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NOVEL MACROMOLECULE TRANSDUCTION DOMAINS AND
METHODS FOR IDENTIFICATION AND USES THEREOF

[ Technical Field]

The present invention relates to novel macromolecule transduction
domain (MTD) peptides which facilitate the traverse of a biologically active
molecule across the cell membrane, polynucleotides encoding the same,
methods of identifying the same, methods of genetically engineering a
biologically active molecule having cell permeability by using the same,
methods of importing a biologically active molecule into a cell by using the

same, and uses thereof.

[Background Art]

Cellular internalization of macromolecules, such as DNA, RNA,
proteins, oligonucleotides, and peptides, is still a challenging task because of
the presence of the plasma membrane, which constitutes an impermeable
barrier for such molecules. Numerous difficulties have been encountered in
delivering such molecules to a desired target, including poor penetration into a
tissue or cell, toxicity when delivered systemically due to the insufficient
specificity of targeting to a particular tissue or cell, side effects when delivered
in a high concentration in order to achieve an adequate local concentration at a
particular target cell or tissue, and degradation such that inadequate amounts
are delivered to the target and/or such that byproducts of degradation result in
undesirable side effects.

In order to circumvent these problems, several carrier-mediated delivery
systems have been developed. Among them, much attention has recently been
given to the use of peptide-based delivery systems. The use of peptides with
cell permeability has several advantages, which are mainly due to the various
modifications that can be made to the peptide sequence. This allows the

engineering of carriers that can address different cellular subdomains and/or are
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able to transport various types of cargo molecules.

Many cell permeable peptides are designed from sequences of
membrane-interacting proteins, such as recombinant proteins, signal peptides,
transmembrane domains, and antimicrobial peptides. Within these sequences,
short sequences called protein transduction domains (PTDs) have been proved
to efficiently cross biological membranes without the need of a carrier or a
receptor and to deliver peptides or proteins into intracellular compartments. A
number of studies have suggested that the use of PTD-based peptides could be
of major importance for therapies against viral diseases or cancers. Among
the PTD-based peptides, the third helix of the homeodomain of antennapedia
called penetratin (Joliot, A. and A. Prochiantz, Nat. Cell Biol. 6(3):189-96
(2004)), the Tat peptide derived from the transactivating protein Tat of HIV-1
(Wadia, J.S. and S.F. Dowdy, Curr. Opin. Biotechnol. 13(1):52-6 (2002)),
transportan (Pooga et al., Faseb J. 12(1):67-77 (1998)), and VP22 (Elliott, G.
and P. O'Hare, Cell 88(2):223-33 (1997)) have been shown to improve the
cellular uptake of peptides, proteins, and oligonucleotides.

A second category of cell-penetrating peptides, called amphipathic
peptides, has also been described. An amphipathic molecule can be defined,
in short, as consisting of two domains: a hydrophilic (polar) domain and a
hydrophobic (non-polar) domain. For peptides, the amphipathic character can
arise from either the primary structure or the secondary structure. Primary
amphipathic peptides can be defined as the sequential assembly of a domain of
hydrophobic residues with a domain of hydrophilic residues. Secondary
amphipathic peptides are generated by the conformational state which allows
the positioning of the hydrophobic and hydrophilic residues on opposite sides
of the molecule.

Other peptides, such as polyarginine-based peptides, calcitonin-derived
peptides, and oligomers, have also been proposed as tools for intracellular
delivery of therapeutics.

However, the currently known delivery systems appear to be limited
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due to their lack of efficiency and/or their toxicity, and little is known about the
pathway of their cellular uptake, constituting a handicap for improving their
efficiency. In addition, a number of delivery systems are limited in their
ability to cross cellular and nuclear membranes. Even where such delivery
peptides do cross cell membranes, they are often limited in their efficacies due
to their entrapment in endosomes.

The present invention is directed to overcoming these deficiencies in

the art.

[Disclosure]
[ Technical Solution]

The present invention relates to isolated macromolecule transduction
domain (MTD) peptides capable of mediating the transport of a biologically
active molecule into a cell.

Another aspect of the present invention relates to isolated
polynucleotides encoding such MTD peptides.

The present invention also relates to a method of identifying a MTD
peptide having cell permeability.

Another aspect of the present invention relates to a method of
genetically engineering a biologically active molecule having cell permeability
by attaching a MTD peptide to a biologically active molecule.

Still another aspect of the present invention relates to an isolated
recombinant protein having cell permeability comprising a MTD peptide
having cell permeability and a biologically active molecule.

The present invention also. relates to a pharmaceutical composition for
delivery of a biologically active molecule to a cell comprising a cell permeable
recombinant protein where a MTD is attached to a biologically active molecule.

Another aspect of the present invention relates to a method of
transporting a biologically active molecule into a cell in a subject comprising

administering to a subject a cell permeable recombinant protein comprising a
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MTD peptide attached to a biologically active molecule.
Other aspects of the present invention relate to the use of MTD peptides

for drug delivery, vaccine administration, protein therapy, and gene therapy.

[ Advantageous Effects]
The present invention provides MTD peptides having cell permeability
which can facilitate the transport of a biologically active molecule into a cell
and, thus, can be effectively used for drug delivery, vaccine administration,

peptide therapy, and gene therapy.

[Description of Drawings]

Figs. la to 1o show tables illustrating the amino acid sequences and
structural characteristics of macromolecule transduction domain (MTD)
peptides identified according to the method of the present invention.

Fig. 2 is a schematic diagram illustrating the His-MTD-EGFP
recombinant protein having cell permeability and constructed according to the
present invention.

Figs. 3a to 3¢ are photographs of an agarose gel electrophoresis analysis
showing DNA fragments encoding MTDs-EGFP amplified by PCR according
to the present invention.

Fig. 4a is a schematic diagram illustrating the subcloning of a DNA
fragment encoding MTD-EGFP into the pGEM-Teasy vector according to the
present invention, whereas Figs. 4b to 4d are photographs of an agarose gel
electrophoresis analysis showing DNA fragments encoding MTDs-EGFP
subcloned into pGEM-Teasy vector according to the present invention.

Fig. 5a is a schematic diagram illustrating the cloning of a DNA
fragment encoding MTD-EGFP into the pET 28(+) vector according to the
present invention, whereas Figs. 5b to 5c are photographs of an agarose gel
electrophoresis analysis showing DNA fragments encoding MTDs-EGFP

cloned into the pET 28(+) vector according to the present invention.
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Figs. 6a and 6b are photographs of a SDS-PAGE analysis illustrating
the inducible expression of His-MTD-EGFP recombinant proteins according to
the present invention.

Figs. 7a and 7b are photographs of a SDS-PAGE analysis showing the
purity of His-MTD-EGFP recombinant‘ proteins under denaturing conditions
according to the present invention.

Fig. 8 is a photograph of a SDS-PAGE analysis showing the purification
of His-MTD-EGFP recombinant proteins under renaturing conditions according
to the present invention.

Figs. 9a to 9g are graphs illustrating the cell permeabilities of His-
MTD-EGFP recombinant proteins analyzed by flow cytometry according to the
present invention.

Figs. 10a to 10i are photographs visualizing the cell permeabilities of
His-MTD-EGFP recombinant proteins by confocal laser scanning microscopy
according to the present invention.

Figs. 11a and 11b are graphs comparing the cell permeabilities of His-
MTD-EGFP recombinant proteins according to the present invention with a
positive control.

Figs. 12a to 12i are photographs visualizing the in vivo distribution of
His-MTD-EGFP recombinant proteins by fluorescence microscopy according
to the present invention. |

Figs. 13a to 13k show tables summarizing the characteristics of the

MTD peptides identified according to the method of the present invention.

[Detailed Description]
The present invention relates to novel macromolecule transduction
domain (MTD) peptides having cell permeability that facilitate the traverse of a
biologically active molecule across the cell membrane. The MTD peptides of
the present invention are cell permeable polypeptides capable of mediating the

import of a biologically active molecule, including polypeptides, protein
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domains, or full-length proteins, through the cell membrane. The MTD
peptides of the present invention are characterized aé having a single
hydrophobic region at their N-terminus, forming a helix structure, exhibiting
flexibility, and having relatively short amino acids (7 to 17 amino acids) in
length (see Figs. 1a to 10).

One embodiment of the present invention relates to isolated MTD
peptides having cell permeability, where the MTD peptide has an amino acid
sequence selected from the group consisting of SEQ ID NOS: 1-193, analogs,
derivatives, amidated variations, and conservative variations thereof.

A person having ordinary skill in the art can make similar substitutions
to obtain peptides having greater cell permeability and a broader host range.
For example, the present invention provides peptides corresponding to amino
acid sequences SEQ ID NOS: 1 to 193, as well as analogues, derivatives, and
amidated derivatives thereof, as long as the cell permeability of the peptide
remains. Minor modifications to the primary amino acid sequence of the
peptides of the present invention may result in peptides which have
substantially equivalent or enhanced cell permeability, as compared to the
specific peptides described herein. Such modifications may be deliberate, as
by site-directed mutagenesis, or may be spontaneous. All of the peptides
produced by these modifications are included herein, as long as the cell
permeability of the original peptide still exists or, in the case of amidated
versions of the peptide, the cell permeability of the original peptide is enhanced
or altered such that the amidated peptide is therapeutically useful. It is
envisioned that such modifications are useful for altering or enhancing the cell
permeability of a particular peptide.

Further, the deletion of one or more amino acids can also result in a
modification to the structure of the resultant molecule without any significant
change in its cell permeability. This can lead to the development of a smaller
active molecule which may also have utility. For example, amino- or carboxy-

terminal amino acids which may not be required for the cell permeability of a
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particular peptide can be removed. The peptides of the present invention
include any analog, homolog, mutant, isomer, or derivative of the peptides
disclosed in the present application, so long as the cell permeability, as
described herein, remains. All peptides were synthesized using L-amino
acids; however, D forms of all of the peptides can be synthetically produced.
In addition, C-terminal derivatives, such as C-terminal methyl esters and C-
terminal amidates, can be produced, in order to increase the cell permeability of
the peptide of the present invention.

A "peptide" of the present invention includes amino acid sequences that
are conservative variations of those peptides specifically exemplified herein.
The term "conservative variation" as used herein denotes the replacement of an
amino acid residue by another, biologically similar residue. Examples of
conservative variations include the substitution of one hydrophobic residue,
such as isoleucine, valine, leucine, alanine, cysteine, glycine, phenylalanine,
proline, tryptophan, tyrosine, norleucine, or methionine for another, or the
substitution of one polar residue for another, such as the substitution of arginine
for lysine, glutamic for aspartic acids, or glutamine for asparagine, and the like.
Neutral hydrophilic amino acids which can be substituted for one another
include asparagine, glutamine, serine, and threonine. The term "conservative
variation" also includes the use of a substituted amino acid in place of an
unsubstituted parent amino acid, provided that antibodies raised to the
substituted polypeptide also immunoreact with the unsubstituted polypeptide.
Such conservative substitutions are within the definition of the classes of the
peptides of the present invention.

Another aspect of the present invention relates to isolated
polynucleotides encoding the above MTD peptides of the present invention.
Exemplary polynucleotides encode the MTD peptides having an amino acid
sequence selected from the group consisting of SEQ ID NOS: 1 to 193 and
analogs, derivatives, amidated variations, and conservative variations thereof.

The polynucleotides encoding the MTD peptides of the present invention have
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nucleotide sequences represented by SEQ ID NOs: 194 to 386.

The polynucleotides of the present invention may be in the form of a
RNA or DNA, where DNA includes cDNA and synthetic DNA. The DNA
may be single stranded or double stranded. If it is single stranded, it may be
the coding strand or non-coding (antisense) strand. The coding sequence may
be identical to the nucleotide sequence selected from SEQ ID NOs:194 to 386
or may be a different coding sequence, where the coding sequence, as a result
of degeneracy or redundancy of the genetic code, encodes for the same
polypeptide.

The polynucleotides of the present invention also include variants of the
above-described polynucleotides, which encode fragments, analogs, and
derivatives of the polynucleotides characterized by the deduced amino acid
sequences of SEQ ID NOs: 1 to 193, The variant of the polynucleotide may
be a naturally occurring allelic variant of the polynucleotide or a non-naturally
occurring variant of the polynucleotide.

The polynucleotide of the present invention may have a coding
sequence which is a naturally occurring allelic variant of the coding sequence
characterized by the nucleotide sequence selected from SEQ ID NOs: 194 to
386. An allelic variant is an alternate form of a polynucleotide sequence
which may have a substitution, deletion, or addition of one or more nucleotides,
which does not substantially alter the function of the encoded polypeptide.

Sequences similar or homologous (e.g., at least about 70% sequence
identity) to the sequences disclosed herein are also part of the present invention.
In other embodiments of the present invention, the sequence identity at the
amino acid level can be about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%.,
96%, 97%, 98%, 99%, or higher. At the polynucleotide level, the sequence
identity can be about 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or higher. Alternatively, substantial identity exists
when the polynucleotide segments hybridize under selective hybridization

conditions (e.g., very high stringency hybridization conditions), to the
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complement of the strand. The polynucleotides may be present in whole cells,
in a cell lysate, or in a partially purified or substantially pure form.

It is well known in the art that a single amino acid may be encoded by
more than one nucleotide codon and that the polynucleotide may be easily
modified to produce an alternate polynucleotide that encodes the same peptide.
Therefore, other embodiments of the present invention include alternate
nucleotide sequences encoding peptides containing the amino acid sequences as
previously described. Nucleic acid molecules encoding peptides containing
the claimed amino acid sequence include nucleotide sequences which encode
any combination of the claimed sequence and any other amino acids located N-
terminal or C-terminal to the claimed amino acid sequence.

It is to be understood that amino acid and nucleic acid sequences of the
present invention may include additional residues, particularly N- or C-terminal
amino acids or 5' or 3' polynucleotides, and still be essentially as set forth in the
sequences disclosed herein, as long as the sequence confers membrane
permeability upon the polypeptide or protein moiety of the recombinant protein.

The present invention also relates to a method of identifying the MTD
peptides having cell permeability.

The method of the present invention involves the following steps:

1) identifying secreted proteins having a signal sequence-like domain
from multiple amino acid sequence databases;

2) selecting from said identified secreted proteins hydrophobic
peptides having a single hydrophobic region at their N-terminus and forming a
helix structure; and

3) optimizing and minimizing said selected hydrophobic peptides
under conditions effective to produce peptides suitable for use as an MTD
peptide.

In order to identify certain candidate peptides that can potentially
penetrate the plasma membrane, secreted proteins that have a signal sequence-

like domain are identified from multiple amino acid sequence databases, as
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described in step 1). In a specific embodiment of the present invention, these
secreted proteins are selected from the PubMed Entrez Protein Database by
using several key words, such as "hydrophobic region of signal sequence,”
"signal sequence hydrophobic region,” "signal sequence of secreted protein,”
"hydrophobic signal sequence,” and "hydrophobic domain of secreted protein.”
As a result, more than 1,500 secreted proteins that have a signal sequence-like
domain are identified.

As used herein, the term "signal sequence-like domain" refers to a
peptide capable of mediating macromolecule translocation across the plasma
membrane.

The term "signal peptide" as used herein is a short (3-60 amino acids
long) peptide chain that directs the post-translational transport of a protein.
Signal peptides may also be called targeting signals, signal sequences, transit
peptides, or localization signals. The amino acid sequences of signal peptides
direct proteins (which are synthesized in the cytoplasm) to certain organelles
such as the nucleus, mitochondrial matrix, endoplasmic reticulum, chloroplast,
apoplast and peroxisome. Some signal peptides are cleaved from the protein
by signal peptidase after the proteins are transported. The N-terminal
sequence of a secreted protein, which is required for transport through the cell
membrane.

Examples of signal peptides may include, but are not limited to,
transport to the nucleus (NLS: -Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-), transport
to the endoplasmic reticulum (H,N-Met-Met-Ser-Phe-Val-Ser-Leu-Leu-Leu-
Val-Gly-Ile-Leu-Phe-Trp-Ala-Thr-Glu-Ala-Glu-Gln-Leu-Thr-Lys-Cys-Glu-
Val-Phe-Gln-), retention to the endoplasmic reticulum (-Lys-Asp-Glu-Leu-
COOH), transport to the mitochondrial matrix (H,N-Met-Leu-Ser-Leu-Arg-
GlIn-Ser-Ile-Arg-Phe-Phe-Lys-Pro-Ala-Thr-Arg-Thr-Leu-Cys-Ser-Ser-Arg-Tyr-
Leu-Leu-), transport to the peroxisome (PTS1: -Ser-Lys-Leu-COOH), transport
to the peroxisome (PTS2: HyN-----Arg-Leu-X5-His-Leu-) (wherein, HoN is the

N-terminus of a protein, and COOH is the C-Terminus of a protein).
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Examples of signal sequence-like domains may include, but are not
limited to, penetratin (Arg-Gln-Ile-Lys-Ile-Trp-Phe-Gln-Asn-Arg-Arg-Met-
Lys-Trp-Lys-Lys), the Tat peptide derived from the transactivating protein Tat
of HIV-1 (Arg-Lys-Lys-Arg-Arg-Gln-Arg-Arg-Pro), transportan (Gly-Trp-Thr-
Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Lys-Ile-Asn-Lys-Ala-Leu-Ala-Ala-
Leu-Ala-Lys-Lys-Ile-Leu), Buforin II (Thr-Arg-Ser-Ser-Arg-Ala-Gly-Leu-Gln-
Phe-Arg-Val-Gly-Arg-Val-His-Arg-Leu-Leu-Arg-Lys), MAP (model
amphiphatic peptide: Lys-Leu-Ala-Leu-Lys-Ala-Ser-Leu-Lys-Ala-Leu-Lys-
Ala-Ala-Leu-Lys-Leu-Ala), k-FGF (Ala-Ala-Val-Ala-Leu-Leu-Pro-Ala-Val-
Leu-Leu-Ala-Leu-Leu-Ala-Pro), Ku 70 (Val-Pro-Met-Leu-Lys-Pro-Met-Leu-
Lys-Glu), prion (Met-Ala-Asn-Leu-Gly-Tyr-Trp-Leu-Leu-Ala-Leu-Phe-Val-
Thr-Met-Trp-Thr-Asp-Val-Gly-Leu-Cys-Lys-Lys-Arg-Pro-Lys-Pro), ~ pVEC
(Leu-Leu-Ile-Ile-Leu-Arg-Arg-Arg-Ile-Arg-Lys-GIn-Ala-His-Ala-His-Ser-Lys),
pep-1 (Lys-Glu-Thr-Trp-Trp-Glu-Thr-Trp-Trp-Thr-Glu-Trp-Ser-Gln-Pro-Lys-
Lys-Lys-Arg-Lys-Val), SynB1 (Arg-Gly-Gly-Arg-Leu-Ser-Tyr-Ser-Arg-Arg-
Arg-Phe-Ser-Thr-Ser-Thr-Gly-Arg), pep-7 (Ser-Asp-Leu-Trp-Glu-Met-Met-
Met-Val-Ser-Leu-Ala-Cys-Gln-Tyr), and HN-1 (Thr-Ser-Pro-Leu-Leu-Ile-His-
Asn-Gly-Gln-Lys-Leu).

Next, as described in step 2), hydrophobic peptides that have a single
hydrophobic region at their N-terminus and form a helix structure are selected
from the secreted proteins identified in step 1). All of the secreted proteins
having a signal sequence-like domain that were identified in step 1) are
subjected to hydropathy analysis to determine whether they contain a single
hydrophobic region (H-region) at their N-terminus, followed by computer-aided
genomic and proteomic information analysis to determine whether they form a
helix structure. The hydrophobic region usually forms a helix structure, which
imparts the protein with membrane-translocating activity.

In one embodiment of the present invention, the SOSUI system, a
classification and secondary prediction system for membrane proteins, can be

used for the computer-aided genomic and proteomic information analysis.
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The SOSUI system is a useful tool for secondary structure prediction of
membrane proteins from a protein sequence and is freely available on-line (see
http://bp.nuap.nagoya-u.ac.jp/sosui).  Since the SOSUI system -currently
requires peptides to be analyzed to have at least about 20 amino acids in length,
additional amino acids derived from the N-terminal domain of enhanced green
fluorescent protein are added to the end of the signal sequence-like domain.
When the SOSUI system is used, 220 hydrophobic peptides that have a single
hydrophobic region at their N-terminus and form a transmembrane helix
structure are selected.

Finally, the hydrophobic peptides selected in step 2) are optimized and
minimized so that they are suitable for use as an MTD peptide, as described in
step 3). To optimize the selected hydrophobic peptides, empirical
modifications are made to them as follows: i) hydrophilic, nonpolar, and
positively or negatively charged amino acids are removed from the selected
hydrophobic peptides; and ii) various combinations of five hydrophobic amino
acids, i.e., alanine (Ala or A), valine (Val or V), proline (Pro or P), leucine (Leu
or L), and isoleucine (Ile or I) are created empirically. Said hydrophabic
amino acids are known to provide flexibility to the H-region which may allow
the hydrophobic region of the signal sequences to form a hairpin-like loop,
resulting in destabilized conformational change of the phospholipid bilayer.
Such local and transient formation of the non-bilayer lipid structure induced by
contact with the flexible H-region leads to topological transformation.

To minimize the length of the hydrophobic peptides optimized as
described above, the following principles are employed for determining which
amino acids should be eliminated therefrom: 1) non-hydrophobic amino acids at
the left or the right side of the hydrophobic peptides are eliminated to minimize
the size, while maintaining the hydrophobic region thereof; ii) non-hydrophobic
amino acids at the middle or the right side of the hydrophobic peptides are
replaced with a hydrophobic amino acid, proline (Pro or P) to provide

flexibility or a bending potential; and iii) the number of repeated hydrophobic
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amino acids is minimized to reduce the size of the hydrophobic peptides.
Thus, the MTD candidates are characterized as modified peptides exhibiting
hydrophobicity and flexibility, having relatively short amino acids (7 to 17) in
length, and forming a helix structure.

According to the method of the present invention described above,
novel MTD peptides having an amino acid sequence selected from the group
consisting of SEQ ID NOS: 1 to 193 and capable of facilitating the traverse of
biologically active molecules across the cell membrane can be identified.

In another embodiment of the present invention, one of the novel MTDs,
JO-98 (SEQ ID NO: 98) can be identified by the following process:

i) immunoglobulin domain containing 4 from Homo sapiens is selected
from the PubMed Entrez Protein Database as a secreted protein having a signal
sequence-like domain;

ii) through a hydropathy analysis, it is confirmed that said protein
contains a single N-terminal hydrophobic region;

iii) the hydrophobic region (H-region) is selected from the full-length
signal sequences of said protein, which has the amino acid sequence
represented by MGILLGLLLLGHLTVDTY
GRPIL (23 amino acids in length);

iv) through a structural analysis utilizing the SOSUI system, it is
confirmed that the selected hydrophobic region forms a helix structure;

v) non-hydrophobic amino acids (methionine: M; glycine: G) at the left
side of the hydrophobic region are deleted to make the first amino acid of the
hydrophobic region a hydrophobic amino acid, hydrophobic peptide that has an
amino acid sequence represented by ILLGLLLLGHLTVDTYGRPIL (21 amino
acids in length);

vi) basic (histidine: H; arginine: R) and hydrophilic (threonine: T;
aspartic acid: D; tyrosine: Y) amino acids are removed from the hydrophobic
region to reduce the peptide length to no more than 15 amino acids, resulting in
a peptide that has an amino acid sequence represented by ILLGLLLLGLVGPIL
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(15 amino acids in length);

vii) the structural analysis shows that the modified peptide, as described
above, forms a helix structure;

viii) in order to impart flexibility to the peptide, nonpolar amino acids
(glycine: G) at the middle and the right sides of the peptide are replaced with a
hydrophobic amino acid, proline (P), respectively, resulting in a peptide has an
amino acid sequence represented by ILLPLLLLGLVPPIL (15 amino acids in
length); and

ix) some of the repeated hydrophobic amino acids at the far right side of
the peptide sequence are deleted to shorten the peptide length to 10 or less
amino acids.

Therefore, the finally optimized peptide as a macromolecule
transduction domain has an amino acid sequence represented by ILLPLLLLP
(9 amino acids in length; SEQ ID NO: 98) and forms a helix structure, which
has been designated as "JO-98." The last amino acid, proline, of the JO-98
peptide is a flexible site for interaction with a biologically active molecule to
form a recombinant protein,

A further aspect of the present invention relates to a method of
genetically engineering a biologically active molecule to have cell permeability
by using the MTD peptides.

The therapeutic use of biologically active molecules is often hindered
by their low cell permeability. Although biologically active molecules have
been shown to be taken up by cells via an endocytic process, the molecules that
enter the cell in this manner are usually trapped in endocytic vesicles and
degraded in lysosomes.

The MTD of the present invention provides efficient transport of
biologically active molecules having a high molecular weight across the cell
membrane, whereas other membrane transport peptides previously tested have
not been shown to transport molecules of a size greater than approximately 25

amino acids. The MTD of the present invention can be attached to a peptide
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or polypeptide using conventional methods in the art to enhance the peptide's or
polypeptide's membrane permeability. The MTD can be provided in the form
of a kit, which includes the necessary components known to those skilled in the
art to facilitate linkage of a peptide to a target polypeptide. A target protein
attached to the MTD in this manner can then be delivered to the cell either in
vitro or in vivo for intracellular import.

According to the method of the present invention, the polynucleotide
described above can be inserted into a protein expression vector to produce a
protein which can be imported from the exterior to the interior of a cell by the
action of the MTD peptides described herein.

An expression vector is genetically engineered to incorporate a nucleic
acid sequence encoding a MTD in an orientation either N-terminal and/or C-
terminal to a nucleic acid sequence encoding a peptide, polypeptide, protein
domain, or full-length protein of interest as a biologically active molecule, and
in the correct reading frame so that a recombinant protein consisting of the
macromolecule transduction domain and the target biologically active molecule
may be expressed. Expression vectors may be chosen from among those
readily available for use in prokaryotic or eukaryotic expression systems.

As used herein, an MTD is a macromolecule transduction domain of the
present invention, which directs cellular transport of a target protein from the
exterior to the interior of a cell. In another embodiment of the present
invention, the MTD may comprise an alternate sequence which mediates the
import of a peptide or polypeptide through the cell membrane to the interior of
a cell.

A target protein is a protein which normally exhibits less than optimal
permeability through the cell membrane, but which, when attached either N-
terminal and/or C-terminal to an MTD of the present invention, is transported
from the exterior to the interior of the cell.

In another embodiment of the present invention, a cleavage site is

located between the MTD and the target polypeptide, protein domain, or full-
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length protein. This site may alternatively be a factor X site or another site
that is known to those skilled in the art to relate to the cleavage of the
recombinant protein to physically remove the MTD from the subject peptide or
polypeptide.

The method of the present invention provides a means for producing
proteins having cell permeability for introduction into the interior of the cell,
where their actions help to further elucidate cellular control and biosynthesis
mechanisms. This method also provides a means for introducing intracellular
proteins into cells to produce targeted cellular changes, such as the inhibition of
apoptosis by the introduction of Bel-2.  Cell cycle control, for example, can be
altered by the introduction of a functional p53 protein product into those cells
that have become tumorigenic due to an abnormal p53 protein.

As uséd herein, the term "biologically active molecule" includes any
molecule which, if imported into a cell, is capable of exhibiting a biological
effect. Since very large proteins having molecular weights ranging from about
100,000 to about 1 million are exported by cells (e.g., antibodies, fibrinogen,
and macroglobulin), very large proteins can be imported into cells by the
method of the present invention. Therefore, proteins having sizes ranging
from a few amino acids to about a thousand amino acids can be used. A
preferable size range for proteins is from a few amino acids to about 250 amino
acids. For any molecule, the size can be up to a molecular weight of about 1
million, specifically up to a molecular weight of about 25,000, and more
specifically up to a molecular weight of about 3,000. In addition, only those
molecules which can be attached to an MTD peptide as a signal peptide, either
directly or indirectly, are Within the scope of the present invention.

Examples of biologically active molecules include, but are not limited
to, proteins, polypeptides, and peptides, which include functional domains of
biologically active molecules, such as growth factors, enzymes, transcription
factors, toxins, antigenic peptides (for vaccines), antibodies, and antibody |

fragments. Additional examples of biologically active molecules include
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nucleic acids, such as plasmids, coding nucleic acid sequences, mRNAs and
antisense RNA molecules, carbohydrates, lipids, and glycolipids. Further
examples of biologically active molecules include therapeutic agents, in
particular those with low cell membrane permeability. Some examples of
these therapeutic agents include cancer drugs, such as Daunorubicin, and toxic
chemicals which, because of the ‘lower dosage that can be used when
administered by this method, can now be more safely administered. Yet
another example of a biologically active molecule is an antigenic peptide.
Antigenic peptides can be administered to provide immunological protection
when imported by cells involved in the immune response. Other examples
include immunosuppressive peptides (e.g., peptides that block autoreactive T
cells, which are known in the art). Numerous other examples will be apparent
to the skilled artisan.

Representative examples of biologically active molecules suitable for
the present invention may include enzymes, hormones, transport proteins,
immunoglobulin or antibodies, structural proteins, motor function proteins,
receptors, signaling proteins and storage proteins in terms of their function; and
membrane or transmembrane proteins, internal proteins, external or secret
proteins, virus proteins, native proteins, glicoproteins, cleaved proteins,
proteins with disulfide bonds, protein complexes, chemically modified proteins
and prions in terms of their location and roles.

Standard recombinant nucleic acid methods can be used to express a
genetically engineered recombinant protein. In one embodiment of the
present invention, a nucleic acid sequence encoding the macromolecule
transduction domain is cloned into a nucleic acid expression vector, e.g., with
appropriate signal and processing sequences and regulatory sequences for
transcription and translation. In another embodiment, the protein can be
synthesized using automated organic synthetic methods. Synthetic methods
for producing proteins are described, for example, in Methods in Enzymology,
Volume 289: Solid-Phase Peptide Synthesis by Gregg B. Fields (Editor), Sidney
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P. Colowick, Melvin I. Simon (Editor), Academic Press (1997).

In order to obtain high level expression of a cloned gene or nucleic acid,
such as a cDNA encoding a MTD peptide, a MTD sequence is typically
subcloned into an expression vector that contains a strong promoter for
directing transcription, a franscription/translation terminator, and, in the case of
a nucleic acid encoding a protein, a ribosome binding site for translational
initiation. Suitable bacterial promoters are well known in the art and are
described, e.g., in Sambrook & Russell, Molecular Cloning: A Laboratory
Manual, 3d Edition, Cold Spring Harbor Laboratory, N.Y. (2001) and Ausubel
et al., Current Protocols in Molecular Biology, Greene Publishing Associates
and Wiley Interscience, N. Y. (1989). Bacterial expression systems for
expressing the MTD peptide of the present invention are available in, e.g., E.
coli, Bacillus sp., and Salmonella (Palva et al., Gene 22: 229-235 (1983);
Mosbach et al., Nature 302: 543-545 (1983)). Kits for such expression
systems are commercially available. Eukaryotic expression systems for
mammalian cells, yeast, and insect cells are well known in the art and are also
commercially available. In another embodiment of the present invention, the
eukaryotic expression vector is an adenoviral vector, an adeno-associated vector,
or a retroviral vector.

The expression vector for expressing the cell permeable recombinant
protein can include regulatory sequences, including for example, a promoter,
operably attached to a sequence encoding the macromolecule transduction
domain. Non-limiting examples of inducible promoters that can be used
include steroid-hormone responsive promoters (e.g., ecdysone-responsive,
estrogen-responsive, and glutacorticoid-responsive promoters), the tetracycline
"Tet-On" and "Tet-Off' systems, and metal-responsive promoters. The
construct can be introduced into an appropriate host cell, e.g., a bacterial cell,
yeast cell, insect cell, or tissue culture cell. The construct can also be
introduced into embryonic stem cells to generate a transgenic organism as a

model subject. Large numbers of suitable vectors and promoters are known to
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those skilled in the art and are commercially available for generating the
recombinant constructs of the present invention.

Known methods can be used to construct vectors containing the
polynucleotide of  the present invention and appropriate
transcriptional/translational control signals. These methods include in vitro
recombinant DNA techniques, synthetic techniques, and in vivo
recombination/genetic recombination. See, for example, the techniques
described in Sambrook & Russell, Molecular Cloning: A Laboratory Manual,
3d Edition, Cold Spring Harbor Laboratory, N. Y. (2001) and Ausubel et al.,
Current Protocols in Molecular Biology Greene Publishing Associates and
Wiley Interscience, N.Y. (1989).

Host cells suitable for producing a cell permeable recombinant protein
include bacterial cells and eukaryotic cells (e.g., fungal, insect, plant, and
mammalian cells). Host cells can be disrupted by any convenient method,
including freeze-thaw cycling, sonication, mechanical disruption, or the use of
cell lysing agents. Scopes, Protein Purification: Principles and Practice, New
York: Springer-Verlag (1994) describes a number of general methods for
purifying recombinant (and non-recombinant) proteins. The methods can
include, e.g., ion-exchange chromatography, size-exclusion chromatography,
affinity chromatography, selective precipitation, dialysis, and hydrophobic
interaction chromatography. These methods can be adapted to devise a
purification strategy for the cell permeable recombinant protein. If the cell
permeable recombinant protein includes a purification handle, such as an
epitope tag or a metal chelating sequence, affinity chromatography can be used
to purify the protein greatly.

The amount of protein produced can be evaluated by detecting the
macromolecule transduction domain directly (e.g., using Western analysis) or
indirectly (e.g., by assaying materials from the cells for specific DNA binding
activity, such as by electrophoretic mobility shift assay). Proteins can be

detected prior to purification, during any stage of purification, or after
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purification. In some implementations, purification or complete purification
may not be necessary. \

In a specific embodiment of the present invention, the expression vector
is pEGFP-C1 (Clontech, Mountain View, CA), which comprises a
polynucleotide encoding a recombinant protein including an enhanced green
fluorescent protein (EGFP). The insertion of a polynucleotide encoding an
MTD according to the present invention into vector pEGFP-C1, §' and/or 3' to
the EGFP gene of the vector enables the expression of a recombinant protein
incorporating both the MTD and the EGFP. The MTD, connected N-terminal
and/or C-terminal to the EGFP, carries the EGFP protein to the interior of the
cell.

The genetically engineered recombinant proteins prepared by the
method of the present invention are cell permeable proteins and can be used as
protein-based vaccines, particularly where killed or attenuated whole organism
vaccines are impractical. The cell permeable proteins prepared by the method
of the present invention can also be used for the treatment of diseases,
particularly cancer. Cell permeable proteins can be delivered to the interior of
the cell, eliminating the need to transfect or transform the cell with a
recombinant vector. The cell permeable proteins of the present mvention can
be used in vitro to investigate protein function or can be used to maintain cells
in a desired state.

The MTD of the present invention can be used to deliver peptides,
polypeptides, protein domains, or proteins to the interior of a target cell either
in vitro or in vivo. The MTD can be attached to the target protein through a
peptide linkage formed by the expression of the recombinant protein from a
recombinant DNA or RNA molecule or can be attached to the target protein by
means of a linker covalently attached to the MTD. A covalent linkage can be
used to attach the MTD of the present invention to a non-protein molecule, such
as a polynucleotide, for import into the cell.

Another aspect of the present invention relates to a pharmaceutical
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composition comprising the cell permeable recombinant proteins of the present
invention, where the MTD peptide is operably attached to a biologically active
molecule.

The cell permeable recombinant protein produced by the method of the
present invention may be administered in vitro by any of the standard methods
known to those skilled in the art, such as by addition of the recombinant protein
to culture medium. Furthermore, it will be appreciated by those skilled in the
art that recombinant proteins produced by this method may be delivered in vivo
by standard methods utilized for protein/drug delivery, including parenteral
administration, intravenous administration, topical administration, aerosol
administration or inhalation, oral administration (particularly when provided in
an encapsulated form), or by rectal or vaginal administration (particularly when
provided in a suppository form).

Examples of administration include, but are not limited to, parenteral
administration, e.g., by intravenous injection including regional perfusion,
inhalation of an aerosol, subcutaneous or intramuscular injection, topical
administration, such as to skin wounds and lesions, direct transfection into, €.g.,
bone marrow cells prepared for transplantation and subsequent transplantation
into the subject, and direct transfection into an organ that is subsequently
transplanted into the subject. Parenteral administration, e.g., regional
perfusion, if used, is generally characterized by injection. Injectables can be
prepared in conventional forms, such as liquid solutions, suspensions, or
emulsions. A slow release or sustained release system can also be used,
allowing the maintenance of a constant level of dosage.

Further administration methods include oral administration, particularly
when the complex is encapsulated, or rectal administration, particularly when
the complex is in a suppository form. A pharmaceutically acceptable carrier
includes any material that is not biologically or otherwise undesirable, i.e., the
material may be administered to an individual along with the selected complex

without causing any undesirable biological effects or interacting in a deleterious
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manner with any of the other components of the pharmaceutical composition in
which it is administered.

Depending on the intended mode of administration (e.g., including, - but
not limited to, intravenous, parenteral, transcutaneous, sSubcutaneous,
intramuscular, intracranial, intraorbital, ophthalmic, intraventricular,
intracapsular, intraspinal, intracisternal, intraperitoneal, intranasal, intrarectal,
intravaginal, aerosol, or oral), the pharmaceutical compositions may be in the
form of solid, semi-solid or liquid dosage forms, such as, for example, tablets,
suppositories, pills, capsules, powders, liquids, suspensions, lotions, creams,
gels, or the like, preferably in unit dosage form suitable for single
administration of a precise dosage. The pharmaceutical compositions of the
present invention will include, as noted above, an effective amount of the cell
permeable recombinant protein in combination with a pharmaceutically
acceptable carrier and, in addition, may include other medicinal agents,
pharmaceutical agents, carriers, adjuvants, diluents, etc.

For solid compositions, conventional nontoxic solid carriers include, for
example, pharmaceutical grades of mannitol, lactose, starch, magunesium
stearate, sodium saccharin, talc, cellulose, glucose, sucrose, magnesium
carbonate, and the like. Liquid pharmaceutically administrable compositions
can, for example, be prepared by dissolving or dispersing an active compound
as described herein, and optional pharmaceutical adjuvants in an excipient, such
as, for example, water, saline, aqueous dextrose, glycerol, ethanol, and the like,
to thereby form a solution or suspension. If desired, the pharmaceutical
composition to be administered may also contain minor amounts of nontoxic
auxiliary substances, such as wetting or emulsifying agents, pH buffering
agents, and the like. Actual methods of preparing such dosage forms are
known, or will be apparent, to those skilled in the art.

Administration of a cell permeable recombinant protein produced by the
method of the present invention may be performed for a period of time ranging

from 10 minutes to 72 hours , particularly when the administration is carried
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out by the addition of recombinant protein to culture media for in vitro use.
For in vivo or in vitro use, the effective administration time for a cell permeable
recombinant protein produced by the method of the present invention may be
readily determined by those skilled in the relevant art.

For either in vitro or in vivo use, the cell permeable recombinant protein
can be administered at any effective concentration. An effective concentration
is that amount that results in the importation of the biologically active molecule
into the cell. Such a concentration - culture medium concentration (in vitro)
or blood serum concentration (in vivo) - will typically be from about 0.1 nM to
about 500 pM. Optimal concentrations for the specific recombinant protein
and/or the specific target cell can be readily determined according to the
teachings herein. Thus, the in vivo dosage for the recombinant protein is the
concentration which will cause the blood serum concentration of the
recombinant protein to be about 0.1 nM to about 500 uM, more specifically,
about 0.5 nM to about 100 uM. The amount of the recombinant protein
administered will, of course, depend upon the subject being treated, the
subject's age and weight, the manner of administration, and the judgment of the
skilled administrator. The exact amount of the complex will further depend
upon the general condition of the subject, the severity of the disease/condition
being treated by the administration, and the particular complex chosen.
However, the appropriate amount can be determined by one of ordinary skill in
the art, using routine optimization, given the teachings provided herein.

Further, the cell permeable recombinant proteins produced by the
method of the present invention can be used for vaccine administration
(Lingnan et al.,, Expert. Rev. Vaccines 6: 741-746, 2007, O' Hagan et al,,
Methods 40: 10-19, 2009).

Vaccines using cell permeable recombinant proteins provide an
advantage over the typical peptide vaccines. The immune system recognition
of an antigen depends upon appropriate antigen processing. Previously, entire

proteins or protein domains could not be delivered to the interior of the cell for
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processing to occur. As a consequence, peptides representing antigenic
epitopes had to be identified prior to the delivery to the cell of small peptides
representing those epitopes. The method of the present invention allows
whole proteins or protein domains to be imported into the cell, where antigenic
processing can occur. This provides multiple antigenic epitopes in one
administration, and eliminates the need for experimental identification of
specific epitopes for vaccine development.

Typically, such vaccines are prepared for injection into a human or
mammalian subject. Injectable vaccines can be prepared as liquid solutions or
suspensions. Solid forms can be prepared which are suitable for solution in,
or suspension in, a liquid, prior to injection. The preparation may also be
emulsified. The active immunogenic ingredient is often mixed with a
pharmaceutically acceptable carrier which is compatible with the active
ingredient. Suitable carriers include, but are not limited to, water, dextrose,
glycerol, saline, ethanol, and combinations thereof. The vaccine may contain
additional agents, such as wetting or emulsifying agents, pH buffering agents,
or adjuvants which enhance the effectiveness of the vaccine.

The vaccine may be conventionally adminisfered parenterally. Either
subcutaneous or intramuscular injection is appropriate. Other modes of
administration may include oral administration, nasal administration, rectal
administration, and vaginal administration, which may involve combining the
peptide immunogen with pharmaceutically acceptable carriers, such as
mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose,
magnesium carbonate, or other carriers. Compositions for oral administration
may form solutions, suspensions, tablets, pills, capsules, sustained release
formulations, or powders. A protein-based vaccine of the present invention
can be administered by an enteric-coated capsule for release of the polypeptide
into the lumen of the intestine.

The cell permeable recombinant proteins of the present invention may

be formulated into the vaccine as neutral or salt forms. Pharmaceutically
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acceptable salts include the acid addition salts (formed with the free amino
groups of the polypeptide) and which are formed with inorganic acids, such as,
for example, hydrochloric or phosphoric acids, or such organic acids as acetic,
mandelic, oxalic, and tartaric acids. Salts formed with the free carboxyl
groups of the polypeptide may also be derived from inorganic bases such as, for
example, sodium, potassium ammonium, calcium, or ferric hydroxides, and
such organic bases as isopropylamine, trimethylamine, 2-ethylamino ethanol,
and histidine.

The vaccine is administered in a manner compatible with the dosage
formulation, and in such an amount as will be therapeutically effective and
immunogenic. The quantity to be administered depends on the subject to be
treated, taking into account, for example, the capacity of the individual's
immune system to synthesize antibodies and the degree of protection desired.
The precise amounts of the active ingredient (peptide immunogen) to be
administered depend on the judgment of the practitioner. Suitable dosage
ranges generally require several hundred micrograms of active ingredient per
vaccination. Also variable are the regimes for initial administration and
booster vaccinations, which should be determined according to the judgment of
the practitioner. The dosage of the vaccine will depend on the route of
administration and will vary according to the size of the host.

Furthermore, the cell permeable recombinant proteins of the present
invention can be effectively used in drug delivery systems (Spencer and Verma,
Proc. Natl. Acad. Sci. USA 104: 7594-7599, 2007; Choi et al., Nat. Med. 12:
574-579, 2006; Vives et al., J. Biol. Chem. 272: 16010-16017, 1997; Kumar et
al., Nature 448: 39-43, 2007; Jo et al., Nat. Med. 11: 892-898, 2005).

The method of genetically engineering proteins with cell membrane
permeability according to the present invention provides a means for delivering
therapeutic protein products into a cell. Combination of the present invention
with previously described methods of extracellular protein delivery provides a

method of delivering proteins for import into a cell in a stabilized, functional
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form in a controlled-release fashion.

Polypeptides are produced using an appropriate expression vector and
an expression system. Cell permeability is conferred upon the protein or
polypeptide by the expression of a recombinant protein with the MTD located
N-terminal and/or C-terminal to the expressed polypeptide. The less stable
proteins are stabilized by methods known to those skilled in the art and
described previously. Delivery to the extracellular environment is
accomplished by providing the stabilized recombinant protein in an appropriate
carrier, such as microsphere carriers. The protein of choice will dictate the
appropriate vector and expression system, as well as the appropriate
stabilization and delivery techniques. A person of ordinary skill in the art of
drug delivery systems can choose the appropriate techniques from among those
described.

The method of the present invention provides a means for producing
cell permeable proteins for the treatment of cancer. Regulators of apoptosis
and cell cycle control have been found to play a key role in oncogenesis, while
gene therapy techniques (Balaggan et al., Gene Therapy 13(15): 1153-1165,
2006; Kuo et al., Proc. Natl. Acad. Sci. USA 10; 98(8): 4605-4610, 2001), using
intratumoral injection of an adenoviral expression vector encoding the p53 gene,
have shown promise for the control of some tumors. However, the delivery of
specific protein products through the use of viral vectors has proven to be
problematic. The MTDs and methods of the present invention provide a
means for producing cell permeable proteins from among the cell cycle
regulators and regulators of apoptosis, as well as other proteins identified to
play a role in the development of the cancer state.

For example, in one embodiment of the present invention, the
polynucleotide encoding the p53 gene can be inserted into a suitable vector,
either 5' or 3' to the sequence of the MTD of the present invention. Under
expression conditions appropriate for the vector of choice and known to those

skilled in the art, a recombinant protein comprising an MTD and the p53
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protein can be expressed. The attachment of the MTD to the p53 protein
renders the p53 protein cell permeable, and protein can be administered to
tumor cells to inhibit tumor development. Administration of cell permeable
proteins can be accomplished in various ways, including, but not limited to,
intratumoral injection, infusion, and intravenous administration. Bax and Bcl-
xp are other examples of proteins from among a wide variety of proteins that
have been determined to affect cell cycle control and apoptosis and, therefore,
be effective for cancer therapy. The method of the present invention provides
a more efficient, less labor-intensive, and less costly method for the delivery of
anti-oncogenic proteins to tumor cells.

The term “cell membrane" as used herein refers to a lipid-containing
barrier which separates cells or groups of cells from the extracellular space.
Cell membranes include, but are not limited to, plasma membranes, cell walls,
intracellular organelle membranes, such as the mitochondrial membrane,
nuclear membranes, and the like.

The term "biologically active molecule" as used herein refers to
compounds or molecules that are capable of eliciting or modifying a biological
response in a system. Non-limiting examples of biologically active molecules
include antibodies (e.g., monoclonal, chimeric, humanized etc.), cholesterol,
hormones, antivirals, peptides, proteins, chemotherapeutics, small molecules,
vitamins, co-factors, nucleosides, nucleotides, oligonucleotides, enzymatic
nucleic acids, antisense nucleic acids, triplex forming oligonucleotides, 2,5-A
chimeras, siNA, siRNA, miRNA, RNAi inhibitors, dsRNA, allozymes,
aptamers, decoys and analogs thereof. Biologically active molecules of the
invention also include mplecules capable of modulating the pharmacokinetics
and/or pharmacodynamics of other biologically active molecules, for example,
lipids and polymers such as polyamines, polyamides, polyethylene glycol and
other polyethers. In certain embodiments, the term biologically active
molecule is used interchangeably with the term "macromolecule".

The term "macromolecule" as used herein refers to large molecules
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(molecular weight greater than 1000 daltons) exemplified by, but not limited to,
peptides, proteins, and oligonucleotides and polynucleotides of biological or
synthetic origin.

The term "peptide” as used herein refers to a compound made up of a
single chain of D- or L-amino acids or a mixture of D- and L-amino acids
joined by peptide bonds. Preferably, peptides contain at least two amino acid
residues and are less than about 50 amino acids in length.

The term "protein" as used herein refers to a compound that is
composed of linearly arranged amino acids attached by peptide bonds, but in
contrast to peptides, has a well-defined conformation. Proteins, as opposed to
peptides, preferably contain chains of 50 or more amino acids.

The term "polypeptide" as used herein refers to a polymer of at least
two amino acid residues and which contains one or more peptide bonds.
Polypeptides encompass peptides and proteins, regardless of whether the
polypeptide has a well-defined conformation.

The term "nucleic acid" as used herein refers to oligonucleotides or
polynucleotides, such as deoxyribonucleic acid (DNA) and ribonucleic acid
(RNA), as well as analogs of either RNA or DNA, for example made from
nucleotide analogs any of which are in single or double stranded form.

Amino acid residues are herein referred to by their standard single-letter
or three-letter notations or by their full names: A, Ala, alanine; C, Cys, cysteine;
D, Asp, aspartic acid; E, Glu, glutamic acid; F, Phe, phenylalanine; G, Gly,
glycine; H, His, histidine; I, Ile, isoleucine; K, Lys, lysine; L, Leu, leucine; M,
Met, methionine; N, Asn, asparagine; P, Pro, proline; Q, Gln, glutamine; R, Arg,
arginine; S, Ser, serine; T, Thr, threonine; V, Val, valine; W, Trp, tryptophan; X,
Hyp, hydroxyproline; and Y, Tyr, tyrosine.

The term "macromolecule transduction domain (MTD)" as used herein
refers to a peptide that facilitates the transport of macromolecules into a cell.

The term ‘"isolated" polynucleotide as used herein refers to a

polynucleotide that is substantially free of the sequences with which it is
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associated in nature. By substantially free is meant at least 50%, preferably at
least 70%, more preferably at least 80%, and even more preferably at least 90%
free of the materials with which it is associated in nature. As used herein, an
"isolated" polynucleotide also refers to recombinant polynucleotides, which, by
virtue of origin or manipulation: (1) are not associated with all or a portion of a
polynucleotide with which it is associated in nature, (2) are linked to a
polynucleotide other than that to which it is linked in nature, or (3) does not
occur in nature.

The term "operatively attached" as used herein means that DNA
fragments of a promoter, a MTD peptide or other genes are sufficiently
connected to direct and regulate the expression of genes.

The term "homology" or "similarity" as used herein refers to the
likeness or the percentage of identity between two sequences (e.g.,
polynucleotide or polypeptide sequences). Typically, a higher similarity in
sequences means more similarity in the physical or chemical properties or
biological activities.

Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. Although any method and material
similar or equivalent to those described herein can also be used in the practice
or testing of the present invention, specific methods and materials are now
described. All publications mentioned herein are incorporated herein by
reference in their entirety to disclose and describe the methods and/or materials
in connection with which the publications are cited.

It must be noted that as used herein and in the appended claims, the
singular forms "a," "an," and "the" include plural referents unless the context
clearly dictates otherwise.

The publications discussed herein are provided solely for their
disclosure prior to the filing date of the present application. Nothing herein is

to be construed as an admission that the present invention is not entitled to
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antedate such publication by virtue of prior invention. Further, the dates of
publication provided may be different from the actual publication dates which

may need to be independently confirmed.

[Examples]

The following examples are presented to aid practitioners of the
invention, provide experimental support for the invention, and to provide model
protocols. In no way are these examples to be understood to limit the

invention.

Example 1 - Identification of Novel Macromolecule Transduction Domain
Peptides

In order to identify novel macromolecule transduction domain (MTD)
candidates that can potentially penetrate the plasma membrane of live cells,
secreted proteins having a signal sequence-like domain were selected from the
PubMed Entrez Protein Database by using several key words, including
"hydrophobic region of signal sequence," "signal sequence hydrophobic
region," "signal sequence of secreted protein,”" "hydrophobic signal sequence,"
and "hydrophobic domain of secreted protein." As a result, more than 1,500
secreted proteins having a signal sequence-like domain were selected.

All of the selected secreted proteins having a signal sequence-like
domain were subjected to hydropathy analysis to determine whether they
contain a single hydrophobic region at their N-terminus. Subsequently, they
were subjected to a computer-aided genomic and proteomic information
analysis, i.e., the SOSUI system (as described on http://bp.nuap.nagoya-
u.ac.jp/sosui), to determine whether they form a helix structure. Since the
SOSUI system currently requires peptides to be analyzed to have at least about
20 amino acids in length, additional amino acids derived from the N-terminal
domain of enhanced green fluorescent protein were added to the end of the

signal sequence-liked domain. When the SOSUI system is used, 220 peptide
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sequences having a single hydrophobic region at their N-terminus and forming
a transmembrane helix structure were selected.

To optimize the selected peptide sequences as a signal sequence,
empirical modifications were made to them as follows: first, hydrophilic,
nonpolar, and positively or negatively charged amino acids were removed from
the selected peptide sequences and, then, various combinations of five
hydrophobic amino acids (i.e., alanine: A, valine: V, proline: P, leucine: L,
isoleucine: I) were created empirically.

After that, non-hydrophobic amino acids at the left or right side of the
peptide sequences were eliminated to minimize the size while maintaining their
hydrophobic region, followed by adding or replacing non-hydrophobic amino
acids at the middle or right side of the peptide sequences with proline, to
thereby provide flexibility to the peptide. Finally, the number of repeated
hydrophobic amino acids was minimized to reduce the length of the peptide
sequence. The resulting peptides as MTD candidates exhibited
hydrophobicity and flexibility, have relatively short amino acids (7 to 17 in
length), and form a helix structure. ' ‘

According to the method described above, novel 193 MTD peptides
having amino acid sequences represented by SEQ ID NOs: 1 to 193,
respectively, and are capable of facilitating the traverse of biologically active
molecules across the cell membrane were identified. The 193 MTDs were
designated as JO-001 to JO-193, respectively, and their structural

characteristics and sequences are shown in Figs. 1a to lo.

Example 2 - Expression of Recombinant Proteins Fused to MTDs

Having demonstrated the feasibility of the cellular import of MTD
peptides identified in Example 1 above, the enhanced green fluorescent protein
(EGFP) was used as a full-length protein cargo molecule. Green fluorescent
protein (GFP) is a protein cloned from the jellyfish, Aguorea Victoria. GFP is

one of the most widely used reporter proteins and produces a green light when
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illuminated with blue or UV light (Inouye et al., FEBS Letters 351(2): 211-14
(1994)). In one embodiment of the present invention, a commercially
available GFP expression vector, pEGFP-C1 (Clontech), is used. The EGFP
protein encoded by pEGFP-C1 is a mutant of wild-type GFP, which has been
modified to produce a stronger green light. Further, when a foreign gene is
inserted into the multiple cloning sites of the pEGFP-C1 vector, the inserted
foreign gene is expressed in the form of a recombinant protein with EGFP.

In order to construct expression vectors for EGFP proteins fused to each
novel MTD (His-MTD-EGFP: HME) (Fig. 2), a polymerase chain reaction
(PCR) was conducted by using the oligonucleotides described in Tables 1 and 2
below as a primer set (forward primers SEQ ID NOs: 393 to 585 for MTD JO-1
to JO-193, respectively; reverse primer SEQ ID NO: 586 for MTD JO-1 to JO-
193) and the pEGFP-CI plasmid as a template. The conditions for the PCR
were 30 cycles of 45 seconds at 95C, 45 seconds at 68 C, and 1 minute at 72 C
after initial denaturation of 5 minutes at 95°C, and final extension of 5 minutes
at 72°C. The amplified PCR product was digested with restriction enzyme
Ndel and subjected to agarose gel eleétrophoresis. An MTD-derived from
kFGF-4 16 mer (FGF-V, AAVALLPAVLLALLAP, Lin et al., J. Biol. Chem.
275: 16774-16778, 2000; Veach et al., J. Biol. Chem. 279: 11425-1 1431, 2004),
an MTD-derived from kFGF-4 12 mer (FGF-J, AAVLLPVLLAAP, Jo et al,,
Nat. Biotech. 19: 929-933, 2001; Jo et al., Nat. Med. 11: 892-898, 2005(SEQ
ID NO: 389), a protein transduction domain derived from HIV-Tat (HIV-Tat,
YGRKKRRQRRR, Schwarze et al., Science 285: 1569-1572, 1999), and HIV-
Tat homologous (Hph-1, YARVRRRGPRR) were used as positive controls,
and a scramble peptide (SEQ ID NO: 387) was used as a negative control. As
shown in Figs. 3a to 3c, it was confirmed that the DNA fragments encoding
MTDs-EGFP were successfully amplified.
<Table 1>
PCR forward primer sequences for each MTD-EGFP protein
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SEQ ID
NO
5'.CCGCATATGGCGGTGGTGGTGTGCGCGATTGTGCTGGCGGCGCCGGRT| 393
GAGCAAGGGCGAGGAGCTG-3'
5. CCGCATATGCCGCTGGCGCTGCTGGTGCTGCTGCTGCTGGGCCCGGT| 394
GAGCAAGGGCGAGGAGCTG-3'
5.CCGCATATGCTGCTGCTGGCGTTTGCGCTGCTGTGCCTGCCGGTGAG | 395
CAAGGGCGAGGAGCTG-3'
5. CCGCATATGCTGCTGGGCGCACTGGCGGCGGTGCTGCTGGCGCTGG | 396
CGGTGAGCAAGGGCGAGGAGCTG-3'
5-CCGCATATGCCGGTGCTGCTGGCGCTGGGCGTGGGCCTGGTGCTGCT| 397
GGGCCTGGCGGTGGTGAGCAAGGGCGAGGAGCTG-3'
5'.CCGCATATGGCGGCGGCGGCGGTGCTGCTGGCGGCGGTGAGCAAGG| 398
GCGAGGAGCTG-3'
5'.CCGCATATGATTGTGGTGGCGGTGGTGGTGATTGTGAGCAAGGGCG | 399
AGGAGCTG-3'
5. CCGCATATGGCGGTGCTGGCGCCGGTGGTGGCGGTGGTGAGCAAGG| 400
GCGAGGAGCTG-3'
5.CCGCATATGCTGGCGGTGTGCGGCCTGCCGGTGGTGGCGCTGCTGG | 401
CGGTGAGCAAGGGCGAGGAGCTG-3'
5 CCGCATATGCTGGGCGGCGCGG348TGGTGGCGGCGCCGGTGGCGCG| 402
GCGGTGGCGCCGGTGAGCAAGGGCGAGGAGCTG-3'
5. CCGCATATGCTGCTGCTGGTGCTGGCGGTGCTGCTGGCGGTGCTGCC| 403
GGTGAGCAAGGGCGAGGAGCTG-3'

5. CCGCATATGCTGCTGATTCTGCTGCTGCTGCCGCTGCTGATTGTGGTG| 404
AGCAAGGGCGAGGAGCTG-3'
5. CCGCATATGCTGGCGGCGGCGGCGCTGGCGGTGCTGCCGCTGGTGA | 405
GCAAGGGCGAGGAGCTG-3'
5'-CCGCATATGTTTCTGATGCTGCTGCTGCCGCTGCTGCTGCTGCTGGTG| 406
GCGGTGAGCAAGGGCGAGGAGCTG-3'
5. CCGCATATGGCGGCGGCGGCGGCGGCGCTGGGTCTGGCGGCGGCGG| 407
TGCCGGCGGTGAGCAAGGGCGAGGAGCTG-3'
5'-CCGCATATGCTGCTGCTGGCGGCGCTGCTGCTGATTGCGTTTGCGGC | 408
GGTGGTGAGCAAGGGCGAGGAGCTG-3'
5. CCGCATATGGCGCTGGCGGCGGTGGTGCTGATTCCGCTGGGCATTGC| 409
GGCGGTGAGCAAGGGCGAGGAGCTG-3'
5'.CCGCATATGGCGGCGCTGATTGGCGCGGTGCTGGCGCCGGTGGTGG | 410
CGGTGGTGAGCAAGGGCGAGGAGCTG-3'
5. CCGCATATGGCGGCGGCGGTGGCGGTGGCGGGCCTGGCGCCGCTGG | 411
CGCTGGTGAGCAAGGGCGAGGAGCTG-3'
5'.CCGCATATGATTGCGGTGGCGATTGCGGCGATTGTGCCGCTGGCGGT | 412
GAGCAAGGGCGAGGAGCTG-3'
5.CCGCATATGGCGGCGGCGGCGGTGCTGGCGGCGCCGGCGCTGGCGG| 413
TGAGCAAGGGCGAGGAGCTG-3'
5. CCGCATATGGCGGCGCTGGCGCTGGGCGTGGCGGCGGCGCCGGCGG| 414
CGGCGCCGGCGGTGAGCAAGGGCGAGGAGCTG-3'
5. CCGCATATGCTGGCGGTGCTGGTGCTGCTGGTGCTGCTGCCGGTGAG| 415
CAAGGGCGAGGAGCTG -3'
5. CCGCATATGGTGGTGGCGGTGCTGGCGCCGGTGCTGGTGAGCAAGG | 416
GCGAGGAGCTG-3'

MTD Sequence

JO-01

JO-02

JO-03

JO-04

JO-05

JO-06

JO-07

JO-08

JO-09

JO-10

JO-11

JO-12

JO-13

JO-14

JO-15

JO-16

JO-17

JO-18

JO-19

JO-20

JO-21

JO-22

JO-23

JO-24
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J0.25 J-CCGCATATGGCGGCGCTGCTGCTGCCGCTGCTGCTGCTGCTGCCGGT| 417

" |GAGCAAGGGCGAGGAGCT G-3'

10-26 |P-CCGCATATGCCGGCGGCGGTGGCGGCGCTGCTGGTGATTGTGAGCA 418
AGGGCGAGGAGCTG-3'

1027 |9-CCGCATATGCTGCTGATTGCGGCGCTGCTGCCGGTGAGCAAGGGCG 419
AGGAGCTG-3'

jo-28 P-CCGCATATGGCGGCGGTGGTGCTGCTGCCGCTGGCGGCGGCGCCGG 420
TGAGCAAGGGCGAGGAGCTG-3'

10-29 [$-CCGCATATGGCGGCGGCGGCGGCGGCGCTGCTGGTGCCGGTGAGC 421
AAGGGCGAGGAGCTG-3'

10-30 [P-CCGCATATGCTGCCGGTGGTGGCGCTGCTGGCGGTGAGCAAGGGCG | 422
AGGAGCTG-3'

1031 [P-CCGCATATGGCGGCGGCGCTGGCGGCGCCGCTGGCGCTGCCGGTGA | 423
GCAAGGGCGAGGAGCTG -3'

7032 [P-CCGCATATGCTGCTGCTGGCGCTGCTGCTGGCGGCGGTGAGCAAGG 424
GCGAGGAGCTG-3'

1033 [P-CCGCATATGGCGGTGGCGGTGGTGGCGCTGCTGGTGAGCAAGGGC 425
GAGGAGCTG-3'

1034 P-CCGCATATGCTGCTGCTGAT TATTGTGCTGCTGATTGTGCCGGTGAG 426
CAAGGGCGAGGAGCTG -3'

1035 [ -CCGCATATGCTGGCGCTGGCGGCGGCGGTGGTGCCGGTGAGCAAG 427
GGCGAGGAGCTG-3'

1036 |-CCGCATATGCCGGCGGCGCTGGCGCTGCTGCTGGTGGCGGTGAGCA 428
AGGGCGAGGAGCTG-3'

7037 P -CCGCATATGATTGTGGCGCTGCTGCTGGTGCCGCTGGTGCTGGCGAT 429
TGCGGCGGTGCTGGTGAGCAAGGGCGAGGAGCTG-3'

1038 5'-CCGCATATGATTGTGGCGCTGCTGCTGGTGCCGGTGAGCAAGGGCG 430
AGGAGCTG-3'

7039 |P-CCGCATATGCCGCTGGTGCTGGCGATTGCGGCGGTGCTGGTGAGCA 431
AGGGCGAGGAGCTG-3'

704 P -CCGCATATGCCGCTGGTGCTGGCGGCGCTGGTGGCGGTGAGCAAGG | 432
GCGAGGAGCTG-3'

jo.41 P -CCGCATATGGCGGCGGCGCTGCTGGCGGTGGCGGTGAGCAAGGGCG| 433
AGGAGCTG-3'

7043 P -CCGCATATGCCGCTGCTGCTGCTGGCGCTGGCGGTGAGCAAGGGCG 434
AGGAGCTG-3'
5'-CCGCATATGGCGCTGGCGCTGGTGGTGGCGGTGAGCAAGGGCGAGG| 435

JO-43
AGCTG-3'

10-44 |P-CCGCATATGGTGGCGGCGGTGGTGGTGGCGGCGGTGAGCAAGGGCG| 436
IAGGAGCTG-3'

10.45 [P -CCGCATATGCCGCTGCTGCCGCTGCTGCTGCTGGTGGTGAGCAAGG 437
GCGAGGAGCTG-3'

7046 P -CCGCATATGGTGGTGCTGGTGGTGGTGCTGCCGCTGGCGGTGCTGGC] 438
GGTGAGCAAGGGCGAGGAGCTG-3'

70-47 P-CCGCATATGGCGGCGGCGGTGCCGGTGCTGGTGGCGGCGGTGAGCA| 439
AGGGCGAGGAGCTG-3'

JO-4g [P-CCGCATATGCCGGCGCTGCTGCTGCTGCTGCTGGCGGCGGTGGTGGT| — 440
GAGCAAGGGCGAGGAGCTG-3'

10-49 {2 -CCGCATATGCCGCTGGCGATTCTGCTGCTGCTGCTGATTGCGCCGGT 441
GAGCAAGGGCGAGGAGCTG-3'
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5'-CCGCATATGCCGCTGCTGGCGCTGGTGCTGCTGCTGGCGCTGATTGC 442

J0-30 15GTGAGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGGTGGTGGCGGTGCTGGCGCTGGTGCTGGCGGCGCTGG 443

1051 4G AGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGCCGCTGCTGCTGCTGCTGCCGGCGCTGGTGAGCAAGG 444

1052 |5CGAGGAGCTG-3"

5'-CCGCATATGCTGGCGGCGGTGGCGGCGCTGGCGGTGGTGGTGCCGG 445

10-53 TGAGCAAGGGCGAGGAGCTG-3'

S'CCGCATATGCTGCTGCTGCTGGTGCTGATTCTGCCGCTGGCGGCGGTG] 446

10-54 AGCAAG GGCGAGGAGCTG-3'

5'-CCGCATATGCTGGCGGTGGTGGTGGTGGCGGCGGTGGTGAGCAAGG 447

JO-55 GCGAGGAGCTG-3'

5'CCGCATATGGTGCTGCTGGCGGCGGCGCTGATTGCGGTGAGCAAGG 448

10-56 1GcGAGGA GCTG-3

S'-CCGCATATGCTGATTGCGCTGCTGGCGGCGCCGCTGGCGGTGAGCA 449

10-57 IAGGGCGAGGAGCTG-3'

JO-58 5'-CCGCATATGCTGGCGCTGCTGCTGCTGGCGGCGGTGAGCAAGGGCG 450
AGGAGCTG-3'

1O-59 5-CCGCATATGCTGCTGGCGGCGGCGCTGCTGCTGCTGCTGCTGGCGGT| 451
GAGCAAGGGCGAGGAGCTG-3'

1060 5-CCGCATATGGTGATTATTGCGCTGATTGTGATTGTGGCGGTGAGCAA 452
GGGCGAGGAGCTG-3'

j0-61 P-CCGCATATGGTGGTGCTGGTGGTGGCGGCGGTGCTGGCGCTGGTGA 453

GCAAGGGCGAGGAGCTG -3

5'-CCGCATATGGTGGCGGTGGCGATTGCGGTGGTGCTGGTGAGCAAGG 454

J0-62 15cGAGGAGCTG-3'

5'-CCGCATATGCCGCTGATTGTGGTGGTGGCGGCGGCGGTGGTGGCGG 455

J0-63 [ GGTGAGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGCCGCTGGCGGTGGCGGTGGCGGCGGTGGCGGCGGTGA 456

JO-64 13 CAAGGGCGAGGAGCTG -3

5'-CCGCATATGGCGGCGATTGCGCTGGTGGCGGTGGTGCTGGTGAGCA 457

JO-65 ¥\ GGGCGAGGAGCTG-3'

5'-CCGCATATGGCGGCGGCGCTGGCGGCGATTGCGGTGATTGTGAGCA 458

JO-66 |\ GGGCGAGGAGCTG-3'

5'-CCGCATATGGCGGCGGCGCCGGCGGTGGCGGCGGTGAGCAAGGGC 459

10-67 13 AGGAGCTG-3

‘o8 P-CCGCATATGCTGCTGCTGGCGGCGCIGCCGGTGAGCAAGGGCGAGG | 460
AGCTG-3

Tos P-CCGCATATGGCGCTGCTGGCGGTGGTGGCGGCGGTGAGCAAGGGCG| 461
AGGAGCTG-3'

1070 [F-CCGCATATGGCGGTGGTGGTGGTGCTGCCGATTCTGCTGGTGAGCAA| 462
GGGCGAGGAGCTG-3'

‘o1 F-CCGCATATGGCGCTGGCGCTGCTGCTGCTGGTGCCGGTGAGCAAGG | 463

GCGAGGAGCTG-3'

5'-CCGCATATGCTGGTGGTGCTGCTGGCGGCGCTGCTGGTGCTGGTGAG] 464

JO-72 | AAGGGCGAGGAGCTG -3

5'-CCGCATATGCCGGTGCTGCTGCTGCTGGCGCCGGTGAGCAAGGGCG 465

10-3 VA GeaGeTa-3

S'-CCGCATATGGCGCTGGCGGTGGTGGCGGCGCCGGTGAGCAAGGGCG 466

1074 A GGAGCTG-3'
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70-75 5-CCGCATATGGTGATTGTGGCGCTGCTGGCGGTGGTGAGCAAGGGCG 467
IAGGAGCTG-3'

JO-76 5'-CCGCATATGGCGCTGGTGCTGCCGCTGGCGCCGGTGAGCAAGGGCG 468
IAGGAGCTG-3'

JO-77 5'-CCGCATATGGCGGTGGCGCTGCTGATTCTGGCGGTGGTGAGCAAGG 469
GCGAGGAGCTG-3'
5'-CCGCATATGGTGCTGCTGGCGGTGATTCCGGTGAGCAAGGGCGAGG 470

JO-78
AGCTG-3'

JO-79 5'-CCGCATATGCTGATTGTGGCGGCGGTGGTGGTGGTGGCGGTGCTGAT 471
TGTGAGCAAGGGCGAGGAGCTG-3'
5'-CCGCATATGGCGGTGGTGGTGGCGGCGCCGGTGAGCAAGGGCGAGG] 472

JO-80 ,

AGCTG-3'

10-81 5 '-CCGCATATGCTGGCGGCGG’IGCTGCTGCTGATTCCGGTGAGCAAGG 473
GCGAGGAGCTG-3'

JO-82 5'-CCGCATATGCTGCTGCTGCTGCTGCTGGCGGTGGTGCCGGTGAGCAA} 474
GGGCGAGGAGCTG-3'

JO-83 5'-CCGCATATGGCGGTGGCGCTGGTGGCGGTGGTGGCGGTGGCGGTGA 475
GCAAGGGCGAGGAGCTG -3'

1O-84 5'-CCGCATATGCTGGTGGCGGCGCTGCTGGCGGTGCTGGTGAGCAAGG 476
GCGAGGAGCTG-3'

JO-85 5'-CCGCATATGCTGCTGGCGGCGGCGGCGGCGCTGCTGCTGGCGGTGA 477
GCAAGGGCGAGGAGCTG -3'

JO-86 5-CCGCATATGCTGGCGGTGCTGGCGGCGGCGCCGGTGAGCAAGGGCG 478
AGGAGCTG-3'

JO-87 5'-CCGCATATGGTGGTGGTGCTGCTGGTGCTGCTGGCGCTGGTGGTGGT| 479
GGTGAGCAAGGGCGAGGAGCTG-3'
5'-CCGCATATGGTGGTGATTGCGGTGGTGCCGGTGAGCAAGGGCGAGG 480

JO-88
AGCTG-3'

7O-89 5'-CCGCATATGGTGCTGCTGGTGCTGCTGGCGCTGGTGGTGAGCAAGG 481
GCGAGGAGCTG-3'

JO-90 5'.-CCGCATATGGTGCTGCTGGTGCTGCTGGCGCTGGTGGTGAGCAAGG 482
GCGAGGAGCTG-3' :

70-91 5'-CCGCATATGCCGGTGCTGGTGCCGGCGGTGCCGGTGAGCAAGGGCG 483
IAGGAGCTG-3'

70-92 5 '-CCGCATATGCCGGCGCTGGCGCTGGCGCTGGCGGTGAGCAAGGGCG 484
AGGAGCTG-3'

J0-93 5'-CCGCATATGGCGGCGGCGGCGCCGGCGCTGGCGGTGAGCAAGGGCG] 485
AGGAGCTG-3'

1O-94 5'-CCGCATATGATTGTGCTGCCGGTGCTGGCGGCGCCGGTGAGCAAGG 486
GCGAGGAGCTG-¥

70-95 5 CCGCATATGCTGGTGCTGCTGCTGCTGCCGCTGCTGATTGTGAGCAA 487
GGGCGAGGAGCTG-3'

70-96 5'-CCGCATATGCTGGCGGCGGTGGCGCCGGCGCTGGCGGTGGTGGTGA 488
GCAAGGGCGAGGAGCTG-3'

7O-97 5-CCGCATATGATTCTGGTGCTGGTGCTGCCGATTGTGAGCAAGGGCGA 489
GGAGCTG-3'

7O-98 5'-CCGCATATGATTCTGCTGCCGCTGCTGCTGCTGCCGGTGAGCAAGGG 490
CGAGGAGCTG-3'

70-99 5'-CCGCATATGATTGCGCCGGCGGTGGTGGCGGCGCTGCCGGTGAGCA 491
AGGGCGAGGAGCTG-3'
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5'-CCGCATATGCTGCTGCTGGTGGCGGTGGTGCCGCTGCTGGTGCCGGT 492
GAGCAAGGGCGAGGAGCTG-3'
5'-CCGCATATGCTGATTCTGCTGCTGCTGCCGATTATTGTGAGCAAGGGC] 493
GAGGAGCTG-3'
5'-CCGCATATGGCGGTGCTGGCGGCGCCGGCGGTGCTGGTGGTGAGCA 494
AGGGCGAGGAGCTG-3
5'-CCGCATATGCTGGCGCTGCCGGTGCTGCTGCTGGCGGTGAGCAAGG 495
GCGAGGAGCTG-3'
SCCGCATATGCTGGCGCTGGCGCTGCTGCTGGTGAGCAAGGGCGAGG 496
AGCTG-3'
5'-CCGCATATGGTGGCGGTGCCGCTGCTGGTGGTGGCGGTGAGCAAGG 497
GCGAGG AGCTG-3' :

JO-100

JO-101

JO-102

JO-103

JO-104

JO-105

5'-CCGCATATGGCGGTGGCGGTGGCGCCGGTGGCGGCGGCGGCGGTGA] 498

10-106 1 CAAGGGCGAGGAGCTG-3

5-CCCATATGGCGGCGGCGGTGGTGGCGGCGGTGCCGGCGGCGGTGAG 499

J0-107 | A AGGGCGAGGAGCTG-3

5 -CCCATATGGCGCTGCTGGCGGCGCTGCTGGCGCCGGTGAC_}CAAGGG 500

JO-108 CGAGGAGCTG-3'

5-CCCATTGCGCTGGCGCTGCTGGTGCCGGTGAGCAAGGGCGAGGAGC 501

JO-109 [

5'-CCGCATATGGCGCTGCTGGCGGCGCTGCTGGCGCTGCTGGCGCTGCT 502

J0-110 1 G TGGTGAGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGGCGGCGGCGCTGCCGCTGCTGGTGCTGCTGCCGGTGA 503

JO-1 - A AGGGCGAGGAGCTG-3'

5-CCCATATGGCGGCGGCGGTGCCGGCGGCGCTGGCGCCGGTGAGCAA 504
GGGCGAGGAGCTG-3'

5-CCCATTGGCGGCGCTGGCGGTGGCGGCGCTGGCGGCGGTGAGCAAG 505
GGCGAGGAGCTG-3'

5-CCCATTGGCGGTGCTGGCGGCGGCGGTGCCGGTGAGCAAGGGCGAG 506
GAGCTG-3

5~CCGCATATGGTGGCGGCGCTGCCGGCGCCGGCGGTGAGCAAGGGCG 507
AGGAGCTG-3'

5-CCGCATATGGCGCTGGCGCTGGCGGTGCCGGCGGTGCTGCCGGTGA 508
GCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGGCGGCGCTGCTGCCGGCGGCGGTGGCGGTGCCGGTGA 509
GCAAGGGCGAGGAGCTG-3'
5'-CCGCATATGGCGGTGGTGGTGGCGCTGGCGCCGGTGAGCAAGGGCG 510
AGGAGCTG-3'
5'-CCGCATATGGCGGCGGCGGTGGCGCTGCCGGCGGCGGCGGCGCTGC 511
TGGCGGTGAGCAAGGGCGAGGAGCTG-3'
5'-CCGCATATGGCGGTGGTGCTGCCGCTGGCGCTGGTGGCGGTGGCGC 512
CGGTGAGCAAGGGCGAGGAGCTG-3'
5'-CCGCATATGCTGGTGGCGCTGCCGCTGCTGCCGGTGAGCAAGGGCG 13
AGGAGCTG-3’
5'-CCGCATATGGTGGTGGTGCCGCTGCTGCTGATTGTGCCGGTGAGCAA 514
GGGCGAGGAGCTG-3'
5'-CCGCATATGCTGGCGGTGGTGCTGGCGGTGCCGGTGAGCAAGGGCG 515
IAGGAGCTG-3'

5-CCGCATATGCTGCTGGCGGTGCCGATTCTGCTGGTGCCGGTGAGCAA] 516
GGGCGAGGAGCTG-3'

JO-112

JO-113

JO-114

JO-115

JO-116

JO-117

JO-118

JO-119

JO-120

JO-121

JO-122

JO-123

JO-124
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5'-CCGCATATGCTGGTGGCGCTGGTGCTGCTGCCGGTGAGCAAGGGCG 517

J0-125 1, GGAGCTG-3

5'-CCGCATATGCTGGTGCTGCTGCTGGCGGTGCTGCTGCTGGCGGTGCT 518

10-126 |50 cGGTGAGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGCTGCTGGCGCCGGTGGTGGCGCTGGTGATTCTGCCGGT 519

J0-127 |5 AGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGGTGCTGGCGGTGCTGGCGGTGCCGGTGCTGCTGCTGCCY 520

JO-128 |5 G TGAGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGGTGGTGATTGCGGTGGTGCCGGTGGTGGTGGTGAGCA 521

10-129 |\ GGGCGAGGAGCTG-3'

5'-CCGCATATGCTGCTGGTGCTGCTGGCGCTGGTGGTGGTGCCGGTGAG] 522

JO-130 |~ A AGGGCGAGGAGCTG-3"

5'-CCGCATATGGTGCTGCTGGCGCTGCCGGTGGTGGCGGCGCCGGTGA 523

JI0-B31 5 CAAGGGCGAGGAGCTG-3'

3'-CCGCATATGGCGGTGGTGGTGCCGGCGATTGTGCTGGCGGCGCCGG 524

JO-132 kG AGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGGCGGTGCTGGTGCCGGCGGCGGCGCTGGTGCCGGTGA 525

10133 3 AAGGGCGAGGAGCTG-3'

5'-CCGCATATGGTGGTGGCGGCGCTGCCGCTGGTGCTGCCGGTGAGCA 526

J0-134 |\ GGGCGAGGAGCTG-3'

5'-CCGCATATGGCGGCGGTGGCGCTGCCGGCGGCGGCGCCGGTGAGCA 527

10-135 AGGGCGAGGAGCTG-3'

5'-CCGCATATGCTGATTGCGCTGCCGCTGCTGCCGGTGAGCAAGGGCG 528

10-136 |, GeaGeTG-3

5'-CCGCATATGCTGCTGGCGCTGCCGCTGGTGCTGGTGCTGGCGCTGCC 529

013 15 GTGAGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGATTGTGCCGCTGCTGCTGGCGGCGCCGGTGAGCAAGG 530

10-138 1 cGAGGAGCTG-3'

5'-CCGCATATGCTGCTGCTGGCGCCGCTGCTGCTGGCGCCGGTGAGCA 531

10139 1A GGGCGAGGAGCTG-3'

5'-CCGCATATGCTGGCGGCGCTGCCGGTGGCGGCGGTGCCGGTGAGCA 532

1O-140 14 GGGCGAGGAGCTG3"

5'-CCGCATATGGCGCTGGCGGTGATTGTGCTGGTGCTGCTGGTGAGCAA| 533

JO-141 GGGCGAGGAGCTG-3'

5'-CCGCATATGCTGGCGCTGCTGCTGCCGGCGGCGCTGATTCCGGTGAG 534

J0-142 1 A AGGGCGAGGAGCTG-3'

5'-CCGCATATGGCGCTGCTGCCGCTGCTGGCGGTGGTGCTGCCGCCGGT| 535

J0-143 | AGCAAGGGCGAGGAGCTG-3

10144 [P -CCGCATATGGCGATTGCGGTGCCGGTGCTGGCGGCGCCGGTGAGCA | 536
AGGGCGAGGAGCTG-3'

10145 |P-CCGCATATGGCGGCGGCGCCGGTGCTGCTGCTGCTGCTGCCGGTGA | 537

GCAAGGGCGAGGAGCTG-3

5'-CCGCATATGGCGGCGGCGCCGGTGCTGCTGCTGCTGCTGCCGGTGA 538

J0-146 15 AAGGGCGAGGAGCTG-3'

5'-CCGCATATGGCGGCGCTGGCGGCGCTGGTGGTGGCGGCGCCGCCGG 539

IO 147 G AGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGGCGGCGCTGGCGGCGGTGCCGCTGGCGCTGGCGCCGG 540

10148 11 G AGCAAGGGCGAGGAGCTG-3'

7O-149 5-CCGCATATGGCGCTGGCGGTGGCGGCGCCGGCGCTGGCGCTGCTGC 541

CGCCGGTGAGCAAGGGCGAGGAGCTG-3'
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5'-CCGCATATGCTGGTGGCGCTGGTGCTGCTGCCGGTGAGCAAGGGCG 542

10-150 AGGAGC TG-3'

5'-CCGCATATGCTGGTGCTGCTGCTGGCGGTGCTGCTGCTGGCGGTGC 543

J0-151 B G CCGGTGAGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGCTGCTGGCGCCGGTGGTGGCGCTGGTGATTCTGCCGG 544

J10-132 1 G AGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGGTGCTGGCGGTGCTGGCGGTGCCGGTGCTGCTGCTGC 545

10-153 ) GGTGAGCAAGGGCGAGGAGCTG-3!

5'-CCGCATATGGTGGTGATTGCGGTGGTGCCGGTGGTGGTGGTGAGCA 546

J0-154 1, GGGCGAGGAGCTG-3'

5'-CCGCATATGCTGCTGGTGCTGCTGGCGCTGGTGGTGGTGCCGGTGA 547

JO-155 GCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGGTGCTGCTGGCGCTGCCGGTGGTGGCGGCGCCGGTGA 548

Jo-136 GCAAGGGCGAGGAGCTG-3'

S'-CCGCATATGGCGGTGGTGGTGCCGGCGATTGTGCTGGCGGCGCCGG 549

10-157 1 G AGCAAGGGCGAGGAGCTG-3'

5'-CCGCATATGGCGGTGCTGGTGCCGGCGGCGGCGCTGGTGCCGGTGA 550

J0-158 1 CAAGGGCGAGGAGCTG-3!

5'-CCGCATATGGTGGTGGCGGCGCTGCCGCTGGTGCTGCCGGTGAGCA 551

0-159 [\ GGGCGAGGAGECTG. 3!

5'-CCGCATATGGCGGCGGTGGCGCTGCCGGCGGCGGCGCCGGTGAGC 552

10-160 f) A GGGCGAGGAGCTG-3'

5'-CCGCATATGCTGATTGCGCTGCCGCTGCTGCCGGTGAGCAAGGGCG 553

JO-161 1) GGAGCTG-3'

5'-CCGCATATGCTGCTGGCGCTGCCGCTGGTGCTGGTGCTGGCGCTGC 554

J0-162 |~ G GTGAGCAAGGGCGAGGAGCTG. 3

5'-CCGCATATGATTGTGCCGCTGCTGCTGGCGGCGCCGGTGAGCAAGG 555

JO-163 GCGAGGAGCTG-3'

5'-CCGCATATGCTGCTGCTGGCGCCGCTGCTGCTGGCGCCGGTGAGCA 556

JO-164 |\ GGGCGAGGAGCTG-3"

5-CCGCATATGCTGGCGGCGCTGCCGGTGGCGGCGGTGCCGGTGAGC 557

JO-165 |\ AGGGCGAGGAGCTG-3"

5'-CCGCATATGGCGCTGGCGGTGATTGTGCTGGTGCTGCTGGTGAGCA 558

10-166 AGGGCGAGGAGCTG-3'

5'-CCGCATATGCTGGCGCTGCTGCTGCCGGCGGCGCTGATTCCGGTGA 559

10167 5 CAAGGGCGAGGAGCTG-3"

5'-CCGCATATGCTGGCGGCGGTGGTGCCGGTGGCGGCGGCGGTGCCG 360

JO-168 | I GAGCAAGGGCGAGGAGCTG-3'

5-CCGCATATGGTGGCGGCGCCGGCGGCGGCGGCGCCGGTGAGCAAG 361

10-169 |5 GCGAGGAGCTG-3'

5'-CCGCATATGGCGGTGCCGGTGCCGGTGCCGCTGGTGAGCAAGGGC 562

JO-170 {5 AGGAGCTG3

5'-CCGCATATGCTGCTGATTCTGCCGATTGTGCTGCTGCCGGTGAGCAA 563

o171 15 GGCGAGGAGCTG-3'

5'-CCGCATATGGCGCTGGCGCTGCCGGCGCTGGCGATTGCGCCGGTGA 564

JO-172 |5 AAGGGCGAGGAGCTG3'

5'-CCGCATATGGCGGTGATTCCGATTCTGGCGGTGCCGGTGAGCAAGG 565

10173 GCGAGGAGCTG-3'

S-CCGCATATGCTGATTCTGCTGCTGCCGGCGGTGGCGCTGCCGGTGA 566

10174 5 CAAGGGCGAGGAGCTG-3'
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5'-CCGCATATGATTGTGCTGGCGCCGGTGCCGGCGGCGGCGGTGAGCA 567
AGGGCGAGGAGCTG-3'
5'-CCGCATATGGTGGTGGTGGTGCCGGTGCTGGCGGCGGCGGCGGTGA 568
GCAAGGGCGAGGAGCTG-3'

JO-175

JO-176

5-CCGCATATGCTGGTGGCGGTGGCGGCGCCGGTGAGCAAGGGCGAG 569

J0-177 GAGCTG-3'

5'-CCGCATATGCTGGTGCTGGCGGCGCCGGCGGCGCTGCCGGTGAGCA 570

10-178 |\ GGGCGAGGAGCTG-3'

5'-CCGCATATGCTGATTGCGCCGGCGGCGGCGGTGCCGGTGAGCAAGG 571

10-179 506 AGGAGCTG-3'

5'-CCGCATATGGCGCTGGCGGCGCTGCCGATTGCGCTGCCGGTGAGCA 572

JO-180 [ 3GGCGAGGAGCTG-3

5'-CCGCATATGGCGGTGCTGCTGCTGCCGGCGGCGGCGGTGAGCAAGG 573

I0-181 1o cGAGGAGCTG3!

5'-CCGCATATGATTGCGCTGGCGCTGCTGCCGCTGCTGGTGAGCAAGGG] 574

JO-182 | -G AGGAGCTG-3'

5'-CCGCATATGGTGCTGCTGGCGGCGGCGCTGATTGCGCCGGTGAGCA 575

JO-183 ¥\ GGGCGAGGAGCTG-3'

5'-CCGCATATGGCGCCGGCGGTGCTGCCGCCGGTGGTGGTGATTGTGA 576

JO-184 | CAAGGGCGAGGAGCTG-3

10.185 [S-CCGCATATGGTGGTGGGCCTGCTGGTGGCGGCGCTGGTGAGCAAG 577
GGCGAGGAGCTG-3'

10-186 |P-CCGCATATGGCGGCGATTGCGGCGGCGGCGCCGCTGGCGGCGGTG 578

AGCAAGGGCGAGGAGCTG-Y

5'-CCGCATATGCTGCTGCTGGCGGTGGCGCCGGTGAGCAAGGGCGAG 579

JO-18T |5 AGCTG3!

5-CCGCATATGCTGATTCTGCTGCTGCCGCTGGCGGCGCTGGTGAGCA 580

JO-188 I GGGCGAGGAGCTG-3'

5'-CCGCATATGGCGCTGCTGCTGCTGGTGCTGGCGGTGAGCAAGGGCG 581

10-189 L\ GeaGCTG-3

5'-CCGCATATGCTGCTGCTGCTGCTGCTGCCGCTGGCGGTGAGCAAGG 582

JO-190 |5 G AGGAGCTG-3'

5-CCGCATATGCTGGCGCTGCCGCTGCTGCTGCCGGTGAGCAAGGGCG 583

JO-191 |\ GGAGCTG-3'

5'-CCGCATATGCTGCTGGTGCTGCCGCTGCTGATTGTGAGCAAGGGCG 584

10192 Ly GGAGCTG-3

5'-CCGCATATGCTGCCGCTGCTGCCGGCGGCGCTGGTGGTGAGCAAGG 585

J0-193 | GAGGAGCTG-3"

<Table 2>
PCR reverse primer sequence for each MTD-EGFP protein

' SEQID
MTD Sequence NO
JO-1~ i 1 CC GGT GGATCC ' 586
Jonos P-TTATCT AGATCC C CC CGG GCC-5




10

15

20

25

30

WO 2008/093982 PCT/KR2008/000525

41

Referring to Fig. 4a, each of the PCR amplified products was subcloned
into the pGEM-Teasy vector (Promega, Madison W1, USA) with a T4 DNA
ligase, according to the TA cloning method and then E. coli DH5x was
transformed, where transformants were selected on LB plate media containing
50 pug/mlL ampicillin, IPTG and X-gal. After the recombinant fragment
inserted into pGEM-Teasy vector was isolated by treating with the restriction
enzyme Ndel, it was subjected to 0.8 % agarose gel electrophoresis. As a
result, DNA fragments of about 1 kb and vector fragments of about 3 kb were
detected, which confirms that the insert DNA of MTD-EGFP was appropriately
subcloned into pGEM-Teasy vector (Figs. 4b to 4d).

As described in Fig. 5a, each of the isolated insert DNA fragments
encoding MTDs-EGFP was cloned into the E. coli expression plasmid pET-
28a(+) (commercially available from Novagen, Madison, WI). The pET-
28a(+) plasmids are designed to facilitate His-tag fusions at either the N- or C-
terminus and to provide strong expression of the genes in E. coli from the T7
phage promoter. At the 3' end of each MTD-EGFP encoding gene, the coding
sequence was fused in frame at the Nde! site to the His-tag sequence followed
by a translation stop codon, which results in the production of MTD-EGFP
recombinant proteins with six histidine residues added to the C-terminus for the
sake of easy purification on nickel columns.

After the clones were treated with the restriction enzyme Ndel and
subjected to agarose gel electrophoresis, it was verified that DNA fragments of
about 1 kb and vector fragments of about 5 kb were detected, which confirms
the cloning of the insert DNA of MTD-EGFP into pET-28a(+) vector, as shown
in Figs. 5b to 5¢. Further, out of the193 novel MTDs, 148 MTDs were found
to be successfully cloned for the expression of His-MTD-EGFP recombinant

proteins.

Example 3 - Inducible Expression and Purification of Recombinant
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Proteins Fused to MTDs

To express the cell permeable recombinant proteins fused to MTDs
prepared as described in Example 2 above, the expression vectors comprising
the His-MTD-EGFP recombinant proteins were transfected in the BL21 (DE3),
B1.21-Gold (DE3), BL21-CodonPlus (DE3) and BL21-GoldpLysS (DE3)
strains, respectively. An EGFP expression vector including kFGF4-derived
MTD (SEQ ID NO: 387) was used as a positive control, while an EGFP
expression vector fused to a scramble peptide (SEQ ID NO: 389) having no
function was used as a negative control.

After the transfection, cells were grown at 37C in an LB medium
containing kanamycin (30 pg/ml) with vigorous shaking until the optical
density 600 (ODgy) reached between 0.4 and 0.6. IPTG (isoprophyl-3-D-
thiogalactoside) was then added thereto at a final concentration of 0.6 mM to
induce the expression of the His-MTD-EGFP recombinant proteins. Protein
induction was prolonged for 3 hours at 37°C. His-MTD-EGFP recombinant
proteins expressed in E. coli with IPTG were loaded on a SDS-PAGE gel,
stained with Coomassie Brilliant Blue, and then destained. As illustrated in
Figs. 6a and 6b, except for some His-MTD-EGFP recombinant proteins
expressed in BL21-GoldpLysS (DE3) strains; most His-MTD-EGFP
recombinant proteins were expressed at a high level in BL21-CodonPlus (DE3).
Several His-MTD-EGFP recombinant proteins were not expressed.

The inducible expression of His-MTD-EGFP recombinant proteins in
an E. coli system leads to the formation of insoluble aggregates, which are
known as inclusion bodies. - To completely solubilize these inclusion bodies,
all of the above expressed proteins were denatured by dissolving them in 8 M
urea. Denatured His-MTD-EGFP recombinant proteins were purified by
histidine tag affinity chromatography, using a nickel nitrilotriacetate resin
(Qiagen, Hilden, Germany). Since strong denaturants, such as 8 M urea,
completely solubilize the inclusion bodies, the purification method was carried

out under pH-dependent denaturing conditions.
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The E. coli culture solutions were harvested by centrifugation at 4,000
xg for 20 minutes, re-suspended in a lysis buffer (100 mM NaH,PO,4, 10 mM
Tris‘Cl, 8 M urea, pH 8.0), and subjected to ultrasonication on ice using a
sonicator equipped with a probe. The cell lysates were centrifuged at 7,000
xg for 20 minutes, so as to separate the supernatant and the cellular debris
pellet. The supernatant was taken out and then incubated with a Ni-NTA resin
equilibrated with the lysis buffer by gently shaking (using a rotary shaker) for 2
hours to overnight. After washing with a washing buffer (100 mM NaH,POy,
10 mM Tris-Cl, 8 M urea, pH 6.3) five times, the proteins bound to the resin
were eluted with an elution buffer (100 mM NaH,PO,, 10 mM Tris'Cl, 8 M
urea, pH 4.5). The His-MTD-EGFP recombinant proteins purified under the
denaturing conditions described above were analyzed on a SDS-PAGE gel and
stained with Coomassie Brilliant Blue, where the results thereof are shown in
Figs. 7a and 7b. ‘

In order to renature the His-MTD-EGFP recombinant proteins purified
above, the denatured proteins were refolded by removing the denaturant. Urea
was removed from the proteins by dialyzing them against a refolding buffer
(0.55 M Guanidine HCl, 0.44 M L-Arginine, 50 mM Tris-HCl, 150 mM NaCl,
1 mM EDTA, 100 mM NDSB, 2 mM Glutathione Oxidized, and 0.2 mM
Glutathione Reduced). All of the refolded recombinant proteins were dialyzed
for 9 hours against a physiological buffer, such as a cell culture medium (e.g.,
Dulbecco's modified Eagle's Medium: DMEM). After the replacement of the
refolding buffer with DMEM, the cell permeabilities of all of the purified
recombinant proteins were ready to be determined in vitro and in vivo.
According to the SDS-PAGE analysis results shown in Fig. &, out of the 148
transformants established as described in Example 2 above, the inducible
expression of His-MTD-EGFP recombinant proteins was visually detected in
112 transformants, whereas 4 His-MTD-EGFP recombinant proteins were not
expressed enough to be visually detected but were sufficiently purified for cell

permeability analysis. The 116 His-MTD-EGFP recombinant proteins were
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prepared in a soluble form.

Example 4 - Determination of Quantitative Cell Permeability of
Recombinant Proteins Fused to MTDs

In order to quantitatively determine the cell permeability of the His-
MTD-EGFP recombinant proteins, the 116 recombinant proteins purified in a
soluble form as described in Example 3 above were mixed with 0.7 ug/ul of
fluorescein isothiocyanate (FITC) and reacted at room temperature for 1 hours
by stirring. The reaction solution was subjected to a dialysis against
Dulbecco's modified Eagle's medium (DMEM; WelGENE Inc., Korea) for 2
days until the FITC was completely removed to thereby obtain FITC-
conjugated recombinant proteins. RAW 264.7 cells derived from mouse
macrophage were treated with 10 uM of the FITC-labeled protein. The RAW
264.7 cells were maintained in DMEM supplemented with 10% fetal bovine
serum and 1% penicillin (500 mg/ml, Wel GENE Inc.), and incubated at 37 C in
a humidified atmosphere of 5% CO, in air. After the incubation, the cells
were incubated with 10 uM of each of the FITC-conjugated recombinant
protein prepared above for 1 hour at 37°C, followed by treating them with
Trypsin/EDTA (T/E, Invitrogen, Carlsbad CA, USA) to remove cell surface
bound proteins and washing with cold PBS three times.

The FITC-conjugated His-MTD-EGFP recombinant proteins were
subjected to fluorescence-activated cell sorting (FACS) analysis (FACS Calibur,
Beckton-Dickinson, San Diego CA, USA). For each sample, the cells (1x10%)
were analyzed by using the CellQuest Pro cytometric analysis software. Fach
experiment was conducted at least twice. The cell permeable potency of each
His-MTD-EGFP recombinant protein fused to novel MTDs (JO-1 to JO-193)
was visually compared to that of a positive control protein fused to kFGF4-
derived MTD.

Figs. 9a to 9g show the results of a flow cytometry analysis where the

gray filled curve represents cell only, the black curve represents FITC only, the
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blue curve represents the cell permeability of a negative control (scramble
peptide), the red curve represents the cell permeability of a positive control
(kFGF4-derived MTD), and the green curve represents the cell permeability of
each recombinant protein.

In order to evaluate the cell permeability of each MTD in mammalian
cells, the cellular uptake efficiencies of the His-MTD-EGFP recombinant
proteins were compared with those of the positive control protein fused to
kFGF4-derived MTD and the negative control protein fused to a scramble
peptide, by evaluating the change in median fluorescence after incubation with
each FITC-conjugated His-MTD-EGFP recombinant protein.

Referring to the results shown in Figs. 9a to 9g, none of the cells treated
with 10 uM of the FITC-conjugated His-MTD-EGFP proteins for 1 hour at
37C underwent a change in median fluorescence such that the median
fluorescence after treatment was significantly lower than that of the cells
treated with the negative control. In contrast, 80 His-MTD-EGFP
recombinant proteins, out of the 111 proteins that were tested, exhibited 0.5-
fold (50%) or higher fluorescence signal than that of the positive control.
These results suggest that some of the newly developed novel MTDs fused with
the cargo molecule EGFP exhibit significantly high levels of plasma
membrane-penetrating ability which is enough to deliver macromolecules, such

as protein, into live cells.

Example 5 - Determination of Cell Permeability and Intracellular

Localization of Recombinant Proteins Fused to MTDs
Out of the 111 FITC-conjugated His-MTD-EGFP recombinant proteins
tested by flow cytometry, 60 His-MTD-EGFP recombinant proteins were |
selected for visualization of cell permeability and intracellular localization
thereof. Among them, 50 His-MTD-EGFP recombinant proteins exhibited
higher cell permeability than 0.5-fold as compared with the positive control
protein fused to kFGF4-derived MTD.
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NIH 3T3 cells were treated without (cell only) or with FITC (FITC
only), or FITC-conjugated recombinant proteins such as a negative control
(His-scramble peptide-EGFP), a positive control (His-kFGF4-derived MTD-
EGFP) or the recombinant proteins fused to novel MTDs (His-MTDs-EGFP),
and visualized by confocal laser scanning microscopy. NIH 3T3 cells were
cultured for 24 hours in an 8-well chamber slide (LabTek, Nalgen Nunc,
Rochester NY, USA). Cells were maintained in DMEM supplemented with
10% fetal bovine serum, 1% penicillin and streptomycin in 5% CO, at 37C.
The cells were washed with PBS three times, and then treated for 1 hour with
DMEM, DMEM plus free FITC, or DMEM containing 10 uM FITC-
conjugated recombinant proteins in 5% CO, at 37°C. One hour after the
treatment, the cells were fixed in 4% paraformaldehyde (PFA) for 20 minutes at
room temperature for observation.

For the direct detection of FITC-conjugated recombinant proteins that
were internalized, the cells were washed with PBS three times and
counterstained with a nuclear fluorescent stain solution, propidium iodide (PI,
Sigma-Aldrich, St Louis MO, USA), at a concentration of 1 yg/ml. After PI
staining for 5 minutes, the cells were washed with PBS three times and fixed by
polyvinyl alcohol mountain medium with DABCO (Fluca, St Louis MO, USA).
The intracellular distribution of the fluorescence was determined at the middle
of a single cell analyzed by confocal laser scanning microscopy, where the
results are shown in Figs. 10a to 10i. Parameters specific for each
fluorochrome were followed as FITC: excited at 488 nm lighf, detected with a
530 nm bandpass filter.

Surprisingly, as shown in Figs. 10a to 10i, 11a, and 11b, the FITC-
conjugated His-MTD-EGFP recombinant proteins were well distributed largely
in either the cytoplasm or the nucleus (JO-13, -18, -49, -58, -68, -101, -108, -
116, -118, -122, -123, -127, -132, -133, -136, -138, -140, -148, -162, -169, -170,
and -172) or both, as compared with the negative control protein fused to a
scramble peptide. Ten MTDs (JO-17, -18, -21, -31, -41, -49, -88, -107, -116,
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and -169), which exhibited lower cell permeability than 0.5-fold as compared
with the positive control (1.0-fold), showed weak intracellular localization
ability after an 1 hour treatment. These results compietely coincided with

those from the flow cytometry analysis.

Example 6 - Determination of in vive Tissue Distribution of Recombinant
Proteins Fused to MTDs

Forty-three recombinant proteins were selected from 111 FITC-
conjugated recombinant proteins tested by flow cytometry for the analysis of in
vivo tissue distribution ability. FITC only (DMEM plus free FITC), a negative
control (FITC-conjugated recombinant protein fused to a scramble peptide), a
positive control (FITC-conjugated recombinant protein fused to a kFGF4-
derived MTD), or the His-MTD-EGFP recombinant proteins (FITC-conjugated
recombinant proteins fused to selected novel MTDs) were intraperitoneally
injected into Balb/c mice (6 weeks, female, Central Lab. Animal Inc., Korea) at
a dose of 300 ug/500 ul/mouse, respectively. After 2 hours, six organs (i.e.,
liver, kidney, spleen, lung, heart, and brain) of each mouse were extracted,
washed with PBS, and quickly frozen with an O.C.T. compound (Sakura,
Japan) on dry ice. Cryosections (20 pm thickness) of each organ were
prepared by a microtome cryostat (Sakura), placed on glass slides and, then,
mounted in a Vectashield mounting medium (Vecta lab, Burlingame CA, USA).
In vivo tissue distribution of selected novel MTDs was analyzed by using a
fluorescence microscope (Nikon, Japan), where the results are shown in Figs.
12a to 12i.

In the negative control, there was no significant level of fluorescence.
In contrast, the positive control protein fused to kFGF4-derived MTD showed
well distributed fluorescence activity in all of the organs. With respect to the
mice injected with the recombinant proteins fused to selected novel MTDs,
most MTDs having 0.5-fold or higher cell permeability than the positive control

as determined by flow cytometry showed relatively strong in vivo tissue
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distribution ability in all of the organs, although there were some minor
differences among the organs. In particular, JO-13 (1.3-fold) and JO-133 (1.5-
fold) MTDs were distributed well in all of the organs except the brain. These
results indicate that the novel MTDs demonstrated their strong cell permeability
and/or intracellular localization ability by flow cytometry and confocal laser
scanning microscopy and can effectively mediate macromolecule intracellular
transduction in vitro and in vivo.

In summary, the macromolecule transduction domain (MTD) peptides
identified according to the method of the present invention have the
characteristics of inducible protein expression, purification and cell
permeability as represented in Figs. 13a to 13k.

The present invention has been described in detail with reference to
specific embodiments thereof. Howe\}er, it will be appreciated by those
skilled in the art that changes may be made in these embodiments without
departing from the principles and spirit of the invention, the scope of which is

defined in the appended claims and their equivalents.
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[Claims]
[Claim 1]

An isolated macromolecule transduction domain (MTD) peptide
capable of mediating the transport of a biologically active molecule into a cell,
wherein the peptide has an amino acid sequence selected from the group
consisting of SEQ ID NOS: 1-193.

[Claim 2]

An isolated polynucleotide encoding the macromolecule transduction

domain (MTD) peptide according to Claim 1.
[Claim 3]

The isolated polynucleotide according to Claim 2, wherein the
polynucleotide has a nucleotide sequence selected from the group consisting of
SEQ ID NOS: 194-386.

[Claim 4]

A method of identifying a macromolecule transduction domain (MTD)
peptide capable of mediating the transport of a biologically active molecule into
a cell, comprising:

identifying secreted proteins having a signal sequence-like domain from
multiple amino acid sequence databases;

selecting from said identified secreted proteins hydrophobic peptides
having a single hydrophobic region at their N-terminus and forming a helix
structure; and

optimizing and minimizing said selected hydrophobic peptides under
conditions effective to produce peptides suitable for use as an MTD peptide.

[Claim 5]

The method according to Claim 4, wherein the signal sequence-like
domain is selected from the group consisting of penetratin (Arg-Gln-Ile-Lys-
Ile-Trp-Phe-GIn-Asn-Arg-Arg-Met-Lys-Trp-Lys-Lys), the Tat peptide derived
from the transactivating protein Tat of HIV-1 (Arg-Lys-Lys-Arg-Arg-Gln-Arg-
Arg-Pro), transportan (Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-
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Lys-Ile-Asn-Lys-Ala-Leu-Ala-Ala-Leu-Ala-Lys-Lys-Ile-Leu), Buforin II (Thr-
Arg-Ser-Ser-Arg-Ala-Gly-Leu-Gln-Phe-Arg-Val-Gly-Arg-Val-His-Arg-Leu-
Leu-Arg-Lys), MAP (model amphiphatic peptide: Lys-Leu-Ala-Leu-Lys-Ala-
Ser-Leu-Lys-Ala-Leu-Lys-Ala-Ala-Leu-Lys-Leu-Ala), k-FGF (Ala-Ala-Val-
Ala-Leu-Leu-Pro-Ala-Val-Leu-Leu-Ala-Leu-Leu-Ala-Pro), Ku 70 (Val-Pro-
Met-Leu-Lys-Pro-Met-Leu-Lys-Glu), prion (Met-Ala-Asn-Leu-Gly-Tyr-Trp-
Leu-Leu-Ala-Leu-Phe-Val-Thr-Met-Trp-Thr-Asp-Val-Gly-Leu-Cys-Lys-Lys-
Arg-Pro-Lys-Pro), pVEC (Leu-Leu-Ile-Ile-Leu-Arg-Arg-Arg-lie-Arg-Lys-Gln-
Ala-His-Ala-His-Ser-Lys), pep-1 (Lys-Glu-Thr-Trp-Trp-Glu-Thr-Trp-Trp-Thr-
Glu-Trp-Ser-Gln-Pro-Lys-Lys-Lys-Arg-Lys-Val), SynBl1 (Arg-Gly-Gly-Arg-
Leu-Ser-Tyr-Ser-Arg-Arg-Arg-Phe-Ser-Thr-Ser-Thr-Gly-Arg), pep-7 (Ser-
Asp-Leu-Trp-Glu-Met-Met-Met-Val-Ser-Leu-Ala-Cys-Gln-Tyr), and HN-1
(Thr-Ser-Pro-Leu-Leu-1le-His-Asn-Gly-Gln-Lys-Leu).
[Claim 6]

The method according to Claim 4, wherein the amino acid sequence
database is selected from the group consisting of the PubMed Entrez Protein
Database.

[Claim 7]

The method according to Claim 4, wherein said optimizing and
minimizing step is carried out by the following steps:

eliminating non-hydrophobic amino acids at the left or right side of the
selected hydrophobic peptide to minimize the peptide length while maintaining
the hydrophobic region thereof;

replacing non-hydrophobic amino acids at the middle or right side of
the selected hydrophobic peptide with a hydrophobic amino acid, proline, to
provide flexibility; and

minimizing the number of repeated hydrophobic amino acids to reduce
the length of the peptide.

[Claim 8]
The method according to Claim 4, wherein the MTD peptide produced
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as a result of said optimizing and minimizing exhibits cell permeability,
hydrophobicity, and flexibility, has about 7 to about 17 amino acids in length,
and forms a helix structure.

[Claim 9]

The method according to Claim §, wherein the MTD peptide has an
amino acid sequence selected from the group consisting of SEQ ID NOS: 1-193.

[Claim 10]

An isolated recombinant protein having cell permeability comprising:

a macromolecule transduction domain (MTD) peptide having an amino
acid sequence selected from the group consisting of SEQ ID NOS: 1-193; and

a biologically active molecule.

[Claim 11]

The isolated recombinant protein according to Claim 10, wherein the
biologically active molecule is selected from the group consisting of proteins,
polypeptides, and peptides.

[Claim 12]

The isolated recombinant protein according to Claim 10, wherein the
biologically active molecule is selected from the group consisting of growth
factors, enzymes, transcription factors, toxins, antigenic peptides, antibodies,
and antibody fragments.

[Claim 13]

The isolated recombinant protein according to Claim 12, wherein the
biologically active molecule is selected from the group consisting of enzymes,
hormones, transport proteins, immunoglobulin, antibodies, structural proteins,
motor function proteins, receptors, signaling proteins, storage proteins,
membrane proteins, transmembrane proteins, internal proteins, external proteins,
secret proteins, virus proteins, native proteins, glicoproteins, cleaved proteins,
proteins with disulfide bonds, protein complexes, chemically modified proteins
and prions.

[Claim 14]
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The isolated recombinant protein according to Claim 10, wherein the
biologically active molecule is selected from the group consisting of nucleic
acids, coding nucleic acid sequences, mRNAs, antisense RNA molecules,
carbohydrates, lipids, and glycolipids.

[Claim 15]

The isolated recombinant protein according to Claim 10, wherein the

biologically active molecule is a therapeutic agent.
[Claim 16]

The isolated recombinant protein according to Claim 15, wherein the
biologically active molecule is selected from the group consisting of therapeutic
drugs and toxic chemicals.

[Claim 17]

A method of genetically engineering a biologically active molecule
having cell permeability comprising attaching a macromolecule transduction
domain (MTD) peptide to a biologically active molecule under conditions
effective to produce a biologically active molecule having cell permeability,
wherein the MTD peptide has the amino acid sequence selected from the group
consisting of SEQ ID NOS: 1-193.

[Claim 18)

The method according to Claim 17, wherein said attaching comprises
attaching a MTD peptide to the N-terminal, C-terminal, both or middle of the
biologically active molecule.

[Claim 19]

The method according to Claim 17, wherein said attaching comprises

attaching a MTD peptide to the biologically active molecule by a peptide bond.
[Claim 20]

The method according to Claim 17, wherein said attaching comprises

attaching a MTD peptide to the biologically active molecule by a covalent bond.
[Claim 21]

A method of transporting a biologically active molecule into a cell in a
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subject comprising administering to a subject a cell permeable recombinant
protein comprising a macromolecule transduction domain (MTD) peptide
attached to a biologically active molecule, wherein the MTD peptide has an
amino acid sequence selected from the group consisting of SEQ ID NOS: 1-193.

5  [Claim22]
Use of a macromolecule transduction domain (MTD) peptide for drug
delivery, wherein the MTD peptide has an amino acid sequence selected from

the group consisting of SEQ ID NOS: 1-193.

{Claim 23]

10 Use of a macromolecule transduction domain (MTD) peptide for
vaccine administration, wherein the MTD peptide has an amino acid sequence
selected from the group consisting of SEQ ID NOS: 1-193.

[Claim 24]
Use of a macromolecule transduction domain (MTD) peptide for

15  protein therapy, wherein the MTD peptide has an amino acid sequence selected
from the group consisting of SEQ ID NOS: 1-193.

[Claim 25]
Use of a macromolecule transduction domain (MTD) peptide for gene
therapy, wherein the MTD peptide has an amino acid sequence selected from

20  the group consisting of SEQ ID NOS: 1-193.
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[Fig. 1n] continued
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[Fig. 10] continued
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[Fig. 10] continued

%
l
ON YT ON YIHOYIdTTTTIN Jf 061-0F
TOVTITTTTd : iR s
iAoy
190 N
(1 Uejoud
" %S9 | paepprssoydode
BYITTTY] N TOORSYIATITISYd A paenag) (7-qyss)| 6810
YT AT ; osmad 7m0
pajejol-pez2l
PoRAGHA7/6d
1 K
0 oY 1T | LTS O TdHYd {ouardes| 88)-0F
T ETTINGdvd 0 oo 7 0iquy
Rewuped 1opoe)

onss) 16900 o

SUBSTITUTE SHEET (RULE 26)



PCT/KR2008/000525

WO 2008/093982

60/134
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[Fig. 2]
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EGF-J: MTD-derived from kFGF-4 12mer

HIV-Tat: PTD derived from HIV-Tat
Hph-1: HIV-Tat homologous PTD

EGF-V: MTD-derived from kFGF-4 16mer
Negative: Scramble peptide
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[Fig. 3b]
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[Fig. 4a]

Insert DNA of MTD-EGFP
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[Fig. 4d]
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[Fig. 5a]

Kanr Insert DNA of MTD-EGFP
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[Fig. 6a]
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[Fig. 7a]
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[Fig. 9b]
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[Fig. 9d]
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[Fig. 94]
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[Fig. 10a]
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[Fig. 10b]
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[Fig. 10i]
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[Fig. 11a]
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[Fig. 11b]
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[Fig. 12a]
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[Fig. 12b]
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[Fig. 12¢]

Liver Kidney Spleen Lung Heart Brain

JO-20 (0.7)

JO-21 (0.4)

JO-26 (0.6)

JO-31 (0)

JO-36 (0.7)

SUBSTITUTE SHEET (RULE 26)



WO 2008/093982 PCT/KR2008/000525
08/134

[Fig. 12d]
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[Fig. 12€]
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[Fig. 12f]
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[Fig. 129]
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[Fig. 12h]

Liver Kidney Spleen Lung Heart Brain

JO-136 (3.5)

JO-148 (2.0)

JO-151 (2.5)

JO-154 (2.5)

JO-159 (2.6)

SUBSTITUTE SHEET (RULE 26)



WO 2008/093982 PCT/KR2008/000525
103/134
[Fig. 12i]
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[Fig. 13a]
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[Fig. 13a] continued

&0

o+t

4+

¥1

IDTATTAAVVIV

uragoxd
DNIYAOIP AT pR121038
WS /68975 dN

JCFIOIFROD
S@2ATIOPTITS'

Nﬁnm;

N

14!

AV
VAVITTIVVIT]

uelead pajeloas
aapemd 0Gg88HEvVO

RYjalussfsiisiciing
BLIZSSIIN

- 91-0f

aIN

gt

VIAV
VA28 RARAAAY

urejead paiatoss
salemd T28689 JIN

JOFODIFBED
Sseodwordang

S1-Of

aN

¥

VAT
TITIITTIAT

JoSanasdd g1 J0TIqIUE
age1edd T0Z669 AN

SHAIIRS OHIQLT

F1-0I

60

e

FREAREN

IT

TITAVIVVYV]

urejead pagoioes
AR L 8BE9 N

LOTOIFFOD
SB3AITONIDI]S

ST-0f

aN

6l

ATTIITTITITI

| JSquuptl [ATULB]

suardes Giory

Z1-0r

N

- UOS) 2SBIONpa.I/as
BUOBOIPAPD 63EL50 AN
~ _ - i) wagod JO[OIFa0D

AVTIAVIATIT

po18389S 989089 dN

se0ATOIdLS

T1-0f

80

A

FRESERNY

LT

AJIVVAAVODT

(ur=103d
pPa1aI098) 9SBIOIPAY
£S02A18 180548 dN

LOJOIIFIOD
SQuAWIHS

01-0f

0

+F ¥+

SRR

o1

V'l
TVAAITIDAV]

uregeld pojeioas
sAREInd GTQTSIVO

SRFOIYB02
Saofejdans

60-0f

SUBSTITUTE SHEET (RULE 26)



PCT/KR2008/000525

WO 2008/093982

106/134

[Fig. 13a] continued
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[Fig. 13b]
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[Fig. 13b] continued
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[Fig. 13b] continued
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[Fig. 13c]
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[Fig. 13c] continued
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[Fig. 13c] continued
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[Fig. 13d]
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[Fig. 13d] continued
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[Fig. 13d] continued
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[Fig. 13e]
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[Fig. 13e] continued
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[Fig. 13€e] continued
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[Fig. 13f]
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[Fig. 13f] continued
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[Fig. 13h] continued
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[Fig. 13h] continued

(N

0T

JTIVTIAVTI

PLIBFSODT Wejoad
£10101098 GRVZLY JIN

sardes GUIOES

6S1-0Of

g8

F4 4+

F

JAVVATYVY

(urerod
pajaides) Sseun
pEIRI0e8 971080 AN

JO[ODI503
SOIAIOFFEHS

IST-0f]

SUBSTITUTE SHEET (RULE 26)



PCT/KR2008/000525

WO 2008/093982

128/134

[Fig. 13i]
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[Fig. 13i] continued
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[Fig. 13i] continued
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[Fig. 13j] continued
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[Fig. 13j] continued
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INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2008/000525

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item1.b of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of :

a. type of material
| asequence listing
table(s) related to the sequence listing

b. format of material

‘Z on paper

|Z in electronic form

c. time of filing/furnishing
contained in the international application as filed
filed together with the international application in electronic form
I:I furnished subsequently to this Authority for the purposes of search

2. I:I In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filed
or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (April 2007)



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2008/000525

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 21-25
because they relate to subject matter not required to be searched by this Authority, namely:
Claims 21-25 pertain to methods for treatment of the human or animal body by therapy as well as diagnostic methods, and
thus relate to a subject matter which this International Searching Authority is not required, under Article 17(2)(a)(i) of the
PCT and Rule 39.1(iv) of the Regulations under the PCT, to search.

2. Claims Nos.: 4-9

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

A method of claims 4-9 is unclear because the meaning of wording 'identifying' and 'single hydrophobic region' are vague, and
technical feature for 'optimizing and minimizing' step is not clearly defined.

3. I:I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. l:l As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. l:l As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. l:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:I The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2007)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2008/000525

A. CLASSIFICATION OF SUBJECT MATTER

CO7K 7/04(2006.01)i, CO7K 7/06(2006.01)i, CO7K 7/08(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 8 CO7K 7/04, CO7K 7/06, COTK 7/08

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
NCBI database (SEQ ID NOS:1-193), PubMed (Key words: PTD, transduction, delivery)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

in vivo', Jan. 15, 2001, Vol. 61, pages 474-477.
See abstract and Fig. 2.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 03/097671 A1 (CREAGENE INC.) 27 Nov. 2003 1-3.10-20
See abstract, claims and pages 7 lines 11-16.
A US 7,166,692 B2 (CANBREX BIO SCIENCE WALKERSVILLE INC.) 23 Jan. 2007 1-3,10-20
See abstract and examples.
A Ho, A. et al. 'Synthetic protein transduction domains: Enhanced transduction potential in vitro and 1-3,10-20

|:| Further documents are listed in the continuation of Box C.

}X{ See patent family annex.

* Special categories of cited documents:
"A"  document defining the general state of the art which is not considered
to be of particular relevance

"E" carlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

v

o

e

ng"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or camnot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

17 APRIL 2008 (17.04.2008)

Date of mailing of the international search report

17 APRIL 2008 (17.04.2008)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo-
gu, Daejeon 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer

Telephone No.

KIM, KYOUNG MI

82-42-481-8161

Form PCT/ISA/210 (second sheet) (April 2007)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/KR2008/000525
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO03097671A1 27.11,2003 AUZ2003218815A1 02.12.2003
EP 1495045A1 12.01.2005
EP 149504544 17.08.2005
JP2006502703T2 26.01.2006
KR1020050025143 11.03.2005
US20050154 188A1 14.07.2005
US2005154188A1 14.07.2005
US2005154188AA 14.07.2005
US7101844BB 05.09.2006
US07 16669282 23.01.2007 CA2516677AA 16.09.2004
EP1601373A2 07.12.2005
EP1601373A4 11.07.2007
JP2006521819T2 28.09.2006
US20040209797A1 21.10.2004
US2006106197AA 18.05.2006
W02004078933A2 16.09.2004
W02004078933A3 06.05.2005
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