURONATE-2-SULFATASE
<130> 2006685-0340

<{150> 61/666, 719
<151> 2012-06-29

<160> 8

<170> PatentIn version 3.5

210> 1

211> 525

<212> PRT

<213> Homo sapiens

<400> 1

Ser Glu Thr Gln Ala Asn Ser Thr Thr Asp Ala Leu Asn Val Leu Leu
1 5 10 15

Ile Ile Val Asp Asp Leu Arg Pro Ser Leu Gly Cys Tyr Gly Asp Lys
20 25 30

Leu Val Arg Ser Pro Asn Ile Asp Gln Leu Ala Ser His Ser Leu Leu

Phe Gln Asn Ala Phe Ala GIn Gln Ala Val Cys Ala Pro Ser Arg Val
50 55 60

Ser Phe Leu Thr Gly Arg Arg Pro Asp Thr Thr Arg Leu Tyr Asp Phe
65 70 75 80

Asn Ser Tyr Trp Arg Val His Ala Gly Asn Phe Ser Thr Ile Pro Gln

Tyr Phe Lys Glu Asn Gly Tyr Val Thr Met Ser Val Gly Lys Val Phe
100 105 110

His Pro Gly Ile Ser Ser Asn His Thr Asp Asp Ser Pro Tyr Ser Trp
115 120 125

Ser Phe Pro Pro Tyr His Pro Ser Ser Glu Lys Tyr Glu Asn Thr Lys
130 135 140

Thr Cys Arg Gly Pro Asp Gly Glu Leu His Ala Asn Leu Leu Cys Pro
145 150 155 160

Val Asp Val Leu Asp Val Pro Glu Gly Thr Leu Pro Asp Lys Gln Ser

Paran

o1



4 044534-8053HK01-SequenceListing. TXT
165 170 175

Thr Glu Gln Ala Ile Gln Leu Leu Glu Lys Met Lys Thr Ser Ala Ser
180 185 190

Pro Phe Phe Leu Ala Val Gly Tyr His Lys Pro His Ile Pro Phe Arg
195 200 205

Tyr Pro Lys Glu Phe Gln Lys Leu Tyr Pro Leu Glu Asn Ile Thr Leu
210 215 220

Ala Pro Asp Pro Glu Val Pro Asp Gly Leu Pro Pro Val Ala Tyr Asn
225 230 235 240

Pro Trp Met Asp Ile Arg Gln Arg Glu Asp Val Gln Ala Leu Asn Ile
245 250 255

Ser Val Pro Tyr Gly Pro Ile Pro Val Asp Phe Gln Arg Lys Ile Arg
260 265 270

GIn Ser Tyr Phe Ala Ser Val Ser Tyr Leu Asp Thr Gln Val Gly Arg
275 280 285

Leu Leu Ser Ala Leu Asp Asp Leu Gln Leu Ala Asn Ser Thr Ile Ile
290 295 300

Ala Phe Thr Ser Asp His Gly Trp Ala Leu Gly Glu His Gly Glu Trp
305 310 315 320

Ala Lys Tyr Ser Asn Phe Asp Val Ala Thr His Val Pro Leu Ile Phe
325 330 335

Tyr Val Pro Gly Arg Thr Ala Ser Leu Pro Glu Ala Gly Glu Lys Leu
340 345 350

Phe Pro Tyr Leu Asp Pro Phe Asp Ser Ala Ser Gln Leu Met Glu Pro
355 360 365

Gly Arg Gln Ser Met Asp Leu Val Glu Leu Val Ser Leu Phe Pro Thr
370 375 380

Leu Ala Gly Leu Ala Gly Leu Gln Val Pro Pro Arg Cys Pro Val Pro
385 390 395 400

Ser Phe His Val Glu Leu Cys Arg Glu Gly Lys Asn Leu Leu Lys His
405 410 415

Phe Arg Phe Arg Asp Leu Glu Glu Asp Pro Tyr Leu Pro Gly Asn Pro
%2
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420 425 430

Arg Glu Leu Ile Ala Tyr Ser Gln Tyr Pro Arg Pro Ser Asp Ile Pro
435 440 445

GIn Trp Asn Ser Asp Lys Pro Ser Leu Lys Asp Ile Lys Ile Met Gly
450 455 460

Tyr Ser Ile Arg Thr Ile Asp Tyr Arg Tyr Thr Val Trp Val Gly Phe
465 470 475 480

Asn Pro Asp Glu Phe Leu Ala Asn Phe Ser Asp Ile His Ala Gly Glu
485 490 495

Leu Tyr Phe Val Asp Ser Asp Pro Leu Gln Asp His Asn Met Tyr Asn
500 505 510

Asp Ser Gln Gly Gly Asp Leu Phe GIn Leu Leu Met Pro
515 520 525

210> 2

<211> 550

<212> PRT

<213> Homo sapiens

<400> 2

Met Pro Pro Pro Arg Thr Gly Arg Gly Leu Leu Trp Leu Gly Leu Val
1 5 10 15

Leu Ser Ser Val Cys Val Ala Leu Gly Ser Glu Thr Gln Ala Asn Ser
20 25 30

Thr Thr Asp Ala Leu Asn Val Leu Leu Ile Ile Val Asp Asp Leu Arg
35 40 45

Pro Ser Leu Gly Cys Tyr Gly Asp Lys Leu Val Arg Ser Pro Asn Ile

Asp Gln Leu Ala Ser His Ser Leu Leu Phe GIn Asn Ala Phe Ala Gln
65 70 75 80

Gln Ala Val Cys Ala Pro Ser Arg Val Ser Phe Leu Thr Gly Arg Arg
85 90 95

Pro Asp Thr Thr Arg Leu Tyr Asp Phe Asn Ser Tyr Trp Arg Val His
100 105 110

Ala Gly Asn Phe Ser Thr Ile Pro GIn Tyr Phe Lys Glu Asn Gly Tyr
115 120 125

Paran

O3
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Val Thr Met Ser Val Gly Lys Val Phe His Pro Gly Ile Ser Ser Asn
130 135 140

His Thr Asp Asp Ser Pro Tyr Ser Trp Ser Phe Pro Pro Tyr His Pro
145 150 155 160

Ser Ser Glu Lys Tyr Glu Asn Thr Lys Thr Cys Arg Gly Pro Asp Gly
165 170 175

Glu Leu His Ala Asn Leu Leu Cys Pro Val Asp Val Leu Asp Val Pro
180 185 190

Glu Gly Thr Leu Pro Asp Lys Gln Ser Thr Glu Gln Ala Ile Gln Leu
195 200 205

Leu Glu Lys Met Lys Thr Ser Ala Ser Pro Phe Phe Leu Ala Val Gly
210 215 220

Tyr His Lys Pro His Ile Pro Phe Arg Tyr Pro Lys Glu Phe Gln Lys
225 230 235 240

Leu Tyr Pro Leu Glu Asn Ile Thr Leu Ala Pro Asp Pro Glu Val Pro
245 250 255

Asp Gly Leu Pro Pro Val Ala Tyr Asn Pro Trp Met Asp Ile Arg Gln
260 265 270

Arg Glu Asp Val Gln Ala Leu Asn Ile Ser Val Pro Tyr Gly Pro Ile
275 280 285

Pro Val Asp Phe Gln Arg Lys Ile Arg Gln Ser Tyr Phe Ala Ser Val
290 295 300

Ser Tyr Leu Asp Thr Gln Val Gly Arg Leu Leu Ser Ala Leu Asp Asp
305 310 315 320

Leu Gln Leu Ala Asn Ser Thr Ile Ile Ala Phe Thr Ser Asp His Gly
325 330 335

Trp Ala Leu Gly Glu His Gly Glu Trp Ala Lys Tyr Ser Asn Phe Asp
340 345 350

Val Ala Thr His Val Pro Leu Ile Phe Tyr Val Pro Gly Arg Thr Ala
355 360 365

Ser Leu Pro Glu Ala Gly Glu Lys Leu Phe Pro Tyr Leu Asp Pro Phe
370 375 380

%40
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Asp Ser Ala Ser Gln Leu Met Glu Pro Gly Arg Gln Ser Met Asp Leu
385 390 395 400

Val Glu Leu Val Ser Leu Phe Pro Thr Leu Ala Gly Leu Ala Gly Leu
405 410 415

Gln Val Pro Pro Arg Cys Pro Val Pro Ser Phe His Val Glu Leu Cys
420 425 430

Arg Glu Gly Lys Asn Leu Leu Lys His Phe Arg Phe Arg Asp Leu Glu
435 440 445

Glu Asp Pro Tyr Leu Pro Gly Asn Pro Arg Glu Leu Ile Ala Tyr Ser
450 455 460

Gln Tyr Pro Arg Pro Ser Asp Ile Pro Gln Trp Asn Ser Asp Lys Pro
465 470 475 480

Ser Leu Lys Asp Ile Lys Ile Met Gly Tyr Ser Ile Arg Thr Ile Asp
485 490 495

Tyr Arg Tyr Thr Val Trp Val Gly Phe Asn Pro Asp Glu Phe Leu Ala
500 505 510

Asn Phe Ser Asp Ile His Ala Gly Glu Leu Tyr Phe Val Asp Ser Asp
515 520 525

Pro Leu Gln Asp His Asn Met Tyr Asn Asp Ser Gln Gly Gly Asp Leu
530 535 540

Phe Gln Leu Leu Met Pro
545 550

<210> 3

211> 312

<212> PRT

<213> Homo sapiens

<400> 3
Met Pro Pro Pro Arg Thr Gly Arg Gly Leu Leu Trp Leu Gly Leu Val
1 5 10 15

Leu Ser Ser Val Cys Val Ala Leu Gly Ser Glu Thr Gln Ala Asn Ser
20 25 30

Thr Thr Asp Ala Leu Asn Val Leu Leu Ile Ile Val Asp Asp Leu Arg
35 40 45

Paran

50
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Pro Ser Leu Gly Cys Tyr Gly Asp Lys Leu Val Arg Ser Pro Asn Ile
50 55 60

Asp Gln Leu Ala Ser His Ser Leu Leu Phe Gln Asn Ala Phe Ala Gln
65 70 75 80

Gln Ala Val Cys Ala Pro Ser Arg Val Ser Phe Leu Thr Gly Arg Arg
85 90 95

Pro Asp Thr Thr Arg Leu Tyr Asp Phe Asn Ser Tyr Trp Arg Val His
100 105 110

Ala Gly Asn Phe Ser Thr Ile Pro Gln Tyr Phe Lys Glu Asn Gly Tyr
115 120 125

Val Thr Met Ser Val Gly Lys Val Phe His Pro Gly Ile Ser Ser Asn
130 135 140

His Thr Asp Asp Ser Pro Tyr Ser Trp Ser Phe Pro Pro Tyr His Pro
145 150 155 160

Ser Ser Glu Lys Tyr Glu Asn Thr Lys Thr Cys Arg Gly Pro Asp Gly
165 170 175

Glu Leu His Ala Asn Leu Leu Cys Pro Val Asp Val Leu Asp Val Pro
180 185 190

Glu Gly Thr Leu Pro Asp Lys Gln Ser Thr Glu Gln Ala Ile Gln Leu
195 200 205

Leu Glu Lys Met Lys Thr Ser Ala Ser Pro Phe Phe Leu Ala Val Gly
210 215 220

Tyr His Lys Pro His Ile Pro Phe Arg Tyr Pro Lys Glu Phe Gln Lys
225 230 235 240

Leu Tyr Pro Leu Glu Asn Ile Thr Leu Ala Pro Asp Pro Glu Val Pro
245 250 255

Asp Gly Leu Pro Pro Val Ala Tyr Asn Pro Trp Met Asp Ile Arg Gln
260 265 270

Arg Glu Asp Val Gln Ala Leu Asn Ile Ser Val Pro Tyr Gly Pro Ile
275 280 285

Pro Val Asp Phe Gln Glu Asp Gln Ser Ser Thr Gly Phe Arg Leu Lys
290 295 300

Paran

6 I
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Thr Ser Ser Thr Arg Lys Tyr Lys
305 310

<210> 4

<211> 343

<212> PRT

<213> Homo sapiens

<400> 4
Met Pro Pro Pro Arg Thr Gly Arg Gly Leu Leu Trp Leu Gly Leu Val
1 5 10 15

Leu Ser Ser Val Cys Val Ala Leu Gly Ser Glu Thr Gln Ala Asn Ser
20 25 30

Thr Thr Asp Ala Leu Asn Val Leu Leu Ile Ile Val Asp Asp Leu Arg
35 40 45

Pro Ser Leu Gly Cys Tyr Gly Asp Lys Leu Val Arg Ser Pro Asn Ile

Asp Gln Leu Ala Ser His Ser Leu Leu Phe Gln Asn Ala Phe Ala Gln
65 70 75 80

Gln Ala Val Cys Ala Pro Ser Arg Val Ser Phe Leu Thr Gly Arg Arg
85 90 95

Pro Asp Thr Thr Arg Leu Tyr Asp Phe Asn Ser Tyr Trp Arg Val His
100 105 110

Ala Gly Asn Phe Ser Thr Ile Pro Gln Tyr Phe Lys Glu Asn Gly Tyr
115 120 125

Val Thr Met Ser Val Gly Lys Val Phe His Pro Gly Ile Ser Ser Asn
130 135 140

His Thr Asp Asp Ser Pro Tyr Ser Trp Ser Phe Pro Pro Tyr His Pro
145 150 155 160

Ser Ser Glu Lys Tyr Glu Asn Thr Lys Thr Cys Arg Gly Pro Asp Gly
165 170 175

Glu Leu His Ala Asn Leu Leu Cys Pro Val Asp Val Leu Asp Val Pro
180 185 190

Glu Gly Thr Leu Pro Asp Lys Gln Ser Thr Glu Gln Ala Ile Gln Leu
195 200 205
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Leu Glu Lys Met Lys Thr Ser Ala Ser Pro Phe Phe Leu Ala Val Gly
210 215 220

Tyr His Lys Pro His Ile Pro Phe Arg Tyr Pro Lys Glu Phe Gln Lys
225 230 235 240

Leu Tyr Pro Leu Glu Asn Ile Thr Leu Ala Pro Asp Pro Glu Val Pro
245 250 255

Asp Gly Leu Pro Pro Val Ala Tyr Asn Pro Trp Met Asp Ile Arg Gln
260 265 270

Arg Glu Asp Val Gln Ala Leu Asn Ile Ser Val Pro Tyr Gly Pro Ile
275 280 285

Pro Val Asp Phe Gln Arg Lys Ile Arg Gln Ser Tyr Phe Ala Ser Val
290 295 300

Ser Tyr Leu Asp Thr Gln Val Gly Arg Leu Leu Ser Ala Leu Asp Asp
305 310 315 320

Leu Gln Leu Ala Asn Ser Thr Ile Ile Ala Phe Thr Ser Asp His Gly
325 330 335

Phe Leu Met Arg Thr Asn Thr
340

<210> 5

<211> 341

<212> PRT

<213> Homo sapiens

<400> 5
Ser Gln Glu Ala Gly Thr Gly Ala Gly Ala Gly Ser Leu Ala Gly Ser
1 5 10 15

Cys Gly Cys Gly Thr Pro Gln Arg Pro Gly Ala His Gly Ser Ser Ala
20 25 30

Ala Ala His Arg Tyr Ser Arg Glu Ala Asn Ala Pro Gly Pro Val Pro
35 40 45

Gly Glu Arg Gln Leu Ala His Ser Lys Met Val Pro Ile Pro Ala Gly
50 55 60

Val Phe Thr Met Gly Thr Asp Asp Pro Gln Ile Lys Gln Asp Gly Glu
65 70 75 80

Ala Pro Ala Arg Arg Val Thr Ile Asp Ala Phe Tyr Met Asp Ala Tyr
%8
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85 90 95

Glu Val Ser Asn Thr Glu Phe Glu Lys Phe Val Asn Ser Thr Gly Tyr
100 105 110

Leu Thr Glu Ala Glu Lys Phe Gly Asp Ser Phe Val Phe Glu Gly Met
115 120 125

Leu Ser Glu Gln Val Lys Thr Asn Ile Gln Gln Ala Val Ala Ala Ala
130 135 140

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

Pro Asp Ser Thr Ile Leu His Arg Pro Asp His Pro Val Leu His Val
165 170 175

Ser Trp Asn Asp Ala Val Ala Tyr Cys Thr Trp Ala Gly Lys Arg Leu
180 185 190

Pro Thr Glu Ala Glu Trp Glu Tyr Ser Cys Arg Gly Gly Leu His Asn
195 200 205

Arg Leu Phe Pro Trp Gly Asn Lys Leu Gln Pro Lys Gly Gln His Tyr
210 215 220

Ala Asn Ile Trp Gln Gly Glu Phe Pro Val Thr Asn Thr Gly Glu Asp
225 230 235 240

Gly Phe Gln Gly Thr Ala Pro Val Asp Ala Phe Pro Pro Asn Gly Tyr
245 250 255

Gly Leu Tyr Asn Ile Val Gly Asn Ala Trp Glu Trp Thr Ser Asp Trp
260 265 270

Trp Thr Val His His Ser Val Glu Glu Thr Leu Asn Pro Lys Gly Pro
275 280 285

Pro Ser Gly Lys Asp Arg Val Lys Lys Gly Gly Ser Tyr Met Cys His
290 295 300

Arg Ser Tyr Cys Tyr Arg Tyr Arg Cys Ala Ala Arg Ser Gln Asn Thr
305 310 315 320

Pro Asp Ser Ser Ala Ser Asn Leu Gly Phe Arg Cys Ala Ala Asp Arg
325 330 335

Leu Pro Thr Met Asp
%9
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340

<210> 6

<211> 374

<212> PRT

<213> Homo sapiens

<400> 6

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 90 95

Gly Val Phe Thr Met Gly Thr Asp Asp Pro GIn Ile Lys Gln Asp Gly
100 105 110

Glu Ala Pro Ala Arg Arg Val Thr Ile Asp Ala Phe Tyr Met Asp Ala
115 120 125

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

Tyr Leu Thr Glu Ala Glu Lys Phe Gly Asp Ser Phe Val Phe Glu Gly
145 150 155 160

Met Leu Ser Glu Gln Val Lys Thr Asn Ile GIn Gln Ala Val Ala Ala
165 170 175

Ala Pro Trp Trp Leu Pro Val Lys Gly Ala Asn Trp Arg His Pro Glu
180 185 190

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

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

%10 1T



Leu Pro Thr

225

Asn Arg Leu

Tyr Ala Asn

Gly Phe

275

Asp

Gly
290

Tyr Leu

Trp Trp Thr

305

Pro Pro Ser

His Arg Ser

Thr Asp

355

Pro

Leu Pro

370

Arg

210> 7

<211> 1653
<212> DNA
<213> Homo

<400> 7
atgccccecege

tgecgtggecce
ctgatcatcg
agccccaaca
caggccgtgt
cgeectgtacg
cagtacttca

atcagcagca

Glu Ala

Glu

4 044534-8053HK01-SequencelListing. TXT

230

Phe Pro

245

Ile
260

Trp

Gln Gly

Asn

Tyr

Val His

Trp

Gln

Thr

Ile

His

Gly Asn

Gly Glu

Ala Pro

280

Val
295

Gly

Ser Val

310

Gly Lys

325

Tyr Cys

340

Ser Ser

Thr Met

sapiens

cccgeaccegg
tgggcagega
tggacgacct
tcgaccagcect
gcgeecccag
acttcaacag
aggagaacgg

accacaccga

Asp

Tyr

Ala

Arg Val

Tyr

Arg

Asn
360

Ser

Asp

ccgeggeetg
gacccaggcc
gcgececcage
ggccagccac
ccgegtgage
ctactggegce
ctacgtgacc

cgacagcccce

Phe

Val

Asn

235

Leu Gln

250

Lys

Pro Val

265

Asp Ala

Ala Trp

Glu Glu Thr

315

Lys Gly

330

Lys

Arg Cys Ala

345

Leu Gly Phe

ctgtggetgg
aacagcacca
ctgggetget
agcctgetgt
ttcctgaccg
gtgcacgecg
atgagcgtgg

tacagctgga

Pro Lys Gly

Thr Thr

270

Asn

Phe Pro Pro

285

Glu
300

Trp Thr

Leu Asn Pro

Gly Ser Tyr

Ala Ser

350

Arg

Cys
365

Arg

gcetggtget
ccgacgcecect
acggcgacaa
tccagaacgc
gcegeegecee
gcaacttcag
gcaaggtgtt

gcttececececce

%11 0T

Ala

Trp Glu Tyr Ser Cys Arg Gly Gly Leu His

240

Gln
255

His
Gly Glu
Asn Gly
Asp

Ser

Gly
320

Lys

Met
335

Cys

Gln Asn

Ala Asp

gagcagcecgtg
gaacgtgctg
getggtgege
cttcgececcag
cgacaccacc
caccatcccce
ccacceegge

ctaccacccce

60
120
180
240
300
360
420
480



agcagcgaga
aacctgectgt
agcaccgagc
ctggeecgtgg
ctgtaccccce
ccegtggecet
atcagcgtge
ttcgccageg
ctgcagctgg
gagcacggceg
ttctacgtge
ctggacccct
gtggagetgg
cgetgeeeceg
cacttccget
atcgcctaca
agcctgaagg
gtgtgggtegg
gagctgtact
ggcggegace
<210> 8

AR

212>
213>

DNA
<400> 8

atggctgcege
ttgetgetge
gCELLECECEY
catggcagtt
cccggagage
atgggcacag
attgatgcct
aactcaactg

atgttgagtg

1125

agtacgagaa
gceecegtgga
aggccatcca
gctaccacaa
tggagaacat
acaacccctg
cctacggcecec
tgagctacct
ccaacagcac
agtgggccaa
ccggeegeac
tcgacagegce
tgagcctgtt
tgcccagett
tccgegaccet
gccagtaccce
acatcaagat
gcttcaaccce
tcgtggacag

tgttccagcet

Homo sapiens

ccgcactagg
tgcteteget
ggtceettge
cggcagcecege
ggcaactcgc
atgatcctca
tttacatgga
gctatttgac

agcaagtgaa

4 044534-8053HK01-SequencelListing. TXT
caccaagacc tgeccgeggee ccgacggega

cgtgectggac
gctgetggag
gcceccacatce
caccctggcece
gatggacatc
catcccegtg
ggacacccag
catcatcgcc
gtacagcaac
cgccagectg
cagccagctg
ccccaccctg
ccacgtggag
ggaggaggac
ccgeececage
catgggctac
cgacgagttc
cgaccccctg

gctgatgecc

gcetggtgtgt
gcetgtgtgga
gggttcttge
tcaccgatac
gcactcaaag
gataaagcag
tgcctatgaa
agaggctgag

gaccaatatt

gtgcecgagg
aagatgaaga
ccetteeget
cccgacccecg
cgccagegeg
gacttccagc
gtgggecegece
ttcaccagcg
ttcgacgtgg
cccgaggecg
atggagcccg
gcecggeetgg
ctgtgecegeg
ccctacctge
gacatccccce
agcatccgca
ctggccaact
caggaccaca

tag

ggacgttgcce
gcggcraggga
ggctgeggea
tcgegggagg
atggtcccca
gatggggaag
gtcagtaata
aagtttggeg

caacaggcag

gcaccctgcec
ccagcgeceag
accccaagga
aggtgcccga
aggacgtgca
gcaagatccg
tgctgagege
accacggctg
ccacccacgt
gcgagaagcet
gcecgecagag
ccggectgea
agggcaagaa
ccggeaacce
agtggaacag
ccatcgacta
tcagcgacat

acatgtacaa

ctgagetggg
gccaggaggce
cgceeccageg
ctaacgctcc
tceetgetgg
cacctgcgag
ctgaatttga
actcctttgt

ttgcagetge

%12 1T

gctgecacgcece
cgacaagcag
ccecttette
gttccagaag
cggeetgecece
ggccctgaac
ccagagctac
cctggacgac
ggeceetgggce
gcecectgatce
gttcccctac
catggacctg
ggtgccceccce
cctgectgaag
ccgecgagetg
cgacaagccc
ccgctacacc
ccacgceegge

cgacagccag

tctegtecete
cgggaccggt
gcetggegece
gggccccegta
agtatttaca
gagagttact
gaagtttgtg
ctttgaaggc

tceetggtgg

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1653

60
120
180
240
300
360
420
480
540



ttacctgtga
aggccggatce
gcagggaage
aatagacttt
tggcagggcg
gttgatgect
tggacttcag
ccececttetg
tgttacaggt

ctgggattcce

aaggcgctaa
atccagttct
ggctgeccac
tcceetgggg
agtttccggt
tccecteccaa
actggtggac
ggaaagaccg
atcgectgtge

gctgtgeage

4 044534-8053HK01-SequencelListing. TXT

ctggagacac
ccatgtgtcc
ggaagctgag
caacaaactg
gaccaacact
tggttatggce
tgttcatcat
agtgaagaaa
tgctcggage

cgaccgcctg

ccagaagggc
tggaatgatg
tgggaataca
cagcccaaag
ggtgaggatg
ttatacaaca
tctgttgaag
ggtggatcct
cagaacacac

cccaccatgg

ctgactctac
cggttgecta
gctgtegagg
gccagcatta
gcttccaagg
tagtggggaa
aaacgcttaa
acatgtgcca
ctgatagctc

actga

%13 0T

tattctgcac
ctgcacttgg
aggcctgcecat
tgccaacatt
aactgcgceccet
cgcatgggaa
cccaaaaggt
taggtcttat

tgcttcgaat

600
660
720
780
840
900
960
1020
1080
1125
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CN 104540517 A W F E k B /2 ¥

1 —Fhamp, A

R, Hmts &5 SEQ ID NO:1 HA 2D 70% i [ — M0 2 2L 1R 7 51 1 3 AL
B —2- BRERERRG (12S) H=H A

MR, HmiS S 5 SEQ 1D NO:5 B F /D 70% 1 [R — PR LB 7 41 1) H e H
A Hil (FCGE) B H,

HAR TR 5 — A/ BORT IR B8 AX IR MR 1Y, F H H R — B AR AN M s IR S N B
Fe 5, ek i = A 2 /b 29 T0% X BT SEQ ID NO:1 ) Cysb9 [tz B bk 5k &2
Ca- HEFHZERR (FGly) HIFEILI) 12S EH

2. —Fh4ufE, HAaE

IR, HYmih a5 SEQ 1D NO:1 HAZE/D 70% M R — & R )T 51 1 Lk
B —2- BRiIRERRG (12S) H=H A

IR, HmiL S 5 SEQ 1D NO:5 BHAZ /D 70 % 1 [A] — VR 2 R 8 3 41 1) HR I H
A Hilg (FCGE) B H,

HrR iR 5 — A0/ BORT IR B8 TAX IR MR 1Y, F H H h — B AR M M8 95 S N B
FeJa, TR AR = A A 22 /b 29 60 % BN BT SEQ ID NO:1 ) Cysh9 H =¥ Jhk 2 R ik 2k 22
Ca- HBHERE (FGly) BIEALI 128 S A H H A=K T4 30 2w / 4/ / Ho

3 MR AR LR 1 81 2 Frik (4 i, Hodh— BRI MR 35 5610 T 857705, BT iR 4 i =
AT Z DY) 80% X MT SEQ 1D NO:1 [ Cysb9 M A B EEZE Ca - Hl H &R
(FGly) BI#EALI 12S HH .

4. KA AR AR ZE SR HR AT — T Fr R 4 B, Hoh— BRI 75 6 35 9R ), rid
Y L A L B/ 20 90 % FURE T SEQ ID NO: 1 ff) Cysh9 HIEM R BR kR & C a — I H
A (FGly) FALR 128 BEH.

5. MR BR BRI SR AT — T TR A, o — BRI s 7% 5% 4 T 8597 )5, ik
YT A, A2 /D ) 95 % [ T SEQ ID NO: 1 Cysb9 BBt G BV R & Ca — FHEEH
A (FGly) AL 12S FEH.

6. HRA B AR ZE SR HP AT — TR (4 i, Hoh— BAEA MG 7R 25 R ¥R 3RS, Frid
Y 7 A L B/ 20 97 % IR T SEQ ID NO: 1 [F) Cys59 LA BRvk R & C o — I H
A (FGly) AL 12S R H .

7. MR AT IR AR EE SR AT — TR () A, FLrp BTl 88— A0/ BRBTIR B8 A% TR ] #5 4

HHEE hOMV B3

8. MR H R BRI 2 SRk AT — T AT iR () 4B i, Horp iR 5 — R g b B 5 SEQ 1D
NO: 1 AH A = B mR T 41 Y 12S B H .

9. R F R AR Z2 3K AR — T R () 48 g, Hrp iR 5 AR R dm b B 5 SEQ 1D
NO: 5 H A 2= 1R 7 41 i FGE B H o

10. FR BT IR AR ZE SR AT — T BT 40 B, A B 38 — i Re 0. 5 5 SEQ 1D NO:7 B
HAEAD T0% W E—HEHIF5

11, FR A AT IR AR ZE SR AT — T iR A 4R B, A B 38 — i BR 692 SEQ 1D NO: 7 [1))%
P

12. FRE HT IR AR ZE SR AT — T iR i 4R A, HeA B 5 g 045 5 SEQ 1D NO:8 A

2



CN 104540517 A W F E k B 9/9 i

A& T0% R TR
13. MR A R BUR ZE R AR — TR (AR, e B 55 xR 85 5 SEQ 1D NO: 8 A
A 751 o
14, AR TR AU ZE SR A AT — TR IR A2, B o Tk 28— AN 55 A% IR Y N AN
15. AR 48 Al IR AR 2SR A AR — T i A 40, L i 28— A/ B IR R A A

JITiR 4 Fr 3 (AT 2H
16. AR 48 A IR AR ZE SR A AR — Tk A 20, AR B 28— A0/ B R RAFAE T
NEE A GO EAR

17, KR4 T IR BUR SR A AT — TR AT IR A 40 B, 5 mp BT 3 290 i 2 I 2L sh P 4m B

18. FRABBCHIE R 17 Frak (R 40 P, Forb Bl i iy L 30 P 48 i N4

19. FRABBCRNE SR 17 Frak (40, Forb Bl ik iy L3048 i s CHO 41

20. AR T AR B SR A AT — T BT R4 B, A Frd 40 B B T =2 B 7

21, — R AL A AR —2- BRERESES (12S) AN, HARAEMBTiAREA 12S M
FGE &% [ 78 A i AR ZE 3R A AT — TR IR I 4 i Hh e Rk R 461 T 85 77 BTk 4 i

22. RYFAUFIZELR 21 FriR i 77 v, oA KMUBLR: 77 T iR 21

23. IRPEACRIELSR 22 Frid 177325, Hodt B KA A ) e s T 25

24. RYFAUCRIZER 23 Frik 1732, HoA FriR AW IR B2k T 22 T2

25. MRAR AR EE R 23 B 24 BTk 5, Hb ik AW ) Bi2§ 93 H 1012001 500L.
1000L. 1500L B, 2000L F¥RAH .

26. MRPFAURIZER 22 Frid i1 7772, Fod B KRR & IR 20,

27. MRPEAURIZER 21-26 HAT— WUFTR 0 J73%, Forp 72 J0 3 55 75 3 35 77 B iR 4 i

28. MRPEAUFIZESR 21-26 HAL—WUFTR A 7%, FoAp e & s 55 75 58 5 77 iR 4 i

29. MRIEACRIELR 21-26 HAE— TR 1) J7 7%, Horh 2 3 72 Irid 4 i .

30. ARPFACFIZER 21-26 HAT— TR 1) 5 3%, o Hp W BE 1% 77 BT iR 441 g

31 ARFEAURI LR 21-30 AT — TR I 777, Hodr prid 7ok e s afi ik pr ik 54 128
HHMZIR,

32. — M E A SMBE —2- TR RN (12S) HEH, HodE I ARIEECR E 3k 21-31 i {E— T
A

33. —FhE A AN —2- RIREREG (12S) i, FtARIEARIZE Sk 1-20 HAE— Ik
(P A = 2



N 104540517 A w B H 1/30 B

AT EETHYE -2- HELARESHY 4P

[0001]  AHIEHIE HJ

[0002]  AHITEESR 2012 4F 6 H 29 H4& 22 13 H I £ F H1E R 515 61/666, 719 IR
o Rt R (R R RST DA P N

[0003] FHIFE

[0004]  FEAULEHPIRKLAE 2013 4F 6 H 27 H UL F IR AIEZ Hdr 4 4 “2006685-00340_
SEQ LIST” [ ASCIT. txt XAFIIPHIR . Frik . txt SCAEF 2013 £ 6 H 256 Hi=4:, I H K
/N 25KB. K FIER I A S A 51 H RN S

[0005] EHix

[0006]  AEZBEICAUE [T 84 (MPS 11, FHRFZEEAE ) e Mg AL bE —2- SRR ERRE (12S) 1
Sz g E R X GO IES Fa A BRI ARRE . 125 MWHTHE 2L 5E0E (GAG) ilR Bz Jik 2= Al
WRIR LI 2= VI E K 3 2-0— BRIRERES 70 o HH T FHrR GhE s ke ok 128 MgalAE /e Bt
BE TR 128 il , BRI GAG 7 22 P4 g S 28 () V5 g Ak v a0 i ZR AR, T 3 B304t i ok ik, 88 B oK
HERIAIER E RS RERENG .

[0007] —MKIM 5, BA FHREEGRE NI B AR R I FEIR AR 2GR o 10, 76 FRELR
FREI — 2 5, PR A R G2 R FEUK B IREZAMAE RGN 0 . 1 F R LR S RE 1)
M EREIRAE AR IS — RANAEALE, B I 1A] B HERS , GAG 7844 3 48 B Hh 1 gk B2 AT g Xt £
RANEH LB E R  GAG 7EAME 1 ZH (1) S AR T B35 3 T AR A () B B, 9
HI&ERETAUR B P A B, IR TR R A AE AR5 1 s SRV RRAE . SRAbLH, GAG Y 3R A
AT AFIH S AR 8 RS ST IA O E i A1 T I (1) B R 388 I, DA% B S AT
(1) 578 e R, X e PR ZI AR B AT R B I R HEVE S B 5 o [RIUE, SRR A
I AT M AR S A A

[ooo8]  REFEARITIZ (ERT) A& THRIT FHRIZEAIE (MPS 11D MUtk 97 ik, HAHE M 7
CRAVRE B A MR B AR 128 i

[0009] & PHAEIAR

[0010] AR EHRRABFIAMEM T HF A E 4 12S & ARt ma &9, irid
HH 12S HE ARVPX T FRRER A0 1 5 A R B AT . Ak BRI 25 XA 1 B VT EH
2 TR D LR A H A0 12S 2 1 A R L H 2R A2 il (FGE) 1Ry L 30 M 4t i = A o1 5Lk e
MEH 12S . HFERIE, XA TR~ EA 128 A AA 75 s KE
(1) Ca - FHEEHZEIR (FGly) ¥E4b H 43 bb (i, KT 70 % FlmEik 100% ) , it S E A 12S
) G R R . Ak, CATARHE A R W I L3R GE 128 F FGE 2 BN L3N Yk
D HbE NAE KA &I 5 R AR K. DRt AR AT A5 BE A% B iy A5 S A 7 v AR e
H 12S A

(00111 Ik, 7E—ANJ7 T, AN KBRS AL T A& 55 — IR AN S LR 40 AL, BT IR 28 — A% TR
atd B A5 5 SEQ ID NO:1 B ZE /D% 50% (B0, /045 55%.60%.65%70%75%
80%.85%.90%.95% 96 % 97 % .98 % 5 99 % ) K [F]— 1 f) & L TR FE 41 ) S AL B —2— TR
ficli (12S) A, A% R IL A5 5 SEQ 1D NO:5 B £/ 50% (i, £/04)

4



N 104540517 A w B H 2/30 T

55%.60% .65%.70%75%.80% .85%.90%.95% .96 % .97 % .98 % 8% 99% ) FJ[E—14E 1]
QIR T2 I F e H = R A2 il (FGE) fE 3, Hrh 85—/ 888 — R A2 AR 1Y, FF H H
— BRI R IR 55 (i, BiF s ReRE 3% ) FE R A, A=A ag 204 70% (i
un, /0% 75% .80% .85%.90%.95% .96 % .97 % .98 % .99 % L 100% ) XN T SEQ 1D
NO: 1 [ Cysh9 ML E RIS Ca - Bt H&EER (FGly) BIEEALI 12S & A .

[0012]  FE 55— DI, AR IR 755 — IR EE AL R 40 L, Pl 25— R4 1R O
i HA 5 SEQ ID NO: 1 HA 2041 50% (i, 22/04) 55%.60%.65%.70%.75%80% «
85%.90%.95%96%97%98% 8¢ 99% ) [P [F—VEM LR 7 H1 1) AL HE —2- B ER e i
(12S), Arid 55 MR 4mi% & 5 SEQ 1D NO:5 B =04 50% (#lln, £/0%4)55%.60% -
65%.70%75%.80%.85%.90% .95% .96 % .97 % .98 % 5%, 99% ) [KI[F]—PE (I E LR 7 4]
() R G H &R = AR g (FGE) B2, Horp 85— 0 / B8 AR 2 AMIR M, OF B — BAE
NRRE TR R TR TR G, = A5 £ /041 50% (filhn, 2045 55%.60% .65%70% «
75% .80 % 85% .90 %95 % 96 % .97 %98 % .99 % 5L 100% ) K%M T SEQ ID NO:1 I
Cysb9 [RE Mt B R L 2 C o — R H &R (FGly) MIFALK) 128 B H, I B EbA =% 8 KT
Y110 &5/ 4ii / B (B, KT4) 15.20.25.30.35.40.45.50.55.60.65.70.75.80.85.
90,95 2% 100 Bz / 4 / H ) o

[0013]  FE—Uesijl 5 B, BRI A5 SEQ 1D NO: 1 M [H LR T 71 125
WH. fEHes 7 Zrh, BB RS H A 5 SEQ 1D NO:5 AH [F 2 2R /7 41 ) FGE &5
=

[0014]  FE—2Esti Ty Z8rh, 35— / B AL IR AT A HE S 2 hCWV B3l 1.

[0015]  fE—Esjii 7 S rp, X238 — A1/ BUEE BT S It . fE— LSy B,
%R EA 5SEQ ID NO:7 EHE/DZ150% (Fltn, E/0%155% .60%.65% .70% .75% «
80%85%90%.95% .96 %97 %98 %.99% ) [H[F—MHHIF 5. 75 BRI =H, 55—
¥R B SEQ ID NO:7 HIFF41.

[0016]  FE—HUsjtiy 3 RS 5 SEQ 1D NO:8 HAZ/b2y50% (fidn, /0
#]55%.60% .65%70%.75%.80% 85%+90%.95%.96 % .97 %98 %.99% ) HJ[E—*
I fE—LeSji)y 2, 58 IR EA 5 SEQ 1D NO:8 M FEHIF41.

[0017] 7By R, 55— FEE AZ RN AMNEMER (HFONEAHN ) o 75— L5
FEAWGE R/ B RS (Fl, fe ) fEAniRmER A . 7 — sy &
W A/ BUE IR T AR AN RS R

[0018]  FE—Lsifiti )7 22, A Uk BH I 20 B 9 T FLBh A I o AE R L St 7 S, 1 S
FLENIARR I NG . AE RS0t 7 S, 1 & I LB Y 4 CHO 41 .

[0019]  7E—Lesijiti 7 27, AR HE AR B A 4 B B T B 85 75 o 78 H e sty 9, AR
AR B B 4 B I B

[0020]  FEHCETTIN, A& BHRAE T I8k 7E A 15 B2 12S A FGE & F7E 4 i b IR IE 1 2%
PR, B FR AR AN [R] SE Tt 77 58 R AR B A e AR ELAH SOAE B —2- BRI EREE (12S) EH
TV e AE—ReSTi 7 B, RINBEE SRl i . 7E— L8 st 9, 3& A T A R B I KB
BN N A T2 FE—Sesti 7 8, & FH T AR BRI AE ) [ B 2% 9 3% | 10L.200L
500L+ 1000L- 1500L+2000L AR o 7E— LS 77 287, 18 H T AR B I A (41, 2B 4

5
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NEE ) TECFEREF T2 5L 2, id H T4 BB KA (a4, 284 s 3
&) LEAFE AR IR ST 2, & H T AR K AR R TZNERR T 2. 18
— LB Sty R, BRI A R B A o 7E R St R, W RE R SR AR Ak B 1
41 g

[0021]  fE—esuji 5 b, FETC BB 7R %L (140, Tosh) 22 m o3 i e 1 B0 B A il
[EE IR ) P FRARIE AR R I .. 78BS g7 Rrh, 765 MG 5 75 5 b B FR AR A
R A

[0022]  FESANSL T B, IRIEA R I ik B At E A 128 EARIPER.

[0023]  FER—NJ70H, AR BISRHE T B AR S AN S 7 S8 R IR B 4R B BTV A 1
HH VR BE -2- BREREERE (12S) & .

[0024]  7E—LBSTjt )7 S, AR BSR4 1 B SOABE —2- BRERERRG (12S) & H ),
HorhprikEH 128 EHEA 5 SEQ ID NO:1 BHEDL 50% (Filhn, E/0%) 55%.60%
65%.70%75% 80% 85%.90%.95%.96%.97%.98%.99% ) HI[E—1EHIZILRRFES |
HHAEEDL 70% (Flhn, £/0%) 75%.80%.85%.90% 95 % .96 % .97 % .98 % .99 % .
100% ) [FIXTRF SEQ 1D NO:1 [ Cysh9 WP iR ikI: 2 Ca - HlH 2R (FGly) HI%%
tho fE—Sesji 7 b, B4 12S |MAEA S SEQ 1D NO: 1 MR IEIR T4 . 7F 5L
Jiti 7 =, E4H 128 A EA £ /%) 20U/mg. 30U/mg. 40U/mg . 50U/mg60U,/mg 70U/mg 80U/
mg\90U/mg BY 100U/ mg F¥ ELIE 14, 4n s FH 28 R A D e Ay 3 kA 47t e T T8 12 N
Frilll € (-

[0025]  BRILEFHILASL, AR BIEFE M 7 —Fh A & A SO rp & AN S8t 77 5 vh 4k 1) B 4H.
128 B (A FNZ) 5 bl 852 BRI 25 B 54, UL A 7] 75 B49E T 1 52 6l 38 it FH A e
AR EA 12S BMASNAS iR EA 125 EAMAWAEVIRIGTT FHRSEERER T,
[0026] WA T AL, BRAES A IR, SIPRTE “12S BEE 7. “12S7.“12S [ B R
SRR E AL 12S | AT HIHIF

[0027]  GOAHIEH AT, RIE <207 F1 <R iENERVMEH . BEBAREZ /K
S T B BT AT B0 1B R i A DG U 1 8 RN T BT B AR A AT Ar] IR 55 80
[0028] A& BH B HARAHAE « B AL 3575 T T PR A iR B R m & I . SRTT0, B 2R A
B il VEAN IR, B AR 3R 7~ A R B B S i 77 8, (B3 3 25451 35 B (1) 0 K4 H T S FR ) 1
[1)o HRHE BT IR EAR I , A BH (1) 90 Bl P 10 88 Feh A8 A0 RS E5Oo0E T AR U R N 52 R i 2
M 2 WL .

[0029] SR

(00301 L[]ty ) e B 1T 14 DA 3R 1 SO -3 BH B T AN 2 8 17 B

[0031] 1 iR 7 gt N AERE —2- FRBRTREE (12S) 2 A M R & 3R 741 (SEQ
ID NO: 1), H HAB/R TR A BT HINH T N iR 2 e 2 R AL R AR A7

[0032] 2 fHIR T THERIE 12S 1 FGE Byn M g4k (B, SUMFL) #&it. (A) 2 FF
Rk b RE AL (T Qs bE 5 i3 4y ) s (B) MHIAEUA BRI A (— IR
ge) 2 (1) bR+ (2) BRI + .

[0033]  [&] 3 Hhid T WS B 5 F L H R A B 40 EUAH DG 128 Pl P B s i 1 K1
[0034] K& 4 ik TAHER T2 A 12S W, B 450 B 78 175 40 P 3% 5= 25 1 R AR K

6
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12S-AF 2D F1 4D ZHp0 &7 A5 R B 2H 128 Bl = A8 s SRR fE i

[0035] X
[0036]  Jy JAEA K WY A G i B, B S0 SRR AE o R FI R TE A AT A TE R B
E X GRIR T BB A

[0037]  SHEPR ANASCH T A, RTE “R IR 7 AR H 2 = X BRI 2 IR
EREIN ) BT fE— LSt T7 B, AR B A — 4584 H2N - C(H) (R) - COOH.
FE— L5 77 B, G IR e RIRAAAE R IE IR . 7E — Lo S0l 7 B, LR 2 A oz 2k
TR o fE—SESiiti T B, BT D- TR ofE — St B, AR L- @R . ‘I
EZ IR 7 AR I8 7E R IRMEAE B RE R R I 20 MpbrifE L- S5 IR AL —Fp. “JEbnifE
QIR RABRIR R BRI LR, ol H& & B 45 138 72 MR SR RIFTRAT 1«
WAL AL, “& LR W s A I R IR, R EABR T3, R ATAEY (ot
) A/ sREUR . EIER, EASTEAK T AR EER / s K & R IR, v H 34
1 AL PR3P B AN/ BRI A A Ak 252 25 A ) B SR EA T84, i e Ath A 27 55 (41 mT 2
AR PRI I A S AR e A0 . RER TS S e, 2R Ve
— P 2 PRI S B, a0 5 — P E Rk STk (N, HE A BRER 2L . WAL R
G2 H IR E R 70 R I I 2 IR R TR A 2R 4 B 0 MR TR 40 IR AL B R o A
M EW GGG . 75— LS 2, AT AR T A0 M 3% 77 (0 kb 70 35 77 2k R S AR B (1)
R, BT T IR EEIR T R A s R 2t o 7R — st g b, 3Rt T B T4 74l
s 77 v R R R T LA DA SR BUK &I R A
[0038]  KEL :WIASCHRTA, RiE“RE” 5“7, HT— N EA BAsE, BiE5Pid
ZRAEABARE . (ERELE S T7 S b, BRAE 53 4B H B Ah AR R S R 2 WLy (B
Forp X FE ) EOE B AT REAELIY) 1002641 ) , B IR E “ KRB0 8“4y AL —T7 I (KT
Bi/NT ) FIRIERTIR S BAE ) 25%.20%.19%.18% .17 % .16 %.15%.14%.13% .12 % .
11%.10%.9% 8% 7% 6% 5% 4% 3% 2% 1 % B 56 /b P (48 A TG L
[0039] b5 FF ANASCHRET A, RIE“HALEE IR 7 R AR5 TR P J5 ik, 78 Fridk 7 v A
B R BRI ah i SR i 2K F T B SR M ) BT 2HL 0, B3 R4k (S T S0rh “ o9t ”
[R5 X ) CAJC MO AR B o 385 7EHE— mifs by g 7%, B S O R g B A/ Bl 4y
I HAT e 3k A7 41k
[0040]  AEWFIAE QnARSCH AT, RAE “ AR FE 7 G0 18 Bk A2 0 I 1 e
ISR E 5.
(00411 AEWiEYE QA SO BT, RIS “AEWEYE” RIBTEAEMI R (B0, 4HHES =Y
YRS ) F B ETERAT A SRR . 940, 22 ) AR A A e FH B AR AR B )
YE I R N 2 LS PRI . A PRI T ad e AR A e (4540, A & B4R I 5
B R R R T 2 v ) SR o AR BAR ST b, 48 B Bl 2 Ik B A 2 E e, St
AR ER S K 2 /D — P AR v 1 12 B o B IR ) — B il HE R A AR R
gye fE—ULEsSTif 7 Erp, AR R R G =AM/ Bai b B E 8, 24 m) 52l 3 e N, B
WA RN A A — RS T o, B R B — N T RIS R A
PEo 75 —SESt 7 2, B 0T R R S B, B W (E AN PR T, B (90 4, MR R AL
(sialyation)) VEJEFEAL (farnysylation) )& 12 H &R AL S A G, DIAES
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N 104540517 A w B H 5/30 T

BAEYEM . 75— 287 29, /EARTE (proform) TER (BIARBEARITER ) =41
5 AT e 7R EAS M B TR AR AT B AT

[0042] AW A ANARSCHT L, RAE “ AW I B2 ” 2 4a T 1 MR e A KA
o VRN AR ] BT R, RE e T s sz 2 A . EESLT,
W N b 1 T, 3F HLET L& 10.100..250.500. 1000+ 2500,5000.8000. 10, 000+
12, 0000 FHa LA b B B AR 2881 o R4 S B 28 1 N 3 2% A, S (HANBR T pH AR 3531
BB RS  COMBAEE L O U AN E GRS R 2 A, TE RS - IRl o 2 B4 . AW IR v a4
A HOE A TAEA R B B3G5 254 A8 R 2 b OR R SR AT T AR (CdE B8 Rl Bl 4
J& ) . fE—LEsjE T R, AW N A T T AT S AR B R R . AE — LS T B,
AW LA T TR TR LEIA IERE 7R . 7R SRSt R, AR AR W) I B AR SRR T
KRR NIRRT / SAiE R (B EASBR 10 LB 0 4 G B HL AT i | 40 o 4T L 2
BRI ) —A2 i o 7 — LSy 22, A s N4 v T B A 35 7 A 7
I BB % N %/ 100 7F, 3F H A BLK 200,500, 1000, 250050008000+ 10, 000+ 12, 0000 F} B
DA b B A AR AR 25 o AN ST HOR N G1R 2 iR 21, I G Be 8 e £03E & I AEY) I N A8
F T SEHtA K B

[0043]  HUAEEEFEY) A0A ST, IX SO ARIE R IR EIE & T 40 AL A1 / 8B K1
A FAERE TR A KM . A0 T AR BT @ AR N TR RIS 2 1, A S S
[RX B ARAE AT 48 S A B AN BT IR A T H R AR KRG SR B A

[0044] 555 WA SRR, KRB “RFr 377 BOEEE RV IR EA R T4 K E A 1 24
TNYERRAR AR . R “BE IR N A HEE IR BARART [F) SR AE A IS TR AT LS A
[0045]  $EFRIL ANASCH T, RTE “ 85 7R 1017 22 38 7] 3% 7% 4 e e 0 i HA B O AF e 25
Ao IR TR AL H AR T 35 SRl Bl & R 75 45

[0046]  FEEEAITIE (ERT) AnASCH AT, ARG “BE B A0TIE (ERT) 748102 il F2 st 2k
(1) AR TE [l 5 = [RATART VR 9T SR o AE — LU S 7 S8 b, R 1Y) il e ek 3 PR it R ik . 7E—
st 7 SR, SRR BB I A R N B R A . — e, B AN BRI IO TR 12 2 T I
A4, TE I A vh g FH T3 o DR B 5k = T 7E v B AR AR R . B EAE LT, O T A A
Bl B AT R 2 K v T 1t g 3k ik 2 L SR RR SR 5 1) I 2H 2R o 1 4 e R v Bl
W

[0047]  Ki& WA T, IR P A “ R 7 7248 T A AR — D EZ A - (1) RNA %
B DNA P22 (B, Ik 3% 5% ) 5 (2) RNA B ioin 1 (g, Jl i B 2 4 . 5
WETERCAT / B 3" RumfE Ak )  (3) RNA & 2 Ikl dr B B 80 s A1 / B (4) ZIREE BT
S

[0048]  fMEFEEE TR ANASCIT A, RIE“ MR LR 7727 AR5 TR AN 7 1%, 72 ik 77
E FERE TR AR UG 5 B AN I TRl 45 55 R LR 2H 55 o B L 2H 438 s
TEEE TR AR R R A 78 FRAN T o I FE A AU IR LS 7%, I HOR B,
FEFLA YU AN / B Sy AR e Al fk

(00491  Fy B :WiASCH T, ARG B2t 2K, I Balw SUNS @ 1 2 IR 43 25
[PIES 25 BT IR & 20 %) T 1% 2 IR MRE R, SR A Z 2 IRRHIE . WA SO BT A, ZARE IR T
HEMZIKIRE T 2K Z K2 —E 0 S RT3 B Pudeth, OR B8 i
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N 104540517 A w B H 6/30 T

[P K 2 RIS 2220 10% . SEARIE, PR B BOVE PRI 7 N K 2 IR TE R 1 &2
/1 20%.30% .40% .50% .60% .70 % 80 % B, 90 % . SO, 15 B A3 1 i 3 o 4 K £ ik
(RIS TR 2 /D 959 .96 % .97 % 98 % B 99% .  Fe i, 14 BE AR 1k i3 2 o 4 K 2 Ik s
PEI100% o WASCH AT, iZARIEG R & 2/ 2K 2 IR R B S8 23 5 o1
M Z KRR R4y o ARk, Ao A K 2 K 2 D> 4-5, Bk 2/ 2) 10,15,
20.25.30.35.40.45.50 B L AR IR .

[0050]  FEDA -wnASCH T, RTE <R AL R T 41 DNA B RNA, Tk % H R ¥
G 2D 5 a4 I 2 7=, il i . ((EANER T ) 20K, Birid P24 7E 40 B i FE 1 3
—HRAEH « ZAREHABWRAIE IS 2 K & 5 B A=W dmid 7 41, 1 Has ]
L HE R T AR KT B4Rt P 5 2 BT AN Z 5 R X8, DL S AN X B ( “AMNRET7) 2
IS (“WET7) o (B g &, JE ] R 25 (B, JE 30+ 34
T R RRALFE 51 & 1L 5 kozac 5 tata %5 ) M1/ BB A . 16— L85t 7
e, FEDR T AL FE XS AN i B S (EAR S 2 i D RE 14 RNA 07451 4 tRNA JE K\ RNAT 5 5
FIEE IR 2 I

[0051] BRI P=ElERIA = Y) A SCH BT ARAE “ SR =47 B RIE =47 — 2 Fe M
FEPR G S RNA (D RG A / B0 T 5 ) B8k IR BRI % S %) RNA 2w i) 2 ik (BT fn /
BN ) -

[0052] SRRSO QA SR FTH , RAE “ SRRSO 23R 5 T B E R
(1) 5 R () 3 38 IR ART P 2 e A o 8 DRI 928 ) o A T e ol T vy B BRI R IA 7K PR R S 9F HL
AL TGS 7 5 1T 2 N B TG o S8 DR ) e A T e ok A =5 491 4 4 S) B R 46 S i B 2%
1F mRNA BY4Z . mRNA Z%E . mRNA F2e P 41 Y mRNA )58 47 BB AU EC 4R  JE B 2% 1B T 7
B R B AT AT B Bt A B30 2 (R Rk AT AT B B BORAEH o« 2R PR ok n] 5ophuth
S L A R E A .

(00531  [AJYEME anASCH AT, RGE “ RIVEYE” 238 SR &0+ 18], Bl Az iR 4y + (i,
DNA 43FF1 / B RNA 43F ) Z (8 A1 / B2 K70+ Z A Y e AR A Ot . B — S8 st 7 2,
WRBES THFHEEED 25%.30%.35% .40% .45% .50 % .55 % .60 % .65 % .70 %
75% 80 % 85 %90 % 95 % 8% 99 % I [F] — 14, W'e A1 14 A A& 1 Bk “ RIVR ) 7. 7F — sk
W7 & H, R BE S THFHEA E /D 25%.30%.35% .40 % .45 % .50 % .55 % 60 % «
65%.70%.75% 80% +85% 90 % 95 % B, 99 % AIARIME , A TR A A A0 otk “ [R5 K 7

[0054]  [A]—f WA SCHET AL, “[F—1” Z48 R E 75F 2 Al Bl 55+ (50, DNA
Gy FA/ BRNA 43 ) Z IR/ B KA 2 TR S AR AR DGt . MR 7 41 1) 1 4 B[R]
— MR, B0, AUE A T Fed EL iR EH R B RN RS (BN, AR SR R AL TR
FFF R — AN B A v 5 N B 1 SREEAT e Ee st , 3 B 7 B H AT 2O N AR R K 4 )
KT . FEFELSTH T R, O T H BT B B S A B R S IR T A K Y A D
30%, B/ 40%, £/ 50%, &£ 60%, £/ 70%, £/ 80%, F/090% , £/ 95% Bk KAk |
100% . Bl J5 L NAZ R E LT IR. 25— P A R A B w5 5 7 8
I AN, B A R FOAZ P IR o5 4 I, W FAE %A B F R A R . JE 25 e A 7 51 1 e Llxd
T 75 25 5 N 1 (%) 5 H AN ANk B B2, PN 7 71 2 R 8] — 14 7 49 bU A 7 21 3 1Y
FHIEAL B B EH B RR . 75100 ORI PR A 7 21 2 18] 1 [R) — 14 1 4 BL R e ] i P 30 4
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N 104540517 A w B H 7/30 T

VERSEEL . B, B, PRANMZETR 7 51 2 18] )[R — R 43 LE AT Meyers A Miller [R5
% (CABIOS, 1989, 4:11-17) , f# F PAM120 BUEE R FHEFR SR TS FE 111 43 12 FOSR 1141 2 4 SR
5E, TR B RO A 2 ALIGN 27 (2. 0 kit ) "o B3, A GCG AR 1) GAP F2)F,
155 I NWSgapdna. CMP BRIl %€ A% IR T 81 - [B)  [B]— 14 1 0 bl o &Rk B 7 21 Lot
FE7 2 ] A R, FH HooT 9 F R e 5 51 [ — 1%, 640, Clustal.

[0055]  $Ep=r 38 INER R QAR SO T, RIS “ B L BE N B R BB VRS R
Fa AN T B2 5, A9 A A AR SC R IR B YR T AR 2 HT A TR AN A o N R B AR AR S R
AR PEIT AFAE RSO X REAMA (B2 AR ) AR E . SRR B
5 IEAEVRTT AN AR 3] 3 Bl A AR T SR AN, BTl /N A 5 TEAE 897 B AR 08 R B
FHIE] (AR DR 96 7 A 55 06 BRAMAR 122995 70 32 v BB AR T )

[0056]  HHN A anASCH AT RTE RSN R 7 BB VRS AR HR B MEE N VRS
(FEZAEREE N AS0)) o A S PR, QFE AR T, @i &G L 0 i 2533 5 3 28
TR AE 2 )55 o AR — LB ST T SR, AR AR TR W 1) A PN Tt 7 BIA PN 3 IR S R o
T DXl B X P T e FH Bkt , BB 1T ot FH BR0s o AR SR i, AR “ R X7 8%
“IERBIX I FR R S A VU (N ) MEE A B IX I8, AL, AR L2-S1 X,
[0057] 3 ESH A0ASCH T, RIE “0 @07 R X PRIV AT / Bk, Brid ¥ /
sk (1) &5 4074 (LR BT HIE RAESLII g ) 5 H A& 1A 51
Z/b—sesrg, F /B (2) 2l NFFAHIS A/ B . 4B A/ sk ]
52510% 2] 20% 41 30% %) 40% 2] 50% 41 60% %) 70% 2] 80% £ 90% %] 91% .
£192% . £193% 21 94% .21 95% 41 96 % £ 97 % £ 98% £ 99 % B4 TH £ ) 5 e AT 1 I W) 45
BRHEHT D E. £ ST R, 2 EY R A2 80% .4 85% .4 90% 2] 91% .
2192% .2 93% 24 94% 21 95% £ 96 % 2] 97 % £ 98 %« £ 99 % 5 1= T2 99 % [ 4L
WAL B, AR A BN R A A (O, MR Al AR SR BT, 2 B
VIR / BUSEAR B E J LRl BE T A B AR ) (9, SRl s 7 K S ) .

[0058]  BEFREE (ANIASCH A, EAREIR O S A R UGFR A KM E TR 18 F S
U, XL AR AL T AR BT B A AE KN/ BAETE B 7 L R AN AR 5 R R e R
RE L RUE G PUMITIE TO R o T OE W] B3 1 o iy T dpe /NIRRT / A TS IR 264
BRI T 7550 5 5, B 55 R BEEC 1) A xS T 4 B A7 7 RN 4 5 2 B A 1
pH FIERIR T . 7E—LLsjit )7 RHp, B FR AT DU “Ub B e s 7 238 ” — A s\ A,
IKFE =R FH SV R oy N JC s B 7R 28 . 78— LSl 75 2 H, A 22 020 i e 1 15 7
B EBWIRIE I 2 IF B 7R R A A BB QORI E g5, 75— LS 7 5
BRI T DL TS B IR 7 — O g T shWskUE 6 28 5 anE A PR 1 R 2 af
B IS L ME O iE A/ B A R IR

[0059] LI WA SR A, RiE “R%IR 7 VAH ) 12 W S $8 0 A% H IR B Bl m] 4 5
ANFEZHREER G/ S 75—ty R, IR E ST IR s n] i
WERR R N AL IR EE AL S AN / BT . A6 — L85 5 2, “REIR” R HR AN A
FRAREE (B, B / BUZH ) o (E—LESTiti 7 B, IR 7T B S AN AR iR 2L 11
FAZFREE . WIARSCHTE M, RE“FEZTIR M SR LE A . 75— 5
T7 R, IR E5 RNA LUK BB AT/ B0UEE DNA A1/ 8% cDNA.  BEAk, RAE “AZER 7. “DNA”.
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N 104540517 A w B H 8/30 T

“RNA” Fl / BERAAARIE B FE AL BRI B, LA BREEIR — Mg & 2L 4l . o, Firid
(1) “ IRAX IR 7, FCAE A2 O A BLPE & 28 b B IR T AR R R, B UCNTE AR K
BIIYER 2 N . RIE “Ini R L IRT 5 AL IR 7 517 A 56 BN TR % 0R / 8gm b A [F]
RAERTFHNM T EZ TR TS IS A A/ 80 RNA R T VBN S 7. %
g ] LA R SR SRR AR alifk, 4 B 20 08 R G0 = AR FR T th 4lifh, 122 6 s o 7RI 1%
N N, fEAG A B T BIAE O BRI v B A AU, 49 G B AT 8 A S AR U ) e
BN BB ISR . BRAES A UL, MIERRTHILL S B3 FHER. Rl
P& X B FEASCH T FeAE N B K AR 7 51 (1) — 50 7 AR ST 5] o ARV 22 St ] A, A%
R X B 7 2270 3.4.5.6.7.8.9.10 BLEE 24Nk AR 7E—SEsiiti 7 B, IR 2 B & R AR
R (an, BREr B S8 B PR T S R S o SRR B AR S R S ) A
R (B0, 2- EIEARFF2- BRACH R VLER L Ems e L 3— B IR 5 2L
C-5 TARIE — U, C-5 PRIt — JRAF 2 FIEAREF . C5— JRIREF. C5— SR C5— MR FF .
C5- TAbRIE — JRIF. C5- TBRIE — M. C5- LA HF . 2- EUIEREF . 7- MR 7- A S
8- AR 8- FAREEF, 0(6) — WAL L IEM AN 2- BRARHIEF ) b B s A&
TREOBRAE (fan, HIRABRAE ) SR NBRIE ABURE (Ban, 2" — SUARAZNE R .2 — B 8%
BB RARBERN COFE ) A/ BUBRRERR S A (), BRACEEER G AN 5° -N- TR It fcse ) o 7
— e St 7 e, AR B A RABMIZIR 7, BAR ARG Py A AR DA 3 Bl S i ik
IRZER (BN, ZHZH IR, O ERA / 8% ) .

[0060]  JEJE L A SCH AT, RIE “HEE L2 REBHPAERFLREI G2 5H 54
(Y20 73 3 S B8 Y e SR M SR AL 4R R SR I R FR AN I TV o TSR (RE A 2 2 5 0 46 L7 B
FEIL R R FE S B A B S TR AN 78 7T o B LR SR B IR S R A SRR R B ) — B
SR / B oy I BAT G e kAT 4liAb . JEE TR, ¥ O T 4N i R i A
RN “HEVEERE IR, MMHE TSR, fEHEE T2 fE i e ey 9 3 R it g 2 b 78 7. 1
—BE Sl T G, B IR I T 5 4 B I R e A SR A IR A R AR L. AR 2
ST R, T R IR T SR AR R AN E, (HA S WIS FR AN e o S SE T
SR, TR IR B A R B R S IR

[0061]  EREI QA SCH AT, RE“E A7 25 2K (HY, 270 2 AN d@id R ok
MR ) o B R AT LS BR R BRSNS 7 (9, T DU B 1 R 1 RpESE ) M
/ BCAT S A I T BB M o ARSI AR N TR B AR, B 57 BT DA G e A e A
e 2 ke (B ASAEGESTH), B AR 7. fE— LSt 7 £, & H
JRA R ATEFE 1AL R R Z BEEE, Bl in, @it — a2 A e s suE g e o R4 A
FE— oS 7 S, ZIKAT A L- R IR . D- EIERRE N, 3 B AT LLEL S 2 AR AT O
S LB R BERAUY  PAT—Fh . G FH BB ELHS, 40, R LBAL B Ak B 2R AL
S RSSO ES RARE R I RAR R R A R E R LA A A
R EE A TR EAKEAD T2 100 MR D T4 50 MR DT 20 NMEIER
BT 10 NMEEERR IR . 75— L85t 77 &, B H TR BT SUi O B FLAE I PR 2 Fl
/ BFLFFIER Y

[0062]  EEZHERFAIEH ZHK A S BT, X LR E 28 W TE B RRIE N 2 K, Frid
16 LA O AN TR IRIXIZZ Ik, 7F—2eszjfi 7 v, EAE A AT e RIE T304
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N 104540517 A w B H 9/30 71

()75 E 4 A 2Rk o 7 — S SiE y Eb, B A AT E SRR T R RS R4l R fE—
e S 7 28, EAH R AT AR T BE R E E A R RIA . RS T b, AR
AITERYE T R AL A e S RiE . 7 —2esif r R, B A T SR YR TR AL 30
YIRITE MM pRIR . 7RSS  , B A A fERIE T ARITE R Rk, 1R
— e ST T SR, PR HAH R IA I 22 KT S 1 A b IR SRR B 2 I R B . AR
— ey e, B ZH R 1) 22 KON T R A mT DO AR SR ), B TR A S A A P I
FILIRARE IR . B3, fE— sy R, A RIAR 2 K] LLZ i & 1, R 2 Ik
B0 5 A 2 20 M R I SRR 1) 22 IKAH R SRR R L 1 5 T HL 5 ) T A
HH RSP RI

[0063]  EFAREG anA ST T, RE “ B AR 7 A2 48 v H T 2034t B AR 9T B
A A B R P B AR AT . AR — ST R, REC B 2T H T 208
H B AR IR T T B AR U FRURE H A SR B R PRV AR B O AT AT i . 7 — S8 St 7 58
i, B A B8 ek 2D R 7L 3 V0 I e A TR AR R AR BN R 1 R Bl e — P B 2 M Il A
T AFGREAR o & AT A R B B B AR 16 BT 2B R v i R g R A 1) Y T i L AT 5
HAH B ANE B 7V SR AR B B AR SRR AT >R . B AR T DU B ) B R R R
1 BB SR B

[0064] MK AIASCH BT, “8ifk” fRRE R Is i S KA G 1 5 — IR R 5. f£—
S st 5] R, FRAR BE A TE 15 £ AU W EAZ AN / BFAZ AR IR Y e R AN E IR/ B RIE S
HIEEMIMIR .. Bes+a 3 n R 195 R 0 3RIE BB TEA ST RN “ RIS ERAK
[0065]  RBHVER

[0066] AR PARR & H I LLAMR ML T 1 F 3304 128 M FGE & 1 WA ™ A A 3 = i1
REBEATE M B4 12S B AR IR &Y. sy 2, MRIEAS & B 4l i & T
FEAG RN I IR E 4 12S F1 FGE R o AR A BH () A M 3 B2 T & P i B s 72 2% ik 72—
S ST 7 ZE R, AR R B A E B T O R TE LY VR 77

[0067]  FELLTF/NTT gt — BV diith iR 7 A B &N 7T o /N5 A F A SRE R
FIA KR F— AN AEH T A K A RAEA T . FEAHIEH, BRAE A B, 15 0“8
(R FH R “F0 /B,

[0068]  ALME —2- RIREREE (125)

[0069]  GnASCHETAL, 12S 85 & iR R IRAFFE B SCAEBE —2- BiRBRiE (125) R
22/ ER AU T B R — AN ER 2 AN 128 B2 A O ) 3R AL B R AT AR B 1 B B
BRIy o WIASSCH BT, ARAE “12S B~ A1 “12S 2R A7 LS AE 45 R mT B 3 fdi

[0070]  JEEREOLT, A 12S EEEARTRIE 4. A 128 TR ERE S E Sk (&
K AT R R LR R 1-25) V5K (K EMAR IR 26-33) AI—2k8E ( 2KATIAR
B 34-550) , Bk BE T 43k — 4 b0 TRk 42kDa 19%%E (KR4 5% 3 1 34-455) Ml 14kDa
e (KRR R TR 446-550) o BH GO, AiAE AWy 2K aifEseK 12S A,
HAEH 550 MEAKEIR . CREE SR AIE AR 2 E 751 (SEQ ID NO 1) ALl gA4:
BERIRFAERI N 12S S EH KA 2 R 51 (SEQ ID N0:2) /n TR 1 1. /55K
THCA TR RIZk . Beak, N 12S 2 [FF Y a F1 b AR I IE IR P 511 2 Al Fe At 328 1 [ SEQ
ID NO :3 #01 4.,
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CN 104540517 A W AR B 10/30 7

(00711 3R 1. ANICHLRE —2- TRBR G
[0072]

i #‘ _ﬁ i SETQANSTTDALNVLLIIVDDLRPSLGCYGDELVRSPNIDQLASHSLLFQNAFA
i QQAVCAPSRVSFLTGRRPDTTRLYDFNSYWRVHAGHNFSTIPQYFKENGYVTMSV
GKVFHPGISSNHTDDSPYSWSFPPYHPSSEKYENTKTCRGPDGELHANLLCPVD
VLDVPEGTLPDKOSTEQAIQLLEKMKTSASPFFLAVGYHKPHIPFRYPKEFQKL
YPLENITLAPDPEVPDGLPPVAYNPWMDIRQREDVQALNISVPYGPIPVDFQRK
IRQSYFASVSYLDTQVGRLLSALDDLOLANSTI IAFTSDHGWALGEHGEWAKYS
NFDVATHVPLIFYVPGRTASLPEAGEKLFPYLDPFDSASQLMEPGRQSMDLVEL
VSLFPTLAGLAGLQVPPRCPVPSFHVELCREGKNLLEKHFRFRDLEEDPYLPGHP
RELIAYSQYPRPSDIPQWNSDKPSLKDIKIMGYSIRTIDYRYTVWVGFNPDEFL
ANFSDIHAGELYFVDSDPLQDHNMYNDSQGGDLFQLLMP (SEQ ID NO:1)

é_&ﬁ-ﬁ MPPPRTGRGLLWLGLVLSSVCVALGSETQANSTTDALNVLLIIVDDLRPSLGCY
GDKLVRSPNIDQLASHSLLFONAFAQOAVCAPSRVSFLTGRRPDTTRLYDENSY

[0073]

(E]*r!!a) WRVHAGNESTIPQYFKENGYVTMSVGKVFHPGISSNHTDDSPYSWSFPPYHPSS
EKYENTKTCRGPDGELHANLLCPVDVLDVPEGTLPDKQSTEQAIQLLEKMKTSA
SPFFLAVGYHKPHIPFRYPEKEFQKLYPLENI TLAPDPEVPDGLPPVAYNPWMDI
ROREDVQALNISVPYGPIPVDFQRKIRQSYFASVSYLDTQVGRLLSALDDLQLA
NSTIIAFTSDHGWALGEHGEWAKYSNFDVATHVPLIFYVPGRTASLPEAGEKLF
PYLDPFDSASQLMEPGRQSMDLVELVSLFPTLAGLAGLQVPPRCPVPSFHVELC
REGKNLLKHFRFRDLEEDPYLPGHNPRELIAYSQYPRPSDIPQWNSDKPSLEDIK
IMGYSIRTIDYRYTVWVGFNPDEFLANFSDIHAGELYFVDSDPLODHNMYNDSQ
GGDLFQLLMP (SEQ ID NO:2)

ﬁ] # & b -ﬂ‘ﬁ MPPPRTGRGLLWLGLVLSSVCVALGSETQANSTTDALNVLLIIVDDLRPSLGCY
GDELVRSPNIDQLASHSLLFQNAFAQQAVCAPSRVSFLTGRRPDTTRLYDFNSY
WRVHAGNFSTIPQYFKENGYVTMSVGKVFHPGISSNHTDDSPYSHSFPPYHPSS
EKYENTKTCRGPDGELHANLLCPVDVLDVPEGTLPDEKQSTEQAIQLLEKMKTSA
SPFFLAVGYHEPHIPFRYPKEFQELYPLENI TLAPDPEVPDGLPPVAYNPWMDI
ROREDVQALNISVPYGPIPVDFQEDQSSTGFRLKTSSTRKYK (SEQ ID
NO:3)

ﬁ] ﬂ ﬂ ¢ ﬁ-& MPPPRTGRGLLWLGLVLSSVCVALGSETQANSTTDALNVLLIIVDDLRPSLGCY
GDELVRSPNIDQLASHSLLFONAFAQQAVCAPSRVSFLTGRRPDTTRLYDFNSY
WRVHAGNFSTIPQYFKENGYVTMSVGKVFHPGISSNHTDDSPYSWSFPPYHPSS
EKYENTKTCRGPDGELHANLLCPVDVLDVPEGTLPDKQSTEQAIQLLEKMKTSA
SPFFLAVGYHKPHIPFRYPKEFQKLYPLENITLAPDPEVPDGLPPVAYNPWMDI
ROREDVQALNISVPYGPIPVDFQRKIRQSYFASVSYLDTOVGRLLSALDDLQLA
NSTIIAFTSDHGFLMRTHNT (SEQ ID No:4)

[0074]  [Rluth, 7E—2Lspt 7 S8+, 12S B e N 12S 55 (SEQ ID NO:1) o WAL H A
FFHI, SEQ ID NO: 1 ARFE AN 12S fEH IR IR 741 . 7E— 25t/ S8+, 12S SR ] A
JEIRTE 12S ZERF) 57 UTR N Il Bt af 7 A L 96 672 4E 19 SEQ D NO: 1 [ BY$22 [F] F
BRI/ B AE — B S 7 S8 T, i 1 AR AT DU AN 128 3 E I [R)IE A Bl A
Yo Bldn, b 12S 3 5 )RR BRI PT DL AT B A B BOR AR AAAE I 12S BB H
(fFt, SEQ ID NO:1) A& — M MR BRI RN / B, [FI DR B RS 7 12S
T AEPERBIR RGN 12S . G, 72— st 7 B, & A TAA K IS AR5 e
A I12S & [ (SEQ 1D NO:1) KAk B[RV, 7Bty Z9, @A TAKHMEREEE
5 SEQ ID NO:1 BA %/ 50%.55%.60%.65%70%.75% .80%.85%90% .91%.92% .
93 %94 %95% 96 % 97 %98 % .99 % 5 5 K R M R LR P41 . 1E—LL ST R
o E S T AR B BB S BN 128 825 (SEQ ID NO:1) KAk b[E—. 528507
F, ES T AR BEREEA S SEQ ID No: 1 EAED 50%.55%.60%65%.70% «
75%.80%.85%.90%.91%.92% .93 % .94 % .95 % .96 % .97 % .98 % . 99 % B 5§ K [&] — 4
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FIR IR 7 A . S5t 7 B, E & T AR HE BB E S N 128 &AW Bk

il

[0075] B3, 12S 24K 12S SR . fE—Lesiiiy £, 12S B L2 KN 12S & A
P FVERD BRI . B0, 24K N 12S 85 ) [RIVEY) e SR AT DL AR 5T B AR A Bl R AR
FER 4K 12S A (F11,SEQ 1D NO:2) A& — ek N IERR IR BRI / Biddhi N,
[F IR B 4 128 R ATE TR B KN 128 A . Kk, 78 —Lese i 7 &b, 128 fig 5
AR N 12S H A (SEQ 1D NO:2) Kk L [FIVE. fE—Sesijby B, &6 TAKHN 125 B
HA 5 SEQ ID NO:2 EHE/50%.55%.60%.65%.70%75%.80% .85%.90% .91 % .
92% 93 % 94 % 95 %96 %97 % .98 % 99 % B 5 K [F] YR 1 A R IR - 1)« #E— B85y
K ES T ARV 12S B 5 SEQ 1D NO:2 KAk LAl —. 8 —Sseifi 5 B, & & T AR
BIR 128 B LA 5 SEQ 1D NO:2 HA E /D 50%.55%60%65%70%75%+80% 85% -
90%.91%.92% .93 % .94 % .95% 96 % 97 % .98 % .99 % B¢ 5 = [F] — M (I @ K 7 51) . (E
— LB T R &S T A KM 12S B S 2K N 128 EE M BEi . anASc
H, 2K 128 EHEHASESKT.

[0076]  fE—UESjifiJy E A, iG-S T A K B 12S B N 12S A AL a B8 1 . 76— 285t 7
ZHLEA R 128 BERTLLE A 12S R a & AR FYEECRY) . B, A 12S FFA a
A I FJRY BRI AT DL AR T B A A B R ARAFLE RN 12S [ Fh Y a 2R (140, SEQ
ID NO:3) H& —NEZ NI BRAT / Bidd N, B AR EE RS2 128 B FE T i&
N 128 [FM Y a BE . R, fE—2esejir B b, 12S fg5 N 12S FIFh AL a 85 (SEQ 1D
NO:3) RAK E[AYR, fE—Lesejir =y, 12S fif A5 SEQ 1D NO:3 B E/D 50%.55% .
60 % 65 % .70 %75 % .80 %85 % .90 % .91 % .92 % .93 % .94 % .95 % .96 % .97 % .98 % .
99 % B B 1=y [RIUR M I Z R R 7 4 . A — LSt 7 A, 12S B SEQ 1D NO:3 KAk L[/l —.
FE— ST 2P, & A T A R B 128 fils B3 5 SEQ ID NO:3 HA %/50%.55% .60 % .
65%.70%.75% 80 %85%.90% .91 % .92 %93 %94 % .95 % .96 % .97 %98 % .99 % B
FimFE— R BRI T Y AR — LSt T B, S A T AR R 12S B A N 128 [Fpp A
a AR H BEER . A AT, A 12S AR a R AIEE O S S SRS .

[0077]  FE—Uuszftir R, 12S g N 12S AR b . 75—z 7 2, 128 fign]
PLAE N 12S [E R 7Y b 2 3 1 RIE SR . B dn, A 12S R b 2 1 REJE s
Al LA T B AR R EORSRAEAE RN 128 [AAP A b B (91, SEQ 1D NO:4) & —/ 8k
G IR IR BN/ Bm N, [ OR B OER 4 128 2 s PRI N 12S [FIFh 8L b &
H. Rk, 7 —sesjii 7y b, 12S B 5 N 12S [AFF A b 285 (SEQ ID NO:4) KAk L [FYR. 78
— LSy 2, 12S A 5 SEQ ID NO:4 A &/ 50%.55%.60%65%.70% .75% -
80%.85%.90% 91 % .92% .93 %94 % .95% .96 % .97 % 98 % 99 % Bl 5 15 [ Vi 12 ) 2 ik
Fe 551, 1 —Leszii &, 128 iF5 SEQ ID NO:4 KAk b [F—. fE—Lesujiy e, 128
fif L 5 SEQ 1D NO:4 B F /0 50%.55%.60%.65%.70%75% 80% .85%90% .91 % .
92%.93%.94% .95 %96 % .97 % .98 % .99 % o 5 = [i] — PE R FE TR P 41 . A — BB St Ty
ZE, &S T A KW 128 B S N 128 [ b S E B BREGT 7. A ST T AL, A
12S [FF Y b B HIEHE A S E ST .

[00781 N 12S & [ ) [RI VR4 B SSALLAY AT 4 e X T AR A0 4387 3 452 R N SR i A2 20 80 7
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T4 22 BK A 1 77 35 A9 a0 L0 4 2 OV 22 ok 1 g VR 4 . TE— SRS
i, BRI T IR AFEE AN R LR E B : @M. I.L V() F. Y. W
()K R H 3 (A)ALG 5 (e) ST 5 (£) QN s F1 (g)E Do 7F—4e5fiti /7 Z2h, “{R~p @ L REUL” 2
T AN SR 7 G A AT S A R AR T B 11 5 10 D% R ey BROR/INVREAE 1 028 R AR

[0079]  7E—esijifi 7 b, 12S ML & 45 & T 4H M i b 1) 52 44 DA 3 40 38 H Al /
B 7 T VA B 1) 035 o A9 T, SR 1 52 Ak T DA AR T BH 28 1) H R R -6 BRR 24k
(CI-MPR) , 25 & H = —6- W R (M6P) ¥k 3. tb4h, CI-MPR &5 & H e E A i, B
IGE— 11 o & & R VA Bl AR B 5] % 29 7] LAJ& IGF-1. IGF—-11. RAP. p97 S AR A [RIYE A EL A B
(0, A3 ALl BAF 5 55 4= 8 Rl N TGF-1.IGF-II.RAP.p97 Ik FE A B £/ 70%.75% .
80% +85% 90 % B 95 % [F] —PE I F HIHIK ) o 7E S5t /7 S v, M6P FRFESE & 52 4k ]
DA FH 5 - MR 1T

[0080]  HHEH 2R A hicli (FGE)

(00811 G OLT, 12S BB NG PE 2 R 57 e iR (49, XF BT Bl #4 N 12S (SEQ 1D
NO: 1) [EFEIR 59) 2= H Ik H 2 BR 1 B 36 S5 A2 4 52 i, I 3R R I H 2 R i Ak o 2- &
5 -3- HARNRREEAR - WAR . XPEIBE e — e S A & O R R A T A 5T
3 H il R SRR AR G (FGE) 4k, 12S [l LLIE 1B 5 128 B B H & a1
Frils B LR IEAR DG 5 an, FA A i FE e E = R s I i 1 12S B A )38 5 A A
XF v R LTS 1 5 SR ELA AFDRHEC 0 A I H 2 IR A2 A B 1) T2S R ) 7738 5 B A AR O ICH
fifg LU

[0082]  [AlML, & & T =AM A Ak WA ) 40 12S 25 (R 2 o 3@ i 38 55 FGE BB . £ —
W S 5 G T A 2 M 2k VR PE AR 1 FGE . B —RBs i 7 22, 1 & 4 & TRk
DIRIESEA 12S HEWANE (HPFRAELR ) FEEH R (FGE) » 7F—tL5j
U5 E R & A A 2 2 DL YR FGE JE K LAE FGE 2 [ IR IE K P B3G5
[0083]  JEETEHL T, N FGE SR/ A ~iATE . A FGE MATEE A &E 5K (2K
AUPR I R LR ik 2L 1-33) ABE (K AT R IR 34-374) . EH BT, BUAE W N
NAEKFAREAK FGE S H, H&H 374 NMEERE . B 255K EIE A 2 Z R 7 )
(SEQ ID NO :5) Fih7l 5 A= AUl KARAFLE N FGE 25 A I &K BRI = FER 741 (SEQ 1D
NO:6) /T3 2 .

[o084] & 2. AWM H M A pilg (FGE)

[0085]
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i # */; i.. SQEAGTGAGAGSLAGSCGCGTPQRPGAHGSSAAAHRYSREANAPGPVPGERQLA

= HSKMVPIPAGVFTMGTDDPQIKQDGEAPARRVT IDAFYMDAYEVSNTEFEKFVN
STGYLTEAEKFGDSFVFEGMLSEQVETNIQQAVAAAPWWLPVKGANWRHPEGPD
STILHRPDHPVLHVSWNDAVAYCTWAGKRLPTEAEWEYSCRGGLHNRLF PHWGNK
LOPKGQHYANIWQGEFPVTNTGEDGFQGTAPVDAFPPNGYGLYNIVGNAWEWTS
DHWTVHHSVEETLNPKGPPSGKDRVKKGGSYMCHRSYCYRYRCAARSQNTPDSS
ASNLGFRCAADRLPTMD (SEQ ID NO:5)

’é‘k =l 4* MAAPALGLVCGRCPELGLVLLLLLLSLLCGAAGSQEAGTGAGAGS LAGSCGCGT
PORPGAHGSSAARHRYSREANAPGPVPGERQLAHSKMVPIPAGVFTMGTDDPQI
KQDGEAPARRVTIDAFYMDAYEVSNTEFEKFVNSTGY LTEAEKFGDSFVFEGML
SEQVETNIQQAVAAAPWWLPVEGANWRHPEGPDSTILHRPDHPVLHVSWNDAVA
YCTWAGKRLPTEAEWEYSCRGGLHNRLF PWGHNELOQPKGOQHYANIWOGEFPVTNT
GEDGFQGTAPVDAFPPNGYGLYNIVGHAWEWTSDWWTVHHSVEETLNPKGPPSG
KDRVEKGGSYMCHRSYCYRYRCAARSQNTPDSSASNLGFRCAADRLPTMD

(SEQ ID NO:6)

[o086]  [AUth, #E— LSt /7 S, 1E & A & B ¥ FGE B pi# N FGE & (SEQ ID NO:5) .
1E— LS5l 77 R, 3&E A 1 FGE B ] LU 3N FGE & A I R IR s A . 5, i 24
A FGE & A B [FRPI B SR 0T LR AR T B AR R R AR AAAE 1 FGE 2R 1 (5, SEQ 1D
NO:5) A& — Ak NEIERIUR BRI / 53N, RIS CR B R4 FGE 28 1S M B i
BN FGE 5 o BRI, 75— 28 77 S8, 1 & T A K B 1) FGE 5 s A\ FGE & 1 (SEQ
ID NO:5) Kk b FRIE. 7E—Lesiji s R, & & T A K I FGE fif B4 5 SEQ 1D NO:5 A
HE /L 50%.55%60%65%70%75%80%85%.90% .91 %.92% .93 % .94 % .95 % .
96 %697 %698 %6 .99 %6 B 1=y [FI YR 1 Y 2 AL IR T 41 . AE— LSt T B, & & T A KB
FGE i 5 s N\ FGE & 1 (SEQ 1D NO:5) KAK L fAl—. 7 —Lesijii 5 &, & & T AR
FGE fg H. A5 5 SEQ ID NO:5 HAE 50%.55% .60%.65%70% 75% .80% .85% .90% «
91%.92%.93%.94%.95% 96 % 97 % .98 % .99 % 5l 15 [A] —ME I LR 7 1) o F — ek
7 S, 1 G T AR B FGE B2 e FGE 85 1 I B a4
[0087]  EiF, & & A & WM FGE filf 4K FGE A . 7F— L85 J5 &, FGE i r] LA& 4
£ N FGE &5 H [ RV B » 1, 45K N FGE & Y RIS B A Y vl LU AR T 1
A R B R ARAEAE (K4 K FGE 2R 19 (51401, SEQ ID NO:6) A& — A ERZ MR LB EUR L B2 Al
/ BAEN , [ LR B KR 2 FGE B S TE B i 4K N FGE & A - Rl 78— 265t 5 1,
& AT A & B FGE g 54K N FGE 254 (SEQ ID NO:6) KAk F[a)VE . 75— Lo sejifi 7 =,
& T AR B FGE g A5 SEQ ID NO:4 HAFE /D 50%.55%.60%65%.70% . 75% «
80%6.85%.90% 91 % .92% .93 % 94 % .95% .96 % .97 % 98 % 99 %6 B 5 1= [ Y5 12k ) s
TRIFH . 1E—Lesijf 5 Rk, & & T A KW FGE fiF5 SEQ 1D NO:6 KAk F[FH-—, 7Lk
SeitiJ7 Zer, &S T AR W) FGE B H A 5 SEQ 1D NO:6 A %/ 50%.55% .60% .65% «
70%.75%+80%+85%+90%91%92 %93 %94 %.95% .96 % .97 % .98 % . 99 % 5k & /5 [A]
— MR T Y. (E STl R, &S T AR 1 FGE B & 4K N FGE | AR F
Bt gy A T, 45K FGE & Hl W 515 5 IkF 4.
[0088] 4wt 7 1 1 FGE & H 1 7 0 1 4% B2 )7 &1 A& 22 1R /37 91l A T T US A HF 5
20040229250 H1, HAH iy 2@ I 5] IR AA .
[0089]  JLFik 12S Al FGE F4H iy
[0090] AR BHINIR B H 40 B % 9% R G b AT A0 P 128 1 mKCP I A 7= 1) /7 22
RNV 22 A = DR 25 WIS A R o 15 3 A () e 488, B DA 3 BH 45 Bl A FF AR 40 4EXd T
16
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2R EAZ AN / BT R, B FEAEAS PR T, Y5 B 40 5 R PR R RE B AR R RN B
VI T FLAN D AR NGB R . AR BRI JT TR SR T RIS A UL A TR
TE AT BE A5 H A TR B R ARAFAE B LA S ABAR 1) 12S A1/ 8% FGE 2% (A Y 88 4 Fa e 41 i & 1 7
Ao MeAR, AR TSGR T T8 AR UL I A TR 7 51 77 A 3R IA 125 F FGE
[RI2H A 3R V2

[0091]  Zwhg 12S A1 / 5% FGE 2 A A% R

[0092]  7E—LBSTjfi 7 b, 3R pE TR 2, AL B g A A SO AN ST T R IR
HAr B AL (FEARSCRRRAFERR ) filhn 125 A1/ 8% FGE & A IR S fE— Lo sz
T3 R, mbt i BE R (P A% R v A A T SR B A 4w 5 ) 125 AT/ BR FGE B A I IR IE , iX
FRAEERDFARAL o 151 01, 2 i 2t 225 DR A R w30 3 50738 G ) 3 470 P T ) 1 SR iR AT 18 1
WA B S AT PSR AE 5 “ ORE 7 [R) X, F HLE i v 75 H B 08 4w Y B 11 5T 58 1
(R AR IR 7 51 o IR RIS I8 5 4R T2 AR 2 S 1 (RN, 19 1 AUG ( - RNA
A ) FIDIARAER RS R 1 DNA 43FHR 1 ATG) , I H 4% 3550 = BRI 152 B B IpE A& T4
1EZ ¥ (R7A, 1911 UAALUGA B UAG ( XJ T RNA 20 ) FHLAARHEARIS 2R 78 1 DNA 4351
() TAA. TGA BX TAG) « WIASCH T, RiE “#00 77 28R T4 3 MEHRIITS, H
TEER E & BUS FE R E R 8 R IE TR 7 41 s tFR A = AR B35 i — A4 . 5140, 7EAR 1
WAL D ) 64 AN AT RER B T, IS ZEHS 7 GAA F1 GAG Zmtd R BB & kL , ) 2565
T AAA FIT AAG R BRI A IR - FEFRAEIR AL TS R, 3 NS T R 2 b3S 1, AR E
QIR . WA BT B, AR “[R] OB RS- S 8 m it BN 2 R 1 5 A - A — N A
4. BRI AR A AR IR, ERERRH 2 B 6 ANFE B . a0, 7F bR AL 25
b, GBS R TR R I 4 AN [F) U AL 1 J& GCALGCCLGCG A GCU, 5 & B & BRI ) A 7] S
YT A2 GAA 1 GAG, I H. 2 i i 22U R () PR 1 ] SUBE RS2 AAA S AAG.

[0093]  7F—UesijJy R, dmtS i) 12S A/ 8% FGE & A P 5 el 1S AE () A% R m e FH b A
FER R VEREATEM . T 2087004 0255 Rl B2 nT Y, BT T 5
AR WEHERT, B PR A SR gD R L 751 . 7E—SeSTil 7 R, %01
WAL T S U TS AR A B BRI B N o B TSR, SRR A S R R R KAk R B AR
B A

[0094]  Zwfd 12S Al FGE & H I/~ BIPEAZ IR 7 5143 7~ T T I SEQ ID NO =7 #1 8 .
[0095]1  SEQ ID NO :7 Zwhd S AtAE —2- iR HENE (12S) W nFlTEAZIR)T 41

[0096]  ATGCCCCCGCCCCGCACCGGCCGOGGCCTGCTGTGGCTGGGCCTGGTGCTGAGCAGCGTGTGCGTGGCC
CTGGGCAGCGAGACCCAGGCCAACAGCACCACCGACGCCCTGAACGTGCTGCTGATCATCGTGGACGACCTGCGCCC
CAGCCTGGGCTGCTACGGCGACAAGCTGGTGCGCAGCCCCAACATCGACCAGCTGGCCAGCCACAGCCTGCTGTTCC
AGAACGCCTTCGCCCAGCAGGCCGTGTGCGCCCCCAGCCGCGTGAGCTTCCTGACCGGCCGCCGCCCCGACACCACC
CGCCTGTACGACTTCAACAGCTACTGGCGCGTGCACGCCGGCAACTTCAGCACCATCCCCCAGTACTTCAAGGAGAA
CGGCTACGTGACCATGAGCGTGGGCAAGGTGTTCCACCCCGGCATCAGCAGCAACCACACCGACGACAGCCCCTACA
GCTGGAGCTTCCCCCCCTACCACCCCAGCAGCGAGAAGTACGAGAACACCAAGACCTGCCGCGGCCCCGACGGCGAG
CTGCACGCCAACCTGCTGTGCCCCGTGGACGTGCTGGACGTGCCCGAGGGCACCCTGCCCGACAAGCAGAGCACCGA
GCAGGCCATCCAGCTGCTGGAGAAGATGAAGACCAGCGCCAGCCCCTTCTTCCTGGCCGTGGGCTACCACAAGCCCC
ACATCCCCTTCCGCTACCCCAAGGAGTTCCAGAAGCTGTACCCCCTGGAGAACATCACCCTGGCCCCOGACCCCGAG

17
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GTGCCOGACGGCCTGCCCCCCGTGGCCTACAACCCCTGGATGGACATCCGCCAGCGCGAGGACGTGCAGGCCCTGAA
CATCAGCGTGCCCTACGGCCCCATCCCCGTGGACTTCCAGCGCAAGATCCGCCAGAGCTACTTCGCCAGCGTGAGCT
ACCTGGACACCCAGGTGGGCCGCCTGCTGAGCGCCCTGGACGACCTGCAGCTGGCCAACAGCACCATCATCGCCTTC
ACCAGCGACCACGGCTGGGCCCTGGGCGAGCACGGCGAGTGGGCCAAGTACAGCAACTTCGACGTGGCCACCCACGT
GCCCCTGATCTTCTACGTCCCCGGCCGCACCGCCAGCCTGCCCGAGGCCGGCGAGAAGCTGTTCCCCTACCTGGACC
CCTTCGACAGCGCCAGCCAGCTGATGGAGCCCGGCCGCCAGAGCATGGACCTGGTGGAGCTGGTGAGCCTGTTCCCC
ACCCTGGCCGGCCTGGCCGGCCTGCAGGTGCCCCCCOGCTGCCCCGTGCCCAGCTTCCACGTGGAGCTGTGCCGCGA
GGGCAAGAACCTGCTGAAGCACTTCCGCTTCCGCGACCTGGAGGAGGACCCCTACCTGCCCGGCAACCCCCGCGAGC
TGATCGCCTACAGCCAGTACCCCCGCCCCAGCGACATCCCCCAGTGGAACAGCGACAAGCCCAGCCTGAAGGACATC
AAGATCATGGGCTACAGCATCCGCACCATCGACTACCGCTACACCGTGTGGGTGGGCTTCAACCCCGACGAGTTCCT
GGCCAACTTCAGCGACATCCACGCCGGCGAGCTGTACTTCGTGGACAGCGACCCCCTGCAGGACCACAACATGTACA
ACGACAGCCAGGGCGGCGACCTGTTCCAGCTGCTGATGCCCTAG

[0097]  SEQ ID NO :8 ghth 4K a4 Ik H 2 R AE il (FGE) BB MR 7 5]

[0098]  ATGGCTGCGCCCGCACTAGGGCTGGTGTGTGGACGTTGCCCTGAGCTGGGTCTCGTCCTCTTGCTGCTG
CTGCTCTCGCTGCTGTGTGGAGCGGCAGGGAGCCAGGAGGCCGGGACCGGTGCGGGCGCGGGGTCCCTTGCGGGTTC
TTGCGGCTGCGGCACGCCCCAGCGGCCTGGCGCCCATGGCAGTTCGGCAGCCGCTCACCGATACTCGCGGGAGGCTA
ACGCTCCGGGCCCCGTACCCGGAGAGCGGCAACTCGCGC

[0099]  ACTCAAAGATGGTCCCCATCCCTGCTGGAGTATTTACAATGGGCACAGATGATCCTCAGATAAAGCAGG
ATGGGGAAGCACCTGCGAGGAGAGTTACTATTGATGCCTTTTACATGGATGCCTATGAAGTCAGTAATACTGAATTT
GAGAAGTTTGTGAACTCAACTGGCTATTTGACAGAGGCTGAGAAGTTTGGCGACTCCTTTGTCTTTGAAGGCATGTT
GAGTGAGCAAGTGAAGACCAATATTCAACAGGCAGTTGCAGCTGCTCCCTGGTGGTTACCTGTGAAAGGCGCTAACT
GGAGACACCCAGAAGGGCCTGACTCTACTATTCTGCACAGGCCGGATCATCCAGTTCTCCATGTGTCCTGGAATGAT
GCGGTTGCCTACTGCACTTGGGCAGGGAAGCGGCTGCCCACGGAAGCTGAGTGGGAATACAGCTGTCGAGGAGGCCT
GCATAATAGACTTTTCCCCTGGGGCAACAAACTGCAGCCCAAAGGCCAGCATTATGCCAACATTTGGCAGGGCGAGT
TTCCGGTGACCAACACTGGTGAGGATGGCTTCCAAGGAACTGCGCCTGTTGATGCCTTCCCTCCCAATGGTTATGGC
TTATACAACATAGTGGGGAACGCATGGGAATGGACTTCAGACTGGTGGACTGTTCATCATTCTGTTGAAGAAACGCT
TAACCCAAAAGGTCCCCCTTCTGGGAAAGACCGAGTGAAGAAAGGTGGATCCTACATGTGCCATAGGTCTTATTGTT
ACAGGTATCGCTGTGCTGCTCGGAGCCAGAACACACCTGATAGCTCTGCTTCGAATCTGGGATTCCGCTGTGCAGCC
GACCGCCTGCCCACCATGGACTGA

[0100]  7E— LSyl J7 S o, A% 1 B A8 A ] e el S HE P9 1Y) [F) U3 RS , DL S 7Rk
PR FAL 12S A1/ B FGE {4 8 S YR 40 B o A I N TR 05 710 A — 3. B3 B 4h
% TR AR A AT e O3 T I8 Bl S HE PN 1) G+C 2 &, DA S 47 i DT G AE A7 76 T e VA1 = 48 i v 1
PN A% R 5 471 o I T T B B2 AE ) ST 2 GH+C & o A% AP BR AR AL IE Rl B AR #E 128 B FGE 5
Frb R B 22 58 S IR [X 48 B P R R 2 s s M . TR, 18648 T 2 BB A B Ak 1 A%
HERF A, B EAR T, 75 5 A% 40 M L B BEA0 . B de 40 P DA K e 2L 3 2 240 i v B2 3L 388 o
ff) 12S 1 / 8% FGE £ H IR IE LR T 51 o

(01011  [Ath, 78 —28STHt 7 =, & T A K I gwtd 128 B H % IR A 5 SEQ 1D NO -
7 H A E /D 50% .55 %60 % .65 %70 % .75 %80 % .85 %90 % .91 % .92 % .93 % .94 % .
95% 96 %97 %98 %99 % B = [ — HE X R 7 4. A — LS T B, & & T AK
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B [ 2 5 FGE 25 [ A% 82 B A5 5 SEQ 1D NO -8 B3 £/ 50% .55% .60% .65%.70% . 75%
80%.85%.90% 91 % .92% .93 % 94 % 95% .96 % .97 % 98 % 99 % B 5 1= [7] — 14 f) A%
R A IEEAE LT, B R g i B s B 22508 7 21 R (1) 128 A/ B8 FGE B H .
WA AR SR AR, T T 1) 0 A o A J 25 403 12 B FGE B G 1 o
[0102] FRiE#F K
[0103]  WPREgmfd e A g R IR K 12S F1 / 8% FGE & H AL ER 7 714> F i % (46N )
EIE AR DL TAETE M h T B Ei Rk . 2Rk ik il il T St A & B, A4
EABR T, AR IE B s RERIAE R ; B RRIE SRR ISP RIE B . EETAK
B PE SR L FE AN PR T35 T 2 p kR (a0, JE T AAV 3044 L I8 T 100 3 S5 3 1 26
P EET OB BB ) o FE—LESEHETT R, K Sn RS 12S FI FGE 2 H AR 7 41 73 il 4 N
I TP . fE—Lesiti 7 &b, Al gAY 12S AT FCE & (A HIRLER 7 41 20 WA 7] — &4k
He JEEEOUT, gwtd 12S 5E FGE £ I MAZ IR W #RAF HZE 322 T~ & M35 1y 1 Bl
01041 I FHEIC
[0105]  WPRE S Fh T 7 A B n B S IEIE & T AR K B R IA AR o i1 842 7 41 5
TCFRFEEAIR T 5 307 8 581 FHia 7 s &l 7 51,57 JE8IE (EidEgaS ) FPal &
13" AEEIE (EEEmwES ) P,
[0106]  GIASCHFTH, “BaF7 8 BT ZRE &AM R RNA RE 8 (4
i, T 4 Hh B H A R B 45 6 R E i ) FEAS A g b T S 1) 1R SR ) DNA TRA%E X .
BT 7 A I e S AR S g A T 3T R, 1A B (57 5T ) AR LR B AT A
K JE BN S T 7 W de N H B BT . PSR 3 SRS A (ISR T
FIBHIE 751 ) B A B IR ol B4 &2, BT/ H g 82 T Frid Rk =07 41 . &
— S B, R ORI S . RS B, i S RS 3 T LUZ L)
RIERAEYDE R ) o FE—L8SEH T P, B3] LR R B 8+ FE— 28ty 2, B
¥ ] LU 458 A 3, HoA A & i i X 5 5138 B — A SRIE I HAL & i sl 46 X 1
FEAER E 28 RIE . TRl oo fh e T4 2L D N B 4 e 51 () 28 G 78 AR ST A2 A
( — KW T AW 7 A E 2H DNA 2 R ¥R T-7F Sambrook, Fritsch #1 Maniatis, Molecular
Cloning:A Laboratory Manual,Zf 2 i, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, 1989, Halid 5| HHFF AARSICH ) o &G TH AR LR DL 2 Bl AE KRS
FAA TSP A0 PR R SR 1) T AR A A R A I
[0107]  FE—U850ti 77 S0, WK ARE € A B0+ P T4 i A S DR PE IR AL 3 0 s 2 4 P Hp i 36
15, BIAEABR T, SR a - JH3)F (Takebe 28 A\, Molec. and Cell.Bio. 8:466-472(1988)) «
N CMV 57 B BL 3 J3 3 T (Boshart 25 A\, Cell41:521-530(1985) ;Foecking 5 A, Gene
45:101-105(1986)) - A CMV J3 2T A CMV5 JE 1 Bl CMV SZEI R 3 3 7~ JEF1- « — J33)
T TR R A 2422 WV a3+ (0, 38k i My SZRIERIHE S 5 N o -1- 4t
JRE AR (HAT) Bt E A HAL) B3 FRE SRRt ar=4 ) sl T 4 e =
YRR BET (B, Aok ANAEE (HAL ;25 1000bp) 8N a -1- Hi/fEE Al (HAT,
£ 2000bp) M A3 T ufF S5 N a -1- fIRE A M bikunin FifAZEEE (AMBP) 1) 145 K
(Rt 58 1 o404 ;HAL-AMBP A1l HAT-AMBP) . SV40 FLJ5 57 X 18 (Benoist 5 A, Nature
290:304-310(1981)) \EEAZ 7k (Orgyia pseudotsugata) 3R F-HH 5 31 62 B0 H G
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Ja 3T (Wagner 25 N\, Proc. Natl. Acad. Sci.USA 78:1441-1445(1981)) ;844 @i &5 (1 &
R4 7% (Brinster 25\, Nature 296:39-42(1982)) . 7 —LLsii 7 %, W35
Ja BT RS 31, a0, (HABR T, IR VERS B ER I A L B B (HPTR) Ja 307 IR
ANGIE BT TN BRI J5 21 B — NN EE 8 307 BA SO T AR 4 a5 AR N 03 5k i A2
CL 20 ) F A 2 R TR s 3 7

[0108]  7E — &S 77 R, 5 € A 3 o] F T 45 ) A Bk IR A DR A T R A &
k5, Bl E AR T B N B % B 31 F (Villa—Komaroff 28 A, Proc. Natl. Acad.
Sci.USA 75:3727-3731(1978)) stac & #) F (DeBoer 2 A, Proc.Natl. Acad. Sci.
USA80:21-25(1983)) :T7 JA3h 1 T3 Ja3h 7 M13 J38h T M16 J3 5T AEBEBHE 40,
B AE AR T GAL1. GAL4 BY, GAL10 J& 3+ ADH ( B/ &U8E ) J& 2h 1 PGK ( BlL H Jh s )
JA BT B PE R S Bl H S -3 BB LSRG (TDH3) J& 20 H Vs —3- B IR i &
B 11 (TDH2) JE3h¥ H s -3- BRI EEE 1 (TDHL) J5 37 A B ER BB (PYK) - I B i
(ENO) B PN KRt 18 e A B (TPT) .

[0109]  FE—LLSTifi )y o, Bah¥ ol DLW EE R 3+, H A 2 B3 F e e JLAN1a
FANMEREA (OIEM A ) IR EIERNRR . © B TE HEAZ A R R3S i T
FI () R Y 23K B9 B A B B HE A A0 5 0B Bl SR AR 2 B R 31 FL S IR
BRI WRERI TN RESR R T HIV) B3 57 NER SR 1 B4
i (CMV) BT By B iR B MR E Moloney murine leukemia virus) FlHEii%E
SR B R Im B (LTR)  ER A2 0 25 1 0 B 5 20 - LA SO T ARG s B AN
TR ORI EWR BRI

[0110]  7E— LS 7 8, 3R IA # AR 1) J5k IR 4% ) 0 A 3k w6 955 43 Joll A 0 e S R 2
L AG A 5 ARG SR AT 5 AEBH R 5 41, 9 4 TATA &5 Mg 1 51 CAAT J# %1, Kozak 5 4]
%o MhsE T Iu iR AT A TG IR R IA M 2 IKEUE A RN R IE K. & BRI 3L
B ML H R A AE P I 3 58 7 oo 2R B S B FE SVA0 AR DR 3 5 7 (417E Di jkema %5
N, EMBO J. (1985)4:761 Hh#fii& () ) F1R R T 55 B RJEE i 28 (RSV) ( WI#E Gorman 5§ A,
Proc. Natl. Acad. Sci. USA(1982b) 79:6777 H k) ) AN B4 EE ( & Boshart 25 A,
Cell (1985)41:521 WA ) WK Ry ESE (LTR) B3GR T / B3hT. RIEERH K
EHICE IR BRI R e AR PR I 30 AR SR 3 AERIIE A, A, B i R
BREFIRAL (polyA) 55 T MBS FHEZEH) mRNA 1) 3° KK g FNT. PolyA 554
i, B0, e B BREEF polyA (55 A AE KR polyA 5558 B BREAZIEF /polyA {5
5B SV40 B HA polyA X

01111 Al EHEIRID

[0112]  RIXFMRG PG, (BT & 2D —Fh iR B bR, 75— Ssit 7 i, mf
AR S AT B E T — N B AN R I oA R RS P i S R AR P B, 24 740
Mg PEAL 2225 S AT/ BRZGIAFE R I N A K, AR P R T g 24N B 4 Fr S T BE
770 AE— LS5 G, Wl R v T 4E R R IA BARTE 1 E A0 PR B o 7 —LE 5t
J7 Zd, my LA R BT DB (R IE iR N R S R R A e (R R4 ) 1/ R
UUER o AE— 28t 7 S, AR AR T 4ERF R AR 1S 4R A A B I Y SRk o 7E — sk
Jiti 77 S, A BT TR B S N 7 4 A s E A S DR 2 R R e A . s
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J7 R, AR/ B R R AT DLELEE , (BN PR T, Z RS (MTX) - &M RIE R G (DHFR,
% [H L H S 4, 399, 216 14, 634, 665 14, 656, 134 14, 956, 288 35, 149, 636 35, 179, 017) . &~
B8R (6418) . zeomycin, B MR B A 2 W% & BB (GS, 36 B L5 5, 122, 464 ;
5,770, 359 5,827, 739) (X T HAZ1E F40M) s VIR R AR FER. R EZUAER
(T IREAZ G E 400 ) 0 URA3. LEU2. HIS3. LYS2. HIS4. ADES. CUP1 B{ TRP1 ( T E#EEfE
FYHH ) o

[0113] WP RIAFAREL Je  FEAL B T NTE B4 WIASCH T, RIE B ge”, “iip”
R# G FR ANEAZIR)T B 218 E AR 5N o 78— SRSty R, KA A gnhid 12S A/
5 FGE HIRZIR 5 41 i 3 IR 3R A [R] P 2 G L Ak B8 5 N1 B4l o 7F — S8 St Rk, K
B Ymhy 12S A/ B FGE A% R 17 41 R 308 SR AR AR IR I G A B0 7 N T B4l . ol o
Je ¥ gmht 12S 8t I BRI Gy AL B 5 ONTE 240 B, B 5 L AL B S 4R Y FGE
RAMEAR, [ Z MR AT A A F1HFE AL e % S 07 72 0 S A9 L 45 i o Ak 3t 3%, B
Hawley—Nelson, Focus 15:73(1193) ffJ lipofectamine™ (Gibco BRL) 3. Hi % L Graham Fil
van der Erb, Virology, 52:456-457 (1978) [f] CaP0 %1% 1% . DEAE- i SEHE A T 13325 L AR
VE S AW 2 ORI 3% L SRR B 35355 | B B A 5 R R I | SR 7R,
T, 3 SR B 1 B IR B IR DR B AR B (Baculovirus) (R HUAAM ) o i
15 AL I — % 7 T AR A AT T 45 B ey Axel #E 35 [E B RIS 4, 399, 216 ;Sambrook, [[_E, 5
1-4 F1116-18 % ;Ausubel, [7] |, 55 1,9,13, 15 1 16 T 4T T iR . T H T 5
2l B 25 Fh R, 2 I Keown 25 N\, Methods in Enzymology (1989), Keown 25 A\ ,Methods
in Enzymology, 185:527-537 (1990) F11 Mansour 2 A\, Nature, 336:348-352(1988) .

[0114]  {EHE 5] N0 AR S5 , 3028 34 m i o e Hb e &5 78 L IR 4 PR, B804 S e Ak AL 2
e BRE Ty 38, I H 2 A48 N a7 TR R A P i B SR R . 75— L5
D5 R, AR IR T 5 1.2.3.4.5.6.7.8.9.10.15.20 B{HE AN DL 4L 12S 2
MIREIR . E—Sesif 7 =, AR I AT AL & 1.2.3.4.5.6.7.8.9.10,15.20 B3 24~
¥ UL 9wt FGE R H AL IR . 1E— LSty 28, AR B I 4l e vl B 248 DL (49t 2
3.4.5.6.7.8.9.10.15.20 B 24> ) M4 12S I FGE & H IR -

[0115]  fEE40fE

[0116]  WIASCHRTH, RIE “15 R 400” $a T T2 AR 4 12S Bgran . HAkML, 15 &
YRHIE G T B = A B2 12S . & A 1TE EAHM T SRIE T 2 M ARk, SR EA R T
W FLh A 2 (B, B RSG5 ) B TR . 76— S8 st 77 R, 15 402
U FLSh AP . 7E—Se St 7 e, 3E A A 5 A B AN 2 A AR L i s 25 T i

[0117]  ME{FLEIYAN A 5

[0118] W] 4 MR A K 5 T 10 AT 20 M 5% 7 A0 22 IR 3R A An] Il L 30 470 240 i B 4 i 2 7Y
FAVERE 40P . mT 2 HE A i IR A8 FH (1) R 7L 30 2 4 i 1 1 B o) 2 S 49 0 98 A IR G ' 293 4
o (HEK293) « HeLa 4l BALB/c /NRH BER 4 R (NSO/1, ECACC %5 :85110503) « A Hi AR
¥ 40 g (PER. C6 (CruCell, Leiden, The Netherlands)) . SV40 4k IR CV1 400 %
(COS-7, ATCC CRL 1651) AR 5 (& W5 b DAE B8 2 b AR K1 293 B 293 4H i,
Graham Z£ A\, J.Gen Virol., 36:59(1977)) 414 'S 400 (BHK, ATCC CCL10) - A [E 4 i
B[ B 4H iy +/-DHFR (CHO, Urlaub F1 Chasin, Proc. Natl. Acad. Sci. USA, 77:4216(1980)) « /)»
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B SCFEAI M (sertoli cell) (TM4, Mather, Biol. Reprod. , 23:243-251 (1980)) « ¥ 5 41 fitd
(CVIATCC CCL70) \AEM&HE S 4mp (VERO-76, ATCC CRL-1587) N B S 4MAE (HeLa, ATCC
CCL 2) KB 4ip (MDCK, ATCC CCL 34) \buffalo K AT4HM (BRL3A, ATCC CRL 1442) . AJifi
Yif (W138,ATCC CCL 75) - ANAF4AE# (Hep G2,HB 8065) « /N FLARMIR (MMT 060562,
ATCC CCL51) ~TRI 48 (Mather 2 N\, Annals N.Y. Acad. Sci., 383:44-68(1982)) \MRC 5 4
M FS4 4R B AN JH- AR M ML R (Hep G2) o FE—LE5L0it 7 R, 1& & B FLah 4 f A 2
AR A 573 R A S

(01191 WeAb, AT 42 HEAS T BRASE P AR ARl 50 H B 360k 22 IR B AR 5 ot 1 R Mk T A3 AN FE R I Rl 45
I A 2R . AN GUREL AN 0B FR A, 2 S A M 3 7T Be oA AN R )8 9= 7 M/ B
A] B8 77 ZEAS [R]85 75 2 R AT S AR KA 2 IR AR B R0, K RE AR 75 2R 1204
At

[0120] LAY 3

(01211 AT REAR B ) T 1R AT 4 B s 53 0 22 IR 38 () A AT R0 2L 30 0 R U () 4 i B
AR B R TS 40 . AT 4 REAS T B ASE FH AR AR L3041 3= 40 B RH 248 i 25 1) R BR i) 42 52
L FE RV T Bl BE,R#RE (Pichia pastoris) « FEEEE/RIE#HE (Pichia methanolica) «
TASHEESREERE (Pichia angusta) \ SEVHZFEIEEE (Schizosacccharomyces pombe) BR{E
11} (Saccharomyces cerevisiae) FfENGHR KR (Yarrowia lipolytica) (X-F/EEE) |
L (Sodoptera frugiperda) gk (Trichoplusis ni)  EE SR (Drosophila
melangoster) Fl 4K ¥ K ik (Manduca sexta) ( &f T B B ) s fl K g #F B (Escherichia
coli)  RAGFEYPTTIRE (Salmonella typhimurium) A% 2 E (Bacillus subtilis) .
AR Y ZF AT B (Bacillus lichenifonnis) . JfE 95 8L #F B (Bacteroides fragilis).
PR EMR ZF AT B (Clostridia perfringens) Mt 3 BOIR 2F fAFF B (Clostridia
difficile) (XFT4HEE) AR H MBI TE (Xenopus Laevis) HIZH AT 5
[0122]  J& 7 EE AR KN R A K
[0123]  FERELLSIE T R, 1 E 4R M IE T R Lo Pk J@ e e 5 FH T 72 AL 4l i &R, B
P T E TR A MR 8 SR N AR . ARMUEHEOR N GO B, XA BT DU T O
AR (BIRAER R TSN R ) B S RRRERN / BHIR Bl i 2 50 PR SR 5E
TE— LSt 7 27, AT AR 7R R M B AR KRR e BEA i JR o 7 — LSt B,
ATERX HAE B A KRR JIEFAMM R . £ — L0 J7 94, TR UG EE 5L 2 41
MUK RE T B R . AE—SE STt 7 22, RPREXRE I 40 i S5 AT e 2H 2385 97 L U 1
2 FPIRY B 2 PR AR AT A A L — A B o AR — LU STt 7 29, 18 S IR B R i 0k B R R AR
A (BlnfREE A T I 8 IV) VI REE A E MR A BOEE A A 4EE A 5 BD
Matrigel™ &ML ARER B L B IR 2 K -D- AR / sl & 75— 25l
77 ZH, WIAE R 8 A KA T e BB I G BE A5 S 40 A DUAE By i A XA RS A L
BE 21 i DAAE B R AR K I VR AE AR s A LRI o 5104, P 3 ek B e TR) 228 A K
FrIHE LR 22BN MLIE AR 4R M AT A, AE R R A K.

[0124]  ZHH RIEFEAVEAT

[0125]  ARHEAK W, £Hx0F FL ARG b AT A7 P RS = A B2 12S B H ) Rg i34 ARG DA
FiLHEH 12S A MAM . Bk, MRHEA & B TR RE 08 LLim KA/ B0 e
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WA E A 12S. 7SS T R, — BAERE RS (a0, ArrHE R IR T TR B
FEFAME) FEEFEE, WA DAL T S AR 12S B <5 R e / A/ HECK T 5 e
/Ui / B (B, KF£)10.15.20.25.30.35.40.45.50.55.60.65.70.75.80.85.90.95 1,
100 J2 o / 400/ H ) o fE—S852i 5y R, — HAEMES 72 5544 (140, A vHE R AR By ok,
WHEERE IR 25 ) TG TR, WS A RE 0% LAAE Q0 T VG I 277 42 12S B 2 5-100 f2 e
J4nf / H (Blan, 29 5-90 Feve / 4if / H %0 5-80 f2 e / 4l / H .29 5-70 B2y / 4
/ H #15-60 v / 4/ H. % 5-50 2 od / 4if / H %) 5-40 F2og / 4iffd / H .29 5-30
Feve /4B / H 291090 J o / 4if / H %) 10-80 27 / 4if / H %1 10-70 2w / 4
e/ H 23 10-60 B2 / 40f / H 23 10-50 JZ 58 / 408 / H %5 10-40 7 / 4088 / H 4
10-30 Bz e / 4HHE / H 23 20-90 F2 o / 48 / H. %) 20-80 f2ve / 4Hfd / H %) 20-70
T/ A/ H L4 20-60 Bz / 4R/ H V29 20-50 Fve / 4RAE / H L2 20-40 J2 T/ i
/ H 2 20-30 e / 4/ H) s

[0126] Wi EATITie ), B BN, 12S BFIBEE 1 S2 R  E EER (a0, 75 2 241 59
) ZEHEBH AR R, XIS — R E AR SRR R AT W
JER W A, I B FGE {4k . 12S [BES M 5 5 128 HAA H I H 2 BRAS 1 Birik 21 1 R B2 1EAH
o 0, ELAG AR i F R H R RS ) 12S 77038 5 B A v i Bl s s8R R
AR ) B H BB A 1 12S 75038 5 B AR i B LS

[0127] & w] PATH ], 12S 5 FGE 25 [ B8 mRNA 22 7] (1) bt S50 0] DL Bl = A il B 40, 128 2R
H B H = BRE . 7 — LSy R, 72 BB 4R i 2R IA | 12S A1 FGE B ANF
(R E A/ B mRNA Rk /Ko 7E— 252 77 22, 12S 85 H B mRNA K15 7K1 FGE K4
)53 B mRNA 7KF & 0. 1.0. 2.0. 3.0. 4.0. 5.0. 6,0. 7.0. 8.0.9.1. 0. 1. 5.2. 0.2. 5.3. 0,
3.5.4.0.4.5.5.0.5.5.6.0.6.5.7. 0.7.5.8.9 5% 10 fiF. 7 —LL52fti j7 2, B4 FGE & A
B mRNA A 7K1 128 1988 H 5T 8 mRNA 7K P 2270 0. 1.0. 2,0. 3,0. 4.0. 5.0. 6.0. 7.0. 8,
0.9.1.0.1.5.2.0.2.5.3.0.3. 5.4. 0.4. 5.5. 0.5. 5.6. 0.6. 5.7. 0.7. 5.8.9 5 10 .

[0128]  FE—LBSLyfi 7 Srh, — HAEAMMOEE 7R 54 (A0, Fm o4 DR ASE 8 Bl N B 4 i 5%
FEE&ME) FEFE, PHENMEA =4 12S BAH, ZEAAT 204 50% (Flan, £/0%
55%+60%.65%.70%75%.80%85%.90%.95% .96 %97 % .98 % .99 % B, 100% ) HIX}
% F SEQ ID NO: 1 HJ Cys59 [ RIRFRIE R Ca - HEEH &R (FGly) Mk, 78—sbs
i g A, — HAEAI RS 72 240 (a0, AnifE BBy BN BE A 85 7= 4541 ) NS R )E
BB 4R e DAL G R &= A 128 B 29 5 v / 4 / HIEBUKR T2 5 o / 4 /
H (#ltn, KF4%)10.15.20.25.30.35.40.45.50.55.60.65.70.75.80.85.90.95 B 100 &
o/ 4/ B iZEaE 202 50% (Hilhn, /0% 55%.60%65%70%75% .80 %«
85%.90%.95% .96 % .97 %98 % .99 % 5% 100% ) XN T SEQ ID NO:1 f Cys59 ¥
ARG IE R Ca- HEEHER (FGly) Wik,

[0129]  FGlv ¥4k EH 4t

[0130]  &MpI7vE TN, JF BT ELAH T-IE FGly #540 H artb. 8%, L H 2R
FIA 7 (% FG) AIAE A T A A AKITH -

[0131]
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EW12SHTH#H

%FG (Ds#y) = x100
EHGER+ALER)I2S 9T H

[0132] 41 50% FG B RE —F At 4] 12S & RS R (ETHEIT 808 ) « %
FhE T TR % FGo filan, ni{E RS . 5 <, i HEE R (5, B A BEEk
BE R (1 ) ¥ 12S S AyH A SRR . AT A Ea iy (3, HPLC) 0 B AR AE A K, LAfgE m]
FHECT R (0, 6 FGly # ALy 128 B H B E A 100% FGly #F AL 128 & HE ) ME &
—NE CRER L B X B F RN 128 B4 E 59 I E AR ) Mt mfE. e a &
FGly BIBKRIE (X RL T3 12S 2 FRI%H ) FEA FGly 1 Cys MIIRAIS & (T4
) 12S 23 FRIBCH ), A5 ik % FG FIELZ

[0133]  Lhymdk

[0134] Wi BRIt iy, GO R, 12S BB 2 PR - BhEie (fan, fE& 241 59) &
B H Z RS e imsem . Kk, 12S MBEEEEE S 128 B FEH AR ek
BIPFERE IEA G T, ELAA A e i R R H U R AB R 1) T2S 1) 77388 5 5L A A e )
FEIE 5 SR T B A A OB 0 FR 5t H R A i i 12 il 55038 55 A AR SR A g L v
[0135]  GnARARUEEs AR N G2 AT BRAA Y, AR BH 20 P = A= R B H T2S 2 1 P T 1 T I
ik B AR DA Y SR . 7E — S T A, oAl R R D e A A
i B T PR T P 000 o S ), 7 A ) B 2L 128 2R A ) U1 B ) Bl 1k & /0 % 20U0/mg . 30U/
mg-40U/mg.50U/mg.60U/mg.70U/mg.80U/mg.90U/mg &Y%, 100U/mg. 1 —LLsljit /5 &, anfs
FH 22 WA DN IR Ay 388 ot Ak 7t 1R I R Tt A e 000 & 1, P AR (R L2 128 B I RS EE 1
filg 5 P 7E 29 20-100U/mg ( 510, £ 20-90U/mg £ 20-80U/mg £) 20-70U/mg. %) 20-60U/mg-
£ 20-50U/mg+ ) 20-40U/mg+ £J 20-30U/mg~ £J 30-100U/mg+ ] 30-90U/mg+ £J 30-80U,/mg-
£ 30-70U/mg £ 30-60U/mg ] 30-50U/mg %] 30-40U/mg- %] 40-100U/mg+ £ 40-90U/mg. £
40-80U/mg- ) 40-70U/mg %] 40-60U/mg~ ZJ] 40-50U/mg) HIFCE N . N4t 7 /T
FA 2 B4 R At A7 A S Mont R TR R 0 PR I 5 B s 9 1k % At o 38 I 400 T 5 22 g )
2 125 RIR RISV 2= W R TBOm R AR B8 1 10 6e o PR IR I vl il & 1 (o
WK T EE. E—EN N, BT OiAR &G RN E . E N —ANFERR il 52
], B SRR S B AT B A 10mM 24N (pH 6) 5 DA 4 B0 1) 22 vh B H s B AR 18 17 A i 4
FIVEH o B8 SO (10mM ZFREM, pH 4. 4) FREFFBESE 0. 075mg/ml, J74E 37°C
T 30w L RMARFIHEL 0.3 g 12S/100 v g IR HIEG SR S5 2% ZFER G 2 /M. 2R
JEIBILAE 100°Cn# 3 43P k&b e Mo f#HEA TonPac AGI8 £r##+H] Dionex IonPac
AS18 ZpMTAE AT 73 Afr. LA 1. OmL/ 4384 S5 2 T7 55 30mM A AL — S Y, ¢ 4L 15 4>
Ble MAE 1.7 22 16. 0 448 /R (1930 [ P AR IR T s A4 ) 2 A2 [0 U 23 AT U1 B3 |l T2S 9 SRR T
IR IREE & o 24k S E RIS N AL mg B 5T, Hodr 1AM FRALE SRR/ N BN 14
JEER B R R, I HLAE E Bk FE aak A280 I & K& .

[0136] 7 —L&siji 5 2 7, 14 A A B AR A0 20 60 1) 95 R e D v, B il & 4- HR 2R
i 2 - BRER R AR IR R N R IR R R GH 4 HIIEDTERR (4-MUF) FI7K A& 1) 4-MUF 30 52 Skl
E AR BRI A B = AR ) B A 128 B A B E MR AR — LS 7 S, Wnd g R4 4-MUF
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I W B Y, AR B EL A 128 R A B B i A D &2 /D 2 2U0/mg4U/mg 6U/mg 8U/mg
10U/mg. 12U/mg 14U/mg+ 16U/mg. 18U/mg 5% 20U/mg. F—LE5Ljiti 5 %+, anidid ik 4h 4-MUF
I 0, AR ) A T2S HR E T B B VS PR AE 20 0-50U/mg ( B140, 29 0-40U/mg £
0-30U/mg+ %) 0-20U/mg+ %) 0-10U/mg+ %) 2-50U/mg %) 2-40U/mg~ %) 2-30U/mg~ %) 2-20U/mg-
#] 2-10U/mg+ %] 4-50U/mg %] 4-40U/mg- %] 4-30U/mg. %] 4-20U/mg- %] 4-10U/mg. %] 6-50U/
mg~#J 6-40U/mg. %] 6-30U/mg. %] 6-20U/mg %) 6-10U/mg) MIFEEEIN . T 3Chdefdt 7 HTgk
ATHRAN A-MUF 52 7~ 1 2 At o I8 150 R, 4-MUF U2 I 5 12S S5 0Kt 4— R 2R < T
FEORIRME (4-MUF-S0,) /KA BB IR IS AR SR A 96 H) 4— TR (4-MUF) IRE ). 122
BT FVE A ONTE 37T°CT 1 4380 A 1 9l EE JR 1K) 4-MUF-S0, % 48 il 4-MUF It 75 I g 1)
e EEEON, @i BA CREYER) 128 MR = A P A (MFU) /] H -7
A bR e R 42, 12l 2 T B FH SR B FRAE i R B 1

[0137] 3G 7R AN A4

[0138] 254 455 77 ik AL 2% A4 T R -0 FHAR 4 A% W B TREAL R 4 e 7= A= B4 12S 2R
o Blan, vT7E & MG B Mg s ek b= AR H Al 12S BR . fF—28SLhtiJ7 S, R
TERE A AR E A 12S R . £ LS TT R, fE R R RS IR, R sh = 2 ks 40
SRR IR AR E A 12S . B ST B, fEAL S R i 8 R SR A e AR
H12S TmH. WIARSTHATH, RIE“AL2E R0 i e 18 FRRE 7R RAe A L FTE 12 A%
Gy ORI FRHE . AE— USR5 73 i 8 B RS 77 AN B S >RIs 1) 414y ofi.
B MERIENEE R (i, AEAEMEERER ), LAHAMA 7. £ —2IER T, L2k
SIHE TR G —ME M E A (B, & AR AR E R T ) o fE— BN
T AR B E BB SRR B — PP Bl B B UK . AE FAM TS OL R, A RO e
VB SRR R AR R AT A R, B, A0S B B B K Y EOR FH S B 5 1)
T I iE B Rk

[0139] & —ULsiifs Jy 2, A0 22 o 1 I 85 8 38 m] A 78— Fh Bl 2 A s kIE 4 5y . X
FERI BRI ) 2H o B FE AN PR T BG4 138 « 5 198 1L =5 198 S B i 3d N 38 A I 38 Sk
FEREAEAmAEA (B, 4 miE A EAERA MG AEH ) .

[0140] KPP M8 77 5% A% T LU - RS = AL J 40 12S B, W E AR TR R 7%
W I A o RS TR A AR I SRR s 77 . AR — M sy 2, A 12S 2
VR SR AR ) o A e ST T S, B2 12S BRI N B A i AR Y

(01411 J {3 P 200 Pt 3555 77 2 RS 77 SR AR A0 S8 30 40 Hh b AT T ik . T = AR EE 4 12S R
EI ) 55 AR 7RG T AN A A AR S H R — B SS BR8N “ BT 77 A A SOFE N —2- B
B8 W B K 7 vE M H & 4 (Methods and Compositions for Producing Recombinant
Iduronate—2-Sulfatase) ” Il HIE HFEAT T HI8, BTk i i 5135 1 43 A F 8 2l il
I HFFAARS

[0142]  ZRIAWY 12S SREM4lifL

[0143]  ZMpT7iE AT T4k 553 BS AR A SR ) & Fh 7k 2 AR ) 12S R o fE 485K
T 7 S, SRR 12S B R oy i R R R B A, AT AT LA ane o B Bl e (o, /E A
AL SRR E PR ) LA A AR E R . B B AN, K SRR ) 12S TR A A e
FMMAIRT b FEARSE T A, ¥ RIE8 2 KB B i )78 =40 B 2 LAgEAT 4lidk . IR
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FLBNY1E 3 20 B A 2R A PT DASE S AR S 30 5 AR N 53 RNV 22 T7 0, LA ) FH 3 3 kg
AT HP PR ARE A0S 5y pH 2% A ) % R SR S B

[0144] W FR#E TV (BREEAR T EEE (), &2 ai. g et ]
~PHEFH i A R B A ) LB e SO E RIE M AREYURE ) BUE IS AT
il B RGO H T HE B AR AR (Z W, 6 40 Scopes, Protein Purification
Principles and Practice Zf 2 fix, Springer—Verlag, New York, 1987 ;Higgins, S.
J. F1 Hames, B.D. ( 4% %& ), Protein Expression:A Practical Approach, Oxford Univ
Press, 1999 ; fl Deutscher, M. P., Simon, M. 1., Abelson, J.N. ( 4#%5 ), Guide to Protein
Purification:Methods in Enzymology (Methods in Enzymology Series, Zf 182
%), Academic Press, 1997, ¥ frG 22 Gt Rhd@ it 5| FHHAAR ) 43 B AI4iifh 128 HH  XF
T B ARHL G 28 SR A it vk, nliE I R B S S T B S PO SE AR SR AT H 2 55, Frid 4t
(S22 DRTA g = ) rilura e B ol 5 Il = k= N1 O] B EB VI v A s N B I v
Bl anm R B AR ST R F P A 2 A AR B e Ik -S- H R &R T B b, DAE S
TR S SR AT Rl kA Gy 2l . mT DACEARART BT A [ B n k= e il 751, 451 4
IR HE LR S (PMSF) e IR 2 | 1B Wi 4 2% B Ik Bl DL ZE 4l Ak ok 7 mh sl 2D 50 B i ik 22 ik
B AR AR . 0h 75 AN DL S A afi A R IR 1) 22 IR BN AR 1SN, R 0 AR B B 1N
5] o

[0145]  JRBIPESAL 7 V24t T T B SERE R 4 o ANt TR T S H A —H
PRI bR A “ B 20 12S SR A AY4li4L (Purification of Recombinant I2S Protein) il
INF I R, TR I I R A T N A i 51 H IR S

[0146]  Z3WNeH & WAt

[0147] AT I ORI B 7 IR FRE SR ERE B Tt AL i L 4H 128 B . o0, mTas ik g
KR LN 7 B A I8 R BB R (B, £ 0 E 8 ) sikaifb i EA 12S 4.

[0148]  FE—LSjtE 77 S, Wl ad bk A ot 1 32 it P B A 128 B H i 25 4.
“.

(01491  F£— &5t J7 2 v, ek B N it ) 1) 52 308 it L 4 128 s & 2 dl &
Yo QAR SCH BT A, ARAE “ o3 At BB S e te EMEE (RIS BRI A S e )
W EVEST o AT & FhEOR, B FEHAN R T, ek B L A ) ik 2 v S o 2 o) s A 2 ol
S5 o AR BB 7, AR R A A B U PN i FH 7 BB PN R o i T S X B X 3
(1) TT Jit FH Blastak, ROEE TT i A Blisik o anA SR B, RS 0 X 480 B0 “ R X $8 1Y)
SEER RS DUNE (FEE) MEE 2 (X, AL i, AR L2-S1 X35,

[0150]  7E—ES 7 b, il B (R IR T 07 ) 1m) 52 4k 2 it =5 40 128 sifn &
MGG J9ib H I, AT A RV S S v i i) SRTT, F il it A i e e E
A& TR0, Bl e Gt B B (1, Inject-ease Ml Genject A E ) VM ARE (W0
GenPen') ; ToAH3EE (41, MediJector™Fl BioJector ™) s A R Fridik 25t .

[0151]  FE—S8sti 7 S b, RS P it 5 A i F A (@t SRk B VLN 1
B A IE R BOERE (Fln, £ IERE R ) —RMA .

[0152] AR EHEAR 767 A E A S A F E A 128 sit 5 i B4 12S FI 24594
G RIR VAR 2 e . vl e 3t A B 40 128 s & I ZMA G W), XIHR T 23R
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Rl (B, BRI AR ) AR ™ AR R . E— 2o sty S rh, wlE ) (9,
BE—BANNH K BLAH K B=AH 0 8WH — R (BRADNH—R), &
A CBAH ) Bk (R — ), B8R IR, B H - IREGESEL ) 4 1]
VRt AR IT A R0 B E A 125 s S K2 &1

[0153] ] FH AR B _E n] 4552 B B R sl AU R i LA 128 sl 5 L 25 AL 5 4 LAl 4%
ZMHE S . BAAERNGTTR A TR . Prad i Bizad & it AR

[0154] &G HIZy Y Er 2 BRI EAR T oK R (B, NaCl) «shoK . Z2nf
FK I H S S B AL AR R AR R R £ T MR BR KA S AN FLRE L LR T
oy BGE R BT G H S I R ECEL AR T B L R IR R VA R IR RGP I O Al
HE R TE P2 S 2T 4k 2K TR LA e i 55 S LA 5 0 I, IR 25 W 1750 5 870 (451
AN, T 7R 9 790 RS TR TR R FLA TR T R MRE A e ) L G2 ) A ) T R
AN/ BT EHYREE ) IR Frid B A 5 iE AL &0 AEAH S N BT Hee AT 1 i k. 78
BBt 5 SRR, A 3E S TR K A I P PR 7K TR A

[0155] A EEIS, ALE W 57a v] A B /> B i i 0 s LA R BR pH Z2 7). ST DL
TR S VB SR 771 R B 70 e S R T 70 B 711 38 T A P RS 45 75 AT
BRI H I =Pk 2 S ke AR o R AT DA S AR HE R A an 25 2 1) H S I 7L
TR R AR R R L 5 LR e B BERS B  £T 4 3R IR IR B 5

[0156] R4 [ B BURRE Py 45 4L 5 W B 24 5 B 11 s 1 1) AN SR T T 25 & . il A
BB Uy S, BT K A I P 4 S P R AR TE R S A K R PR TR b
I s 2853 T LGS 5 8 A )R Jo S PR AR 1) AR A v S P8 (2 ) g o ST, Bt B Al o)
ol LA 5 BRURE 7 TR 5 E kS, 49 0, 1 D o B i P 1 P 5 A 2 i 51 T 22 B /N A%
T AR IR TR 7R BSR4 A e i I FH 2L & W0, w5 R T 24 40K
KB TERE / K BBOR D TC PR a1 2 VRS T 2 S S, TSR — 22
TR P T TR 7K B ER 7K BASE AT Ji AT & B0 o

[0157] AR SCAR i Y, 32 B T AR R WY IR 25 AL 5 1 Hh B 55 R0 VR T 7R I S B E R
URITARCR”. I, IRIT A RCR R Lo 2 S RO A (BN, daar R A
TR/ BSCE AL A BORAE ) o B, YR 97 AR T DA A2 DL BT AR 7 A
/ BT RO B, 8 Gt A2 AR 1 5 Tl AR i 52 AR e AT R0 P ATV 7 S (1 3 AR AR
TR BRFCREAR (4, £ 17 5203 i FH A O B 0 2600 e b BT B “ BREARAAR” B4 i = ¥ 1
JRIAFAE R AR ) BB BRI, 17 /5 B 52l T i 770 (4, 2 47 Bl A
M) RS BR300 HOAFAE o SRR AR AR AL 35 32 i3 HRPIRZS 00 1A 7™ B — Je f e
ROU R PERI AR EE o R T e AT Al AR OGP 3K, AR ST 38 5 RN 30K RES 25 5 3
R 3T A OGR . eAh, W] AR UK B LR 0 5 T 25 A AR B

[0158] i H #E AT B4 2 A BTN R 45 24 5 S R VR T B R e TR TR RE VA
JrVEER AL I A AR (A B s 2577 SR A I8 24 A2 77 & ) ) A Bk 1 i P 3
P BT 5B AR H AT ARG o R, X TR e BB i B a 7 A 20 (A
/ BT B ) Al BT 2 R AR, B VR ST IR RURAE (7™ AR EE 5 A A
RLGFNHRENE AL B BARH G Y (B AR R — R FOR I Ak ) AP 5 P i
1] it 3@ AR AN/ BA P R 5 il 15 2 1 PR R B VR IR FRp RN ] s AR AE R 27
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QI 2 RN AR 2R

(01591 3 A () 7= A5 41 24 W 26 & W R it L 7 V408 T b 8 9 “ B T 3R R -2 TR R TR
M [ ONS 38 35 1 T VE A H &%) (Methods and Compositions for CNS Deliv ery of
Iduronate—2-Sulfatase) ” #] PCT A4 W02011/163649 ; F1 2012 4£ 3 H 30 H #2328 B b5 il
Ry« RERE TR 2 TRERIEEER RO X R (Subcutaneous administ ration of iduronate
2sulfatase) ” [ IS & P 515 61/618, 638, K 1X P # 1) A 8 0 1 N 283l ok 51 FH I N A
o

[0160] ]S4t — D ERAE, X TARATHRE 8 1 320, B AR U8 A A 75 SR it FH B2t B g 5
ARIT VR it FH RN F b 4 B >R e i T 0 8 B AR 07 22, I HA ST b i R B 14 751 3
DRI K 5T HL G 8 BR g A% R W 11 00 ] B S e o

SLHe {51

01611  sjfsl] 1. JL3eIAE 4 12S M FGE B AL 40 i S 1 P2 2k

[0162] S5 24450 38 B AT F 17 AR B4 12S K A R 3L R IA B 40 125 Al FGE K7 9 £
MACHIANIE R o X T A ST AR N GRS AR B ) A2 1 22 B AR v RIE B 7 B R R 2
AERTFI

[0163]  NZCAEBER 2- BREREEHE (12S) M # R sl 2 525 MR, KA
K PR 0 RN B JE A T DA AT I () 380 , b S AL D R & I R R e (]
D). EMILshAlt, 12S BN R iRk a: (BRI, fEZR LR 59 1) i st H
AR i (FGE) Wb N B H W2 . 12S B AE TR 5P 1021 ok 22 82 2 P H- = RR 1)
AR NRREE R TS R AP i — N EZE DR, AL R H 1 TR IR 128
F1FGE M me A N4 i 5 DA T P= 2B s R B 4 128,

[0164] & 2 284530 B 7 ¥ % F T 3L 363 12S I FGE MMy sk it foildm, 12S i
FGE [ B v DAL T~ BBl R B4, I L m] R Y sl s o e OB B804k (18] 2A) « B
F, 12S A FGE Bk Bz n] A T A —#ifk (& 2B) . fE—MECE H, 12S A FGE 1 LAfE
FRTE] AR AR L, (B BT 5 B 4 R, O B s 7 (B 2B(1)) o B, 12S
A1 FGE 7] LAV NG &R S 7, B, 12S F1 FGE #1539 M 7] 3 3 4 T i — A
TR EEHE (B 2B(2)) o @HIEOL T, W EAZBERBEAANL 22 (IRES) #1% 1HR V(5 /8 RNA
[RIARE T IR B B G (B 2B(2)) .

(01651 ¥ A4 & TREAL LEZRIE B A SEQ 1D NO 2 FR B RIEEBR 5N 12S R H
FEA SEQ 1D NO :6 H B R E LR 7 51 1IN F I H 2 B A g (FGE) -

[0166]  SEQ ID NO :2

[0167]  >2K AT —2- BRER TR A

[0168]  MPPPRTGRGLLWLGLVLSSVCVALGSETQANSTTDALNVLLIIVDDLRPSLGCYGDKLVRSPNIDQLAS
HSLLFQNAFAQQAVCAPSRVSFLTGRRPDTTRLYDENSYWRVHAGNFSTIPQYFKENGYVTMSVGKVFHPGISSNHT
DDSPYSWSFPPYHPSSEKYENTKTCRGPDGELHANLLCPVDVLDVPEGTLPDKQSTEQATQLLEKMKTSASPFFLAV
GYHKPHIPFRYPKEFQKLYPLENITLAPDPEVPDGLPPVAYNPWMDIRQREDVQALNISVPYGPTPVDFQRKIRQSY
FASVSYLDTQVGRLLSALDDLQLANSTI IAFTSDHGWALGEHGEWAKYSNFDVATHVPLIFYVPGRTASLPEAGEKL
FPYLDPFDSASQLMEPGRQSMDLVELVSLFPTLAGLAGLQVPPRCPVPSFHVELCREGKNLLKHFRFRDLEEDPYLP
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GNPRELIAYSQYPRPSDIPQWNSDKPSLKDIKIMGYSIRTIDYRYTVWVGFNPDEFLANFSDIHAGELYFVDSDPLQ
DHNMYNDSQGGDLFQLLMP

[0169]  SEQ ID NO :6

[0170] 4K A FGE HijfAk -

[0171]  MAAPALGLVCGRCPELGLVLLLLLLSLLCGAAGSQEAGTGAGAGSLAGSCGCGTPQRPGAHGSSAAAHR
YSREANAPGPVPGERQLAHSKMVPTPAGVFTMGTDDPQIKQDGEAPARRVT IDAFYMDAYEVSNTEFEKFVNSTGYL
TEAEKFGDSFVFEGMLSEQVKTNIQQAVAAAPWWLPVKGANWRHPEGPDSTILHRPDHPVLHVSWNDAVAYCTWAGK
RLPTEAEWEYSCRGGLHNRLFPWGNKLQPKGQHYANIWQGEFPVINTGEDGFQGTAPVDAFPPNGYGLYNIVGNAWE
WTSDWWTVHHSVEETLNPKGPPSGKDRVKKGGS YMCHRSYCYRYRCAARSQNTPDSSASNLGFRCAADRLPTMD
[0172] R 7KK 12S H4HAE AR, F9mi B A SEQ ID NO =2 s B2 R 7 41 1 128
EAMEEFRACHIAZIER % (SEQ 1D NO. 7) AZwA% SEQ 1D NO. 6 H &7~ N FGE B H1#%
FRIE5 (SEQ 1D NO. 8) a7 Hh i YL 4 i .

[0173]  SEQ ID NO :7

[0174] > NEM AL AL NS —2- TRERBSEE (IDS) #5548 4A 1. mRNA

[0175]  ATGCCCCCGCCCCGCACCGGCCGCGGCCTGCTGTGGCTGGGCCTGGTGCTGAGCAGCGTGTGCGTGGCC
CTGGGCAGCGAGACCCAGGCCAACAGCACCACCGACGCCCTGAACGTGCTGCTGATCATCGTGGACGACCTGCGCCC
CAGCCTGGGCTGCTACGGCGACAAGCTGGTGCGCAGCCCCAACATCGACCAGCTGGCCAGCCACAGCCTGCTGTTCC
AGAACGCCTTCGCCCAGCAGGCCGTGTGCGCCCCCAGCCGCGTGAGCTTCCTGACCGGCCGCCGCCCCGACACCACC
CGCCTGTACGACTTCAACAGCTACTGGCGCGTGCACGCCGGCAACTTCAGCACCATCCCCCAGTACTTCAAGGAGAA
CGGCTACGTGACCATGAGCGTGGGCAAGGTGTTCCACCCCGGCATCAGCAGCAACCACACCGACGACAGCCCCTACA
GCTGGAGCTTCCCCCCCTACCACCCCAGCAGCGAGAAGTACGAGAACACCAAGACCTGCCGCGGCCCCGACGGCGAG
CTGCACGCCAACCTGCTGTGCCCCGTGGACGTGCTGGACGTGCCCGAGGGCACCCTGCCCGACAAGCAGAGCACCGA
GCAGGCCATCCAGCTGCTGGAGAAGATGAAGACCAGCGCCAGCCCCTTCTTCCTGGCCGTGGGCTACCACAAGCCCC
ACATCCCCTTCCGCTACCCCAAGGAGTTCCAGAAGCTGTACCCCCTGGAGAACATCACCCTGGCCCCCGACCCCGAG
GTGCCCGACGGCCTGCCCCCCGTGGCCTACAACCCCTGGATGGACATCCGCCAGCGCGAGGACGTGCAGGCCCTGAA
CATCAGCGTGCCCTACGGCCCCATCCCCGTGGACTTCCAGCGCAAGATCCGCCAGAGCTACTTCGCCAGCGTGAGCT
ACCTGGACACCCAGGTGGGCCGCCTGCTGAGCGCCCTGGACGACCTGCAGCTGGCCAACAGCACCATCATCGCCTTC
ACCAGCGACCACGGCTGGGCCCTGGGCCAGCACGGCGAGTGGGCCAAGTACAGCAACTTCGACGTGGCCACCCACGT
GCCCCTGATCTTCTACGTGCCCGGCCGCACCGCCAGCCTGCCCGAGGCCGGCGAGAAGCTGTTCCCCTACCTGGACC
CCTTCGACAGCGCCAGCCAGCTGATGGAGCCCGGCCGCCAGAGCATGGACCTGGTGGAGCTGGTGAGCCTGTTCCCC
ACCCTGGCCGGCCTGGCCGGCCTGCAGGTGCCCCCCCGCTGCCCCGTGCCCAGCTTCCACGTGGAGCTGTGCCGCGA
GGGCAAGAACCTGCTGAAGCACTTCCGCTTCCGCGACCTGGAGGAGGACCCCTACCTGCCCGGCAACCCCCGCGAGC
TGATCGCCTACAGCCAGTACCCCCGCCCCAGCGACATCCCCCAGTGGAACAGCGACAAGCCCAGCCTGAAGGACATC
AAGATCATGGGCTACAGCATCCGCACCATCGACTACCGCTACACCGTGTGGGTGGGCTTCAACCCCGACGAGTTCCT
GGCCAACTTCAGCGACATCCACGCCGGCGAGCTGTACTTCGTGGACAGCGACCCCCTGCAGGACCACAACATGTACA
ACGACAGCCAGGGCGGCGACCTGTTCCAGCTGCTGATGCCCTAG

[0176]  SEQ ID NO :8

[0177] > N&KHAE B H 2 R A B (FGE) , mRNA

[0178]  ATGGCTGCGCCCGCACTAGGGCTGGTGTGTGGACGTTGCCCTGAGCTGGGTCTCGTCCTCTTGCTGCTG
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CTGCTCTCGCTGCTGTGTGGAGCGGCAGGGAGCCAGGAGGCCGGGACCGGTGCGGGCGCGGGGTCCCTTGCGGGTTC
TTGCGGCTGCGGCACGCCCCAGCGGCCTGGCGCCCATGGCAGTTCGGCAGCCGCTCACCGATACTCGCGGGAGGCTA
ACGCTCCGGGCCCCGTACCCGGAGAGCGGCAACTCGCGCACTCAAAGATGGTCCCCATCCCTGCTGGAGTATTTACA
ATGGGCACAGATGATCCTCAGATAAAGCAGGATGGGGAAGCACCTGCGAGGAGAGTTACTATTGATGCCTTTTACAT
GGATGCCTATGAAGTCAGTAATACTGAATTTGAGAAGTTTGTGAACTCAACTGGCTATTTGACAGAGGCTGAGAAGT
TTGGCGACTCCTTTGTCTTTGAAGGCATGTTGAGTGAGCAAGTGAAGACCAATATTCAACAGGCAGTTGCAGCTGCT
CCCTGGTGGTTACCTGTGAAAGGCGCTAACTGGAGACACCCAGAAGGGCCTGACTCTACTATTCTGCACAGGCCGGA
TCATCCAGTTCTCCATGTGTCCTGGAATGATGCGGTTGCCTACTGCACTTGGGCAGGGAAGCGGCTGCCCACGGAAG
CTGAGTGGGAATACAGCTGTCGAGGAGGC CTGCATAATAGACTTTTCCCCTGGGGCAACAAACTGCAGCCCAAAGG
CCAGCATTATGCCAACATTTGGCAGGGCGAGTTTCCGGTGACCAACACTGGTGAGGATGGCTTCCAAGGAACTGCGC
CTGTTGATGCCTTCCCTCCCAATGGTTATGGCTTATACAACATAGTGGGGAACGCATGGGAATGGACTTCAGACTGG
TGGACTGTTCATCATTCTGTTGAAGAAACGCTTAACCCAAAAGGTCCCCCTTCTGGGAAAGACCGAGTGAAGAAAGG
TGGATCCTACATGTGCCATAGGTCTTATTGTTACAGGTATCGCTGTGCTGCTCGGAGCCAGAACACACCTGATAGCT
CTGCTTCGAATCTGGGATTCCGCTGTGCAGCCGACCGCCTGCCCACCATGGACTGA

[01791  EIE N CMV J& 3151 12S F1 FGE 4mbd %R /7 51 . 12S mRNA [FIHEH1EFEL 550 P&
R4 125 & (SEQ 1D NO :2) W& R, Frid 8 H A F 25 MR IE T K. BrZ:
55 K, FE H NGB 23 W v

[0180] K44 ¥ 5 R AR A2 I (neo) ZwbD)T A / B ARFIE & S(Blasticidin S)
Jii 2zt (BSD) ik PR FH TS 15 5 % 40 ) A FH BT 5 2= S5 DA G418 N1/ Bl A B 2 e 3 %
P40, hAh, 7E 12S F1 / 5% FGE gmbd E 4k A% FH /N B S IRk i (DHFR) JE A DA fe
T FE RS (MTX) ek 7 B A& B I it 4% LAY 12S A1 / B FGE w7 31 40 5
[0181]  Z3ES/=A 12S MIAHAL, HATHLZ & Y B 25903 86K 7 o LA 18 hn i % DUE 7%
Juip) 12S A1/ 8¢ FGE LR I4H . @it ELISA 347 12S e & .

[0182] AN HELE F&UERS (MTX) R4 JJ5 4 s e 5 DAL o B8 A G N1 128 A2 7= R (1 4
fi. 7E MTX e IAE T ELISA W% 12S i r=%,

[0183] & Z Y M), B G @I AL E 10 % /N4 I3 ) DMEM 38 45082 42 G 17 i AL
SR E I RE IR IR AT LA AR 128 M s FELE R MG G 7R B h & BT R R IE B, @it
A PR RE s B ST LA SR S P AR . BT T2S Wi iG E 2 F0 ELTSA JRiik vk . A2
SE LI 2D A1 4D Son s B 2 EL TS S0 128 ismah s, 3 Bk B Tt — 2 k.
[0184]  sIZjitiffl] 2. Fhgeik 12S I FGE [F4 5 40 i 2 (13 F A

[0185]  WHATAIAMA LG LARAEILZRIE 12S F1 FGE [P AN4H i & 2D A1 4D,

[o186]  Lhi&tE

[0187] VP4 12S BEMIEE—LLiG i . {3 FH 25T 28 611 4-MUF 052 73 #1 A 2D A 4D 41 i & 77
AR 128 BERG LU ME . 6 5 22, %M E & T 12S JEY) 4- F - R JL 6 FR R (4-MUF-S0,)
[RI7Kfif o 1E 4-MUF-SO I 12S YIS, 125 F 9 e A0 BB B 6 A1 R S8 8 G i) 4— FR
DIEHE (A-MUF) o AEREE IR, 125 B d PR v DLk VP4 B8 B (8] 126 Y605 -5 I 3R A0 R U
JE o NPT ANSLES, A 12S-AF 2D F1 4D N4 2 7= A i afifb i) 12S figl5 4- H 2L IR i 2t
WilRhs (4-MUF-S0,) 2Fh (Sigma H3E5 M-7133) & . £ LL 1:100.1:200 A1 1:20, 000
1) JER VR R TR T D T 4517 128 g, R — R A RE S HEAE L dh AT e e v . 7E 37°CIg AT
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B i , HEAE A HE D e T BEAT I E o A8 X TR S B AR USRI 126 E, A T HIA

N e 57 R2EH 7L -
[0188]

B b K HALE AR £ (N =3)
T ¥ KA

[0189]  B#JE A N AIA RN B 7 b OV A T B A — AR S I3 %O, DU &

DL mU/mL &7 A4 o Bl 3 12

[0190]

'.}f';: ('V = .\' ]00”’0

f'|£qu$‘nfr:_.-’f_]f 1L “’Z.IlmL"” 18 Y 1mU )

mU /mL = (CFU) -
L 10FU  N10°mL ) 0.01mL )\ 605-4% )\ &4 & %)

[0191]  CFU =B IEFI5

[0192]  DF - F&Re[A1

[0193] 1 ZHL7AETERLE 37°CT 1 20 Bh N 1 9BE R 1V A— HR B T Il B 1 2 I i b
N A FIE T B 7 R &

[0194]  HELH 2R E 77 L

(01951  JkPEE v B TH05E FGly #4b Earth. 128 ihfb 75 BhEad L H & i A sl (FGE)
BT ERR (N RN 128 AL E 59) 2 W HZ BRI EAL, 0 F S BoR 1)
[0196]

{HO)
HS.

(DF)

J

M

()
o
\.,p

Xxx X xxCy s X ProXxx Arg X xx X xx > XX PG X o ProXex Arg XX xx

{Ser} {Ala) | i 5\15’;& (Al
(01971 DA, L H 2R 70 b (% FG) W RAEA] R 21 A5 -
[0198]

EH12S 5T 62 H

%FG (Ds#y) = x100
B GER+RIER) 1252 T84 H

[0199] i, 50% FG &fs —Faliftb I E 4 12S ol G 1 m BEA a7 2R

[0200]  JKPEE A TIH5 % FG. 1815 2, A B e (4o, Ji 2 B BB 2 I ) f 4
12S ZEVHALRREE K. (] HPLC 4r B FIRAEFERL . AL &% N F BN 128 AL E 59
(RS2 B AR Ik DA S AR A Tt R (2, T FGLy #5461 12S B B A 100% FGly 4L 1K)
12S E ) 1B 59 I Cys S S A FGLy . ] T 87 (4 W T AR 5 40,2 FGLy ik
i (A NF3EME 12S 2 FRIEE ) F1LEA FGly F1 Cys MIRKA S & (XN T A 12S 48
THEH ), I E % FG I LLE,

[0201]  FGly AL H 7 bb 5 beis otk 2 18] (R AR O 1

[0202]  FGly %A 7 Lo 5 beis o 2 (Al s i A O s T B 3 He e nm] LA B, %44
P2 B B = A b R R e e 5 35 = Y 128 BgE

[0203]  ERHEEE
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[0204] 52 HI 400 & 2D AN 4D P2 A B A 12S BRI BB . B & T as et
PEVRIAT RAEA R e . W RATA, fE XS N =4 B 4L 12S 1 FmE B0 -t A
g FHE 2H 5, A i 38 1 R 1) B ey (22 2 50 0 R T 9 A T AR VR TR R H B BE -6 IR
PERI = A2 ) Pl 185 2, A8 4 5 x4 38R0 A TG i 40 M 855 97 538 (12S-AF 2D .
I35 A1 12S-AF 4D JC Iy ) sRAF I 4ifb i F 20 12S F= B S R E A 125 - (1) i 4
WA A (725 SRS E (Arthrobacter Ureafaciens) (10mU/ n L), Roche
Biochemical (Indianapolis, IN), H %5 269611 (1U/100 u L)) DA F=MER R E Y, (2)
T 37+ 1°C WS R B Ab 22 2 /N DL S8 B OH R bl —6— BEIRIR B, (3) WP mig e +
AR MRME, (4) oAb . {F A% Dionex CarboPac PAl {#F7'# 1) CarboPac PA1 43
AT AE, I8 Rk 22 85480 (HPAE-PAD) F4) w5 250 B 38 38 e i vk e A A — P g 1 o X
TR E, BT — RHICE 0. 4 2 2. 0 GBS R ¥ 3E [ P () M B A H 2 0 —6— B R A vt o
TEPRIEAE IR FE TR 3 FHAE 100mM S 5840 8 1 48mM ZBREAII AR E 7732 A 1. OmL/ 3% i
HWIEAT AR 16 78, DLBe i fs Mg B WA RIE AT P2 AR 1 12S-AF FIZ R 12S B
(IR 2 2 A R A B R R n MR A A R EE . wEl 4 RoR, 8
LEAHAE 2 2D F1 4D F=AE I 12S 17 51 14 SO IS S5 /s A4 e rp M B SO0 YR R A B PR A
YR R A ANV B (PP TR A AN g P H B —6- TR ) L DU MRV IR AL AR A (XU R
AR 3t o () H B2 b —6- BEIR ) DAL RS IR A I BE AR e Mg (3B BT )

[0205]  SEZjtiffl] 3. JCIMTE EVrgu s o5

[0206] A S 5] S i~ K RARE TG I V75 2V 1% 78 ] M T ROSR 1% R I AR AL I 41 i &R DA~ AR
74 12S.

[0207]  TCIE BIFAMMETRE RR

[0208] A& 2, {FFH SZitifs 1 f4 2D B 4D 4 R @SR PR IR . KAl 25 A 4h
787 MTX( LLHFIREE ) BITC MG 2 5 o3 i 8 4 38 155 72 25 1) 250mL ZH 2R 85 72 820+, F
BRER N IR T & pHT. 3 HAE 37°C 5% CO, FAEKHUR . TEREFRYNIE B2 0 X 40 g % B v
JJa, BAIEM R T/ — RVE DA REE T2 1 00 56— P 7E 500mL 2 2385
FERRIE R, B SR M T 1L B R .

[0209]  JEIEMEE—A IL FEEFEDEF£ 2] 10L Cellbag bioreactor® (Wave Europe),Jf
ISINY R REFRFR AT R F2 Y 1S o FEIA B R0 40 M2 B 5, IR 3 I B R 0, 9F
A K Z B HE L 10L Cellbag # 4% Wave bioreactor® %4t (Wave Europe),
FEOUE B TR 5 A SR VAR IR S R A VR I 2 A R AR . Ik i AR K E IR 2L, FRURERRE
i AHEAT pH A R e 5 R 1 A 0 i FLIR 3R . pCOL I b 70 T80 I B 1) 28 2R AR 4
Yoo

[0210]  7EI&F| L0 M2 IS, A 101 40 MRS 27 28 A & e (R 9 1 3 55
B[ 501 Wave Cellbag bioreactor®, Jf:ffiff] Wave bioreactor® R Ziffi A K 2 L5 (1
Y2

[0211]  Bf G A 200L f— A9 s o o A g iy 25 B ( Centritech® CELL 11 H
fiI, Pneumatic Scale Corporation) BEATHHMIY 3, B i 2 B 4l T H SRV i 240 B RN ¥ 7 1
FRIE, DATEREEAN S FI 4N R 55 77 1 RE AR 3R o FH SOL B5 =) — S r e M B B 92 0 (O

32
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B2 pH 7.10) , A HAK S EWIIAHIE .

[0212]  B# 5, K 2000 $5 320 — 0 70 FH T HEMPAE AR = 55 97 28 (A% % pH 7. 20)
(1) 2000L — IR PEAEY) IR N 28 ATES OALEEESE B ( Centritech® CELL 11 B4, Pneumatic
Scale Corporation) H. fFAMIIE D AEKZM FAEK. AN 2 RINAEKE, WEEKAF
CARFATIE SR, B2 2RI . A Ae e A KR N AR K RES: 24 /NI Rk 30
[0213]  XF T4/ 280, 8 2 4> Centritech CELL IT Bify. fEITIERHFGRIEZ) 24 /N FF
GRAE P, I ELE Ik 1 7 O R R 4 RS EE (1 (]

[0214]  EARASCHER P FE LA AW LG WA J7 v O 2 R E 6 S it 77 22 AT 45 2 I 4
A, AH T B St AN A T B AR R B B A S, I B G o AT R A

[0215] QAR SCAE i B 5 A BRI 2 3R 5 F A A B et 1] “ — A (a) 7 AT —Fp (an) 7, BRAE
TE MRS A, 5 W N AZ s B o a5 R EEAN R R . R — D A i
Z I ELHE “BE T AR LR B W, AR - R —A 2 T — B H R AR B
KA EGEE DL e S 45 € 72 b BOS FEAH O, IR A 2 A 1 s BrAEYe 7~ A I B DL
BTN BRSO R AL, A B R FE X S T & A R A ) R — AR A
EHR A BE UL NS4 i i BOd B AR REXRE STty £ - =
o 22 T — AN B B2 R A AE R B DA T 5 45 e 1 il B AR AH OC . T HL,
EAZ B, AR B 55 oK H — 2k B2 25 B 41 H BRI 2R BT A B AR 8 2 6 DL S HES, Horp
— Pl 2 Fh PRI ToER L S A P R T S AR I A (R B A AOR R (B A R A R
HERRER ) 95 N2 75— BRI LR, BrAE LA E 77 2038 H 8 B AR 6 T AR itk ds AR
N UK BB P JE B A — 3. Mon R DISIRIE X EI (F1U1, /£ Markush 4 E#H
FAAIE ) B, BOZERAE, BT IR 02 AN WA T, I HATA] 705 v] LA BTk 28 M
Bro NOZPEME, — IS, A K B0 AR W B 328 T7 T, 48 AL FE R € I J0 2 VRHIE
SEI S A2 AR e B B A R B (1) 7 THD (%) 2 S S it 7 58 PR X B8 0 3R L R AE S A R Bl R AN el
M. R 7%, AR SO FE BRI TE H A i 22 B3R B A R AR e S T 58 . 3k
N AZ B AR, AR BH BT ART S it 77 58 B3 7 TH AT LA BA i i A BT iR BRI 22 SR HEBR, Jo il Frids
AR HEGR A2 S EA UL B BUAR « AR5 F I H AR IR © 2560k, 7 #hik
A BRI 5t DL RS AR OC T L S e ) FL B A0, AR 51 HEA AL
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[0001]

[0002]

<110>

<120>
<130>

<150>
<151>

<160>
170>
210>
211>
212>
213>
<400>
Ser Glu
1

Ile Ile

Leu Val

Phe Gln
50

Ser Phe
65

Asn Ser

Tyr Phe

His Pro

Ser Phe

C2IES

Fefl/R X,
Me 43N

FI T A T 2 SRR -2 T R i A 14 4
2006685-0340

61/666, 719
2012-06-29

8

PatentIn 3.5/t
1

bhZh

PRT

=PN

1

Thr Gln Ala Asn Ser Thr Thr Asp Ala

Val Asp Asp Leu Arg Pro Ser Leu Gly
20 25

Arg Ser Pro Asn Ile Asp Gln Leu Ala
35 40

Asn Ala Phe Ala Gln Gln Ala Val Cys
55

Leu Thr Gly Arg Arg Pro Asp Thr Thr
70 75

Tyr Trp Arg Val His Ala Gly Asn Phe

Lys Glu Asn Gly Tyr Val Thr Met Ser
100 105

Gly Ile Ser Ser Asn His Thr Asp Asp
115 120

Pro Pro Tyr His Pro Ser Ser Glu Lys

34

Leu

Cys

Ser

Ala

60

Arg

Ser

Val

Ser

Tyr

Asn

Tyr

His

Pro

L.eu

Thr

Gly

Pro

175

Glu

Val

Gly

30

Ser

Ser

Tyr

Ile

Lys

110

Tyr

Asn

Leu

15

Asp

Leu

Arg

Asp

Pro

Val

Ser

Thr

Leu

Lys

Leu

Val

Phe

80

Gln

Phe

Trp

Lys
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[0003]

Thr

145

Val

Thr

Pro

Tyr

Ala

225

Pro

Ser

Gln

L.eu

Ala

305

Ala

Tyr

Phe

Asp

Glu

Phe

Pro

210

Pro

Trp

Val

Ser

Leu

290

Phe

Lys

Val

Pro

Arg

Val

Gln

Phe

195

Lys

Asp

Met

Pro

Tyr

975

Ser

Thr

Tyr

Pro

Tyr

Gly

Leu

Ala

180

Leu

Glu

Pro

Asp

Tyr

260

Phe

Ala

Ser

Ser

Gly

340

Leu

Pro

Asp

165

Ile

Ala

Phe

Glu

Ile

245

Gly

Ala

Leu

Asp

Asn

325

Arg

Asp

Asp

150

Val

Gln

Val

Gln

Val

230

Arg

Pro

Ser

Asp

His

310

Phe

Thr

Pro

Pro

Leu

Gly T

Lys

Z158

Pro

Gln

Ile

Val

Asp

295

Gly

Asp

Ala

Phe

Glu

Glu

Leu

[yr

200

Leu

Asp

Arg

Pro

Ser

280

Leu

Trp

Val

Ser

Asp

Leu

Gly

Glu

185

His

Tyr

Gly

Glu

Val

265

Tyr

Gln

Ala

Ala

Leu

345

Ser

35

His

Thr
170

Lys

Pro

Leu

Asp

250

Asp

Leu

Leu

Leu

Thr

330

Pro

Ala

Ala
155

Leu

s Met

Pro

Leu

Pro

235

Val

Phe

Asp

Ala

Gly

315

His

Glu

Ser

140

Asn

Pro

Lys

His

Glu

220

Pro

Gln

Gln

Thr

Asn

300

Glu

Val

Ala

Gln

Leu

Asp

Thr

205

Asn

Val

Ala

Arg

Gln

285

Ser

His

Pro

Gly

Leu

Leu

Lys

Ser

190

Pro

Ile

Ala

Leu

Lys

270

Val

Thr

Gly

Leu

Glu

350

Met

Cys

Gln

175

Ala

Phe

Thr

Tyr

Asn

255

[le

Gly

[le

Glu

[le

335

Lys

Glu

Pro

160

Ser

Ser

Arg

Leu

Asn

240

Ile

Arg

Arg

Ile

Trp

320

Phe

Leu

Pro
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[0004]

Gly

Leu

385

Ser

Phe

Arg

Gln

Tyr

465

Asn

Leu

Asp

Arg

370

Ala

Phe

Arg

Glu

Trp

450

Ser

Pro

Tyr

Ser

<210>
L2113
212>
<213>

<400>

2
5
P

355

Gln

Gly

His

Phe

Leu

435

Asn

Ile

Asp

Phe

Gln
515

50
RT

BA

2

Ser

Leu

Val

Arg

420

Ile

Ser

Arg

Glu

Val

500

Gly

Met Pro Pro Pro

1

Leu Ser Ser Val

20

Met

Ala

Glu

405

Asp

Ala

Asp

Thr

Phe

485

Asp

9

Asp

Gly

390

Leu

Leu

Tyr S

Lys

[le

470

Leu

Ser

Asp

Leu

375

Leu

Cys

Glu

Pro

455

Asp

Ala

Asp

Leu

360

Val Glu

Gln Val

Arg Glu

Glu Asp
42

Gln Tyr
440

Ser Leu

Tyr Arg

Asn Phe

Pro Leu

505

Phe Gln
520

Leu

Pro

Gly

410

Pro

Pro

Lys

Tyr

Ser

490

Gln

Val

Pro
395

Lys

Tyr

Arg

Asp

Thr

475

Asp

Leu

Ser

380

Arg

Asn

Leu

Pro

Ile

460

Val

[le

His

Met

Cys

Leu

Pro

Ser

445

Lys

Trp

His

Asn

Pro
525

Phe

Pro

Leu

Gly

430

Asp

Ile

Val

Ala

Met
510

Pro
Val
Lys
415
Asn
Ile
Met
Gly
Gly

495

Tyr

15

Thr

Pro

400

His

Pro

Pro

Gly

Phe

480

Glu

Asn

Arg Thr Gly Arg Gly Leu Leu Trp Leu Gly Leu Val
5 10

Cys Val Ala Leu Gly Ser Glu Thr Gln Ala Asn Ser

25

36

30
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[0005]

Thr

Pro

Asp

Gln

Pro

Ala

Val

His

145

Ser

Glu

Glu

Leu

Tyr

225

Leu

Thr

Ser

50

Gln

Ala

Asp

Gly

Thr

130

Thr

Ser

Leu

Gly

Glu

210

His

Tyr

Asp

35

Leu

Leu

Val

Thr

Asn

115

Met

Asp

Glu

His

Thr

195

Lys

Lys

Pro

Ala

Gly

Ala

Cys

Thr

100

Phe

Ser

Asp

Ala

180

Leu

Met

Pro

Leu

Leu

Ser

Ala

85

Arg

Ser

Val

Ser

Tyr

165

Asn

Pro

Lys

His

Glu
245

Asn

Pro S

Leu

Thr

Gly

Pro

150

Glu

Leu

Asp

Thr

Ile

230

Asn

Val Leu Leu Ile

Gly
55

Ser

ik o

Ile

Lys

135

Tyr

Asn

Leu

Lys

Ser

215

Pro

[le

40
Asp

Leu

Arg

Asp

Pro

120

Val

Ser

Thr

Cys

Gln

200

Ala

Phe

Thr

Lys

Leu

Val

Phe

105

Gln

Phe

Trp

Lys

Pro

185

Ser

Ser

Arg

Leu

37

Leu

Phe

Ser

90

Asn

Tyr

His

Ser

Thr

170

Val

Thr

Pro

Tyr

Ala
250

[le

Val

Gln

Phe

Ser

Phe

Pro

Phe

155

Cys

Asp

Glu

Phe

Pro

235

Pro

Val
Arg

60

Asn

Tyr
Lys
Gly
140
Pro
Arg
Val
Gln
Phe
220

Lys

Asp

Asp
45

Ser

Ala

Thr

Trp

Glu

125

Ile

Pro

Gly

Leu

Ala

205

Leu

Glu

Pro

Pro

Phe

Gly

Arg

110

Asn

Tyt

Pro

Asp

190

Ile

Ala

Phe

Glu

Leu

Asn

Ala

Arg

95

Val

His

Asp

175

Val

Gln

Val

Gln

Val
255

Arg

Ile

Gln

Arg

His

Tyr

~ Asn

Pro

160

Gly

Pro

Leu

Gly

Lys

240

Pro
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[0006]

Asp

Arg

Pro

=

305

Leu

Trp

Val

Ser

Asp

385

Val

Gln

Arg

Glu

Gln
465

Ser ’

Gly

Glu

Val

290

Gln

Ala

Ala

Leu

370

Ser

Glu

Val

Glu

Asp

450

Tyr

Leu
Asp
275
Asp
Leu
Leu
Leu
Thr
355
Pro
Ala
Leu
Pro
Gly
435

Pro

Pro

Pro

260

Val

Phe

Asp

Ala

Gly

340

His

Glu

Ser

Val

Pro

420

Lys

Tyr

Arg

Pro

Gln

Gln

Thr

Asn

325

Glu

Val

Ala

Gln

Ser

405

Arg

Asn

Leu

Pro

Val

Ala

Gln
310
Ser

His

Pro

Leu
390

LLeu

Leu

Pro

Ser
470

Ala Tyr Asn

Leu

Lys

295

Val

Thr

Gly

[.eu

Glu

375

Met

Phe

5 Pro

Leu

Gly
455

Asp

Asn
280
Ile
Gly
Ile
Glu
[le
360
Lys
Glu
Pro
Val
Lys
440

Asn

[le

265

Ile

Arg

Arg

Ile

Trp
345

Phe T

Leu

Pro

Thr

Pro

425

His

Pro

Pro

38

Bto T

Ser

Gln

Leu

Ala

330

Ala

I'yr

Phe

Gly

Leu

410

Ser

Phe

Arg

Gln

Val

Ser

Lys

Val

Pro

Arg

395

Ala

Phe

Arg

Glu

Trp
475

Met

Pro

Tyr

300

Ser

Thr

Tyr

Pro

Tyr

380

Gln

Gly

His

Phe

460

Asn

Asp
Tyr
285
Phe
Ala
Ser
Ser
Gly
365
Leu
Ser
LLeu
Val
Arg
445

Ile

Ser

[le

270

Gly

Ala

Leu

Asp

Asn

350

Arg

Asp

Met

Ala

Glu

430

Asp

Ala

Asp

Arg

Pro

Ser

Asp

His

335

Phe

Thr

Pro

Asp

Gly

415

Leu

Leu

Tyr

Lys

Gln

Ile

Val

Asp

32

Gly

Asp

Ala

Phe

Leu

400

Leu

Cys

Glu

Ser

Pro
480
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[0007]

Ser Leu

Tyr Arg

Asn Phe

Pro Leu
530

Phe Gln
545

<210>
211>
212>
213>

<400>

Met Pro

1

Leu Ser

Thr Thr

Pro Ser
50

Asp Gln

Gln Ala

Pro Asp

Tyr

Ser
515

Gln

Leu

3
312
PRT
BA

3

Pro

Ser

Asp

35

Leu

Leu

Val

Thr

s Asp

Thr

500

Asp

Asp

Leu

Pro

Val

20

Ala

Gly

Ala

Cys

Thr
100

Ile

485

Val

Ile

His

Met

Arg

Cys

Leu

Cys

Ser

Ala

85

Arg

Trp

His

Asn

Pro

550

Thr

Val

Asn

Tyr

His

Pro

Leu

Ile Met Gly Tyr

Val

Ala

Met
535

Gly

Ala

Val

Gly

Ser

Ser

Gly
Gly

520

Tyr

Arg

Leu

Leu

40

Asp

Leu

Arg

Asp

Phe
505
Glu

Asn

Gly

Gly

25

Leu

Lys

Leu

Val

Phe
105

39

490

Asn

Leu

Asp

Leu
10

Ser

Leu

Phe

Ser
90

Asn

Set

Pro

Tyr

Ser

Leu

Glu

Val

Gln

Phe

Ser

Ile

Asp

Phe

Gln
540

Trp

Thr

Val

Arg

60

Asn

LLeu

Arg

Glu

Val

525

Gly

Leu

Gln

Asp

45

Ser

Ala

Thr

Trp

Thr

Phe

510

Asp

Gly

Gly

Ala

30

Asp

Pro

Phe

Gly

Arg
110

[le

495

Leu

Ser

Asp

Leu

15

Asn

Leu

Asn

Ala

Arg

Val

Asp

Ala

Asp

Leu

Val

Ser

Arg

Ile

Gln

Arg

His
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[0008]

Ala

Val

His

145

Ser

Glu

Glu

Leu

Tyr

225

Leu

Asp

Arg

Pro

Thr
305

210> 4

Gly

Thr

130

Thr

Ser

Leu

Gly

Glu

210

His

Tyr

Gly

Glu

Val

290

Ser

Asn

115

Met

Asp

Glu

His

Thr

195

Lys

Lys

Pro

Leu

Asp

275

Asp

Ser

<211> 343
212> PRT

Phe

Ser

Asp

Lys

Ala

180

Leu

Met

Pro

Leu

Pro

260

Val

Phe

Thr

Ser

Val

Ser

Tyr

165

Asn

Pro

Lys

His

Glu

245

Pro

Gln

Gln

Arg

Thr

Gly

Pro

150

Glu

Leu

Asp

Thr

Ile

230

Asn

Val

Ala

Glu

Lys
310

Ile Pro Gln

Lys

135

Tyr

Asn

Leu

Lys

Ser

215

Pro

Tle

Ala

Leu

Asp

295

Tyr

120

Val

Ser

Thr

Cys

Gln

200

Ala

Phe

Thr

Tyr

Asn

28

Gln

Lys

Phe

Trp

Lys

Pro

185

Ser

Ser

Arg

Leu

Asn

265

Ile

Ser

40

Tyr

His

Ser

Thr

170

Val

Thr

Pro

Tyr

Ala

250

Pro

Ser

Ser

Phe

Pro

Phe

155

Cys

Asp

Glu

Phe

Pro

235

Pro

Trp

Val

Thr

Lys

Gly

140

Pro

Arg

Val

Gln

Phe

220

Lys

Asp

Met

Pro

Gly
300

Glu
125

Ile

Pro

Gly

Leu

Ala

205

Leu

Glu

Pro

Asp

Tyr

285

Phe

Asn

Ser

Tyr

Pro

Asp

190

Tle

Ala

Phe

Glu

Tle

270

Gly

Arg

Gly
Ser
His
Asp
175
Val
Gln
Val
Gln
Val
255
Arg

Pro

Leu

Tyr

Asn

Pro

160

Gly

Pro

Leu

Gly

Lys

240

Pro

Gln

Ile

Lys
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[0009]

213> #A
400> 4
Met Pro Pro
1

Leu Ser Ser

Thr Thr Asp
35

Pro Ser Leu
50

Asp Gln Leu
65

Gln Ala Val

Pro Asp Thr

Ala Gly Asn
115

Val Thr Met
130

His Thr Asp
145

Ser Ser Glu

Glu Leu His

Glu Gly Thr
195

Pro

Val

20

Ala

Gly

Ala

Cys

Thr

100

Phe

Ser

Asp

Lys

Ala

180

Leu

Arg

Cys

Leu

Cys

Ser

Ala

85

Arg

Ser

Val

Ser

Tyr

165

Asn

Pro

Thr Gly Arg

Val Ala Leu

Asn

Tyr

His

70

Pro

Leu

Thr

Gly

Pro

150

Glu

LLeu

Val
Gly

55

Ser

Tyr

Ile

Lys
155
Tyr

Asn

[.eu

Leu

40

Asp

Leu

Arg

Asp

Pro

120

Val

Ser

Thr

Cys

5 Gln

200

Gly

Gly

Leu

Lys

Leu

Val

Phe

105

Gln

Phe

Trp

Lys

Pro

185

Ser

41

Leu

Ser

[le

Leu

Phe

Ser

Asn

Tyr

His

Ser

Thr

170

Val

Thr

Leu

Glu

[le

Val

Gln

75

Phe

Ser

Phe

Pro

Phe

155

Cys

Asp

Glu

Trp

Thr

Val

Arg

60

Asn

Lys

Gly

140

Pro

Arg

Val

Gln

Leu

Gln

Asp

45

Ser

Ala

Thr

Glu
125

[le

Pro

Gly

LLeu

Ala
205

Gly

Ala

30

Asp

Pro

Phe

Gly

Arg

110

Asn

Pro

Asp
19

Ile

Leu

15

Asn

Leu

Asn

Ala

Arg

95

Val

His

Asp

175

Val

Gln

Val

Ser

Arg

Ile

Gln

80

Arg

His

Tyr

Asn

Pro

160

Gly

Pro

Leu
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[0010]

Leu

Tyr

225

Leu

Asp

Arg

Pro

Ser

305

Leu

Phe

Glu

210

His

Tyr

Gly

Glu

Val

290

Tyr

Gln

Leu

210>
211>
212>
213>

<400>

Lys

Lys

Pro

Leu

Asp

275

Asp

Leu

Leu

Met

5
341
PRT
BA

5

Met

Pro

Leu

Pro

260

Val

Phe

Asp

Ala

Arg
340

Ser Gln Glu Ala

1

Cys Gly Cys Gly
20

Ala Ala His Arg

35

Gly Glu Arg Gln

Lys

His

Glu

245

Pro

Gln

Gln

Thr

Asn

325

Thr

Gly

Thr

Tyr

Leu

Thr
Ile
230
Asn
Val
Ala
Arg
Gln
310
Ser

Asn

Thr

Pro

Ser

Ala

Ser Ala Ser Pro
215

Pro Phe Arg Tyr

Ile Thr Leu Ala
250

Ala Tyr Asn Pro
265

Leu Asn Ile Ser
280

Lys Ile Arg Gln
295

Val Gly Arg Leu

Thr Tle Ile Ala
330

Thr

Gly Ala Gly Ala
10

Gln Arg Pro Gly
25

Arg Glu Ala Asn
40

His Ser Lys Met

42

Phe
Pro
235
Pro
Trp
Val
Ser
L.eu
315

Phe

Gly

Ala

Ala

Val

Phe

220

Lys

Asp

Met

Pro

Tyr

300

Ser

Thr

Ser

His

Pro

Pro

Leu

Glu

Pro

Asp

Tyr

285

Phe

Ala

Ser

Leu

Gly

Gly

45

Ile

Ala Val

Phe Gln

Glu Val
255

Ile Arg
270

Gly Pro

Ala Ser

Leu Asp

Asp His
335

Ala Gly
15

Ser Ser
30

Pro Val

Pro Ala

Gly
Lys

240

Pro

Gln

Ile

Val

Asp

32

Gly

Ser

Ala

Pro

Gly
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[0011]

Val

Ala

Glu

Leu

Leu

Pro

145

Pro

Ser

Pro

Arg

Ala

225

Gly

Gly

Trp

50

Phe
Pro
Val
Thr
Ser
130
Trp
Asp
Trp
Thr
Leu
210
Asn
Phe

Leu

Thr

Thr

Ala

Ser

Glu

115

Glu

Trp

Ser

Asn

Glu

195

Phe

Ile

Gln

Tyr

Val

Met

Arg

Asn

100

Ala

Gln

Leu

Thr

Asp

180

Ala

Pro

Trp

Gly

Asn

260

His

Gly
Arg
85

Thr
Glu
Val
Pro
Ile
165
Ala
Glu
Trp
Gln
Thr
245

Ile

His

Thr

70

Val

Glu

Lys

Lys

Val

150

Leu

Val

Trp

Gly

Gly

230

Ala

Val

Ser

Asp
Thr
Phe
Phe
Thr
135
Lys
His
Ala
Glu
Asn
215
Glu
Pro

Gly

Val

Asp

Ile

Glu

Gly

120

Asn

Gly

Arg

Tyr

Tyr

200

Lys

Phe

Val

Asn

Glu

Pro

Asp

Lys

105

Asp

Ile

Ala

Pro

Cys

185

Ser

Leu

Pro

Asp

Ala

265

Glu

43

Gln

Ala

90

Phe

Ser

Gln

Asn

Asp

170

Thr

Cys

Gln

Val

Ala

250

Trp

Thr

Ile
75

Phe
Val
Phe
Gln
Trp
155
His
Trp
Arg
Pro
Thr
235
Phe

Glu

Leu

60

Lys

Tyr

Asn

Val

Ala

140

Pro

Ala

Gly

Lys

220

Asn

Pro

Trp

Asn

Gln

Met

Ser

Phe

125

Val

His

Val

Gly

Gly

205

Gly

Thr

Pro

Thr

Pro

Asp

Asp

Thr

110

Glu

Ala

Pro

Leu

Lys

190

Leu

Gln

Gly

Asn

Ser

270

Lys

Gly
Ala
95

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

Gly

Glu

Tyr

Tyr

Met

Ala

Gly

160

Val

Leu

Asn

Tyr

Asp

240

Tyr

Trp

Pro
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[0012]

275

Pro Ser Gly
290

Arg Ser Tyr
305

Pro Asp Ser

Leu Pro Thr

210> 6
211> 374
212> PRT
213> #AA
<400> 6
Met Ala Ala
1

Gly Leu Val

Gly Ser Gln
35

Ser Cys Gly
50

Ala Ala Ala
65

Pro Gly Glu

Gly Val Phe

Glu Ala Pro
115

Lys

Cys

Ser

Met
340

Pro

Leu

20

Glu

Cys

His

Arg

Thr

100

Ala

Asp
Tyr
Ala
325

Asp

Ala

Leu

Ala

Gly

Arg

Gln

Met

Arg

Arg

Arg

310

Ser

Leu

Leu

Gly

Thr

Tyt

70

Leu

Gly

Arg

Val
295

Tyr

Asn

Gly

Leu

Thr

Pro

29

Ser

Ala

Thr

Val

280

Lys

Arg

Leu

Leu

Leu

Gly

40

Gln

Arg

His

Asp

Thr
120

Lys

Cys

Gly

Val

Leu

25

Ala

Arg

Glu

Ser

Asp

105

Ile

44

Gly

Ala

Phe
330

Cys

10

Ser

Gly

Pro

Ala

Lys
90

Pro

Asp

Gly
Ala

315

Arg

Gly

Leu

Ala

Gly

Asn

75

Met

Gln

Ala

Ser
300

Arg

Cys

Arg

Leu

Gly

Ala

Ala

Val

Ile

Phe

285

Tyr

Ser

Ala

Cys

Cys

Ser

45

His

Pro

Pro

Lys

Tyr
125

Met

Gln

Ala

Pro

Gly
30

Leu

Gly

Gly

Ile

Gln

110

Met

Cys

Asn

Asp
335

Glu

15

Ala

Ala

Ser

Pro

Pro

Asp

Asp

His

Thr
320

Leu

Ala

Gly

Ser

Val

80

Ala

Gly

Ala
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[0013]

Tyr
Tyr
145
Met
Ala
Gly
Val
Leu
225
Asn
Tyr
Asp
Tyr
Trp
305

Pro

His

Glu
130

Leu

Leu

Pro ’

Pro

Ser

210

Pro

Arg

Ala

Gly

Gly

290

Trp

Pro

Arg

Val

Thr

Ser

Asp

195

Trp

Thr

Leu

Asn

Phe

275

Leu

Thr

Ser

Ser

Ser

Glu

Glu

Trp

180

Ser

Asn

Glu

Phe

Ile

260

Gln

Tyr

Val

Gly

Tyr
340

Asn

Ala

Gln

165

Leu

Thr

Asp

Ala

Pro

245

Trp

Gly

Asn

His

Thr Glu Phe Glu Lys

Glu
150
Val
Pro
Ile
Ala
Glu
230
Trp
Gln
Thr
Ile
His
310

Asp

s Tyr

135

Lys

Lys

Val

Leu

Val

215

Trp

Gly

Gly

Ala

Val

295

Ser

Arg

Arg

Phe

Thr

His
200

Ala

Glu T

Asn

Glu

Pro

280

Gly

Val

Val

Tyr

Gly

Asn

s Gly

185

Arg

Tyr

Iyr

Lys

Phe

265

Val

Asn

Glu

Lys

Arg
345

45

Asp

Ile

170

Ala

Pro

Cys

Ser

Leu

250

Pro

Asp

Ala

Glu

Lys
330

Cys

Phe

Ser
155

Gln

Asn T

Asp
Thr
Cys
235
Gln
Val
Ala
Trp
Thr
315

Gly

Ala

Val
140
Phe

Gln

His

Trp

220

Arg

Pro

Thr

Phe

Glu

300

Leu

Gly

Ala

Asn

Val

Ala

Arg

Pro

205

Ala

Gly

Lys

Asn

Pro

285

Trp

Asn

Ser

Arg

Phe
Val
His
190
Val
Gly
Gly
Gly
Thr
270
Pro
Thr
Pro

Tyr

Ser
350

Thr

Glu

Ala

175

Pro

Leu

Lys

Leu

Gln

255

Gly

Asn

Ser

Lys

Met

335

Gln

Gly
Gly
160
Ala
Glu
His
Arg
His
240
His
Glu
Gly
Asp
Gly
320

Cys

Asn
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Thr Pro Asp Ser Ser Ala Ser Asn Leu Gly Phe Arg Cys Ala Ala Asp
355 360 365
Arg Leu Pro Thr Met Asp
370
210> 7
211> 1653
<212> DNA
213> #HA
<400> 7
atgcceecege ccegeacegg ccgeggectg ctgtggetgg gectggtget gagcagegtg 60
tgegtggeee tgggeagega gacccaggece aacagcacca ccgacgeccet gaacgtgetg 120
ctgatcatcg tggacgacct gegecccage ctgggetget acggegacaa getggtgege 180
agccccaaca tcgaccaget ggecagecac agectgetgt tccagaacge cttegeccag 240
caggcegtgt gegeccccag cegegtgage ttcctgaceg gecgeegeee cgacaccacce 300
cgectgtacg acttcaacag ctactggege gtgcacgecg geaacttcag caccatccec 360
cagtacttca aggagaacgg ctacgtgacc atgagcgtgg gcaaggtgtt ccacccegge 420
atcagcagca accacaccga cgacagccce tacagetgga gettcccece ctaccacccee 480
agcagcgaga agtacgagaa caccaagacc tgeccgeggece ccgacggega getgeacgece 540
aacctgetgt gcceecgtgga cgtgetggac gtgececgagg gecaccctgec cgacaagceag 600
agcaccgage aggcecatcca getgetggag aagatgaaga ccagegecag ccecttette 660
ctggeegtgg getaccacaa gecccacate ccctteecget accccaagga gttccagaag 720
ctgtacccee tggagaacat caccctggee cccgaccecg aggtgeccga cggectgece 780
ccegtggeet acaacccctg gatggacatc cgecagegeg aggacgtgea ggecctgaac 840
atcagcgtge cctacggeee catcccegtg gacttccage gecaagatccg ccagagetac 900
ttcgecageg tgagcetacct ggacacccag gtgggecgee tgetgagege cetggacgac 960
ctgcagetgg ccaacagcac catcatcgec ttcaccageg accacggetg ggecectggge 1020
gagcacggcg agtgggecaa gtacagcaac ttcgacgtgg ccacccacgt geccctgate 1080
ttctacgtge ccggecgeac cgecagectg cccgaggecg gegagaaget gttcccctac 1140
ctggacccet tcgacagege cagccagetg atggageceg gecgecagag catggacctg 1200
[0014]
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gtggagetgg tgagectgtt ccccaccetg gecggeetgg ceggeetgea ggtgecceccee 1260
cgetgeeceg tgeccagett ccacgtggag ctgtgecgeg agggeaagaa cctgetgaag 1320
cacttccget tccgegacct ggaggaggac ccctacctge ccggecaacce ccgegagetg 1380
atcgcctaca gccagtaccce ccgecccage gacatcccecce agtggaacag cgacaagecce 1440
agcctgaagg acatcaagat catgggcetac agcatccgea ccatcgacta ccgetacace 1500
gtgtgggtgg gettcaacce cgacgagttc ctggecaact tcagegacat ccacgecegge 1560
gagctgtact tcgtggacag cgaccccctg caggaccaca acatgtacaa cgacagccag 1620
ggeggegace tgttecaget getgatgece tag 1653
210> 8
211> 1125
<212> DNA
213> #A
<400> 8
atggetgege ccgecactagg getggtgtgt ggacgttgece ctgagetggg tetegtecte 60
ttgetgetge tgeteteget getgtgtgga geggecaggga gecaggagge cgggacceggt 120
gegggegegg ggteecttge gggttettge ggetgeggea cgecccageg gectggegee 180
catggcagtt cggcageccge tcaccgatac tcgegggagg ctaacgetce gggeccegta 240
cccggagage ggcaactcge gecactcaaag atggtcccca teccetgetgg agtatttaca 300
atgggcacag atgatcctca gataaagcag gatggggaag cacctgegag gagagttact 360
attgatgcct tttacatgga tgcctatgaa gtcagtaata ctgaatttga gaagtttgtg 420
aactcaactg gctatttgac agaggctgag aagtttggeg actcctttgt ctttgaagge 480
atgttgagtg agcaagtgaa gaccaatatt caacaggcag ttgcagctge tccetggtagg 540
ttacctgtga aaggcgctaa ctggagacac ccagaagggc ctgactctac tattctgcac 600
aggccggatc atccagttct ccatgtgtce tggaatgatg cggttgecta ctgecacttgg 660
gcagggaage ggcectgeccac ggaagcetgag tgggaataca getgtcgagg aggectgeat 720
aatagacttt tcccetgggg caacaaactg cagcccaaag gccagceatta tgecaacatt 780
tggcagggeg agtttceggt gaccaacact ggtgaggatg gettccaagg aactgegecet 840
gttgatgect tccetcecccaa tggttatgge ttatacaaca tagtggggaa cgecatgggaa 900
tggacttcag actggtggac tgttcatcat tctgttgaag aaacgcttaa cccaaaaggt 960
cceceettetg ggaaagaccg agtgaagaaa ggtggatcet acatgtgeca taggtcttat 1020

[0015]
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tgttacaggt atcgetgtge tgetcggage cagaacacac ctgatagectc tgettcgaat 1080

ctgggattce getgtgecage cgaccgectg cccaccatgg actga 1125

48
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Abstract

The present invention provides, among other things, methods and
compositions for production of recombinant 12S protein with improved
potency and activity using cells co- express 12S and FGE protein. In some
embodiments, cells according to the present invention are engineered to
simultaneously over-express recombinant 12S and FGE proteins. Cells
according to the invention are adaptable to various cell culture conditions.
In some embodiments, cells of the present invention adaptable to a

large-scale suspension serum- free culture.

FIG. 2A

25 and SUMF 1 co-expression options

Expression units on separate vectors (co-transfection or subsequent transfections)

4|Promoter| i2s ‘ 3'UTR Ii
_|F'rom0ter| SUMF!‘ JUTR I_

FIG. 2B

Expression units on the same vector (one transfection)
1) Separate cistrons

4‘Promoter 128 ‘ IUTR |_|Promoter

2) Transcriptionally linked cistrons

_|F'rcmmer| 25 ‘ IRES |SUIVIF‘I FJUTR I_ o
_|Promoier '

SUMF1] 3UTR Ii

SUMF1‘ IRES I 12s ‘ JUTR




