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CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S. Provisional Application No.:61/426,326,

filed December 22, 2010, the entire contents of which are incorporated herein by reference.

STATEMENT OF RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH

This work was supported by the following grants from the National Institutes of

Health, Grant No: AR052925. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Various different proteins can be exogenously expressed in bacteria, yeast and
mammalian cells, with molecular biological techniques. For decades, methods to enhance
protein expression have been extensively investigated. These efforts have brought about
many new methodologies and technologies, such as expression vectors, which have strong
promoters. Viral vectors have been used for high transfection efficiency and promoting the
improvement of efficiency of protein production in vivo. Even though highly efficient
expression and a huge amount of protein production can be achieved by current molecular
techniques, proper protein folding remains problematic. During protein synthesis, newly
synthesized peptides fold properly with the help of a molecular chaperone complex. The
persistence of proteins with abnormal or premature structures turns on the degradation

system, since abnormally-folded proteins are frequently toxic to cells. Because of this self-

defense system against unfolded or abnormally functioning proteins, considerable numbers of

proteins expressed exogenously end up in rapid degradation in cells as well. This is one of
the most serious problems when a protein is expressed in cells using exogenous gene an

expression system.

SUMMARY OF THE INVENTION
As described below, the present invention features compositions and methods that
enhance protein folding.
The invention features a fusion polypeptide contains a BAG domain that interacts
with an Hsp70 molecular chaperone linked to a heterologous polypeptide. In one

embodiment, the BAG domain is derived from a mammalian BAG1 or BAG3 polypeptide.
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In another embodiment, the BAG domain comprises amino acids 419-536 or 388-500 of
human BAG3. In another embodiment, the heterologous polypeptide is cystic fibrosis
transmembrane conductance regulator (CFTR), IL13 receptor a2 protein (IL13Ra2), or anti-
trypsin (al1-AT).

In another aspect, the invention provides a polynucleotide encoding a BAG domain
that interacts with an Hsp70 molecular chaperone.

In another aspect, the invention provides an expression vector contains a promoter
suitable for expression in a mammalian cell operably linked to a polynucleotide sequence
encoding a fusion polypeptide contains a BAG domain that interacts with an HSP70
molecular chaperone linked to a heterologous polypeptide. In one embodiment, the
polynucleotide sequences encoding the BAG domain and the heterologous polypeptide are
linked by a nucleic acid linker contains between about 5 and 25 nucleic acids. In another
embodiment, the BAG domain is attached to the amino terminus or the carboxy terminus of
the heterologous polypeptide, or wherein the BAG domain is positioned between the amino
and carboxy termini of the heterologous polypeptide. In another embodiment, the BAG
domain is linked to the heterologous polypeptide by a linker contains a protease-sensitive
site.

In another aspect, the invention features a host cell contains the expression vector of a
previous aspect.

In another aspect, the invention features a method of producing a BAG fusion protein,
the method involving the steps of expressing in a host cell, a polynucleotide encoding a
fusion protein of a previous aspect; and culturing the host cell under conditions appropriate
for production of the fusion protein.

In another aspect, the invention features a method of treating a subject having a
disease associated with the expression of a misfolded protein, the method involving
expressing in a cell of the subject, a polynucleotide encoding a fusion protein of a previous
aspect; and expressing the protein in the cell under conditions appropriate for production of
the fusion protein, thereby treating the subject.

The invention provides compositions featuring a BAG family protein and methods of
using such compositions to enhance protein folding or otherwise stabilize an exogenously
expressed protein. Compositions and articles defined by the invention were isolated or
otherwise manufactured in connection with the examples provided below. Other features and
advantages of the invention will be apparent from the detailed description, and from the

claims.
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Definitions

By "agent" is meant any small molecule chemical compound, antibody, nucleic acid
molecule, or polypeptide, or fragments thereof.

By “ameliorate” is meant decrease, suppress, attenuate, diminish, arrest, or stabilize
the development or progression of a disease.

By "alteration" is meant a change (increase or decrease) in the expression levels or
activity of a gene or polypeptide as detected by standard art known methods such as those
described herein. As used herein, an alteration includes a 10% change in expression levels,
preferably a 25% change, more preferably a 40% change, and most preferably a 50% or
greater change in expression levels. "

By "analog" is meant a molecule that is not identical, but has analogous functional or
structural features. For example, a polypeptide analog retains the biological activity of a
corresponding naturally-occurring polypeptide, while having certain biochemical
modifications that enhance the analog's function relative to a naturally occurring polypeptide.
Such biochemical modifications could increase the analog's protease resistance, membrane
permeability, or half-life, without altering, for example, ligand binding. An analog may
include an unnatural amino acid.

By “BAG domain” is meant a protein interaction domain having at least about 85%
amino acid sequence identity or having similarity to a BAG domain of BAGI1, 2, 3,4, 5, or 6,
or a fragment thereof capable of mediating protein-protein interactions. In one particular
embodiment, a BAG domain has at least 85%, 95%, or even 100% identity to a BAG domain
set forth in Figure 11. In particular embodiments, a BAG domain mediates interactions with
Hsp70 molecular chaperones, and includes any BAG domains recognized within members of
the BAG polypeptide super family. For example, a “BAG domain” may refer to a BAG
domain with a WW domain (similar to that found in the BAG3 polypeptide family), a BAG
domain with a BAG1 type sequence for BAG1 N-terminal ubiquitin like domain (similar to
that found in the BAG1 polypeptide family), a BAG domain with an LMBR1 domain
(present only in non-mammalian BAG super family members), or a BAG domain with no
known representative protein domain. An exemplary “BAG domain” is represented by
amino acids 419-500 of the human BAG3 protein (GenBank Accession G1:38502170),

having the sequence shown below:
HPGVLKVEAILEKVQGLEQAVDNFEGKKTDKKYLMIEEYLTKELLALDSVDPEGRADV
ROARRDGVRKVQTILEKLEQKAID.
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A “BAG3 family polypeptide” is a polypeptide having at least 85% amino acid
sequence identity or similarity to human BAG3 protein (GenBank Accession GI:38502170)
or a fragment thereof capable of mediating protein-protein interactions.. In one embodiment,

a BAG3 polypeptide has the exemplary sequence shown below:
MSAATHSPMMOVASGNGDRDPLPPGWEIKIDPQTGWPFFVDHENSRTTTWNDPRVP SEG
PKETPSSANGP SREGSRLPPAREGHPVYPQLRPGYIPIPVLHEGAENRQVHPFHVYPQ
PGMORFRTEAAAAAPQRSQSPLRGMPETTQPDKQCGQVAAAAAAQPPASHGPERSQSP
AASDCSSSSSSASLPSSGRSSLGSHOLPRGYISIPVIHEQNVTRPAAQP SFHOAQKTH
YPAQQGEYQTHQPVYHKIQGDDWEPRPLRAASPFRSSVQGASSREGSPARSSTPLHSP
SPIRVHTVVDRPQOPMTHRETAPVSQPENKPESKPGPVGPELPPGHIPIQVIRKEVDS
KPVSQKPPPPSEKVEVKVPPAPVPCPPPSPGPSAVP SSPKSVATEERAAPSTAPAEAT
PPKPGEAEAPPKHPGVLKVEAILEKVQGLEQAVDNFEGKKTDKKYLMIEEYLTKELLA
LDSVDPEGRADVRQARRDGVRKVQT I LEKLEQKAIDVPGQOVQVYELQP SNLEADQPLO
AIMEMGAVAADKGKKNAGNAEDPHTETQQPEATARATSNPSSMTDTPGNPAAP .

A “BAG] family polypeptide” is a polypeptide having at least 85% amino acid
sequence identity or similarity to GenBank Accession GI:288915525 or a fragment thereof
capable of mediating protein-protein interactions.. In one embodiment, a BAG1 polypeptide

has the exemplary sequence shown below:
MAQRGGARRPRGDRERLGSRLRALRPGREPRQSEPPAQRGPPP SRRPPARSTASGHDRPTRGAAAGARR
PRMKKKTRRRSTRSEELTRSEELTLSEEATWSEEATQSEEATQGEEMNRSQEVTRDEESTRSEEVTREEMARAGL
TVTVTHSNEKHDLHVTSQQGSSEPVVQODLAQVVEEVIGVPQSFOKLIFKGKSLKEMETPLSALGIQDGCRVMLIG
KKNSPQEEVELKKLKHLEKSVEKIADQLEELNKELTGIQQGF LPKDLQAEALCKLDRRVKATIEQFMKILEEIDT
LILPENFKDSRLKRKGLVKKVQAFLAECDTVEQNICQETERLQSTNFALAE.

Bagl polypeptides are described, for example, in Takayama et al., Cell 80: 279-284,
1995; Takayama et al., Genomics 35: 494-498, 1996; Takayama et al., J. Biol. Chem. 274
781-786, 1999; and Takayama et al., J Biol Chem. 1999 Jan 8;274(2):781-6.

In this disclosure, "comprises,” "comprising,” "containing" and "having" and the like
can have the meaning ascribed to them in U.S. Patent law and can mean " includes,"
"including,” and the like; "consisting essentially of" or "consists essentially" likewise has the
meaning ascribed in U.S. Patent law and the term is open-ended, allowing for the presence of
more than that which is recited so long as basic or novel characteristics of that which is
recited is not changed by the presence of more than that which is recited, but excludes prior
art embodiments.

“Detect” refers to identifying the presence, absence or amount of the analyte to be
detected.

By "detectable label" is meant a composition that when linked to a molecule of

interest renders the latter detectable, via spectroscopic, photochemical, biochemical,
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immunochemical, or chemical means. For example, useful labels include radioactive
isotopes, magnetic beads, metallic beads, colloidal particles, fluorescent dyes, electron-dense
reagents, enzymes (for example, as commonly used in an ELISA), biotin, digoxigenin, or
haptens.

By “disease” is meant any condition or disorder that damages or interferes with the
normal function of a cell, tissue, or organ.

By "effective amount” is meant the amount of an active compound required to
ameliorate the symptoms of a disease relative to an untreated patient. The effective amount
of active compound(s) used to practice the present invention for therapeutic treatment of a
disease varies depending upon the manner of administration, the age, body weight, and
general health of the subject. Ultimately, the attending physician or veterinarian will decide
the appropriate amount and dosage regimen. Such amount is referred to as an "effective”
amount.

The invention provides a number of targets that are useful for the development of
highly specific drugs to treat or a disorder characterized by the methods delineated herein. In
addition, the methods of the invention provide a facile means to identify therapies that are
safe for use in subjects. In addition, the methods of the invention provide a route for
analyzing virtually any number of compounds for effects on a disease described herein with
high-volume throughput, high sensitivity, and low complexity.

By "fragment" is meant a portion of a polypeptide or nucleic acid molecule. This
portion contains, preferably, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% of
the entire length of the reference nucleic acid molecule or polypeptide. A fragment may
contain 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100, 200, 300, 400, 500, 600, 700, 800, 900, or
1000 nucleotides or amino acids.

"Hybridization" means hydrogen bonding, which may be Watson-Crick, Hoogsteen or
reversed Hoogsteen hydrogen bonding, between complementary nucleobases. For example,
adenine and thymine are complementary nucleobases that pair through the formation of
hydrogen bonds.

By "inhibitory nucleic acid" is meant a double-stranded RNA, siRNA, shRNA, or
antisense RNA, or a portion thereof, or a mimetic thereof, that when administered to a
mammalian cell results in a decrease (e.g., by 10%, 25%, 50%, 75%, or even 90-100%) in the
expression of a target gene. Typically, a nucleic acid inhibitor comprises at least a portion of

a target nucleic acid molecule, or an ortholog thereof, or comprises at least a portion of the
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complementary strand of a target nucleic acid molecule. For example, an inhibitory nucleic
acid molecule comprises at least a portion of any or all of the nucleic acids delineated herein.

By "isolated polynucleotide” is meant a nucleic acid (e.g., a DNA) that is free of the
genes which, in the naturally-occurring genome of the organism from which the nucleic acid
molecule of the invention is derived, flank the gene. The term therefore includes, for
example, a recombinant DNA that is incorporated into a vector; into an autonomously
replicating plasmid or virus; or into the genomic DNA of a prokaryote or eukaryote; or that
exists as a separate molecule (for example, a cDNA or a genomic or cDNA fragment
produced by PCR or restriction endonuclease digestion) independent of other sequences. In
addition, the term includes an RNA molecule that is transcribed from a DNA molecule, as
well as a recombinant DNA that is part of a hybrid gene encoding additional polypeptide
sequence.

By an "isolated polypeptide" is meant a polypeptide of the invention that has been
separated from components that naturally accompany it. Typically, the polypeptide is
isolated when it is at least 60%, by weight, free from the proteins and naturally-occurring
organic molecules with which it is naturally associated. Preferably, the preparation is at least
75%, more preferably at least 90%, and most preferably at least 99%, by weight, a
polypeptide of the invention. An isolated polypeptide of the invention may be obtained, for
example, by extraction from a natural source, by expression of a recombinant nucleic acid
encoding such a polypeptide; or by chemically synthesizing the protein. Purity can be
measured by any appropriate method, for example, column chromatography, polyacrylamide
gel electrophoresis, or by HPLC analysis.

By “linker” is meant an amino acid sequence that joins a protein of interest and a bag
domain.

By “marker” is meant any protein or polynucleotide having an alteration in expression
level or activity that is associated with a disease or disorder.

As used herein, “obtaining” as in “obtaining an agent” includes synthesizing,
purchasing, or otherwise acquiring the agent.

"Primer set” means a set of oligonucleotides that may be used, for example, for PCR.
A primer set would consist of at least 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 30, 40, 50, 60, 80, 100,
200, 250, 300, 400, 500, 600, or more primers.

By “reduces” is meant a negative alteration of at least 10%, 25%, 50%, 75%, or
100%.

By “reference” is meant a standard or control condition.
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A "reference sequence" is a defined sequence used as a basis for sequence
comparison. A reference sequence may be a subset of or the entirety of a specified sequence;
for example, a segment of a full-length cDNA or gene sequence, or the complete cDNA or
gene sequence. For polypeptides, the length of the reference polypeptide sequence will
generally be at least about 16 amino acids, preferably at least about 20 amino acids, more
preferably at least about 25 amino acids, and even more preferably about 35 amino acids,
about 50 amino acids, or about 100 amino acids. For nucleic acids, the length of the
reference nucleic acid sequence will generally be at least about 50 nucleotides, preferably at
least about 60 nucleotides, more preferably at least about 75 nucleotides, and even more
preferably about 100 nucleotides or about 300 nucleotides or any integer thereabout or
therebetween.

By "siRNA" is meant a double stranded RNA. Optimally, an siRNA is 18, 19, 20, 21,
22, 23 or 24 nucleotides in length and has a 2 base overhang at its 3' end. These dsRNAs can
be introduced to an individual cell or to a whole animal; for example, they may be introduced
systemically via the bloodstream. Such siRNAs are used to downregulate mRNA levels or
promoter activity.

By "specifically binds" is meant a compound or antibody that recognizes and binds a
polypeptide of the invention, but which does not substantially recognize and bind other
molecules in a sample, for example, a biological sample, which naturally includes a
polypeptide of the invention.

Nucleic acid molecules useful in the methods of the invention include any nucleic
acid molecule that encodes a polypeptide of the invention or a fragment thereof. Such
nucleic acid molecules need not be 100% identical with an endogenous nucleic acid
sequence, but will typically exhibit substantial identity. Polynucleotides having “substantial
identity” to an endogenous sequence are typically capable of hybridizing with at least one
strand of a double-stranded nucleic acid molecule. Nucleic acid molecules useful in the
methods of the invention include any nucleic acid molecule that encodes a polypeptide of the
invention or a fragment thereof. Such nucleic acid molecules need not be 100% identical
with an endogenous nucleic acid sequence, but will typically exhibit substantial identity.
Polynucleotides having “substantial identity” to an endogenous sequence are typically
capable of hybridizing with at least one strand of a double-stranded nucleic acid molecule.
By "hybridize" is meant pair to form a double-stranded molecule between complementary

polynucleotide sequences (e.g., a gene described herein), or portions thereof, under various
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conditions of stringency. (See, e.g., Wahl, G. M. and S. L. Berger (1987) Methods Enzymol.
152:399; Kimmel, A. R. (1987) Methods Enzymol. 152:507).

For example, stringent salt concentration will ordinarily be less than about 750 mM
NaCl and 75 mM trisodium citrate, preferably less than about 500 mM NaCl and 50 mM
trisodium citrate, and more preferably less than about 250 mM NaCl and 25 mM trisodium
citrate. Low stringency hybridization can be obtained in the absence of organic solvent, e.g.,
formamide, while high stringency hybridization can be obtained in the presence of at least
about 35% formamide, and more preferably at least about 50% formamide. Stringent
temperature conditions will ordinarily include temperatures of at least about 30° C, more
preferably of at least about 37° C, and most preferably of at least about 42° C. Varying
additional parameters, such as hybridization time, the concentration of detergent, e.g., sodium
dodecyl sulfate (SDS), and the inclusion or exclusion of carrier DNA, are well known to
those skilled in the art. Various levels of stringency are accomplished by combining these
various conditions as needed. In a preferred: embodiment, hybridization will occur at 30° C
in 750 mM NaCl, 75 mM trisodium citrate, and 1% SDS. In a more preferred embodiment,
hybridization will occur at 37° C in 500 mM NaCl, 50 mM trisodium citrate, 1% SDS, 35%
formamide, and 100 pg/ml denatured salmon sperm DNA (ssDNA). In a most preferred
embodiment, hybridization will occur at 42° C in 250 mM NaCl, 25 mM trisodium citrate,
1% SDS, 50% formamide, and 200 pg/ml ssDNA. Useful variations on these conditions will
be readily apparent to those skilled in the art.

For most applications, washing steps that follow hybridization will also vary in
stringency. Wash stringency conditions can be defined by salt concentration and by
temperature. As above, wash stringency can be increased by decreasing salt concentration or
by increasing temperature. For example, stringent salt concentration for the wash steps will
preferably be less than about 30 mM NaCl and 3 mM trisodium citrate, and most preferably
less than about 15 mM NaCl and 1.5 mM trisodium citrate. Stringent temperature conditions
for the wash steps will ordinarily include a temperature of at least about 25° C, more
preferably of at least about 42° C, and even more preferably of at least about 68° C. In a
preferred embodiment, wash steps will occur at 25° C in 30 mM NaCl, 3 mM trisodium
citrate, and 0.1% SDS. In a more preferred embodiment, wash steps will occur at 42 C in 15
mM Na(l, 1.5 mM trisodium citrate, and 0.1% SDS. In a more preferred embodiment, wash
steps will occur at 68° C in 15 mM NaCl, 1.5 mM trisodium citrate, and 0.1% SDS.
Additional variations on these conditions will be readily apparent to those skilled in the art.

Hybridization techniques are well known to those skilled in the art and are described, for
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example, in Benton and Davis (Science 196:180, 1977); Grunstein and Hogness (Proc. Natl.
Acad. Sci., USA 72:3961, 1975); Ausubel et al. (Current Protocols in Molecular Biology,
Wiley Interscience, New York, 2001); Berger and Kimmel (Guide to Molecular Cloning
Techniques, 1987, Academic Press, New York); and Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, New York.

By "substantially identical" is meant a polypeptide or nucleic acid molecule exhibiting
at least 50% identity to a reference amino acid sequence (for example, any one of the amino
acid sequences described herein) or nucleic acid sequence (for example, any one of the
nucleic acid sequences described herein). Preferably, such a sequence is at least 60%, more
preferably 80% or 85%, and more preferably 90%, 95% or even 99% identical at the amino
acid level or nucleic acid to the sequence used for comparison.

Sequence identity is typically measured using sequence analysis software (for
example, Sequence Analysis Software Package of the Genetics Computer Group, University
of Wisconsin Biotechnology Center, 1710 University Avenue, Madison, Wis. 53705,
BLAST, BESTFIT, GAP, or PILEUP/PRETTYBOX programs). Such software matches
identical or similar sequences by assigning degrees of homology to various substitutions,
deletions, and/or other modifications. Conservative substitutions typically include
substitutions within the following groups: glycine, alanine; valine, isoleucine, leucine;
aspartic acid, glutamic acid, asparagine, glutamine; serine, threonine; lysine, arginine; and
phenylalanine, tyrosine. In an exemplary approach to determining the degree of identity, a
BLAST program may be used, with a probability score between e~ and e'® indicating a
closely related sequence.

By "subject" is meant a mammal, including, but not limited to, a human or non-human
mammal, such as a bovine, equine, canine, ovine, or feline.

Ranges provided herein are understood to be shorthand for all of the values within the
range. For example, a range of 1 to 50 is understood to include any number, combination of
numbers, or sub-range from the group consisting 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42,43,44, 45, 46, 47, 48, 49, or 50.

29 <c

As used herein, the terms “treat,” treating,” “treatment,” and the like refer to reducing
or ameliorating a disorder and/or symptoms associated therewith. It will be appreciated that,
although not precluded, treating a disorder or condition does not require that the disorder,

condition or symptoms associated therewith be completely eliminated.
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Unless specifically stated or obvious from context, as used herein, the term "or" is
understood to be inclusive. Unless specifically stated or obvious from context, as used
herein, the terms "a", "an", and "the" are understood to be singular or plural.

Unless specifically stated or obvious from context, as used herein, the term “about” is
understood as within a range of normal tolerance in the art, for example within 2 standard
deviations of the mean. About can be understood as within 10%, 9%, 8%, 7%, 6%, 5%, 4%,
3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise clear from
context, all numerical values provided herein are modified by the term about.

The recitation of a listing of chemical groups in any definition of a variable herein
includes definitions of that variable as any single group or combination of listed groups. The
recitation of an embodiment for a variable or aspect herein includes that embodiment as any
single embodiment or in combination with any other embodiments or portions thereof.

Any compositions or methods provided herein can be combined with one or more of

any of the other compositions and methods provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the sequence of human BAG3 protein (GenBank Accession
GI1:38502170), with the BAG domain underlined.

Figure 2 shows the sequence of BAG domain containing subfragments 419-536
(Panel A) and 388-500 (Panel B) of human BAG3 protein (GenBank Accession
GI1:38502170), with the BAG domain underlined.

Figure 3 shows the alignment of BAG domains present in exemplary BAG1
polypeptide family members.

Figure 4 shows the alignment of BAG domains present in exemplary Hsp70
regulators.

Figure 5 shows alignment data for BAG domains that display high levels of identity to
the BAG domain of human BAG3 protein (GenBank Accession GI1:38502170).

Figure 6 is a schematic diagram illustrating the Folding Tag system for enhancing
protein folding. The gene coding the amino acid sequence of the molecular chaperone
interacting domain of BAG protein (FOLDING TAG) must be attached to genes of interest,
therefore, expressed proteins are fusion proteins with the FOLDING TAG. The expressed
protein correctly folded in cells, to escape from the degradation by proteasome, thus leading
to an enhancement of stability and an increased number of functional proteins.

Figure 7 is a Western blot showing CFTR protein expression in human cells.
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Figure 8 shows the intracellular localization of CFTR in human cells. Nuclei are
visualized with DAPL

Figure 9 is a graph showing CFTR activity as measured by fluorescence intensity in
response to forskolin and KSCN. The activity of the cells that recombinantly express CFTR
is shown relative to wild-type and mock transfected.

Figure 10 is a Western blot showing expression of ILL3Ra2 in human cells.

Figure 11 is a Western blot showing expression of alpha 1 anti-trypsin in human cells.

Figure 12 is the amino acid alignment of human BAG family protein (BAG1-6) using
clustalW alignment software.

Figure 13 provides amino acid and polynucleotide sequences of N-terminal (F) and C-
terminal (R) Folding Tags.

Figure 14 provides amino acid and polynucleotide sequences of CFTR, IL13 receptor

a2 protein (IL13Ra2), or anti-trypsin (a1-AT).

DETAILED DESCRIPTION OF THE INVENTION

The invention features compositions and methods that are useful for enhancing
protein folding. The invention is based, at least in part, on the discovery that BAG3 functions
in the proper folding and stabilization of binding proteins in vivo through the acceleration of
protein folding. Stability and functionality of interacting proteins are regulated by the C-
terminus of BAG3, where Hsp70/Hsc70 interacts. Accordingly, the invention provides a
fusion protein comprising a protein of interest linked to a BAG domain, wherein the BAG
domain enhances both the stabilization and function of the protein. Compositions and
methods described herein are useful for generating recombinant proteins that can be used for
research or therapeutic purposes. In some embodiments, vectors encoding such proteins are

useful in polynucleotide therapy in vivo.

BAG Family Proteins

BAG family proteins contain a BAG domain that interacts with Hsp70 molecular
chaperones, thereby accelerating the protein-folding cycle of Hsp70 molecular chaperones.
In addition to the conserved BAG domain, BAG family proteins also contain a diverse array
of additional domains, which allow them to interact with specific target proteins or which
target them to specific locations within cells. Based on the results reported herein, BAG
family proteins likely act as bridging molecules that recruit molecular chaperones to target

proteins, presumably modulating protein function through alterations in their conformation.
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As reported in more detail below, the Hsp70/Hsc70 interacting motif in BAG family
proteins regulates protein folding by recruiting molecular chaperone complex, Hsp70/Hsc70
and co-chaperone proteins. In addition, BAG family proteins associate with the ubiquitin
proteasome system to regulate the folding or degradation decision. Thus, the tag sequence
accelerates folding and/or prevents activation of the ubiquitin proteasome degradation
pathway. In this technology, the amino acid sequence of BAG protein is attached to the
protein of interest, and the protein is expressed as a fusion protein with a part of BAG
sequence (termed a “FOLDING TAG”). The fusion protein is expressed in cells, and
specifically folded with the aid of the FOLDING TAG peptides. Figure 13 provides Folding
Tag sequences. One is for the N-terminal tag (F) and the other is for the C-terminal tag (R).
BAG domain in nucleotides (font with blue background) and in amino acid (green
background), which recruit Hsp70/Hsc70 molecular chaperone complex. Therefore, the
protein escapes from the intracellular degradation system, thereby increasing expression of
functional proteins.

The present invention is useful not only for in vitro methods of enhancing the
expression of recombinant proteins, but is also useful for enhancing protein conformation in
diseases associated with abnormal protein folding. Abnormal protein folding is observed in
many conformational diseases or degenerative diseases. Misfolded or Unfolded proteins
causes problems in which 1) the protein loses an original function, 2) the protein is unstable,
or 3) the protein has an unexpected function, which is toxic to cells. These problems cause
serious outcomes, especially when the protein is expressed exogenously. To solve these
problems, molecular chaperones have been co-expressed with the target proteins. Since
molecular chaperone proteins are involved in protein folding and stressed condition induces
molecular chaperones, exogenous expression of molecular chaperones or pre-treatment of
cells with stress (heat shock) have been used for increasing protein folding2'6. The protein of
interest is not successfully folded, however, because of problems in the specificity of
recognition by exogenously expressed chaperones or stress-induced chaperones. Many tumor
cells and cancer cells express more chaperone proteins than under normal conditions, and the
expression of chaperone proteins in those cells may make the cells resistant to various
stresses such as apoptosis. Thus, activation of molecular chaperone itself may in some cases
have harmful side effects, such as tumorigenesis when used as gene therapy’”. The present
invention advantageously avoids these drawbacks because the direct attachment of the
FOLDING TAG to a protein of interest increases correct folding by recruiting the

Hsp70/Hsc70 molecular chaperone folding complex.



10

15

20

25

30

WO 2012/087835 PCT/US2011/065563
13

Prior to the present discovery, proteasome inhibitors were sometimes used to prevent
degradation of exogenously over-expressed proteins. The inhibitor of the proteasome was
used in the cell culture medium'®. Unfolded or abnormally folded proteins are degraded by a
protein complex called proteasome. An inhibitor of proteasome, such as MG132, increases
the stability of proteins. However, using a proteasome inhibitor to increase production of a
particular protein is not very effective. Proteasome inhibitors are not specific to specific
target proteins and are sometimes very toxic to cells, because of inhibition of cell division
related proteins. In addition, MG132 only inhibits protein degradation, it does not increase
proper protein folding. Thus, inhibition of the proteasome often increases unfolded or
misfolded proteins, which don’t have full biological activity. In fact, the proteasome
inhibitor was used to inhibit the degradation of CFTR protein in vitro, but stabilized CFTR

protein doesn’t work properly in cells'" '

. By contrast, the present invention directly
accesses the protein folding problem, and in fact, as reported in more detail below CFTR
protein expressed with a Folding Tag was functional.

Accordingly, the invention provides compositions and methods to enhance function
and stabilization of a given protein, and therefore has broad application in many fields. For

example, in 1) gene therapy, 2) the production of recombinant protein, 3) experimental

protein expression.

Polynucleotide Therapy

Polynucleotide therapy is useful to treat not only a recessive genetic disorder, but also
various other diseases such as cancer. In polynucleotide therapy, a given protein is expressed
in a human tissue or in specific cells. Most of the effort has been put into developing a
delivery system and high expression system in the target tissue or cells. Recently,
polynucleotide therapy research has focused on the “posttranslational problem”. In over-
expression systems, many proteins are degraded due to inappropriate protein conformation at
the post-translational level. Thus, increasing protein folding is one of the most important
problems to be solved in polynucleotide therapy. The present invention enhances the
expression of the given protein, since the fusion protein recruits the molecular chaperone
complex to enhance proper folding. Although the expressed protein is a fusion protein and
not “a native protein”, the TAG sequence itself is derived from human cytoplasmic protein,

BAG3. Therefore, the fusion polypeptide is unlikely to be immunogenic.
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Recombinant Protein Expression of BAG3 Fusion Polypeptides

A recombinant protein is a protein, which is translated from a recombinant DNA.
Molecular biology techniques enable the production of recombinant proteins in a variety of
cell types (e.g., bacteria, yeast, insect cells and mammalian cells). Virtually any recombinant
protein can be produced using the methods of the invention, including but not limited to
antibodies, antigens, hormones, therapeutic drugs, enzymes, probes for molecular screening
of interacting partners or small molecules modifying the activity of the recombinant protein
in vitro. Since the posttranslational modification of proteins depends on each species,
bacterial recombinant protein derived from mammalian DNA has some limitation of
bioactivity due to physiological modification. Over the last two decades, much effort has
been made to enhance the productivity of recombinant protein in mammalian cells.

As mentioned above, many proteins translated in cells are degraded due to their
inappropriate conformation. The folding problem decreases the productivity of recombinant
proteins. To increase proper folding of recombinant protein, many different experimental
modifications have been made, such as little enhancement of protein production by decreased
incubation temperature or the addition of proteasome inhibitors for preventing degradation of

.10, 14-20
the protein

. However, proteasome inhibitors do not solve the folding problem, since
the proteasome degradation pathway is activated by inappropriate folding. In addition,
proteasome inhibitors are not appropriate for “secreted proteins” and for “stable cell lines”
which express the recombinant protein permanently. On the other hand, the present invention
solves the protein folding problem of recombinant protein in a physiological way and enables
the stabilization of the protein. After expression, the fusion protein is purified using methods
known in the art. Such methods include, but are not limited to affinity purification using an
antibody against bag domain or an additional tag (myc or flag etc). In one embodiment, the
recombinant protein is affinity purified on a protein column conjugating ATPase domain of
Hsc70 because of high affinity interaction between ATPase domain of Hsc70 and BAG
domain. The TAG protein can be cleaved off with a protease recognizing the peptides
sequence between the TAG and the protein of interest, for separation of only target proteins.

The ATPase domain of Hsc70 is highly stable as a bacterial recombinant protein and
is purified using a GST fusion protein or equivalent methods (His tag etc). Following
purification, the purified protein is cross linked on sepharose or agarose beads for column
production. After affinity purification of BAG domain (FOLDING TAG) with this column,
the addition of ATP will wash BAG domain (FOLDING TAG) off of the column and

regenerate the Hsc70ATPase column. To make the column efficient, short fragments of
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Hsc70ATPase (mini-domain), which is sufficient for interacting with BAG domain may be
used *'. The Hsc70ATPase column is an inexpensive, specific association with BAG TAG
and easy to reuse. This provides significant advantages relative to antibody based

purification methods.

Protein Expression

Molecular biologists rely on exogenous protein expression to assay protein function.
The present invention is useful for stable protein expression, and accordingly provides
expression vectors, which contain the nucleotide sequence for the TAG with the multi
cloning restriction enzyme sites inserted in front or after the TAG. These vectors may be
used for expression of the TAG in bacteria, yeast, insects and mammalian cells. The
invention further provides methods of optimizing the expression vector constructs to ensure
stable protein production. Methods for adjusting the number of nucleotides between the
FOLDING TAG and the target protein are known in the art.

The present invention provides methods of treating diseases characterized by the
presence of misfolded protein or a reduction in the level of correctly folded protein, and/or
disorders or symptoms thereof. Methods of the invention comprise administering a
therapeutically effective amount of a pharmaceutical composition comprising a recombinant
polynucleotide or protein of the invention to a subject (e.g., a mammal such as a human).
Thus, one embodiment is a method of treating a subject suffering from or susceptible to a
disease characterized by the presence of misfolded protein or a reduction in the level of
correctly folded protein or disorder or symptom thereof. The method includes the step of
administering to the mammal a therapeutic amount of an amount of a polynucleotide or
polypeptide described herein in an amount sufficient to treat the disease or disorder or
symptom thereof, under conditions such that the disease or disorder is treated.

The methods herein include administering to the subject (including a subject
identified as in need of such treatment) an effective amount of a compound described herein,
or a composition described herein to produce such effect. Identifying a subject in need of
such treatment can be in the judgment of a subject or a health care professional and can be
subjective (e.g. opinion) or objective (e.g. measurable by a test or diagnostic method).

29 <c

As used herein, the terms “treat,” treating,” “treatment,” and the like refer to reducing
or ameliorating a disorder and/or symptoms associated therewith. It will be appreciated that,
although not precluded, treating a disorder or condition does not require that the disorder,

condition or symptoms associated therewith be completely eliminated.
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As used herein, the terms “prevent,” “preventing,” “prevention,” “prophylactic
treatment” and the like refer to reducing the probability of developing a disorder or condition
in a subject, who does not have, but is at risk of or susceptible to developing a disorder or
condition.

The therapeutic methods of the invention (which include prophylactic treatment) in
general comprise administration of a therapeutically effective amount of the polynucleotides
or polypeptides described herein, such as a compound of the formulae herein to a subject
(e.g., animal, human) in need thereof, including a mammal, particularly a human. Such
treatment will be suitably administered to subjects, particularly humans, suffering from,
having, susceptible to, or at risk for a disease, disorder, or symptom thereof. Determination
of those subjects "at risk" can be made by any objective or subjective determination by a
diagnostic test or opinion of a subject or health care provider (e.g., genetic test, enzyme or
protein marker, Marker (as defined herein), family history, and the like). The compounds
herein may be also used in the treatment of any other disorders in which protein folding
defects may be implicated.

In one embodiment, the invention provides a method of monitoring treatment
progress. The method includes the step of determining a level of diagnostic marker (Marker)
(e.g., any target delineated herein modulated by a compound herein, a protein or indicator
thereof, etc.) or diagnostic measurement (e.g., screen, assay) in a subject suffering from or
susceptible to a disorder or symptoms thereof associated with the presence of misfolded
protein or a reduction in the level of correctly folded protein, in which the subject has been
administered a therapeutic amount of a protein or polynucleotide herein sufficient to treat the
disease or symptoms thereof. The level of Marker determined in the method can be
compared to known levels of Marker in either healthy normal controls or in other afflicted
patients to establish the subject’s disease status. In preferred embodiments, a second level of
Marker in the subject is determined at a time point later than the determination of the first
level, and the two levels are compared to monitor the course of disease or the efficacy of the
therapy. In certain preferred embodiments, a pre-treatment level of Marker in the subject is
determined prior to beginning treatment according to this invention; this pre-treatment level
of Marker can then be compared to the level of Marker in the subject after the treatment
commences, to determine the efficacy of the treatment.

The practice of the present invention employs, unless otherwise indicated,

conventional techniques of molecular biology (including recombinant techniques),

microbiology, cell biology, biochemistry and immunology, which are well within the purview
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of the skilled artisan. Such techniques are explained fully in the literature, such as,
“Molecular Cloning: A Laboratory Manual”, second edition (Sambrook, 1989);
“Oligonucleotide Synthesis” (Gait, 1984); “Animal Cell Culture” (Freshney, 1987);
“Methods in Enzymology” “Handbook of Experimental Immunology” (Weir, 1996); “Gene
Transfer Vectors for Mammalian Cells” (Miller and Calos, 1987); “Current Protocols in
Molecular Biology” (Ausubel, 1987); “PCR: The Polymerase Chain Reaction”, (Mullis,
1994); “Current Protocols in Immunology” (Coligan, 1991). These techniques are applicable
to the production of the polynucleotides and polypeptides of the invention, and, as such, may
be considered in making and practicing the invention. Particularly useful techniques for
particular embodiments will be discussed in the sections that follow.

The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the assay, screening, and
therapeutic methods of the invention, and are not intended to limit the scope of what the

inventors regard as their invention.

EXAMPLES

C-terminal peptides of BAG3, including the BAG domain sequence (see e.g. Fig. 1,
underlined sequence), increased protein stability when fused with a protein of interest.
Expressed proteins are fusion proteins, part of which contain BAG3, which recruits the
protein folding machinery (Hsp70/Hsc70 and co-chaperone, Hdj proteins). The distance
between a BAG3 tag and the protein of interest was important for the stabilization of the
fusion protein. Since all BAG domain proteins bind to the Hsc70 molecular chaperone and
regulate folding activity, all BAG family proteins are likely to have similar activity. Thus,
the present invention provides fusion proteins comprising a BAG family protein or fragment
thereof. BAG proteins and fragments thereof may be derived from mammalian or non-

mammalian BAG family proteins.

Example 1: An Hsc70 interacting domain of BAG3 for use in generating a fusion
protein.

The nucleotide sequence encoding amino acids 419-536 or 388-500 of human BAG3
(see e.g. Figure 2, panels A and B, respectively) was subcloned into BamH I and EcoR T sites
of Myc-pcDNA3 (Myc tag was inserted into pcDNA3 with Hind III and BamH I site) or into
Xho I'and Xba I sites of Flag-pcDNA3 (Flag tag was inserted into pcDNA3 with Xba I and
Apa I site), respectively.
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The generated vector was named Myc-(F)-pcDNA3 and (F)-Flag-pcDNA3, which are
commercially available from Invitrogen. A variety of proteins were produced using this
vector: (1) cystic fibrosis transmembrane conductance regulator (CFTR) The amino acid and
polynucleotide sequences of CFTR are provided at Figure 14A, (2) The amino acid and
polynucleotide sequences of IL13 receptor a2 protein (IL13Ra2) are provided at Figure 14B
and (3) The amino acid and polynucleotide sequences of al anti-trypsin (al1-AT) are provided
at Figure 14C. The polynucleotide sequence encoding CFTR was inserted into Myc-(F)-
pcDNA3 in frame using two restricted enzyme sites, Not I and Xho I (Myc-(F)-CFTR-
pcDNA3).

The nucleic acid sequence encoding IL.13Ra2 and a1-AT was inserted into (F)-Flag-
pcDNA3 in frame with Kpn I and Xho I or EcoR I and Xho I, respectively (IL13Ra2-(F)-
Flag-pcDNA3 and a1-AT-(F)-Flag-pcDNA3). The constructed vectors expressed CFTR,
IL13Ra2, or al-AT as fusion proteins of the amino acid sequences derived from BAG3. The
Myc tag or Flag tag was also conjugated to the N-terminus or C-terminus of the amino acid
sequence to provide for detection of the fusion protein product. If desired, such tags (Flag
and Myc) can be omitted. The antibody against the FOLDING TAG sequence can also be
used to detect the expressed protein. The position of the FOLDING TAG and a linker size
between the FOLDING TAG and a given protein should be considered may be varied with
each protein. Figure 13 provides an exemplary sequence of a folding tag. In one
embodiment, 33-38 amino acids is added to the BAG domain. In other embodiments, the
linker may be between 15-20, 20-30, 30-40, 40-50, or 50-60 amino acids in length. As
shown in Figure 13, a linker is an additional sequence that links an insert and a BAG domain.
One of skill in the art will appreciate that the length may be varied to optimize the folding
function of Hsp70 as it relates to accessibility of the protein to be folded.

If desired, the FOLDING TAG length can be varied. In one embodiment, the
FOLDING TAG is shortened to generate a minimum peptide capable of recruiting a folding
complex. In other embodiments, the sequence is varied to create a FOLDING TAG that can
be cleaved from the fusion protein. In yet another embodiment, the position of the tag is
varied. For certain applications, it may be preferred to have the FOLDING TAG at the C-
terminus. In one embodiment, a C-terminal tag may be preferred for a protein with an N-
terminal signal sequence or other important function at N-terminus (see example #3). In
another embodiment, alternate BAG family proteins from different species may be used. For
example, candidate BAG family members may include, but are not limited to, those shown in

Figures 3, 4, and 5. Additional candidate BAG family members may include, but are not
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limited to, those listed in Tables 1-4. In one embodiment, a BAG protein is selected from the
same species as the host cell used to express the recombinant protein and different target
proteins. In yet another embodiment, the amino acid sequence of the FOLDING TAG is
optimized to modify the FOLDING TAG’s activity. An overview of this process is shown in
Figure 6.
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Table 1. BAG3-like

1. PREDICTED: LOW QUALITY PROTEIN: BAG family molecular chaperone regulator 3-
like [Pongo abelii] 575 aa protein XP_002821250.1 GI:297687501

2. PREDICTED: BAG family molecular chaperone regulator 3 [Macaca mulatta] 575 aa
protein XP_001104160.2 GI:297301961

3. BCL2-associated athanogene 3 [Bos taurus] 585 aa protein DAA14707.1 G1:296472592

4. PREDICTED: LOW QUALITY PROTEIN: BAG family molecular chaperone regulator 3-
like [Callithrix jacchus] 574 aa protein XP_002807518.1 GI1:296221348

5. PREDICTED: BCL2-associated athanogene 3 [Oryctolagus cuniculus] 577 aa protein
XP_002718735.1 G1:291404909

6. PREDICTED: BCL2-associated athanogene 3-like [Saccoglossus kowalevskii] 396 aa
protein XP_002741303.1 GI:291242819

7. hypothetical protein BRAFLDRAFT_98022 [Branchiostoma floridae] 381 aa protein
XP_002602349.1 GL:260815175

8. bcl2-associated athanogene [Schistosoma mansoni] 155 aa protein XP_002569618.1
GIL:256052104

9. PREDICTED: BCL2-associated athanogene 3 [Taeniopygia guttata] 558 aa protein
XP_002188317.1 GI:224052956

10. PREDICTED: similar to BCL2-associated athanogene 3 isoform 1 [Ciona intestinalis]
309 aa protein XP_002128367.1 GI:198436653

11. PREDICTED: similar to BCL2-associated athanogene 3 isoform 2 [Ciona intestinalis]
399 aa protein XP_002128391.1 GI:198436651

12. PREDICTED: BAG family molecular chaperone regulator 3 [Sus scrofa] 574 aa protein
XP_001929035.1 GI1:194042142

13. unknown [Schistosoma japonicum] 157 aa protein ACE06958.1 GI1:189503154

14. BCL2-associated athanogene 3 [Xenopus (Silurana) tropicalis] 562 aa protein
NP_001120299.1 GI:187607362

15. BCL2-associated athanogene 3 [Mus musculus] 577 aa protein AAI45766.1
GI:148877849

16. BCL2-associated athanogene 3 [Xenopus laevis] 597 aa protein NP_001079487.1
GI:147907190

17. BAG family molecular chaperone regulator 3 [Bos taurus] 585 aa protein
NP_001075940.1 G1:126722829

18. PREDICTED: similar to BCL2-associated athanogene 3, [Monodelphis domestica] 647
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aa protein XP_001376803.1 GI:126273363

19. BCL2-associated athanogene 3, isoform CRA_b [Homo sapiens] 575 aa protein
EAW49383.1 GI:119569768

20. BCL2-associated athanogene 3, isoform CRA_a [Homo sapiens] 574 aa protein
EAW49382.1 GI:119569767

21. PREDICTED: BCL2-associated athanogene 3 [Gallus gallus] 560 aa protein
XP_001233435.1 GI:118093076

22. BAG family molecular chaperone regulator 3 [Mus musculus] 577 aa protein
NP_038891.4 GI:115270960

23. PREDICTED: hypothetical protein [Pan troglodytes] 685 aa protein XP_508072.2
GIL:114633203

24. Bel-2-interacting death suppressor [Rattus norvegicus] 574 aa protein ABG23394.1
GI:108937164

25. unnamed protein product [Mus musculus] 577 aa protein BAE42639.1 GI:74152742

26. PREDICTED: similar to BAG-family molecular chaperone regulator-3 (BCL-2 binding
athanogene-3) (BAG-3) (Bcl-2-binding protein Bis) (Docking protein CAIR-1) [Canis
familiaris] 579 aa protein XP_544046.2 GI:73998917

27. BCL2-associated athanogene 3 variant [Homo sapiens] 575 aa protein BAD96520.1
GIL:62897159

28. BAG family molecular chaperone regulator 3 [Rattus norvegicus] 574 aa protein
NP_001011936.1 GI:58865450

29. BAG family molecular chaperone regulator 3 [Danio rerio] 459 aa protein
NP_001003533.1 GI:57525959

30. unknown [Schistosoma japonicum] 128 aa protein AAW25430.1 GI:56754485

31. unnamed protein product [Tetraodon nigroviridis] 492 aa protein CAG04720.1
GlL:47216542

32. hypothetical protein with C2 domain,HECT domain (ubiquitin-protein ligase, domain
present in Hsp70 regulator and WW / rsp5 / WWP domain [Schistosoma japonicum] 157 aa
protein AAP06461.1 GI:29841429

33. BAG family molecular chaperone regulator 3 [Homo sapiens] 575 aa protein
NP_004272.2 GI:14043024

34. RecName: Full=BAG family molecular chaperone regulator 3; Short=BAG-3; AltName:
Full=Bcl-2-associated athanogene 3; AltName: Full=Bcl-2-binding protein Bis577 aa protein
Q9JLV1.1 GI:12643803

35. hypothetical protein DKFZp434E0610.1 - human (fragment) 616 aa protein T46292




WO 2012/087835 PCT/US2011/065563
22

GIL:11359966

36. unnamed protein product [Mus musculus] 577 aa protein BAA95066.1 GI1:7670430

37. Bcl-2-binding protein BIS [Homo sapiens] 575 aa protein AAF26839.1 GI:6724086

38. BAG-family molecular chaperone regulator-3 [Homo sapiens] 575 aa protein
AAD16122.2 GI:5868898

Table 2 BAG1-like

1. unnamed protein product [Thellungiella halophila] 293 aa protein BAJ34177.1
GI1:312282623

2. PREDICTED: BAG family molecular chaperone regulator 1-like [Sus scrofa] 346 aa
protein XP_003130736.1 GI:311265599

3. hypothetical protein PGTG_12108 [Puccinia graminis f. sp. tritici CRL 75-36-700-3] 257
aa protein EFP86152.1 GI1:309309561

4. hypothetical protein PGTG_10046 [Puccinia graminis f. sp. tritici CRL 75-36-700-3] 257
aa protein EFP84326.1 GI1:309307735

5. CRE-BAG-1 protein [Caenorhabditis remanei] 249 aa protein XP_003099114.1
GI:308473781

6. hypothetical protein SELMODRAFT_103564 [Selaginella moellendorffii] 250 aa protein
XP_002975739.1 GI:302787939

7. hypothetical protein SELMODRAFT_99632 [Selaginella moellendorffii] 282 aa protein
XP_002973687.1 G1:302783829

8. hypothetical protein SELMODRAFT_164705 [Selaginella moellendorffii]

267 aa protein XP_002961906.1 GI:302756965

9. PREDICTED: BAG family molecular chaperone regulator 1-like [Ailuropoda
melanoleuca] 279 aa protein XP_002926223.1 GI:301781606

10. hypothetical protein ARALYDRAFT_485533 [Arabidopsis lyrata subsp. lyrata] 271 aa
protein XP_002877823.1 GI1:297819880

11. BCL-2-associated athanogene 3 [Arabidopsis lyrata subsp. lyrata] 297 aa protein
XP_002873301.1 GI:297810835

12. hypothetical protein ARALYDRAFT_357447 [Arabidopsis lyrata subsp. lyrata] 349 aa
protein XP_002865891.1 GI1:297796013

13. BCL-2-associated athanogene 2 [Arabidopsis lyrata subsp. lyrata] 282 aa protein
XP_002864772.1 GI:297793775

14. unnamed protein product [Vitis vinifera] 238 aa protein CB115919.3 GI:297745863

]
15. unnamed protein product [Vitis vinifera] 316 aa protein CBI31837.3 GI:297741106
16. unnamed protein product [Vitis vinifera] 219 aa protein CB130967.3 GI:297740785

17. unnamed protein product [Vitis vinifera] 223 aa protein CBI18140.3 GI:297735646

18. PREDICTED: BAG family molecular chaperone regulator 1-like [Pongo abelii] 280 aa
protein XP_002819746.1 G1:297684217

19. Os08g0546100 [Oryza sativa Japonica Group] 501 aa protein NP_001062419.2
GI:297608934

20. Os06g0126500 [Oryza sativa Japonica Group] 339 aa protein

NP_001056659.2 GI1:297605098

21. PREDICTED: BCL2-associated athanogene-like [Bos taurus] 288 aa protein
XP_002696356.1 G1:297487622
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22. PREDICTED: BCL2-associated athanogene-like [Bos taurus] 269 aa protein
XP_001250235.3 G1:297463172

23. PREDICTED: BAG family molecular chaperone regulator 1 isoform 1 [Macaca mulatta]
232 aa protein XP_001090384.2 GI:297270768

24. PREDICTED: BAG family molecular chaperone regulator 1 isoform 2 [Macaca mulatta]
280 aa protein XP_002800106.1 G1:297270766

25. RecName: Full=BAG family molecular chaperone regulator 1; Short=BAG-1; AltName:
Full=Bcl-2-associated athanogene 1 345 aa protein Q99933.4 GI:296439462

26. PREDICTED: BAG family molecular chaperone regulator 1-like [Callithrix jacchus] 354
aa protein XP_002743090.1 G1:296190117

27. hypothetical protein LOC100382078 [Zea mays] 316 aa protein NP_001168312.1
GIL:293333513

28. PREDICTED: BCL2-associated athanogene [Oryctolagus cuniculus] 354 aa protein
XP_002708077.1 GI:291383091

29. predicted protein [Naegleria gruberi] 201 aa protein XP_002679429.1 G1:290993617

30. BAG family molecular chaperone regulator 1 isoform BAG-1S [Homo sapiens] 230 aa
protein NP_001165886.1 GI:288915527

31. BAG family molecular chaperone regulator 1 isoform BAG-1L [Homo sapiens] 345 aa
protein NP_004314.5 GI:288915525

32. BAG family molecular chaperone regulator 1 isoform 1S [Mus musculus] 219 aa protein

NP_001165210.1 GI1:.284507286

33. hypothetical protein PANDA_015836 [Ailuropoda melanoleuca] 246 aa protein
EFB29193.1 GI:281353609

34. C. briggsae CBR-BAG-1 protein [Caenorhabditis briggsae] 209 aa protein
XP_002640155.1 GI:268568088

35. hypothetical protein BRAFLDRAFT_94947 [Branchiostoma floridae] 183 aa protein
XP_002610811.1 GI:260831730

36. Pc13g01730 [Penicillium chrysogenum Wisconsin 54-1255] 313 aa protein
XP_002558618.1 GI:255935183

37. unknown [Glycine max] 235 aa protein ACU20992.1 GI1:255641432

38. unknown [Glycine max] 270 aa protein ACU18631.1 GI:255636586

39. unknown [Glycine max] 253 aa protein ACU18456.1 G1:255636230

40. conserved hypothetical protein [Ricinus communis] 296 aa protein XP_002531057.1
GIL:255580463

41. protein binding protein, putative [Ricinus communis] 265 aa protein XP_002516645.1
GI:255551196

42. protein binding protein, putative [Ricinus communis] 353 aa protein XP_002510840.1
GI:255539551

43. protein binding protein, putative [Ricinus communis] 301 aa protein XP_002509707.1
GI:255537281

44. predicted protein [Micromonas sp. RCC299] 239 aa protein XP_002501226.1
GIL:255075103

45. hypothetical protein SORBIDRAFT_10g001600 [Sorghum bicolor] 347 aa protein
XP_002436384.1 GI:242091788

46. hypothetical protein SORBIDRAFT_03g038830 [Sorghum bicolor] 259 aa protein
XP_002456583.1 GI:242054875

47. protein binding protein [Zea mays] 317 aa protein NP_001147497.1 GI:226528818

48. protein binding protein [Zea mays] 334 aa protein NP_001146867.1 GI:226502698

49. hypothetical protein LOC100273657 [Zea mays] 259 aa protein NP_001141543.1
G1:226502648
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50. protein binding protein [Zea mays] 324 aa protein NP_001149344.1 GI:226500512

51. hypothetical protein LOC100276280 [Zea mays] 242 aa protein NP_001143580.1
G1:226499124

52. protein binding protein [Zea mays] 320 aa protein NP_001151280.1 GI:226495281

53. PREDICTED: hypothetical protein [Vitis vinifera] 343 aa protein XP_002279827.1
G1:225455457

54. PREDICTED: hypothetical protein [Vitis vinifera] 256 aa protein XP_002280537.1
G1:225443974

55. PREDICTED: hypothetical protein [Vitis vinifera] 263 aa protein XP_002271076.1
GI:225439501

56. PREDICTED: hypothetical protein [Vitis vinifera] 279 aa protein XP_002278599.1
GI:225434520

57. predicted protein [Populus trichocarpa] 235 aa protein XP_002323006.1 GI1:224139206

58. predicted protein [Populus trichocarpa] 349 aa protein XP_002321874.1 G1:224134647

59. predicted protein [Populus trichocarpa] 308 aa protein XP_002318848.1 GI:224122484

61. predicted protein [Populus trichocarpa] 276 aa protein XP_002304467.1 G1:224074851

62. predicted protein [Populus trichocarpa] 241 aa protein XP_002300336.1 GI:224061055

]
]
]
60. predicted protein [Populus trichocarpa] 265 aa protein XP_002313979.1 GI1:224105919
]
]
]

63. predicted protein [Populus trichocarpa] 263 aa protein XP_002298491.1 GI1:224055346

64. predicted protein [Populus trichocarpa] 283 aa protein XP_002298065.1 GI1:224053973

65. PREDICTED: BCL2-associated athanogene [Taeniopygia guttata] 210 aa protein
XP_002187538.1 GI:224045892

66. predicted protein [Thalassiosira pseudonana CCMP1335] 207 aa protein
XP_002296269.1 GI1:224005236

67. unknown [Zea mays] 322 aa protein ACN25625.1 G1:223943083

68. hypothetical protein OsJ_19959 [Oryza sativa Japonica Group] 339 aa protein
EEE65009.1 GI:222634877

69. hypothetical protein OsJ_16195 [Oryza sativa Japonica Group] 213 aa protein
EEE61706.1 G1:222629574

70. hypothetical protein OsJ_03960 [Oryza sativa Japonica Group] 237 aa protein
EEES55622.1 G1:222619490

71. unknown [Zea mays] 259 aa protein ACL53357.1 G1:219885965

72. hypothetical protein OsI_32096 [Oryza sativa Indica Group] 415 aa protein EEC84905.1
G1:218202478

73. hypothetical protein OsI_04304 [Oryza sativa Indica Group] 262 aa protein EEC71739.1
GI:218189312

74. BAG domain protein [Penicillium marneffei ATCC 18224] 421 aa protein
XP_002144054.1 GI1:212527794

75. protein binding protein [Zea mays] 334 aa protein ACG37214.1 G1:195635491

76. protein binding protein [Zea mays] 336 aa protein ACG35882.1 GI1:195628104

77. unknown [Zea mays] 241 aa protein ACF85598.1 GI1:194703028

78. PREDICTED: similar to BAG family molecular chaperone regulator 1 (Bcl-2-associated

athanogene 1) (BAG-1) (Glucocorticoid receptor-associated protein RAP46) [Equus caballus]
320 aa protein XP_001917762.1 GI:194224914

79. ATBAG4 (ARABIDOPSIS THALIANA BCL-2-ASSOCIATED ATHANOGENE 4);
protein binding [Arabidopsis thaliana] 269 aa protein NP_190746.2 GI:186510943

80. predicted protein [Laccaria bicolor S238N-H82] 178 aa protein XP_001877763.1
GI:170093083

81. hypothetical protein CC1G_03189 [Coprinopsis cinerea okayama7#130] 193 aa protein
XP_001830652.1 GI:169847888
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82. predicted protein [Physcomitrella patens subsp. patens] 259 aa protein XP_001763281.1
GIL:168021504

83. predicted protein [Physcomitrella patens subsp. patens] 231 aa protein XP_001752788.1
GIL:168000168

84. hypothetical protein MGL_3498 [Malassezia globosa CBS 7966] 307 aa protein
XP_001729463.1 G1:164656671

85. Bcl2-associated athanogene isoform 1L [Rattus norvegicus] 358 aa protein
NP_001100117.2 GI:157952208

86. BAG family molecular chaperone regulator 1 isoform 1L [Mus musculus] 355 aa protein
NP_033866.4 GI:157952206

87. BCL2-associated athanogene [Gallus gallus] 209 aa protein NP_001103162.1
GI:157841180

88. Bcl2-associated athanogene 1 (predicted), isoform CRA_b [Rattus norvegicus] 181 aa
protein EDL98649.1 GI:149045649

89. Bcl2-associated athanogene 1 (predicted), isoform CRA_a [Rattus norvegicus] 219 aa
protein EDL98648.1 GI:149045648

90. hypothetical protein LOC558108 [Danio rerio] 206 aa protein NP_001092206.1
GI1:148922861

91. Bcl2-associated athanogene 1, isoform CRA_b [Mus musculus] 181 aa protein
EDL05423.1 G1:148673476

92. hypothetical protein [Vitis vinifera] 319 aa protein CAN67094.1 GI:147809934

93. hypothetical protein [Vitis vinifera] 343 aa protein CAN63593.1 G1:147799221

94. ATBAG1 (ARABIDOPSIS THALIANA BCL-2-ASSOCIATED ATHANOGENE 1);
protein binding [ Arabidopsis thaliana] 342 aa protein NP_200019.2 GI1:145359142

95. hypothetical protein CNBB2190 [Cryptococcus neoformans var. neoformans B-3501A]
276 aa protein XP_777418.1 GI1:134108072

96. PREDICTED: hypothetical protein [Monodelphis domestica] 243 aa protein
XP_001364319.1 GI1:126333887

97. hypothetical protein OsJ_28168 [Oryza sativa Japonica Group] 317 aa protein
EAZA3546.1 GI1:125604221

98. hypothetical protein OsI_30134 [Oryza sativa Indica Group] 305 aa protein EAZ07876.1
GI:125562428

99. BCL2-associated athanogene, isoform CRA_d [Homo sapiens] 297 aa protein
EAWS58517.1 GI:119578921

100. unknown [Picea sitchensis] 254 aa protein ABK26055.1 GI:116791648

101. HO714HO04.4 [Oryza sativa (indica cultivar-group)] 272 aa protein CAH66977.1
GIL:116309946

102. BCL2-associated athanogene [Bos taurus] 237 aa protein NP_001069759.1
GI:115495295

103. 0s09g0524800 [Oryza sativa Japonica Group] 334 aa protein NP_001063716.1
GIL:115480245

104. Os04g0619900 [Oryza sativa Japonica Group] 272 aa protein NP_001053903.1
GIL: 115460606

105. Os01g0831200 [Oryza sativa Japonica Group] 262 aa protein NP_001044700.1
GI:115440841

106. PREDICTED: similar to BAGI protein [Pan troglodytes] 353 aa protein XP_520528.2
GI1:114624364

107. BAG] protein [Homo sapiens] 310 aa protein AAH14774.2 GI: 110611785

108. BAG domain-containing protein [Oryza brachyantha]

332 aa protein
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ABG73438.1 GI:110430648

109. BAG family molecular chaperone regulator 1 [Suberites domuncula] 258 aa protein
CAJ65915.1 GL:110162114

110. hypothetical protein [Trifolium pratense] 347 aa protein BAE71291.1 G1:84468416

111. PREDICTED: similar to BAG-family molecular chaperone regulator-1 (BCL-2 binding
athanogene-1) (BAG-1) (Glucocorticoid receptor-associated protein RAP46) [Canis
familiaris] 371 aa protein XP_854585.1 G1:73971741

112. BCL2-associated athanogene isoform 1L variant [Homo sapiens] 345 aa protein
BAD96469.1 GI:62897057

113. BCL2-associated athanogene [synthetic construct] 275 aa protein AAX36941.1
GIL:60830701

114. hypothetical protein CNB03510 [Cryptococcus neoformans var. neoformans JEC21]
277 aa protein XP_569186.1 GI:58264060

115. BCL-2 binding anthanogene-1 [Hordeum vulgare subsp. vulgare] 259 aa protein
CAI39214.1 GI:56797970

116. BCL2-associated athanogene [Homo sapiens] 207 aa protein CAH72518.1 G1:55661642

117. putative BAG domain containing protein [Oryza sativa Japonica Group] 316 aa protein
BAD(9231.1 GI:42408090

118. ATBAG2 (ARABIDOPSIS THALIANA BCL-2-ASSOCIATED ATHANOGENE 2);
protein binding [ Arabidopsis thaliana] 285 aa protein NP_568950.2 GI1:30697630

119. unknown [Arabidopsis thaliana] 268 aa protein AAM63329.1 G1:21554254

120. unknown [Arabidopsis thaliana] 300 aa protein AAM61448.1 GI:21537107

121. BAG family molecular chaperone regulator Bag101 [Schizosaccharomyces pombe
972h-] 195 aa protein NP_596760.1 GI:19113552

122. BAG1 (human) homolog family member (bag-1) [Caenorhabditis elegans] 210 aa
protein NP_491893.1 GI:17507755

123. ATBAG3 (ARABIDOPSIS THALIANA BCL-2-ASSOCIATED ATHANOGENE 3);
protein binding [ Arabidopsis thaliana] 303 aa protein NP_196339.1 GI:15240726

124. hypothetical protein [Cicer arietinum] 262 aa protein CAC10210.1 GI:10334497

125. unnamed protein product [Arabidopsis thaliana] 326 aa protein BAB11054.1
GI:10177741

126. unnamed protein product [Arabidopsis thaliana] 302 aa protein BAB10172.1
GIL:10176928

127. BAG domain containing protein-like [Oryza sativa Japonica Group] 321 aa protein
BAA90810.1 GI:6983875

128. hypothetical protein [Oryza sativa Indica Group] 268 aa protein CAB51831.2
G1:6624711

129. RecName: Full=BAG family molecular chaperone regulator 1; Short=BAG-1; AltName:
Full=Bcl-2-associated athanogene 1

355 aa protein Q60739.3 GI:5915764

130. Bag]l protein variant [Homo sapiens] 240 aa protein AAD25045.1 GI:4583371

131. Bcl-2 associating athanogene-1 protein [Homo sapiens] 274 aa protein AAD11467.1
GI1:4204712

132. unknown [Arabidopsis thaliana] 269 aa protein AAC14405.1 GI:3068705

133. glucocortoid receptor-associated protein RAP46 [Homo sapiens 274 aa protein
CAAB4624.1 GI:1143476

Table 3 LMBR1 and BAG-like

1. LMBR1 domain-containing protein [Paracoccidioides brasiliensis PbO1] 1035 aa protein
XP_002795957.1 GI:295670820
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2. conserved hypothetical protein [Uncinocarpus reesii 1704] 1098 aa protein
XP_002582789.1 GI:258564088

3. LMBR1 domain protein [Aspergillus flavus NRRL3357] 771 aa protein XP_002383137.1
GI:238503810

4. conserved hypothetical protein [Ajellomyces capsulatus NAm1] 878 aa protein
XP_001543103.1 GI: 154284616

5. conserved hypothetical protein [Aspergillus terreus NIH2624] 1061 aa protein
XP_001212198.1 GI:115389386

6. hypothetical protein AN4211.2 [Aspergillus nidulans FGSC A4] 1124 aa protein
XP_661815.1 GI:67527933

Table 4. BAG containing

1. hypothetical protein [Leptosphaeria maculans] 484 aa protein CBX91750.1 GI:312211665

2. hypothetical protein MGYG_01124 [Arthroderma gypseum CBS 118893] 566 aa protein
EFQ98087.1 GI:311338885

3. hypothetical protein PTT_14740 [Pyrenophora teres f. teres 0-1] 1082 aa protein
EFQ89119.1 GI:311321631

4. PREDICTED: BAG family molecular chaperone regulator 2-like [Sus scrofa] 210 aa
protein XP_003128384.1 GI:311260217

5. BAG domain-containing protein [Glomerella graminicola M1.001] 323 aa protein
EFQ25840.1 GI:310790307

6. hypothetical protein PGTG_13832 [Puccinia graminis f. sp. tritici CRL 75-36-700-3] 521
aa protein EFP88028.1 GI:309311437

7. CRE-UNC-23 protein [Caenorhabditis remanei] 450 aa protein XP_003097664.1
GI:308470863

8. BAG domain-containing protein Samui [Harpegnathos saltator] 737 aa protein
EFN&9500.1 GI:307214463

9. BAG domain-containing protein Samui [Camponotus floridanus] 590 aa protein
EFN75007.1 GI:307191466

10. BAG domain containing protein [Coccidioides posadasii C735 delta SOWgp] 377 aa
protein XP_003068556.1 GI1:303317108

11. predicted protein [Micromonas pusilla CCMP1545] 197 aa protein XP_003062309.1
GI:303286039

12. hypothetical protein NECHADRAFT_101954 [Nectria haematococca mpVI1 77-13-4] 305
aa protein XP_003047677.1 GI1:302897597

13. hypothetical protein TRV_06834 [Trichophyton verrucosum HKI 0517] 482 aa protein
XP_003019150.1 GI:302654699

14. hypothetical protein ARB_05573 [Arthroderma benhamiae CBS 112371] 550 aa protein




WO 2012/087835 PCT/US2011/065563
28

XP_003016176.1 GI:302508431

15. BAG domain-containing protein [Verticillium albo-atrum VaMs.102] 381 aa protein
XP_003000558.1 GI:302405443

16. PREDICTED: BAG family molecular chaperone regulator 2-like [Ailuropoda
melanoleuca] 224 aa protein XP_002918970.1 GI:301767100

17. PREDICTED: BAG family molecular chaperone regulator 5-like [Ailuropoda
melanoleuca] 569 aa protein XP_002918888.1 GI:301766948

18. PREDICTED: BAG family molecular chaperone regulator 4-like [Ailuropoda
melanoleuca] 457 aa protein XP_002917278.1 GI:301763725

19. PREDICTED: BAG family molecular chaperone regulator 3-like [Ailuropoda
melanoleuca] 545 aa protein XP_002915457.1 GI:301759215

20. PREDICTED: BAG family molecular chaperone regulator 1 [Xenopus (Silurana)
tropicalis] 224 aa protein XP_002939543.1 GI1:301620355

21. PREDICTED: BAG family molecular chaperone regulator 4-like [ Xenopus (Silurana)
tropicalis] 405 aa protein XP_002932772.1 GI1:301606422

22. hypothetical protein CC1G_09698 [Coprinopsis cinerea okayama7#130] 352 aa protein
XP_001834198.2 GI:299741066

23. BCL-2-associated athanogene 5 [Arabidopsis lyrata subsp. lyrata] 212 aa protein
XP_002889912.1 GI1:297844062

24. BCL-2-associated athanogene 6 [Arabidopsis lyrata subsp. lyrata] 1050 aa protein
XP_002880227.1 GI:297824689

25. unnamed protein product [Vitis vinifera] 908 aa protein CB140461.3 GI:297745381

26. PREDICTED: BAG family molecular chaperone regulator 5-like isoform 1 [Pongo abelii]
447 aa protein XP_002825189.1 GI:297695954

27. PREDICTED: BAG family molecular chaperone regulator 4-like, partial [Pongo abelii]
367 aa protein XP_002819057.1 GI:297682712

28. PREDICTED: BAG family molecular chaperone regulator 2-like [Pongo abelii] 211 aa
protein XP_002817076.1 GI1:297678430

29. PREDICTED: BAG family molecular chaperone regulator 4 isoform 2 [Macaca mulatta]
421 aa protein XP_002805355.1 G1:297299241

30. PREDICTED: BAG family molecular chaperone regulator 4 isoform 1 [Macaca mulatta]
457 aa protein XP_001092290.2 GI:297299239

31. PREDICTED: BAG family molecular chaperone regulator 5-like isoform 3 [Macaca
mulatta] 488 aa protein XP_002805271.1 GI:297298674

32. PREDICTED: BAG family molecular chaperone regulator 5-like isoform 1 [Macaca
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mulatta] 447 aa protein XP_002805269.1 GI:297298670

33. conserved hypothetical protein [Arthroderma otae CBS 113480] 493 aa protein
XP_002850741.1 GI:296824976

34. hypothetical protein [Tuber melanosporum Mel28] 266 aa protein XP_002840054.1
GIL:296420998

35. PREDICTED: BAG family molecular chaperone regulator 4-like [Callithrix jacchus] 457
aa protein XP_002757004.1 GI:296222015

36. PREDICTED: BAG family molecular chaperone regulator 5-like, partial [Callithrix
jacchus] 546 aa protein XP_002754360.1 GI:296215959

37. PREDICTED: BAG family molecular chaperone regulator 2-like [Callithrix jacchus] 211
aa protein XP_002746721.1 GI:296198483

38. Chain C, Crystal Structure Of The Complex Between The Bag5 Bd5 And Hsp70 Nbd 142
aa protein 3A8Y_C GI:292659563

39. PREDICTED: BCL.2-associated athanogene 4-like [Oryctolagus cuniculus] 459 aa
protein XP_002720829.1 G1:291409094

40. PREDICTED: BCL2-associated athanogene 2 [Oryctolagus cuniculus] 211 aa protein
XP_002714564.1 GI:291396428

41. unnamed protein product [Sordaria macrospora] 456 aa protein CBI61348.1
GIL:289617625

42. hypothetical protein PANDA_007430 [Ailuropoda melanoleuca] 457 aa protein
EFB29769.1 GI:281354185

43. hypothetical protein PANDA_007521 [Ailuropoda melanoleuca] 174 aa protein
EFB16610.1 GI:281341026

44, hypothetical protein PANDA_003439 [Ailuropoda melanoleuca] 519 aa protein
EFB13668.1 GI1:281338084

45. hypothetical protein TcasGA2_TC005382 [Tribolium castaneum] 118 aa protein
EFA07817.1 GI:270011369

46. C. briggsae CBR-UNC-23 protein [Caenorhabditis briggsae] 457 aa protein
XP_002637426.1 GI:268558870

47. hypothetical protein, conserved [Trypanosoma brucei gambiense DAL972] 415 aa protein
CBH12270.1 GI:261329289

48. BAG domain-containing protein [Ajellomyces dermatitidis SLH14081] 482 aa protein
XP_002622007.1 GI:261191198

49. hypothetical protein CLUG_00229 [Clavispora lusitaniae ATCC 42720] 198 aa protein
XP_002619070.1 GL:260949547
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50. putative Uncoordinated protein 23 [Angiostrongylus cantonensis] 98 aa protein
CAR63696.1 GI:256251586

51. conserved hypothetical protein [Candida tropicalis MY A-3404] 201 aa protein
XP_002549008.1 GL:255728165

52. KLTHOEO04840p [Lachancea thermotolerans] 178 aa protein XP_002553694.1
GI:255714825

53. unknown [Glycine max] 179 aa protein ACU24252.1 GI:255647578

54. unknown [Glycine max] 192 aa protein ACU22784.1 GI:255644563

55. protein binding protein, putative [Ricinus communis] 152 aa protein XP_002530491.1
GI:255579292

56. conserved hypothetical protein [Ricinus communis] 182 aa protein XP_002527845.1
GIL:255573852

57. hypothetical protein RCOM_1078930 [Ricinus communis] 389 aa protein
XP_002514871.1 GI:255547628

58. hypothetical protein RCOM_1617200 [Ricinus communis] 1170 aa protein
XP_002511942.1 GI:255541756

59. ZYROO0OD15576p [Zygosaccharomyces rouxii] 169 aa protein XP_002497107.1
GI:254582244

60. hypothetical protein [Pichia pastoris GS115] 217 aa protein XP_002490201.1
GIL:254566181

61. BAG domain protein [Talaromyces stipitatus ATCC 10500] 326 aa protein
XP_002480434.1 GI1:242784668

62. predicted protein [Postia placenta Mad-698-R] 188 aa protein XP_002477173.1
GI:242222979

63. predicted protein [Postia placenta Mad-698-R] 698 aa protein XP_002476215.1
GI1:242220912

64. hypothetical protein SORBIDRAFT_05g024730 [Sorghum bicolor] 432 aa protein
XP_002451133.1 GI:242071713

65. hypothetical protein SORBIDRAFT_05g018040 [Sorghum bicolor] 373 aa protein
XP_002450781.1 GI:242071009

66. hypothetical protein SORBIDRAFT_05g018030 [Sorghum bicolor] 405 aa protein
XP_002450780.1 GI1:.242071007

67. hypothetical protein SORBIDRAFT_05g024770 [Sorghum bicolor] 424 aa protein
XP_002449877.1 GI:242069201

68. Involucrin, putative [Pediculus humanus corporis] 556 aa protein XP_002429335.1
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GI:242017720

69. conserved hypothetical protein [Candida dubliniensis CD36] 199 aa protein
XP_002417633.1 GI:241949821

70. hypothetical protein IscW_ISCW012456 [Ixodes scapularis] 137 aa protein
XP_002414382.1 GI:241749054

71. BAG protein [Ajellomyces capsulatus H143] 492 aa protein EER45017.1 GI:240281514

72. BAG domain-containing protein [Ajellomyces dermatitidis ER-3] 464 aa protein
EEQ83829.1 GI:239606842

73. protein binding protein [Zea mays] 200 aa protein NP_001151301.1 GI:226508350

74. protein binding protein [Zea mays] 213 aa protein NP_001152525.1 GI:226508022

75. hypothetical protein LOC100279586 [Zea mays] 397 aa protein NP_001146055.1
GI:226494841

76. conserved hypothetical protein [Paracoccidioides brasiliensis Pb18] 573 aa protein
EEH44237.1 G1:226288725

77. conserved hypothetical protein [Paracoccidioides brasiliensis Pb03] 493 aa protein
EEH19866.1 GI:225681582

78. BAG domain-containing protein [Ajellomyces capsulatus G186AR] 488 aa protein
EEH04941.1 GI1:225556653

79. PREDICTED: similar to IQ calmodulin-binding region; Apoptosis regulator Bcl-2
protein, BAG [Vitis vinifera] 220 aa protein XP_002278460.1 GI:225470016

80. PREDICTED: hypothetical protein [Vitis vinifera] 1221 aa protein XP_002279584.1
GI:225454410

81. BCL-2 associated athanogene 3-like protein [Piriformospora indica] 279 aa protein
ACN76856.1 GI:224995894

82. BAG family molecular chaperone regulator 5 [Salmo salar] 252 aa protein ACN58723.1
GI:224587836

83. predicted protein [Populus trichocarpa] 211 aa protein XP_002323161.1 GI:224139542

84. PREDICTED: similar to BCL2-associated athanogene 4, partial [Taeniopygia guttata]
148 aa protein XP_002194339.1 GI:224080885

85. predicted protein [Populus trichocarpa] 530 aa protein XP_002303771.1 GI1:224072528

86. predicted protein [Populus trichocarpa] 1227 aa protein XP_002301387.1 GI:224064112

87. PREDICTED: BCL2-associated athanogene 5 [Taeniopygia guttata] 450 aa protein
XP_002200616.1 GI:224051771
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88. hypothetical protein OsJ_06145 [Oryza sativa Japonica Group] 881 aa protein
EEE56689.1 GI:222622557

89. novel protein similar to vertebrate BCL2-associated athanogene 5 (BAGS, zgc:114117)
[Danio rerio] 494 aa protein CAX12188.1 GI:220678541

90. hypothetical protein OsI_06641 [Oryza sativa Indica Group] 881 aa protein EEC72871.1
GI:218190444

91. Chain C, Chaperone Complex 88 aa protein 3CQX_C GI:215261183

92. BAG family molecular chaperone regulator 1A [Schizosaccharomyces japonicus yFS275]
203 aa protein XP_002175892.1 GI:213410244

93. BAG family molecular chaperone regulator 1B [Schizosaccharomyces japonicus yFS275]
238 aa protein XP_002172980.1 GI:213404416

94. GA28307 [Drosophila pseudoobscura pseudoobscura] 623 aa protein XP_002135463.1
GIL: 198463237

95. BCL2-associated athanogene 5 [Xenopus (Silurana) tropicalis] 450 aa protein
NP_001124516.1 GI1:196259972

96. hypothetical protein TRIADDRAFT_53782 [Trichoplax adhaerens] 411 aa protein
XP_002109596.1 GI:195999456

97. BAG domain containing protein [Zea mays] 397 aa protein ACG47983.1 GI:195657031

98. GD14453 [Drosophila simulans] 709 aa protein XP_002084784.1 GI:195590098

99. GE21975 [Drosophila yakuba] 611 aa protein XP_002094712.1 GI:195494144

100. GK17074 [Drosophila willistoni] 602 aa protein XP_002061647.1 GI1:195427161

101. GJ13715 [Drosophila virilis] 615 aa protein XP_002047962.1 GI:195378380

102. GM25424 [Drosophila sechellia] 683 aa protein XP_002030411.1 GI1:195327408

103. GL20748 [Drosophila persimilis] 623 aa protein XP_002025601.1 GI: 195169585

104. GI113926 [Drosophila mojavensis] 603 aa protein XP_002009228.1 GI:195129569

105. GH14821 [Drosophila grimshawi] 651 aa protein XP_001984817.1 GI:195018621

106. GG15647 [Drosophila erecta] 617 aa protein XP_001972663.1 GI:194870498

107. GF23468 [Drosophila ananassae] 638 aa protein XP_001958531.1 GI:194752443

108. unnamed protein product [Homo sapiens] 421 aa protein BAG64979.1 GI:194384412

109. unnamed protein product [Homo sapiens] 178 aa protein BAG63354.1 GI:194377982

110. PREDICTED: BCL2-associated athanogene 5 [Equus caballus] 501 aa protein
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XP_001917330.1 GI:194225389

111. PREDICTED: BAG family molecular chaperone regulator 2-like [Sus scrofa] 228 aa
protein XP_001927915.1 GI1:194040264

112. unnamed protein product [Homo sapiens] 211 aa protein BAG51221.1 GI:193785786

113. unnamed protein product [Homo sapiens] 211 aa protein BAG50848.1 GI:193785482

114. PREDICTED: similar to starvin CG32130-PE [Acyrthosiphon pisum] 413 aa protein
XP_001946335.1 GI:193713619

115. BAG family molecular chaperone regulator 2 [Rattus norvegicus] 210 aa protein
NP_001121667.1 GI:189491875

116. BAG domain containing protein [Pyrenophora tritici-repentis Pt-1C-BFP] 411 aa protein
XP_001930427.1 GI:189188176

117. unnamed protein product [Homo sapiens] 457 aa protein BAG36731.1 GI:189054211

118. hypothetical protein [Podospora anserina S mat+] 453 aa protein XP_001911221.1
GIL:171692593

119. predicted protein [Laccaria bicolor S238N-H82] 298 aa protein XP_001880002.1
GIL: 170097565

120. conserved hypothetical protein [Culex quinquefasciatus] 345 aa protein
XP_001844965.1 GI1:170034205

121. hypothetical protein [Aspergillus oryzae RIB40] 299 aa protein XP_001816931.1
GIL:169764919

122. hypothetical protein SNOG_11736 [Phaeosphaeria nodorum SN15] 349 aa protein
XP_001801975.1 GI:169617121

123. predicted protein [Physcomitrella patens subsp. patens] 335 aa protein XP_001778220.1
GI:168051556

124. predicted protein [Physcomitrella patens subsp. patens] 1483 aa protein
XP_001774151.1 GI: 168043356

125. predicted protein [Physcomitrella patens subsp. patens] 161 aa protein XP_001772412.1
GI:168039855

126. predicted protein [Physcomitrella patens subsp. patens] 184 aa protein XP_001757454.1
GI:168009521

127. predicted protein [Physcomitrella patens subsp. patens] 1028 aa protein
XP_001752778.1 G1:168000148

128. starvin, isoform E [Drosophila melanogaster] 635 aa protein NP_001097600.1
GIL: 161083666
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129. BAG family molecular chaperone regulator 4 [Bos taurus] 457 aa protein
NP_001104002.1 GI:160333615

130. Chain A, Solution Structure Of The Bag Domain (275-350) Of Bag-Family Molecular
Chaperone Regulator-5 89 aa protein 2D9D_A GI:159164011

131. Chain A, Solution Structure Of The Murine Bag Domain Of Bcl2- Associated
Athanogene 3 111 aa protein 1UKS_A GI:159163160

132. Chain A, Solution Structure Of The First Murine Bag Domain Of Bcl2- Associated
Athanogene 5 99 aa protein 1lUGO_A GI:159163137

133. Chain A, Solution Structure Of The Sodd Bag Domain 99 aa protein IM7K_A
GIL:159162676

134. Chain A, Solution Structure Of The Bag Domain From BagdSODD 87 aa protein
IM62_A GI:159162675

135. Chain A, Bag Domain Of Bagl Cochaperone 135 aa protein 116Z_A GI:159162460

136. BAG domain protein [Aspergillus fumigatus A1163] 393 aa protein EDP55944.1
GIL:159130831

137. unnamed protein product [Homo sapiens] 447 aa protein BAF84001.1 GI:158256060

138. hypothetical protein AacL._AAELO00883 [Aedes aegypti] 328 aa protein
XP_001651673.1 GL: 157111666

139. hypothetical protein AacL._AAELO000883 [Aedes aegypti] 336 aa protein
XP_001651672.1 GI:157111664

140. hypothetical protein Kpol_1063p21 [Vanderwaltozyma polyspora DSM 70294] 165 aa
protein XP_001643268.1 GI:156839147

141. PREDICTED: similar to Samui [Nasonia vitripennis] 751 aa protein XP_001607528.1
GIL: 156549088

142. predicted protein [Nematostella vectensis] 237 aa protein XP_001641534.1
GI:156407404

143. predicted protein [Nematostella vectensis] 51 aa protein XP_001626567.1
GIL:156364870

144. predicted protein [Nematostella vectensis] 414 aa protein XP_001622761.1
GIL: 156352438

145. predicted protein [Nematostella vectensis] 418 aa protein XP_001622759.1
GIL:156352434

146. hypothetical protein SS1G_07244 [Sclerotinia sclerotiorum 1980] 297 aa protein
XP_001591798.1 GI:156051674

147. hypothetical protein [Leishmania braziliensis MHOM/BR/75/M2904] 291 aa protein
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XP_001564807.1 GL:154337148

148. hypothetical protein BC1G_05107 [Botryotinia fuckeliana B05.10] 298 aa protein
XP_001555733.1 GL: 154312812

149. PREDICTED: similar to BCL2-associated athanogene 4 [Equus caballus] 456 aa protein
XP_001493229.1 GI1:149742573

150. PREDICTED: similar to BAG family molecular chaperone regulator 2 (Bcl-2-associated
athanogene 2) (BAG-2) [Equus caballus] 265 aa protein XP_001499778.1 GI:149732651

151. PREDICTED: similar to BAG family molecular chaperone regulator 3 (Bcl-2-associated
athanogene 3) (BAG-3) (Bcl-2-binding protein Bis) (Docking protein CAIR-1) [Equus
caballus] 578 aa protein XP_001496329.1 GI:149690028

152. PREDICTED: similar to Bcl2-associated athanogene 2 [Ornithorhynchus anatinus] 206
aa protein XP_001505275.1 GI:149639355

153. PREDICTED: similar to BCL2-associated athanogene 3 [Ornithorhynchus anatinus] 530
aa protein XP_001514849.1 GI:149634658

154. PREDICTED: similar to BCL2-associated athanogene 4 [Ornithorhynchus anatinus] 96
aa protein XP_001506271.1 GI:149634106

155. PREDICTED: hypothetical protein [Ornithorhynchus anatinus] 447 aa protein
XP_001511029.1 GI:149441871

156. conserved hypothetical protein [Lodderomyces elongisporus NRRL YB-4239] 224 aa
protein XP_001527802.1 G1:149246754

157. BCL2-associated athanogene 4 [Rattus norvegicus] 457 aa protein EDM09068.1
GI:149057825

158. rCG22435 [Rattus norvegicus] 152 aa protein EDL.99317.1 GI:149046424

159. hypothetical protein PGUG_02352 [Meyerozyma guilliermondii ATCC 6260] 222 aa
protein XP_001484623.1 GI1:146417308

160. BAG domain protein [Aspergillus fumigatus Af293] 393 aa protein XP_001481711.1
GI:146322491

161. hypothetical protein MGG_05448 [Magnaporthe oryzae 70-15] 508 aa protein
XP_360073.2 GI:145615221

162. hypothetical protein An18g04750 [Aspergillus niger] 313 aa protein XP_001398933.1
GI: 145255335

163. PREDICTED: similar to BAG-family molecular chaperone regulator-2; BAG-2
[Monodelphis domestica] 210 aa protein XP_001371890.1 GI:126310295

164. PREDICTED: similar to BCL2-associated athanogene 5 [Monodelphis domestica] 505
aa protein XP_001373299.1 GI:126290435
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165. hypothetical protein PICST_30847 [Scheffersomyces stipitis CBS 6054] 202 aa protein
XP_001383495.1 GI:126133941

166. PREDICTED: si:dkey-22005.3 [Danio rerio] 399 aa protein XP_001337521.1
GI:125824741

167. BCL2-associated athanogene 2 [Homo sapiens] 108 aa protein CAM?28256.1
GIL:123230635

168. BAG domain protein [Aspergillus clavatus NRRL 1] 430 aa protein XP_001269553.1
GI:121702577

169. BCL2-associated athanogene 4, isoform CRA_b [Homo sapiens] 243 aa protein
EAW63331.1 GI:119583735

170. BAG domain protein [Neosartorya fischeri NRRL 181] 393 aa protein XP_001265061.1
GIL: 119496575

171. hypothetical protein CIMG_03702 [Coccidioides immitis RS] 383 aa protein
XP_001244261.1 GI:119187309

172. AGAPO11762-PA [Anopheles gambiae str. PEST] 347 aa protein XP_320748.3
GI:118793232

173. PREDICTED: similar to silencer of death domains [Gallus gallus] 369 aa protein
XP_424388.2 GI:118101378

174. hypothetical protein CHGG_07434 [Chaetomium globosum CBS 148.51] 358 aa protein
XP_001225090.1 GI:116198557

175. PREDICTED: hypothetical protein [Strongylocentrotus purpuratus] 475 aa protein
XP_001199380.1 GI:115647102

176. 050220719700 [Oryza sativa Japonica Group] 213 aa protein NP_001047945.1
GIL:115448331

177. PREDICTED: similar to silencer of death domains isoform 1 [Pan troglodytes] 506 aa
protein XP_001170419.1 GI:114619701

178. PREDICTED: similar to BAG-family molecular chaperone regulator-2; BAG-2 isoform
1 [Pan troglodytes] 175 aa protein XP_001158291.1 GI:114607983

179. BAG domain-containing protein Samui [Bombyx mori] 677 aa protein NP_001036843.1
GIL:112983960

180. PREDICTED: similar to CG32130-PA, isoform A, partial [Apis mellifera] 655 aa
protein XP_001123195.1 GI:110776578

181. PREDICTED: BAG family molecular chaperone regulator 2 isoform 3 [Macaca mulatta]
211 aa protein XP_001110620.1 GI:109071591

182. BAG-domain protein 1 / regulator of cell death [Plantago major] 159 aa protein
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CAJ38401.1 GI:106879635

183. BCL2-associated athanogene 4 [Bos taurus] 447 aa protein ABF57351.1 GI:95768382

184. BAG family molecular chaperone regulator 5 [Bos taurus] 447 aa protein
NP_001035634.1 GI1:94966879

185. PREDICTED: similar to starvin CG32130-PE [Tribolium castaneum] 514 aa protein
XP_970462.1 G1:91089057

186. unnamed protein product [Macaca fascicularis] 191 aa protein BAE91540.1
GI:90085599

187. 1Q calmodulin-binding region; Apoptosis regulator Bcl-2 protein, BAG [Medicago
truncatula] 187 aa protein ABD33007.1 GI:87241149

188. hypothetical protein NCU01220 [Neurospora crassa OR74A] 357 aa protein
XP_961586.1 GI1:85103726

189. BAG family molecular chaperone regulator 2 [Bos taurus] 211 aa protein
NP_001029436.1 GI:77735483

190. BAG family molecular chaperone regulator 5 [Danio rerio] 471 aa protein
NP_001029355.1 GI:77681460

191. PREDICTED: similar to BAG-family molecular chaperone regulator-4 (BCL2-
associated athanogene 4) (BAG-4) (Silencer of death domains) [Canis familiaris] 457 aa
protein XP_849918.1 GI:73979313

192. PREDICTED: similar to BAG-family molecular chaperone regulator-2 [Canis
familiaris] 211 aa protein XP_853118.1 GI:73973426

193. PREDICTED: similar to BCL2-associated athanogene 5 isoform a [Canis familiaris] 576
aa protein XP_537562.2 GI:73964517

194. hypothetical protein [Trypanosoma brucei TREU927] 415 aa protein XP_845835.1
GIL:72391082

195. UNCoordinated family member (unc-23) [Caenorhabditis elegans] 457 aa protein
NP_001024011.1 GI:71997311

196. BAG family molecular chaperone regulator 5 [Gallus gallus] 450 aa protein
NP_001026382.1 G1:71894943

197. hypothetical protein Ca019.8612 [Candida albicans SC5314] 199 aa protein
XP_711238.1 GI1:68489890

198. BAG family molecular chaperone regulator 4 [Rattus norvegicus] 457 aa protein
NP_001020301.1 GI:68341993

199. BAG family molecular chaperone regulator 5 isoform a [Homo sapiens] 488 aa protein
NP_001015049.1 GI:62548856
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200. BAG family molecular chaperone regulator 5 [Mus musculus] 447 aa protein
NP_081680.1 GI:58037205

201. BAG family molecular chaperone regulator 5 [Rattus norvegicus] 447 aa protein
NP_001008526.1 GI:56606102

202. BCL2-associated athanogene 2 [ Xenopus (Silurana) tropicalis] 213 aa protein
NP_001006729.1 GI:55741948

203. BCL2-associated athanogene [Homo sapiens] 60 aa protein CAH72520.1 GI:55661644

204. YALIOD10769p [Yarrowia lipolytica] 327 aa protein XP_502669.1 GI:50550393

205. DEHA2B14982p [Debaryomyces hansenii CBS767] 206 aa protein XP_457599.1
GIL:50416966

206. hypothetical protein [Candida glabrata CBS 138] 153 aa protein XP_447805.1
GIL:50290745

207. Chain A, Structural Genomics Of Caenorhabditis Elegans: Structure Of Bag-1 Protein
137 aa protein 1T7S_A GI:49259265

208. BAG2 [Homo sapiens] 211 aa protein CAG38527.1 GI1:49065418

209. unknown protein [Oryza sativa Japonica Group] 410 aa protein AAT44147.1
GI:48475078

210. unnamed protein product [Tetraodon nigroviridis] 323 aa protein CAG03774.1
GIL:47216770

211. unnamed protein product [Tetraodon nigroviridis] 93 aa protein CAG12283.1
GIL:47215891

212. hypothetical protein FG11061.1 [Gibberella zeae PH-1] 570 aa protein XP_391237.1
GI:46139093

213. hypothetical protein FG02098.1 [Gibberella zeaec PH-1] 305 aa protein XP_382274.1
GI:46110433

214. hypothetical protein [Ashbya gossypii ATCC 10895] 213 aa protein NP_986905.1
GIL:45201335

215. UNCoordinated family member (unc-23) [Caenorhabditis elegans] 399 aa protein
NP_872142.1 GI:32566728

216. BCL2-associated athanogene 5 [Homo sapiens] 447 aa protein AAH50551.1
GI:29792008

217. hypothetical protein [Macaca fascicularis] 60 aa protein BAC41231.1 GI:25815212

218. starvin, isoform B [Drosophila melanogaster] 516 aa protein NP_729912.1 GI:24663868
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219. starvin, isoform C [Drosophila melanogaster] 542 aa protein NP_729911.1 GI:24663865

220. starvin, isoform A [Drosophila melanogaster] 609 aa protein NP_729910.1 GI:24663861

221. Bag4 protein [Mus musculus] 469 aa protein AAH37239.1 GI:23273683

222. BAG family molecular chaperone regulator 2 [Mus musculus] 210 aa protein
NP_663367.1 GI1:21703784

223. Bag5 protein [Mus musculus] 205 aa protein AAH27827.1 GI:20379946

224. BAG family molecular chaperone regulator Bag102 [Schizosaccharomyces pombe
972h-] 206 aa protein NP_595316.1 GI:19112108

225. BAG family molecular chaperone regulator 4 [Mus musculus] 457 aa protein
NP_080397.1 GI:17975504

226. UNCoordinated family member (unc-23) [Caenorhabditis elegans] 458 aa protein
NP_505307.1 GI:17564906

227. BAG6 (BCL-2-ASSOCIATED ATHANOGENE 6); calmodulin binding / protein
binding [Arabidopsis thaliana] 1043 aa protein NP_182147.1 GI:15225945

228. ATBAGS (ARABIDOPSIS THALIANA BCL-2-ASSOCIATED ATHANOGENE 5);
protein binding [Arabidopsis thaliana] 215 aa protein NP_172670.1 GI:15221182

229. Bag4 protein [Mus musculus] 147 aa protein AAH09102.1 GI:14318608

230. Chain B, Crystal Structure Of A Bag Domain In Complex With The Hsc70 Atpase
Domain 114 aa protein 1HX1_B GI:13399492

231. unnamed protein product [Mus musculus] 147 aa protein BAB28930.1 GI:12851044

232. unnamed protein product [Mus musculus] 414 aa protein BAB24105.1 GI:12838157

233. BAG family molecular chaperone regulator 5 isoform b [Homo sapiens] 447 aa protein
NP_004864.1 GI1:6631077

234. BAG family molecular chaperone regulator 4 [Homo sapiens] 457 aa protein
NP_004865.1 GL1:6631075

235. Snllp [Saccharomyces cerevisiae S288c] 159 aa protein NP_012248.1 GI1:6322173

236. BAG family molecular chaperone regulator 2 [Homo sapiens] 211 aa protein
NP_004273.1 GL:4757834

237. KIAA0873 protein [Homo sapiens] 466 aa protein BAA74896.1 G1:4240235

238. F12F1.7 [Arabidopsis thaliana] 215 aa protein AAC17606.1 GI:3157923
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Example 2: Construction of CFTR expressing plasmid and CFTR expression in human
cells
A pcDNA3 with a Myc tag (Myc-pcDNA3) was generated. The gene for Myc tag

was inserted into pcDNA3 (Invitrogen) using Hind III and BamH I sites. The cftr gene or its
mutant (AS08F ) was inserted into Myc-pcDNA3 using Not I and Xho I sites (Myc-CFTR-
pcDNA3 or Myc-CFTR A508F -pcDNA3). In order to express the protein, the gene for the
amino acids (human bag3 gene amino acid 419-536: indicated by (S) in the constructs) was
inserted into Myc-pcDNA3 with two restriction sites (BamH I and EcoR 1), then the ¢ftr gene
was inserted into it using Not I and Xho I sites (Myc-(S)-CFTR-pcDNA3 or Myc-(S)-CFTR
[J508F -pcDNA3).

To verify the expression of CFTR protein in human cells, the plasmids for Myc-
CFTR, Myc-(S)-CFTR, Myc-CFTR A508F, and Myc-(S)-CFTR AS508F were transfected to
HEK?293 cells with pEGFP-N2 plasmid (Clontech), and cultured for two days. Cells were
lysed in RIPA buffer (50 mM Tris-HCI, pH7.5, 150 mM NaCl, 0.1% NP-40, 0.5% sodium
deoxycholate, and 0.1% SDS) containing protease inhibitor cocktail and PMSF. After brief
sonication, the sample was incubated with SDS-sample buffer at 37 °C for 30 minutes, and
immunoblotting was performed. CFTR protein was detected with anti-Myc antibody (Figure

7). GFP expression was used for the transfection efficiency, and actin as a loading control.

Example 3: Intracellular localization of CFTR in human cells

The plasmid for Myc-CFTR-pcDNA3 or Myc-(S)-CFTR-pcDNA3 was transfected
into HEK293 as described above. For staining, cells were washed with PBS, and fixed with
4% paraformaldehyde in PBS for 5 minutes. After three 5S-minute washes with PBS, the
fixed samples were incubated in 0.2% Triton X-100 in PBS for 3 minutes and blocked with
2% BSA in PBS for 1 hour. The antibody against Myc tag was incubated with the samples
for 1 hour at room temperature. After washing with PBS, the samples were incubated with
Alexa Fluor™ conjugated antibodies (Alexa Fluor™ 594 goat anti-mouse IgG (Molecular
Probes, Eugene, OR)). After washing with PBS, samples were mounted using Vectashield™
with Dapi (4°, 6-diamidino-2-phenylindole: Vector Laboratories, Burlingame, CA) (Figure
8).

Example 4: CFTR function in human cells

HEK?293 cells were cultured onto 96-well plate. The cultured cells were transfected
with the plasmid for Myc-CFTR-pcDNA3 or Myc-(S)-CFTR-pcDNA3, and incubated for an
additional two days. Cells were loaded with SPQ (6-methoxy-N-(3-sulfopropyl)

quinolinium) by incubating the cells with 5 mM SPQ in hypotonic medium for 15 minutes at
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37 °C. The cells were then allowed to recover in HBSS for 15 minutes at 37 °C. Cells were
incubated with quenching buffer (10 mM HEPES, pH7.4, 135 mM Nal, 2.4 mM K,HPO,, 0.6
mM KH;PO4, 1 mM MgSO4, 1 mM CaSO,, 10 mM dextrose) for 30 minutes at 37 °C, and
the medium was washed with assay buffer (10 mM HEPES, pH7.4, 135 mM NaNO3, 2.4 mM
K,HPO,, 0.6 mM KH,PO,4, 1 mM MgSO,, 1 mM CaSO,, 10 mM dextrose). To activate the
CFTR protein, the medium was replaced with assay buffer containing 10 uM forskolin.
Baseline activity was measured by adding an equal volume of 300 mM KSCN onto the well
directly (final concentration; 150 mM). The fluorescence intensity from SPQ was measured
with Tecan Safire IT'™ (Figure 9).

Soluble IL13Ra2 may be used to inhibit inflammation (e.g., in connection with

asthma), or to reduce fibrosis (pulmonary fibrosis, hepatic fibrosis etc).

Example 5: Construction of IL13Ra2 expressing plasmid

Generating recombinant proteins in mammalian cells offers several advantages over
other expression systems. Most of recombinant proteins require complicated post-
translational modifications such as glycosylation for their function, which cannot be attained
or are not accurate in other host cells, such as E. coli or yeast. Despite their slower growth
rates and requirements of complex nutrition, mammalian cells have grown as a major host
cell for generating complex recombinant proteinszs. However, mammalian cells have strict
intracellular quality control systems for protein production, in which misfolded or unfolded
proteins are rapidly degraded in cells™. This system could lead to extremely low efficiency
of recombinant protein generation. Therefore, attempting enhancement of protein folding has
been one of the major issues in this field. For example, cell cultures at low temperature to
express molecular chaperones with recombinant proteins have been performed, but
production and recovery of recombinant protein from mammalian cells are still not efficient
enough for mass production. Interleukin 13 (IL13) mediates allergic inflammation.
Therefore, its decoy receptor, IL13Ra?2 protein is used in the treatment of asthma. However,
the production of soluble IL-13Ra2 using human cells is inefficient because of its instability
in cells. The present invention provides efficient methods and compositions for the
production of IL-13Ra2.

The gene sequence for Flag tag was made by annealing two single strand nucleotides,
and inserted into pcDNA3 with two restriction enzyme sites (Xba I and Apa I; pcDNA3-
Flag). cDNA of Jurkat cells (immortalized cell line of human T lymphocyte) was used as a

template to generate IL13Ra2 gene by PCR. The gene for IL13Ra2 was inserted into
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pcDNA3-Flag with two restriction sites (Kpn I and Xho I). The cDNA for the FOLDING
TAG was inserted between Xho I and Xba I sites.

Example 6: IL13R02 expression in human cells

To verify the expression of IL.13Ra2 protein in human cells, the plasmid for
IL13Ra2-Flag-pcDNA3 or IL13Ra2-(S)-Flag-pcDNA3 was transfected to HEK293 cells
with pEGFP-N2 plasmid (Clontech), and cultured cells for two days. Cells were lysed in
RIPA buffer (50 mM Tris-HCI, pH7.5, 150 mM NaCl, 0.1% NP-40, 0.5% sodium
deoxycholate, and 0.1% SDS) containing protease inhibitor cocktail and PMSF. After brief
sonication, the sample was boiled in SDS-sample buffer, and immunoblotting was performed.
IL13R a2 protein was detected with anti-Flag antibody (Figure 10). GFP expression was used
for the transfection efficiency, and actin as a loading control.

The activity of IL.13Ra2 protein is measured by ELISA, which is commercially
available.

Example 7: Construction of a1 anti-trypsin expressing plasmid

Most of the proteins currently engineered are secreted proteins. Mammalian cells
have become the dominant system for the production of recombinant proteins because of
their abilities for post-translational modifications, protein folding, and efficient secretion®.
Soon after translation commences, secreted proteins with a signal sequence are inserted into
the ER for further translation, transferred to the Golgi apparatus, then moved to cell
membrane for secretion via vesicle transportation®’. In the ER, protein folding is strictly
controlled since abnormally folded proteins may acquire unfavorable functions, which could
have systematic effects if they were to be secreted and circulated in the blood. Mal-folded
proteins are typically retained in the ER and are unable to be secreted®®. The accumulation of
unfolded proteins in the ER elicits the unfolded protein response. The typical response has
three different part, (i) suppression of translation, (ii) enhanced expression of molecular
chaperones, and (iii) degradation of unfolded proteins®. Accumulation of unfolded protein in
ER induces cell death unless the unfolded proteins are cleared®’. This explains why
enhancing the efficiency of secretion is as important as enhancing the expression level.

To verify the effect of the folding tag on protein secretion, ol anti-trypsin was used as
an example. ol anti-trypsin is secreted from liver, and circulates in blood vessels. The
function of a1 anti-trypsin is to protect tissues, particularly lung tissue, from excess
proteases. The lung is damaged by proteases in a disease called o 1 anti-trypsin deficiency.

Subjects affected by a 1 anti-trypsin deficiency may develop emphysema, asthma and/or
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chronic obstructive pulmonary disease (COPD)™. Currently o, 1 anti-trypsin (human serum)
is used for the treatment of patients with o 1 anti-trypsin deficiency. This treatment is
expensive and subjects that receive the human serum are at risk of contracting pathogens
present in the human serum®. Therefore, the present invention provides recombinant protein
technology useful in generating o 1 anti-trypsin, which is not subject to the expense and risks
32

The construction of an ol anti-trypsin expressing plasmid is similar to that described
above (refer “Construction of IL13Ra2 expressing plasmid”). cDNA of al anti-trypsin was
generated by PCR using cDNA of Jurkat cells (immortalized cell line of human T
lymphocyte) as a template. The generated cDNA for a1 anti-trypsin was inserted into
pcDNA3-Flag with two restriction sites (EcoR I and Xho I), and cDNA for FOLDING TAG

was inserted into Xho I and Xba I sites.

Example 8: Expression and secretion of a1 anti-trypsin

The plasmid for a1 anti-trypsin was transfected to HEK293 cells with pEGFP-N2
plasmid (Clontech), and cultured cells for two days. Cell medium was harvested to monitor
the secretion of ol anti-trypsin, and cells were lysed in RIPA buffer (50 mM Tris-HCI,
pH7.5, 150 mM NaCl, 0.1% NP-40, 0.5% sodium deoxycholate, and 0.1% SDS) containing
protease inhibitor cocktail and PMSF. Cell lysate was briefly sonicated, and the sample was
boiled in SDS-sample buffer, and applied onto SDS-PAGE. After transfer to PVDF
membrane, ol anti-trypsin was detected with anti-Flag antibody (Figure 11). GFP expression
was used for the transfection efficiency. al anti-trypsin activity is carried out using a
commercially available kit.

In particular embodiments, the invention provides compositions and methods for
generating BAG3 fusion polypeptides comprising the proteins delineated in the following

tables, as well as vectors encoding these BAG3 fusion polypeptides.
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Polynucleotide Therapy
Protein Application
Cystic fibrosis transmembrane Cystic Fibrosis '~
conductance regulator (CFTR)
Alpha-1-antitrypsin Alpha-1-antitrypsin deficiency (COPD)™
Survival motor neuron-1 (SMN1) Spinal muscular atrophy
Aspartoacylase Canavan disease >
Calpain 3 Limb girdle muscular dystrophy ~°
Dysferlin
Sarcoglycan
Dystrophin Muscular dystrophy (DMD) °"*°
Utrophin Muscular dystrophy (DMD) >
HIV1 gag HIV vaccine *
NGF Alzheimer’s disease *'
GADG65 (glutamic acid Parkinson’s disease ™
decarboxylase)
GADG67 Parkinson’s disease "~
AADC (dopa decarboxylase) Parkinson’s disease
Aspartoacylase Canavan’s disease
GM-CSF Prostate cancer
Low-density lipoprotein receptor Familial hypercholesterolaemia *°
Glucocerebrosidase Gaucher disease "™
FANCC (Fanconi anemia Fanconi anaemia
complementation C)
Factor VIII Hemophilia A °">*
Factor IX Hemophilia B >
CD86(B7-2) Malignant melanoma™”
IL-12 Malignant melanoma ™
pS3 (wild type) g\élost type of Cancer (expressing wild type p53)
Adenosine deaminase Adenosine deaminase deficiencSy (severe

combined immune deficiency)
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Recombinant proteins
Protein Application
Factor VIII Hemophilia A >°
Factor IX Hemophilia B >’
Activated protein C Sepsis
laronidase Mucopolysaccharidosis I **
Erythropoietin Anemia > '°
GM-CSF Hematopoiesis

Iduronate-2-sulfatase

62
Hunter syndrome

alpha-galactosidase A

- 63, 64
Fabry disease ™

Interferon-beta

Relapsing multiple sclerosis *

glycodelin

. 66
Immunosuppression

sIL.13 receptor alpha 2

Asthma, Pulmonary fibrosis ¢’

Tissue plasminogen activator

Myocardial infraction *®

Alpha-glucosidase

- 6971
Pompe disease *

Luteinizing hormone Infertility
Follicle stimulating hormone Infertility "
TNFalpha receptor fusion protein Rheumatoid arthritis "'’

Beta-glucocerebrosidase

. 78
Gaucher’s disease

Deoxyribonuclease 1

Cystic fibrosis

Antibodies

80

Soluble cytokine receptors

Biological therapy °'

Cytokines
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Experimental / Industrial application
Protein Application
Enzymes
Cytokines
Antibodies

Other proteins
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Other Embodiments

From the foregoing description, it will be apparent that variations and modifications
may be made to the invention described herein to adopt it to various usages and conditions.
Such embodiments are also within the scope of the following claims.

The recitation of a listing of elements in any definition of a variable herein includes
definitions of that variable as any single element or combination (or subcombination) of
listed elements. The recitation of an embodiment herein includes that embodiment as any
single embodiment or in combination with any other embodiments or portions thereof.

All patents and publications mentioned in this specification are herein incorporated by
reference to the same extent as if each independent patent and publication was specifically

and individually indicated to be incorporated by reference.
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What is claimed is:

1. A fusion polypeptide comprising or consisting essentially of a BAG domain, or
fragment thereof, that interacts with an Hsp70 molecular chaperone linked to a heterologous

polypeptide.

2. The fusion polypeptide of claim 1, wherein the BAG domain is derived from a

mammalian BAG3 polypeptide.

3. The fusion polypeptide of claim 1, wherein the BAG domain comprises amino acids

419-536 or 388-500 of human BAG3.

4. The fusion polypeptide of claim 1, wherein the heterologous polypeptide is cystic
fibrosis transmembrane conductance regulator (CFTR), IL13 receptor a2 protein (IL13Ra2),
or anti-trypsin (a1-AT).

5. A polynucleotide encoding the fusion polypeptide of any of claims 1-4.

6. An expression vector comprising a promoter suitable for expression in a mammalian
cell operably linked to a polynucleotide sequence encoding a fusion polypeptide comprising a
BAG domain that interacts with an HSP70 molecular chaperone linked to a heterologous

polypeptide.

7. The expression vector of claim 6, wherein the polynucleotide sequences encoding the
BAG domain and the heterologous polypeptide are linked by a nucleic acid linker comprising

between about 5 and 25 nucleic acids.

8. The expression vector of claim 6, wherein the BAG domain is attached to the amino
terminus or the carboxy terminus of the heterologous polypeptide, or wherein the BAG
domain is positioned between the amino and carboxy termini of the heterologous

polypeptide.

9. The fusion protein of claim 17, wherein said BAG domain is linked to said heterologous

polypeptide by a linker comprising a protease-sensitive site.
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10. A host cell comprising the expression vector of claim 6.

11. A method of producing a BAG fusion protein, said method comprising the steps of:
(a) expressing in a host cell, a polynucleotide encoding a fusion protein of claim 1;
and  (b) culturing said host cell under conditions appropriate for production of said fusion

protein.

12. A method of treating a subject having a disease associated with the expression of a
misfolded protein, the method comprising:

(a) expressing in a cell of the subject, a polynucleotide encoding a fusion protein of
claim 1; and

(b) expressing said protein in said cell under conditions appropriate for production of

said fusion protein, thereby treating said subject.
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