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ABSTRACT 

The invention provides cell-permeable peptides that bind to 
JNK proteins and inhibit JNK-rnediated effects in JNK 
expressing cells. 
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CELL-PERMEABLE PEPTIDE INHIBITORS OF 
THE J NK SIGNAL TRANSDUCTION PATHWAY 

RELATED U.S. APPLICATION 

[0001] This patent application is a continuation of US. 
Ser. No. 09/503,954, ?led on Feb. 14, 2000, Which claims 
priority to US. Ser. No. 60/158,774, ?led Oct. 12, 1999; 
Which are incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to protein kinase 
inhibitors and more speci?cally to inhibitors of the protein 
kinase c-Jun amino terminal kinase. 

BACKGROUND OF THE INVENTION 

[0003] The c-Jun amino terminal kinase (JNK) is a mem 
ber of the stress-activated group of mitogen-activated pro 
tein (MAP) kinases. These kinases have been implicated in 
the control of cell groWth and differentiation, and, more 
generally, in the response of cells to environmental stimuli. 
The JNK signal transduction pathWay is activated in 
response to environmental stress and by the engagement of 
several classes of cell surface receptors. These receptors can 
include cytokine receptors, serpentine receptors, and recep 
tor tyrosine kinases. In mammalian cells, JNK has been 
implicated in such biological processes as oncogenic trans 
formation and in mediating adaptive responses to environ 
mental stress. J NK has also been associated With modulating 
immune responses, including maturation and differentiation 
of immune cells, as Well effecting programmed cell death in 
cells identi?ed for destruction by the immune system. 

SUMMARY OF THE INVENTION 

[0004] The present invention is based in part on the 
discovery of peptides that are effective inhibitors of JNK 
proteins. The peptides, referred to herein as JNK peptide 
inhibitors, decrease the doWnstream cell-proliferative effects 
of c-Jun amino terminal kinase (JNK). 

[0005] Accordingly, the invention includes novel JNK 
inhibitor peptides, as Well as chimeric peptides Which 
include a JNK peptide inhibitor linked a traf?cking peptide 
that can be used to direct a peptide on Which it is present do 
a desired cellular location. The traf?cking sequence can be 
used to direct transport of the peptide across the plasma 
membrane. Alternatively, or in addition, the traf?cking pep 
tide can be used to direct the peptide to desired intracellular 
location, such as the nucleus. 

[0006] The JNK inhibitor peptides can be present as 
polymers of L-amino acids. Alternatively, the peptides can 
be present as polymers of D-amino acids. 

[0007] Also included in the invention are pharmaceutical 
compositions that include the JNK-binding peptides, as Well 
as antibodies that speci?cally recogniZe the JNK-binding 
peptides. 
[0008] The invention also includes a method of inhibiting 
expression of a JNK kinase in a cell. 

[0009] In another aspect, the invention includes a method 
of treating a pathophysiology associated With activation of 
JNK in a cell or cells. For example, the target cells may be, 
e.g., cultured animal cells, human cells or micro-organisms. 
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Delivery can be carried out in vivo by administering the 
chimeric peptide to an individual in Whom it is to be used for 
diagnostic, preventative or therapeutic purposes. The target 
cells may be in vivo cells, i.e., cells composing the organs 
or tissues of living animals or humans, or microorganisms 
found in living animals or humans. 

[0010] Among the advantages provided by the invention is 
that the JNK inhibitor peptides are small, and can be 
produced readily in bulk quantities and in high purity. The 
inhibitor peptides are also resistant to intracellular degrada 
tion, and are Weakly imrnmunogenic. Accordingly, the pep 
tides are Well suited for in vitro and in vivo applications in 
Which inhibition of JNK-expression is desired. 

[0011] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, suitable methods 
and materials are described beloW. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by reference in their entirety. In the case of 
con?ict, the present speci?cation, including de?nitions, Will 
control. In addition, the materials, methods, and examples 
are illustrative only and not intended to be limiting. 

[0012] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIGS. 1A-C are diagrams shoWing alignments of 
conserved JBD domain regions in the indicated transcription 
factors. 

[0014] FIG. 2 is a diagram shoWing alignments of generic 
TAT-IB fusion peptides. 

[0015] FIG. 3 is a histogram depicting inhibition of [3-cell 
death by the minimal 23 amino acid long J BD domain of IB1 
compared to the full 280 amino acid JBD domain. 

[0016] FIG. 4 is an illustration demonstrating the effects 
of TAT, TAT-IB1 and TAT-IB2 peptides on phosphorylation 
of recombinant JNKs. Panel A shoWs inhibition of c-Jun, 
ATF2 and Elk1 phosphorylation by recombinant JNKs in 
vitro. Panel B shoWs dose response experiments similar to 
Panel A. 

[0017] FIG. 5 is a histogram depicting L-TAT-IB inhibi 
tion of phosphorylation by recombinant JNKs. Panel A 
shoWs L-TAT-IB inhibition of c-Jun, ATF2 and Elk1 phos 
phorylation by recombinant J NKs in vitro in the presence of 
MKK4. Panel B shoWs similar dose response experiments 
With MKK7. 

[0018] FIG. 6 is an illustration demonstrating the inhibi 
tion of c-Jun phosphorylation by activated JNKs. 

[0019] FIG. 7 is a histogram depicting short term inhibi 
tion of IL-1[3 induced pancreatic [3-cell death by the L-TAT 
IB peptides. 

[0020] FIG. 8 is a histogram depicting short term inhibi 
tion of IL-1[3 induced pancreatic [3-cell death by the D-TAT 
IB peptides. 
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[0021] FIG. 9 is a histogram depicting long term inhibi 
tion of IL-1[3 induced pancreatic [3-cell death by L-TAT-IB1 
and D-TAT-IB1 peptides. 

[0022] FIG. 10 is a histogram depicting inhibition of 
irradiation induced human colon cancer WiDr cell death by 
L-TAT-IB1 and D-TAT-IB1 peptides. 

[0023] FIG. 11 is an illustration of the modulation of JNK 
kinase activity by L-TAT, TAT-IB1 and D-TAT-IB1 peptides. 

[0024] FIG. 12 are graphs depicting the protective effects 
of the TAT-IB 1 peptides in mice. Panel A shoWs the effect 
of irradiation on Weight. Panel B shoWs the effect of 
irradiation on oedemus and erythemus status. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] The present invention is based in part on the 
discovery of cell permeable peptides that inhibit the acti 
vated c-Jun amino terminal kinase (JNK) signaling pathWay. 
These peptides are referred to herein as JNK inhibitor 
peptides. Additionally, the discovery provides methods and 
pharmaceutical compositions for treating pathophysiologies 
associated With JNK signaling. 

[0026] JNK inhibitor peptides Were identi?ed by inspect 
ing sequence alignments betWeen kJNK Binding Domains 
in various insulin binding (IB) proteins. The results of this 
alignment are shoWn in FIGS. 1A-1C. FIG. 1A depicts the 
region of highest homology betWeen the JBDs of IB1, IB2, 
c-Jun and ATF2. Panel B depicts the amino acid sequence 
alignment of the JBDs of IB1 and IB2. Fully conserved 
residues are indicated by asterisks, While residues changed 
to Ala in the GFP-JBD23MUt vector are indicated by open 
circles. FIG. 1C shoWs the amino acid sequences of chi 
meric proteins that include a JNK inhibitor peptide domain 
and a traf?cking domain. In the example shoWn, the traf 
?cking domain is derived from the human immunode? 
ciency virus (HIV) TAT polypeptide, and the JNK inhibitor 
peptide is derived from an IB1 polypeptide. Human, mouse, 
and rat sequences are identical in Panels B and C. 

[0027] Sequence comparison betWeen the JNK binding 
domains of IB1 [SEQ ID NO: 17], IB2 [SEQ ID NO: 18], 
c-Jun [SEQ. ID NO: 19] and ATF2 [SEQ ID NO: 20] 
revealed a partially conserved 8 amino acid sequence (FIG. 
1A). A comparison of the JBDs of IB1 and IB2 further 
revealed tWo blocks of seven and three amino acids that are 
highly conserved betWeen the tWo sequences. These tWo 
blocks are contained Within a peptide sequence of 23 amino 
acids in IB1 [SEQ ID NO: 1] and 21 amino acids in IB2 
[SEQ ID NO: 2]. 
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[0028] The JNK inhibitor peptides of the invention can be 
used in any situation in Which inhibition of JNK activity is 
desired. This can include in vitro applications, ex vivo, and 
in vivo applications. As J NKs and all its isoforms participate 
in the development and establishment of pathological states 
or in pathWays, the JNK peptides can be used to prevent or 
inhibit the occurrence of such pathological states. This 
includes prevention and treatment of diseases and preven 
tion and treatment of conditions secondary to therapeutic 
actions. For example, the peptides of the present invention 
can be used to treat or prevent, e.g., diabetes, ioniZing 
radiation, immune responses (including autoimmune dis 
eases), ischemia/reperfusion injuries, heart and cardiovas 
cular hypertrophies, and some cancers (e.g., Bcr-Abl trans 

formation). 
[0029] The peptides can also be used to inhibit expression 
of genes Whose expression increases in the presence of an 
active JNK polypeptide. These genes and gene products 
includes, e.g., proin?ammatory cytokines. Such cytokines 
are found in all forms of in?ammatory, auto-in?ammatory, 
immune and autoimmune diseases, degenerative diseases, 
myopathies, cardiomyopathies, and graft rejection. 

[0030] The JNK inhibitor peptides described herein can 
also be used to treat or prevent effects associated With 
cellular shear stress, such as in pathological states induced 
by arterial hypertension, including cardiac hypertrophy and 
arteriosclerotic lesions, and at bifurcations of blood vessels, 
and the like; ioniZing radiation, as used in radiotherapy and 
UV lights; free radicals; DNA damaging agents, including 
chemotherapeutic drugs; oncogenic transformation; 
ischemia and reperfusion; hypoxia; and hypo- and hyper 
thermia. 

[0031] The polynucleotides provided by the present inven 
tion can be used to express recombinant peptides for analy 
sis, characteriZation or therapeutic use; as markers for tis 
sues in Which the corresponding peptides is preferentially 
expressed (either constitutively or at a particular stage of 
tissue differentiation or development or in disease states). 
Other uses for the nucleic acids include, e.g., molecular 
Weight markers in gel electrophoresis-based analysiss of 
nucleic acids. 

[0032] The JNK inhibitor peptides disclosed herein are 
presented in Table 1. The table presents the name of the JNK 
inhibitor peptide, as Well as its sequence identi?er number, 
length, and amino acid sequence. 

TABLE 1 

PEPTIDE NAME SEQ ID AA Sequence 

L-IBl 

L-lB2 

D-IBl 

D-lB2 

L-IB (generic) 

l 

2 

3 

23 DTYRPKRPTT 

21 EEPHKHRPTT 

21 SDQAGLTTLR 

LNLFPQVPRS QDT 

LRLTTLGAQD S 

LNLTTPRKPR YTD 

LTTPRHKHPE E 

xxxxxQDs/ TX 
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TABLE l-continued 

Nov. 27, 2003 

PEPTIDE NAME SEQ ID AA Sequence 

D-IB (generic) 6 19 XS/TDQXXXXXX XLXLTTPP.X 

L-TAT 7 10 GRKKRRQRRR 

D-TAT 8 10 RRRQRRKKRG 

L-generic-TAT 9 17 XXXXRKKRRQ RRRXXXX 

D-generic-TAT 10 17 XXXXRRRQRR KKRXXXX 

L-TAT-IBl 11 35 GRKKRRQRRR PPDTYRPKRP TTLNLFPQVP RSQDT 

L-TAT-lB2 12 33 GRKKRRQRRR PPEEPHKHRP TTLRLTTLGA QDS 

L-TAT-IB (generic) 13 42 XXXXXXXRKK RRQRRRXXXX XXXXRPTTLX LXXXXXXXQD S/TX 

D-TAT-IBl 14 35 TDQSRPVQPF LNLTTPRKPR YTDPPRRRQR RKKRG 

D-TAT4B2 15 33 SDQAGLTTLR LTTPRHKHPE EPPRRRQRRK KRG 

D-TAT-IB (generic) 16 42 XT/SDQXXXXXX XLXLTTPRXX XXXXXXRRRQ RRKKRXXXXX XX 

IBl-long 17 29 PGTGCGDTYR PKRPTTLNLF PQVPRSQDT 

IB2-long 18 27 IPSPSVEEPH KHRPTTLRLT TLGAQDS 

C-Jun 19 29 GAYGYSNPKI LKQSMTLNLA DPVGNLKPH 

ATF2 2O 29 TNEDHLAVHK HKHEMTLKFG PARNDSVIV 

[0033] JNK Imhibitor Peptides 

[0034] In one aspect, the invention provides a JNK inhibi 
tor peptide. No particular length is implied by the term 
“peptide.” In some embodiments, the JNK-inhibitor peptide 
is less than 280 amino acids in length, e.g., less than or equal 
to 150, 100, 75, 50, 35, or 25 amino acids in length. In 
various embodiment, the JNK-binding inhibitor peptide 
includes the amino acid sequence of one or more of SEQ ID 
NOs: 1-6. In one embodiment, the JNK inhibitor peptide 
peptides bind JNK. In another embodiment the peptide 
inhibits the activation of at least one JNK activated tran 
scription factor, e.g. c-Jun, ATF2 or Elk1. 

[0035] Examples of JNK inhibitor peptides include a 
peptide Which includes (in Whole or in part) the sequence 
NHZ-DTYRPKRPTTLNLFPQVPRSQDT-COOH [SEQ ID 
NO:1]. In another embodiment, the peptide includes the 
sequence NHZ-EEPHKHRPTTLRLTTLGAQDS-COOH 
[SEQ ID N012] 

[0036] The JNK inhibitor peptides can be polymers of 
L-amino acids, D-amino acids, or a combination of both. For 
example, in various embodiments, the peptides are D retro 
inverso peptides. The term “retro-inverso isomer” refers to 
an isomer of a linear peptide in Which the direction of the 
sequence is reversed and the chirality of each amino acid 
residue is inverted. See, e.g., Jameson et al., Nature, 368, 
744-746 (1994); Brady et al., Nature, 368, 692-693 (1994). 
The net result of combining D-enantiomers and reverse 
synthesis is that the positions of carbonyl and amino groups 
in each amide bond are exchanged, While the position of the 
side-chain groups at each alpha carbon is preserved. Unless 
speci?cally stated otherWise, it is presumed that any given 
L-amino acid sequence of the invention may be made into an 

D retro-inverso peptide by synthesiZing a reverse of the 
sequence for the corresponding native L-amino acid 
sequence. 

[0037] In one embodiment, a D retro-inverso peptide has 
the sequence NHZ-TDQSRPVQPFLNLTTPRKPRYTD 
COOH [SEQ ID NO:3]. In another embodiment the D 
retro-inverso peptide has the sequence NHZ-SDQAGLTTL 
RLTTPRHKHPEE-COOH [SEQ ID NO: 4]. It has been 
unexpectedly found that D-retro-inverso TAT-IB peptides 
have a variety of useful properties. For example, D-TAT and 
D-TAT-IB peptides enter cells as efficiently as L-TAT and 
L-TAT-IB peptides, and D-TAT and D-TAT-IB peptides are 
more stable than the coresponding L-peptides. Further, 
While D-TAT-IB1 are ~10-20 fold less efficient in inhibiting 
JNK than L-TAT-IB, they are ~50 fold more stable in vivo. 
Finally, as is discussed further beloW, D-TAT-IB peptides 
protect interleukin-1 treated and ioniZing irradiated cells 
from apoptosis. 

[0038] In another embodiment, a JNK inhibitor peptide 
according to the invention includes the amino acid sequence 
NHz-Xn-RPTTLXLXXXXXXXQDS/T-Xn-COOH [SEQ 
ID NO: 5, and residues 17-42 of L-TAT-IB, SEQ ID NO: 13, 
as shoWn in FIG. 2]. As used herein, Xn may be Zero 
residues in length, or may be a contiguous stretch of peptide 
residues derived from SEQ ID NOS:1-2, preferably a stretch 
of betWeen 1 and 7 amino acids in length, or may be 10, 20, 
30 or more amino acids in length. The single residue 
represented by S/T may be either Ser or Thr in the generic 
sequence. In a further embodiment, the generic IB peptide 
may be a D retro-inverso peptide having the sequence 
NHZ-XD-S/TDQXXXXXLXLTTPR-Xn-COOH [SEQ ID 
NO: 6, and residues 17-42 of L-TAT-IB, SEQ ID NO:16, as 
shoWn in FIG. 2]. 
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[0039] JNK-inhibitor peptides may be obtained or pro 
duced by methods Well-knoWn in the art, e.g. chemical 
synthesis, genetic engineering methods as discussed below. 
For example, a peptide corresponding to a portion of a JNK 
inhibitor peptide including a desired region or domain, or 
that mediates the desired activity in vitro, may be synthe 
siZed by use of a peptide synthesiZer. 

[0040] A candidate JNK inhibitor peptide may also be 
analyZed by hydrophilicity analysis (see, e.g., Hopp and 
Woods, 1981. Proc Natl Acad Sci USA 78: 3824-3828) that 
can be utiliZed to identify the hydrophobic and hydrophilic 
regions of the peptides, thus aiding in the design of sub 
strates for experimental manipulation, such as in binding 
experiments, antibody synthesis. Secondary structural 
analysis may also be performed to identify regions of a JNK 
inhibitor peptide that assume speci?c structural motifs. See 
e.g., Chou and Fasman, 1974. Biochem 13: 222-223. 
Manipulation, translation, secondary structure prediction, 
hydrophilicity and hydrophobicity pro?les, open reading 
frame prediction and plotting, and determination of 
sequence homologies can be accomplished using computer 
softWare programs available in the art. Other methods of 
structural analysis including, e.g., X-ray crystallography 
(see, e.g., Engstrom, 1974. Biochem Exp Biol 11: 7-13); 
mass spectroscopy and gas chromatography (see, e. g., Meth 
ods in Protein Science, 1997. J. Wiley and Sons, NeW York, 
NY.) and computer modeling (see, e.g., Fletterick and 
Zoller, eds., 1986. Computer Graphics and Molecular Mod 
eling, In: Current Communications in Molecular Biology, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
NY.) may also be employed. 

[0041] The present invention additionally relates to 
nucleic acids that encode JNK-binding peptides having 
L-form amino acids, e.g., those L-peptides indicated in Table 
1, as Well as the complements of these sequences. Suitable 
sources of nucleic acids encoding JNK inhibitor peptides 
include the human IB1 nucleic acid (and the encoded protein 
sequences) available as GenBank Accession Nos. AF 074091 
and AAD20443, respectively. Other sources include rat IB1 
nucleic acid and protein sequences are shoWn in GenBank 
Accession No. AF 108959 and AAD22543, respectively, and 
are incorporated herein by reference in their entirety. Human 
IB2 nucleic acid and protein sequences are shoWn in Gen 
Bank Accession No AF218778 and is also incorporated 
herein by reference in their entirety. 

[0042] Nucleic acids encoding the JNK inhibitor peptides 
may be obtained by any method knoWn in the art (e.g., by 
PCR ampli?cation using synthetic primers hybridiZable to 
the 3‘- and 5‘-termini of the sequence and/or by cloning from 
a cDNA or genomic library using an oligonucleotide 
sequence speci?c for the given gene sequence). 

[0043] For recombinant expression of one or more JNK 
inhibitor peptides, the nucleic acid containing all or a portion 
of the nucleotide sequence encoding the peptide may be 
inserted into an appropriate expression vector (i.e., a vector 
that contains the necessary elements for the transcription and 
translation of the inserted peptide coding sequence). In some 
embodiments, the regulatory elements are heterologous (i.e., 
not the native gene promoter). Alternately, the necessary 
transcriptional and translational signals may also be supplied 
by the native promoter for the genes and/or their ?anking 
regions. 
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[0044] Avariety of host-vector systems may be utiliZed to 
express the peptide coding sequence(s). These include, but 
are not limited to: mammalian cell systems that are 
infected With vaccinia virus, adenovirus, and the like; (ii) 
insect cell systems infected With baculovirus and the like; 
(iii) yeast containing yeast vectors or (iv) bacteria trans 
formed With bacteriophage, DNA, plasmid DNA, or cosmid 
DNA. Depending upon the host-vector system utiliZed, any 
one of a number of suitable transcription and translation 
elements may be used. 

[0045] Promoter/enhancer sequences Within expression 
vectors may utiliZe plant, animal, insect, or fungus regula 
tory sequences, as provided in the invention. For example, 
promoter/enhancer elements can b used from yeast and other 
fungi (e.g., the GAL4 promoter, the alcohol dehydrogenase 
promoter, the phosphoglycerol kinase promoter, the alkaline 
phosphatase promoter). Alternatively, or in addition, they 

may include animal transcriptional control regions, e.g., the insulin gene control region active Within pancreatic 

[3-cells (see, e.g., Hanahan, et al., 1985. Nature 315: 115 
122); (ii) the immunoglobulin gene control region active 
Within lymphoid cells (see, e.g., Grosschedl, et al., 1984. 
Cell 38: 647-658); (iii) the albumin gene control region 
active Within liver (see, e.g., Pinckert, et al., 1987. Genes 
and Dev 1: 268-276; (iv) the myelin basic protein gene 
control region active Within brain oligodendrocyte cells (see, 
e.g., Readhead, et al., 1987. Cell 48: 703-712); and (v) the 
gonadotropin-releasing hormone gene control region active 
Within the hypothalamus (see, e.g., Mason, et al., 1986. 
Science 234: 1372-1378), and the like. 

[0046] Expression vectors or their derivatives include, e.g. 
human or animal viruses (e.g., vaccinia virus or adenovirus); 
insect viruses (e.g., baculovirus); yeast vectors; bacterioph 
age vectors (e.g., lambda phage); plasmid vectors and 
cosmid vectors. 

[0047] A host cell strain may be selected that modulates 
the expression of inserted sequences of interest, or modi?es 
or processes expressed peptides encoded by the sequences in 
the speci?c manner desired. In addition, expression from 
certain promoters may be enhanced in the presence of 
certain inducers in a selected host strain; thus facilitating 
control of the expression of a genetically-engineered pep 
tides. Moreover, different host cells possess characteristic 
and speci?c mechanisms for the translational and post 
translational processing and modi?cation (e.g., glycosyla 
tion, phosphorylation, and the like) of expressed peptides. 
Appropriate cell lines or host systems may thus be chosen to 
ensure the desired modi?cation and processing of the for 
eign peptide is achieved. For example, peptide expression 
Within a bacterial system can be used to produce an ungly 
cosylated core peptide; Whereas expression Within mamma 
lian cells ensures “native” glycosylation of a heterologous 
peptide. 
[0048] Also included in the invention are derivatives, 
fragments, homologs, analogs and variants of J NK inhibitor 
peptides and nucleic acids encoding these peptides. For 
nucleic acids, derivatives, fragments, and analogs provided 
herein are de?ned as sequences of at least 6 (contiguous) 
nucleic acids, and Which have a length sufficient to alloW for 
speci?c hybridiZation. For amino acids, derivatives, frag 
ments, and analogs provided herein are de?ned as sequences 
of at least 4 (contiguous) amino acids, a length suf?cient to 
alloW for speci?c recognition of an epitope. 
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[0049] The length of the fragments are less than the length 
of the corresponding full-length nucleic acid or polypeptide 
from Which the JNK inhibitor peptide, or nucleic acid 
encoding same, is derived. Derivatives and analogs may be 
full length or other than full length, if the derivative or 
analog contains a modi?ed nucleic acid or amino acid. 
Derivatives or analogs of the J NK inhibitor peptides include, 
e.g., molecules including regions that are substantially 
homologous to the peptides, in various embodiments, by at 
least about 30%, 50%, 70%, 80%, or 95%, 98%, or even 
99%, identity over an amino acid sequence of identical siZe 
or When compared to an aligned sequence in Which the 
alignment is done by a computer homology program knoWn 
in the art. For example sequence identity can be measured 
using sequence analysis softWare (Sequence Analysis Soft 
Ware Package of the Genetics Computer Group, University 
of Wisconsin Biotechnology Center, 1710 University 
Avenue, Madison, Wis. 53705), With the default parameters 
therein. 

[0050] In the case of polypeptide sequences, Which are 
less than 100% identical to a reference sequence, the non 
identical positions are preferably, but not necessarily, con 
servative substitutions for the reference sequence. Conser 
vative substitutions typically include substitutions Within the 
folloWing groups: glycine and alanine; valine, isoleucine, 
and leucine; aspartic acid and glutamic acid; asparagine and 
glutamine; serine and threonine; lysine and arginine; and 
phenylalanine and tyrosine. Thus, included in the invention 
are peptides having mutated sequences such that they remain 
homologous, eg in sequence, in function, and in antigenic 
character or other function, With a protein having the cor 
responding parent sequence. Such mutations can, for 
eXample, be mutations involving conservative amino acid 
changes, e.g., changes betWeen amino acids of broadly 
similar molecular properties. For eXample, interchanges 
Within the aliphatic group alanine, valine, leucine and iso 
leucine can be considered as conservative. Sometimes sub 
stitution of glycine for one of these can also be considered 
conservative. Other conservative interchanges include those 
Within the aliphatic group aspartate and glutamate; Within 
the amide group asparagine and glutamine; Within the 
hydroXyl group serine and threonine; Within the aromatic 
group phenylalanine, tyrosine and tryptophan; Within the 
basic group lysine, arginine and histidine; and Within the 
sulfur-containing group methionine and cysteine. Some 
times substitution Within the group methionine and leucine 
can also be considered conservative. Preferred conservative 
substitution groups are aspartate-glutamate; asparagine 
glutamine; valine-leucine-isoleucine; alanine-valine; pheny 
lalanine-tyrosine; and lysine-arginine. 

[0051] Where a particular polypeptide is said to have a 
speci?c percent identity to a reference polypeptide of a 
de?ned length, the percent identity is relative to the refer 
ence peptide. Thus, a peptide that is 50% identical to a 
reference polypeptide that is 100 amino acids long can be a 
50 amino acid polypeptide that is completely identical to a 
50 amino acid long portion of the reference polypeptide. It 
might also be a 100 amino acid long polypeptide, Which is 
50% identical to the reference polypeptide over its entire 
length. Of course, other polypeptides Will meet the same 
criteria. 

[0052] The invention also encompasses allelic variants of 
the disclosed polynucleotides or peptides; that is, naturally 
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occurring alternative forms of the isolated polynucleotide 
that also encode peptides that are identical, homologous or 
related to that encoded by the polynucleotides. Alternatively, 
non-naturally occurring variants may be produced by 
mutagenesis techniques or by direct synthesis. 

[0053] Species homologs of the disclosed polynucleotides 
and peptides are also provided by the present invention. 
“Variant” refers to a polynucleotide or polypeptide differing 
from the polynucleotide or polypeptide of the present inven 
tion, but retaining essential properties thereof. Generally, 
variants are overall closely similar, and in many regions, 
identical to the polynucleotide or polypeptide of the present 
invention. The variants may contain alterations in the coding 
regions, non-coding regions, or both. 

[0054] In some embodiments, altered sequences include 
insertions such that the overall amino acid sequence is 
lengthened While the protein retains traf?cking properties. 
Additionally, altered sequences may include random or 
designed internal deletions that shorten the overall amino 
acid sequence While the protein retains transport properties. 

[0055] The altered sequences can additionally or alterna 
tively be encoded by polynucleotides that hybridiZe under 
stringent conditions With the appropriate strand of the natu 
rally-occurring polynucleotide encoding a polypeptide or 
peptide from Which the JNK inhibitor peptide is derived. 
The variant peptide can be tested for JNK-binding and 
modulation of JNK-mediated activity using the herein 
described assays. ‘Stringent conditions’ are sequence depen 
dent and Will be different in different circumstances. Gen 
erally, stringent conditions can be selected to be about 50 C. 
loWer than the thermal melting point (TM) for the speci?c 
sequence at a de?ned ionic strength and pH. The TM is the 
temperature (under de?ned ionic strength and pH) at Which 
50% of the target sequence hybridiZes to a perfectly matched 
probe. Typically, stringent conditions Will be those in Which 
the salt concentration is at least about 0.02 molar at pH 7 and 
the temperature is at least about 60° C. As other factors may 
affect the stringency of hybridiZation (including, among 
others, base composition and siZe of the complementary 
strands), the presence of organic solvents and the eXtent of 
base mismatching, the combination of parameters is more 
important than the absolute measure of any one. 

[0056] High stringency can include, e.g., Step 1: Filters 
containing DNA are pretreated for 8 hours to overnight at 
65° C. in buffer composed of 6XSSC, 50 mM Tris-HCl (pH 
7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, 
and 500 pig/ml denatured salmon sperm DNA. Step 2: Filters 
are hybridiZed for 48 hours at 65° C. in the above prehy 
bridiZation mixture to Which is added 100 mg/ml denatured 
salmon sperm DNA and 5-20><106 cpm of 32P-labeled probe. 
Step 3: Filters are Washed for 1 hour at 37° C. in a solution 
containing 2><SSC, 0.01% PVP, 0.01% Ficoll, and 0.01% 
BSA. This is folloWed by a Wash in 0.1><SSC at 50° C. for 
45 minutes. Step 4: Filters are autoradiographed. Other 
conditions of high stringency that may be used are Well 
knoWn in the art. See, e.g., Ausubel et al., (eds.), 1993, 
Current Protocols in Molecular Biology, John Wiley and 
Sons, NY; and Kriegler, 1990, Gene Transfer and Expres 
sion, a Laboratory Manual, Stockton Press, NY. 

[0057] Moderate stringency conditions can include the 
folloWing: Step 1: Filters containing DNA are pretreated for 
6 hours at 55° C. in a solution containing 6><SSC, 5><Den 
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hardt’s solution, 0.5% SDS and 100 mg/ml denatured 
salmon sperm DNA. Step 2: Filters are hybridized for 18-20 
hours at 55° C. in the same solution With 5-20><106 cpm 
32P-labeled probe added. Step 3: Filters are Washed at 37° C. 
for 1 hour in a solution containing 2><SSC, 0.1% SDS, then 
Washed tWice for 30 minutes at 60° C. in a solution con 
taining 1><SSC and 0.1% SDS. Step 4: Filters are blotted dry 
and exposed for autoradiography. Other conditions of mod 
erate stringency that may be used are Well-knoWn in the art. 
See, e.g., Ausubel et al., (eds.), 1993, Current Protocols in 
Molecular Biology, John Wiley and Sons, NY; and Kriegler, 
1990, Gene Transfer and Expression, A Laboratory Manual, 
Stockton Press, NY. 

[0058] LoW stringency can include: Step 1: Filters con 
taining DNA are pretreated for 6 hours at 40° C. in a solution 
containing 35% formamide, 5><SSC, 50 mM Tris-HCl (pH 
7.5), 5 mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, and 
500 pig/ml denatured salmon sperm DNA. Step 2: Filters are 
hybridiZed for 18-20 hours at 40° C. in the same solution 
With the addition of 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 
100 pig/ml salmon sperm DNA, 10% (Wt/vol) dextran sul 
fate, and 5-20><106 cpm 32P-labeled probe. Step 3: Filters 
are Washed for 1.5 hours at 55° C. in a solution containing 
2><SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA, and 0.1% 
SDS. The Wash solution is replaced With fresh solution and 
incubated an additional 1.5 hours at 60° C. Step 4: Filters are 
blotted dry and exposed for autoradiography. If necessary, 
?lters are Washed for a third time at 65-68° C. and reexposed 
to ?lm. Other conditions of loW stringency that may be used 
are Well knoWn in the art (e. g., as employed for cross-species 
hybridiZations). See, e.g., Ausubel et al., (eds.), 1993, Cur 
rent Protocols in Molecular Biology, John Wiley and Sons, 
NY; and Kriegler, 1990, Gene Transfer and Expression, a 
Laboratory Manual, Stockton Press, NY. 

[0059] Chimeric Peptides Including a JNK Inhibitor 
Domain and a Traf?cking Domain 

[0060] In another aspect the invention provides a chimeric 
peptide that includes a ?rst and second domain. The ?rst 
domain includes a traf?cking sequence, While the second 
domain includes a JNK inhibitor sequence linked by a 
covalent bond, e.g. peptide bond, to the ?rst domain. The 
?rst and second domains can occur in any order in the 
peptide, and the peptide can include one or more of each 
domain. 

[0061] A traf?cking sequence is any sequence of amino 
acids that directs a peptide in Which it is present to a desired 
cellular destination. Thus, the trafficking sequence can direct 
the peptide across the plasma membrane, e.g., from outside 
the cell, through the plasma membrane, and into the cyto 
plasm. Alternatively, or in addition, the traf?cking sequence 
can direct the peptide to a desired location Within the cell, 
e.g., the nucleus, the ribosome, the ER, a lysosome, or 
peroxisome. 

[0062] In some embodiments, the traf?cking peptide is 
derived from a knoWn membrane-translocating sequence. 
For example, the trafficking peptide may include sequences 
from the human immunode?ciency virus (HIV)1 TAT pro 
tein. This protein is described in, e.g, US. Pat. Nos. 5,804, 
604 and 5,674,980, each incorporated herein by reference. 
The JNK inhibitor peptide may be linked to some or all of 
the entire 86 amino acids that make up the TAT protein. For 
example, a functionally effective fragment or portion of a 
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TAT protein that has feWer than 86 amino acids, Which 
exhibits uptake into cells, and optionally uptake into the cell 
nucleus, can be used. In one embodiment, the fragment 
includes a peptide containing TAT residues 48-57, e.g NH2 
GRKKRRQRRR-COOH [SEQ ID NO: 7] or a generic TAT 
sequence NHz-Xn-RKKRRQRRR-Xn-COOH [SEQ ID NO: 
9]. A TAT peptide that includes the region that mediates 
entry and uptake into cells can be further de?ned using 
knoWn techniques. See, e.g., Franked et al., Proc. Natl. 
Acad. Sci, USA 86: 7397-7401 (1989). 

[0063] The TAT sequence may be linked either to the 
N-terminal or the C-terminal end of JNK inhibitor sequence. 
A hinge of tWo proline residues may be added betWeen the 
TAT and JNK inhibitor peptide to create the full fusion 
peptide. For example, L-amino acid fusion peptides may be 
the L-TAT-IB1 peptide [SEQ ID NO:11], the L-TAT-IB2 
peptide [SEQ ID NO:12], or the generic L-TAT-IB peptide 
[SEQ ID NO:13]. D retro-inverso fusion peptides may be the 
D-TAT-IB1 peptide [SEQ ID NO: 14], the D-TAT-IB2 
peptide [SEQ ID NO:15], or the generic D-TAT-IB peptide 
[SEQ ID NO:16]. The TAT peptide may be a D retro-inverso 
peptide having the sequence NHz-Xn-RRRQRRKKR-Xn 
COOH [SEQ ID NO:10]. In SEQ ID NOs:5-6, 9-10, 13 and 
16, the number of “X” residues is not limited to the one 
depicted, and may vary as described above. 

[0064] The trafficking sequence can be a single (i.e., 
continuous) amino acid sequence present in the TAT 
sequence. Alternatively it can be tWo or more amino acid 
sequences, Which are present in TAT protein, but in the 
naturally-occurring protein are separated by other amino 
acid sequences. As used herein, TAT protein includes a 
naturally-occurring amino acid sequence that is the same as 
that of naturally-occurring TAT protein, or its functional 
equivalent protein or functionally equivalent fragments 
thereof (peptides). Such functional equivalent proteins or 
functionally equivalent fragments possess uptake activity 
into the cell and into the cell nucleus that is substantially 
similar to that of naturally-occurring TAT protein. TAT 
protein can be obtained from naturally-occurring sources or 
can be produced using genetic engineering techniques or 
chemical synthesis. 

[0065] The amino acid sequence of naturally-occurring 
HIV TAT protein can be modi?ed, for example, by addition, 
deletion and/or substitution of at least one amino acid 
present in the naturally-occurring TAT protein, to produce 
modi?ed TAT protein (also referred to herein as TAT pro 
tein). Modi?ed TAT protein or TAT peptide analogs With 
increased or decreased stability can be produced using 
knoWn techniques. In some embodiments TAT proteins or 
peptides include amino acid sequences that are substantially 
similar, although not identical, to that of naturally-occurring 
TAT protein or portions thereof. In addition, cholesterol or 
other lipid derivatives can be added to TAT protein to 
produce a modi?ed TAT having increased membrane solu 
bility. 

[0066] Variants of the TAT protein can be designed to 
modulate intracellular localiZation of TAT-JNK inhibitor 
peptide. When added exogenously, such variants are 
designed such that the ability of TAT to enter cells is retained 
(i.e., the uptake of the variant TAT protein or peptide into the 
cell is substantially similar to that of naturally-occurring 
HIV TAT). For example, alteration of the basic region 






























