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STEP-Derived Peptide for Brain Injury Treatment

Statement Regarding Government Sponsored Research

[001] 'This invention was made with Govermnment support under SROINS059962-04
awarded by NINDS. The U.S. Government has certain rights in this invention.

Cross-reference to Related Applications

[002] The following application claims benefit of U.S. Provisional Application No.
61/383,208, filed September 15, 2010.

[003]

Background
[004] Brain injury resulting from ischemic insults such as stroke, post-traumatic lesions and

a variety of neurological disorders frequently causes significant neuro-degeneration resulting
in mild to severe impairment and even death to those suffering from these injuries. Current
treatment methods are limited and are typically related to invasive surgical procedures and
post-injury rehabilitative treatments rather than limiting or reversing the damage caused by
the initial injury to the brain.

[005] Various studies implicate excitotoxic glutamate receptor activation in neuro-
degeneration following ischemic insults, post-traumatic lesions and a range of other
neurological disorders (Lipton and Rosenberg 1994; Arundine and Tymianski 2004). In
pathological conditions excessive release of the neurotransmitter glutamate leads to activation
of NMDA-subtype of glutamate receptors that triggers a delcterious cascade of intracellular
events including Ca2+ overload‘ and activation of effector molecules like p38 mitogen
activated protein kinase (p38 MAPK) that is known to be involved in excitotoxic cell death
(Barone et al. 2001a; Barone et al. 2001b). Recent findings suggest the existence of two
functionally distinct pools of NMDA receptors (NMDAR) defined by the presence of NR2A
(NR2ZA-NMDAR) or NR2B (NR2B-NMDAR) containing subunits (Luo et al. 1997; Tovar
and Westbrook 1999; Kohr 2006). NR2B-NMDARs are generally thought to be involved in

triggering cell death and subsequent brain damage following an excitotoxic insult (Liu et al.
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2007; Tu et al. 2010). However pharmaceutical application of NR2B-NMDAR antagonists
have been unsuccessful in clinical trials, since they interfere with physiological functions of
these receptors, in addition to blocking excitotoxic cascades (Rodrigues et al. 2001; Zhao et
al. 2005; Walker and Davis 2008).

[006] Accordingly, targeting components of the intracellular signaling cascades downstream
of NMDAR signaling may provide novel compounds for therapeutic approaches to
interventions in excitotoxicity.

[007] The brain-enriched tyrosine phosphatase STEP (also known as STriatal Enriched
Phosphatase or PTPN5) may be one such target molecule that is activated following
stimulation of NMDARSs and is emerging as an important regulator of neuronal survival and
death. STEP is expressed specifically in neurons of the striatum, neo-cortex and hippocampus
(Boulanger et al. 1995). STEPg; and STEP4, the two STEP isoforms (Bult et al. 1997)
contain a highly conserved substrate-binding domain termed as the kinase interacting motif or
KIM domain (Pulido et al. 1998). Phosphorylation of a critical serine residue within the KIM
domain is mediated through dopamine/D1 receptor dependent activation of the Protein
Kinase A (PKA) pathway (Paul et al. 2000). Dephosphorylation of this residue by Ca2+
dependent phosphatase calcineurin, following glutamate/NMDA receptor stimulation, renders
STEP active in terms of its ability to bind to its substrates (Paul et al. 2003). Active STEP, in
turn can bind to and modulate the activity of its substrate through tyrosine dephosphorylation
of a regulatory tyrosine residue. Known substrates of STEP include ERK (extracellular
regulated kinase 1/2) and p38 MAPKSs (Paul et al. 2007, Poddar et al., 2010, Xu et al., 2009),
Src family tyrosine kinases and NMDAR subunits (Nguyen et al., 2002; Braithwaite et al.,

2006), all of which are involved in neuronal survival and death.

Brief Description of the Drawings
[008] Fig. 1is a schematic diagram of STEP¢;.
[009] Fig. 2 is a schematic diagram of STEP .

[010] Fig. 3 is a schematic diagram of a STEP-derived peptide according to an embodiment
of the present disclosure, wherein the PKA phosphorylation site * has been modified.

[011] Fig. 4 is a schematic diagram of a STEP-derived peptide according to another
embodiment of the present disclosure, wherein both the PKA phosphorylation site * and the

KIS-domain phosphorylation sites have been modified.
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[012] Fig. 5 is a schematic diagram of a STEP-derived peptide according to still another
embodiment of the present disclosure, wherein the PKA phosphorylation site * has been
modified and further including a TAT sequence at the N-terminal of the peptide.

[013] Fig. 6 is a schematic diagram of a STEP-derived peptide according to another
embodiment of the present disclosure, wherein both the PKA phosphorylation site * and the
KIS-domain phosphorylation sites have been modified and further including a TAT sequence
at the N-terminal of the peptide.

[014] Fig. 7 is a schematic diagram of a STEP-derived peptide according to yet another
embodiment of the present disclosure, wherein the PKA phosphorylation site * has been
modified and further including a TAT sequence at the N-terminal of the peptide and a myc-
tag at the C-terminal of the KIM domain.

{015] Fig. 8 is a schematic diagram of a STEP-derived peptide according to another
embodiment of the present disclosure, wherein both the PKA phosphorylation site * and the
KIS-domain phosphorylation sites have been modified and further including a TAT sequence
at the N-terminal of the peptide and a myc-tag at the C-terminal of the KIM domain.

{016] Fig. 9 is a schematic illustration showing the injection site of the TAT-STEP peptide.
[017} Fig. 10 shows the immunohistochemistry of coronal section of striatum with anti-myc
antibody to detect exogenous TAT-STEP.

[018] Fig. 11 shows the immunohistochemistry of cortex with anti-myc antibody to detect
exogenous TAT-STEP.

[019] Fig. 12 shows representative TTC (triphenyltetrazolium choloride) stained sections
from saline and TAT-STEP-myc treatment groups where treatment was administered
immediately before an ischemic event.

[020] Fig. 13 is a quantitative analysis of the infarct volume. Infarct volumes are expressed
as a percentage of the contralateral (control) hemisphere and the data are mean +/- SEM
(p<0.01).

[021] Fig. 14 shows representative TTC (triphenyltetrazolium choloride) stained sections
from saline and TAT-STEP-myc treatment groups where treatment was administered 1.5
hours after an ischemic event.

[022] Fig. 15 is a quantitative analysis of the infarct volume. Infarct volumes are expressed
as a percentage of the contralateral (control) hemisphere and the data are mean +/- SEM

(p<0.01).
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Detailed Description

[023] According to various embodiments, the present disclosure provides a plurality of
novel peptide sequences that are modified derivatives of a neuron-specific tyrosine
phosphatase. Specifically, the novel peptide sequences are modified derivatives of striatal-
enriched tyrosine phosphatase (STEP). In each of the peptide sequences, STEP has been
modified so as to be able to ameliorate and treat brain injury resulting from glutamate
toxicity, hypoxia and/or transient ischemic insult. Examples of the types of brain injury
which the presently disclosed peptide sequences are useful for treating includes acute brain
injury resulting from stroke and (raumatic brain injury, and chronic disorders such as
Huntington’s chorea and schizophrenia. IFurthermore, the presently described peptide
sequences may further be useful in the treatment and amelioration of disorders associated
with fear memory such as post-traumatic stress disorder.

[024] Glutamate, the most common excitatory neurotransmitter in the brain, is a major
target for clinical intervention in ischemic stroke. Sustained elevation of glutamate has been
observed for at least 24 hours in patients with acute ischemic stroke (Bullock et al., 1995;
Davalos et al., 1997). This maintained glutamate excitotoxicity is presumably related to the
progression of ischemic brain damage over a period of hours to days after the primary event.
The events leading up to glutamate toxicity begin as oxygen and glucose deprivation from
ischemia result in the excessive release of glutamate followed by over activation of N-
methyl-D-aspartate (NMDA)-subtype of glutamate receptors that constitutes about 80% of all
the excitatory receptors in the brain. Glutamate-mediated NMDAR stimulation induces large
increases in intracellular Ca®*, leading to the activation of multiple signaling pathways that
are involved in the propagation and maintenance of inflammatory response in the injured
brain (Mehta et al., 2007). Activation of p38 MAPK signaling pathway in particular has been
implicated in enhancing ischemic brain injury and has been linked to the production of
cyclooxygenase-2, a key enzyme involved in inflammatory response and generation of
reactive oxygen species (Nito et al., 2008; Tadecola et al., 2001, Barone et al., 2001a and b).
However a significant concern in the pharmaceutical application of NMDA receptor
antagonists is that they not only block its pathological effects but also interferes with
physiological functions of NMDAR (Chazot et al., 2004; Dirnagl et al., 1999; Kemp et al.,
2002; Lipton et al., 2004) that includes excitatory synaptic transmission and plasticity.
Therefore, identifying specific molecular targets that are activated following NMDAR
stimulation and will interfere selectively with the pathological effects of NMDAR may

provide novel compounds for the attenuation of ischemic brain damage.
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[025] STEP is an intracellular protein tyrosine phosphatase (PTP) that is exclusively
expressed in the central nervous system. STEP is preferentially expressed in neurons of the
basal ganglia, hippocampus, cortex and related structures (Lombroso et al. 1993, Boulanger
et al. 1995). The STEP-family of PTPases includes both membrane associated (STEP¢;) and
cytosolic (STEP6) variants that are formed by alternative splicing of a single gene (Bult et al.
1997). STIPg differs from STI:P46 by the presence of an additional 172 amino acids at its N-
terminus (Bult et al. 1996). For the purposes of this disclosure, specific amino acids residues
within the STEP protein are frequently referred to using the numbering from the STEP4s
variant. The 107 amino acid sequence of the STEP protein discussed herein is highly
conserved between animal species with 95% sequence homology between rat and human.
(Compare SEQ IDs 1 and 2.) The present disclosure provides for a number of possible
mutations of the STEP protein in order to achieve the useful peptides of the disclosed herein.
Where the described mutation sites are conserved between species, it will be well understood
that the various STEP-based peptides described herein may be based on or derived from the
STEP proteins from a variety of species and that such peptides may or may not be derived
from proteins that are endogenous to the specific species being treated and/or studied.
Accordingly, the peptides disclosed herein should not be construed as being limited to the
specific peptides sequences included in the sequence listing.

[026] STEP along with two other PTPs, PTPRR and HePTP belongs to a family of PTPs
that contains a highly conserved 16-amino acid substrate-binding domain termed the kinase
interacting motif (KIM domain) (Pulido et al. 1998). A regulatory serine residue, ser 49 (ser
221 in STEP¢) lies in the middle of the KIM domain and dephosphorylation of this residue
renders STEP active in terms of its ability to bind to its substrates. Phosphorylation of ser 49
is mediated by dopamine/D1 receptor dependent activation of the cAMP/PKA pathway (Paul
et al. 2000) while dephosphorylation is mediated by glutamate/NMDA receptor induced
activation of the Ca2+ dependent phosphatase, calcineurin (Paul et al. 2003).

[027] A second conserved domain carboxy-terminal to the KIM domain is present in STEP,
PTP-SL and HePTP. As described in further detail below, we have determined that this
domain, termed the kinase specificity sequence (KIS domain) includes two phosphorylation
sites, Thr 59 (Thr 231 in STEP¢;) and Ser 72 (Ser 244 in STEPg;), which are important in
regulating the stability of the STEP protein.

[028] Figs. 1 and 2 are schematic diagrams of STEPs; and STEP s, respectively, indicating
the positions of the phosphatase domain, putative proteolytic sites (PEST), transmembrane

domain (TM), polyproline rich domain (PP), kinase interacting motif (KIM), kinase
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specificity sequence (KIS) and the above-mentioned phosphorylation sites involved in the
activation and subsequent degradation of STEP. Additionally we have indicated the position
of a cysteine residue (Cys 23 in STEP4/Cys 195 in STEP¢;) that has been shown to be
involved in intermolecular dimerization and a threonine residue (Thr 18 in STEP,¢/Thr 190 in
STEPg;) that is known to be phosphorylatable by both ERK and p38 MAPKs.

[029] Inits active form STEP can modulate synaptic plasticity by regulating the activity of
extracellular regulated kinase 1/2 (ERK1/2), a key protein involved in memory formation
(Paul et al. 2007 and Thomas and Huganir 2004). Active STEP can also modulate NMDA
receptor-dependent long term potentiation by interfering with NMDA receptor trafficking to
synaptic membrane, possibly through regulation of the upstream kinase I'yn (Nguyen et al.
2002) and tyrosine dephosphorylation of NR2B-NMDA receptor subunits (Snyder et al.
2005). Several studies also indicate a role of active STEP in neuroprotection through its
regulation of p38 MAPK (Poddar et al., 2010, Xu et al., 2009).

[030] Because the STEP protein is known to interfere with NMDAR, a constitutively active
peptide based on the STEP protein is a likely candidate for treatment, amelioration and/or
prevention of ischemic brain damage. TFig. 3 is a diagram of a constitutively active STEP-
derived peptide according to an embodiment of the present disclosure. The peptide contains
the first 107 amino acids of STEP4 including the KIM and KIS domains. Furthermore, as
shown, the serine residue (Ser 49) which acts as a PKA phosphorylation site * has been
modified. (See SEQ. ID. No. 3.) In the depicted embodiment, Ser 49 has been converted,
using standard point mutation techniques, to alanine, which is non-phosphorylatable,
resulting in a constitutively active peptide. Modification of the PKA phosphorylation site
addresses the problem of inactivation of the STEP-derived peptide due to phosphorylation.
[031] Additional studies, as described in Mukherjee et al. 2011, shows that the active STEP
protein is more susceptible to degradation. The study highlights the role of the KIS domain in
regulation of the level of active STEP. We identified two SP/TP sites (Fig. 2, Thr 59 and Ser
72) in the KIS domain whose endogenous phosphorylation is mediated primarily through the
basal activity of ERK and p38 MAPKSs. Dephosphorylation of these two sites selectively
results in ubiquitin-mediated proteasomal degradation of the active form of STEP. These
findings imply that ubiquitin-mediated proteasomal degradation of active STEP may also
lead to secondary activation of p38 MAPK.

[032] Accordingly, it may be desirable to produce an active STEP-derived peptide that

remains stable and is not susceptible to ubiquitin-mediated proteasomal degradation in vivo.
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[033] Figure 4 is a schematic illustration of a STEP-derived peptide according to an
embodiment of the present disclosure, wherein Serd9 has been converted to alanine, which is
non-phosphorylatable and Thr 59 and Ser 72 are converted, to glutamic acid to mimic the
phosphorylatable form. (See SEQ. ID. No. 4.) However, it will be appreciated that other
phopho-mimics may be used including, for example, Aspartic acid.

[034] More recent studies as described in Deb et al., 2011, show that enzymatic activity of
both STEPg; and STEP4s are also regulated by intermolecular dimerization. Dimerization of
STEP involves intermolecular disulfide bond formation involving several cysteine residues
and oxidative stress leads to increase in dimerization of STEP resulting in reduced activity.
One such cysteine residue (Cys 23 in STIEP4/Cys 195 in STIEPg;) that is involved in
intermolecular dimerization is present in the STEP derived peptide described herein. It is
possible that oxidative stress during an ischemic insult and / or reperfusion can lead to
dimerization, at least in part, of the STEP derived peptide, thereby reducing its therapeutic
efficacy. Accordingly, the present disclosure further provides a STEP peptide including a
mutated Cys 23 residue (cysteine to alanine) (SEQ. ID. No. 5).

[035] We have also identified another phosphorylation site in the STEP-derived peptide
reported herein (Thr 18 in STEP4/Thr 190 in STEPs;). In vitro studies show that this site is
phosphorylatable by both ERK and p38 MAPKSs. Based on the functional significance of
phosphorylation, the present disclosure further provides a STEP peptide including a non-
phosphorylatable or mimic phosphorylatable form of Thr 18 (See SEQ. ID No. 6, Thrl8
mutated to Glutamic Acid and SEQ ID. No. 7, Thr18 mutated to Alanine).

[036] SEQ ID. No. 8 provides the amino acid sequence of the human STEP Peptide
including all the mutations points discussed above.

[037] According to some embodiments, the present disclosure provides for the prevention,
treatment, or amelioration of brain injury caused by excessive glutamate release and
oxidative stress. Accordingly, the present disclosure also provides STEP-derived peptides
which can be delivered to the brain of a patient who is or has suffered from an incident, such
as a stroke, resulting in this type of injury. Figs. 5 and 6 are schematic illustrations of the
previously described constitutively active STEP-derived peptides including a TAT sequence
at the N-terminal of the peptide. In Fig. 5 only the phosphorylation site in the KIM domain
has been altered. (See SEQ. ID No. 9) In Fig. 6, the phosphorylation sites in both the KIM
and KIS domains have been altered. (See SEQ ID. No. 10). TAT is an 11 amino acid
peptide that renders peptide sequences cell permeable and enables these peptides to cross the

blood brain barrier. The ability of the STEP-derived peptide to cross the blood brain barrier
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enables the peptide to be delivered to a patient’s brain via the significantly less invasive
mechanism of intravenous injection, for example via the femoral vein, rather than previous
treatment mechanisms that require direct surgical access to the brain. Of course, those of
skill in the art will be familiar with other suitable delivery mechanisms that could be
employed including, for example, known targeted and viral-based delivery systems.

[038] Tor the purposes of experimentation, it is frequently useful to include an observable
tag on the molecule being studied. Accordingly, the present disclosure further provides
STEP-derived peptides including an observable tag. Figs. 7 and 8 are schematic illustrations
of the previously described constitutively active STEP-peptides including a TAT sequence at
the N-terminus and wherein the C-terminus of the peptide has been modified to include a
myc tag. In Fig. 7 only the phosphorylation site in the KIM domain has been altered. In Fig.
8, the phosphorylation sites in both the KIM and KIS domains have been altered. Of course,
those of skill in the art will be familiar with various observable tags and mechanisms for
modifying peptides to include these tags.

[039] Using a cell culture model of glutamate toxicity we first investigated the functional
significance of STEP’s activation following excitotoxic NMDA receptor stimulation. As
described in Paul et al., 2010, we have demonstrated that following an excitotoxic insult,
NR2B-NMDA receptor mediated increases in Ca”* leads to dephosphorylation and
subsequent activation of STEP. As described in Poddar et al.,, 2010, using a substrate-
trapping mutant we established that p38 MAPK is a substrate of STEP and the KIM domain
of STEP is involved in STEP-p38 interaction. NR2B-NMDAR mediated activation of STEP
promotes cell survival by down-regulating p38 MAPK signaling pathway. However sustained
NMDAR stimulation results in degradation of active STEP leading to secondary activation of
p38 MAPK that triggers cell death pathways. Based on these findings we generated a
constitutively active form of a STEP peptide that can bind irreversibly to p38 MAPK. It was
rendered cell permeable by fusion (o the protein transduction domain of the human
immunodeficiency virus-type I, TAT. Transduction of the purified TAT-STEP-myc peptide
in cultured neurons prior to or immediately after treatment with an excitatory dose of
glutamate (100 uM, 30 min) blocked neuronal cell death as assessed by Hoechst DNA
staining 24 hr later. Additional studies in an animal model of glutamate toxicity showed that
the TAT-STEP peptide, when injected stereotactically into the striatum prior to glutamate,
could attenuate glutamate-induced excitotoxic cell death in vivo.

[040] In subsequent experiments we used oxygen-glucose deprivation (OGD) as an in vitro

model of cerebral ischemia to evaluate the role of TAT-STEP peptide in neuroprotection
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following an ischemic insult. Cultured neurons were submerged in glucose free buffer in a
hypoxic chamber (oxygen-glucose deprivation or OGD) for 2 hr in the presence or absence of
the peptide and cell viability was tested by Hoechsy DNA staining 24 hr later. Our findings
show that pre-incubation with the TAT-STEP peptide resulted in a significant reduction in
OGD-induced cell death (manuscript under preparation).

[041] The specific methods and compositions described herein are representative of
preferred embodiments and are exemplary and not intended as limitations on the scope of the
invention. Other objects, aspects, and embodiments will occur to those skilled in the art upon
consideration of this specification, and are encompassed within the spirit of the invention as
defined by the scope of the claims. It will be readily apparent to one skilled in the art that
varying substitutions and modifications may be made to the invention disclosed herein
without departing from the scope and spirit of the invention. The invention illustratively
described herein suitably may be practiced in the absence of any element or elements, or
limitation or limitations, which is not specifically disclosed herein as essential. The methods
and processes illustratively described herein suitably may be practiced in differing orders of
steps, and that they are not necessarily restricted to the orders of steps indicated herein or in

"on

the claims. As used herein and in the appended claims, the singular forms "a," "an," and "the"
include plural reference unless the context clearly dictates otherwise. Thus, for example, a
reference to "a host cell” includes a plurality (for example, a culture or population) of such
host cells, and so forth.

[042] Under no circumstances may the patent be interpreted to be limited to the specific
examples or embodiments or methods specifically disclosed herein. Under no circumstances
may the patent be interpreted to be limited by any statement made by any Fxaminer or any
other official or employee of the Patent and Trademark Office unless such statement is
specifically and without qualification or reservation expressly adopted in a responsive writing
by Applicants.

[043] The terms and expressions that have been employed are used as terms of description
and not of limitation, and there is no intent in the use of such terms and expressions to
exclude any equivalent of the features shown and described or portions thereof, but it is
recognized that various modifications are possible within the scope of the invention as
claimed. Thus, it will be understood that although the present invention has been specifically
disclosed by preferred embodiments and optional features, modification and variation of the

concepts herein disclosed may be resorted to by those skilled in the art, and that such
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modifications and variations are considered to be within the scope of this invention as defined
by the appended claims.

[044] All patents and publications referenced below and/or mentioned herein are indicative
of the levels of skill of those skilled in the art to which the invention pertains .

[045] References:
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Experiments — Prevention, treatment and amelioration of brain damage with TAT-STP

peptide.

[086] Using an animal model of cerebral ischemia (middle cerebral artery occlusion for 90

min to generate embolic stroke followed by reperfusion for 24 hr), we evaluated whether
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degradation of active STEP contributes to neuronal cell death and subsequent brain damage
and if the modified STEP peptide can mitigate ischemic brain damage. At first we examined
the temporal profile of STEP’s activation and subsequent degradation following cerebral
ischemia and reperfusion and also evaluated its correlation with p38 MAPK activation. The
findings show a rapid but transient increase in phosphorylation of p38 MAPK within 15 min
of ischemic insult. This was followed by a time-dependent decrease in p38 phosphorylation
from 30 min, which returned to basal levels by 90 min. The ischemic insult not only led to
rapid activation of p38 MAPK but also resulted in dephosphorylation and subsequent
activation of STEP, which begins at 30 min and leads to complete dephosphorylation by 90
min. As a consequence, active STEP limits the duration of activation of p38 MAPK.
Progressive down regulation of active STEP through degradation is evident from ~6 hours
after reperfusion resulting in secondary activation of p38 MAPK. The secondary but not the
primary activation of p38 MAPK pathway correlate with the expression of cyclooxygenase-2
(COX-2), a key enzyme that is linked to p38 MAPK activation and is involved in
inflammatory response and reactive oxygen species generation (manuscript in preparation).
Consistent with our hypothesis, the above findings indicate that STEP is a negative regulator
of cell death pathways and that degradation of active STEP trigger signaling cascades that
leads to ischemic brain injury.

[087] We next investigated whether a modified TAT-STEP peptide delivered in vivo can
reduce ischemic brain damage. A major technical challenge here was to successfully deliver
the peptide in the brain in a non-invasive manner. Figs. 9-15 show that following a single
intravenous injection of a TAT-STEP peptide through the femoral vein of an adult rat, the
peptide was detectable both in the cortex (Fig. 10) and striatum (Fig. 11). In these
experiments, Male Wistar rats received a single intravenous injection of 1 ml (I mg/ml) of
the TAT-STEP peptide of Fig. 8 through the femoral vein (Fig. 9). Detection took place 1
hour after injection.

[088] To determine the efficacy of the peptide in attenuating ischemic brain injury, the
TAT-STEP peptide of SEQ ID. No. 11 was administered intravenously immediately before or
1.5 hr after the onset of stroke. The findings demonstrate that intravenous injection of the
cell-permeable STEP peptide either before or after an acute ischemic stroke can provide
significant protection against ischemic brain injury. In these experiments, to generate acute
ischemic stroke, male Wistar rats (260-280 gm) were subjected to middle cerebral artery
occlusion (MCAQ) for 90 minutes using the intraluminal suture method as described in

Cadelario-Jalil et al., 2004. TAT-STEP peptide or saline was injected in the rats immediately
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prior to (Figs. 12-13) or 1.5 hours after (Figs. 14-15) MCAO followed by reperfusion for 24
hr. The fact that the peptide when injected even 1.5 hr after the onset of stroke can mitigate
ischemic brain injury suggests that the secondary activation of p38 MAPK following the
degradation of endogenous STEP is possibly responsible for triggering intracellular death
pathways. Taken together the findings further imply that the modified STEP-derived peptide
may be an alternative therapeutic target, downstream of NMDAR, for intervention in diseases

that involve excitotoxicity.
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107
PRT
Rat

1
Glu Lys Val Glu

Pro Val Phe Asp
20

Ser Leu Thr Val

35

Val Ser Leu Thr

Phe Gly Tyr Leu
70
Leu Ser Ala Ser
85
Leu Asp Pro Phe
100

3.5

Asp
Cys
Lys
Leu
55

Val

Arg

Leu

Asp
Val
Ser
40

Asp
Ser
Val

Leu

Phe
Met
25

Met
Met
Pro

Leu

Gln
105

Leu
10

Asp
Gly
Cys
Arg
Arg

90
Ala

15a

Asp
Ile
Leu
Thr
Glu
75

Ala

Glu

Leu
Lys
Gln
Pro
60

Glu

Glu

Asp
Pro
Glu
45

Gly

Ser

Glu

Ala
Glu

30
Arg

Ala

Leu

Val
15

Thr
Arg
Asn
His

His
95

Pro
Asp
Gly
Glu
Glu

80
Glu



<210> 2
<211> 107
<212> PRT
<213> Homo
<400> 2
Met Glu Glu
1
Glu Thr Pro
Pro Thr Ser
35
Ser Asn Val
50
Glu Gly Phe
65
Tyr Leu Leu
Lys Ala Leu
<210> 3
<211> 107
<212> PERT
<213> Homo
<400> 3
Met Glu Glu
1
Glu Thr Pro
Pro Thr Ser
35
Ala Asn Val
50
Glu Gly Phe
65
Tyr Leu Leu
Lys Ala Leu
<210> 4
<211> 107
<212> PRT
<213> Homo
<400> 4

Met Glu Glu

1

Glu Thr Pro

Pro Thr Ser

35

sapiens

Lys Ile Glu

Val Phe Asp
20
Leu Thr Val

Ser Leu Thr

Gly Tyr Leu
70
Ser Ala Ser
85
Asp Pro Phe
100

sapiens

Lys Ile Glu
5

Val Phe Asp

20

Leu Thr Val

Ser Leu Thr

Gly Tyr Leu
70
Ser Ala Ser
85
Asp Pro Phe
100

sapiens

Lys Ile Glu
5

Val Phe Asp

20

Leu Thr Val

Asp
Cys
Lys
Leu
55

Met

Arg

Leu

Asp
Cys
Lys
Leu
55

Met

Arg

Leu

Asp
Cys

Lys
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Asp
Val
Ser
40

Asp
Ser

Val

Leu

Asp
Val
Ser
40

Asp
Ser

Val

Leu

Asp
Val

Ser
40

Phe
Met
25

Met
Met
Pro

Leu

Gln
105

Phe
Met
25

Met
Met
Pro

Leu

Gln
105

Phe

Met
25
Met

Leu
10

Asp
Gly
Cys
Arg
Gln

90
Ala

Leu
10

Asp
Gly
Cys
Arg
Gln

S0
Ala

Leu
10
Asp

Gly

15b

Asp Leu
Ile Lys
Leu Gln
Thr Pro
60

Glu Glu
75

Ala Glu

Glu

Asp Leu
Ile Lys
Leu Gln
Thr Pro

60
Glu Glu
75

Ala Glu

Glu

Asp Leu
Ile Lys

Leu Gln

Asp
Pro
Glu
45

Gly

Ser

Glu

Asp
Pro

Glu

=
~

Gly
Ser

Glu

Asp

Pro

Pro
Glu
30
Ar
Cys

Ala

Leu

Pro
Glu
30

Arg
Cys

Ala

Leu

Pro

Val
15

Ala
Arg
Asn

Arg

His
95

Val
15

Ala
Arg
Asn

Arg

His
95

Val
15

Pro
Asp
Gly
Glu
Glu

80
Glu

Pro
Asp
Gly
Glu
Glu
80

Glu

Pro

Glu Ala Asp

30

Glu Arg Arg Gly

45



Ala
Glu
65

Tyr

Lys

Asn Val

50

Gly Phe

Leu

Ala
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<211>
<212>
<213>

<400>
Met Glu Glu

1
Glu

Pro
Ser
Glu
65

Tyr

Lys

Thr
Thr
Asn
50

Gly

Leu

Ala

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

<400>

Met
1

Glu
Pro

Ser

Glu
65
Tyr

Lys

Glu

Leu

Leu

107
PRT
Homo

5

Pro
Ser
35

Val
Phe

Leu

Leu

107
PRT
Homo

6
Glu

Gly Pro

Thr
Asn
50

Gly

Leu

Ala

<210>

<211>

Ser
35

Val
Phe

Leu

Leu

7
107

Ser Leu
Gly Tyr

Ser Ala

85
Asp Pro
100

sapiens

Lys Ile
5

Val Phe

20

Leu Thr

Ser Leu
Gly Tyr

Ser Ala

85
Asp Pro
100

sapiens

Lys Ile

5

Val Phe
20
Leu Thr

Ser Leu

Gly Tyr

Ser Ala
85

Asp Pro
100

Thr
Leu
70

Ser

Phe

Glu
Asp
val
Thr
Leu
70

Ser

Phe

Glu
Asp
val
Thr
Leu
70

Ser

Phe

Leu
55

Met
Arg

Leu

Asp
Ala
Lys
Leu
55

Met

Arg

Leu

Asp
Cys
Lys
Leu
55

Met

Arg

Leu
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Asp
Gly
Val

Leu

Asp
val

Ser

Asp
Val
Ser
40

Asp
Ser

Val

Leu

Met

Pro

Leu

Gln
105

Phe
Met
25

Met
Met
Pro

Leu

Gln
105

Phe
Met
25

Met
Met
Pro

Leu

Gln
105

Cys
Arg
Gln

90
Ala

Leu
10

Asp
Gly
Cys
Arg
Gln

30
Ala

Leu
10

Asp
Gly
Cys
Arg

Gln
30
Ala

15¢c

Gly
Glu
75

Ala

Glu

Asp
Ile
Leu
Thr
Glu
75

Ala

Glu

Asp
Ile
Leu
Thr
Glu
75

Ala

Glu

Pro Gly Cys Asn Glu

60

Glu Ser Ala Arg Glu

Glu Glu Leu His

Leu
Lys
Gln
FPro
60

Glu

Glu

Leu
Lys
Gln
Pro
60

Glu

Glu

Asp
Pro
Glu
45

Gly

Ser

Glu

Asp
Pro
Glu
45

Gly

Ser

Glu

Pro
Glu
30

Arg
Cys

Ala

Leu

Pro
Glu
30

Arg
Cys
Ala

Leu

95

Val
15

Ala
Arg
Asn

Arg

His
a5

Val
15

Ala
Arg
Asn

Arg

His
95

80
Glu

Pro
Asp
Gly
Giu
Glu

80
Glu

Pro
Asp
Gly
Glu
Glu

80
Glu



<212>
<213> Homo sapiens

<400>

Met
1
Glu
Pro
Ser
Glu
65
Tyr

Lys

Glu
Ala
Thr
Asn
50

Gly

Leu

Ala

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

<400>

Met
1
Glu
Pro
Ala
Glu
65
Tyr

Lys

Glu
Glu
Thr
Asn
50

Gly

Leu

Ala

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

<400>

Met

Glu

Pro

Ser

Ala
Lys
val

Leu
50

PRT

7
Glu
Pro
Ser
35
Val
Phe

Leu

Leu

107
PRT
Homo

8
Glu

Pro
Ser
35

Val
Phe

Leu

Leu

9
121
PRT
Homo

9
Leu

Ile
Phe

35
Thr

Lys Ile

Val Phe
20
Leu Thr

Ser Leu
Gly Tyr

Ser Ala

85
Asp Pro
100

sapiens

Lys Ile
5

Val Phe

20

Leu Thr

Ser Leu
Gly Tyr

Ser Ala

85
Asp Pro
100

sapiens

Tyr Gly
5

Glu Asp

20

Asp Cys

Val Lys

Glu
Asp
Val
Thr
Leu
70

Ser

Phe

Glu
Asp
Val
Thr
Leu
70

Ser

Phe

Arg
Asp
Val

Ser

Asp
Cys
Lys
Leu
55

Met

Arg

Leu

Asp
Ala
Lys
Leu
55

Met

Arg

Leu

Lys
Phe
Met

Met
55
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Asp
Val
Ser
40

Asp
Ser

Val

Leu

Asp
vVal
Ser
40

Asp
Ala

Val

Leu

Lys
Leu
Asp

40
Gly

Phe
Met
25

Met
Met
Pro

Leu

Gln
105

Phe
Met
25

Met
Met
Pro

Leu

Gln
105

Arg
Asp
25

Ile

Leu

Leu
10

Asp
Gly
Cys
Arg
Gln

90
Ala

Leu
10

Asp
Gly
Cys
Arg
Gln
90

Ala

Arg
10
Leu

Lys

Gln

15d

Asp
Ile
Leu
Thr
Glu
75

Ala

Glu

Asp
Ile
Leu
Glu
Glu
75

Ala

Glu

Gln
Asp
Pro

Glu

Leu
Lys
Gln
Pro
60

Glu

Glu

Leu
Lys
Gln
Pro
60

Glu

Glu

Arg
Pro
Glu

Arg

Asp
Pro
Glu
45

Gly

Ser

Glu

Asp
Pro
Glu
45

Gly

Ser

Glu

Arg
val
Ala

45
Arg

Pro
Glu
30

Arg
Cys
Ala

Leu

Pro
Glu
30

Arg
Cys
Ala

Leu

Arg
Pro
30

Asp

Gly

Val
15

Ala
Arg
Asn

Arg

His
95

Val
15

Ala
Arg
Asn

Arg

His
95

Gly
15
Glu

Pro

Ala

Pro
Asp
Gly
Glu
Glu

80
Glu

Pro
Asp
Gly
Glu
Glu

80
Glu

Glu
Thr
Thr

Asn



Val Ser Leu

65

Phe Gly Tyr

Leu Ser Ala

Leu Asp Pro

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

<400>
Met Ala Leu

1
Glu

Fro
Ser
Val
65

Phe

Leu

Leu

Lys
Val
Leu
50

Ser
Gly

Ser

Asp

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

<400>

Met
1
Glu

Pro

Val
65
Phe

Leu

Leu

Ala

Leu
50

Ser
Gly

Ser

Asp

115

10
121
PRT
Homo

10

Ile
Phe
35

Thr
Leu
Tyr

Ala

Pro
115

11

121
PRT
Rat

11
Leu

Val
Phe
35

Thr
Leu
Tyr

Ala

Pro
115

Thr

Leu

Leu Met

Ser
100
Phe

85
Arg

Leu

saplens

Tyr
Glu
20

Asp
vVal
Thr
Leu
Ser

100
Phe

Tyr
Glu
20

Asp
Val
Thr
Leu
Ser

100
Phe

Gly
5
Asp
Cys
Lys
Leu
Met
85
Arg

Leu

Gly
Asp
Cys
Lys
Leu
Val
85

Arg

Leu

Asp
70

Ser
Val

Leu

Arg
Asp
Val
Ser
Asp
70

Gly

Val

Leu

Arg
Asp
Val
Ser
Asp
70

Gly

Val

Leu

Met
Pro
Leu

Gln

Lys
Phe
Met
Met
55

Met
Pro

Leu

Gln

Lys
Phe
Met
Met
55

Met
Pro

Leu

Gln
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Cys
Arg
Gln

Ala
120

Lys
Leu
Asp
40

Gly
Cys
Arg

Gln

Ala
120

Lys
Leu
Asp
Cly
Cys
Arg
Arg

Ala
120

Thr
Glu
Ala

105
Glu

Arg
Asp
25

Tle
Leu
Gly
Glu
Ala

105
Glu

Arg
Asp
25

Ile
Leu
Gly
Glu
Ala

105
Glu

Pro Gly Cys Asn Glu

Glu
30
Glu

Arg
10

Leu
Lys
Gln
Pro
Glu

90
Glu

Arg
10

Leu
Lys
Gln
Pro
Glu

90
Glu

15e

75

Ser Ala Arg Glu

Glu Leu His Glu

Gln
Asp
Pro
Glu
Gly
75

Ser

Glu

Gln
Asp
Pro

Glu

Arg
Pro
Glu
Arg
60

Cys

Ala

Leu

Arg
Ala
Glu
Arg
60

Cys

Ala

Leu

Arg
Val
Ala
45

Arg
Asn

Arg

His

Arg
Val
Thr
45

Arg
Asn
His

His

110

Arg
Pro
30

Asp
Gly
Glu
Glu

Glu
110

Arg
Pro
30

Asp

Gly

Glu G

Glu

Glu
110

Glu
Tyx

95
Lys

Gly
15

Glu
Pro
Ala
Glu
Tyr

95
Lys

Gly
Glu
Pro

Ala

Tyr
95
Lys

Gly
80
Leu

Ala

Glu
Thr
Thr
Asn
Gly
80

Leu

Ala

Glu
Thr
Ala
Asn
Gly
80

Leu

Ala



81624674

CLAIMS:

1. An isolated peptide comprising a kinase interacting motif (KIM) domain and a kinase
specificity sequence (KIS) domain of a striatal-enriched tyrosine phosphatase (STEP) protein,
wherein a serine in the KIM domain is converted so as to prevent phosphorylation at that site
and at least one of a threonine and a serine in the KIS domain is converted to a phospho-

mimic so as to prevent phosphorylation at that site.

2. The isolated peptide of claim 1, wherein the serine residue of the KIM domain is converted

to an alanine, resulting in a constitutively active peptide.

3. The isolated peptide of claim 2, wherein the serine residue is at position 49 using the

numbering from SEQ ID NO: 1.

4. The isolated peptide of claim 1, wherein the threonine residue of the KIS domain is

converted to an aspartic acid residue or a glutamic acid residue.

5. The isolated peptide of claim 1, wherein the serine residue of the KIS domain is converted

to an aspartic acid residue or a glutamic acid residue.

6. The isolated peptide of claim 1, wherein the threonine residue and the serine residues of the

KIS domain are converted to a phospho-mimic amino acid residue.

7. The isolated peptide of claim 5, wherein the serine residue of the KIS domain is at position

72 using the numbering from SEQ ID NO: 1.

8. The isolated peptide of claim 1, further comprising a region configured to render the

peptide cell permeable.

9. The isolated peptide of claim 8, wherein the region configured to render the peptide cell

permeable is a TAT domain.

10. The isolated peptide of claim 1, further comprising a region configured to act as an

observable marker.
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11. The isolated peptide of claim 10, wherein the region configured to act as an observable

marker is a myc region.

12. The isolated peptide of claim 4, wherein the threonine residue of the KIS domain is at

position 59 using the numbering from SEQ ID NO: 1.

13. The isolated peptide of claim 6, wherein the threonine residue of the KIS domain is

replaced with an aspartic acid or a glutamic acid.

14. The isolated peptide of claim 1, wherein the isolated peptide is SEQ ID NO: 4.
15. The isolated peptide of claim 1, wherein the isolated peptide is SEQ ID NO:‘ 8.
16. The isolated peptide of claim 1, wherein the isolated peptide is SEQ ID NO: 10.
17. The isolated peptide of claim 1, wherein the isolated peptide is SEQ ID NO: 11.

18. Use of the isolated peptide of any one of claims 1 to 17 for treating or ameliorating

ischemia in a patient.
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