
Immuno-Based Retargeted Endopeptidase Activity Assays [01] This patent
application claims priority pursuant to 35 U.S.C.  119(e) to U. S.
Provisional Patent Application Serial No. 61/160,217 filed March 13, 2009,
which is hereby incorporated by reference in its entirety. [02] The
sequences discosed in the present specification are contained in the
Sequence Listing submitted with the present specification which is hereby
incorporated by reference in its entirety. [03] The ability of Clostridial
toxins, such as, e.g., Botulinum neurotoxins (BoNTs), BoNT/A, BoNT/B,
BoNT/C1 , BoNT/D, BoNT/E, BoNT/F and BoNT/G, and Tetanus neurotoxin (TeNT),
to inhibit neuronal transmission are being exploited in a wide variety of
therapeutic and cosmetic applications, see e.g., William J. Lipham,
Cosmetic and Clinical Applications of Botulinum Toxin (Slack, Inc., 2004).
Clostridial toxins commercially available as pharmaceutical compositions
include, BoNT/A preparations, such as, e.g., BOTOX(r) (Allergan, Inc.,
Irvine, CA), DYSPORT(r)/RELOXIN (r), (Ipsen Ltd., Slough, England),
PURTOX(r) (Mentor Corp., Santa Barbara, CA), XEOMIN(r) (Merz
Pharmaceuticals, GmbH., Frankfurt, Germany), NEURONOX(r) (Medy-Tox, Inc.,
Ochang-myeon, South Korea), BTX-A (Biogen-tech Ltd., University, Yantai,
Shandong, China); and BoNT/B preparations, such as, e.g.,
MYOBLOC(r)/NEUROBLOC (r) (Solstice Neurosciences, Inc., South San
Francisco, CA). As an example, BOTOX(r) is currently approved in one or
more countries for the following indications: achalasia, adult spasticity,
anal fissure, back pain, blepharospasm, bruxism, cervical dystonia,
essential tremor, glabellar lines or hyperkinetic facial lines, headache,
hemifacial spasm, hyperactivity of bladder, hyperhidrosis, juvenile
cerebral palsy, multiple sclerosis, myoclonic disorders, nasal labial
lines, spasmodic dysphonia, strabismus and VII nerve disorder. [04] A
Clostridial toxin treatment inhibits neurotransmitters and neuropeptide
release by disrupting the exocytotic process used to secrete the
neurotransmitters and neuropeptides into the synaptic cleft. There is a
great desire by the pharmaceutical industry to expand the use of
Clostridial toxin therapies beyond its current myo-relaxant applications to
treat sensory nerve-based ailment, such as, e.g., various kinds of chronic
pain, neurogenic inflammation and urogenital disorders, as well as other
disorders, such as, e.g., pancreatitis. One approach that is currently
being exploited to expand Clostridial toxin-based therapies involves
modifying a Clostridial toxin so that the modified toxin has an altered
cell targeting capability for a neuronal or non-nuronal cell of interest.
Called either re-targeted endopeptidase or Targeted Vesicular Exocytosis
Modulator Proteins (TVEMPs), these molecules achieve their exocytosis
inhibitory effects by using a target receptor present on the neuronal or
non-neuronal target cell of interest. This re-targeted capability is
achieved by replacing a naturally-occurring binding domain of a Clostridial
toxin with a targeting domain showing a selective binding activity for a
non-Clostridial toxin receptor present in a neuronal or non-neuronal target
cell of interest. Such modifications to a binding domain result in a
molecule that is able to selectively bind to a non-Clostridial toxin
receptor present on the target cell. A retargeted endopeptidase can bind to
a target receptor, translocate into the cytoplasm, and exert its
proteolytic effect on the SNARE complex of the neuronal or non-neuronal
target cell of interest. [05] One group of re-targeted endopeptidase
comprises molecules having an opioid targeting domain. These opioid
re-targeted endopeptidases comprise an opioid targeting domain, a
Clostridial toxin translocation domain, and a Clostridial toxin enzymatic
domain. Non-limiting examples of opioid re targeted endopeptidase, or
opioid-TVEMPs, are described in, e.g., Keith A. Foster et al., Clostridial
Toxin Derivatives Able To Modify Peripheral Sensory Afferent Functions,
U.S. Patent 5,989,545; J. Oliver Dolly et al., Activatable Recombinant
Neurotoxins, U.S. Patent 7,132,259; Stephan Donovan, Clostridial Toxin
Derivatives and Methods For Treating Pain, U.S. Patent 7,244,437; Stephan
Donovan, Clostridial Toxin Derivatives and Methods For Treating Pain, U.S.
Patent 7,413,742; Stephan Donovan, Clostridial Toxin Derivatives and
Methods For Treating Pain, U.S. Patent 7,415,338; Lance E. Steward et al.,
Multivalent Clostridial Toxin Derivatives and Methods of Their Use, U.S.
Patent 7,514,088; Keith A. Foster, Fusion Proteins, U.S. Patent Publication
2008/0064092; Keith A. Foster, Fusion Proteins, U.S. Patent Publication
2009/0035822; Lance E. Steward et al., Multivalent Clostridial Toxin
Derivatives and Methods of Their Use, U.S. Patent Publication 2009/0048431;
Keith A. Foster, Non-Cytotoxic Protein Conjugates, U.S. Patent Publication
2009/0162341; Keith A. Foster et al., Re-targeted Toxin Conjugates,
International Patent Publication WO 2005/023309; and Lance E. Steward,
Modified Clostridial Toxins with Enhanced Translocation Capabilities and
Altered Targeting Capabilities for Non-Clostridial Toxin Target Cells,
International Patent Application WO 2008/008805; each of which is hereby
incorporated by reference in its entirety. [06] One general difference
between re-targeted endopeptidases and Clostridial toxins is that because
re-targeted endopeptidases typically do not target motor neurons, the
lethality associated with over dosing a mammal with a re-targeted
endopeptidase is greatly minimized, if not avoided altogether. For example,
opioid re-targeted endopeptidases can be administered at 10,000 times the
therapeutically effective dose before evidence of lethality is observed,
and this lethality is due to the passive diffusion of the molecule and not
via the intoxication process. Thus, for all practical purposes re-targeted
endopeptidases are non-lethal molecules. Although this non-lethal property
is of great therapeutic benefit, a manufacturing problem arises because the
standard activity assay used to manufacture Clostridial toxin-based
biologies is a mouse LD50 bioassay, a lethality test. S. S. Arnon et al.,
JAMA 285: 1059-1070 (2001). Currently a mouse LD50 bioassay is used by all
pharmaceutical manufacturers to express the potency of their Clostridial
toxin preparations. In fact, the activity units for Clostridial toxins are
mouse LD50 units. However, because re-targeted endopeptidases are
essentially non-lethal, a mouse LD50 bioassay cannot be used to assess the
potency of these molecules. Thus, a simple, reliable, validated, and
governmental agency acceptable activity assay that can evaluate the
integrity of all the steps necessary in re-targeted endopeptidase uptake
would be of significant value.[07] The present specification provides novel
compositions, cells, and methods for assaying the activity of re-targeted
endopeptidases useful for various industries, such as, e.g., the
pharmaceutical and food industries, and provides related advantages as
well. Such compositions, cells, and methods do not use live animals or
tissues taken from live animals, but can evaluate all the steps necessary
for re-targeted endopeptidase action. 



DETAILED DESCRIPTION OF THE DRAWINGS [08] FIG. 1 shows a schematic of the
current paradigm of neurotransmitter release and Clostridial toxin
intoxication in a central and peripheral neuron. FIG. 1A shows a schematic
for the neurotransmitter release mechanism of a central and peripheral
neuron. The release process can be described as comprising two steps: 1)
vesicle docking, where the vesicle-bound SNARE protein of a vesicle
containing neurotransmitter molecules associates with the membrane-bound
SNARE proteins located at the plasma membrane; and 2) neurotransmitter
release, where the vesicle fuses with the plasma membrane and the
neurotransmitter molecules are exocytosed. FIG. 1B shows a schematic of the
intoxication mechanism for tetanus and botulinum toxin activity in a
central and peripheral neuron. This intoxication process can be described
as comprising four steps: 1) receptor binding, where Clostridial toxin
binds to a Clostridial receptor complex and initiates the intoxication
process; 2) complex internalization, where after toxin binding, a vesicle
containing a toxin/receptor system complex is endocytosed into the cell; 3)
light chain translocation, where multiple events are thought to occur,
including changes in the internal pH of the vesicle, formation of a channel
pore comprising the HN domain of Clostridial toxin heavy chain, separation
of the Clostridial toxin light chain from the heavy chain, and release of
the light chain and 4) enzymatic target modification, where the light chain
of Clostridial toxin proteolytically cleaves its target SNARE substrates,
such as, e.g., SNAP-25, VAMP or Syntaxin, thereby preventing vesicle
docking and neurotransmitter release. [09] FIG. 2 shows a full dose
response to the re-targeted endopeptidase Noc/A in the ORL-1 Clone #6
clonal cell line overexpressing ORL-1. Specific uptake of Noc/A can be
observed in the ORL-1 Clone #6 clonal cell line overexpressing ORL-1. The
treatment with Noc/A (LHN/A plus binding ligand nociceptin variant) and
LHN/A (LC/A and HN without any binding domain) performed on ORL-1 stable
cell line clone #6 in the ECL ELISA for cleaved SNAP-25i 97 demonstrated
that uptake of Noc/A is specific in this clonal cell line. The clonal cell
line also show great sensitivity for Noc/A with an EC50 of 1.2 nM. [010]
FIG. 3 shows a full dose response to Noc/A in the SK-N-DZ single-cell
derived clones #3 and #22. Specific uptake of Noc/A on SK-N-DZ clones #3
and #22 when compared to LHN/A (n=4 independent experiments run). Cells
were plated on poly-D-lysine 96-well plates in RPMI SFM +N2+B27+NGF.
Treatment with compounds was for 22 hours. ECL ELISA for cleaved SNAP-25
197 demonstrated that uptake of Noc/A is specific in this clonal cell
lines. The clonal cell lines also show great sensitivity for Noc/A with an
EC50 of 0.3 nM for clone #3 and an EC50 of 0.9 nM for clone #22.[011] FIG.
4 shows an ECL sandwich ELISA assay results from ORL1 ND7 clones 1C1 1,
4B7, and 4C9 treated with re-targeted endopeptidase Noc/A. Parental ND7 and
ORL1 ND7 clones were treated for 24 hours with Noc/A followed by two days
of incubation. Parental ND7 EC50 could not be calculated since it only
reached approximately 50% SNAP-25 197 cleavage. Clones 4B7 and 1C1 1 reach
more than 80% SNAP-25-I97 cleavage. EC50 values were calculated to be
5.70.5, 6.71 , and 8.62 nM respectively. [012] FIG. 5 shows an
anti-nociceptin polyclonal antibodies can block re-targeted endopeptidase
Noc/A uptake in SK-N-DZ clone #3, clone #22, and AGN P33 ORL-1 clone #6
cell lines. Cells were plated on poly-D-lysine 96-well plates in RPMI
SFM+N2+B27+NGF and treated for 22 hours in serum-free media containing with
the Anti-nociceptin polyclonal antibodies at different dilutions (0-3
mg/mL) in 1 nM Noc/A. [013] FIG. 6 shows cells from SiMa clone AF4 and the
established cell line PC-12 were treated with the re-targeted endopeptidase
Dyn/A at concentrations from 0.017 nM to 1 mM as depicted in the Western
blot image. Dose-dependent uptake could be observed for both cell lines.
[014] FIG. 7 shows normalized BIAcore SPR curves of 7.8 nM of the
antibodies 2E2A6, 1D3B8, 3C1A5 and 2C9B10 and commercial MC-6050 and
MC-6053. FIG. 7A shows the normalized data for the on-rate of each
antibody. FIG. 7B shows the normalized data for the off-rate of each
antibody. DETAILED DESCRIPTION [015] The present specification provides
novel assays for determining the presence or absence of an active
retargeted endopeptidase in a sample and for determining the
activity/potency of a re-targeted endopeptidase. The novel cell-based
assays disclosed in the present specification rely on cells, reagents and
detection methods that enable the assay to detect nanomolar quantities of a
re-targeted endopeptidase in a sample. The cell-based assays disclosed in
the present specification serve to analyze multiple functions a re-targeted
endopeptidase, namely, re-targeted endopeptidase binding to a cell surface
receptor, internalization of the endopeptidase-receptor complex, enzymatic
domain translocation into the cytoplasm, enzymatic domain cleavage of
substrate. As discussed further below, the novel methods and compositions
can be used to analyze crude and bulk samples as well as highly purified
di-chain re-targeted endopeptidases and formulated re-targeted
endopeptidase products and further are amenable to automated high
throughput assay formats. [016] Thus, one aspect disclosed in the present
specification provides immune response inducing compositions for producing
a-SNAP-25 antibodies that can selectively bind to an epitope comprising a
SNAP-25 cleavage product having a carboxyl-terminus at the P1 residue of
the BoNT/A cleavage site scissile bond. Immune response inducing
compositions can comprise an adjuvant and an immune response inducing
composition including a SNAP-25 antigen, a carrier linked to a SNAP-25
antigen, or acarrier linked to a flexible spacer linked to a SNAP-25
antigen, where the flexible linker intervenes between the SNAP-25 antigen
and the carrier. It is envisioned that any and all SNAP-25 antigens that
triggers an immune response that produce a a-SNAP-25 antibody that can
selectively bind to a SNAP-25 epitope having a carboxyl-terminus at the P1
residue of the BoNT/A cleavage site scissile bond can be useful as a
SNAP-25 antigen, including, without limitation, a SNAP-25 antigen derived
from a naturally occurring SNAP-25, a SNAP-25 antigen derived from a
non-naturally occurring SNAP-25, and a SNAP-25 antigen comprising an
immunoreactive fragment of the SNAP-25, the SNAP-25 from a naturally
occurring SNAP-25 or a non-naturally occurring SNAP-25. SNAP-25 antigens
useful for producing a-SNAP-25 antibodies that can selectively bind to a
SNAP-25 epitope having a carboxyl-terminus at the P1 residue of the BoNT/A
cleavage site scissile bond include, without limitation, SNAP-25 antigens
comprising a SNAP- 25 peptide having a carboxylated C-terminal glutamine
linked to a carrier peptide, including, without limitation SEQ ID NO: 38.
Other Immune response inducing compositions useful for making a-SNAP-25
antibodies that can selectively bind to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of 



the BoNT/A cleavage site scissile bond include, without limitation, an
immune response inducing composition comprising a carrier linked to a
flexible linker linked to a SNAP-25 antigen a carboxylated Cterminal
glutamine, wherein the flexible linker intervenes between the SNAP-25
antigen and the carrier. It is envisioned that any and all adjuvants can be
useful in such an immune response inducing composition, including, without
limitation, polyethylene glycol (PEG), monomethoxypolyethylene glycol
(mPEG), polyvinyl alcohol (PVA), complete and incomplete Freund's adjuvant.
[017] Another aspect disclosed in the present specification provides
methods of producing an a-SNAP- 25 antibody that can selectively bind to an
epitope comprising a SNAP-25 cleavage product having a carboxyl-terminus at
the P1 residue of the BoNT/A cleavage site scissile bond. Aspects of this
method comprise the steps of (a) administering to an animal a SNAP-25
immune response inducing composition disclosed in the present
specification; (b) collecting from the animal a sample containing an
a-SNAP-25 antibody or a-SNAP-25 antibody-producing cell; and (c) isolating
the a-SNAP-25 antibody from the sample. The methods disclosed are useful
for making either a-SNAP-25 monoclonal antibodies that can selectively bind
to an epitope comprising a SNAP-25 cleavage product having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond or a-SNAP-25 polyclonal antibodies that can selectively bind to an
epitope comprising a SNAP-25 cleavage product having a carboxyl-terminus at
the P1 residue of the BoNT/A cleavage site scissile bond. [018] Still
another aspect disclosed in the present specification provides a-SNAP-25
antibodies that selectively bind to an epitope comprising a SNAP-25 having
a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond. Such a-SNAP-25 antibodies include both naturally-occurring and
non-naturally-occurring antibodies, as well as, monoclonal a-SNAP-25
antibodies or polyclonal a-SNAP- 25 antibodies. Monoclonal a-SNAP-25
antibodies useful as a-SNAP-25 antibodies that selectively bind to a
SNAP-25 antigen having a carboxyl-terminus at the P1 residue of the BoNT/A
cleavage site scissilebond, include, without limitation, the monoclonal
a-SNAP-25 antibodies produced from hybridoma cell lines 1D3B8, 2C9B10,
2E2A6, 3C1A5 and 3C3E2. [019] Yet another aspect disclosed in the present
specification provides immuno-based methods of detecting re-targeted
endopeptidase activity. Aspects of this method comprise the steps of (a)
treating a cell from an established cell line with a sample comprising a
re-targeted endopeptidase, wherein the cell from an established cell line
is susceptible to re-targeted endopeptidase activity by the re-targeted
endopeptidase; (b) isolating from the treated cell a SNAP-25 component
comprising a SNAP-25 cleavage product having a carboxyl-terminus at the P1
residue of the BoNT/A cleavage site scissile bond; (c) contacting the
SNAP-25 component with an a-SNAP-25 antibody disclosed in the present
specification; and (d) detecting the presence of an antibody-antigen
complex comprising the a-SNAP-25 antibody and the SNAP-25 cleavage product
having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site
scissile bond; wherein detection by the antibody-antigen complex is
indicative of re-targeted endopeptidase activity. The a-SNAP-25 antibody of
step (c) can optionally be linked to a solid phase support. [020] Yet
another aspect disclosed in the present specification provides immuno-based
methods of detecting opioid-TVEMP activity. Aspects of this method comprise
the steps of (a) treating a cell from an established cell line with a
sample comprising a re-targeted endopeptidase, wherein the cell from an
established cell line can uptake a re-targeted endopeptidase; (b) isolating
from the treated cell a SNAP- 25 component comprising a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond; (c) contacting the SNAP-25 component with an a-SNAP-25 antibody
disclosed in the present specification; and (d) detecting the presence of
an antibody-antigen complex comprising the a-SNAP-25 antibody and the
SNAP-25 having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond; wherein detection by the antibody-antigen complex is
indicative of re targeted endopeptidase activity. The a-SNAP-25 antibody of
step (c) can optionally be linked to a solid phase support. [021] A further
aspect disclosed in the present specification provides methods of
determining re targeted endopeptidase immunoresistance in a mammal. Aspects
of this method comprise the steps of (a) adding a re-targeted endopeptidase
to a test sample obtained from a mammal being tested for the presence or
absence of a-re-targeted endopeptidase neutralizing antibodies; (b)
treating a cell from an established cell line with the test sample, wherein
the cell from an established cell line is susceptible to re-targeted
endopeptidase activity; (c) isolating from the treated cells a SNAP-25
component comprising a SNAP-25 cleavage product having a carboxyl-terminus
at the P1 residue of the BoNT/A cleavage site scissile bond; (d) contacting
the SNAP-25 component with an a-SNAP-25 antibody disclosed in the present
specification; (e) detecting the presence of an antibody-antigen complex
comprising the a-SNAP- 25 antibody and the SNAP-25 cleavage product having
a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond; (f) repeating steps a-e with a negative control sample instead of
atest sample; and (g) comparing the amount of antibody-antigen complex
detected in step (e) to the amount of antibody-antigen complex detected in
step (f), wherein detection of a lower amount of antibody-antigen complex
detected in step (e) relative to the amount of antibody-antigen complex
detected in step (f) is indicative of the presence of a-re-targeted
endopeptidase neutralizing antibodies. The a-SNAP-25 antibody of step (d)
can optionally be linked to a solid phase support. The control sample in
step (f) can also include a positive control sample, in addition to the
negative control sample. [022] Clostridia toxins produced by Clostridium
botulinum, Clostridium tetani, Clostridium baratii and Clostridium
butyricum are the most widely used in therapeutic and cosmetic treatments
of humans and other mammals. Strains of C. botulinum produce seven
antigenically-distinct serotypes of botulinum toxins (BoNTs), which have
been identified by investigating botulism outbreaks in man (BoNT/A, BoNT/B,
BoNT/E and BoNT/F), animals (BoNT/C1 and BoNT/D), or isolated from soil
(BoNT/G). While all seven botulinum toxin serotypes have similar structure
and biological properties, each also displays heterogeneous
characteristics, such as, e.g., different pharmacological properties. In
contrast, tetanus toxin (TeNT) is produced by a uniform group of C. tetani.
Two other species of Clostridia, C. baratii and C. butyricum, also produce
toxins similar to BoNT/F and BoNT/E, respectively. [023] Clostridial toxins
are each translated as a single chain polypeptide of approximately 150 kDa
that 



is subsequently cleaved by proteolytic scission within a disulfide loop by
a naturally-occurring protease, such as, e.g., an endogenous Clostridial
toxin protease or a naturally-occurring protease produced in the
environment. This posttranslational processing yields a di-chain molecule
comprising an approximately 50 kDa light chain (LC) and an approximately
100 kDa heavy chain (HC) held together by a single disulfide bond and
noncovalent interactions. Each mature di-chain molecule comprises three
functionally distinct domains: 1) an enzymatic domain located in the LC
that includes a metalloprotease region containing a zinc-dependent
endopeptidase activity which specifically targets core components of the
neurotransmitter release apparatus; 2) a translocation domain contained
within the amino-terminal half of the HC (HN) that facilitates release of
the LC from intracellular vesicles into the cytoplasm of the target cell;
and 3) a binding domain found within the carboxyl-terminal half of the HC
(H ) that determines the binding activity and binding specificity of the
toxin to the receptor complex located at the surface of the target cell.
[024] The binding, translocation and enzymatic activity of these three
functional domains are all necessary for toxicity. While all details of
this process are not yet precisely known, the overall cellular intoxication
mechanism whereby Clostridial toxins enter a neuron and inhibit
neurotransmitter release is similar, regardless of serotype or subtype.
Although the applicants have no wish to be limited by the following
description, the intoxication mechanism can be described as comprising at
least four steps: 1) receptor binding, 2) complex internalization, 3) light
chain translocation, and 4) enzymatic target modification (FIG. 1). The
process is initiated when the HC domain of a Clostridial toxin binds to a
toxinspecific receptor system located on the plasma membrane surface of a
target cell. The binding specificityof a receptor complex is thought to be
achieved, in part, by specific combinations of gangliosides and protein
receptors that appear to distinctly comprise each Clostridial toxin
receptor complex. Once bound, the toxin/receptor complexes are internalized
by endocytosis and the internalized vesicles are sorted to specific
intracellular routes. The translocation step appears to be triggered by the
acidification of the vesicle compartment. This process seems to initiate
important pH-dependent structural rearrangements that increase
hydrophobicity, promote pore formation, and facilitate separation of the
heavy and light chains of the toxin. Once separated, the light chain
endopeptidase of the toxin is released from the intracellular vesicle into
the cytosol where it appears to specifically target core components of the
neurotransmitter release apparatus. These core proteins, vesicle-associated
membrane protein (VAMP)/synaptobrevin, synaptosomal-associated protein of
25 kDa (SNAP-25) and Syntaxin, are necessary for synaptic vesicle docking
and fusion at the nerve terminal and constitute members of the soluble
N-ethylmaleimide-sensitive factor-attachment protein-receptor (SNARE)
family. BoNT/A and BoNT/E cleave SNAP-25 in the carboxyl terminal region,
releasing a nine or twenty six amino acid fragment, respectively, and
BoNT/C1 also cleaves SNAP-25 near the carboxyl terminus releasing an eight
amino acid fragment. The botulinum serotypes BoNT/B, BoNT/D, BoNT/F and
BoNT/G, and tetanus toxin, act on the conserved central portion of VAMP,
and release the amino terminal portion of VAMP into the cytosol. BoNT/C1
cleaves syntaxin at a single site near the cytosolic membrane surface. The
selective proteolysis of synaptic SNAREs accounts for the block of
neurotransmitter release caused by Clostridial toxins in vivo. The SNARE
protein targets of Clostridial toxins are common to exocytosis in a variety
of non-neuronal types; in these cells, as in neurons, light chain peptidase
activity inhibits exocytosis, see, e.g., Yann Humeau et al., How Botulinum
and Tetanus Neurotoxins Block Neurotransmitter Release, 82(5) Biochimie.
427-446 (2000); Kathryn Turton et al., Botulinum and Tetanus Neurotoxins:
Structure, Function and Therapeutic Utility, 27(1 1) Trends Biochem. Sci.
552-558. (2002); Giovanna LaIIi et al., The Journey of Tetanus and
Botulinum Neurotoxins in Neurons, 11(9) Trends Microbiol. 431-437, (2003).
[025] Re-targeted endopeptidases generally substitute the
naturally-occurring di-chain loop protease cleavage site with an exogenous
protease cleavage site. See e.g., Dolly, J.O. et al., Activatable
Clostridial Toxins, U.S. Patent 7,419,676, which is hereby incorporated by
reference. Although re targeted endopeptidases vary in their overall
molecular weight because of the size of the targeting moiety, the
activation process and its reliance on cleavage at the exogenous cleavage
site to produce a di-chain molecule is essentially the same as that for
Clostridial toxins. See e.g., Steward, L.E. et al., Activatable Clostridial
Toxins, U.S. Patent Publication 2009/0005313; Steward, L.E. et al.,
Modified Clostridial Toxins with Enhanced Translocation Capabilities and
Altered Targeting Activity For Non- Clostridial Toxin Target Cells, U.S.
Patent Application 11/776,075; Steward, L.E. et al., Modified Clostridial
Toxins with Enhanced Translocation Capabilities and Altered Targeting
Activity for Clostridial Toxin Target Cells, U.S. Patent Publication
2008/0241881, each of which is hereby incorporated by reference.[026]
Aspects of the present disclosure comprise, in part, an immune response
inducing composition for producing a-SNAP-25 antibodies that can
selectively bind to a SNAP-25 having a carboxyl-terminus at the P1 residue
of the BoNT/A cleavage site scissile bond. As used herein, the term "immune
response inducing composition" refers to a composition comprising a SNAP-25
antigen which, when administered to an animal, stimulates an immune
response against the SNAP-25 antigen, thereby producing a-SNAP- 25
antibodies that can selectively bind to a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond. The term "immune response" refers to any response by the immune
system of an animal to an immune response inducing composition. Exemplary
immune responses include, but are not limited to, cellular as well as local
and systemic humoral immunity, such as, e.g., CTL responses, including
antigen-specific induction of CD8+ CTLs, helper T-cell responses, including
T-cell proliferative responses and cytokine release, and B-cell responses
including, e.g., an antibody producing response. The term "inducing an
immune response" refers to administration of an immune response inducing
composition or a polynucleotide encoding the immune response inducing
composition, where an immune response is affected, i.e., stimulated,
initiated or induced. [027] An SNAP-25 immune response inducing composition
comprises a SNAP-25 antigen. As used herein, the term "antigen" refers to a
molecule that elicits an immune response and includes, without limitation,
peptides, polysaccharides and conjugates of lipids, such as, e.g.,
lipoproteins and glycolipids. As used herein, the term "SNAP-25 antigen"
refers to any antigen which has a carboxyl-terminus at the P1 



residue of the BoNT/A cleavage site scissile bond that can elicit an immune
response. A SNAP-25 antigen used in an immune response inducing composition
must be large enough to be substantially unique in sequence, thus reducing
the possibility of producing antibodies that are cross reactive against
antigens other than SNAP-25. In addition, a SNAP-25 antigen used in an
immune response inducing composition must be small enough to only trigger
an immune response substantially against a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond, thus increasing the possibility of producing a-SNAP-25 antibodies
that can distinguish a SNAP-25 having a carboxylterminus at the P1 residue
of the BoNT/A cleavage site scissile bond from a SNAP-25 lacking a
carboxylterminus at the P1 residue of the BoNT/A cleavage site scissile
bond. Furthermore, it is also very desirable to generate a-SNAP-25
antibodies of a single amino acid sequence in a good yield that are
reproducibly selective and which bind with acceptable avidity in order to
permit the design of a highly sensitive assay. [028] The sequence
surrounding a BoNT/A cleavage site present in SNAP-25 is denoted as P5- P4-
P3- P2- P1- P1'-P '-Ps'-PV-Ps', with P1- P1' representing the scissile
bond. Upon cleavage by retargeted endopeptidase, the resulting cleavage
products produced comprise a fragment including the P5- P4- P3- P2- P1
sequence and a fragment including the P-T-P '-Ps'-PV-Ps'. Thus, as used
herein, the term "SNAP-25 having a carboxyl-terminus at the P1 residue of
the BoNT/A cleavage site scissile bond" refers to any SNAP-25 having the P1
residue as its carboxyl-terminal amino acid. For example, Q197- R198 of
human SNAP-25 (SEQ ID NO: 5) represents the P1- P1' scissile bond for the
BoNT/A cleavage site. Assuch, "SNAP-25 having a carboxyl-terminus glutamine
of the BoNT/A cleavage site scissile bond" would be any SNAP-25 cleavage
product having a glutamine at its carboxyl-terminal amino acid where the
glutamine represents Q197 of the scissile bond. As another example, K204-
H205 of Torpedo marmorata SNAP-25 (SEQ ID NO: 16) represents the P1- P1'
scissile bond for the BoNT/A cleavage site. As such, "SNAP-25 having a
carboxyl-terminus lysine of the BoNT/A cleavage site scissile bond" would
be any SNAP-25 cleavage product having a lysine at its carboxyl-terminal
amino acid where the lysine represents K2o4 of the scissile bond. [029] The
SNAP-25 antigen having a carboxyl-terminus at the P1 residue of the BoNT/A
cleavage site scissile bond from the BoNT/A cleavage site can be modified
to enhance the immunogenicity of a SNAP- 25 antigen, a hapten, or any other
antigenic compound that is immunogenic, non-immunogenic, or weakly
immunogenic when not associated with the modification. In an aspect of this
embodiment, the carboxylterminal P1 residue from the scissile bond of a
SNAP-25 antigen can be carboxylated. Carboxylation increases the desired
immunogenic properties of a SNAP-25 antigen in two respects. First, because
charged amino acids enhance immunogenicity, adding a COO group to the
carboxyl-terminal residue will increase the overall immunogenicity of a
SNAP-25 antigen. Second, because the P1 residue of the BoNT/A cleavage site
scissile bond is in a charged state upon cleavage, adding a COO group to
the carboxyl-terminal residue will better mimic the actual antigen that the
a-SNAP-25 antibodies disclosed in the present specification are designed to
selectively bind. [030] In an aspect of this embodiment, the amino-terminal
residue from a SNAP-25 antigen can be modified by the addition of an amino
acid adapted to attach the SNAP-25 antigen to a carrier protein, such as,
e.g., a keyhole limpet hemacyanin (KLH), an ovalbumin (OVA), a
thyroglobulin (THY), a bovine serum albumin (BSA), a soybean trypsin
inhibitor (STI), or a multiple attachment peptide (MAP). For example, a
cysteine residue can be placed at the amino-terminus in order to conjugate
the carrier protein KLH. [031] Thus, an embodiment, a SNAP-25 antigen
having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site
scissile bond can be, e.g., at least 5 , at least 6 , at least 7 , at least
8 , at least 9 , at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 16, at least 17, at least 18, at least 19,
at least 20, at least 25, or at least 30 amino acids in length. In another
embodiment, a SNAP-25 antigen having a carboxyl-terminus at the P1 residue
of the BoNT/A cleavage site scissile bond can be, e.g., at most 5 , at most
6 , at most 7 , at most 8 , at most 9 , at most 10, at most 11, at most 12,
at most 13, at most 14, at most 15, at most 16, at most 17, at most 18, at
most 19, at most 20, at most 25, or at most 30 amino acids in length. In
still another embodiment, a SNAP-25 antigen having a carboxyl-terminus at
the P1 residue of the BoNT/A cleavage site scissile bond can be, e.g.,
between 7-12 amino acids, between 10-15 amino acids, or between 13-18 amino
acids.[032] In another embodiment, the SNAP-25 antigen having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond comprises SEQ ID NO: 33. In aspects of this embodiment, the SNAP-25
antigen having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond comprises SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 35,
SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, or SEQ ID NO: 39. In a further
embodiment, the SNAP-25 antigen having a carboxyl-terminus at the P1
residue of the BoNT/A cleavage site scissile bond comprises SEQ ID NO: 40.
[033] In yet another embodiment, the SNAP-25 antigen having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond comprises SEQ ID NO: 4 1. In aspects of this embodiment, the SNAP-25
antigen having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond comprises SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44
SEQ ID NO: 45, SEQ ID NO: 46. In a further embodiment, the SNAP-25 antigen
having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site
scissile bond comprises SEQ ID NO: 47. [034] It is envisioned that any and
all SNAP-25 antigens that triggers an immune response that produces
a-SNAP-25 antibodies that can selectively bind to a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond can be useful as a SNAP-25 antigen. Thus, amino acid sequence variants
comprising SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ
ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, SEQ ID NO: 39, SEQ ID NO: 41, SEQ
ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, or SEQ ID NO: 46
can be useful as a SNAP-25 antigen to trigger an immune response that
produces a-SNAP-25 antibodies that can selectively bind to a SNAP-25 having
a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond. Thus, in an embodiment, a SNAP-25 antigen can substitute at least 1,
at least 2 , at least 3 , at least 4 , or at least 5 amino acid
substitutions, deletions or additions to the SNAP-25 antigens comprising
SEQ ID NO: 32, 



SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37,
SEQ ID NO: 38, SEQ ID NO: 39, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43,
SEQ ID NO: 44, SEQ ID NO: 45, or SEQ ID NO: 46. In still another
embodiment, a SNAP-25 antigen can have at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, or at least 95% amino acid identity to the
SNAP-25 antigens comprising SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34,
SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, SEQ ID NO: 39,
SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45,
or SEQ ID NO: 46. [035] It is envisioned that one or more carriers may be
linked to a SNAP-25 antigen in order to enhance the immunogenicity of a
SNAP-25 antigen that is immunogenic, non-immunogenic, or weakly immunogenic
when not associated with the carrier. Non-limiting examples, include, e.g.,
a keyhole limpet hemacyanin (KLH), an ovalbumin (OVA), a thyroglobulin
(THY), a bovine serum albumin (BSA), a soybean trypsin inhibitor (STI), or
a multiple attachment peptide (MAP). As is well known in the art, a
non-antigenic or weakly antigenic antigen can be made antigenic by coupling
the antigen to a carrier. Various other carrier and methods for coupling an
antigen to a carrier are well known in the art. See, e.g.,Harlow and Lane,
supra, 1998a; Harlow and Lane, supra, 1998b; and David W. Waggoner, Jr. et
al., Immunogenicity-enhancing carriers and compositions thereof and methods
of using the same, U.S. Patent Publication No. 20040057958 (Mar. 25, 2004).
An epitope can also be generated by expressing the epitope as a fusion
protein. Methods for expressing polypeptide fusions are well known to those
skilled in the art as described, for example, in Ausubel et al., Current
Protocols in Molecular Biology (Supplement 47), John Wiley & Sons, New York
(1999). As the carboxyl-terminal end of the SNAP-25 antigen must be the P1
residue of the BoNT/A cleavage site scissile bond, a carrier must be linked
to the amino end of the SNAP-25 antigen. [036] It is envisioned that one or
more flexible spacers may be linked to a SNAP-25 antigen in order to
enhance the immunogenicity of a SNAP-25 antigen that is immunogenic,
non-immunogenic, or weakly immunogenic when not associated with the
flexible linkers. A flexible spacer increases the overall peptide length of
the SNAP-25 antigen and provides flexibility, thereby facilitating the
proper presentation of the SNAP-25 antigen to the immune cells. As a
non-limiting example, a SNAP-25 immune response inducing composition can
comprise a SNAP-25 antigen linked to one or more flexible spacers in tandem
to better present SNAP-25 antigen to immune cells, thereby facilitating the
immune response. [037] A flexible space comprising a peptide is at least
one amino acid in length and comprises noncharged amino acids with small
side-chain R groups, such as, e.g., glycine, alanine, valine, leucine or
serine. Thus, in an embodiment a flexible spacer can be, e.g., at least 1,
at least 2 , at least 3 , at least 4 , at least 5 , at least 6 , at least 7
, at least 8 , at least 9 , or at least 10 amino acids in length. In
another embodiment, a flexible spacer can be, e.g., at least 1, at most 2 ,
at most 3 , at most 4 , at most 5 , at most 6 , at most 7 , at most 8 , at
most 9 , or at most 10 amino acids in length. In still another embodiment,
a flexible spacer can be, e.g., between 1-3 amino acids, between 2-4 amino
acids, between 3-5 amino acids, between 4-6 amino acids, or between 5-7
amino acids. Non-limiting examples of a flexible spacer include, e.g., a
G-spacers such as GGG, GGGG (SEQ ID NO: 57), and GGGGS (SEQ ID NO: 58) or
an A-spacers such as AAA, AAAA (SEQ ID NO: 59) and AAAAV (SEQ ID NO: 60). A
flexible spacer is linked in-frame to the SNAP-25 antigen as a fusion
protein. [038] As discussed above, a flexible spacer is used, in part, to
increase the overall peptide length of the SNAP-25 antigen. For example, a
5-10 amino acid SNAP-25 antigen can have its overall length increased by
linking a 3-5 amino acid flexible space to the amino-end of the SNAP-25
antigen. As another example, a 5-10 amino acid SNAP-25 antigen can have its
overall length increased by linking a 4-6 amino acid flexible space to the
amino-end of the SNAP-25 antigen. As another example, a 5-10 amino acid
SNAP-25 antigen can have its overall length increased by linking a 7-10
amino acid flexible space to the amino-end of the SNAP-25 antigen. As
another example, a 7-12 amino acid SNAP-25 antigen can have its overall
length increased by linking a 1-3 amino acid flexible space to the
amino-end of the SNAP-25 antigen. As another example, a 7-12 amino acid
SNAP-25 antigen can have its overall length increased by linking a 4-6
amino acid flexible space to the amino-end of the SNAP-25 antigen.The
increased length provided by the flexible spacer allows for the selection
of a small sized SNAP-25 antigen, thereby increasing the likelihood that
the SNAP-25 antigen will only trigger an immune response substantially
against a SNAP-25 having a carboxyl-terminus at the P1 residue of the
BoNT/A cleavage site scissile bond, thus increasing the possibility of
producing a-SNAP-25 antibodies that can distinguish a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond from a SNAP-25 lacking a carboxyl-terminus at the P1 residue of the
BoNT/A cleavage site scissile bond. [039] It is envisioned that a SNAP-25
immune response inducing composition disclosed in the present specification
can optionally comprise a SNAP-25 antigen disclosed in the present
specification and one or more adjuvants. As used herein, the term
"adjuvant" when used in reference to a SNAP-25 immune response inducing
composition refers to any substance or mixture of substances that increases
or diversifies the immune response to a SNAP-25 antigen. An immune response
inducing adjuvant can, for example, serve to reduce the number of
immunizations or the amount of antigen required for protective
immunization. The use of immune response inducing adjuvants in an immune
response inducing composition is well known. The main objective of these
adjuvants is to allow an increase in the immune response. Non-limiting
adjuvants include, e.g., liposomes, oily phases, including, without
limitation, the Freund type of adjuvants, such as, e.g., Freund's complete
adjuvant (FCA); Freund's incomplete adjuvant (FIA); sapogenin glycosides,
such as, e.g., saponins; carbopol; N-acetylmuramyl-L-alanyl-D-isoglutamine
(commonly known as muramyl dipeptide or "MDP"); and lipopolysaccharide
(LPS). Such adjuvants are generally used in the form of an emulsion with an
aqueous phase, or, more commonly, may consist of water-insoluble inorganic
salts. These inorganic salts may consist, for example, of aluminum
hydroxide, zinc sulfate, colloidal iron hydroxide, calcium phosphate or
calcium chloride. Aluminum hydroxide (AI(OH)3) is a commonly used adjuvant.
Currently, the only FDA-approved adjuvant for use in humans is aluminum
salts (Alum) which are used to "depot" antigens by precipitation of the
antigens. Adjuvants provided above are merely exemplary. In fact, any
immune response inducing adjuvant may be used in an immune response
inducing composition disclosed in the present specification as long as the
adjuvant 



satisfies the requisite characteristics for inducing an immune response.
[040] A carrier disclosed in the present specification may also act as an
adjuvant. Specific adjuvants and methods of making and using are described
in, e.g., Gupta et al. Vaccine, 11: 993-306, 1993; Arnon, R. (Ed.)
Synthetic Vaccines 1:83-92, CRC Press, Inc., Boca Raton, FIa., 1987; and
David W. Waggoner, Jr. et al., Immunogenicity-Enhancing Carriers and
Compositions Thereof and Methods of Using the Same, U.S. Patent Publication
No. 20040057958 (Mar. 25, 2004). Additional adjuvants include any compound
described in Chapter 7 (pp 141-227) of "Vaccine Design, The Subunit and
Adjuvant Approach" (eds. Powell, M. F. and Newman, M. J.) Pharmaceutical
Biotechnology, Volume 6 , Plenum Press (New York). Examples from this
compendium include Muramyl Dipeptide (MDP) and Montanide 720. Molecules
such as Poly lnosine:Cytosine (Poly I:C) or plasmid DNA containing CpG
motifs can also be administered as adjuvants in combination with antigens
encapsulated in microparticles. In another example, theadjuvant is an agent
that facilitates entry of the antigenic compound into the cytoplasm of a
cell such as listeriolysin, streptolysin or a mixture thereof. [041] Thus,
in an embodiment, a SNAP-25 immune response inducing composition comprises
a SNAP- 25 antigen having a carboxylated carboxyl-terminal glutamine linked
to a carrier peptide. In aspects of this embodiment, a SNAP-25 antigen
having a carboxylated carboxyl-terminal glutamine comprises SEQ ID NO: 32,
SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37,
SEQ ID NO: 38, or SEQ ID NO: 39. In another aspect of this embodiment, a
SNAP-25 antigen comprises SEQ ID NO: 40. In aspects of this embodiment, the
carrier peptide is a keyhole limpet hemacyanin (KLH), an ovalbumin (OVA), a
thyroglobulin (THY), a bovine serum albumin (BSA), a soybean trypsin
inhibitor (STI) or a multiple attachment peptide (MAP). [042] In another
embodiment, a SNAP-25 immune response inducing composition comprises a
SNAP- 25 antigen having a carboxylated carboxyl-terminal lysine linked to a
carrier peptide. In aspects of this embodiment, SNAP-25 antigen having a
carboxylated carboxyl-terminal lysine comprises SEQ ID NO: 41, SEQ ID NO:
42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, or SEQ ID NO: 46. In
another aspect of this embodiment, a SNAP-25 antigen comprises SEQ ID NO:
47. In aspects of this embodiment, the carrier peptide is a keyhole limpet
hemacyanin (KLH), an ovalbumin (OVA), a thyroglobulin (THY), a bovine serum
albumin (BSA), a soybean trypsin inhibitor (STI) or a multiple attachment
peptide (MAP). [043] In yet another embodiment, a SNAP-25 immune response
inducing composition comprises a SNAP-25 antigen having a carboxylated
C-terminal glutamine linked to one or more flexible linkers and a carrier
peptide wherein the flexible linkers intervene between the SNAP-25 antigen
and the carrier peptide. In aspects of this embodiment, SNAP-25 antigen
having a carboxylated carboxyl-terminal glutamine comprises SEQ ID NO: 32,
SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37,
SEQ ID NO: 38, or SEQ ID NO: 39. In another embodiment, a SNAP-25 antigen
comprises SEQ ID NO: 46. In aspects of this embodiment, the carrier peptide
is a keyhole limpet hemacyanin (KLH), an ovalbumin (OVA), a thyroglobulin
(THY), a bovine serum albumin (BSA), a soybean trypsin inhibitor (STI) or a
multiple attachment peptide (MAP). In aspects of this embodiment, the
flexible linker is a G-spacer or an A-spacer. [044] In still another
embodiment, a SNAP-25 immune response inducing composition comprises a
SNAP-25 antigen having a carboxylated C-terminal lysine linked to a
flexible linker and a carrier peptide wherein the flexible linker
intervenes between the SNAP-25 antigen and the carrier peptide. In aspects
of this embodiment, SNAP-25 antigen having a carboxylated carboxyl-terminal
lysine comprises SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO:
44, SEQ ID NO: 45, or SEQ ID NO: 46. In another aspect of this embodiment,
a SNAP-25 antigen comprises SEQ ID NO: 47. In aspects of this embodiment,
the carrier peptide is a keyhole limpet hemacyanin (KLH), an ovalbumin
(OVA), a thyroglobulin (THY), a bovine serum albumin (BSA), a soybean
trypsin inhibitor (STI) or a multipleattachment peptide (MAP). In aspects
of this embodiment, the flexible linker is a G-spacer or an Aspacer. [045]
Aspects of the present disclosure comprise, in part, a method for producing
a-SNAP-25 antibodies that can selectively bind to a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond. An a-SNAP-25 antibody that selectively binds to a SNAP-25 epitope
having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site
scissile bond can be produced by a wide variety of methods that are well
known in the art. Specific protocols for making and using antibodies as
well as detecting, and measuring antibody binding specificity, binding
affinity and binding avidity are known in the art. See, e.g., ANTIBODIES: A
LABORATORY MANUAL (Edward Harlow & David Lane, eds., Cold Spring Harbor
Laboratory Press, 2nd ed. 1998a); and USING ANTIBODIES: A LABORATORY
MANUAL: PORTABLE PROTOCOL NO. I (Edward Harlow & David Lane, Cold Spring
Harbor Laboratory Press, 1998b); Molecular Cloning, A Laboratory Manual,
2001; and Current Protocols in Molecular Biology, 2004; David Anderson et
al., Therapeutic Polypeptides, Nucleic Acids Encoding Same, and Methods of
Use, U.S. Patent 7,034,132 (Apr. 25, 2005); and Beatriz M. Carreno et al.,
Antibodies Against CTLA4, U.S. Patent 7,034,121 (Apr. 25, 2006). [046] As a
non-limiting example, a-SNAP-25 polyclonal antibodies that selectively bind
to a SNAP-25 having a carboxyl-terminus at the P1 residue of the BoNT/A
cleavage site scissile bond can be produced by injecting an animal, such
as, e.g., a rabbit, a goat, a mouse or another mammal, with one or more
injections of an immune response inducing composition disclosed in the
present specification. As another non-limiting example, a-SNAP-25
polyclonal antibodies that selectively bind to a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond can be produced by injecting an egg, such as, e.g., a chicken egg,
with one or more injections of an immune response inducing composition
disclosed in the present specification. The antibody titer in the immunized
animal can be monitored over time by standard techniques, such as with an
enzyme linked immunosorbent assay (ELISA) using immobilized antigen or a
cell-based activity assay. If desired, polyclonal antibodies for an
a-SNAP-25 antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond can be isolated from the mammal (e.g., from the blood) and further
purified by well known techniques, such as protein A affinity
chromatography to obtain the IgG fraction, or by affinity purification
against the peptide used for producing the antibodies. [047] As another
non-limiting example, a-SNAP-25 monoclonal antibody that selectively binds
to a 



SNAP-25 having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond can be produced using a hybridoma method. See e.g.,
Chapter 6 Monoclonal Antibodies, pp. 196-244, Harlow & Lane, supra, 1998a;
and Chapter 7 Growing Hybridomas, pp. 245-282, Harlow & Lane, supra, 1998a;
and Goding, pp. 59-103, Monoclonal Antibodies: Principles and Practice,
Academic Press, (1986). In this method, a host animal, such as, e.g., a
mouse, a hamster, or another appropriate host animal, is typically exposed
to one or more injections of a SNAP-25 antigen disclosed in the present
specification to elicitlymphocytes that produce or are capable of producing
a-SNAP-25 antibodies that will specifically bind to a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond. The antibody titer in the immunized animal can be monitored over time
by standard techniques, such as with an enzyme linked immunosorbent assay
(ELISA) using immobilized antigen or a cell-based activity assay.
Alternatively, the lymphocytes can be immunized in vitro using a suitable
cell culture line. At an appropriate time after immunization, e.g., when
the antibody titers are highest, antibody-producing cells are isolated from
the animal. Generally, either peripheral blood lymphocytes are used, if
cells of human origin are desired, or spleen cells or lymph node cells are
used, if non-human mammalian sources are desired. The isolated
antibody-producing cells are fused with an immortal cell line using a
suitable fusing agent, such as polyethylene glycol, to form a hybridoma
cell. Immortalized cell lines are usually transformed mammalian cells,
particularly myeloma cells of rodent, bovine and human origin. Typically, a
murine myeloma cell line is fused with splenocytes harvested from an
appropriately immunized mouse to produce the hybridoma. Preferred immortal
cell lines are mouse myeloma cell lines that are sensitive to culture
medium containing hypoxanthine, aminopterin and thymidine (HAT). Any of a
number of myeloma cell lines can be used as a fusion partner according to
standard techniques, e.g., the P3-NS1/1-Ag4-1, P3-x63-Ag8.653 or Sp2/O-Ag14
myeloma lines. Hybridoma cells resulting from the fusion are then selected
using HAT medium, which kills unfused and unproductively fused myeloma
cells (unfused splenocytes die after several days in culture because they
are not transformed). The culture medium in which the hybridoma cells are
grown can then be assayed for the presence of a-SNAP-25 monoclonal
antibodies that selectively bind to a SNAP-25 having a carboxyl-terminus at
the P1 residue of the BoNT/A cleavage site scissile bond. For example,
hybridoma supernatants can be screened using a-SNAP-25 positive media in an
immunoprecipitation assay, in vitro binding assay, such as, e.g., a
radioimmunoassay (RIA) or an enzyme-linked immunoabsorbent assay (ELISA),
or in a cell-based activity assay. Such techniques and assays are known in
the art. See e.g., Chapter 11 Immunoprecipitation, pp. 421-470, Harlow &
Lane, supra, 1998a; Chapter 12 Immunoblotting, pp. 471-510, Harlow & Lane,
supra, 1998a; Chapter 14 Immunoassays, pp. 553-612, Harlow & Lane, supra,
1998a. Additional studies can then be done to determine whether the
antibody is also unreactive to a SNAP-25 lacking a carboxylterminus at the
P1 residue of the BoNT/A cleavage site scissile bond. The binding affinity
of an a-SNAP- 25 monoclonal antibody can also be determined, e.g., by
Scatchard analysis. See, e.g., Peter J. Munson and David Rodbard, Ligand: A
Versatile Computerized Approach For Characterization of Ligand-Binding
Systems, 107(1) Anal. Biochem. 220-239 (1980). After the desired hybridoma
cells are identified, limiting dilution procedures are used to isolate
clones originating from a single cell until a clonal cell line expressing
the desired monoclonal antibody is obtained. Those antibodies sufficiently
selective for a SNAP-25 having a carboxyl-terminus at the P1 residue of the
BoNT/A cleavage site scissile bond and bind with sufficiently high avidity
are chosen for further characterization and study. [048] Another
alternative for preparing an a-SNAP-25 monoclonal antibody that selectively
binds to a SNAP-25 having a carboxyl-terminus at the P1 residue of the
BoNT/A cleavage site scissile bond is by screening a recombinant
combinatorial immunoglobulin library, such as, e.g., an antibody phage
displaylibrary, with a SNAP-25 peptide and isolate immunoglobulin library
members that bind a SNAP-25 having a carboxyl-terminus at the P1 residue of
the BoNT/A cleavage site scissile bond. Kits for generating and screening
phage display libraries are commercially available, such as, e.g., the
Recombinant Phage Antibody System (Amersham GE Healthcare, Piscataway, NJ);
and the SurfZAP(tm) Phage Display Kit (Stratagene, La JoIIa, CA).
Additionally, examples of methods and reagents useful in generating and
screening antibody display library can be found in, for example, Ladner et
al. U.S. Patent 5,223,409; Borrebaeck et al. U.S. Patent 5,712,089;
Griffiths et al. U.S. Patent 5,885,793; Griffiths et al. U.S. Patent
5,962,255; McCafferty et al. U.S. Patent 5,969,108; Griffiths et al. U.S.
Patent 6,010,884; Jespers et al. U.S. Patent 6,017,732; Borrebaeck et al.
U.S. Patent 6,027,930; Johnson et al. U.S. Patent 6,140,471; McCafferty et
al. U.S. Patent 6,172,197, each of which is hereby incorporated by
reference in its entirety. [049] Aspects of the present disclosure
comprise, in part, collecting a sample containing an a-SNAP-25 antibody or
a-SNAP-25 antibody-producing cells. As used herein, the term "sample
containing an a- SNAP-25 antibody or a-SNAP-25 antibody-producing cell"
refers to any biological matter that contains or potentially contains at
least one an a-SNAP-25 antibody that selectively binds to a SNAP-25 epitope
having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site
scissile bond. It is envisioned that any and all samples that can contain
an a-SNAP-25 antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond can be used in this method, including, without limitation, blood,
plasma, serum and lymph fluid. It is also envisioned that any cell capable
of producing an a-SNAP-25 antibody that selectively binds to a SNAP-25
epitope having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond can be used in this method, including, without
limitation, a CD8 cells, a CTL cell, a helper T-cell and a B-cell. A
variety of well known methods can be used for collecting from an individual
a sample containing the a- SNAP-25 antibody or a-SNAP-25 antibody-producing
cell, see, e.g., Harlow & Lane, supra, 1998a; and Harlow & Lane, supra,
1998b. Similarly, a variety of well known methods can be used for
processing a sample to isolate an a-SNAP-25 antibody that selectively binds
to a SNAP-25 epitope having a carboxylterminus at the P1 residue of the
BoNT/A cleavage site scissile bond. A procedure for collecting a sample can
be selected based on the type of antibody to be isolated. As a non-limiting
example, when isolating an a-SNAP-25 polyclonal antibodies that selectively
bind to a SNAP-25 having a carboxyl-terminus at the P1 residue of the
BoNT/A cleavage site scissile bond, an appropriate sample can be a blood
sample containing such a-SNAP-25 antibodies, whereas when isolating an
a-SNAP-25 monoclonal antibodies that selectively bind to a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage 



site scissile bond, an appropriate sample can be an a-SNAP-25
antibody-producing cell such as a spleen cell or hybridoma. [050] Aspects
of the present disclosure comprise, in part, isolating an a-SNAP-25
antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond from the sample. Methods of isolating an such a-SNAP-25 antibodies,
such as, e.g., a-SNAP-25 polyclonal antibodies that selectively bind to a
SNAP-25 having a carboxyl-terminusat the P1 residue of the BoNT/A cleavage
site scissile bond or a-SNAP-25 monoclonal antibodies that selectively bind
to a SNAP-25 having a carboxyl-terminus at the P1 residue of the BoNT/A
cleavage site scissile bond are well known to those skilled in the art.
See, e.g., Harlow and Lane, supra, 1998a; and Harlow and Lane, supra,
1998b. For example, such a-SNAP-25 polyclonal antibodies can be isolated
from the sample by well known techniques, such as, e.g., affinity
chromatography using protein A or protein G, which provide primarily the
IgG fraction of immune serum. Subsequently, or alternatively, a specific
SNAP-25 antigen can be immobilized on a column or magnetic beads to purify
the a-SNAP-25 polyclonal antibodies that selectively binds to a SNAP-25
having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site
scissile bond by immunoaffinity chromatography. An a-SNAP-25 monoclonal
antibody that selectively binds to a SNAP-25 having a carboxyl-terminus at
the P1 residue of the BoNT/A cleavage site scissile bond can be isolated
from the culture medium or ascites fluid by conventional immunoglobulin
purification procedures such as, e.g., protein A-Sepharose, hydroxy Ia
patite chromatography, gel electrophoresis, dialysis, or affinity
chromatography. [051] Thus, in an embodiment, a method of producing a
a-SNAP-25 antibody that can selectively bind to a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond comprises the steps (a) administering to an animal a SNAP-25 immune
response inducing composition comprising a SNAP-25 antigen having a
carboxylated C-terminal glutamine linked to a carrier peptide; (b)
collecting from the animal a sample containing an a-SNAP-25 antibody or
a-SNAP-25 antibody-producing cell; and (c) isolating the a-SNAP-25 antibody
component from the sample. In an aspect of this embodiment, the a-SNAP-25
antibody that can selectively bind to a SNAP-25 having a carboxyl-terminus
at the P1 residue of the BoNT/A cleavage site scissile bond is a polyclonal
antibody. In another aspect of this embodiment, a-SNAP-25 antibody that can
selectively bind to a SNAP-25 having a carboxyl-terminus at the P1 residue
of the BoNT/A cleavage site scissile bond is a monoclonal antibody. In a
further aspect of this embodiment, an a-SNAP-25 monoclonal antibody that
can selectively bind to a SNAP-25 having a carboxyl-terminus at the P1
residue of the BoNT/A cleavage site scissile bond produced is an IgG
subtype. In other aspects of this embodiment, SNAP-25 immune response
inducing composition further comprises an adjuvant, such as, e.g.,
polyethylene glycol (PEG), monomethoxypolyethylene glycol (mPEG), or
polyvinyl alcohol (PVA). [052] In another embodiment, a method of producing
a-SNAP-25 antibodies that can selectively bind to a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond comprises the steps (a) administering to an animal a SNAP-25 immune
response inducing composition comprising a SNAP-25 peptide having a
carboxylated C-terminal glutamine linked to a flexible linker and a carrier
peptide wherein the flexible linker intervenes between the SNAP-25 peptide
and the carrier peptide; (b) collecting from the animal a sample containing
an a-SNAP-25 antibody or a-SNAP-25 antibody-producing cell; and (c)
isolating the a-SNAP-25 antibody from the sample. In an aspect of this
embodiment, the a-SNAP-25 antibodies that can selectively bind to a SNAP-25
having a carboxylterminus at the P1 residue of the BoNT/A cleavage site
scissile bond is a polyclonal antibody. In anotheraspect of this
embodiment, a-SNAP-25 antibodies that can selectively bind to a SNAP-25
having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site
scissile bond is a monoclonal antibody. In a further aspect of this
embodiment, a-SNAP-25 monoclonal antibody that can selectively bind to a
SNAP-25 having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond produced in an IgG subtype. In other aspects of this
embodiment, SNAP-25 immune response inducing composition further comprises
an adjuvant, such as, e.g., polyethylene glycol (PEG),
monomethoxypolyethylene glycol (mPEG), or polyvinyl alcohol (PVA). [053]
Aspects of the present disclosure comprise, in part, an isolated a-SNAP-25
antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond. As used herein, the term "antibody" refers to a molecule generated by
an immune system that was made in response to a particular antigen that
specifically binds to that antigen, and includes both naturally occurring
antibodies and non-naturally occurring antibodies. As used herein, the term
"isolated" refers to separating a molecule from its natural environment by
the use of human intervention. For example, an antibody can be a polyclonal
antibody, a monoclonal antibody, a dimer, a multimer, a multispecific
antibody, a humanized antibody, a chimeric antibody, bi-functional
antibody, a cell-associated antibody like an Ig receptor, a linear
antibody, a diabody, or a minibody, so long as the fragment exhibits the
desired biological activity, and single chain derivatives of the same. An
antibody can be a full-length immunoglobulin molecule comprising the VH and
VL domains, as well as a light chain constant domain (CL) and heavy chain
constant domains, CH 1 , C 2 d CH3 , or an immunologically active fragment
of a full-length immunoglobulin molecule, such as, e.g., a Fab fragment, a
F(ab')2 fragment, a Fc fragment, a Fd fragment, a Fv fragment. An antibody
can be derived from any vertebrate species (e.g., human, goat, horse,
donkey, murine, rat, rabbit, or chicken), and can be of any type (e.g.,
IgG, IgE, IgM, IgD, and IgA), class (e.g., IgA, IgD, IgE, IgG, and IgM) or
subclass (IgGI, lgG2, lgG3, lgG4, IgAI and lgA2). For general disclosure on
the structure of naturally occurring antibodies, non-naturally occurring
antibodies, and antigenic compound-binding fragments thereof, see, e.g.,
Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg
and Moore eds., Springer-Verlag, New York, pp. 269-315 (1994); Borrabeck,
Antibody Engineering , 2d ed. (Oxford University Press 1995), each of which
is hereby incorporated by reference in its entirety. [054]
Naturally-occurring antibodies are usually heterotetrameric glycoproteins
of about 150,000 daltons, composed of two identical light (L) chains and
two identical heavy (H) chains. Each light chain is linked to a heavy chain
by one covalent disulfide bond, while the number of disulfide linkages
varies among the heavy chains of different immunoglobulin isotypes. Each
heavy and light chain also has 



regularly spaced intrachain disulfide bridges. Each heavy chain has at one
end a variable domain (VH) followed by a number of constant domains. Each
light chain has a variable domain at one end (VL) and a constant domain at
its other end. The constant domain of the light chain is aligned with the
first constant domain of the heavy chain, and the light-chain variable
domain is aligned with the variable domain of theheavy chain. Particular
amino acid residues are believed to form an interface between the light
chain and heavy chain variable domains. [055] The complete
antigen-recognition and antigen-binding site is contained within the
variable domains of the antibody, i.e., the Fv fragment. This fragment
includes a dimer of one heavy chain variable domain (VH) and one light
chain variable domain (VL) in tight, non-covalent association. Each domain
comprises four framework regions (FR), which largely adopting a b-sheet
configuration, connected by three hypervariable regions, which form loops
connecting, and in some cases form part of, the b-sheet structure. Each
hypervariable region comprises an amino acid sequence corresponding to a
complementarity determining region (CDRs). Collectively, it the
three-dimensional configuration of the six CDR regions that define an
antigen-binding site on the surface of the VH- VL dimmer that confers
antigenbinding specificity. See e.g., Cyrus Chothia, et al., Conformations
of Immunoglobulin Hypervariable Regions, Nature 342(6252): 877-883 (1989);
Elvin A. Kabat, et al Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of Health, Bethesda, MD.
(1991), each of which is incorporated by reference in its entirety. The
constant domains of the antibody are not involved directly in binding an
antibody to an antigen, but exhibit various effector functions, such as
participation of the antibody in antibody dependent cellular cytotoxicity.
[056] A target antigen generally has one or more binding sites, also called
epitopes, which are recognized by the CDR-formed antigen-binding site. As
used herein, an "epitope" is synonymous with "antigenic determinant" and
refers to the site on a target antigen, such as, e.g., a peptide,
polysaccharide or lipid-containing molecule, capable of specific binding to
an immunoglobulin or T-cell receptor or otherwise interacting with a
molecule. Each antibody that specifically binds to a different epitope has
a different structure. Thus, one antigen may have more than one
corresponding antibody. [057] Polyclonal antibodies refer to a
heterogeneous population of antibody molecules that contain at least two
species of antibody capable of binding to a particular antigen. By
definition, a polyclonal antibody includes two different antibodies that
bind to at least two different epitopes. As used herein, the term
"monoclonal antibody" or "monoclonal antibodies" refer to a substantially
homogeneous population of antibody molecules that contain only one species
of antibody capable of binding a particular antigen i.e., the individual
antibodies comprising the population are identical except for possible
naturally occurring mutations that may be present in minor amounts. By
definition, a monoclonal antibody binds to a single epitope. Monoclonal
antibodies are highly specific, being directed against a single antigenic
site. Furthermore, in contrast to polyclonal antibodies, each monoclonal
antibody is directed against a single determinant on the antigen. In
addition to their specificity, the monoclonal antibodies are advantageous
in that they may be synthesized uncontaminated by other antibodies. The
modifier "monoclonal" indicates the character of the antibody as being
obtained from a substantially homogeneous population of antibodies, and is
not to be construed as requiring production of the antibody by any
particular method. For example, the monoclonal antibodies to be used in
accordance with the present disclosure may bemade by the hybridoma method
first described by Kohler et al (1975) Nature 256:495, or may be made by
recombinant DNA methods (see for example: U.S. Pat. No. 4,816,567; U.S.
Pat. No. 5,807,715). The monoclonal antibodies may also be isolated from
phage antibody libraries using the techniques described in Clackson et al
(1991) Nature, 352:624-628; Marks et al (1991) J. MoI. Biol., 222:581-597;
for example. [058] Thus, in an embodiment, an a-SNAP-25 antibody comprises
a heavy chain variable domain (VH) and a light chain variable domain (VL)
that selectively binds to a SNAP-25 having a carboxyl-terminus at the P1
residue of the BoNT/A cleavage site scissile bond. In an aspect of this
embodiment, the heavy chain variable domain (VH) is SEQ ID NO: 72, SEQ ID
NO: 74, SEQ ID NO: 76, SEQ ID NO: 80, SEQ ID NO: 82, or SEQ ID NO: 133. In
another aspect of this embodiment, the light chain variable domain (VL) is
SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 88, SEQ ID NO: 90, or SEQ ID NO:
92. [059] In another embodiment, a nucleic acid sequence encodes an
a-SNAP-25 antibody comprising a heavy chain variable domain (VH) and a
light chain variable domain (VL) that selectively binds to a SNAP- 25
having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site
scissile bond. In an aspect of this embodiment, the heavy chain variable
domain (VH) is encoded by the nucleic acid sequence SEQ ID NO: 71, SEQ ID
NO: 73, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 79, SEQ ID NO: 81, or SEQ
ID NO: 132. In another aspect of this embodiment, the heavy chain variable
domain (VH) is encoded by a nucleic acid sequence that is at least 70%
identical to, at least 75% identical to, at least 80% identical to, at
least 85% identical to, at least 90% identical to, at least 95% identical,
at least 96% identical, at least 97% identical, at least 98% identical, or
at least 99% identical to SEQ ID NO: 71, SEQ ID NO: 73, SEQ ID NO: 75, SEQ
ID NO: 77, SEQ ID NO: 79, SEQ ID NO: 81, or SEQ ID NO: 132. In yet another
aspect of this embodiment, the light chain variable domain (VL) is encoded
by SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, or SEQ ID
NO: 9 1. In still another aspect of this embodiment, the light chain
variable domain (VL) is encoded by a nucleic acid sequence that is at least
70% identical to, at least 75% identical to, at least 80% identical to, at
least 85% identical to, at least 90% identical to, at least 95% identical,
at least 96% identical, at least 97% identical, at least 98% identical, or
at least 99% identical to SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87, SEQ
ID NO: 89, or SEQ ID NO: 9 1. [060] In another embodiment, an a-SNAP-25
antibody comprises a heavy chain variable domain (VH) CDR1 region, a CDR2
region, a CDR3 region, or any combination thereof that selectively binds to
a SNAP-25 having a carboxyl-terminus at the P1 residue of the BoNT/A
cleavage site scissile bond. In an aspect of this embodiment, the heavy
chain variable domain (VH) CDR1 region is SEQ ID NO: 93, SEQ ID NO: 94, SEQ
ID NO: 95, SEQ ID NO: 118, SEQ ID NO: 119, or SEQ ID NO: 120. In another
aspect of this embodiment, the heavy chain variable domain (VH) CDR2 region
is SEQ ID NO: 96, SEQ ID NO: 97, SEQ ID NO: 98, SEQ ID NO: 99, SEQ ID NO:
121, SEQ ID NO: 122, or SEQ ID NO: 123. In yet another aspect of this
embodiment, the heavy chain variable domain (VH) CDR3 region is SEQ ID NO:
100, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 124, SEQ ID NO: 134, or SEQ
ID NO: 135.[061] In another embodiment, an a-SNAP-25 antibody comprises a
light chain variable domain (VL) 



CDR1 region, a CDR2 region, a CDR3 region, or any combination thereof that
selectively binds to a SNAP-25 having a carboxyl-terminus at the P1 residue
of the BoNT/A cleavage site scissile bond. In an aspect of this embodiment,
the light chain variable domain (VL) CDR1 region is SEQ ID NO: 103, SEQ ID
NO: 104, SEQ ID NO: 105, SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID NO: 125,
SEQ ID NO: 126, SEQ ID NO: 127, SEQ ID NO: 128, or SEQ ID NO: 129. In
another aspect of this embodiment, the light chain variable domain (VL)
CDR2 region is SEQ ID NO: 108, SEQ ID NO: 109, SEQ ID NO: 110, SEQ ID NO:
111, or SEQ ID NO: 112. In yet another aspect of this embodiment, the light
chain variable domain (VL) CDR3 region is SEQ ID NO: 113, SEQ ID NO: 114,
SEQ ID NO: 115, SEQ ID NO: 116, or SEQ ID NO: 117. [062] In yet another
embodiment, an a-SNAP-25 antibody specifically binds an epitope comprising
a SNAP-25 having a carboxyl-terminus at the P1 residue of the BoNT/A
cleavage site scissile bond. In an aspect of this embodiment, the epitope
comprises SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ
ID NO: 36, or SEQ ID NO: 37. In an aspect of this embodiment, the epitope
comprises SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 4 1, SEQ ID NO: 42, SEQ
ID NO: 43, or SEQ ID NO: 44. [063] As discussed above, the sequence
surrounding a BoNT/A cleavage site present in SNAP-25 is denoted P5- P4-
P3- P2- P1- P1'-P '-Ps'-P^-Ps', with P1- P1' representing the scissile
bond. Upon cleavage by BoNT/A, the resulting cleavage products produced
comprise a fragment including the P5- P4- P3- P2-P- 1 sequence and a
fragment including the P1'-P 2 -Ps-PV-Ps'. As used herein, the term
"a-SNAP-25 antibodies that selectively bind to a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond" refers to a-SNAP-25 antibodies that selectively bind to any SNAP-25
cleavage product fragment comprising the P5- P4- P3- P2-P- 1 sequence, but
not to any SNAP-25 cleavage product fragment comprising the P-T-P
'-Ps'-PV-Ps' sequence or to any SNAP-25 having an intact P1- P1' scissile
bond of a BoNT/A cleavage site. As used herein, the term "a-SNAP-25 197
antibody" refers to an antibody that selectively binds to a SNAP-25 having
a carboxyl-terminus P1 residue that corresponds to glutamine 197 of SEQ ID
NO: 5 . As used herein, the term "a-SNAP-25 204 antibody" refers to an
antibody that selectively binds to a SNAP-25 having a carboxyl-terminus P1
residue that corresponds to lysine 204 of SEQ ID NO: 16. [064] As used
herein, the term "selectively" refers to having a unique effect or
influence or reacting in only one way or with only one thing. As used
herein, the term "selectively binds", or "selective binding" when made in
reference to an antibody, refers to the discriminatory binding of the
antibody to the indicated target epitope such that the antibody does not
substantially cross react with non-target epitopes. The minimal size of a
peptide epitope, as defined herein, is about five amino acids, and a
peptide epitope typically comprises at least 5 , at least 6 , at least 7 ,
at least 8 , at least 9 , at least 10, at least 15, or at least 20 amino
acids. A peptide epitope may be discontinuous, i.e., it comprises amino
acid residues that are not adjacent in the primary structure of the peptide
but are brought together into an epitope by way of thesecondary, tertiary,
or quaternary structure of the peptide. Furthermore, it is also noted that
an epitope might comprise a portion of a molecule other than an amino acid
sequence, such as, e.g., a carbohydrate moiety, a lipid moiety like
lipoproteins or glycolipids, or a chemically-modified amino acid moiety
like a phosphorylated amino acid. In aspects of this embodiment, an
a-SNAP-25 antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond can selectively bind a SNAP-25 epitope having a carboxyl-terminus at
the P1 residue of the BoNT/A cleavage site scissile bond comprising at
least 5 , at least 6 , at least 7 , at least 8 , at least 9 , at least 10,
at least 15, or at least 20 amino acids. In other aspects of this
embodiment, an a-SNAP-25 antibody that selectively binds to a SNAP-25
epitope having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond can selectively bind a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond comprising at most 5 , at most 6 , at most 7 , at most 8 , at most 9 ,
at most 10, at most 15, or at most 20 amino acids. [065] Selective binding
includes binding properties such as, e.g., binding affinity, binding
specificity, and binding avidity. See David J. King, Applications and
Engineering of Monoclonal Antibodies, pp. 240 (1998). Binding affinity
refers to the length of time the antibody resides at its epitope binding
site, and can be viewed as the strength with which an antibody binds its
epitope. Binding affinity can be described an antibody's equilibrium
dissociation constant (KD), which is defined as the ratio Kd/Ka at
equillibrium. Where Ka is the antibody's association rate constant and kd
is the antibody's dissociation rate constant. Binding affinity is
determined by both the association and the dissociation and alone neither
high association or low dissociation can ensure high affinity. The
association rate constant (Ka), or on-rate constant (Kon), measures the
number of binding events per unit time, or the propensity of the antibody
and the antigen to associate reversibly into its antibody-antigen complex.
The association rate constant is expressed in M 1 s 1 , and is symbolized
as follows: [Ab] x [Ag] x Kon. The larger the association rate constant,
the more rapidly the antibody binds to its antigen, or the higher the
binding affinity between antibody and antigen. The dissociation rate
constant (Kd), or off-rate constant (Koff), measures the number of
dissociation events per unit time propensity of an antibody-antigen complex
to separate (dissociate) reversibly into its component molecules, namely
the antibody and the antigen. The dissociation rate constant is expressed
in s 1 , and is symbolized as follows: [Ab + Ag] x Koff. The smaller the
dissociation rate constant, the more tightly bound the antibody is to its
antigen, or the higher the binding affinity between antibody and antigen.
The equilibrium dissociation constant (KD) measures the rate at which new
antibody-antigen complexes formed equals the rate at which antibody-antigen
complexes dissociate at equilibrium. The equilibrium dissociation constant
is expressed in M, and is defined as Koff/Kon=[Ab] x [Ag]/[Ab + Ag], where
[Ab] is the molar concentration of the antibody, [Ag] is the molar
concentration of the antigen, and [Ab + Ag] is the of molar concentration
of the antibody-antigen complex, where all concentrations are of such
components when the system is at equilibrium. The smaller the equilibrium
dissociation constant, the more tightly bound the antibody is to its
antigen, or the higher the binding affinity between antibody and
antigen.[066] Thus, in an embodiment, the binding affinity of an a-SNAP-25
antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond can have an association rate constant of, e.g., less than 1 x 105 M 1
s 1 , less than 1 x 106 M 1 s 1 , less than 



1 x 107 M 1 s 1 , or less than 1 x 108 M 1 s \ In another embodiment, the
binding affinity of an a-SNAP-25 antibody that selectively binds to a
SNAP-25 epitope having a carboxyl-terminus at the P1 residue of the BoNT/A
cleavage site scissile bond can have an association rate constant of, e.g.,
more than 1 x 105 M 1 s 1 , more than 1 x 106 M 1 s 1 , more than 1 x 107 M
1 s 1 , or more than 1 x 108 M 1 s~1 . In other aspects, the binding
affinity of an a-SNAP-25 antibody that selectively binds to a SNAP-25
epitope having a carboxylterminus at the P1 residue of the BoNT/A cleavage
site scissile bond can have an association rate constant between 1 x 105 M
1 s~1 to 1 x 108 M 1 s \ 1 x 106 M 1 s~1 to 1 x 108 M 1 s \ 1 x 105 M 1 s~1
to 1 x 107 M 1 s 1 , or 1 x 106 M 1 s~1 to 1 x 107 M 1 s \ [067] In another
embodiment, the binding affinity of an a-SNAP-25 antibody that selectively
binds to a SNAP-25 epitope having a carboxyl-terminus at the P1 residue of
the BoNT/A cleavage site scissile bond can have a disassociation rate
constant of less than 1 x 10 3 s 1 , less than I x I O4 S1, or less than 1
x 10~5 s \ In other aspects of this embodiment, the binding affinity of an
a-SNAP-25 antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond can have a disassociation rate constant of, e.g., less than 1.0 x 10~4
s 1 , less than 2.0 x 10~4 s 1 , less than 3.0 x 10~4 s~1 , less than 4.0 x
10~4 s~1 , less than 5.0 x 10~4 s~1 , less than 6.0 x 10~4 s~1 , less than
7.0 x 10~4 s 1 , less than 8.0 x 10 4 s 1 , or less than 9.0 x 10~4 s~1 .
In another embodiment, the binding affinity of an a-SNAP-25 antibody that
selectively binds to a SNAP-25 epitope having a carboxyl-terminus at the P1
residue of the BoNT/A cleavage site scissile bond can have a disassociation
rate constant of, e.g., more than 1 x 10 3 s 1 , more than 1 x 10 4 S1, or
more than 1 x 10~5 s 1 . In other aspects of this embodiment, the binding
affinity of an a-SNAP-25 antibody that selectively binds to a SNAP-25
epitope having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond can have a disassociation rate constant of, e.g., more
than 1.0 x 10~4 s 1 , more than 2.0 x 10 4 s 1 , more than 3.0 x 10 4 s 1 ,
more than 4.0 x 10 4 s more than 5.0 x 10 4 s more than 6.0 x 10 4 s more
than 7.0 x 10 4 s more than 8.0 x 10 4 s 1 , or more than 9.0 x 10 4 s \
[068] In another embodiment, the binding affinity of an a-SNAP-25 antibody
that selectively binds to a SNAP-25 epitope having a carboxyl-terminus at
the P1 residue of the BoNT/A cleavage site scissile bond can have an
equilibrium disassociation constant of less than 0.500 nM. In aspects of
this embodiment, the binding affinity of an a-SNAP-25 antibody that
selectively binds to a SNAP-25 epitope having a carboxyl-terminus at the P1
residue of the BoNT/A cleavage site scissile bond can have an equilibrium
disassociation constant of, e.g., less than 0.500 nM, less than 0.450 nM,
less than 0.400 nM, less than 0.350 nM, less than 0.300 nM, less than 0.250
nM, less than 0.200 nM, less than 0.150 nM, less than 0.100 nM, or less
than 0.050 nM. In another embodiment, the binding affinity of an a-SNAP-25
antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond can have an equilibrium disassociation constant of more than 0.500 nM.
Inaspects of this embodiment, the binding affinity of an a-SNAP-25 antibody
that selectively binds to a SNAP-25 epitope having a carboxyl-terminus at
the P1 residue of the BoNT/A cleavage site scissile bond can have an
equilibrium disassociation constant of, e.g., more than 0.500 nM, more than
0.450 nM, more than 0.400 nM, more than 0.350 nM, more than 0.300 nM, more
than 0.250 nM, more than 0.200 nM, more than 0.150 nM, more than 0.100 nM,
or more than 0.050 nM. [069] In yet another embodiment, the binding
affinity of an a-SNAP-25 antibody that selectively binds to a SNAP-25
epitope having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond can have an association rate constant of for the intact
SNAP-25 of, e.g., less than 1 x 10 M 1 s 1 , less than 1 x 10 1 M 1 s 1 ,
less than 1 x 102 M 1 s 1 , less than 1 x 103 M 1 s 1 , or less than 1 x
104 M 1 s \ In another embodiment, the binding affinity of an a-SNAP-25
antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond can have an association rate constant of for the intact SNAP-25 of,
e.g., at most 1 x 10 M 1 s 1 , at most 1 x 101 M 1 s 1 , at most 1 x 102 M
1 s \ at most 1 x 103 M 1 s \ or at most 1 x 104 M 1 s \ [070] Binding
specificity is the ability of an antibody to discriminate between a
molecule containing its epitope and a molecule that does not contain that
epitope. One way to measure binding specificity is to compare the Kon
association rate of the antibody for a molecule containing its epitope
relative to the Kon association rate of the antibody for a molecule that
does not contain that epitope. For example, comparing the association rate
constant (Ka) of an a-SNAP-25 antibody for a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond relative to a SNAP-25 not comprising that epitope, such as, e.g., a
SNAP-25 epitope lacking a carboxyl-terminus at the P1 residue of the BoNT/A
cleavage site scissile bond or a SNAP-25 epitope having an intact P1- P1'
scissile bond of a BoNT/A cleavage site. In aspects of this embodiment, an
a-SNAP-25 antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond has an association rate constant (Ka) for a SNAP-25 not comprising its
epitope(s) of, e.g., less than 1 x 10 M 1 s 1 , less than 1 x 101 M 1 s \
less than 1 x 102 M 1 s \ less than 1 x 103 M 1 s 1 or less than 1 x 104 M
1 s~\ In other aspects of this embodiment, an a-SNAP-25 antibody that
selectively binds to a SNAP-25 epitope having a carboxyl-terminus at the P1
residue of the BoNT/A cleavage site scissile bond has an association rate
constant (Ka) for a SNAP-25 not comprising its epitope(s) of, e.g., at most
1 x 10 M 1 s 1 , at most 1 x 10 1 M 1 s \ at most 1 x 102 M 1 s \ at most 1
x 103 M 1 s 1 or at most 1 x 104 M 1 s \ [071] In yet aspects of this
embodiment, an a-SNAP-25 antibody that selectively binds to a SNAP-25
epitope having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond has an association rate constant (Ka) for its epitope
relative to a SNAP-25 not comprising that epitope of, e.g., at least 2-fold
more, at least 3-fold more, at least 4-fold more, at least 5-fold more, at
least 6-fold more, at least 7-fold more, at least 8-fold more, or at least
9-fold more. In further aspects of this embodiment, an a-SNAP-25 antibody
that selectively binds to a SNAP-25 epitope having a carboxyl-terminus at
the P1 residue of the BoNT/A cleavage site scissile bond has an association
rate constant (Ka) for its epitoperelative to a SNAP-25 not comprising that
epitope of, e.g., at least 10-fold more, at least 100-fold more, at least
1,000-fold more or at least 10,000-fold more. In yet other aspects of this
embodiment, an a-SNAP- 25 antibody that selectively binds to a SNAP-25
epitope having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond has an association rate constant (Ka) for its epitope
relative to a SNAP-25 not comprising that epitope of, e.g., at most 1-fold
more, at most 2-fold more, at most 3-fold 



more, at most 4-fold more, at most 5-fold more, at most 6-fold more, at
most 7-fold more, at most 8-fold more, or at most 9-fold more. In yet other
aspects of this embodiment, an a-SNAP-25 antibody that selectively binds to
a SNAP-25 epitope having a carboxyl-terminus at the P1 residue of the
BoNT/A cleavage site scissile bond has an association rate constant (Ka)
for its epitope relative to a SNAP-25 not comprising that epitope of, e.g.,
at most 10-fold more, at most 100-fold more, at most 1,000-fold more or at
most 10,000-fold more. [072] The binding specificity of an a-SNAP-25
antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond can also be characterized as a ratio that such an a-SNAP-25 antibody
can discriminate its SNAP-25 epitope relative to a SNAP-25 not comprising
that epitope, such as, e.g., a SNAP-25 epitope lacking a carboxyl-terminus
at the P1 residue of the BoNT/A cleavage site scissile bond or a SNAP-25
epitope having an intact P1- P1' scissile bond of a BoNT/A cleavage site.
In aspects of this embodiment, an a-SNAP-25 antibody that selectively binds
to a SNAP-25 epitope having a carboxyl-terminus at the P1 residue of the
BoNT/A cleavage site scissile bond has a binding specificity ratio for its
SNAP-25 epitope relative to a SNAP-25 not comprising that epitope of, e.g.,
at least 2:1, at least 3:1, at least 4:1, at least 5:1 , at least 64:1, at
least 7:1, at least 8:1, at least 9:1, at least 10:1, at least 15:1, at
least 20:1, at least 25:1, at least 30:1, at least 35:1 , or at least 40:1
. In yet other aspects of this embodiment, an a-SNAP-25 antibody that
selectively binds to a SNAP-25 epitope having a carboxyl-terminus at the P1
residue of the BoNT/A cleavage site scissile bond has a binding specificity
ratio for its SNAP-25 epitope relative to a SNAP-25 lacking a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond of, e.g., at least 2:1, at least 3:1, at least 4:1, at least 5:1, at
least 6:1, at least 7:1, at least 8:1, at least 9:1, at least 10:1, at
least 15:1, at least 20:1, at least 25:1, at least 30:1, at least 35:1, or
at least 40:1. In still other aspects of this embodiment, an a-SNAP-25
antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond has a binding specificity ratio for its SNAP-25 epitope relative to a
SNAP-25 having an intake P1- P1' scissile bond of a BoNT/A cleavage site
of, e.g., at least 2:1, at least 3:1, at least 4:1, at least 5:1, at least
64:1, at least 7:1, at least 8:1, at least 9:1, at least 10:1, at least
15:1, at least 20:1, at least 25:1, at least 30:1 , at least 35:1, or at
least 40:1. [073] Binding avidity, also known as functional affinity,
refers to the sum total of the functional binding strength between a
multivalent antibody and its antigen. Antibody molecules can have more than
one binding site (e.g., 2 for IgG, 10 for IgM), and many antigens contain
more than one antigenic site. While binding avidity of an antibody depends
on the binding affinities of the individual antibody binding sites,binding
avidity is greater than the binding affinity as all the antibody-antigen
interactions must be broken simultaneously for the antibody to dissociate
completely. It is envisioned that an a-SNAP-25 antibody that selectively
binds to a SNAP-25 epitope having a carboxyl-terminus at the P1 residue of
the BoNT/A cleavage site scissile bond can selectively bind to any and all
epitopes for that antibody. [074] Thus, in an embodiment, an a-SNAP-25
antibody is an a-SNAP-25 antibody that selectively binds to a SNAP-25
epitope having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond. In aspects of this embodiment, an a-SNAP-25 antibody is
an a-SNAP-25 antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus glutamine or an a-SNAP-25 antibody that selectively binds
to a SNAP-25 epitope having a carboxyl-terminus lysine. In other aspects of
this embodiment, an a-SNAP-25 antibody is an a-SNAP-25 antibody that
selectively binds to a SNAP-25 epitope having a carboxyl-terminus P1
residue that corresponds to glutamine 197 of SEQ ID NO: 5 or an a-SNAP-25
antibody that selectively binds to a SNAP-25 epitope having a
carboxyl-terminus P1 residue that corresponds to lysine 204 of SEQ ID NO:
16. In still other aspects of this embodiment, an a-SNAP- 25 antibody is an
a-SNAP-25 antibody that selectively binds to a SNAP-25 epitope having a
carboxylterminal amino acid sequence of SEQ ID NO: 32, SEQ ID NO: 33, SEQ
ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, SEQ
ID NO: 39, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ
ID NO: 45, or SEQ ID NO: 46. [075] Aspects of the present disclosure
comprise, in part, an immuno-based method of detecting retargeted
endopeptidase activity. The immuno-based methods disclosed in the present
specification can be evaluated by several parameters including, e.g.,
accuracy, precision, limit of detection (LOD), limits of quantitation
(LOQ), range, specificity, selectivity, linearity, ruggedness, and system
suitability. The accuracy of a method is the measure of exactness of an
analytical method, or the closeness of agreement between the measured value
and the value that is accepted as a conventional true value or an accepted
reference value. The precision of a method is the degree of agreement among
individual test results, when the procedure is applied repeatedly to
multiple samplings of a homogeneous sample. As such, precision evaluates 1)
within assay variability; 2) within-day variability (repeatability); and 3)
between-day variability (intermediate precision); and 4) between-lab
variability (reproducibility). Coefficient of variation (CV%) is a
quantitative measure of precision expressed relative to the observed or
theoretical mean value. [076] An immuno-based method disclosed in the
present specification must be able to detect, over background, the presence
of an a-SNAP-25 antibody-antigen complex comprising a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond. The limit of detection (LOD) of a method refers to the concentration
of analyte which gives rise to a signal that is significantly different
from the negative control or blank and represents the lowest concentration
of analyte that can be distinguished from background.[077] Thus, in an
embodiment, the immuno-based method disclosed in the present specification
can detect the LOD of retargeted endopeptidase at an amount that is
significantly different from a negative control or blank. In aspect of this
embodiment, the immuno-based method disclosed in the present specification
has an LOD of, e.g., 10 ng or less, 9 ng or less, 8 ng or less, 7 ng or
less, 6 ng or less, 5 ng or less, 4 ng or less, 3 ng or less, 2 ng or less,
1 ng or less of a retargeted endopeptidase. In still other aspects of this
embodiment, the immuno-based method disclosed in the present specification
has an LOD of, e.g., 900 pg or less, 800 pg or less, 700 pg or less, 600 pg
or less, 500 pg or less, 400 pg or less, 300 pg or less, 200 pg or less,
100 pg or less of a retargeted endopeptidase. In further aspects of this 



embodiment, the immuno-based method disclosed in the present specification
has an LOD of, e.g., 90 pg or less, 80 pg or less, 70 pg or less, 60 pg or
less, 50 pg or less, 40 pg or less, 30 pg or less, 20 pg or less, 10 pg or
less of a retargeted endopeptidase. In other aspects of this embodiment,
the immunobased method disclosed in the present specification has an LOD
of, e.g., 9 pg or less, 8 pg or less, 7 pg or less, 6 pg or less, 5 pg or
less, 4 pg or less, 3 pg or less, 2 pg or less, 1 pg or less of a
retargeted endopeptidase. In yet other aspects of this embodiment, the
immuno-based method disclosed in the present specification has an LOD of,
e.g., 0.9 pg or less, 0.8 pg or less, 0.7 pg or less, 0.6 pg or less, 0.5
pg or less, 0.4 pg or less, 0.3 pg or less, 0.2 pg or less, 0.1 pg or less
of a retargeted endopeptidase. [078] In another aspect of this embodiment,
the immuno-based method disclosed in the present specification has an LOD
of, e.g., 100 nM or less or less, 90 nM or less or less, 80 nM or less or
less, 70 nM or less or less, 60 nM or less or less, 50 nM or less or less,
40 nM or less or less, 30 nM or less or less, 20 nM or less or less, 10 nM
or less or less, 9 nM or less, 8 nM or less, 7 nM or less, 6 nM or less, 5
nM or less, 4 nM or less, 3 nM or less, 2 nM or less, or 1 nM or less of a
retargeted endopeptidase. In other aspects of this embodiment, the
immuno-based method disclosed in the present specification has an LOD of,
e.g., 900 pM or less, 800 pM or less, 700 pM or less, 600 pM or less, 500
pM or less, 400 pM or less, 300 pM or less, 200 pM or less, or 100 pM or
less of a retargeted endopeptidase. In other aspects of this embodiment,
the immuno-based method disclosed in the present specification has an LOD
of, e.g., 100 pM or less, 90 pM or less, 80 pM or less, 70 pM or less, 60
pM or less, 50 pM or less, 40 pM or less, 30 pM or less, 20 pM or less, or
10 pM or less of a retargeted endopeptidase. In yet other aspects of this
embodiment, the immuno-based method disclosed in the present specification
has an LOD of, e.g., 10 pM or less of a retargeted endopeptidase, 9 pM or
less, 8 pM or less, 7 pM or less, 6 pM or less, 5 pM or less, 4 pM or less,
3 pM or less, 2 pM or less, or 1 pM or less of a retargeted endopeptidase.
[079] The limits of quantitation (LOQ) are the lowest and the highest
concentrations of analyte in a sample or specimen that can be measured with
an acceptable level of accuracy and precision. The lower limit of
quantitation refers to the lowest dose that a detection method can measure
consistently from the background. The upper limit of quantitation is the
highest dose that a detection method can measure consistently before
saturation of the signal occurs. The linear range of the method is the area
between the lower and the upper limits of quantitation. The linear range is
calculated by subtracting lower limit ofquantitation from the upper limit
of quantitation. As used herein, the term "signal to noise ratio for the
lower asymptote" refers to the signal detected in the method at the lower
limit of detection divided by the background signal. As used herein, the
term "signal to noise ratio for the upper asymptote" refers to the signal
detected in the method at the upper limit of detection divided by the
background signal. [080] Thus, in an embodiment, the immuno-based method
disclosed in the present specification can detect the LOQ of retargeted
endopeptidase at an amount that is significantly different from a negative
control or blank. In aspect of this embodiment, the immuno-based method
disclosed in the present specification has an LOQ of, e.g., 10 ng or less,
9 ng or less, 8 ng or less, 7 ng or less, 6 ng or less, 5 ng or less, 4 ng
or less, 3 ng or less, 2 ng or less, 1 ng or less of a retargeted
endopeptidase. In still other aspects of this embodiment, the immuno-based
method disclosed in the present specification has an LOQ of, e.g., 900 pg
or less, 800 pg or less, 700 pg or less, 600 pg or less, 500 pg or less,
400 pg or less, 300 pg or less, 200 pg or less, 100 pg or less of a
retargeted endopeptidase. In further aspects of this embodiment, the
immuno-based method disclosed in the present specification has an LOQ of,
e.g., 90 pg or less, 80 pg or less, 70 pg or less, 60 pg or less, 50 pg or
less, 40 pg or less, 30 pg or less, 20 pg or less, 10 pg or less of a
retargeted endopeptidase. In other aspects of this embodiment, the
immunobased method disclosed in the present specification has an LOQ of,
e.g., 9 pg or less, 8 pg or less, 7 pg or less, 6 pg or less, 5 pg or less,
4 pg or less, 3 pg or less, 2 pg or less, 1 pg or less of a retargeted
endopeptidase. In yet other aspects of this embodiment, the immuno-based
method disclosed in the present specification has an LOQ of, e.g., 0.9 pg
or less, 0.8 pg or less, 0.7 pg or less, 0.6 pg or less, 0.5 pg or less,
0.4 pg or less, 0.3 pg or less, 0.2 pg or less, 0.1 pg or less of a
retargeted endopeptidase. [081] In another aspect of this embodiment, the
immuno-based method disclosed in the present specification has an LOQ of,
e.g., 100 nM or less or less, 90 nM or less or less, 80 nM or less or less,
70 nM or less or less, 60 nM or less or less, 50 nM or less or less, 40 nM
or less or less, 30 nM or less or less, 20 nM or less or less, 10 nM or
less or less, 9 nM or less, 8 nM or less, 7 nM or less, 6 nM or less, 5 nM
or less, 4 nM or less, 3 nM or less, 2 nM or less, or 1 nM or less of a
retargeted endopeptidase. In other aspects of this embodiment, the
immuno-based method disclosed in the present specification has an LOQ of,
e.g., 900 pM or less, 800 pM or less, 700 pM or less, 600 pM or less, 500
pM or less, 400 pM or less, 300 pM or less, 200 pM or less, or 100 pM or
less of a retargeted endopeptidase. In other aspects of this embodiment,
the immuno-based method disclosed in the present specification has an LOQ
of, e.g., 100 pM or less, 90 pM or less, 80 pM or less, 70 pM or less, 60
pM or less, 50 pM or less, 40 pM or less, 30 pM or less, 20 pM or less, or
10 pM or less of a retargeted endopeptidase. In yet other aspects of this
embodiment, the immuno-based method disclosed in the present specification
has an LOQ of, e.g., 10 pM or less of a retargeted endopeptidase, 9 pM or
less, 8 pM or less, 7 pM or less, 6 pM or less, 5 pM or less, 4 pM or less,
3 pM or less, 2 pM or less, or 1 pM or less of a retargeted
endopeptidase.[082] An immuno-based assay useful to practice aspect of the
disclosed methods must have a precision of no more than 50%. In aspects of
this embodiment, an immuno-based assay has a precision of no more than 50%,
no more than 40%, no more than 30%, or no more than 20%. In other aspects
of this embodiment, an immuno-based assay has a precision of nor more than
15%, no more than 10%, or no more than 5%. In other aspects of this
embodiment, an immuno-based assay has a precision of nor more than 4%, no
more than 3%, no more than 2%, or no more than 1%. [083] An immuno-based
assay useful to practice aspect of the disclosed methods must have an
accuracy of at least 50%. In aspects of this embodiment, an immuno-based
assay has an accuracy of at least 50%, at least 60%, at least 70%, or at
least 80%. In other aspects of this embodiment, an immunobased assay has an
accuracy of at least 85%, at least 90%, or at least 95%. In other aspects
of this embodiment, an immuno-based assay has an accuracy of at least 96%,
at least 97%, at least 98%, or at 



least 99%. [084] An immuno-based method disclosed in the present
specification must have a signal to noise ratio for the lower asymptote
that is statistically significant and a signal to noise ratio for the upper
asymptote that is statistically significant. In aspects of this embodiment,
an immuno-based method disclosed in the present specification has a signal
to noise ratio for the lower asymptote of, e.g., at least 3:1 , at least
4:1 ,at least 5:1 , at least 6:1, at least 7:1, at least 8:1 , at least
9:1, at least 10:1, at least 15:1 or at least 20:1. In other aspects of
this embodiment, an immuno-based method has a signal to noise ratio for the
upper asymptote of, e.g., at least 10:1 , at least 15:1, at least 20:1, at
least 25:1, at least 30:1, at least 35:1 , at least 40:1, at least 45:1, at
least 50:1 , at least 60:1, at least 70:1, at least 80:1 , at least 90:1,
or at least 100:1, at least 150:1, at least 200:1, at least 250:1, at least
300:1, at least 350:1, at least 400:1, at least 450:1, at least 500:1, at
least 550:1, or at least 600:1. [085] The specificity of a method defines
the ability of the method to measure the analyte of interest to the
exclusion of other relevant components, such as, e.g., partially-active or
inactive analyte. The selectivity of a method describes the ability of an
analytical method to differentiate various substances in a sample. The
linearity of a method is its ability to elicit results that are directly,
or by a well defined mathematical transformation, proportional to the
concentration of analyte in the sample. Thus in an embodiment, an
immuno-based method disclosed in the present specification can distinguish
a fullyactive retargeted endopeptidase from a partially-active retargeted
endopeptidase having, e.g., 70% or less, 60% or less, 50% or less, 40% or
less, 30% or less, 20% or less, or 10% or less the activity of a
fully-active retargeted endopeptidase. [086] The ruggedness of the method
is the reproducibility of the test results obtained for identical samples
under normal (but variable) test conditions. Robustness of a procedure is a
measure of its capacity to remain unaffected by small but deliberate
variations in the method parameters and provides an indication of its
reliability in normal usage. Thus, whereas ruggedness evaluates
unavoidablechanges, robustness evaluates deliberate changes. Typical
parameters evaluated by ruggedness and robustness include the effects of
freeze/thaw, incubation times, incubation temperature, longevity of
reagent, sample preparation, sample storage, cell passage number, lots of
re-targeted endopeptidase, variability between purifications, and
variability between nicking reactions. Robustness parameters for cell-based
assays include the cell bank (beginning, middle and end of freeze), cell
passage level, cell seeding density, cell stock density (how many days in
culture), cell age in flask (waiting time to seeding), incubation time,
different plates, excessive amounts of serum, and source of reagents. The
system suitability of the method is the determination of assay performance,
including the performance of reagents and instruments, over time by
analysis of a reference standard or reference molecule. System suitability
is stressed in FDA guidance referring to the fact that equipment,
electronics, assay performance, and samples to be analyzed, constitute an
integrated system. System suitability can be evaluated by testing for
parallelism, which is when plotting the log dose versus the response,
serial dilutions of the reference and serial dilutions of the samples
should give rise to parallel curves. [087] Aspects of the present
disclosure comprise, in part, a cell from an established cell line. As used
herein, the term "cell" refers to any eukaryotic cell susceptible to
retargeted endopeptidase activity by a retargeted endopeptidase or any
eukaryotic cell that can uptake a retargeted endopeptidase. The term cell
encompasses cells from a variety of organisms, such as, e.g., murine, rat,
porcine, bovine, equine, primate and human cells; from a variety of cell
types such as, e.g., neuronal and non-neuronal; and can be isolated from or
part of a heterogeneous cell population, tissue or organism. As used
herein, the term "established cell line" is synonymous with "immortal cell
line," or "transformed cell line" and refers to a cell culture of cells
selected for indefinite propagation from a cell population derived from an
organism, tissue, or organ source. By definition, an established cell line
excludes a cell culture of primary cells. As used herein, the term "primary
cells" are cells harvested directly from fresh tissues or organs and do not
have the potential to propagate indefinitely. An established cell line can
comprise a heterogeneous population of cells or a uniform population of
cells. An established cell line derived from a single cell is referred to
as a clonal cell line. An established cell line can be one whose cells
endogenously express all component necessary for the cells to undergo the
overall cellular mechanism whereby a retargeted endopeptidase
proteolytically cleaves a SNAP-25 substrate and encompasses the binding of
a retargeted endopeptidase to its receptor, the internalization of the
endopeptidase/receptor complex, the translocation of the retargeted
endopeptidase light chain from an intracellular vesicle into the cytoplasm
and the proteolytic cleavage of a SNAP-25. Alternatively, an established
cell line can be one whose cells have had introduced from an exogenous
source at least one component necessary for the cells to undergo the
overall cellular mechanism whereby a retargeted endopeptidase
proteolytically cleaves a SNAP-25 substrate and encompasses the binding of
a retargeted endopeptidase to its receptor, the internalization of the
endopeptidase/receptor complex, the translocation of the retargeted
endopeptidase light chain from an intracellular vesicle into the cytoplasm
and the proteolytic cleavage of a SNAP-25. Also refered to as a
genetically-engineered cell line, cells from such an established cell line
may, e.g., express an exogenous retargeted endopeptidase, such as, e.g., an
exogenous ORL1 , an exogenous DOR, anexogenous KOR, an exogenous MOR, an
exogenous Galanin receptor 1, an exogenous Galanin receptor 2 , an
exogenous Galanin receptor 3 , or any combination thereof. [088] Aspects of
the present disclosure comprise, in part, a cell from an established cell
line susceptible to retargeted endopeptidase activity. As used herein, the
terms "cell(s) susceptible to retargeted endopeptidase activity," "cell(s)
susceptible to retargeted endopeptidase activity by a retargeted
endopeptidase," or "cell(s) from an established cell line susceptible to
retargeted endopeptidase activity by a retargeted endopeptidase" refer to
cell(s) that can undergo the overall cellular mechanism whereby a
retargeted endopeptidase proteolytically cleaves a SNAP-25 substrate
thereby inhibiting exocytosis and encompasses the binding of a retargeted
endopeptidase to its receptor, the internalization of the
endopeptidase/receptor complex, the translocation of the retargeted
endopeptidase activity chain from an intracellular vesicle into the
cytoplasm and the proteolytic cleavage of a SNAP-25. By definition, cell(s)
susceptible to retargeted endopeptidase activity must express, or be
engineered to express, at least one retargeted endopeptidase receptor and
at least one SNAP-25 substrate. As used herein, the terms 



"cell(s) that can uptake retargeted endopeptidase" or "cell(s) comprising
an established cell line that can uptake retargeted endopeptidase" refer to
cells that can undergo the overall cellular mechanism whereby a retargeted
endopeptidase proteolytically cleaves a SNAP-25 substrate thereby
inhibiting exocytosis and encompasses the binding of a retargeted
endopeptidase to its receptor, the internalization of the
endopeptidase/receptor complex, the translocation of the retargeted
endopeptidase light chain from an intracellular vesicle into the cytoplasm
and the proteolytic cleavage of a SNAP-25. By definition, cell(s) that can
uptake retargeted endopeptidase must express, or be engineered to express,
at least one retargeted endopeptidase receptor and at least one SNAP-25
substrate. [089] Thus in an embodiment, cells from an established cell line
are susceptible to retargeted endopeptidase activity. In aspects of this
embodiment, cells from an established cell line are susceptible to
retargeted endopeptidase activity by, e.g., about 100 nM or less or less,
about 90 nM or less or less, about 80 nM or less or less, about 70 nM or
less or less, about 60 nM or less or less, about 50 nM or less or less,
about 40 nM or less or less, about 30 nM or less or less, about 20 nM or
less or less, about 10 nM or less or less of a retargeted endopeptidase. In
other aspects, cells from an established cell line are susceptible to
retargeted endopeptidase activity by, e.g., about 9 nM or less, about 8 nM
or less, about 7 nM or less, about 6 nM or less, about 5 nM or less, about
4 nM or less, about 3 nM or less, about 2 nM or less, or about 1 nM or less
of a retargeted endopeptidase. In yet other aspects, cells from an
established cell line are susceptible to retargeted endopeptidase activity
by, e.g., about 0.9 nM or less, about 0.8 nM or less, about 0.7 nM or less,
about 0.6 nM or less, about 0.5 nM or less, about 0.4 nM or less, about 0.3
nM or less, about 0.2 nM, or about 0.1 nM or less of a retargeted
endopeptidase. As used herein, the term "about" when qualifying a value of
a stated item, number, percentage, or term refers to a range of plus or
minus ten percent of the value of the stated item, percentage, parameter,
or term.[090] In another embodiment, cells comprising an established cell
line can uptake a retargeted endopeptidase. In aspects of this embodiment,
cells comprising an established cell line can uptake, e.g., about 100 nM or
less or less, about 90 nM or less or less, about 80 nM or less or less,
about 70 nM or less or less, about 60 nM or less or less, about 50 nM or
less or less, about 40 nM or less or less, about 30 nM or less or less,
about 20 nM or less or less, about 10 nM or less or less of a retargeted
endopeptidase. In other aspects, cells comprising an established cell line
possess the ability to uptake about 9 nM or less, about 8 nM or less, about
7 nM or less, about 6 nM or less, about 5 nM or less, about 4 nM or less,
about 3 nM or less, about 2 nM or less, or about 1 nM or less of a
retargeted endopeptidase. In yet other aspects, cells comprising an
established cell line possess the ability to uptake about 0.9 nM or less,
about 0.8 nM or less, about 0.7 nM or less, about 0.6 nM or less, about 0.5
nM or less, about 0.4 nM or less, about 0.3 nM or less, about 0.2 nM or
less, or about 0.1 nM or less of a retargeted endopeptidase. [091] Aspects
of the present disclosure comprise, in part, cells from an established cell
line that exhibit a selective binding for a retargeted endopeptidase
disclosed in the present specification. As used herein, the term
"selectively binds", or "selective binding" when made in reference to a
retargeted endopeptidase, refers to the discriminatory binding of a
retargeted endopeptidase to the indicated target receptor such that the
retargeted endopeptidase does not substantially bind to a non-target
receptor. The degree to which cells from an established cell line exhibit
selectively binding for a retargeted endopeptidase can be measured by the
extent these cells exhibit non-selective uptake for a molecule lacking the
targeting domain of the retargeted endopeptidase. One way to assess
non-selective uptake for a molecule lacking the targeting domain of the
retargeted endopeptidase is to measure the non-selective uptake of a LHN
fragment. An LHN fragment is one that comprises a Clostridial toxin
translocation domain and a Clostridial toxin enzymatic domain, but lacks
any targeting domain altogether. Non-limiting examples of a LHN fragments
include a LHN/A fragment, a LHN/B fragment, a LHN/C fragment, a LHN/D
fragment, a LHN/E fragment, a LHN/F fragment, and a LHN/G fragment. An
exemplary LHN/A fragment is SEQ ID NO: 146 which is encoded by the
polynucleotide molecule SEQ ID NO: 147. [092] Thus, in an embodiment, cells
from an established cell line exhibit selective binding for a retargeted
endopeptidase. In aspects of this embodiment, cells from an established
cell line exhibit selective binding for a retargeted endopeptidase that
represents, e.g., at least 75% of the total activity assayed, at least 80%
of the total activity assayed, at least 85% of the total activity assayed,
at least 90% of the total activity assayed, or at least 95% of the total
activity assayed. In other aspects of this embodiment, cells from an
established cell line exhibit selective binding for a retargeted
endopeptidase that represents, e.g., about 75% to about 100% of the total
activity assayed, about 80% to about 100% of the total activity assayed,
about 85% to about 100% of the total activity assayed, about 90% to about
100% of the total activity assayed.[093] In another embodiment, cells from
an established cell line exhibit minimal non-selective uptake of a LHN
fragment. In aspects of this embodiment, cells from an established cell
line exhibit non-selective uptake of a LHN fragment that is, e.g., at most
25% of the total uptake measured, at most 20% of the total uptake measured,
at most 15% of the total uptake measured, at most 10% of the total uptake
measured, or at most 5% of the total uptake measured. In other aspects of
this embodiment, cells from an established cell line exhibit non-selective
uptake of a LHN fragment that is, e.g., about 0% to about 25% of the total
uptake measured, about 0% to about 20% of the total uptake measured, about
0% to about 15% of the total uptake measured, about 0% to about 10% of the
total uptake measured, or about 0% to about 5% of the total uptake
measured. [094] In yet another embodiment, cells from an established cell
line exhibit minimal non-selective uptake of a LHN/A fragment. In aspects
of this embodiment, cells from an established cell line exhibit
non-selective uptake of a LHN/A fragment that is, e.g., at most 25% of the
total uptake measured, at most 20% of the total uptake measured, at most
15% of the total uptake measured, at most 10% of the total uptake measured,
or at most 5% of the total uptake measured. In other aspects of this
embodiment, cells from an established cell line exhibit non-selective
uptake of a LHN/A fragment that is, e.g., about 0% to about 25% of the
total uptake measured, about 0% to about 20% of the total uptake measured,
about 0% to about 15% of the total uptake measured, about 0% to about 10%
of the total uptake measured, or about 0% to about 5% of the total uptake
measured. 



[095] Aspects of the present disclosure comprise, in part, cells from an
established cell line that exhibit a sufficient number of receptor binding
sites on the plasma membrane to confer sensitive and selective binding for
a retargeted endopeptidase. An equilibrium saturation binding assay
measures the total and non-specific binding of a ligand at various
concentrations. The equilibrium dissociation constant (Kd) for the ligand
and the maximal number of receptor binding sites, Bmax, can be calculated
from the specific binding using non-linear regression analysis. Specific
binding is calculated by subtracting the non specific binding of a ligand
from the total binding observed. Kd is the concentration of ligand required
to reach half-maximal binding and is measured in terms of molarity. Bmax is
the maximal number of binding sites present on the plasma membrane and is
measured in terms of pmol/mg, pmol/cell, fmol/cell, or sites/cell. [096]
Thus, in an embodiment, cells from an established cell line exhibit a
sufficient number of receptor binding sites on the plasma membrane to
confer sensitive and selective binding for a retargeted endopeptidase. In
aspects of this embodiment, cells from an established cell line exhibit a
Bmax value of, e.g., at least 0.1 fmol/cell, at least 0.2 fmol/cell, at
least 0.3 fmol/cell, at least 0.4 fmol/cell, at least 0.5 fmol/cell, at
least 0.6 fmol/cell, at least 0.7 fmol/cell, at least 0.8 fmol/cell, at
least 0.9 fmol/cell, or at least 1.0 fmol/cell, for the targeting ligand of
a retargeted endopeptidase. In other aspects of this embodiment, cells from
an established cell line exhibit a Bmax value of, e.g., at least 1
fmol/cell, at least 2 fmol/cell, at least 3 fmol/cell, at least 4
fmol/cell, at least 5 fmol/cell, at least 6 fmol/cell, at least 7
fmol/cell, at least 8fmol/cell, at least 9 fmol/cell, or at least 10
fmol/cell, for the targeting ligand of a retargeted endopeptidase. [097]
Aspects of the present disclosure comprise, in part, cells from an
established clonal cell line susceptible to re-targeted endopeptidase
activity that are more stable than cells from the parental cell line from
which the clonal cell line was derived. As used herein, the term "stable"
refers to cells from an established clonal cell line for a particular
passage number that exhibit a relative EC50, sensitivity, efficacy,
well-defined upper asymptote, and/or a well-defined dose-response curve for
re-targeted endopeptidase activity that is similar to the values for
relative EC50, sensitivity, efficacy, well-defined upper asymptote, and/or
a well-defined dose-response curve exhibited by cells from the parental
cell line from which the clonal cell line was derived, at the same or
similar passage number, where the same assay conditions and the same
re-targeted endopeptidase are used in both assays. [098] Thus in an
embodiment, cells from an established clonal cell line are more stable as
compared to from the parental cell line from which the clonal cell line was
derived. In an aspect of this embodiment, cells from an established clonal
cell line are more stable as compared to the parental SK-N-DZ cell line. In
another aspect of this embodiment, cells from an established clonal cell
line are more stable as compared to the parental SK-N-DZ cell line ATCC
CRL-2149. In other aspects of this embodiment, cells from an established
clonal cell line are more stable for, e.g., at least 5 more passages, at
least 10 more passages, at least 15 more passages, at least 20 more
passages, at least 25 more passages, or at least 30 more passages, as
compared to from the parental cell line from which the clonal cell line was
derived. In yet other aspects of this embodiment, cells from an established
clonal cell line are more stable for, e.g., at least 5 more passages, at
least 10 more passages, at least 15 more passages, at least 20 more
passages, at least 25 more passages, or at least 30 more passages, as
compared to from the parental cell line from which the clonal cell line was
derived. [099] Aspects of the present disclosure comprise, in part, cells
from an established clonal cell line susceptible to re-targeted
endopeptidase activity that are stable over a plurality of cell passages.
As used herein, the term "stable" refers to cells from an established
clonal cell line for a particular passage number that exhibit a relative
EC50, sensitivity, efficacy, well-defined upper asymptote, and/or a
well-defined doseresponse curve for re-targeted endopeptidase activity that
is similar to the values for relative EC50 , sensitivity, efficacy,
well-defined upper asymptote, and/or a well-defined dose-response curve
exhibited by cells from the same established clonal cell line, but from a
prior passage or passages, where the same assay conditions and the same
re-targeted endopeptidase are used in both assays. [0100] Cells from an
established cell line disclosed in the present specification can exhibit a
consistent sensitivity for re-targeted endopeptidase activity over a
plurality of cell passages. As used herein, the term "sensitivity for
re-targeted endopeptidase activity" refers to the lowest dose that an assay
can measure consistently above the signal detected by a non-treatment
control or background signal.[0101] Thus, in an embodiment, cells from the
established clonal cell line exhibit a sensitivity for re targeted
endopeptidase activity for any given passages that is e.g., 100 nM or less,
about 80 nM or less, about 70 nM or less, about 60 nM or less, about 50 nM
or less, about 40 nM or less, about 30 nM or less, about 20 nM or less,
about 10 nM or less, about 1 nM or less, about 0.9 nM or less, about 0.8 nM
or less, about 0.7 nM or less, about 0.6 nM or less, about 0.5 nM or less,
about 0.4 nM or less, about 0.3 nM or less, about 0.2 nM or less, or about
0.1 nM or less of a re-targeted endopeptidase. In aspects of this
embodiment, cells from the established clonal cell line exhibit a
sensitivity for re-targeted endopeptidase activity for any given passages
that is, e.g., about 0.01 nM to about 100 nM, about 0.01 nM to about 75 nM,
about 0.01 nM to about 50 nM, about 0.01 nM to about 25 nM, about 0.01 nM
to about 20 nM, about 0.01 nM to about 15 nM, about 0.01 nM to about 10 nM,
about 0.01 nM to about 5 nM, about 0.001 nM to about 100 nM, about 0.001 nM
to about 75 nM, about 0.001 nM to about 50 nM, about 0.001 nM to about 25
nM, about 0.001 nM to about 20 nM, about 0.001 nM to about 15 nM, about
0.001 nM to about 10 nM, or about 0.001 nM to about 5 nM of a re-targeted
endopeptidase. [0102] In another embodiment, cells from the established
clonal cell line exhibit a sensitivity for re targeted endopeptidase
activity that is about 100 nM or less, about 75 nM or less, about 50 nM or
less, about 25 nM or less, less about 20 nM or less, about 15 nM or less,
about 10 nM or less, or about 1 nM or less for, e.g., 5 or more cell
passages, 10 or more cell passages, 15 or more cell passages, 20 or more
cell passages, 25 or more cell passages, 30 or more cell passages, 35 or
more cell passages, 40 or more cell passages, 45 or more cell passages, or
50 or more cell passages. In other aspects of this embodiment, cells from
the established clonal cell line exhibit a sensitivity for re-targeted
endopeptidase activity that is about 100 nM or less, about 75 nM or less,
about 50 nM or less, about 25 nM or less, less about 20 nM or less, about
15 nM or less, about 10 nM or less, or about 1 nM or less for, e.g., about
15 to 



about 60 passages, about 20 to about 60 passages, about 25 to about 60
passages, about 30 to about 60 passages, about 35 to about 60 passages,
about 40 to about 60 passages, about 45 to about 60 passages, about 50 to
about 60 passages, about 15 to about 50 passages, about 20 to about 50
passages, about 25 to about 50 passages, about 30 to about 50 passages,
about 35 to about 50 passages, about 40 to about 50 passages, about 15 to
about 40 passages, about 20 to about 40 passages, about 25 to about 40
passages, or about 30 to about 40 passages. [0103] Cells from an
established cell line disclosed in the present specification can exhibit a
consistent relative efficacy of re-targeted endopeptidase uptake or
re-targeted endopeptidase activity over a plurality of cell passages. As
used herein, the term "relative efficacy" refers to how well the upper
asymptote for the re-targeted endopeptidase activity detected in the
current assay run compares to the upper asymptote for the re-targeted
endopeptidase activity detected in a reference standard, a reference
molecule, or a reference passage number used on that assay. As used herein,
the term "signal to noise ratio for the upper asymptote" refers to the
signal detected in an assay at the upper limit of detection divided by
thesignal detected by a non-treatment control or background signal. The
upper limit of detection is the highest dose that an assay can measure
consistently before saturation of the signal occurs. [0104] Thus, in an
embodiment, cells from an established cell line disclosed in the present
specification can exhibit a well defined upper asymptote over a plurality
of cell passages and maintain a signal to noise ratio that is consistent
and adequate for the assay. In aspects of this embodiment, cells from an
established cell line disclosed in the present specification must have a
well defined signal to noise ratio for the upper asymptote for re-targeted
endopeptidase activity of, e.g., at least 3:1, at least 4:1, at least 5:1,
at least 6:1 , at least 7:1, at least 8:1, at least 9:1, at least 10:1 , at
least 15:1, at least 20:1, at least 25:1, at least 30:1, at least 35:1 , at
least 40:1, at least 45:1, at least 50:1 , at least 60:1, at least 70:1, at
least 80:1, at least 90:1, or at least 100:1, at least 150:1, at least
200:1, at least 250:1, at least 300:1, at least 350:1, at least 400:1, at
least 450:1, at least 500:1, at least 550:1, or at least 600:1, over, e.g.,
5 or more cell passages, 10 or more cell passages, 15 or more cell
passages, 20 or more cell passages, 25 or more cell passages, 30 or more
cell passages, 35 or more cell passages, 40 or more cell passages, 45 or
more cell passages, or 50 or more cell passages. In other aspects of this
embodiment, cells from an established cell line disclosed in the present
specification must have a well defined signal to noise ratio for the upper
asymptote for re-targeted endopeptidase activity of, e.g., at least 3:1, at
least 4:1, at least 5:1, at least 6:1 , at least 7:1, at least 8:1, at
least 9:1, at least 10:1 , at least 15:1, at least 20:1, at least 25:1, at
least 30:1, at least 35:1 , at least 40:1, at least 45:1, at least 50:1 ,
at least 60:1, at least 70:1, at least 80:1, at least 90:1, or at least
100:1, at least 150:1, at least 200:1, at least 250:1, at least 300:1, at
least 350:1, at least 400:1, at least 450:1, at least 500:1 , at least
550:1, or at least 600:1, over, e.g., about 15 to about 60 passages, about
20 to about 60 passages, about 25 to about 60 passages, about 30 to about
60 passages, about 35 to about 60 passages, about 40 to about 60 passages,
about 45 to about 60 passages, about 50 to about 60 passages, about 15 to
about 50 passages, about 20 to about 50 passages, about 25 to about 50
passages, about 30 to about 50 passages, about 35 to about 50 passages,
about 40 to about 50 passages, about 15 to about 40 passages, about 20 to
about 40 passages, about 25 to about 40 passages, or about 30 to about 40
passages. [0105] Cells from an established cell line disclosed in the
present specification can exhibit a well defined dose-response curve for
re-targeted endopeptidase activity over a plurality of cell passages. As
used herein, the term "dose-response curve" refers to the how well the raw
data fits the statistical model of choice for that assay. As a non-limiting
example, a sigmoidal curve with a four parameter logistics fit is a
dose-response curve for an enzymatic activity assay, such as, e.g. a
potency assay. As another nonlimiting example, a ligand binding with one
site saturation fit is a dose-response curve for a ligand/antibody binding
assay. [0106] Thus, in an embodiment, cells from an established cell line
disclosed in the present specification exhibit a well defined dose-response
curve for re-targeted endopeptidase activity over a plurality of cell
passages. In aspects of this embodiment, cells from an established cell
line disclosed in the presentspecification exhibit a well defined
dose-response curve for re-targeted endopeptidase activity over, e.g., 5 or
more cell passages, 10 or more cell passages, 15 or more cell passages, 20
or more cell passages, 25 or more cell passages, 30 or more cell passages,
35 or more cell passages, 40 or more cell passages, 45 or more cell
passages, or 50 or more cell passages. In other aspects of this embodiment,
cells from an established cell line disclosed in the present specification
exhibit a well defined dose-response curve for re-targeted endopeptidase
activity over, e.g., about 15 to about 60 passages, about 20 to about 60
passages, about 25 to about 60 passages, about 30 to about 60 passages,
about 35 to about 60 passages, about 40 to about 60 passages, about 45 to
about 60 passages, about 50 to about 60 passages, about 15 to about 50
passages, about 20 to about 50 passages, about 25 to about 50 passages,
about 30 to about 50 passages, about 35 to about 50 passages, about 40 to
about 50 passages, about 15 to about 40 passages, about 20 to about 40
passages, about 25 to about 40 passages, or about 30 to about 40 passages.
[0107] Cells from an established cell line disclosed in the present
specification can exhibit a consistent relative EC50 value for re-targeted
endopeptidase activity over a plurality of cell passages. As used herein,
the term "relative EC50" or "relative EC50 value" refers to an EC50 value
for re-targeted endopeptidase activity that is normalized against the EC50
calculated for a reference standard, a reference molecule, or a reference
passage number used on that assay. [0108] Thus, in an embodiment, cells
from an established clonal cell line exhibit a consistent relative EC50 for
re-targeted endopeptidase activity over a plurality of cell passages. In
aspects of this embodiment, cells from an established clonal cell line
exhibit a consistent relative EC50 for re-targeted endopeptidase activity
that is, e.g., about  10%, about  20%, about  30%, about  40%, about  50%,
about  60%, about  70%, or about  75% the relative EC50 for re-targeted
endopeptidase activity over, e.g., 5 or more cell passages, 10 or more cell
passages, 15 or more cell passages, 20 or more cell passages, 25 or more
cell passages, 30 or more cell passages, 35 or more cell passages, 40 or
more cell passages, 45 or more cell passages, or 50 or more cell passages.
In other aspects of this embodiment, cells from an established clonal cell
line exhibit a relative EC50 for re-targeted endopeptidase activity that 



is, e.g., about  10% to about 75%, about  10% to about 70%, about  10% to
about 60%, about  10% to about 50%, about  10% to about 40%, about  10% to
about 30%, or about  10% to about 20% the relative EC50 for re-targeted
endopeptidase activity over, e.g., 5 or more cell passages, 10 or more cell
passages, 15 or more cell passages, 20 or more cell passages, 25 or more
cell passages, 30 or more cell passages, 35 or more cell passages, 40 or
more cell passages, 45 or more cell passages, or 50 or more cell passages.
[0109] Aspects of the present disclosure comprise, in part, a retargeted
endopeptidase. As used herein, the term "retargeted endopeptidase" is
synonymous with "Targeted Vesicular Exocytosis Modulator Protein" or
"TVEMP." Non-limiting examples of retargeted endopeptidase are disclosed
in, e.g., Keith A. Foster et al., Clostridial Toxin Derivatives Able To
Modify Peripheral Sensory Afferent Functions, U.S.Patent 5,989,545;
Clifford C. Shone et al., Recombinant Toxin Fragments, U.S. Patent 6,461
,617; Conrad P. Quinn et al., Methods and Compounds for the Treatment of
Mucus Hypersecretion, U.S. Patent 6,632,440; Lance E. Steward et al.,
Methods And Compositions For The Treatment Of Pancreatitis, U.S. Patent
6,843,998; Stephan Donovan, Clostridial Toxin Derivatives and Methods For
Treating Pain, U.S. Patent Publication 2002/0037833; Keith A. Foster et
al., Inhibition of Secretion from Non-neural Cells, U.S. Patent Publication
2003/0180289; J. Oliver Dolly et al., Activatable Recombinant Neurotoxins,
WO 2001/014570; Keith A. Foster et al., Re-targeted Toxin Conjugates,
International Patent Publication WO 2005/023309; Lance E. Steward et al.,
Multivalent Clostridial Toxin Derivatives and Methods of Their Use, U.S.
Patent Application No. 11/376,696; Steward, L.E. et al., Modified
Clostridial Toxins with Enhanced Translocation Capabilities and Altered
Targeting Activity For Non-Clostridial Toxin Target Cells, U.S. Patent
Application No. 11/776,075; Dolly, J.O. et al., Activatable Clostridial
Toxins, U.S. Patent Application No. 11/829,475; Foster, K.A. et al., Fusion
Proteins, International Patent Publication WO 2006/059093; and Foster, K.A.
et al., Non-Cytotoxic Protein Conjugates, International Patent Publication
WO 2006/059105, each of which is incorporated by reference in its entirety.
Non-limiting examples of retargeted endopeptidases include SEQ ID NO: 1,
SEQ ID NO: 2 , SEQ ID NO: 3 , SEQ ID NO: 4 , SEQ ID NO: 130, and SEQ ID NO:
131. [0110] Thus in an embodiment, the retargeted endopeptidase activity
being detected is from a retargeted endopeptidase. In aspects of this
embodiment, the retargeted endopeptidase activity being detected is from a
retargeted endopeptidase disclosed in Keith A. Foster et al., Clostridial
Toxin Derivatives Able To Modify Peripheral Sensory Afferent Functions,
U.S. Patent 5,989,545; Clifford C. Shone et al., Recombinant Toxin
Fragments, U.S. Patent 6,461,617; Conrad P. Quinn et al., Methods and
Compounds for the Treatment of Mucus Hypersecretion, U.S. Patent 6,632,440;
Lance E. Steward et al., Methods And Compositions For The Treatment Of
Pancreatitis, U.S. Patent 6,843,998; Stephan Donovan, Clostridial Toxin
Derivatives and Methods For Treating Pain, U.S. Patent Publication
2002/0037833; Keith A. Foster et al., Inhibition of Secretion from
Non-neural Cells, U.S. Patent Publication 2003/0180289; J. Oliver Dolly et
al., Activatable Recombinant Neurotoxins, WO 2001/014570; Keith A. Foster
et al., Re-targeted Toxin Conjugates, International Patent Publication WO
2005/023309; Lance E. Steward et al., Multivalent Clostridial Toxin
Derivatives and Methods of Their Use, U.S. Patent Application No.
11/376,696; Steward, L.E. et al., Modified Clostridial Toxins with Enhanced
Translocation Capabilities and Altered Targeting Activity For
Non-Clostridial Toxin Target Cells, U.S. Patent Application No. 11/776,075;
Dolly, J.O. et al., Activatable Clostridial Toxins, U.S. Patent Application
No. 11/829,475; Foster, K.A. et al., Fusion Proteins, International Patent
Publication WO 2006/059093; and Foster, K.A. et al., Non-Cytotoxic Protein
Conjugates, International Patent Publication WO 2006/059105, each of which
is incorporated by reference in its entirety. In aspects of this
embodiment, a retargeted endopeptidase is SEQ ID NO: 1, SEQ ID NO: 2 , SEQ
ID NO: 3 , SEQ ID NO: 4 , SEQ ID NO: 130, or SEQ ID NO: 131 . [0111] In
another embodiment, the retargeted endopeptidase activity being detected is
from a retargeted endopeptidase having, e.g., at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, or atleast 95% amino acid
identity with a retargeted endopeptidase disclosed in Keith A. Foster et
al., Clostridial Toxin Derivatives Able To Modify Peripheral Sensory
Afferent Functions, U.S. Patent 5,989,545; Clifford C. Shone et al.,
Recombinant Toxin Fragments, U.S. Patent 6,461,617; Conrad P. Quinn et al.,
Methods and Compounds for the Treatment of Mucus Hypersecretion, U.S.
Patent 6,632,440; Lance E. Steward et al., Methods And Compositions For The
Treatment Of Pancreatitis, U.S. Patent 6,843,998; Stephan Donovan,
Clostridial Toxin Derivatives and Methods For Treating Pain, U.S. Patent
Publication 2002/0037833; Keith A. Foster et al., Inhibition of Secretion
from Non-neural Cells, U.S. Patent Publication 2003/0180289; J. Oliver
Dolly et al., Activatable Recombinant Neurotoxins, WO 2001/014570; Keith A.
Foster et al., Re-targeted Toxin Conjugates, International Patent
Publication WO 2005/023309; Lance E. Steward et al., Multivalent
Clostridial Toxin Derivatives and Methods of Their Use, U.S. Patent
Application No. 11/376,696; Steward, L.E. et al., Modified Clostridial
Toxins with Enhanced Translocation Capabilities and Altered Targeting
Activity For Non-Clostridial Toxin Target Cells, U.S. Patent Application
No. 11/776,075; Dolly, J.O. et al., Activatable Clostridial Toxins, U.S.
Patent Application No. 11/829,475; Foster, K.A. et al., Fusion Proteins,
International Patent Publication WO 2006/059093; and Foster, K.A. et al.,
Non-Cytotoxic Protein Conjugates, International Patent Publication WO
2006/059105, each of which is incorporated by reference in its entirety. In
another embodiment, the retargeted endopeptidase activity being detected is
from a retargeted endopeptidase having, e.g., at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, or at least 95% amino acid
identity with a retargeted endopeptidase of SEQ ID NO: 1, SEQ ID NO: 2 ,
SEQ ID NO: 3 , SEQ ID NO: 4 , SEQ ID NO: 130, or SEQ ID NO: 131. [0112] In
other aspects of this embodiment, the retargeted endopeptidase activity
being detected is from a re-targeted endopeptidase having, e.g., 1 or more,
2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or
more, 9 or more, 10 or more, 20 or more, 30 or more, 40 or more, 50 or
more, or 100 or more non-contiguous amino acid substitutions, deletions, or
additions relative to a retargeted endopeptidase disclosed in Keith A.
Foster et al., Clostridial Toxin Derivatives Able To Modify Peripheral
Sensory Afferent Functions, U.S. Patent 5,989,545; Clifford C. Shone et
al., Recombinant Toxin Fragments, U.S. Patent 6,461 ,61 7 ; Conrad P. Quinn
et al., Methods and Compounds for the Treatment of Mucus Hypersecretion,
U.S. Patent 6,632,440; Lance E. Steward et al., Methods And Compositions
For 



The Treatment Of Pancreatitis, U.S. Patent 6,843,998; Stephan Donovan,
Clostridial Toxin Derivatives and Methods For Treating Pain, U.S. Patent
Publication 2002/0037833; Keith A. Foster et al., Inhibition of Secretion
from Non-neural Cells, U.S. Patent Publication 2003/0180289; J. Oliver
Dolly et al., Activatable Recombinant Neurotoxins, WO 2001/014570; Keith A.
Foster et al., Re-targeted Toxin Conjugates, International Patent
Publication WO 2005/023309; Lance E. Steward et al., Multivalent
Clostridial Toxin Derivatives and Methods of Their Use, U.S. Patent
Application No. 11/376,696; Steward, L.E. et al., Modified Clostridial
Toxins with Enhanced Translocation Capabilities and Altered Targeting
Activity For Non-Clostridial Toxin Target Cells, U.S. Patent Application
No. 11/776,075; Dolly, J.O. et al., Activatable Clostridial Toxins, U.S.
Patent Application No. 11/829,475; Foster, K.A. et al., Fusion Proteins,
International Patent Publication WO 2006/059093; and Foster, K.A. et al.,
Non-Cytotoxic ProteinConjugates, International Patent Publication WO
2006/059105, each of which is incorporated by reference in its entirety. In
other aspects of this embodiment, the retargeted endopeptidase activity
being detected is from a re-targeted endopeptidase having, e.g., 1 or more,
2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or
more, 9 or more, 10 or more, 20 or more, 30 or more, 40 or more, 50 or
more, or 100 or more non-contiguous amino acid substitutions, deletions, or
additions relative to a retargeted endopeptidase of SEQ ID NO: 1, SEQ ID
NO: 2 , SEQ ID NO: 3 , SEQ ID NO: 4 , SEQ ID NO: 130, or SEQ ID NO: 131.
[0113] In yet other aspects of this embodiment, the retargeted
endopeptidase activity being detected is from a non-naturally occurring
retargeted endopeptidase variant having, e.g., 1 or more, 2 or more, 3 or
more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10
or more, 20 or more, 30 or more, 40 or more, 50 or more, or 100 or more
contiguous amino acid substitutions, deletions, or additions relative to a
retargeted endopeptidase disclosed in Keith A. Foster et al., Clostridial
Toxin Derivatives Able To Modify Peripheral Sensory Afferent Functions,
U.S. Patent 5,989,545; Clifford C. Shone et al., Recombinant Toxin
Fragments, U.S. Patent 6,461,617; Conrad P. Quinn et al., Methods and
Compounds for the Treatment of Mucus Hypersecretion, U.S. Patent 6,632,440;
Lance E. Steward et al., Methods And Compositions For The Treatment Of
Pancreatitis, U.S. Patent 6,843,998; Stephan Donovan, Clostridial Toxin
Derivatives and Methods For Treating Pain, U.S. Patent Publication
2002/0037833; Keith A. Foster et al., Inhibition of Secretion from
Non-neural Cells, U.S. Patent Publication 2003/0180289; J. Oliver Dolly et
al., Activatable Recombinant Neurotoxins, WO 2001/014570; Keith A. Foster
et al., Re-targeted Toxin Conjugates, International Patent Publication WO
2005/023309; Lance E. Steward et al., Multivalent Clostridial Toxin
Derivatives and Methods of Their Use, U.S. Patent Application No.
11/376,696; Steward, L.E. et al., Modified Clostridial Toxins with Enhanced
Translocation Capabilities and Altered Targeting Activity For
Non-Clostridial Toxin Target Cells, U.S. Patent Application No. 11/776,075;
Dolly, J.O. et al., Activatable Clostridial Toxins, U.S. Patent Application
No. 11/829,475; Foster, K.A. et al., Fusion Proteins, International Patent
Publication WO 2006/059093; and Foster, K.A. et al., Non-Cytotoxic Protein
Conjugates, International Patent Publication WO 2006/059105, each of which
is incorporated by reference in its entirety. In yet other aspects of this
embodiment, the retargeted endopeptidase activity being detected is from a
non-naturally occurring retargeted endopeptidase variant having, e.g., 1 or
more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8
or more, 9 or more, 10 or more, 20 or more, 30 or more, 40 or more, 50 or
more, or 100 or more contiguous amino acid substitutions, deletions, or
additions relative to a retargeted endopeptidase of SEQ ID NO: 1, SEQ ID
NO: 2 , SEQ ID NO: 3 , SEQ ID NO: 4 , SEQ ID NO: 130, or SEQ ID NO: 131.
[0114] In yet another embodiment, the retargeted endopeptidase activity
being detected is from an opioid retargeted endopeptidase. Non-limiting
examples of opioid re-targeted endopeptidase, or opioid- TVEMPs, are
described in, e.g., Keith A. Foster et al., Clostridial Toxin Derivatives
Able To Modify Peripheral Sensory Afferent Functions, U.S. Patent
5,989,545; J. Oliver Dolly et al., Activatable Recombinant Neurotoxins,
U.S. Patent 7,132,259; Stephan Donovan, Clostridial Toxin Derivatives
andMethods For Treating Pain, U.S. Patent 7,244,437; Stephan Donovan,
Clostridial Toxin Derivatives and Methods For Treating Pain, U.S. Patent
7,413,742; Stephan Donovan, Clostridial Toxin Derivatives and Methods For
Treating Pain, U.S. Patent 7,415,338; Lance E. Steward et al., Multivalent
Clostridial Toxin Derivatives and Methods of Their Use, U.S. Patent
7,514,088; Keith A. Foster, Fusion Proteins, U.S. Patent Publication
2008/0064092; Keith A. Foster, Fusion Proteins, U.S. Patent Publication
2009/0035822; Lance E. Steward et al., Multivalent Clostridial Toxin
Derivatives and Methods of Their Use, U.S. Patent Publication 2009/0048431;
Keith A. Foster, Non-Cytotoxic Protein Conjugates, U.S. Patent Publication
2009/0162341; Keith A. Foster et al., Re-targeted Toxin Conjugates,
International Patent Publication WO 2005/023309; and Lance E. Steward,
Modified Clostridial Toxins with Enhanced Translocation Capabilities and
Altered Targeting Capabilities for Non-Clostridial Toxin Target Cells,
International Patent Application WO 2008/008805; each of which is hereby
incorporated by reference in its entirety. [0115] In yet another
embodiment, the retargeted endopeptidase activity being detected is from a
galanin retargeted endopeptidase. Non-limiting examples of galanin
re-targeted endopeptidase, or galanin-TVEMPs, are described in, e.g.,
Steward, L .E. et al., Modified Clostridial Toxins with Enhanced
Translocation Capability and Enhanced Targeting Activity, U.S. Patent
Application No. 11/776,043 (JuI. 11, 2007); Steward, L.E. et al., Modified
Clostridial Toxins with Enhanced Translocation Capabilities and Altered
Targeting Activity For Clostridial Toxin Target Cells, U.S. Patent
Application No. 11/776,052 (JuI. 11, 2007); and Steward, L.E. et al.,
Modified Clostridial Toxins with Enhanced Translocation Capabilities and
Altered Targeting Activity For Non-Clostridial Toxin Target Cells, U.S.
Patent Application No. 11/776,075 (JuI. 11, 2007), each of which is
incorporated by reference in its entirety. [0116] Aspects of the present
disclosure comprise, in part, a SNAP-25. As used herein, the term "SNAP-25"
refers to a naturally-occurring SNAP-25 or a non-naturally occurring
SNAP-25 which is preferentially cleaved by a retargeted endopeptidase. As
used herein, the term "preferentially cleaved" refers to that the cleavage
rate of SNAP-25 by a retargeted endopeptidase is at least one order of
magnitude higher than the cleavage rate of any other substrate by a
retargeted endopeptidase. In aspects of this embodiment, the cleavage rate
of SNAP-25 by a retargeted endopeptidase is at least two orders of
magnitude higher, at least three orders of magnitude higher, at least four
orders of magnitude 



higher, or at least five orders of magnitude higher then that the cleavage
rate of any other substrate by retargeted endopeptidase. [0117] As used
herein, the term "naturally occurring SNAP-25" refers to any SNAP-25
produced by a naturally-occurring process, including, without limitation,
SNAP-25 isoforms produced from a posttranslational modification, an
alternatively-spliced transcript, or a spontaneous mutation, and SNAP-25
subtypes. A naturally occurring SNAP-25 includes, without limitation, SEQ
ID NO: 5 , SEQ ID NO: 6 , SEQ ID NO: 7 , SEQ ID NO: 8 , SEQ ID NO: 9 , SEQ
ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ
ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19,SEQ
ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, or SEQ ID NO: 24,
or one that substitutes, deletes or adds, e.g., 1 or more, 2 or more, 3 or
more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10
or more, 20 or more, 30 or more, 40 or more, 50 or more, or 100 or more
amino acids from SEQ ID NO: 5 , SEQ ID NO: 6 , SEQ ID NO: 7 , SEQ ID NO: 8
, SEQ ID NO: 9 , SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO:
18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO:
23, or SEQ ID NO: 24. [0118] As used herein, the term "non-naturally
occurring SNAP-25" refers to any SNAP-25 whose structure was modified with
the aid of human manipulation, including, without limitation, a SNAP-25
produced by genetic engineering using random mutagenesis or rational design
and a SNAP-25 produced by in vitro chemical synthesis. Non-limiting
examples of non-naturally occurring SNAP-25s are described in, e.g.,
Steward, L .E. et al., FRET Protease Assays for Clostridial Toxins, U.S.
Patent 7,332,567; Fernandez-Salas et al., Lipohilic Dye-based FRET Assays
for Clostridial Toxin Activity, U.S. Patent Publication 2008/0160561, each
of which is hereby incorporated by reference in its entirety. A
nonnaturally occurring SNAP-25 may substitute, delete or add, e.g., 1 or
more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8
or more, 9 or more, 10 or more, 20 or more, 30 or more, 40 or more, 50 or
more, or 100 or more amino acids from SEQ ID NO: 5 , SEQ ID NO: 6 , SEQ ID
NO: 7 , SEQ ID NO: 8 , SEQ ID NO: 9 , SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID
NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID
NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 2 1, SEQ ID
NO: 22, SEQ ID NO: 23, or SEQ ID NO: 24. [0119] Thus in an embodiment, a
SNAP-25 is a naturally occurring SNAP-25. In aspects of this embodiment,
the SNAP-25 is a SNAP-25 isoform or a SNAP-25 subtype. In aspects of this
embodiment, the naturally occurring SNAP-25 is the naturally occurring
SNAP-25 of SEQ ID NO: 5 , SEQ ID NO: 6 , SEQ ID NO: 7 , SEQ ID NO: 8 , SEQ
ID NO: 9 , SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ
ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 2 1, SEQ ID NO: 22, SEQ ID NO: 23, or
SEQ ID NO: 24. In other aspects of this embodiment, the SNAP-25 is a
naturally occurring SNAP-25 having, e.g., at least 70% amino acid identity,
at least 75%, at least 80%, at least 85%, at least 90%, or at least 95%
amino acid identity with SEQ ID NO: 5 , SEQ ID NO: 6 , SEQ ID NO: 7 , SEQ
ID NO: 8 , SEQ ID NO: 9 , SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ
ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ
ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ
ID NO: 23, or SEQ ID NO: 24. [0120] In another embodiment, a SNAP-25 is a
non-naturally occurring SNAP-25. In other aspects of this embodiment, the
SNAP-25 is a non-naturally occurring SNAP-25 having, e.g., at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, or at least 95% amino
acid identity with SEQ ID NO: 1, SEQ ID NO: 2 , SEQ ID NO: 3 , or SEQ ID
NO: 4 . In other aspects of this embodiment, the SNAP-25 is anon-naturally
occurring SNAP-25 having, e.g., 1 or more, 2 or more, 3 or more, 4 or more,
5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more, 20 or
more, 30 or more, 40 or more, 50 or more, or 100 or more non-contiguous
amino acid substitutions, deletions, or additions relative to SEQ ID NO: 5
, SEQ ID NO: 6 , SEQ ID NO: 7 , SEQ ID NO: 8 , SEQ ID NO: 9 , SEQ ID NO:
10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO:
15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO:
20, SEQ ID NO: 2 1, SEQ ID NO: 22, SEQ ID NO: 23, or SEQ ID NO: 24. In yet
other aspects of this embodiment, the SNAP-25 is a non-naturally occurring
SNAP-25 having, e.g., 1 or more, 2 or more, 3 or more, 4 or more, 5 or
more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more, 20 or more,
30 or more, 40 or more, 50 or more, or 100 or more contiguous amino acid
substitutions, deletions, or additions relative to SEQ ID NO: 5 , SEQ ID
NO: 6 , SEQ ID NO: 7 , SEQ ID NO: 8 , SEQ ID NO: 9 , SEQ ID NO: 10, SEQ ID
NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID
NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID
NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, or SEQ ID NO: 24. [0121] A SNAP-25
can be an endogenous SNAP-25 or an exogenous SNAP-25. As used herein, the
term "endogenous SNAP-25" refers to a SNAP-25 naturally present in the cell
because it is naturally encoded within the cell's genome, such that the
cell inherently expresses the SNAP-25 without the need an external source
of SNAP-25 or an external source of genetic material encoding a SNAP-25.
The expression of an endogenous SNAP-25 may be with or without
environmental stimulation such as, e.g., cell differentiation. By
definition, an endogenous SNAP-25 can only be a naturally-occurring SNAP-25
or variants thereof. For example, the following established cell lines
express an endogenous SNAP-25: BE(2)-M17, Kelly, LA1-55n, N1E-1 15, N4TG3,
N18, Neuro-2a, NG108-15, PC12, SH-SY5Y, SiMa, SK-NDZ, and SK-N-BE(2)-C.
[0122] As used herein, the term "exogenous SNAP-25" refers to a SNAP-25
expressed in a cell through the introduction of an external source of
SNAP-25 or an external source of genetic material encoding a SNAP-25 by
human manipulation. The expression of an exogenous SNAP-25 may be with or
without environmental stimulation such as, e.g., cell differentiation. As a
non-limiting example, cells from an established cell line can express an
exogenous SNAP-25 by transient or stably transfection of a SNAP- 25. As
another non-limiting example, cells from an established cell line can
express an exogenous SNAP-25 by protein transfection of a SNAP-25. An
exogenous SNAP-25 can be a naturally-occurring SNAP-25 or variants thereof,
or a non-naturally occurring SNAP-25 or variants thereof. [0123] Thus in an
embodiment, cells from an established cell line express an endogenous
SNAP-25. In 



aspects of this embodiment, the endogenous SNAP-25 expressed by cells from
an established cell line is a naturally-occurring SNAP-25. In other aspects
of this embodiment, the endogenous SNAP-25 expressed by cells from an
established cell line is SEQ ID NO: 5 , SEQ ID NO: 6 , SEQ ID NO: 7 , SEQ
ID NO: 8 , SEQ ID NO: 9 , SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ
ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ
ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQID NO: 21, SEQ ID NO: 22, SEQ
ID NO: 23, or SEQ ID NO: 24. In yet aspects of this embodiment, the
endogenous SNAP-25 expressed by cells from an established cell line is a
naturally occurring SNAP-25, such as, e.g., a SNAP-25 isoform or a SNAP-25
subtype. In other aspects of this embodiment, the endogenous SNAP-25
expressed by cells from an established cell line is a naturally occurring
SNAP-25 having, e.g., at least 70% amino acid identity, at least 75%, at
least 80%, at least 85%, at least 90%, or at least 95% amino acid identity
with SEQ ID NO: 5 , SEQ ID NO: 6 , SEQ ID NO: 7 , SEQ ID NO: 8 , SEQ ID NO:
9 , SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO:
14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO:
19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, or SEQ ID
NO: 24. [0124] In another embodiment, cells from an established cell line
are transiently or stably engineered to express an exogenous SNAP-25. In an
aspect of this embodiment, cells from an established cell line are
transiently or stably engineered to express a naturally-occurring SNAP-25.
In other aspects of this embodiment, cells from an established cell line
are transiently or stably engineered to express the naturally-occurring
SNAP-25 of SEQ ID NO: 5 , SEQ ID NO: 6 , SEQ ID NO: 7 , SEQ ID NO: 8 , SEQ
ID NO: 9 , SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ
ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, or
SEQ ID NO: 24. In yet other aspects of this embodiment, cells from an
established cell line are transiently or stably engineered to express a
naturally occurring SNAP-25, such as, e.g., a SNAP-25 isoform or a SNAP-25
subtype. In still other aspects of this embodiment, cells from an
established cell line are transiently or stably engineered to express a
naturally occurring SNAP- 25 having, e.g., at least 70% amino acid
identity, at least 75%, at least 80%, at least 85%, at least 90%, or at
least 95% amino acid identity with SEQ ID NO: 5 , SEQ ID NO: 6 , SEQ ID NO:
7 , SEQ ID NO: 8 , SEQ ID NO: 9 , SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:
12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO:
17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO:
22, SEQ ID NO: 23, or SEQ ID NO: 24. [0125] In another aspect of the
embodiment, cells from an established cell line are transiently or stably
engineered to express a non-naturally occurring SNAP-25. In other aspects
of this embodiment, cells from an established cell line are transiently or
stably engineered to express a non-naturally occurring SNAP-25 having,
e.g., at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
or at least 95% amino acid identity with SEQ ID NO: 5 , SEQ ID NO: 6 , SEQ
ID NO: 7 , SEQ ID NO: 8 , SEQ ID NO: 9 , SEQ ID NO: 10, SEQ ID NO: 11, SEQ
ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ
ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ
ID NO: 22, SEQ ID NO: 23, or SEQ ID NO: 24. In other aspects of this
embodiment, cells from an established cell line are transiently or stably
engineered to express a non-naturally occurring SNAP-25 having, e.g., 1 or
more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8
or more, 9 or more, 10 or more, 20 or more, 30 or more, 40 or more, 50 or
more, or 100 or more non-contiguous amino acid substitutions, deletions, or
additions relative to SEQ ID NO: 5 , SEQ ID NO: 6 , SEQ ID NO: 7 , SEQ
IDNO: 8 , SEQ ID NO: 9 , SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ
ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ
ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 2 1, SEQ ID NO: 22, SEQ
ID NO: 23, or SEQ ID NO: 24. In yet other aspects of this embodiment, cells
from an established cell line are transiently or stably engineered to
express a non-naturally occurring SNAP-25 having, e.g., 1 or more, 2 or
more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or more, 9
or more, 10 or more, 20 or more, 30 or more, 40 or more, 50 or more, or 100
or more contiguous amino acid substitutions, deletions, or additions
relative to SEQ ID NO: 5 , SEQ ID NO: 6 , SEQ ID NO: 7 , SEQ ID NO: 8 , SEQ
ID NO: 9 , SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ
ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, or
SEQ ID NO: 24. [0126] Assays that detect the cleavage of a SNAP-25 after
exposure to a retargeted endopeptidase can be used to assess whether a cell
is expressing an endogenous or exogenous SNAP-25. In these assays,
generation of a SNAP-25 cleavage-product would be detected in cells
expressing a SNAP-25 after retargeted endopeptidase treatment. Non-limiting
examples of specific Western blot analysis, as well as well-characterized
reagents, conditions and protocols are readily available from commercial
vendors that include, without limitation, Amersham Biosciences, Piscataway,
NJ; Bio-Rad Laboratories, Hercules, CA; Pierce Biotechnology, Inc.,
Rockford, IL; Promega Corporation, Madison, Wl, and Stratagene, Inc., La
JoIIa, CA. It is understood that these and similar assays for SNAP-25
cleavage can be useful in identifying cells expressing an endogenous or an
exogenous SNAP-25. [0127] As non-limiting examples, Western blot analysis
using an antibody that recognize a SNAP-25 cleavage product or both the
cleaved and uncleaved forms of SNAP-25 can be used to assay for uptake of
retargeted endopeptidase. Examples of a-SNAP-25 antibodies useful for these
assays include, without limitation, a-SNAP-25 mouse monoclonal antibody
SMI-81 (Sternberger Monoclonals Inc., Lutherville, MD), mouse a-SNAP-25
monoclonal antibody Cl 71.1 (Synaptic Systems, Goettingen, Germany), a-
SNAP-25 mouse monoclonal antibody Cl 7 1.2 (Synaptic Systems, Goettingen,
Germany), a-SNAP-25 mouse monoclonal antibody SP12 (Abeam, Cambridge, MA),
a-SNAP-25 rabbit polyclonal antiserum (Synaptic Systems, Goettingen,
Germany), a-SNAP-25 rabbit polyclonal antiserum (Abeam, Cambridge, MA), and
a-SNAP-25 rabbit polyclonal antiserum S9684 (Sigma, St Louis, MO). [0128]
Aspects of the present disclosure comprise, in part, a retargeted
endopeptidase receptor. As used herein, the term "retargeted endopeptidase
receptor" refers to either a naturally-occurring retargeted endopeptidase
receptor or a non-naturally occurring retargeted endopeptidase receptor
which preferentially interacts with a retargeted endopeptidase in a manner
that elicits a retargeted endopeptidase activity response. As used herein,
the term "preferentially interacts" refers to that the 



equilibrium dissociation constant (KD) of retargeted endopeptidase for a
retargeted endopeptidase receptor is at least one order of magnitude less
than that of retargeted endopeptidase for any other receptor at the cell
surface. The equilibrium dissociation constant, a specific type of
equilibrium constantthat measures the propensity of an retargeted
endopeptidase-retargeted endopeptidase receptor complex to separate
(dissociate) reversibly into its component molecules, namely the retargeted
endopeptidase and the retargeted endopeptidase receptor, is defined as
KD=Ka/Kd at equilibrium. The association constant (Ka) is defined as
Ka=[C]/[L][R] and the disassociation constant (Kd) is defined as
Kd=[L][R]/[C], where [L] equals the molar concentration of retargeted
endopeptidase, [R] is the molar concentration of a retargeted endopeptidase
receptor, and [C] is the molar concentration of the endopeptidase-receptor
complex, and where all concentrations are of such components when the
system is at equilibrium. The smaller the dissociation constant, the more
tightly bound the retargeted endopeptidase is to its receptor, or the
higher the binding affinity between retargeted endopeptidase and retargeted
endopeptidase receptor. In aspects of this embodiment, the disassociation
constant of retargeted endopeptidase for its receptor is at least two
orders of magnitude less, at least three orders of magnitude less, at least
four orders of magnitude less, or at least five orders of magnitude less
than that of retargeted endopeptidase for any other receptor. In other
aspects of this embodiment, the binding affinity of a retargeted
endopeptidase that preferentially interacts with its receptor can have an
equilibrium disassociation constant (KD) of, e.g., of 500 nM or less, 400
nM or less, 300 nM or less, 200 nM, or less 100 nM or less. In other
aspects of this embodiment, the binding affinity of a retargeted
endopeptidase that preferentially interacts with its receptor can have an
equilibrium disassociation constant (KD) of, e.g., of 90 nM or less, 80 nM
or less, 70 nM or less, 60 nM, 50 nM or less, 40 nM or less, 30 nM or less,
20 nM, or less 10 nM or less. As used herein, the term "elicits a
retargeted endopeptidase activity response" refers to the ability of a
retargeted endopeptidase receptor to interact with a retargeted
endopeptidase to form a endopeptidase/receptor complex and the subsequent
internalization of that complex into the cell cytoplasm. [0129] As used
herein, the term "naturally occurring retargeted endopeptidase receptor"
refers to any retargeted endopeptidase receptor produced by a
naturally-occurring process, including, without limitation, retargeted
endopeptidase receptor isoforms produced from a post-translational
modification, an alternatively-spliced transcript, or a spontaneous
mutation, and retargeted endopeptidase receptor subtypes. A naturally
occurring retargeted endopeptidase receptor includes, without limitation,
naturally occurring opioid receptors like a opiate-like receptor 1 (ORL1),
a d-opioid receptor (DOR), a k-opioid receptor (KOR), and a m-opioid
receptor (MOR), such as those described in Christopher Evans et al., Opioid
Receptor Genes, U.S. Patent 6,265,563; Christopher Evans et al., Methods of
Screening Modulators of Opiod Receptor Activity, U.S. Patent 6,432,652;
Christopher Evans et al., Opioid Receptors and Methods of Use, U.S. Patent
7,282,563; and Christopher Evans et al., Delta Opioid Receptor Proteins,
U.S. Patent Publication 2008/0219925, each of which is hereby incorporated
by reference in its entirety. Other examples of a naturally occurring
retargeted endopeptidase receptor includes, without limitation, the galanin
receptor 1, the galanin receptor 2 , and the galanin receptor 3 . Naturally
occurring opioid receptors from other vertebrate species are know in the
art, such as, e.g., primate, cow, dog, mouse, rat, chicken, and fish, and
can be used in aspects of the present specification.[0130] A naturally
occurring ORL1 includes, without limitation, SEQ ID NO: 25 and SEQ ID NO:
26, or one that substitutes, deletes or adds, e.g., 1 or more, 2 or more, 3
or more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more,
10 or more, 20 or more, 30 or more, 40 or more, 50 or more, or 100 or more
amino acids from SEQ ID NO: 25 or SEQ ID NO: 26. A naturally occurring DOR
includes, without limitation, SEQ ID NO: 27 and SEQ ID NO: 28, or one that
substitutes, deletes or adds, e.g., 1 or more, 2 or more, 3 or more, 4 or
more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more, 20
or more, 30 or more, 40 or more, 50 or more, or 100 or more amino acids
from SEQ ID NO: 27 or SEQ ID NO: 28. A naturally occurring KOR includes,
without limitation, SEQ ID NO: 29 and SEQ ID NO: 30, or one that
substitutes, deletes or adds, e.g., 1 or more, 2 or more, 3 or more, 4 or
more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more, 20
or more, 30 or more, 40 or more, 50 or more, or 100 or more amino acids
from SEQ ID NO: 29 or SEQ ID NO: 30. A naturally occurring MOR includes,
without limitation, SEQ ID NO: 3 1, or one that substitutes, deletes or
adds, e.g., 1 or more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or
more, 7 or more, 8 or more, 9 or more, 10 or more, 20 or more, 30 or more,
40 or more, 50 or more, or 100 or more amino acids from SEQ ID NO: 31.
[0131] A naturally occurring galanin receptor 1 includes, without
limitation, SEQ ID NO: 136, SEQ ID NO: 137, and SEQ ID NO: 138, or one that
substitutes, deletes or adds, e.g., 1 or more, 2 or more, 3 or more, 4 or
more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more, 20
or more, 30 or more, 40 or more, 50 or more, or 100 or more amino acids
from SEQ ID NO: 136, SEQ ID NO: 137, or SEQ ID NO: 138. A naturally
occurring galanin receptor 2 includes, without limitation, SEQ ID NO: 139,
or one that substitutes, deletes or adds, e.g., 1 or more, 2 or more, 3 or
more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10
or more, 20 or more, 30 or more, 40 or more, 50 or more, or 100 or more
amino acids from SEQ ID NO: 139. A naturally occurring galanin receptor 3
includes, without limitation, SEQ ID NO: 140, or one that substitutes,
deletes or adds, e.g., 1 or more, 2 or more, 3 or more, 4 or more, 5 or
more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more, 20 or more,
30 or more, 40 or more, 50 or more, or 100 or more amino acids from SEQ ID
NO: 140. [0132] As used herein, the term "non-naturally occurring
retargeted endopeptidase receptor variant" refers to any retargeted
endopeptidase receptor produced with the aid of human manipulation or
design, including, without limitation, a retargeted endopeptidase receptor
produced by genetic engineering using random mutagenesis or rational design
and a retargeted endopeptidase receptor produced by chemical synthesis.
Non-limiting examples of non-naturally occurring retargeted endopeptidase
receptor variants include, e.g., conservative retargeted endopeptidase
receptor variants, non-conservative retargeted endopeptidase receptor
variants, retargeted endopeptidase receptor chimeric variants and active
retargeted endopeptidase receptor fragments. [0133] As used herein, the
term "non-naturally occurring retargeted endopeptidase receptor" refers to
any retargeted endopeptidase receptor whose structure was modified with the
aid of human manipulation, 



including, without limitation, a retargeted endopeptidase receptor produced
by genetic engineering usingrandom mutagenesis or rational design and a
retargeted endopeptidase receptor produced by in vitro chemical synthesis.
A non-naturally occurring retargeted endopeptidase receptor may substitute,
delete or add, e.g., 1 or more, 2 or more, 3 or more, 4 or more, 5 or more,
6 or more, 7 or more, 8 or more, 9 or more, 10 or more, 20 or more, 30 or
more, 40 or more, 50 or more, or 100 or more amino acids from SEQ ID NO:
25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO:
30, SEQ ID NO: 31, SEQ ID NO: 136, SEQ ID NO: 137, SEQ ID NO: 138, SEQ ID
NO: 139, or SEQ ID NO: 140. [0134] Thus in an embodiment, a retargeted
endopeptidase receptor is a naturally occurring retargeted endopeptidase
receptor such as, e.g., ORL1, DOR, KOR, or MOR. In aspects of this
embodiment, the retargeted endopeptidase receptor is a retargeted
endopeptidase receptor isoform or a retargeted endopeptidase receptor
subtype. In aspects of this embodiment, the naturally occurring retargeted
endopeptidase receptor is the naturally occurring retargeted endopeptidase
receptor of SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ
ID NO: 29, SEQ ID NO: 30, or SEQ ID NO: 31. In other aspects of this
embodiment, the retargeted endopeptidase receptor is a naturally occurring
retargeted endopeptidase receptor having, e.g., at least 70% amino acid
identity, at least 75%, at least 80%, at least 85%, at least 90%, or at
least 95% amino acid identity with SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO:
27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, or SEQ ID NO: 3 1. [0135]
In another embodiment, a retargeted endopeptidase receptor is a
non-naturally occurring retargeted endopeptidase receptor, such as, e.g., a
genetically-engineered ORL1 , a geneticallyengineered DOR, a
genetically-engineered KOR, or a genetically-engineered MOR. In other
aspects of this embodiment, the retargeted endopeptidase receptor is a
non-naturally occurring retargeted endopeptidase receptor having, e.g., at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at
least 95% amino acid identity with SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO:
27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, or SEQ ID NO: 31. In other
aspects of this embodiment, the retargeted endopeptidase receptor is a
non-naturally occurring retargeted endopeptidase receptor having, e.g., 1
or more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more,
8 or more, 9 or more, 10 or more, 20 or more, 30 or more, 40 or more, 50 or
more, or 100 or more non-contiguous amino acid substitutions, deletions, or
additions relative to SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID
NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, or SEQ ID NO: 3 1. In yet other
aspects of this embodiment, the retargeted endopeptidase receptor is a
non-naturally occurring retargeted endopeptidase receptor having, e.g., 1
or more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more,
8 or more, 9 or more, 10 or more, 20 or more, 30 or more, 40 or more, 50 or
more, or 100 or more contiguous amino acid substitutions, deletions, or
additions relative to SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID
NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, or SEQ ID NO: 31. [0136] In another
embodiment, a retargeted endopeptidase receptor is a naturally occurring
retargeted endopeptidase receptor such as, e.g., galanin receptor 1,
galanin receptor 2 , or galanin receptor 3 . In aspects of this embodiment,
the retargeted endopeptidase receptor is a retargeted endopeptidasereceptor
isoform or a retargeted endopeptidase receptor subtype. In aspects of this
embodiment, the naturally occurring retargeted endopeptidase receptor is
the naturally occurring retargeted endopeptidase receptor of SEQ ID NO:
136, SEQ ID NO: 137, SEQ ID NO: 138, SEQ ID NO: 139, or SEQ ID NO: 140. In
other aspects of this embodiment, the retargeted endopeptidase receptor is
a naturally occurring retargeted endopeptidase receptor having, e.g., at
least 70% amino acid identity, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% amino acid identity with SEQ ID NO: 136, SEQ ID
NO: 137, SEQ ID NO: 138, SEQ ID NO: 139, or SEQ ID NO: 140. [0137] In
another embodiment, a retargeted endopeptidase receptor is a non-naturally
occurring retargeted endopeptidase receptor, such as, e.g., a
genetically-engineered galanin receptor 1, a genetically-engineered galanin
receptor 2 , or a genetically-engineered galanin receptor 3 . In other
aspects of this embodiment, the retargeted endopeptidase receptor is a
non-naturally occurring retargeted endopeptidase receptor having, e.g., at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at
least 95% amino acid identity with SEQ ID NO: 136, SEQ ID NO: 137, SEQ ID
NO: 138, SEQ ID NO: 139, or SEQ ID NO: 140. In other aspects of this
embodiment, the retargeted endopeptidase receptor is a non-naturally
occurring retargeted endopeptidase receptor having, e.g., 1 or more, 2 or
more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or more, 9
or more, 10 or more, 20 or more, 30 or more, 40 or more, 50 or more, or 100
or more non-contiguous amino acid substitutions, deletions, or additions
relative to SEQ ID NO: 136, SEQ ID NO: 137, SEQ ID NO: 138, SEQ ID NO: 139,
or SEQ ID NO: 140. In yet other aspects of this embodiment, the retargeted
endopeptidase receptor is a non-naturally occurring retargeted
endopeptidase receptor having, e.g., 1 or more, 2 or more, 3 or more, 4 or
more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more, 20
or more, 30 or more, 40 or more, 50 or more, or 100 or more contiguous
amino acid substitutions, deletions, or additions relative to SEQ ID NO:
136, SEQ ID NO: 137, SEQ ID NO: 138, SEQ ID NO: 139, or SEQ ID NO: 140.
[0138] A retargeted endopeptidase receptor can be an endogenous retargeted
endopeptidase receptor or an exogenous retargeted endopeptidase receptor.
As used herein, the term "endogenous retargeted endopeptidase receptor"
refers to a retargeted endopeptidase receptor naturally present in the cell
because it is naturally encoded within the cell's genome, such that the
cell inherently expresses the retargeted endopeptidase receptor without the
need an external source of retargeted endopeptidase receptor or an external
source of genetic material encoding a retargeted endopeptidase receptor.
Expression of an endogenous retargeted endopeptidase receptor may be with
or without environmental stimulation such as e.g., cell differentiation or
promoter activation. For example, the following established cell lines
express at least one endogenous retargeted endopeptidase receptor: AGN P33,
Neuro-2a, SiMa, and SK-N-DZ. An endogenous retargeted endopeptidase
receptor can only be a naturallyoccurring retargeted endopeptidase receptor
or naturally-occurring variants thereof. [0139] As used herein, the term
"exogenous retargeted endopeptidase receptor" refers to a retargeted
endopeptidase receptor expressed in a cell through the introduction of an
external source of retargetedendopeptidase receptor or an external source
of genetic material encoding a retargeted endopeptidase receptor by human
manipulation. The expression of an exogenous retargeted endopeptidase
receptor may be with or without environmental stimulation such as, e.g.,
cell differentiation or promoter activation. 



As a non-limiting example, cells from an established cell line can express
one or more exogenous retargeted endopeptidase receptors by transient or
stably transfection of a polynucleotide molecule encoding a retargeted
endopeptidase receptor, such as, e.g., an ORL1, a DOR, a KOR, a MOR, a
galanin receptor 1, a galanin receptor 2 , or a galanin receptor 3 . As
another non-limiting example, cells from an established cell line can
express one or more exogenous retargeted endopeptidase receptors by protein
transfection of the retargeted endopeptidase receptors, such as, e.g., an
ORL1, a DOR, a KOR, a MOR, a galanin receptor 1, a galanin receptor 2 , or
a galanin receptor 3 . An exogenous retargeted endopeptidase receptor can
be a naturally-occurring retargeted endopeptidase receptor or naturally
occurring variants thereof, or non-naturally occurring retargeted
endopeptidase receptor or non-naturally occurring variants thereof. [0140]
Thus in an embodiment, cells from an established cell line express an
endogenous retargeted endopeptidase receptor. In aspects of this
embodiment, the endogenous retargeted endopeptidase receptor expressed by
cells from an established cell line is a naturally-occurring retargeted
endopeptidase receptor. In other aspects of this embodiment, the endogenous
retargeted endopeptidase receptor expressed by cells from an established
cell line is SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28,
SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 136, SEQ ID NO:
137, SEQ ID NO: 138, SEQ ID NO: 139, or SEQ ID NO: 140. In yet aspects of
this embodiment, the endogenous retargeted endopeptidase receptor expressed
by cells from an established cell line is a naturally occurring retargeted
endopeptidase receptor, such as, e.g., a retargeted endopeptidase receptor
isoform or a retargeted endopeptidase receptor subtype. In other aspects of
this embodiment, the endogenous retargeted endopeptidase receptor expressed
by cells from an established cell line is a naturally occurring retargeted
endopeptidase receptor having, e.g., at least 70% amino acid identity, at
least 75%, at least 80%, at least 85%, at least 90%, or at least 95% amino
acid identity with SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO:
28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 136, SEQ ID NO:
137, SEQ ID NO: 138, SEQ ID NO: 139, or SEQ ID NO: 140. [0141] In another
embodiment, cells from an established cell line are transiently or stably
engineered to express an exogenous retargeted endopeptidase receptor. In an
aspect of this embodiment, cells from an established cell line are
transiently or stably engineered to express a naturally-occurring
retargeted endopeptidase receptor. In other aspects of this embodiment,
cells from an established cell line are transiently or stably engineered to
express the naturally-occurring retargeted endopeptidase receptor of SEQ ID
NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID
NO: 30, SEQ ID NO: 31, SEQ ID NO: 136, SEQ ID NO: 137, SEQ ID NO: 138, SEQ
ID NO: 139, or SEQ ID NO: 140. In yet other aspects of this embodiment,
cells from an established cell line are transiently or stably engineered to
express a naturally occurring retargeted endopeptidase receptor, such as,
e.g., aretargeted endopeptidase receptor isoform or a retargeted
endopeptidase receptor subtype. In still other aspects of this embodiment,
cells from an established cell line are transiently or stably engineered to
express a naturally occurring retargeted endopeptidase receptor having,
e.g., at least 70% amino acid identity, at least 75%, at least 80%, at
least 85%, at least 90%, or at least 95% amino acid identity with SEQ ID
NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID
NO: 30, SEQ ID NO: 31, SEQ ID NO: 136, SEQ ID NO: 137, SEQ ID NO: 138, SEQ
ID NO: 139, or SEQ ID NO: 140. [0142] In another aspect of the embodiment,
cells from an established cell line are transiently or stably engineered to
express a non-naturally occurring retargeted endopeptidase receptor. In
other aspects of this embodiment, cells from an established cell line are
transiently or stably engineered to express a nonnaturally occurring
retargeted endopeptidase receptor having, e.g., at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, or at least 95% amino acid
identity with SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28,
SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 136, SEQ ID NO:
137, SEQ ID NO: 138, SEQ ID NO: 139, or SEQ ID NO: 140. In other aspects of
this embodiment, cells from an established cell line are transiently or
stably engineered to express a nonnaturally occurring retargeted
endopeptidase receptor having, e.g., 1 or more, 2 or more, 3 or more, 4 or
more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more, 20
or more, 30 or more, 40 or more, 50 or more, or 100 or more non-contiguous
amino acid substitutions, deletions, or additions relative to SEQ ID NO:
25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO:
30, SEQ ID NO: 31, SEQ ID NO: 136, SEQ ID NO: 137, SEQ ID NO: 138, SEQ ID
NO: 139, or SEQ ID NO: 140. In yet other aspects of this embodiment, cells
from an established cell line are transiently or stably engineered to
express a non-naturally occurring retargeted endopeptidase receptor having,
e.g., 1 or more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7
or more, 8 or more, 9 or more, 10 or more, 20 or more, 30 or more, 40 or
more, 50 or more, or 100 or more contiguous amino acid substitutions,
deletions, or additions relative to SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID
NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID
NO: 136, SEQ ID NO: 137, SEQ ID NO: 138, SEQ ID NO: 139, or SEQ ID NO: 140.
[0143] In another embodiment, cells from an established cell line are
transiently or stably engineered to express an exogenous ORL1, an exogenous
DOR, an exogenous KOR, an exogenous MOR, or any combination thereof. In
aspects of this embodiment, cells from an established cell line are
transiently or stably engineered to express a naturally-occurring ORL1, a
naturally-occurring DOR, a naturally-occurring KOR, a naturally-occurring
MOR, or any combination thereof. In yet other aspects of this embodiment,
cells from an established cell line are transiently or stably engineered to
express a non-naturally-occurring ORL1, a non-naturally-occurring DOR, a
non-naturally-occurring KOR, a non-naturally-occurring MOR, or any
combination thereof. In still other aspects of this embodiment, cells from
an established cell line are transiently or stably engineered to express
either a naturally-occurring ORL1 or a non-naturally-occurring ORL1, a
naturally-occurring DOR or a non-naturally-occurring DOR, a
naturally-occurring KOR or a nonnaturally-occurring KOR, a
naturally-occurring MOR or a non-naturally-occurring MOR, or any
combination thereof. [0144] In yet another embodiment, cells from an
established cell line are transiently or stably engineered to express an
exogenous galanin receptor 1, an exogenous galanin receptor 2 , an
exogenous galanin receptor 3 , or any combination thereof. In aspects of
this embodiment, cells from an established cell line 



are transiently or stably engineered to express a naturally-occurring
galanin receptor 1, a naturallyoccurring galanin receptor 2 , a
naturally-occurring galanin receptor 3 , or any combination thereof. In yet
other aspects of this embodiment, cells from an established cell line are
transiently or stably engineered to express a non-naturally-occurring
galanin receptor 1, a non-naturally-occurring galanin receptor 2 , a
non-naturally-occurring galanin receptor 3 , or any combination thereof. In
still other aspects of this embodiment, cells from an established cell line
are transiently or stably engineered to express either a
naturally-occurring galanin receptor 1 or a non-naturally-occurring galanin
receptor 1, a naturallyoccurring galanin receptor 2 or a
non-naturally-occurring galanin receptor 2 , a naturally-occurring galanin
receptor 3 or a non-naturally-occurring galanin receptor 3 , or any
combination thereof. [0145] Cells that express one or more endogenous or
exogenous re-targeted endopeptidase receptors can be identified by routine
methods including direct and indirect assays for re-targeted
endopeptidaseuptake. Assays that determine retargeted endopeptidase binding
or uptake properties can be used to assess whether a cell is expressing a
retargeted endopeptidase receptor. Such assays include, without limitation,
cross-linking assays using labeled retargeted endopeptidase, such as, e.g.,
[1251] retargeted endopeptidase, see, e.g., Noriko Yokosawa et al., Binding
of Clostridium botulinum type C neurotoxin to different neuroblastoma cell
lines, 57(1) Infect. Immun. 272-277 (1989); Noriko Yokosawa et al., Binding
of botulinum type Cl, D and E neurotoxins to neuronal cell lines and
synaptosomes, 29(2) Toxicon 261-264 (1991); and Tei-ichi Nishiki et al.,
Identification of protein receptor for Clostridium botulinum type B
neurotoxin in rat brain synaptosomes, 269(14) J. Biol. Chem. 10498-10503
(1994). Other non-limiting assays include immunocytochemical assays that
detect retargeted endopeptidase binding using labeled or unlabeled
antibodies, see, e.g., Atsushi Nishikawa et al., The receptor and
transporter for internalization of Clostridium botulinum type C progenitor
toxin into HT-29 cells, 319(2) Biochem. Biophys. Res. Commun. 327-333
(2004) and immunoprecipitation assays, see, e.g., Yukako Fujinaga et al.,
Molecular characterization of binding subcomponents of Clostridium
botulinum type C progenitor toxin for intestinal epithelial cells and
erythrocytes, 150(Pt 5) Microbiology 1529-1538 (2004), that detect bound
re-targeted endopeptidase using labeled or unlabeled antibodies. Antibodies
useful for these assays include, without limitation, antibodies selected
against retargeted endopeptidase and/or antibodies selected against a
retargeted endopeptidase receptor, such as, e.g., ORL1, DOR, KOR, MOR,
galanin receptor 1, galanin receptor 2 , or galanin receptor 3 . If the
antibody is labeled, the binding of the molecule can be detected by various
means, including Western blot analysis, direct microscopic observation of
the cellular location of the antibody, measurement of cell or
substrate-bound antibody following a wash step, flow cytometry,
electrophoresis or capillary electrophoresis, employing
techniqueswell-known to those of skill in the art. If the antibody is
unlabeled, one may employ a labeled secondary antibody for indirect
detection of the bound molecule, and detection can proceed as for a labeled
antibody. It is understood that these and similar assays that determine
retargeted endopeptidase uptake properties or characteristics can be useful
in identifying cells expressing endogenous or exogenous or retargeted
endopeptidase receptors. [0146] Assays that monitor the release of a
molecule after exposure to a retargeted endopeptidase can also be used to
assess whether a cell is expressing one or more endogenous or exogenous
retargeted endopeptidase receptors. In these assays, inhibition of the
molecule's release would occur in cells expressing a retargeted
endopeptidase receptor after retargeted endopeptidase treatment. Well known
assays include methods that measure inhibition of radio-labeled
catecholamine release from neurons, such as, e.g., [3H] noradrenaline or
[3H] dopamine release, see e.g., A Fassio et al., Evidence for
calcium-dependent vesicular transmitter release insensitive to tetanus
toxin and botulinum toxin type F, 90(3) Neuroscience 893-902 (1999); and
Sara Stigliani et al., The sensitivity of catecholamine release to
botulinum toxin C1 and E suggests selective targeting of vesicles set into
the readily releasable pool, 85(2) J. Neurochem. 409-421 (2003), or
measures catecholamine release using a fluorometric procedure, see, e.g.,
Anton de Paiva et al., A role for the interchain disulfide or its
participating thiols in the internalization of botulinum neurotoxin A
revealed by a toxin derivative that binds to ecto-acceptors and inhibits
transmitter release intracellular^, 268(28) J. Biol. Chem. 20838-20844
(1993); Gary W. Lawrence et al., Distinct exocytotic responses of intact
and permeabilised chromaffin cells after cleavage of the 25- kDa
synaptosomal-associated protein (SNAP-25) or synaptobrevin by botulinum
toxin A or B, 236(3) Eur. J. Biochem. 877-886 (1996); and Patrick Foran et
al., Botulinum neurotoxin C1 cleaves both syntaxin and SNAP-25 in intact
and permeabilized chromaffin cells: correlation with its blockade of
catecholamine release, 35(8) Biochemistry 2630-2636 (1996). Other
non-limiting examples include assays that measure inhibition of hormone
release from endocrine cells, such as, e.g., anterior pituitary cells or
ovarian cells. It is understood that these and similar assays for molecule
release can be useful in identifying cells expressing endogenous or
exogenous or retargeted endopeptidase receptors. [0147] Assays that detect
the cleavage of a SNAP-25 substrate after exposure to a retargeted
endopeptidase can also be used to assess whether a cell is expressing one
or more endogenous or exogenous retargeted endopeptidase receptors. In
these assays, generation of a SNAP-25 cleavageproduct, or disappearance of
the intact SNAP-25, would be detected in cells expressing a retargeted
endopeptidase receptor after a retargeted endopeptidase treatment.
Non-limiting examples of specific Western blot analysis, as well as
well-characterized reagents, conditions and protocols are readily available
from commercial vendors that include, without limitation, Amersham
Biosciences, Piscataway, NJ; Bio-Rad Laboratories, Hercules, CA; Pierce
Biotechnology, Inc., Rockford, IL; Promega Corporation, Madison, Wl, and
Stratagene, Inc., La JoIIa, CA. It is understood that these and similar
assays for SNAP- 25 cleavage can be useful in identifying cells expressing
endogenous or exogenous retargeted endopeptidase receptors.[0148] As
non-limiting examples, Western blot analysis using an antibody that
recognizes SNAP-25- cleaved product or both the cleaved and uncleaved forms
of SNAP-25 can be used to assay for uptake of a retargeted endopeptidase.
Examples of a-SNAP-25 antibodies useful for these assays include, without
limitation, SMI-81 a-SNAP-25 mouse monoclonal antibody (Sternberger
Monoclonals Inc., Lutherville, MD), Cl 71.1 mouse a-SNAP-25 monoclonal
antibody (Synaptic Systems, Goettingen, Germany), Cl 71.2 a-SNAP-25 mouse
monoclonal antibody (Synaptic Systems, Goettingen, Germany), SP12 a-SNAP-25



mouse monoclonal antibody (Abeam, Cambridge, MA), a-SNAP-25 rabbit
polyclonal antiserum (Synaptic Systems, Goettingen, Germany), a-SNAP-25
rabbit polyclonal antiserum S9684 (Sigma, St. Louis, MO), and a-SNAP-25
rabbit polyclonal antiserum (Abeam, Cambridge, MA). [0149] Aspects of the
present disclosure provide cells that through genetic manipulation or
recombinant engineering are made to expresses an exogenous SNAP-25 and/or
one or more exogenous retargeted endopeptidase receptors. Cells useful to
express an exogenous SNAP-25 and/or one or more exogenous retargeted
endopeptidase receptors through genetic manipulation or recombinant
engineering include neuronal cells and non-neuronal cells that may or may
not express an endogenous SNAP-25 and/or one or more endogenous retargeted
endopeptidase receptors. It is further understood that such genetically
manipulated or recombinantly engineered cells may express an exogenous
SNAP-25 and one or more exogenous retargeted endopeptidase receptors under
control of a constitutive, tissue-specific, cell-specific or inducible
promoter element, enhancer element or both. It is understood that any cell
is useful as long as the cell can be genetically manipulated or
recombinantly engineered to expresses an exogenous SNAP-25 and/or one or
more exogenous retargeted endopeptidase receptors and is capable of
undergoing retargeted endopeptidase activity. [0150] Methods useful for
introducing into a cell an exogenous polynucleotide molecule encoding a
component necessary for the cells to undergo the overall cellular mechanism
whereby a retargeted endopeptidase proteolytically cleaves a SNAP-25
substrate, such as, e.g., a SNAP-25, an ORL1, a DOR, a KOR, or a MOR,
include, without limitation, chemical-mediated delivery methods, such as,
e.g., calcium phosphate-mediated, diethyl-aminoethyl (DEAE)
dextran-mediated, lipid-mediated, polyethyleneimine (PEI)-mediated,
polylysine-mediated and polybrene-mediated; physical-mediated delivery
methods, such as, e.g., biolistic particle delivery, microinjection,
protoplast fusion and electroporation; and viral-mediated delivery methods,
such as, e.g., retroviral-mediated transfection, see e.g., Introducing
Cloned Genes into Cultured Mammalian Cells, pp. 16.1-16.62 (Sambrook &
Russell, eds., Molecular Cloning A Laboratory Manual, Vol. 3 , 3rd ed.
2001); Alessia Colosimo et al., Transfer and Expression of Foreign Genes in
Mammalian Cells, 29(2) Biotechniques 314-318, 320-322, 324 (2000); Philip
Washbourne & A. Kimberley McAllister, Techniques for Gene Transfer into
Neurons, 12(5) Curr. Opin. Neurobiol. 566-573 (2002); and Current Protocols
in Molecular Biology, John Wiley and Sons, pp 9.16.4-9.16.1 1 (2000), each
of which is incorporated by reference in its entirety. One skilled in the
art understands that selection of a specific method to introduce a
polynucleotide molecule into a cell will depend, in part, on whether the
cell willtransiently or stably contain a component necessary for the cells
to undergo the overall cellular mechanism whereby a retargeted
endopeptidase proteolytically cleaves a SNAP-25 substrate. Nonlimiting
examples of polynucleotide molecule encoding a component necessary for the
cells to undergo the overall cellular mechanism whereby a retargeted
endopeptidase proteolytically cleaves a SNAP-25 substrate as follows: ORL1
polynucleotide molecule of SEQ ID NO: 6 1 or SEQ ID NO: 62; DOR
polynucleotide molecule of SEQ ID NO: 63 or SEQ ID NO: 64; KOR
polynucleotide molecule of SEQ ID NO: 65 or SEQ ID NO: 66; MOR
polynucleotide molecule of SEQ ID NO: 67; galanin receptor 1 polynucleotide
molecule of SEQ ID NO: 141, SEQ ID NO: 142, or SEQ ID NO: 143, galanin
receptor 2 polynucleotide molecule of SEQ ID NO: 144, or galanin receptor 3
polynucleotide molecule of SEQ ID NO: 145, and SNAP-25 polynucleotide
molecule of SEQ ID NO: 68, or SEQ ID NO: 69. [0151] Chemical-mediated
delivery methods are well-known to a person of ordinary skill in the art
and are described in, e.g., Martin Jordan & Florian Worm, Transfection of
Adherent and Suspended Cells by Calcium Phosphate, 33(2) Methods 136-143
(2004); Chun Zhang et al., Polyethylenimine Strategies for Plasmid Delivery
to Brain-Derived Cells, 33(2) Methods 144-150 (2004), each of which is
hereby incorporated by reference in its entirety. Such chemical-mediated
delivery methods can be prepared by standard procedures and are
commercially available, see, e.g., CellPhect Transfection Kit (Amersham
Biosciences, Piscataway, NJ); Mammalian Transfection Kit, Calcium phosphate
and DEAE Dextran, (Stratagene, Inc., La JoIIa, CA); Lipofectamine(tm)
Transfection Reagent (Invitrogen, Inc., Carlsbad, CA); ExGen 500
Transfection kit (Fermentas, Inc., Hanover, MD), and SuperFect and
Effectene Transfection Kits (Qiagen, Inc., Valencia, CA). [0152]
Physical-mediated delivery methods are well-known to a person of ordinary
skill in the art and are described in, e.g., Jeike E. Biewenga et al.,
Plasmid-Mediated Gene Transfer in Neurons using the Biolistics Technique,
71(1) J. Neurosci. Methods. 67-75 (1997); John O'Brien & Sarah C. R.
Lummis, Biolistic and Diolistic Transfection: Using the Gene Gun to Deliver
DNA and Lipophilic Dyes into Mammalian Cells, 33(2) Methods 121-125 (2004);
M. Golzio et al., In Vitro and In Vivo Electric Field- Mediated
Permeabilization, Gene Transfer, and Expression, 33(2) Methods 126-135
(2004); and Oliver Greschet al., New Non-Viral Method for Gene Transfer
into Primary Cells, 33(2) Methods 151-163 (2004), each of which is hereby
incorporated by reference in its entirety. [0153] Viral-mediated delivery
methods are well-known to a person of ordinary skill in the art and are
described in, e.g., Chooi M. Lai et al., Adenovirus and Adeno-Associated
Virus Vectors, 21(12) DNA Cell Biol. 895-913 (2002); llya Frolov et al.,
Alphavirus-Based Expression Vectors: Strategies and Applications, 93(21)
Proc. Natl. Acad. Sci. U. S. A. 11371-1 1377 (1996); Roland Wolkowicz et
al., Lentiviral Vectors for the Delivery of DNA into Mammalian Cells, 246
Methods MoI. Biol. 391-41 1 (2004); A. Huser & C. Hofmann, Baculovirus
Vectors: Novel Mammalian Cell Gene-Delivery Vehicles and Their
Applications, 3(1) Am. J. Pharmacogenomics 53-63 (2003); Tiziana Tonini et
al., Transient Production of Retroviral- and Lentiviral-Based Vectors for
the Transduction of Mammalian Cells, 285 Methods MoI. Biol.141-148 (2004);
Manfred Gossen & Hermann Bujard, Tight Control of Gene Expression in
Eukaryotic Cells by Tetracycline-Responsive Promoters, U.S. Patent No.
5,464,758; Hermann Bujard & Manfred Gossen, Methods for Regulating Gene
Expression, U.S. Patent No. 5,814,618; David S. Hogness, Polynucleotides
Encoding Insect Steroid Hormone Receptor Polypeptides and Cells Transformed
With Same, U.S. Patent No. 5,514,578; David S. Hogness, Polynucleotide
Encoding Insect Ecdysone Receptor, U.S. Patent 6,245,531; Elisabetta Vegeto
et al., Progesterone Receptor Having C. Terminal Hormone Binding Domain
Truncations, U.S. Patent No. 5,364,791; Elisabetta Vegeto et al., Mutated
Steroid Hormone Receptors, Methods for Their Use and Molecular Switch for
Gene Therapy, U.S. Patent No. 5,874,534, each of which is hereby
incorporated by reference in its entirety. Such viral-mediated 



delivery methods can be prepared by standard procedures and are
commercially available, see, e.g., ViraPower(tm) Adenoviral Expression
System (Invitrogen, Inc., Carlsbad, CA) and ViraPower(tm) Adenoviral
Expression System Instruction Manual 25-0543 version A, Invitrogen, Inc.,
(JuI. 15, 2002); and AdEasy(tm) Adenoviral Vector System (Stratagene, Inc.,
La JoIIa, CA) and AdEasy(tm) Adenoviral Vector System Instruction Manual
064004f, Stratagene, Inc. Furthermore, such viral delivery systems can be
prepared by standard methods and are commercially available, see, e.g.,
BD(tm) Tet-Off and Tet-On Gene Expression Systems (BD
Biosciences-Clonetech, Palo Alto, CA) and BD(tm) Tet-Off and Tet-On Gene
Expression Systems User Manual, PT3001-1, BD Biosciences Clonetech, (Mar.
14, 2003), GeneSwitch(tm) System (Invitrogen, Inc., Carlsbad, CA) and
GeneSwitch(tm) System A Mifepristone-Regulated Expression System for
Mammalian Cells version D, 25-0313, Invitrogen, Inc., (Nov. 4 , 2002);
ViraPower(tm) Lentiviral Expression System (Invitrogen, Inc., Carlsbad, CA)
and ViraPower(tm) Lentiviral Expression System Instruction Manual 25-0501
version E, Invitrogen, Inc., (Dec. 8 , 2003); and Complete Control(r)
Retroviral Inducible Mammalian Expression System (Stratagene, La JoIIa, CA)
and Complete Control(r) Retroviral Inducible Mammalian Expression System
Instruction Manual, 064005e. [0154] Thus, in an embodiment, cells from an
established cell line susceptible to retargeted endopeptidase activity
transiently contain a polynucleotide molecule encoding a component
necessary for the cells to undergo the overall cellular mechanism whereby a
retargeted endopeptidase proteolytically cleaves a SNAP-25 substrate. In
another embodiment, cells from an established cell line susceptible to
retargeted endopeptidase activity transiently contain a polynucleotide
molecule encoding a plurality of components necessary for the cells to
undergo the overall cellular mechanism whereby a retargeted endopeptidase
proteolytically cleaves a SNAP-25 substrate. In aspects of this embodiment,
cells from an established cell line susceptible to retargeted endopeptidase
activity transiently contain a polynucleotide molecule encoding ORL1 , DOR,
KOR, MOR, or SNAP-25. In aspects of this embodiment, cells from an
established cell line susceptible to retargeted endopeptidase activity
transiently contain the polynucleotide molecule of SEQ ID NO: 6 1, or SEQ
ID NO: 62 encoding ORL1. In other aspects of this embodiment, cells from an
established cell line susceptible to retargeted endopeptidase activity
transiently contain the polynucleotide molecule of SEQ ID NO: 63, or SEQ ID
NO: 64 encoding DOR. In yet other aspects of this embodiment, cells from an
established cell line susceptible to retargeted endopeptidase activity
transiently contain the polynucleotide molecule of SEQ ID NO: 65, or SEQ ID
NO: 66 encoding KOR. Instill other aspects of this embodiment, cells from
an established cell line susceptible to retargeted endopeptidase activity
transiently contain the polynucleotide molecule of SEQ ID NO: 67 encoding
MOR. [0155] In other aspects of this embodiment, cells from an established
cell line susceptible to retargeted endopeptidase activity transiently
contain the polynucleotide molecule of SEQ ID NO: 141, SEQ ID NO: 142, or
SEQ ID NO: 143 encoding Galanin receptor 1. In yet other aspects of this
embodiment, cells from an established cell line susceptible to retargeted
endopeptidase activity transiently contain the polynucleotide molecule of
SEQ ID NO: 144 encoding Galanin receptor 2 . In still other aspects of this
embodiment, cells from an established cell line susceptible to retargeted
endopeptidase activity transiently contain the polynucleotide molecule of
SEQ ID NO: 145 encoding Galanin receptor 3 . In further aspects of this
embodiment, cells from an established cell line susceptible to retargeted
endopeptidase activity transiently contain the polynucleotide molecule of
SEQ ID NO: 68 or SEQ ID NO: 69 encoding SNAP-25. [0156] In another
embodiment, cells from an established cell line susceptible to retargeted
endopeptidase activity stably contain a polynucleotide molecule encoding a
component necessary for the cells to undergo the overall cellular mechanism
whereby a retargeted endopeptidase proteolytically cleaves a SNAP-25
substrate. In another embodiment, cells from an established cell line
susceptible to retargeted endopeptidase activity stably contain a
polynucleotide molecule encoding a plurality of components necessary for
the cells to undergo the overall cellular mechanism whereby a retargeted
endopeptidase proteolytically cleaves a SNAP-25 substrate. In aspects of
this embodiment, cells from an established cell line susceptible to
retargeted endopeptidase activity stably contain a polynucleotide molecule
encoding ORL1 , DOR, KOR, MOR, or SNAP-25. In aspects of this embodiment,
cells from an established cell line susceptible to retargeted endopeptidase
activity stably contain the polynucleotide molecule of SEQ ID NO: 6 1, or
SEQ ID NO: 62 encoding ORL1. In other aspects of this embodiment, cells
from an established cell line susceptible to retargeted endopeptidase
activity stably contain the polynucleotide molecule of SEQ ID NO: 63, or
SEQ ID NO: 64 encoding DOR. In yet other aspects of this embodiment, cells
from an established cell line susceptible to retargeted endopeptidase
activity stably contain the polynucleotide molecule of SEQ ID NO: 65, or
SEQ ID NO: 66 encoding KOR. In still other aspects of this embodiment,
cells from an established cell line susceptible to retargeted endopeptidase
activity stably contain the polynucleotide molecule of SEQ ID NO: 67
encoding MOR. [0157] In other aspects of this embodiment, cells from an
established cell line susceptible to retargeted endopeptidase activity
stably contain the polynucleotide molecule of SEQ ID NO: 141, SEQ ID NO:
142, or SEQ ID NO: 143 encoding Galanin receptor 1. In yet other aspects of
this embodiment, cells from an established cell line susceptible to
retargeted endopeptidase activity stably contain the polynucleotide
molecule of SEQ ID NO: 144 encoding Galanin receptor 2 . In yet other
aspects of this embodiment, cells from an established cell line susceptible
to retargeted endopeptidase activity stably contain the polynucleotide
molecule of SEQ ID NO: 145 encoding Galanin receptor 3 . In further aspects
of thisembodiment, cells from an established cell line susceptible to
retargeted endopeptidase activity stably contain the polynucleotide
molecule of SEQ ID NO: 68 or SEQ ID NO: 69 encoding SNAP-25. [0158] As
mentioned above, an exogenous component necessary for the cells to undergo
the overall cellular mechanism whereby a retargeted endopeptidase
proteolytically cleaves a SNAP-25 substrate, such as, e.g., a SNAP-25, an
ORL1 , a DOR, a KOR, a MOR, a Galanin receptor 1, a Galanin receptor 2 , or
a Galanin receptor 3 , disclosed in the present specification can be
introduced into a cell. Any and all methods useful for introducing such an
exogenous component with a delivery agent into a cell population can be
useful with the proviso that this method transiently introduces the
exogenous component disclosed in the present specification in at least 50%
of the cells within a given cell population. Thus, aspects of this
embodiment can include a cell population in which, e.g., at least 50%, at
least 60%, at 



least 70%, at least 80%, or at least 90% of the given cell population
transiently contains an exogenous component necessary for the cells to
undergo the overall cellular mechanism whereby a retargeted endopeptidase
proteolytically cleaves a SNAP-25 substrate, such as, e.g., a SNAP-25, an
ORL1, a DOR, a KOR, a MOR, a Galanin receptor 1, a Galanin receptor 2 , or
a Galanin receptor 3 , disclosed in the present specification. As used
herein, the term "delivery agent" refers to any molecule that enables or
enhances internalization of a covalently-linked, non-covalently-linked or
in any other manner associated with a polypeptide into a cell. Thus, the
term "delivery agent" encompasses, without limitation, proteins, peptides,
peptidomimetics, small molecules, polynucleotide molecules, liposomes,
lipids, viruses, retroviruses and cells that, without limitation, transport
a covalently or non-covalently linked molecule to the cell membrane, cell
cytoplasm or nucleus. It further is understood that the term "delivery
agent" encompasses molecules that are internalized by any mechanism,
including delivery agents which function via receptor mediated endocytosis
and those which are independent of receptor mediated endocytosis. [0159] A
delivery agent can also be an agent that enables or enhances cellular
uptake of a covalently linked component, like SNAP-25, ORL1, DOR, KOR, MOR,
Galanin receptor 1, Galanin receptor 2 , or Galanin receptor 3 , such as,
e.g., by chemical conjugation or by genetically produced fusion proteins.
Methods that covalently link delivery agents and methods of using such
agents are described in, e.g., Steven F. Dowdy, Protein Transduction System
and Methods of Use Thereof, International Publication No WO 00/34308;
Gerard Chassaing & Alain Prochiantz, Peptides which can be Used as Vectors
for the Intracellular Addressing of Active Molecules, U.S. Patent No.
6,080,724; Alan Frankel et al., Fusion Protein Comprising TAT-derived
Transport Moiert, U.S. Patent No. 5,674,980; Alan Frankel et al.,
TATderived Transport Polypeptide Conjugates, U.S. Patent No. 5,747,641 ;
Alan Frankel et al., TAT-derived Transport Polypeptides and Fusion
Proteins, U.S. Patent No. 5,804,604; Peter F. J. O'Hare et al., Use of
Transport Proteins, U.S. Patent No. 6,734,167; Yao-Zhong Lin & Jack J.
Hawiger, Method for Importing Biologically Active Molecules into Cells,
U.S. Patent No. 5,807,746; Yao-Zhong Lin & Jack J. Hawiger, Method for
Importing Biologically Active Molecules into Cells, U.S. Patent No.
6,043,339; Yao-Zhong Lin et aI., Sequence and Method for Genetic
Engineering of Proteins with Cell Membrane Translocating Activity, U.S.
Patent No. 6,248,558; Yao-Zhong Lin et al., Sequence and Method for Genetic
Engineeringof Proteins with Cell Membrane Translocating Activity, U.S.
Patent No. 6,432,680; Jack J. Hawiger et al., Method for Importing
Biologically Active Molecules into Cells, U.S. Patent No. 6,495,518;
Yao-Zhong Lin et aI., Sequence and Method for Genetic Engineering of
Proteins with Cell Membrane Translocating Activity, U.S. Patent No.
6,780,843; Jonathan B. Rothbard & Paul A Wender, Method and Composition for
Enhancing Transport Across Biological Membranes, U.S. Patent No. 6,306,993;
Jonathan B. Rothbard & Paul A Wender, Method and Composition for Enhancing
Transport Across Biological Membranes, U.S. Patent No. 6,495,663; and
Pamela B. Davis et al., Fusion Proteins for Protein Delivery, U.S. Patent
No. 6,287,817, each of which is incorporated by reference in its entirety.
[0160] A delivery agent can also be an agent that enables or enhances
cellular uptake of a noncovalently associated component, like SNAP-25,
ORL1, DOR, KOR, MOR, Galanin receptor 1, Galanin receptor 2 , or Galanin
receptor 3 . Methods that function in the absence of covalent linkage and
methods of using such agents are described in, e.g., Gilles Divita et al,
Peptide-Mediated Transfection Agents and Methods of Use, U.S. Patent No.
6,841,535; Philip L Feigner and Olivier Zelphati, Intracellular Protein
Delivery Compositions and Methods of Use, U.S. Patent Publication No.
2003/0008813; and Michael Karas, Intracellular Delivery of Small Molecules,
Proteins and Nucleic Acids, U.S. Patent Publication 2004/0209797, each of
which is incorporated by reference in its entirety. Such peptide delivery
agents can be prepared and used by standard methods and are commercially
available, see, e.g. the CHARIOT(tm) Reagent (Active Motif, Carlsbad, CA);
BIO-PORTER (r) Reagent (Gene Therapy Systems, Inc., San Diego, CA), BIO
TREK(tm) Protein Delivery Reagent (Stratagene, La JoIIa, CA), and PRO
JECT(tm) Protein Transfection Reagent (Pierce Biotechnology Inc., Rockford,
IL). [0161] Aspects of the present disclosure comprise, in part, a sample
comprising a retargeted endopeptidase. As used herein, the term "sample
comprising a retargeted endopeptidase" refers to any biological matter that
contains or potentially contains an active retargeted endopeptidase. A
variety of samples can be assayed according to a method disclosed in the
present specification including, without limitation, purified, partially
purified, or unpurified retargeted endopeptidase; recombinant single chain
or di-chain retargeted endopeptidase with a naturally or non-naturally
occurring sequence; recombinant retargeted endopeptidase with a modified
protease specificity; recombinant retargeted endopeptidase with an altered
cell specificity; bulk retargeted endopeptidase; a formulated retargeted
endopeptidase product; and cells or crude, fractionated or partially
purified cell lysates from, e.g., bacteria, yeast, insect, or mammalian
sources; blood, plasma or serum; raw, partially cooked, cooked, or
processed foods; beverages; animal feed; soil samples; water samples; pond
sediments; lotions; cosmetics; and clinical formulations. It is understood
that the term sample encompasses tissue samples, including, without
limitation, mammalian tissue samples, livestock tissue samples such as
sheep, cow and pig tissue samples; primate tissue samples; and human tissue
samples. Such samples encompass, without limitation, intestinal samples
such as infant intestinal samples, and tissue samples obtained from a
wound. As non-limiting examples, a method of detecting picomolar amounts of
retargeted endopeptidase activity can be useful for determining the
presence or activity of a retargeted endopeptidase in a food orbeverage
sample; to assay a sample from a human or animal, for example, exposed to a
retargeted endopeptidase or having one or more symptoms of botulism; to
follow activity during production and purification of bulk retargeted
endopeptidase; to assay a formulated retargeted endopeptidase product used
in pharmaceutical or cosmetics applications; or to assay a subject's blood
serum for the presence or absence of neutralizing a-retargeted
endopeptidase antibodies. [0162] Thus, in an embodiment, a sample
comprising a retargeted endopeptidase is a sample comprising any amount of
a retargeted endopeptidase. In aspects of this embodiment, a sample
comprising a retargeted endopeptidase comprises about 100 ng or less, about
10 ng or less, about 1 ng or less, about 100 pg or less, about 10 pg or
less, or about 1 pg or less of a retargeted endopeptidase. In other aspects
of this embodiment, a sample comprising a retargeted endopeptidase
comprises about 1 mM or less, about 100 nM or less, about 10 nM or less,
about 1 nM or less, about 100 nM or less, about 



10 nM or less, about 1 nM or less of a retargeted endopeptidase. [0163]
Aspects of the present disclosure comprise, in part, isolating from the
treated cell a SNAP-25 component comprising a SNAP-25 having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond. As used herein, the term "SNAP-25 component comprising a SNAP-25
having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage site
scissile bond" refers to a cellular component containing the SNAP-25
cleavage product. It is envisioned that any method suitable for enriching
or isolating a SNAP-25 component can be useful, including, without
limitation, cell lysing protocols, spin-column purification protocols,
immunoprecipitation, affinity purification, and protein chromatography.
[0164] Aspects of the present disclosure comprise, in part, an a-SNAP-25
antibody linked to a solid phase support. As used herein, the term
"solid-phase support" is synonymous with "solid phase" and refers to any
matrix that can be used for immobilizing an a-SNAP-25 antibody disclosed in
the present specification. Non-limiting examples of solid phase supports
include, e.g., a tube; a plate; a column; pins or "dipsticks"; a magnetic
particle, a bead or other spherical or fibrous chromatographic media, such
as, e.g., agarose, sepharose, silica and plastic; and sheets or membranes,
such as, e.g., nitrocellulose and polyvinylidene fluoride (PVDF). The solid
phase support can be constructed using a wide variety of materials such as,
e.g., glass, carbon, polystyrene, polyvinylchloride, polypropylene,
polyethylene, dextran, nylon, diazocellulose, or starch. The solid phase
support selected can have a physical property that renders it readily
separable from soluble or unbound material and generally allows unbound
materials, such as, e.g., excess reagents, reaction by-products, or
solvents, to be separated or otherwise removed (by, e.g., washing,
filtration, centrifugation, etc.) from solid phase support-bound assay
component. Non-limiting examples of how to make and use a solid phase
supports are described in, e.g., Molecular Cloning, A Laboratory Manual,
supra, (2001); and Current Protocols in Molecular Biology, supra, (2004),
each of which is hereby incorporated by reference in its entirety.[0165]
Aspects of the present disclosure comprise, in part, detecting the presence
of an antibodyantigen complex comprising an a-SNAP-25 antibody that
selectively binds to a SNAP-25 epitope having a carboxyl-terminus at the P1
residue of the BoNT/A cleavage site scissile bond and a SNAP-25 cleavage
product having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond. It is envisioned that any detection system can be used
to practice aspects of this disclosed immuno-based method, with the
provision that the signal to noise ratio can distinguish to a statistically
significant degree the signal from the antibody-antigen complex from the
background signal. Non-limiting examples of immuno-based detection systems
include immunoblot analysis, like Western blotting and dot-blotting,
immunoprecipitation analysis, enzyme-linked immunosorbent analysis (ELISA),
and sandwich ELISA. The detection of the signal can be achieved using
autoradiography with imaging or phosphorimaging (AU), chemiluminescense
(CL), electrochemiluminescence (ECL), bioluminescence (BL), fluorescence,
resonance energy transfer, plane polarization, colormetric, or flow
cytometry (FC). Descriptions of immuno-based detection systems are
disclosed in, e.g., Michael M.Rauhut, Chemiluminescence, In Kirk- Othmer
Concise Encyclopedia of Chemical Technology (Ed. Grayson, 3rd ed, John
Wiley and Sons, 1985); A. W. Knight, A Review of Recent Trends in
Analytical Applications of Electrogenerated Chemiluminescence, Trends Anal.
Chem. 18(1): 47-62 (1999); K. A. Fahnrich, et al., Recent Applications of
Electrogenerated Chemiluminescence in Chemical Analysis, Talanta 54(4):
531-559 (2001); Commonly Used Techniques in Molecular Cloning, pp.
A8.1-A8-55 (Sambrook & Russell, eds., Molecular Cloning A Laboratory
Manual, Vol. 3 , 3rd ed. 2001); Detection Systems, pp. A9.1-A9-49 (Sambrook
& Russell, eds., Molecular Cloning A Laboratory Manual, Vol. 3 , 3rd ed.
2001); Electrogenerated Chemiluminescence, (Ed. Allen J. Bard, Marcel
Dekker, Inc., 2004), each of which is hereby incorporated by reference in
its entirety. [0166] A sandwich ELISA (or sandwich immunoassay) is a method
based on two antibodies, which bind to different epitopes on the antigen. A
capture antibody having a high binding specificity for the antigen of
interest, is bound to a solid surface. The antigen is then added followed
by addition of a second antibody referred to as the detection antibody. The
detection antibody binds the antigen to a different epitope than the
capture antibody. The antigen is therefore 'sandwiched' between the two
antibodies. The antibody binding affinity for the antigen is usually the
main determinant of immunoassay sensitivity. As the antigen concentration
increases the amount of detection antibody increases leading to a higher
measured response. To quantify the extent of binding different reporter
systems can be used, such as, e.g., an enzyme attached to the secondary
antibody and a reporter substrate where the enzymatic reaction forms a
readout as the detection signal. The signal generated is proportional to
the amount of target antigen present in the sample. The reporter substrate
used to measure the binding event determines the detection mode. A
spectrophotometric plate reader is used for colorimetric detection.
Chemiluminescent and electrochemiluminescence substrates have been
developed which further amplify the signal and can be read on a luminescent
reader. The reporter can also be a fluorescent readout where the enzyme
step of the assay is replaced with a fluorophore and the readout is then
measured using a fluorescent reader. Reagents and protocols necessary to
perform an ECL sandwich ELISA are commercially available,including, without
exception, MSD sandwich ELISA-ECL detection platform (Meso Scale Discovery,
Gaithersburg, MD). [0167] Thus, in an embodiment, detecting the presence of
an antibody-antigen complex comprising an a-SNAP-25 antibody that
selectively binds to a SNAP-25 epitope having a carboxyl-terminus at the P1
residue of the BoNT/A cleavage site scissile bond and a SNAP-25 cleavage
product having a carboxylterminus at the P1 residue of the BoNT/A cleavage
site scissile bond can be performed using an immunoblot analysis, an
immunoprecipitation analysis, an ELISA, or a sandwich ELISA. In aspects of
this embodiment, the detection is performed using a AU, CL, ECL, or BL
immuno-blot analysis, a AU, CL, ECL, BL, or FC immunoprecipitation
analysis, a AU, CL, ECL, BL, or FC ELISA, or a AU, CL, ECL, BL, or FC
sandwich ELISA. [0168] Aspects of the present disclosure can be practiced
in a singleplex or multiplex fashion. An immuno-based method of detecting
retargeted endopeptidase activity practiced in a single-plex fashion is one
that only detects the presence of an antibody-antigen complex comprising an
a-SNAP-25 antibody 



and a SNAP-25 cleavage product having a carboxyl-terminus at the P1 residue
of the BoNT/A cleavage site scissile bond. An immuno-based method of
detecting retargeted endopeptidase activity practiced in a multiplex
fashion is one that concurrently detects the presence of two or more
antibody-antigen complexes; one of which is the antibody-antigen complex
comprising an a-SNAP-25 antibody and a SNAP-25 cleavage product having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond; and the other(s) of which is antibody-antigen complex to a second,
third, fourth, etc. different protein. A second protein can be used, e.g.,
as an internal control to minimize sample to sample variability by
normalizing the amount of a-SNAP-25/SNAP-25 antibody-antigen complex
detected to the amount of antibody-antigen complex detected for the second
protein. As such, the second protein is usually one that is consistently
expressed by the cell, such as a house-keeping protein. Non-limiting
examples of a useful second protein, include, e.g., a
Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH), Syntaxin, cytokines.
Methods of performing an immuno-based assay in a multiplex fashion are
described in, e.g., U. B. Nielsen and B. H. Geierstanger, Multiplexed
Sandwich Assays in Microarray Format, J. Immunol. Methods. 290(1-2):
107-120 2004); R. Barry and M, Soloviev, Quantitative Protein Profiling
using Antibody Arrays, Proteomics, 4(12): 3717-3726 (2004); M. M. Ling et
al., Multiplexing Molecular Diagnostics and Immunoassays using Emerging
Microarray Technologies, Expert Rev MoI Diagn. 7(1 ) : 87-98 (2007); S. X.
Leng et al., ELISA and Multiplex Technologies for Cytokine Measurement in
Inflammation and Aging Research, J Gerontol A Biol Sci Med Sci. 63(8):
879-884 (2008), each of which is hereby incorporated by reference in its
entirety. [0169] Thus, in one embodiment, an immuno-based method of
detecting retargeted endopeptidase activity practiced in a single-plex
fashion by only detecting the presence of an antibody-antigen complex
comprising an a-SNAP-25 antibody and a SNAP-25 cleavage product having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond. In another embodiment, immuno-based method ofdetecting retargeted
endopeptidase activity practiced in a multiplex fashion by concurrently
detecting the presence of an antibody-antigen complex comprising an
a-SNAP-25 antibody and a SNAP-25 cleavage product having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond and at least one other antibody-antigen complex to a protein other
than SNAP-25, such as, e.g., GAPDH or Syntaxin. [0170] Aspects of the
present disclosure provide, in part, a method of determining re-targeted
endopeptidase immunoresistance. As used herein, the term "re-targeted
endopeptidase immunoresistance" means a mammal that does not fully respond
to a re-targeted endopeptidase therapy, or shows a reduced beneficial
effect of a re-targeted endopeptidase therapy because the immune response
of that mammal, either directly or indirectly, reduces the efficacy of the
therapy. A non-limiting example of reduced efficacy would be the presence
in a mammal of at least one neutralizing a-retargeted endopeptidase
antibody that binds to a re-targeted endopeptidase in a manner that reduces
or prevents the specificity or activity of the re-targeted endopeptidase.
As used herein, the term "re-targeted endopeptidase therapy" means a
treatment, remedy, cure, healing, rehabilitation or any other means of
counteracting something undesirable in a mammal requiring neuromodulation
using a re-targeted endopeptidase or administering to a mammal one or more
controlled doses of a medication, preparation or mixture of a re-targeted
endopeptidase that has medicinal, therapeutic, curative, cosmetic, remedial
or any other beneficial effect. Re-targeted endopeptidase therapy
encompasses, without limitation, the use of any naturally occurring or
modified fragment thereof, in any formulation, combined with any carrier or
active ingredient and administered by any route of administration. [0171]
Aspects of the present disclosure provide, in part, a test sample obtained
from a mammal being tested for the presence or absence of a-re-targeted
endopeptidase neutralizing antibodies. As used herein, the term "test
sample" refers to any biological matter that contains or potentially
contains at least one a-re-targeted endopeptidase antibody. An
a-re-targeted endopeptidase antibody can be a neutralizing a-re-targeted
endopeptidase antibody or a non-neutralizing a-re-targeted endopeptidase
antibody. As used herein, the term "neutralizing a-re-targeted
endopeptidase antibodies" means any a- re-targeted endopeptidase antibody
that will, under physiological conditions, bind to a region of a re
targeted endopeptidase in such a manner as to reduce or prevent the
re-targeted endopeptidase from exerting its effect in a re-targeted
endopeptidase therapy. As used herein, the term "non-neutralizing a-
re-targeted endopeptidase antibodies" means any a-re-targeted endopeptidase
antibody that will, under physiological conditions, bind to a region of a
re-targeted endopeptidase, but not prevent the re-targeted endopeptidase
from exerting its effect in a re-targeted endopeptidase therapy. It is
envisioned that any and all samples that can contain a-re-targeted
endopeptidase antibodies can be used in this method, including, without
limitation, blood, plasma, serum and lymph fluid. In addition, any and all
organisms capable of raising a-re-targeted endopeptidase antibodies against
a re-targeted endopeptidase can serve as a source for a sample including,
but not limited to, birds and mammals, including mice, rats, goats, sheep,
horses, donkeys, cows, primates and humans. Non-limiting examples of
specific protocols forblood collection and serum preparation are described
in, e.g., Marjorie Schaub Di Lorenzo & Susan King Strasinger, BLOOD
COLLECTION IN HEALTHCARE (F.A. Davis Company, 2001); and Diana Garza &
Kathleen Becan-McBride, PHLEBOTOMY HANDBOOK: BLOOD COLLECTION ESSENTIALS
(Prentice Hall, 6th ed., 2002). These protocols are routine procedures well
within the scope of one skilled in the art and from the teaching herein. A
test sample can be obtained from an organism prior to exposure to a
re-targeted endopeptidase, after a single re-targeted endopeptidase
treatment, after multiple re-targeted endopeptidase treatments, before
onset of resistance to a re-targeted endopeptidase therapy, or after onset
of resistance to a re-targeted endopeptidase therapy. [0172] Aspects of the
present disclosure provide, in part, a control sample. As used herein, the
term "control sample" means any sample in which the presence or absence of
the test sample is known and includes both negative and positive control
samples. With respect to neutralizing a-re-targeted endopeptidase
antibodies, a negative control sample can be obtained from an individual
who had never been exposed to re-targeted endopeptidase and may include,
without limitation, a sample from the same individual supplying the test
sample, but taken before undergoing a re-targeted endopeptidase therapy; a
sample taken from a different individual never been exposed to re-targeted
endopeptidase; a pooled 



sample taken from a plurality of different individuals never been exposed
to BoNT/A. With respect to neutralizing a-re-targeted endopeptidase
antibodies, a positive control sample can be obtained from an individual
manifesting re-targeted endopeptidase immunoresistance and includes,
without limitation, individual testing positive in a patient-based testing
assays; individual testing positive in an in vivo bioassay; and individual
showing hyperimmunity, e.g., a re-targeted endopeptidase vaccinated
individual. [0173] It is further foreseen that a-re-targeted endopeptidase
antibodies can be purified from a sample. a-Re-targeted endopeptidase
antibodies can be purified from a sample, using a variety of procedures
including, without limitation, Protein A/G chromatography and affinity
chromatography. Non-limiting examples of specific protocols for purifying
antibodies from a sample are described in, e.g., ANTIBODIES: A LABORATORY
MANUAL (Edward Harlow & David Lane, eds., Cold Spring Harbor Laboratory
Press, 2nd ed. 1998); USING ANTIBODIES: A LABORATORY MANUAL: PORTABLE
PROTOCOL NO. I (Edward Harlow & David Lane, Cold Spring Harbor Laboratory
Press, 1998); and MOLECULAR CLONING, A LABORATORY MANUAL, supra, (2001),
which are hereby incorporated by reference. In addition, non-limiting
examples of antibody purification methods as well as well-characterized
reagents, conditions and protocols are readily available from commercial
vendors that include, without limitation, Pierce Biotechnology, Inc.,
Rockford, IL; and Zymed Laboratories, Inc., South San Francisco, CA. These
protocols are routine procedures well within the scope of one skilled in
the art. [0174] Thus, in an embodiment, a sample comprises blood. In aspect
of this embodiment, the sample comprises mouse blood, rat blood, goat
blood, sheep blood, horse blood, donkey blood, cow blood, primate blood or
human blood. In another embodiment, a sample comprises plasma. In an aspect
of this embodiment, a test sample comprises mouse plasma, rat plasma, goat
plasma, sheep plasma, horseplasma, donkey plasma, cow plasma, primate
plasma or human plasma. In another embodiment, a sample comprises serum. In
an aspect of this embodiment, the sample comprises mouse serum, rat serum,
goat serum, sheep serum, horse serum, donkey serum, cow serum, primate
serum and human serum. In another embodiment, a sample comprises lymph
fluid. In aspect of this embodiment, a sample comprises mouse lymph fluid,
rat lymph fluid, goat lymph fluid, sheep lymph fluid, horse lymph fluid,
donkey lymph fluid, cow lymph fluid, primate lymph fluid or human lymph
fluid. In yet another embodiment, a sample is a test sample. In yet another
embodiment, a sample is a control sample. In aspects of this embodiment, a
control sample is a negative control sample or a positive control sample.
[0175] Aspects of the present disclosure provide, in part, comparing the
amount of SNAP-25 having a carboxyl-terminus at the P1 residue of the
BoNT/A cleavage site scissile bond detected in step (d) to the amount of
SNAP-25 having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond detected in step (e). In an embodiment, the amount of
SNAP-25 cleavage product in the test sample is higher as compared to the
amount of SNAP-25 cleavage product in the control sample. In an aspect of
this embodiment, a higher amount of SNAP-25 cleavage product in the test
sample as compared to a positive control sample indicates a reduction in or
lack of re-targeted endopeptidase immunoresistance in the mammal. In
another aspect of this embodiment, an equivalent amount of SNAP-25 cleavage
product in the test sample as compared to a negative control sample
indicates a reduction in or lack of re-targeted endopeptidase
immunoresistance in the mammal. In another embodiment, the amount of
SNAP-25 cleavage product in the test sample is lower as compared to the
amount of SNAP-25 cleavage product in the control sample. In an aspect of
this embodiment, a lower or equivalent amount of SNAP-25 cleavage product
in the test sample as compared to a positive control sample indicates an
increase in or presence of re-targeted endopeptidase immunoresistance in
the mammal. In another aspect of this embodiment, a lower amount of SNAP-25
cleavage product in the test sample as compared to a negative control
sample indicates an increase in or presence of re-targeted endopeptidase
immunoresistance in the mammal. [0176] It is envisioned that any and all
assay conditions suitable for detecting the present of a neutralizing
a-re-targeted endopeptidase antibody in a sample are useful in the methods
disclosed in the present specification, such as, e.g., linear assay
conditions and non-linear assay conditions. In an embodiment, the assay
conditions are linear. In an aspect of this embodiment, the assay amount of
a re targeted endopeptidase is in excess. In another aspect of this
embodiment, the assay amount of a re targeted endopeptidase is
rate-limiting. In another aspect of this embodiment, the assay amount of a
test sample is rate-limiting. [0177] Aspects of the present disclosure can
also be described as follows: 1. A method of detecting retargeted
endopeptidase activity, the method comprising the steps of: a) treating a
cell from an established cell line with a sample comprising a retargeted
endopeptidase,wherein the cell from an established cell line is susceptible
to retargeted endopeptidase activity by a retargeted endopeptidase; b)
isolating from the treated cell a SNAP-25 component comprising a SNAP-25
cleavage product having a carboxyl-terminus at the P1 residue of the BoNT/A
cleavage site scissile bond; c) contacting the SNAP-25 component with an
a-SNAP-25 antibody, wherein the a- SNAP-25 antibody binds an eptiope
comprising a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond from a SNAP-25 cleavage product; and d) detecting the
presence of an antibody-antigen complex comprising the a-SNAP-25 antibody
and the SNAP-25 cleavage product; wherein detection by the antibody-antigen
complex is indicative of retargeted endopeptidase activity. 2 . A method of
detecting retargeted endopeptidase activity, the method comprising the
steps of: a) treating a cell from an established cell line with a sample
comprising a retargeted endopeptidase, wherein the cell from an established
cell line is susceptible to retargeted endopeptidaseactivity by a
retargeted endopeptidase; b) isolating from the treated cell a SNAP-25
component comprising a SNAP-25 cleavage product having a carboxyl-terminus
at the P1 residue of the BoNT/A cleavage site scissile bond; c) contacting
the SNAP-25 component with an a-SNAP-25 antibody linked to a solid phase
support, wherein the a-SNAP-25 antibody binds an eptiope comprising a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond from a SNAP-25 cleavage product; and d) detecting the presence of an
antibody-antigen complex comprising the a-SNAP-25 antibody and the SNAP-25
cleavage product; wherein detection by the antibody-antigen complex is
indicative of retargeted endopeptidase activity. 



3 . A method of detecting retargeted endopeptidase activity, the method
comprising the steps of: a) treating a cell from an established cell line
with a sample comprising a retargeted endopeptidase, wherein the cell from
an established cell line is susceptible to retargeted endopeptidase
activity by a retargeted endopeptidase; b) isolating from the treated cell
a SNAP-25 component comprising a SNAP-25 cleavage product having a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond; c) fixing the SNAP-25 component to a solid phase support; d)
contacting the SNAP-25 component with an a-SNAP-25 antibody, wherein the
a-SNAP-25 antibody binds an eptiope comprising a carboxyl-terminus at the
P1 residue of the BoNT/A cleavage site scissile bond from a SNAP-25
cleavage product; and e) detecting the presence of an antibody-antigen
complex comprising the a-SNAP-25 antibody and the SNAP-25 cleavage product;
wherein detection by the antibody-antigen complex is indicative of
retargeted endopeptidase activity. 4 . A method of detecting retargeted
endopeptidase activity, the method comprising the steps of: a) treating a
cell from an established cell line with a sample comprising a retargeted
endopeptidase, wherein the cell from an established cell line can uptake
retargeted endopeptidase; b) isolating from the treated cell a SNAP-25
component comprising a SNAP-25 cleavage product having a carboxylterminus
at the P1 residue of the BoNT/A cleavage site scissile bond; c) contacting
the SNAP-25 component with an a-SNAP-25 antibody, wherein the a-SNAP-25
antibody binds an eptiopecomprising a carboxyl-terminus at the P1 residue
of the BoNT/A cleavage site scissile bond from a SNAP-25 cleavage product;
and d) detecting the presence of an antibody-antigen complex comprising the
a-SNAP-25 antibody and the SNAP-25 cleavage product; wherein detection by
the antibody-antigen complex is indicative of retargeted endopeptidase
activity. 5 . A method of detecting retargeted endopeptidase activity, the
method comprising the steps of: a) treating a cell from an established cell
line with a sample comprising a retargeted endopeptidase, wherein the cell
from an established cell line can uptake retargeted endopeptidase; b)
isolating from the treated cell a SNAP-25 component comprising a SNAP-25
cleavage product having a carboxylterminus at the P1 residue of the BoNT/A
cleavage site scissile bond; c) contacting the SNAP-25 component with an
a-SNAP-25 antibody linked to a solid phase support, wherein the a-SNAP-25
antibody binds an eptiope comprising a carboxyl-terminus at the P1 residue
of the BoNT/A cleavage site scissile bond from a SNAP-25 cleavage product;
and d) detecting the presence of an antibodyantigen complex comprising the
a-SNAP-25 antibody and the SNAP-25 cleavage product; wherein detection by
the antibody-antigen complex is indicative of retargeted endopeptidase
activity. 6 . A method of detecting retargeted endopeptidase activity, the
method comprising the steps of: a) treating a cell from an established cell
line with a sample comprising a retargeted endopeptidase, wherein the cell
from an established cell line can uptake retargeted endopeptidase; b)
isolating from the treated cell a SNAP-25 component comprising a SNAP-25
cleavage product having a carboxylterminus at the P1 residue of the BoNT/A
cleavage site scissile bond; c) fixing the SNAP-25 component to a solid
phase support; d) contacting the SNAP-25 component with an a-SNAP-25
antibody, wherein the a-SNAP-25 antibody binds an eptiope comprising a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond from a SNAP-25 cleavage product; and e) detecting the presence of an
antibody-antigen complex comprising the a-SNAP-25 antibody and the SNAP-25
cleavage product; wherein detection by the antibody-antigen complex is
indicative of retargeted endopeptidase activity. 7 . A method of
determining retargeted endopeptidase immunoresistance in a mammal
comprising the steps of: a) adding a retargeted endopeptidase to a test
sample obtained from a mammal being tested for the presence or absence of
a-retargeted endopeptidase neutralizing antibodies; b) treating a cell from
an established cell line with the test sample, wherein the cell from an
established cell line is susceptible to retargeted endopeptidase activity;
c) isolating from the treated cells a SNAP-25 component comprising a
SNAP-25 cleavage product having a carboxyl-terminus at the P1 residue of
the BoNT/A cleavage site scissile bond; d) contacting the SNAP-25 component
with an a-SNAP-25 antibody, wherein the a-SNAP-25 antibody binds an eptiope
comprising a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond from a SNAP-25 cleavage product; e) detecting the
presence of an antibody-antigen complex comprising the a-SNAP-25 antibody
and the SNAP-25 cleavage product; f) repeating steps b-e with a negative
control sample instead of a test sample, thenegative control sample
comprising a retargeted endopeptidase and a serum known not to contain a-
retargeted endopeptidase neutralizing antibodies; and g) comparing the
amount of antibody-antigen complex detected in step e to the amount of
antibody-antigen complex detected in step f , wherein detection of a lower
amount of antibody-antigen complex detected in step e relative to the
amount of antibody-antigen complex detected in step f is indicative of the
presence of a-retargeted endopeptidase neutralizing antibodies. 8 . A
method of determining retargeted endopeptidase immunoresistance in a mammal
comprising the steps of: a) adding a retargeted endopeptidase to a test
sample obtained from a mammal being tested for the presence or absence of
a-retargeted endopeptidase neutralizing antibodies; b) treating a cell from
an established cell line with the test sample, wherein the cell from an
established cell line is susceptible to retargeted endopeptidase activity;
c) isolating from the treated cells a SNAP-25 component comprising a
SNAP-25 cleavage product having a carboxyl-terminus at the P1 residue of
the BoNT/A cleavage site scissile bond; d) contacting the SNAP-25 component
with an a-SNAP-25 antibody linked to a solid phase support, wherein the
a-SNAP-25 antibody binds an eptiope comprising a carboxyl-terminus at the
P1 residue of the BoNT/A cleavage site scissile bond from a SNAP-25
cleavage product; e) detecting the presence of an antibody-antigen complex
comprising the a-retargeted endopeptidase antibody and the SNAP-25 cleavage
product; f) repeating steps b-e with a negative control sample instead of a
test sample, the negative control sample comprising a re targeted
endopeptidase and a serum known not to contain a-retargeted endopeptidase
neutralizing antibodies; and g) comparing the amount of antibody-antigen
complex detected in step e to the amount of antibody-antigen complex
detected in step f , wherein detection of a lower amount of
antibody-antigen complex detected in step e relative to the amount of
antibody-antigen complex 



detected in step f is indicative of the presence of a-retargeted
endopeptidase neutralizing antibodies. 9 . A method of determining
retargeted endopeptidase immunoresistance in a mammal comprising the steps
of: a) adding a retargeted endopeptidase to a test sample obtained from a
mammal being tested for the presence or absence of a-retargeted
endopeptidase neutralizing antibodies; b) treating a cell from an
established cell line with the test sample, wherein the cell from an
established cell line is susceptible to retargeted endopeptidase activity;
c) isolating from the treated cells a SNAP-25 component comprising a
SNAP-25 cleavage product having a carboxyl-terminus at the P1 residue of
the BoNT/A cleavage site scissile bond; d) fixing the SNAP-25 component to
a solid phase support; e) contacting the SNAP-25 component with an
a-SNAP-25 antibody, wherein the a-SNAP-25 antibody binds an eptiope
comprising a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond from a SNAP-25 cleavage product; f) detecting the
presence of an antibody-antigen complex comprising the a-SNAP-25 antibody
and the SNAP-25 cleavage product; g) repeating steps b-f with a negative
control sample instead of a test sample, the negative control sample
comprising a re-targeted endopeptidase and a serum known not to contain
a-retargeted endopeptidase neutralizing antibodies; and h) comparing the
amount of antibody-antigen complex detected in step fto the amount of
antibody-antigen complex detected in step g , wherein detection of a lower
amount of antibody-antigen complex detected in step f relative to the
amount of antibody-antigen complex detected in step g is indicative of the
presence of a-retargeted endopeptidase neutralizing antibodies. 10. A
method of determining retargeted endopeptidase immunoresistance in a mammal
comprising the steps of: a) adding a retargeted endopeptidase to a test
sample obtained from a mammal being tested for the presence or absence of
a-retargeted endopeptidase neutralizing antibodies; b) treating a cell from
an established cell line with the test sample, wherein the cell from an
established cell line can uptake retargeted endopeptidase; c) isolating
from the treated cells a SNAP-25 component comprising a SNAP-25 cleavage
product having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond; d) contacting the SNAP-25 component with an a-SNAP-25
antibody, wherein the a-SNAP-25 antibody binds an eptiope comprising a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond from a SNAP-25 cleavage product; e) detecting the presence of an
antibody-antigen complex comprising the a-SNAP-25 antibody and the SNAP-25
cleavage product; f) repeating steps b-e with a negative control sample
instead of a test sample, the negative control sample comprising a
retargeted endopeptidase and a serum known not to contain a- re-targeted
endopeptidase neutralizing antibodies; and g) comparing the amount of
antibody-antigen complex detected in step e to the amount of
antibody-antigen complex detected in step f , wherein detection of a lower
amount of antibody-antigen complex detected in step e relative to the
amount of antibody-antigen complex detected in step f is indicative of the
presence of a-retargeted endopeptidase neutralizing antibodies. 11. A
method of determining retargeted endopeptidase immunoresistance in a mammal
comprising the steps of: a) adding a re-targeted endopeptidase to a test
sample obtained from a mammal being tested for the presence or absence of
a-re-targeted endopeptidase neutralizing antibodies; b) treating a cell
from an established cell line with the test sample, wherein the cell from
an established cell line can uptake retargeted endopeptidase; c) isolating
from the treated cells a SNAP-25 component comprising a SNAP-25 cleavage
product having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond; d) contacting the SNAP-25 component with an a-SNAP-25
antibody linked to a solid phase support, wherein the a-SNAP-25 antibody
binds an eptiope comprising a carboxyl-terminus at the P1 residue of the
BoNT/A cleavage site scissile bond from a SNAP-25 cleavage product; e)
detecting the presence of an antibody-antigen complex comprising the
a-SNAP- 25 antibody and the SNAP-25 cleavage product; f) repeating steps
b-e with a negative control sample instead of a test sample, the negative
control sample comprising a retargeted endopeptidase and a serum known not
to contain a-re-targeted endopeptidase neutralizing antibodies; and g)
comparing the amount of antibody-antigen complex detected in step e to the
amount of antibody-antigen complex detected in step f , wherein detection
of a lower amount of antibody-antigen complex detected in step e relative
to the amount of antibody-antigen complex detected in step f is indicative
of the presence of a-retargeted endopeptidase neutralizing antibodies.12. A
method of determining retargeted endopeptidase immunoresistance in a mammal
comprising the steps of: a) adding a retargeted endopeptidase to a test
sample obtained from a mammal being tested for the presence or absence of
a-retargeted endopeptidase neutralizing antibodies; b) treating a cell from
an established cell line with the test sample, wherein the cell from an
established cell line can uptake retargeted endopeptidase; c) isolating
from the treated cells a SNAP-25 component comprising a SNAP-25 cleavage
product having a carboxyl-terminus at the P1 residue of the BoNT/A cleavage
site scissile bond; d) fixing the SNAP-25 component to a solid phase
support; e) contacting the SNAP-25 component with an a-SNAP-25 antibody,
wherein the a-SNAP-25 antibody binds an eptiope comprising a
carboxyl-terminus at the P1 residue of the BoNT/A cleavage site scissile
bond from a SNAP-25 cleavage product; f ) detecting the presence of an
antibody-antigen complex comprising the a-SNAP-25 antibody and the SNAP-25
cleavage product; g) repeating steps b-f with a negative control sample
instead of a test sample, the negative control sample comprising a
retargeted endopeptidase and a serum known not to contain a-retargeted
endopeptidase neutralizing antibodies; and h) comparing the amount of
antibody-antigen complex detected in step f to the amount of
antibody-antigen complex detected in step g , wherein detection of a lower
amount of antibody-antigen complex detected in step f relative to the
amount of antibody-antigen complex detected in step g is indicative of the
presence of a-retargeted endopeptidase neutralizing antibodies. 13. The
method of 1-3 and 7-9, wherein the cell is susceptible to retargeted
endopeptidase activity by about 500 nM or less, by about 400 nM or less, by
about 300 nM or less, by about 200 nM or less, by about 100 nM or less of a
retargeted endopeptidase. 14. The method of 4-6 and 10-12, wherein the cell
can uptake about 500 nM or less, by about 400 nM or less, by about 300 nM
or less, by about 200 nM or less, by about 100 nM or less of retargeted
endopeptidase. 



15. The method of 1-6, wherein the sample comprises about 100 ng or less,
about 10 ng or less, about 1 ng or less, 100 fg or less, 10fg or less, or 1
fg or less of a retargeted endopeptidase. 16. The method of 1-6, wherein
the sample comprises about 100 nM or less, about 10 nM or less, about 1 nM
or less, about 100 nM or less, about 10 nM or less, about 1 nM or less,
about 0.5 nM or less, or about 0.1 nM or less, of a retargeted
endopeptidase. 17. The method of 1-12, wherein the presence of an
antibody-antigen complex is detected by an immuno-blot analysis, an
immunoprecipitation analysis, an ELISA, or a sandwich ELISA 18. The method
of 1-12, wherein the method has a signal-to-noise ratio for the lower
asymptote of at least 3:1, at least 5:1, at least 10:1, at least 20:1, at
least 50:1, or at least 100:1.19. The method of 1-12, wherein the method
has a signal-to-noise ratio for the higher asymptote of at least 10:1, at
least 20:1, at least 50:1, at least 100:1, at least 200:1, at least 300:1 ,
at least 400:1, at least 500: 1, or at least 600: 1. 20. The method of
1-12, wherein the method can detect the EC50 activity of, e.g., at least
100 ng, at least 50 ng, at least 10 ng, at least 5 ng, at least 100 pg, at
least 50 pg, at least 10 pg, at least 5 pg, at least 100 fg, at least 50
fg, at least 10 fg, or at least 5 fg of a retargeted endopeptidase. 21. The
method of 1-12, wherein the method can detect the EC50 activity of, e.g.,
at least 10 nM, at least 5 nM, at least 100 nM, at least 50 nM, at least 10
nM, at least 5 nM, at least 1 nM, at least 0.5 nM, or at least 0.1 nM of a
retargeted endopeptidase. 22. The method of 1-12, wherein the method has an
LOD of, e.g., 10 pg or less, 9 pg or less, 8 pg or less, 7 pg or less, 6 pg
or less, 5 pg or less, 4 pg or less, 3 pg or less, 2 pg or less, 1 pg or
less of a retargeted endopeptidase. 23. The method of 1-12, wherein the
method has an LOD of, e.g., 100 nM or less, 90 nM or less, 80 nM or less,
70 nM or less, 60 nM or less, 50 nM or less, 40 nM or less, 30 nM or less,
20 nM or less, or 10 nM or less of a retargeted endopeptidase. 24. The
method of 1-12, wherein the method has an LOQ of, e.g., 10 pg or less, 9 pg
or less, 8 pg or less, 7 pg or less, 6 pg or less, 5 pg or less, 4 pg or
less, 3 pg or less, 2 pg or less, 1 pg or less of a retargeted
endopeptidase. 25. The method of 1-12, wherein the method has an LOQ of,
e.g., 100 nM or less, 90 nM or less, 80 nM or less, 70 nM or less, 60 nM or
less, 50 nM or less, 40 nM or less, 30 nM or less, 20 nM or less, or 10 nM
or less of a retargeted endopeptidase. 26. The method of 1-12, wherein the
method can distinguish a fully-active retargeted endopeptidase from a
partially-active retargeted endopeptidase having 70% or less, 60% or less,
50% or less, 40% or less, 30% or less, 20% or less, or 10% or less the
activity of a fully-active retargeted endopeptidase A. 27. The method of
1-12, wherein the a-SNAP-25 antibody binds an eptiope comprising a
carboxylterminus at the P1 residue from the BoNT/A cleavage site scissile
bond from a SNAP-25 cleavage product. 28. The method of 27, wherein the
a-SNAP-25 antibody has an association rate constant for an epitope not
comprising a carboxyl-terminus glutamine of the BoNT/A cleavage site
scissile bond from aSNAP-25 cleavage product of less than 1 x 10 1 M 1 s 1
; and wherein the a-SNAP-25 antibody has an equilibrium disassociation
constant for the epitope of less than 0.450 nM. 29. The method of 27,
wherein the isolated a-SNAP-25 antibody has a heavy chain variable region
comprising the amino acid sequence selected from the group consisting of
SEQ ID NO: 72, SEQ ID NO: 74, SEQ ID NO: 76, SEQ ID NO: 80, and SEQ ID NO:
82; and a light chain variable region comprising the amino acid sequence
selected from the group consisting of SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID
NO: 88, SEQ ID NO: 90, and SEQ ID NO: 92. 30. The method of 27, wherein the
isolated a-SNAP-25 antibody comprises at least the VH CDR1 of SEQ ID NO:
93, the VH CDR1 of SEQ ID NO: 94, the VH CDR1 of SEQ ID NO: 95, the VH CDR1
of SEQ ID NO: 118, the VH CDR1 of SEQ ID NO: 119, or the VH CDR1 of SEQ ID
NO: 120. 32. The method of 27, wherein the isolated a-SNAP-25 antibody
comprises at least the VH CDR2 of SEQ ID NO: 96, the VH CDR2 of SEQ ID NO:
97, the VH CDR2 of SEQ ID NO: 98, the VH CDR2 of SEQ ID NO: 99, the VH CDR2
of SEQ ID NO: 121 , the VH CDR2 of SEQ ID NO: 122, or the VH CDR2 of SEQ ID
NO: 123. 33. The method of 27, wherein the isolated a-SNAP-25 antibody
comprises at least the VH CDR3 of SEQ ID NO: 100, the VH CDR3 of SEQ ID NO:
101, the VH CDR3 of SEQ ID NO: 102, or the VH CDR3 of SEQ ID NO: 124. 34.
The method of 27, wherein the isolated a-SNAP-25 antibody comprises at
least the VL CDR1 of SEQ ID NO: 103, the VL CDR1 of SEQ ID NO: 104, the VL
CDR1 of SEQ ID NO: 105, the VL CDR1 of SEQ ID NO: 106, the VL CDR1 of SEQ
ID NO: 107, the VL CDR1 of SEQ ID NO: 125, the VL CDR1 of SEQ ID NO: 126,
the VL CDR1 of SEQ ID NO: 127, the VL CDR1 of SEQ ID NO: 128, or the VL
CDR1 of SEQ ID NO: 129. 35. The method of 27, wherein the isolated
a-SNAP-25 antibody comprises at least the VL CDR2 of SEQ ID NO: 108, the VL
CDR2 of SEQ ID NO: 109, the VL CDR2 of SEQ ID NO: 110, the VL CDR2 of SEQ
ID NO: 111, or the VL CDR2 of SEQ ID NO: 112. 36. The method of 27, wherein
the isolated a-SNAP-25 antibody comprises at least the VL CDR3 of SEQ ID
NO: 113, the VL CDR3 of SEQ ID NO: 114, the VL CDR3 of SEQ ID NO: 115, the
VL CDR3 of SEQ ID NO: 116, or the VL CDR3 of SEQ ID NO: 117. 37. The method
of 27, wherein the isolated a-SNAP-25 antibody comprises a heavy chain
variable region comprising SEQ ID NO: 93, SEQ ID NO: 121 and SEQ ID NO:
100; and a light chain variable region comprising SEQ ID NO: 105, SEQ ID
NO: 110 and SEQ ID NO: 115.38. The method of 27, wherein the isolated
a-SNAP-25 antibody selectively binds the SNAP-25 epitope of SEQ ID NO: 32,
SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37,
SEQ ID NO: 147 or SEQ ID NO: 148. 39. The method of 27, wherein the
isolated a-SNAP-25 antibody selectively binds the SNAP-25 epitope of SEQ ID
NO: 39, SEQ ID NO: 40, SEQ ID NO: 4 1, SEQ ID NO: 42, SEQ ID NO: 43, or SEQ
ID NO: 44. 



EXAMPLES Example I Screening of Candidate Cell Lines for Endogenous
Re-targeted Endopeptidase Receptor Expression [0178] The following example
illustrates how to identify established cell lines possessing the
re-targeted endopeptidase uptake capacity required to develop a cell-based
potency assay. 1. Growth of Stock Culture of candidate cell lines. [0179]
To grow the cell lines, a suitable density of cells from the cell line
being tested were plated in a 162 cm2 tissue culture flask containing 30
ml_ of a suitable growth medium (see Table 1), and grown in a 37 0C
incubator under 5% or 10% carbon dioxide until cells reached the desired
density. 2. Screening of cells expressing target receptor on cell
surface.[0180] The cell lines were screened for the presence of the desired
target receptor using flow cytometry and/or ligand binding assays. Although
the examples below used reagents to identify opioid or opioid-like receptor
in the plasma membrane, the approaches disclosed below can be used to
identify the cognate receptor for any of re-targeted endopeptidase. a.
Identification of cell lines using flow cytometry. [0181] To identify cells
comprising established cell lines that express target receptors for a
retargeted endopeptidase on the cell surface, flow cytometry analysis was
conducted. Cells for each candidate cell line were grown as described in
Section 1, trypson-treated, washed in staining buffer comprising 1 x PBS,
0.5% BSA, and centrifuged at 1200 rpm for 3 minutes. Pelleted cells were
resuspended in stainning buffer and about 2.0 x 106 cells were transferred
to new tubes, two for each receptor tested. To screen for the presence of
an opioid or opiod-like receptors, about 2.0-5.0 ml_ of a-ORL-1 RA14133
(Neuromics, Edina, MN), a-DOR rabbit polyclonal antibody RA10101
(Neuromics, Edina, MN), a-KOR rabbit polyclonal antibody RA10103
(Neuromics, Edina, MN), or a-MOR rabbit polyclonal antibody RA10104
(Neuromics, Edina, MN), was added to one tube and the mixture was incubated
at 4 0C for 1 hour. The second tube was incubated at 4 0C for 1 hour
without any antibodies and served as a negative control. After the antibody
incubation, 1.0 ml_ of staining buffer was added to each tube and
centrifuge at 1200 rpm for 3 minutes. The cell pellet was washed once more
with 1.0 ml_ of staining buffer. The cell pellet was resuspend in 200 ml_
of staining buffer, and 2.0 ml_ of goat anti-rabbit IgG FITC antibody was
added to each tube and incubated at 4 0C for 1 hour in the dark. After
incubation with the secondary antibody, 1.0 ml_ of staining buffer was
added to each tube and centrifuge at 1200 rpm for 3 minutes. The cell
pellet was washed once more with 1.0 ml_ of staining buffer and the pellet
resuspend in 500 ml_ of staining buffer. The sample was analyzed using a
flow cytometer and the data was displayed as an overlay the anti-receptor
antibody staining over the rabbit IgG FITC staining. [0182] The results
indicate that. Of the cell lines tested, ORL-1 was expressed on the cell
surface of about 50% of the cells comprising SiMa, SiMa P>33, clone H10,
ND7, and SK-N-DZ established cell lines; was expressed on the cell surface
of between about 25% to about 50% of the cells comprising SHSY5Y and ND15
established cell lines; and was expressed on the cell surface of less than
about 25% of the cells comprising ND3, ND8, N18, and Neuro-2a established
cell lines (Table 2). The results also indicate that KOR was expressed on
the cell surface of about 50% of the cells comprising SH-SY5Y and ND7
established cell lines; was expressed on the cell surface of between about
25% to about 50% of the cells comprising SiMa clone H10, SiMa P>33, ND15,
and Neuro-2a established cell lines; and was expressed on the cell surface
of less than about 25% of the cells comprising ND3, ND8, and N18
established cell lines (Table 2). The results also revelaed that MOR was
expressed on the cell surface of about 50% of the cells comprising ND7,
ND15, and SiMa P>33 established cell lines; was expressed on the cell
surface of between about 25% to about 50% of the cells comprising SH-SY5Y,
SiMa clone H10,ND8, and Neuro-2a established cell lines; and was expressed
on the cell surface of less than about 25% of the cells comprising ND3 and
N18 established cell lines (Table 2). The a-DOR rabbit polyclonal antibody
RA10101 failed to work properly and no useable data was generated. b.
Identification of cell lines using ligand binding. [0183] To identify cells
comprising established cell lines that express target receptors for a
retargeted endopeptidase on the cell surface, ligand binding analysis was
conducted. Cells from the candidate cell lines to be tested were seeded on
a black-clear bottom 96-well plate for about 4 hours to promote attachment.
To screen for the presence of an opioid or opiod-like receptors, media was
then aspirated from each well and replaced with 50 ml_ of ligand solution
containing either 0 (untreated control), 0.001 nM, 0.01 nM, 0.1 nM, or 1 nM
of FAM-nociceptin (Phoenix Pharmaceuticals, Inc, Burlingame, CA); or either
0 (untreated control), 0.001 nM, 0.01 nM, 0.1 nM, or 1 nM of FAM-dynorphin
A (Phoenix Pharmaceuticals, Inc, Burlingame, CA). Cells were incubated with
the ligand solution for 1 hour in the 37 0C incubator under 5% carbon
dioxide. The cells were washed to remove unbound ligand by washing the
cells three times with 100 mL of 1 x PBS. The plate was scanned on the
Typhoon (Ex 488 and Em 520 nm), and then read on the M5 Plate Reader (Ex
495 and Em 520 nm) for RFU signals. The results indicate that cells
comprising the SiMa clone H10, SH-SY5Y, and SK-N-DZ established cell lines
bound nociceptin, whereas cells comprising the SiMa clone H10 also bound
Dynorphin (Table 2). [0184] Using a similar approach, cell lines comprising
cells having cognate receptors for other re targeted endopeptidases can be
identified by FAM-lablling the targeting domain for these endopeptidases
and screening cell lines as described above. 3. Single dose screening of
candidate cell lines using re-targeted endopeptidase molecule.[0185] To
determine whether a cell line was able to uptake the appropriate
re-targeted endopeptidase molecule, a suitable density of cells from a
stock culture of the cell line being tested was plated into the wells of
24-well tissue culture plates containing 1 ml_ of an appropriate serum
growth medium (Table 1). The cells were grown in a 37 0C incubator under 5%
carbon dioxide until cells reached the desired density (approximately 18 to
24 hours). To assess the uptake of an opioid re-targeted endopeptidase, the
growth media was aspirated from each well and replaced with either 1) fresh
growth media containing no opioid re-targeted endopeptidase (untreated cell
line) or 2) fresh growth media containing 30 nM for the nociceptin
re-targeted endopeptidase (Noc/A) or 100 nM for the dynorphin re-targeted
endopeptidase (Dyn/A) (treated cell line). After an overnight incubation,
the cells were washed by aspirating the growth 



media and rinsing each well with 200 ml_ of 1 x PBS. To harvest the cells,
the 1 x PBS was aspirated, the cells were lysed by adding 50 ml_ of 2 x SDS
Loading Buffer, the lysate was transferred to a clean test tube and the
sample was heated to 95 0C for 5 minutes. [0186] To detect for the presence
of both uncleaved SNAP-25 substrate and cleaved SNAP-25 products, an
aliquot from each harvested sample was analyzed by Western blot. In this
analysis, a 12 ml_ aliquot of the harvested sample was separated by MOPS
polyacrylamide gel electrophoresis using NuPAGE(r) Novex 12% Bis-Tris
precast polyacrylamide gels (Invitrogen Inc., Carlsbad, CA) under
denaturing, reducing conditions. Separated peptides were transferred from
the gel onto polyvinylidene fluoride (PVDF) membranes (Invitrogen Inc.,
Carlsbad, CA) by Western blotting using a TRANS-BLOT (r) SD semidry
electrophoretic transfer cell apparatus (Bio-Rad Laboratories, Hercules,
CA). PVDF membranes were blocked by incubating at room temperature for 2
hours in a solution containing Tris-Buffered Saline (TBS) (25 mM
2-amino-2-hydroxymethyl-1,3-propanediol hydrochloric acid (Tris-HCI)(pH
7.4), 137 mM sodium chloride, 2.7 mM potassium chloride), 0.1% TWEEN-20 (r)
(polyoxyethylene (20) sorbitan monolaureate), 2% Bovine Serum Albumin
(BSA), 5% nonfat dry milk. Blocked membranes were incubated at 4 0C for
overnight in TBS, 0.1% TWEEN-20 (r) (polyoxyethylene (20) sorbitan
monolaureate), 2% BSA, and 5% nonfat dry milk containing either 1) a
1:5,000 dilution of an a-SNAP-25 mouse monoclonal antibody as the primary
antibody (SMI-81 ; Sternberger Monoclonals Inc., Lutherville, MD); or 2) a
1:5,000 dilution of S9684 a-SNAP-25 rabbit polyclonal antiserum as the
primary antibody (Sigma, St. Louis, MO). Both a- SNAP-25 mouse monoclonal
and rabbit polyclonal antibodies can detect both the uncleaved SNAP-25
substrate and the SNAP-25 cleavage product, allowing for the assessment of
overall SNAP-25 expression in each cell line and the percent of SNAP-25
cleaved after re-targeted endopeptidase treatment as a parameter to assess
the amount of re-targeted endopeptidase uptake. Primary antibody probed
blots were washed three times for 15 minutes each time in TBS, TWEEN-20 (r)
(polyoxyethylene (20) sorbitan monolaureate). Washed membranes were
incubated at room temperature for 2 hours in TBS, 0.1% TWEEN-20 (r)
(polyoxyethylene (20) sorbitan monolaureate), 2% BSA, and 5% nonfat dry
milk containing either 1) a 1:10,000 dilution of goat polyclonal anti-mouse
immunoglobulin G, heavy and light chains (IgG, H+L) antibody conjugated to
horseradish peroxidase (Zymed, South San Francisco, CA) as a secondary
antibody; or 2) a 1:10,000 dilution of goat polyclonal anti-rabbit
immunoglobulin G, heavy and light chains (IgG, H+L) antibody conjugated to
horseradish peroxidase (Zymed, South San Francisco,CA) as a secondary
antibody. Secondary antibody-probed blots were washed three times for 15
minutes each time in TBS, 0.1% TWEEN-20(r) (polyoxyethylene (20) sorbitan
monolaureate). Signal detection of the labeled SNAP-25 products were
visualized using the ECL Plus(tm) Western Blot Detection System (GE
Healthcare, Amersham Biosciences, Piscataway, NJ) and the membrane was
imaged and the percent of cleaved quantified with a Typhoon 9410 Variable
Mode Imager and Imager Analysis software (GE Healthcare, Amersham
Biosciences, Piscataway, NJ). The choice of pixel size (100 to 200 pixels)
and PMT voltage settings (350 to 600, normally 400) depended on the
individual blot. [0187] Based on the detection of SNAP-25 cleavage product,
the following cell lines exhibited uptake of 30 nM Noc/A: BE(2)-C, N18TG2,
Neuro-2a, SiMa, SK-N-BE(2)-C, and SK-N-DZ (Table 3); whereas the following
cell lines exhibited uptake of 100 nM Dyn/A: N18TG2, Neuro-2a, PC12, and
SiMa. Some of these sensitive cell lines were tested with lower doses of
compounds and/or with full dose responses. [0188] Using a similar approach,
cell lines comprising cells having cognate receptors for other re targeted
endopeptidases can be assessed for retargeted endopeptidase uptake. Example
IlScreening of Candidate Clonal Cell Lines Endogenous Re-targeted
Endopeptidase Receptor Expression 1. Single dose re-targeted endopeptidase
screening of candidate clonal cell lines from a parental SiMa cell line.
[0189] Companion patent application Zhu Hong et al., Cell Lines Useful in
Immuno-Based Botulinum Toxin Serotype A Activity Assays, U.S. Patent
Application Serial No: 61/160,199 discloses clonal cell lines derived from
a parental SiMa cell line that were useful in a BoNT/A potency assay, as
described in Ester Fernandez-Salas, et al., Immuno-Based Botulinum Toxin
Serotype A Activity Assays, U.S. Patent Application Serial No: 12/403,531,
each of which is hereby incorporated by reference in its entirety. To
determine whether these clonal cell lines were able to uptake the
appropriate re-targeted endopeptidase, each was screened using an ECL
sandwich ELISA assay. [0190] To prepare a lysate trated with a retargerget
endopeptidase, a suitable density of cells from a stock culture of the cell
line being tested was plated into the wells of 96-well tissue culture
plates containing 100 mL of an appropriate serum growth medium (Table 1)
overnight. The media from the seeded cells was aspirated from each well and
replaced with fresh media containing either 30 nM of a Noc/A retargeted
endopeptidase or 80 nM of a Dyn/A retargeted endopeptidase. After a 24 hour
incubation, the cells were washed by aspirating the growth media and
rinsing each well with 200 mL of 1 x PBS. To harvest the cells, 1 x PBS was
aspirated, the cells lysed by adding 30 mL of Lysis Buffer comprising 20 mM
Tris-HCI (pH 7,5), 150 mM NaCI, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100 to
each well, and the plate incubated on a shaker rotating at 500 rpm for 30
minutes at 4 0C. The plate was centrifuged at 4000 rpm for 20 minutes at 4
0C to pellet cellular debris and the supernatant was transferred to a
capture antibody coated 96-well plate to perform the detection step. [0191]
To prepare an a-SNAP-25 197 capture antibody solution, the a-SNAP-25 197
mouse monoclonal antibody contained in the ascites from hybridoma cell line
2E2A6 (Example Xl) was purified using a standard Protein A purification
protocol. [0192] To prepare an a-SNAP-25 detection antibody solution,
a-SNAP-25 rabbit polyclonal antibody S9684 (Sigma, St. Louis, MO) was
conjugated to Ruthenium(ll)-tris-bipyridine-(4-methysulfonate) NHS ester
labeling reagent (Meso Scale Discovery, Gaithersburg, MD) according to the
manufacturer's instructions (Meso Scale Discovery, Gaithersburg, MD). The
conjugation reaction was performed by adding to 30 mL of distilled water
reconstituted MSD SULFO-TAG(tm) stock solution to 200 mL of 2 mg/mL
a-SNAP-25 polyclonal antibodies and incubating the reaction at room
temperature for 2 hours in the dark. The labeled antibodies were purified
using a standard spin column protocol and the protein concentration 



determined using a standard colorimetric protein assay. The absorbance of
the a-SNAP-25 antibody/MSD SULFO-TAG(tm) conjugate was measured at 455 nm
using a spectrophotometer todetermine the concentration in moles per liter.
The detection antibody solution was stored at 4 0C until needed. Long term
storage of unused aliquots was at -20 0C. [0193] To prepare an a-SNAP-25
solid phase support comprising an a-SNAP-25i 97 capture antibody,
approximately 5 ml_ of the appropriate a-SNAP-25 197 monoclonal antibody
solution (20 mg/mL in 1 x PBS) is added to each well of a 96-well MSD High
Bind plate and the solution is allowed to air dry in a biological safety
cabinet for 2-3 hours in order to liquid evaporate the solution. Blocked
plates were sealed and stored at 4 0C until needed. [0194] To detect the
presence of a cleaved SNAP-25 product by ECL sandwich ELISA, the capture
antibody-bound wells were then blocked by adding 150 mL of Blocking Buffer
comprising 2% Amersham Blocking Reagent (GE Life Sciences, Piscataway, NJ)
and 10% goat serum (VWR, West Chester, PA) at room temperature for 2 hours.
The Blocking Buffer was aspirated, 25 mL of a lysate from cells treated
with re-targeted endopeptidase was added to each well and the plates were
incubated at 4 0C for overnight. Plate wells were washed three times by
aspirating the cell lysate and rinsing each well three times with 200 mL 1
x PBS, 0.1% TWEEN-20 (r) (polyoxyethylene (20) sorbitan monolaureate).
After washing, 25 mL of 5 mg/mL a-SNAP-25 detection antibody solution
comprising 2% Amersham Blocking Reagent in 1 x PBS, 0.1% TWEEN-20 (r)
(polyoxyethylene (20) sorbitan monolaureate) was added to each well,
sealed, and incubated at room temperature for 1 hour with shaking. After
a-SNAP-25 detection antibody incubation, the wells were washed three times
with 200 mL 1 x PBS, 0.1% TWEEN-20 (r) (polyoxyethylene (20) sorbitan
monolaureate). After washing 150 mL of 1 x Read Buffer (Meso Scale
Discovery, Gaithersburg, MD) was added to each well and the plates were
read using a SECTOR(tm) Imager 6000 Image Reader (Meso Scale Discovery,
Gaithersburg, MD). The raw data was collected using the ECL imager. [0195]
The results indicate that the parental SiMa cell line as well as clonal
cell line H10 showed good uptake of the Noc/A retargeted endopeptidase
(Table 4). In adition, these results reveal that many cell lines exhibited
uptake of the Dyn/A retargeted endopeptidase (Table 4). Three clonal cell
lines (1E1 1, AF4, and DC4) showed good uptake of the Dyn/A retargeted
endopeptidase; eleven clonal cell lines (1E3, 2D2, 2D6, 3D8, 5C10, 5F3,
BB10, BF8, CG8, CG10, and DE7) exhibited moderate uptake of the Dyn/A
retargeted endopeptidase; and (3B8, 2B9, CE6, YB8, 4C8, 2F5, AC9, CD6,
DD10, YF5) showed minimal uptake of the Dyn/A retargeted endopeptidase.
Some of these candidate cell lines were tested in a full dose-response
assay with the corresponding retargeted endopeptidase.A DISPERSION, AND A
PROCESS FOR PRODUCING THE SAME Cross-Reference to Related Applications This
application is a non-provisional application claiming priority from the
U.S. Provisional Patent Application No. 61/160,440, filed on March 16,
2009, entitled "A DISPERSION, AND A METHOD FOR PRODUCING THE SAME," the
teachings of which are incorporated by reference herein, as if reproduced
in full hereinbelow. Field of Invention The present invention provides a
dispersion, and a process for producing a dispersion. Background of the
Invention The use of dispersions in coating applications is generally
known. Such coating application may include, but is not limited to,
architectural coating applications, automotive coating applications, and
industrial coating applications. International Publication No. WO
2006/079098 Al describes an aqueous dispersion of
nanoparticles/polyurethane composites made by forming a mixture of
nanoparticles and a continuous mass of polyurethane prepolymer in the
substantial absence of water and dispersing the mixture so made in aqueous
medium. U.S. Patent Application Publication No. US 2008/0017071 Al
describes an aqueous dispersion comprising nanoscale polymer particles
comprising organic binding agents, nanoparticles being contained in the
latter as highly dispersed phase, in addition water and/or an aqueous
colloidal solution of a metal oxide as continuous phase. U.S. Patent No.
6,204,310 describes a continuous process for preparing a reactive
particulate dispersion in a liquid carrier. The process comprises mixing
together, as a melt, a resin and acrosslinker under extrusion conditions at
a temperature and for a time such that substantial crosslinker potential is
retained between the resin and the crosslinker and thereafter dispersing
the mixture whilst still molten into the liquid carrier and allowing the
molten dispersed mixture to solidify to form particles. U.S. Patent
Application Publication No. US 2002/0074681 Al describes stable dispersions
of solid, semi-solid, and liquid resins prepared by merging into a
mechanical disperser a stream of a molten or liquid disperse phase with a
stream of a molten or liquid continuous phase to form a dispersion or
emulsion. A polymer that is preferably a solid at room temperature, but
molten at some advanced temperature may be dispersed with low molecular
weight polymers, or intermediate molecular weight polymers continuously in
an extruder. U.S. Patent No. 6,512,024 describes stable aqueous dispersions
or emulsions prepared by merging into a mechanical disperser a stream of a
molten or liquid disperse phase with a stream of a molten or liquid
continuous phase to form a dispersion or emulsion. The molten or liquid
disperse phase stream contains a polymer that is preferably a solid at room
temperature, but molten at some advanced temperature. The polymer is formed
in a molten state or formed and melted by a continuous reaction process
such as an extrusion process, including melt extrusion or compound
extrusion. U.S. Patent Application Publication No. US 2007/0243481 Al
describes a compound that includes an aqueous dispersion, wherein the
dispersion includes a thermoplastic resin and at least one stabilizing
agent, and at least one selected from the group consisting of a colorant
and a magnetic pigment.However, there is still a need for a dispersion that
provides improved properties. Furthermore, there is still a need for a
process to produce a dispersion that provides improved 



properties. Summary of the Invention The present invention provides a
dispersion, and a process for producing a dispersion. The dispersion
according to the present invention comprises (a) one or more subparticles
having an average particle size diameter in the range of 0.01 to 9 mm; (b)
one or more base polymers at least partially encapsulating the one or more
subparticles; wherein said at least partially encapsulated one or more
subparticles have an average particle size diameter in the range of 0.05 to
10 mm; (c) one or more stabilizing agents; and (d) a liquid media
comprising water. The present invention further provides a process for
producing a dispersion comprising the steps of (1) selecting one or more
subparticles having an average particle size diameter in the range of 0.01
to 9 mm; (2) selecting one or more base polymers; (3) selecting one or more
stabilizing agents; (4) selecting a liquid media comprising water; (5)
optionally selecting one or more neutralizing agents; (6) melt-blending the
one or more base polymers in the presence of the one or more subparticles;
(7) thereby at least partially encapsulating the one or more subparticles
with the one or more base polymers; (8) contacting said at least partially
encapsulated one or more subparticles with the liquid media and the one or
more stabilizing agents and optionally the one or more neutralizing agents;
(9) thereby dispersing said at least partially encapsulated one or more
subparticles in the liquid media, wherein said at least partially
encapsulated one or more dispersed subparticles have an average particle
size diameter in the range of 0.05 to 10 mm; and (10) thereby forming the
dispersion.Brief Description of the Drawings For the purpose of
illustrating the invention, there is shown in the drawings a form that is
exemplary; it being understood, however, that this invention is not limited
to the precise arrangements and instrumentalities shown. Fig. 1 is a TEM
picture of one exemplary inventive dispersion; and Fig. 2 is plot
illustrating the relationship between opacity properties and pigment volume
concentration (PVC). Detailed Description of the Invention The present
invention provides a dispersion, and a process for producing a dispersion.
The dispersion according to the present invention comprises (a) one or more
nanoparticles; (b) one or more base polymers at least partially
encapsulating the one or more subparticles; wherein said at least partially
encapsulated one or more subparticles have an average particle size
diameter in the range of 0.05 to 10 mm; (c) one or more stabilizing agents;
and (d) a liquid media comprising water. The present invention further
provides a process for producing a dispersion comprising the steps of (1)
selecting one or more subparticles having an average particle size diameter
in the range of 0.01 to 9 mm; (2) selecting one or more base polymers; (3)
selecting one or more stabilizing agents; (4) selecting a liquid media
comprising water; (5) optionally selecting one or more neutralizing agents;
(6) melt-blending the one or more base polymers in the presence of the one
or more one or more subparticles; (7) thereby at least partially
encapsulating the one or more subparticles with the one or more base
polymers; (8) contacting said at least partially encapsulated one or more
subparticles with the liquid media and the one or more stabilizing agents
and optionally the one or more neutralizing agents; (9) thereby dispersing
said at least partially encapsulated one or more subparticles in the liquid
media, wherein said at least partially encapsulated one or more dispersed
subparticles have anaverage particle size diameter in the range of 0.05 to
10 mm; and (10) thereby forming the dispersion. Subparticles The dispersion
of the present invention comprises one or more subparticles. The
subparticles can be inorganic, organometallic, or organic in composition.
One or more subparticles may preferably be selected from the group
consisting of oxides, mixed oxides, carbides, borides, and nitrides of
elements of the main groups II to IV and/or elements of the sub-groups I to
VIII of the periodic table including the lanthanides. One or more
subparticles may, for example, be selected from the group consisting of
silicon dioxide, aluminum oxide, zinc oxide, cerium oxide, zirconium oxide,
silicon dioxide, zirconium silicates, silicon carbides, wollastonites,
aluminum silicates, aluminum hydroxide, aragonite, barium sulphate,
calcite, calcium sulphate, magnesium hydroxide, magnesium carbonate,
magnesite, ground calcium carbonate, precipitated calcium carbonate,
titanium dioxide (e.g. rutile and/or anatase), satin white, silica, alumina
trihydrate, mica, talc, clay, calcined clay, diatomaceous earth, vaterite,
fumed silica, precipitated silica, carbon black, synthetic layered
silicates, e.g. mica or fluoro mica, natural layered silicates, e.g.
montmorillonite, hectorite, saponite, or vermiculite, nanoclays, e.g.
natural or synthetic layered silicates containing modifiers improving
intercalation and exfoliation, zinc borate, milled glass, aluminum
trihydrate, antimony trioxide, fly ash, or any combination thereof. In one
alternative, one or more subparticles may comprise any mineral materials
which can be produced by comminution or precipitation, and combinations
thereof. In an alternative, one or more subparticles may be TiO in either
rutile form or anatase form. The dispersion of the instant invention
comprises 1 to 95 percent by weight of one or more subparticles, based on
the total weight of the solid content of the dispersion. All individual
values and subranges from 1 to 95 weightpercent are included herein and
disclosed herein; for example, the weight percent can be from a lower limit
of 1, 5, 10, 15, 20, 25, 30, 40, or 50 weight percent to an upper limit of
65, 75, 80, 85, 90, or 95 weight percent. For example, the dispersion may
comprise from 1 to 90, or in the alternative, the dispersion may comprise
from 10 to 85, or in the alternative from 15 to 85, or in the alternative
from 20 to 85, or in the alternative from 30 to 85 percent by weight of one
or more subparticles, based on the total weight of the solid content of the
dispersion. A subparticle may be a nanoparticle, or a mesoparticle. One or
more nanoparticles may have an average particle size diameter in the range
of from 0.01 to less than 0.1. All individual values and subranges from
0.01 to less than 0.1 mm are included herein and disclosed herein; for
example, the average particle size diameter can be from a lower limit of
0.01, 0.02, 0.03, 0.05, or 0.07 mm to an upper limit of 0.02, 0.03, 0.05,
0.07, 0.08, 0.09, or 



less than 0.1 mm. For example, the one or more nanoparticles may have an
average particle size diameter in the range of from 0.01 to 0.09 mm, or in
the alternative 0.01 to 0.08 mm, or in the alternative 0.1 to 0.07 mm, or
in the alternative 0.01 to 0.06 mm, or in the alternative 0.01 to 0.05 mm,
or in the alternative 0.2 to 0.06 mm, or in the alternative 0.3 to 0.05 mm.
One or more mesoparticles may have an average particle size diameter in the
range of from 0.1 to 9 mm. All individual values and subranges from 0.1 to
9 mm are included herein and disclosed herein; for example, the average
particle size diameter can be from a lower limit of 0.1, 0.5, 1, 2, 3, 5,
7, or 8 mm to an upper limit of 1, 2, 3, 4, 5, 6, 7, 8, or 9 mm. For
example, the one or more mesoparticles may have an average particle size
diameter in the range of from 0.1 to 9 mm, or in the alternative 0.1 to 8
mm, or in the alternative 0.1 to 7 mm, or in the alternative 0.1 to 6 mm,
or in the alternative 0.1 to 5 mm, or in the alternative 0.1 to 4 mm, or in
the alternative 0.1 to 3 mm, or in the alternative 0.1 to 2 mm, or in the
alternative 0.1 to 1 mm.The one or more subparticles may be surface treated
with inorganic materials, for example, silica, alumina, or organic
materials, for example, polyol based treatment agents, fatty acids; or
groups with combined organic and inorganic functionality, for example,
organo silanes, organo phosphates, organo titanates, organo zirconates, so
that the one or more subparticles are exhibiting optimum properties. Base
Polymer The dispersion of the present invention comprises from 5 to 99
percent by weight of one or more base polymers, based on the total weight
of the solid content of the dispersion. All individual values and subranges
from 5 to 99 weight percent are included herein and disclosed herein; for
example, the weight percent can be from a lower limit of 5, 8, 10, 15, 20,
25 weight percent to an upper limit of 40, 50, 60,70, 80, 90, 95, or 99
weight percent. For example, the dispersion may comprise from 15 to 99, or
in the alternative from 15 to 90, or in the alternative from 15 to 80
percent by weight of one or more base polymers, based on the total weight
of the solid content of the dispersion. The dispersion comprises at least
one or more base polymers. The base polymer may, for example, be selected
from the group consisting of a thermoplastic material, and a thermoset
material. The one or more base polymers may comprise one or more olefin
based polymers, one or more acrylic based polymers, one or more polyester
based polymers, one or more solid epoxy polymers, one or more thermoplastic
polyurethane polymers, one or more styrenic based polymers, or combinations
thereof. Examples of thermoplastic materials include, but are not limited
to, homopolymers and copolymers (including elastomers) of an alpha-olefins
such as ethylene, propylene, 1-butene, 3- methyl-1-butene,
4-methyl-l-pentene, 3-methyl-l-pentene, 1-heptene, 1-hexene, 1-octene,
1-decene, and 1-dodecene, as typically represented by polyethylene,
polypropylene, poly- 1-butene, poly-3-methyl- 1-butene,
poly-3-methyl-l-pentene, poly-4-methyl-l-pentene, ethylene-propylene
copolymer, ethylene-1-butene copolymer, and propylene- 1-butene copolymer;
copolymers (including elastomers) of an alpha-olefin with a conjugated or
non-conjugated diene, as typically represented by ethylene-butadiene
copolymer and ethylene-ethylidene norbornene copolymer; and polyolefins
(including elastomers) such as copolymers of two or more alpha-olefins with
a conjugated or nonconjugated diene, as typically represented by
ethylene-propylene-butadiene copolymer, ethylenepropylene-
dicyclopentadiene copolymer, ethylene-propylene- 1,5-hexadiene copolymer,
and ethylene-propylene-ethylidene norbornene copolymer; ethylene-vinyl
compound copolymers such as ethylene-vinyl acetate copolymer,
ethylene-vinyl alcohol copolymer, ethylene-vinyl chloride copolymer,
ethylene acrylic acid or ethylene-(meth)acrylic acid copolymers, and
ethylene- (meth)acrylate copolymer; styrenic copolymers (including
elastomers) such as polystyrene, ABS, acrylonitrile-styrene copolymer,
a-methylstyrene-styrene copolymer, styrene vinyl alcohol, styrene acrylates
such as styrene methylacrylate, styrene butyl acrylate, styrene butyl
methacrylate, and styrene butadienes and crosslinked styrene polymers; and
styrene block copolymers (including elastomers) such as styrene-butadiene
copolymer and hydrate thereof, and styrene-isoprene- styrene triblock
copolymer; polyvinyl compounds such as polyvinyl chloride, polyvinylidene
chloride, vinyl chloride-vinylidene chloride copolymer, polymethyl
acrylate, and polymethyl methacrylate; polyamides such as nylon 6, nylon
6,6, and nylon 12; thermoplastic polyesters such as polyethylene
terephthalate and polybutylene terephthalate; polycarbonate, polyphenylene
oxide, and the like; and glassy hydrocarbon-based resins, including
poly-dicyclopentadiene polymers and related polymers (copolymers,
terpolymers); saturated mono-olefins such as vinyl acetate, vinyl
propionate, vinyl versatate, and vinyl butyrate and the like; vinyl esters
such as esters of monocarboxylic acids, including methyl acrylate, ethyl
acrylate, n-butyl acrylate, isobutyl acrylate, 2-ethylhexyl
acrylate,dodecyl acrylate, n-octyl acrylate, phenyl acrylate, methyl
methacrylate, ethyl methacrylate, and butyl methacrylate and the like;
acrylonitrile, methacrylonitrile, acrylamide, mixtures thereof; resins
produced by ring opening metathesis and cross metathesis polymerization and
the like. These resins may be used either alone or in combinations of two
or more. Examples of suitable (meth)acrylates, as base polymers, include
methyl acrylate, ethyl acrylate, butyl acrylate, hexyl acrylate,
2-ethylhexyl acrylate, octyl acrylate and isooctyl acrylate, ndecyl
acrylate, isodecyl acrylate, tert-butyl acrylate, methyl methacrylate,
butyl methacrylate, hexyl methacrylate, isobutyl methacrylate, isopropyl
methacrylate as well as 2-hydroxyethyl acrylate and acrylamide. The
preferred (meth)acrylates are methyl acrylate, ethyl acrylate, butyl
acrylate, 2- ethylhexyl acrylate, octyl acrylate, isooctyl acrylate, methyl
methacrylate and butyl methacrylate. Other suitable (meth)acrylates that
can be polymerized from monomers include lower alkyl acrylates and
methacrylates including acrylic and methacrylic ester monomers: methyl
acrylate, ethyl acrylate, n-butyl acrylate, t-butyl acrylate, 2-ethylhexyl
acrylate, decyl acrylate, isobornyl acrylate, methyl methacrylate, ethyl
methacrylate, n-propyl methacrylate, isopropyl methacrylate, n-butyl
methacrylate, isobutyl methacrylate, sec-butyl methacrylate, cyclohexyl
methacrylate, isodecyl methacrylate, isobornyl methacrylate,
t-butylaminoethyl methacrylate, stearyl methacrylate, glycidyl
methacrylate, dicyclopentenyl methacrylate, phenyl methacrylate. In
selected embodiments, base polymer may, for example, comprise a polyolefin
selected 



from the group consisting of ethylene-alpha olefin copolymers, and
propylene-alpha olefin copolymers. In particular, in select embodiments,
the base polymer may comprise one or more nonpolar polyolefins. In specific
embodiments, polyolefins such as polypropylene, polyethylene, copolymers
thereof, and blends thereof, as well as ethylene-propylene-diene
terpolymers, may be used. In someembodiments, preferred olefinic polymers
include homogeneous polymers, as described in U.S. Pat. No. 3,645,992
issued to Elston; high density polyethylene (HDPE), as described in U.S.
Pat. No. 4,076,698 issued to Anderson; heterogeneously branched linear low
density polyethylene (LLDPE); heterogeneously branched ultra low linear
density polyethylene (ULDPE); homogeneously branched, linear
ethylene/alpha-olefin copolymers; homogeneously branched, substantially
linear ethylene/alpha-olefin polymers, which can be prepared, for example,
by processes disclosed in U.S. Pat. Nos. 5,272,236 and 5,278,272, the
disclosures of which are incorporated herein by reference; and high
pressure, free radical polymerized ethylene polymers and copolymers such as
low density polyethylene (LDPE) or ethylene vinyl acetate polymers (EVA).
In other particular embodiments, the base polymer may, for example, be
ethylene vinyl acetate (EVA) based polymers. In other embodiments, the base
polymer may, for example, be ethylene-methyl acrylate (EMA) based polymers.
In other particular embodiments, the ethylenealpha olefin copolymer may,
for example, be ethylene-butene, ethylene-hexene, or ethylene-octene
copolymers or interpolymers. In other particular embodiments, the
propylene-alpha olefin copolymer may, for example, be a propylene-ethylene
or a propylene-ethylene-butene copolymer or interpolymer. In certain other
embodiments, the base polymer may, for example, be a semi-crystalline
polymer and may have a melting point of less than H O0C. In preferred
embodiments, the melting point may be from 25 to 1000C. In more preferred
embodiments, the melting point may be between 40 and 850C. In one
particular embodiment, the base polymer is a propylene/alpha-olefin
copolymer, which is characterized as having substantially isotactic
propylene sequences. "Substantially isotactic propylene sequences" means
that the sequences have an isotactic triad (mm) measured by 13C NMRof
greater than about 0.85; in the alternative, greater than about 0.90; in
another alternative, greater than about 0.92; and in another alternative,
greater than about 0.93. Isotactic triads are well-known in the art and are
described in, for example, U.S. Patent No. 5,504,172 and International
Publication No. WO 00/01745, which refer to the isotactic sequence in terms
of a triad unit in the copolymer molecular chain determined by 13C NMR
spectra. The propylene/alpha-olefin copolymer may have a melt flow rate in
the range of from 0.1 to 15 g/10 minutes, measured in accordance with ASTM
D-1238 (at 230 C / 2.16 Kg). AUindividual values and subranges from 0.1 to
15 g/10 minutes are included herein and disclosed herein; for example, the
melt flow rate can be from a lower limit of 0.1 g/10 minutes, 0.2 g/10
minutes, or 0.5 g/10 minutes to an upper limit of 15 g/10 minutes, 10 g/10
minutes, 8 g/10 minutes, or 5 g/10 minutes. For example, the
propylene/alpha-olefin copolymer may have a melt flow rate in the range of
0.1 to 10 g/10 minutes; or in the alternative, the propylene/alpha-olefin
copolymer may have a melt flow rate in the range of 0.2 to 10 g/10 minutes.
The propylene/alpha-olefin copolymer has a crystallinity in the range of
from at least 1 percent by weight (a heat of fusion of at least 2
Joules/gram) to 30 percent by weight (a heat of fusion of less than 50
Joules/gram). All individual values and subranges from 1 percent by weight
(a heat of fusion of at least 2 Joules/gram) to 30 percent by weight (a
heat of fusion of less than 50 Joules/gram) are included herein and
disclosed herein; for example, the crystallinity can be from a lower limit
of 1 percent by weight (a heat of fusion of at least 2 Joules/gram), 2.5
percent (a heat of fusion of at least 4 Joules/gram), or 3 percent (a heat
of fusion of at least 5 Joules/gram) to an upper limit of 30 percent by
weight (a heat of fusion of less than 50 Joules/gram), 24 percent by weight
(a heat of fusion of less than 40 Joules/gram), 15 percent by weight (a
heat of fusion of less than 24.8 Joules/gram) or 7 percent by weight (a
heat of fusion of less than 11 Joules/gram). For example,
thepropylene/alpha-olefin copolymer may have a crystallinity in the range
of from at least 1 percent by weight (a heat of fusion of at least 2
Joules/gram) to 24 percent by weight (a heat of fusion of less than 40
Joules/gram); or in the alternative, the propylene/alpha-olefin copolymer
may have a crystallinity in the range of from at least 1 percent by weight
(a heat of fusion of at least 2 Joules/gram) to 15 percent by weight (a
heat of fusion of less than 24.8 Joules/gram); or in the alternative, the
propylene/alpha-olefin copolymer may have a crystallinity in the range of
from at least 1 percent by weight (a heat of fusion of at least 2
Joules/gram) to 7 percent by weight (a heat of fusion of less than 11
Joules/gram); or in the alternative, the propylene/alpha-olefin copolymer
may have a crystallinity in the range of from at least 1 percent by weight
(a heat of fusion of at least 2 Joules/gram) to 5 percent by weight (a heat
of fusion of less than 8.3 Joules/gram). The crystallinity is measured via
DSC method, as described above. The propylene/alpha-olefin copolymer
comprises units derived from propylene and polymeric units derived from one
or more alpha-olefin comonomers. Exemplary comonomers utilized to
manufacture the propylene/alpha-olefin copolymer are C , and C to C1O
alpha-olefins; for example, C , C , C and C alpha-olefins. The
propylene/alpha-olefin copolymer comprises from 1 to 40 percent by weight
of one or more alpha-olefin comonomers. All individual values and subranges
from 1 to 40 weight percent are included herein and disclosed herein; for
example, the comonomer content can be from a lower limit of 1 weight
percent, 3 weight percent, 4 weight percent, 5 weight percent, 7 weight
percent, or 9 weight percent to an upper limit of 40 weight percent, 35
weight percent, 30 weight percent, 27 weight percent, 20 weight percent, 15
weight percent, 12 weight percent, or 9 weight percent. For example, the
propylene/alpha-olefin copolymer comprises from 1 to 35 percent by weight
of one or more alpha-olefin comonomers; or in the alternative, the
propylene/alpha-olefin copolymer comprises from 1 to 30 percent by weight
of one or more alpha-olefin comonomers; or in thealternative, the
propylene/alpha-olefin copolymer comprises from 3 to 27 percent by weight
of one or more alpha-olefin comonomers; or in the alternative, the
propylene/alpha-olefin copolymer comprises from 3 to 20 percent by weight
of one or more alpha-olefin comonomers; or in the 



alternative, the propylene/alpha-olefin copolymer comprises from 3 to 15
percent by weight of one or more alpha-olefin comonomers. The
propylene/alpha-olefin copolymer has a molecular weight distribution (MWD),
defined as weight average molecular weight divided by number average
molecular weight (Mw/Mn) of 3.5 or less; in the alternative 3.0 or less; or
in another alternative from 1.8 to 3.0. Such propylene/alpha-olefin
copolymers are further described in details in the U.S. Patent Nos.
6,960,635 and 6,525,157, incorporated herein by reference. Such
propylene/alpha-olefin copolymers are commercially available from The Dow
Chemical Company, under the tradename VERSIFY(tm), or from ExxonMobil
Chemical Company, under the tradename VISTAMAXX(tm). In one embodiment, the
propylene/alpha-olefin copolymers are further characterized as comprising
(A) between 60 and less than 100, preferably between 80 and 99 and more
preferably between 85 and 99, weight percent units derived from propylene,
and (B) between greater than zero and 40, preferably between 1 and 20, more
preferably between 4 and 16 and even more preferably between 4 and 15,
weight percent units derived from at least one of ethylene and/or a C Io
CC-olefin; and containing an average of at least 0.001, preferably an
average of at least 0.005 and more preferably an average of at least 0.01,
long chain branches/1000 total carbons. The maximum number of long chain
branches in the propylene interpolymer is not critical to the definition of
this invention, but typically it does not exceed 3 long chain branches/
1000 total carbons. The term long chain branch, as used herein, refers to a
chain length of at least one (1) carbon more than a short chain branch, and
short chain branch, as used herein, refers to a chain length of two (2)
carbons less than the number ofcarbons in the comonomer. For example, a
propylene/1 -octene interpolymer has backbones with long chain branches of
at least seven (7) carbons in length, but these backbones also have short
chain branches of only six (6) carbons in length. Such
propylene/alpha-olefin copolymers are further described in details in the
U.S. Provisional Patent Application No. 60/988,999 and International Paten
Application No. PCT/US08/082599, each of which is incorporated herein by
reference. In certain other embodiments, the base polymer, e.g.
propylene/alpha-olefin copolymer, may, for example, be a semi-crystalline
polymer and may have a melting point of less than 11O0C. In preferred
embodiments, the melting point may be from 25 to 1000C. In more preferred
embodiments, the melting point may be between 40 and 850C. In other
selected embodiments, olefin block copolymers, e.g., ethylene multi-block
copolymer, such as those described in the International Publication No.
WO2005/090427 and U.S. Patent Application Serial No. 11/376,835 may be used
as the base polymer. Such olefin block copolymer may be an
ethylene/a-olefin interpolymer: (a) having a Mw/Mn from about 1.7 to about
3.5, at least one melting point, Tm, in degrees Celsius, and a density, d,
in grams/cubic centimeter, wherein the numerical values of Tm and d
corresponding to the relationship: Tm > -2002.9 + 4538.5(d) - 2422.2(d)2;
or (b) having a Mw/Mn from about 1.7 to about 3.5, and being characterized
by a heat of fusion, DH in J/g, and a delta quantity, DT, in degrees
Celsius defined as the temperature difference between the tallest DSC peak
and the tallest CRYSTAF peak, wherein the numerical values of DT and DH
having the following relationships: DT > -0.1299(DH) + 62.81 for DH greater
than zero and up to 130 J/g,DT > 48C for DH greater than 130 J/g, wherein
the CRYSTAF peak being determined using at least 5 percent of the
cumulative polymer, and if less than 5 percent of the polymer having an
identifiable CRYSTAF peak, then the CRYSTAF temperature being 30 0C; or (c)
being characterized by an elastic recovery, Re, in percent at 300 percent
strain and 1 cycle measured with a compression-molded film of the
ethylene/a-olefin interpolymer, and having a density, d, in grams/cubic
centimeter, wherein the numerical values of Re and d satisfying the
following relationship when ethylene/a-olefin interpolymer being
substantially free of a cross-linked phase: Re >1481-1629(d); or (d) having
a molecular fraction which elutes between 40 0C and 130 0C when
fractionated using TREF, characterized in that the fraction having a molar
comonomer content of at least 5 percent higher than that of a comparable
random ethylene interpolymer fraction eluting between the same
temperatures, wherein said comparable random ethylene interpolymer having
the same comonomer(s) and having a melt index, density, and molar comonomer
content (based on the whole polymer) within 10 percent of that of the
ethylene/a-olefin interpolymer; or (e) having a storage modulus at 25 0C, G
(25 0C), and a storage modulus at 100 0C, G (100 0C), wherein the ratio of
G (25 0C) to G (100 0C) being in the range of about 1:1 to about 9:1. The
ethylene/a-olefin interpolymer may also:(a) have a molecular fraction which
elutes between 40 0C and 130 C when fractionated using TREF, characterized
in that the fraction having a block index of at least 0.5 and up to about 1
and a molecular weight distribution, Mw/Mn, greater than about 1.3; or (b)
have an average block index greater than zero and up to about 1.0 and a
molecular weight distribution, Mw/Mn, greater than about 1.3. In certain
embodiments, the base polymer may, for example, comprise a polar polymer,
having a polar group as either a comonomer or grafted monomer. In exemplary
embodiments, the base polymer may, for example, comprise one or more polar
polyolefins, having a polar group as either a comonomer or grafted monomer.
Exemplary polar polyolefins include, but are not limited to,
ethylene-acrylic acid (EAA) and ethylene-methacrylic acid copolymers, such
as those available under the trademarks PRIMACOR , commercially available
from The Dow Chemical Company, NUCREL(tm), commercially available from E.I.
DuPont de Nemours, and ESCOR(tm), commercially available from ExxonMobil
Chemical Company and described in U.S. Patent Nos. 4,599,392, 4,988,781,
and 5,938,437, each of which is incorporated herein by reference in its
entirety. Other exemplary base polymers include, but are not limited to,
ethylene ethyl acrylate (EEA) copolymer, 



ethylene methyl methacrylate (EMMA), and ethylene butyl acrylate (EBA). In
one embodiment, the base polymer may, for example, comprise a polar
polyolefin selected from the group consisting of ethylene-acrylic acid
(EAA) copolymer, ethylene-methacrylic acid copolymer, and combinations
thereof, and the stabilizing agent may, for example, comprise a polar
polyolefin selected from the group consisting of ethylene-acrylic acid
(EAA) copolymer, ethylenemethacrylic acid copolymer, and combinations
thereof; provided, however, that base polymer may, for example, have a
lower acid number, measured according to D-974, that the stabilizing
agent.In certain embodiments, the base polymer may, for example, comprise a
polyester resin. Polyester resin refers to thermoplastic resins that may
include polymers containing at least one ester bond. For example, polyester
polyols may be prepared via a conventional esterification process using a
molar excess of an aliphatic diol or glycol with relation to an alkanedioic
acid. Illustrative of the glycols that can be employed to prepare the
polyesters are ethylene glycol, diethylene glycol, propylene glycol,
dipropylene glycol, 1,3-propanediol, 1,4-butanediol and other butanediols,
1,5- pentanediol and other pentane diols, hexanediols, decanediols, and
dodecanediols. In some embodiments, the aliphatic glycol may contain from 2
to about 8 carbon atoms. Illustrative of the dioic acids that may be used
to prepare the polyesters are maleic acid, malonic acid, succinic acid,
glutaric acid, adipic acid, 2-methyl-l,6-hexanoic acid, pimelic acid,
suberic acid, and dodecanedioic acids. In some embodiments, the alkanedioic
acids may contain from 4 to 12 carbon atoms. Illustrative of the polyester
polyols are poly(hexanediol adipate), poly(butylene glycol adipate),
poly(ethylene glycol adipate), poly(diethylene glycol adipate),
poly(hexanediol oxalate),and poly(ethylene glycol sebecate. Other
embodiments of the present invention use polyester resins containing
aliphatic diols such as UNOXOL (a mixture of cis and trans 1,3- and 1,,4-
cyclohexanedimethanol) available from The Dow Chemical Company (Midland,
MI). In certain embodiments, the base polymer may, for example, comprise a
thermoset material comprising an epoxy resin. Epoxy resin refers to a
composition which possesses one or more vicinal epoxy groups per molecule,
i.e. at least one 1,2-epoxy group per molecule. In general, such compound
is a saturated or unsaturated aliphatic, cycloaliphatic, aromatic or
heterocyclic compound which possesses at least one 1,2-epoxy group. Such
compound can be substituted, if desired, with one or more non-interfering
substituents, such as halogen atoms, hydroxy groups, ether radicals, lower
alkyls and the like.Illustrative epoxies are described in the Handbook
ofEpoxy Resins by H.E. Lee and K. Neville published in 1967 by McGraw-Hill,
New York and U.S. Patent No. 4,066,628, incorporated herein by reference.
Particularly useful compounds which can be used in the practice of the
present invention are epoxy resins having the following formula: wherein n
has an average value of 0 or more. The epoxy resins useful in the present
invention may include, for example, the glycidyl polyethers of polyhydric
phenols and polyhydric alcohols. As an illustration of the present
invention, examples of known epoxy resins that may be used in the present
invention, include for example, the diglycidyl ethers of resorcinol,
catechol, hydroquinone, bisphenol, bisphenol A, bisphenol AP
(l,l-bis(4-hydroxylphenyl)-l-phenyl ethane), bisphenol F, bisphenol K,
tetrabromobisphenol A, phenol-formaldehyde novolac resins, alkyl
substituted phenol-formaldehyde resins, phenol-hydroxybenzaldehyde resins,
cresol-hydroxybenzaldehyde resins, dicyclopentadienephenol resins,
dicyclopentadiene-substituted phenol resins tetramethylbiphenol,
tetramethyltetrabromobiphenol, tetramethyltribromobiphenol,
tetrachlorobisphenol A and any combination thereof. Examples of diepoxides
particularly useful in the present invention include diglycidyl ether of
2,2-bis(4-hydroxyphenyl) propane (generally referred to as bisphenol A) and
diglycidyl ether of2,2-bis(3,5-dibromo-4-hydroxyphenyl) propane (generally
referred to as tetrabromobisphenol A). Mixtures of any two or more
polyepoxides can also be used in the practice of the present invention.
Other diepoxides which can be employed in the practice of the present
invention include the diglycidyl ethers of dihydric phenols, such as those
described in U.S. Patent Nos. 5,246,751; 5,115,075; 5,089,588; 4,480, 082
and 4, 438,254, all of which are incorporated herein by reference, or the
diglycidyl esters of dicarboxylic acids such as those described in U. S.
Pat. No. 5,171,820. Other suitable diepoxides include for example,
aw-diglycidyloxyisopropylidene-bisphenol-based epoxy resins (commercially
known as D.E.R.(r) 300 and 600 series epoxy resins, products of The Dow
Chemical Company, Midland, Michigan). The epoxy resins which can be
employed in the practice of the present invention also include epoxy resins
prepared either by reaction of diglycidyl ethers of dihydric phenols with
dihydric phenols or by reaction of dihydric phenols with epichlorohydrin
(also known as "taffy resins"). Exemplary epoxy resins include, for
example, the diglycidyl ethers of bisphenol A; 4,4'- sulfonyldiphenol; 4,4-
oxydiphenol; 4,4'-dihydroxybenzophenone; resorcinol; hydroquinone; 9,9'-
bis(4-hydroxyphenyl)fluorene; 4,4'-dihydroxybiphenyl or 4,
4'-dihydroxy-a-methylstilbene and the diglycidyl esters of the dicarboxylic
acids. Other useful epoxide compounds which can be used in the practice of
the present invention are cycloaliphatic epoxides. A cycloaliphatic epoxide
consists of a saturated carbon ring having an epoxy oxygen bonded to two
vicinal atoms in the carbon ring for example as illustrated by the
following general formula:wherein R is a hydrocarbon group optionally
comprising one or more heteroatoms (such as, without limitation thereto Cl,
Br, and S), or an atom or group of atoms forming a stable bond with carbon
(such as, without limitation thereto, Si, P and B) and wherein n is greater
than or equal to 1. The cycloaliphatic epoxide may be a monoepoxide, a
diepoxide, a polyepoxide, or a mixture of those. For example, any of the
cycloaliphatic epoxide described in U.S. Patent No. 3,686,359, incorporated
herein by reference, may be used in the present invention. As an
illustration, the cycloaliphatic epoxides that may be used in the present
invention include, for example, (3,4-
epoxycyclohexyl-methyl)-3,4-epoxy-cyclohexane carboxylate,
bis-(3,4-epoxycyclohexyl) adipate, vinylcyclohexene monoxide and mixtures
thereof. 



In certain embodiments, the base polymer comprises a thermoplastic
polyurethane polymer. Such thermoplastic polyurethane polymers are
generally know, and further described, for example, in the International
Publication No. 2008/057878, incorporated herein by reference to the extent
that it describes a thermoplastic polyurethane polymer. Those having
ordinary skill in the art will recognize that the above list is a
noncomprehensive listing of exemplary base polymers. It will be appreciated
that the scope of the present invention is restricted by the claims only.
Stabilizing Agent The dispersion according to the present invention may
further comprise at least one or more stabilizing agents, also referred to
herein as dispersion agents, to promote the formation of a
stabledispersion. The stabilizing agent may preferably be an external
stabilizing agent. The dispersion of the instant invention comprises 1 to
50 percent by weight of one or more stabilizing agents, based on the total
weight of the solid content of the dispersion. All individual values and
subranges from 1 to 45 weight percent are included herein and disclosed
herein; for example, the weight percent can be from a lower limit of 1, 3,
5, 10 weight percent to an upper limit of 15, 25, 35 , 45, or 50 weight
percent. For example, the dispersion may comprise from 1 to 25, or in the
alternative from 1 to 35, or in the alternative from 1 to 40, or in the
alternative from 1 to 45 percent by weight of one or more stabilizing
agents, based on the total weight of the solid content of the dispersion.
In selected embodiments, the stabilizing agent may be a surfactant, a
polymer, or mixtures thereof. In certain embodiments, the stabilizing agent
can be a polar polymer, having a polar group as either a comonomer or
grafted monomer. In exemplary embodiments, the stabilizing agent comprises
one or more polar polyolefins, having a polar group as either a comonomer
or grafted monomer. Exemplary polymeric stabilizing agents include, but are
not limited to, ethylene-acrylic acid (EAA) and ethylene-methacrylic acid
copolymers, such as those available under the trademarks PRIMACOR ,
commercially available from The Dow Chemical Company, NUCREL , commercially
available from E.I. DuPont de Nemours, and ESCOR(tm), commercially
available from ExxonMobil Chemical Company and described in U.S. Patent
Nos. 4,599,392, 4,988,781, and 5,938,437, each of which is incorporated
herein by reference in its entirety. Other exemplary polymeric stabilizing
agents include, but are not limited to, ethylene ethyl acrylate (EEA)
copolymer, ethylene methyl methacrylate (EMMA), and ethylene butyl acrylate
(EBA). Other ethylene-carboxylic acid copolymer may also be used. Those
having ordinary skill in the art will recognize that a number of other
useful polymers may also be used.Other stabilizing agents that may be used
include, but are not limited to, long chain fatty acids, fatty acid salts,
or fatty acid alkyl esters having from 12 to 60 carbon atoms. In other
embodiments, the long chain fatty acid or fatty acid salt may have from 12
to 40 carbon atoms. The stabilizing agent may be partially or fully
neutralized with a neutralizing agent. In certain embodiments,
neutralization of the stabilizing agent, such as a long chain fatty acid or
EAA, may be from 25 to 200 percent on a molar basis; or in the alternative,
it may be from 50 to 110 percent on a molar basis. For example, for EAA,
the neutralizing agent may be a base, such as ammonium hydroxide or
potassium hydroxide, for example. Other neutralizing agents can include
lithium hydroxide or sodium hydroxide, for example. In another alternative,
the neutralizing agent may, for example, be a carbonate. In another
alternative, the neutralizing agent may, for example, be any amine such as
monoethanolamine, or 2-amino-2-methyl-l-propanol (AMP). Amines useful in
embodiments disclosed herein may include monoethanolamine, diethanolamine,
triethanolamine, and TRIS AMINO (each available from Angus), NEUTROL TE
(available from BASF), as well as triisopropanolamine, diisopropanolamine,
and N,N-dimethylethanolamine (with the exception of
N,N-dimethylethanolamine, each available from The Dow Chemical Company,
Midland, MI). Other useful amines may include ammonia, monomethylamine,
dimethylamine, trimethylamine, monoethylamine, diethylamine, triethylamine,
mono-n-propylamine, dimethyl-n propylamine, Nmethanol amine,
N-aminoethylethanolamine, N-methyldiethanolamine, monoisopropanolamine,
N,N-dimethyl propanolamine, 2-amino-2-methyl-l-propanol,
tris(hydroxymethyl)-aminomethane, N,N,N'N'-tetrakis(2-hydroxylpropyl)
ethylenediamine, 1.2-diaminopropane. In some embodiments, mixtures of
amines or mixtures of amines and surfactants may be used. Those having
ordinary skill in the art will appreciate that the selection of an
appropriate neutralizing agent depends on thespecific composition
formulated, and that such a choice is within the knowledge of those of
ordinary skill in the art. Additional stabilizing agents that may be useful
in the practice of the present invention include, but are not limited to,
cationic surfactants, anionic surfactants, or non-ionic surfactants.
Examples of anionic surfactants include, but are not limited to,
sulfonates, carboxylates, and phosphates. Examples of cationic surfactants
include, but are not limited to, quaternary amines. Examples of non-ionic
surfactants include, but are not limited to, block copolymers containing
ethylene oxide and silicone surfactants. Stabilizing agents useful in the
practice of the present invention can be either external surfactants or
internal surfactants. External surfactants are surfactants that do not
become chemically reacted into the base polymer during dispersion
preparation. Examples of external surfactants useful herein include, but
are not limited to, salts of dodecyl benzene sulfonic acid and lauryl
sulfonic acid salt. Internal surfactants are surfactants that do become
chemically reacted into the base polymer during dispersion preparation. An
example of an internal surfactant useful herein includes 2,2-dimethylol
propionic acid and its salts. Additional surfactants that may be useful in
the practice of the present invention include cationic surfactants, anionic
surfactants, non-ionic surfactants, or combinations thereof. Various
commercially available surfactants may be used in embodiments disclosed
herein, including: OP-100 (a sodium stearate), OPK-1000 (a potassium
stearate), and OPK-181 (a potassium oleate), each available from RTD
Hallstar; UNICID 350, available from Baker Petrolite; DISPONIL FES 77-IS
and DISPONIL TA- 430, each available from Cognis; RHODAPEX CO-436,
SOPROPHOR 4D384, 3D-33, and 796/P, RHODACAL BX-78 and LDS-22, RHODAFAC
RE-610, and RM-710, and SUPRAGIL MNS/90, each available from Rhodia; and
TRITON QS-15, TRITON W-30, DOWFAX 2Al, DOWFAX 3B2, 



DOWFAX 8390, DOWFAX C6L, TRITON X-200, TRITON XN-45S, TRITON H-55,
TRITONGR-5M, TRITON BG-IO, and TRITON CG-110, each available from The Dow
Chemical Company, Midland, Michigan. Fluid Medium The dispersion further
comprises a fluid medium. The fluid medium may be any medium; for example,
the fluid medium may be water. The dispersion of the instant invention
comprises 35 to 80 percent by volume of fluid medium, based on the total
volume of the dispersion. In particular embodiments, the water content may
be in the range of from 35 to 75, or in the alternative from 35 to 70, or
in the alternative from 45 to 60 percent by volume, based on the total
volume of the dispersion. Water content of the dispersion may preferably be
controlled so that the solids content (base polymer plus stabilizing agent)
is between about 1 percent to about 74 percent by volume. In particular
embodiments, the solids range may be between about 10 percent to about 70
percent by volume. In other particular embodiments, the solids range is
between about 20 percent to about 65 percent by volume. In certain other
embodiments, the solids range is between about 25 percent to about 55
percent by volume. Additional components The dispersion according to the
present invention may further comprise optionally one or more binder
compositions such as acrylic latex, vinyl acrylic latex, styrene acrylic
latex, vinyl acetate ethylene latex, and combinations thereof; optionally
one or more fillers; optionally one or more additives; optionally one or
more pigments, e.g. titanium dioxide, mica, calcium carbonate, silica, zinc
oxide, milled glass, aluminum trihydrate, talc, antimony trioxide, fly ash,
and clay; optionally one or more co-solvents, e.g. glycols, glycol ether,
2,2,4-trimethyl-l,3-pentanediol monoisobutyrate, alcohols, mineral spirits,
and benzoate esters; optionally one or more dispersants, e.g.
aminoalcohols, and polycarboxylates; optionally one or more surfactants;
optionally one or moredefoamers; optionally one or more preservatives, e.g.
biocides, mildewcides, fungicides, algaecides, and combinations thereof;
optionally one or more thickeners, e.g. cellulosic based thickeners such as
hydroxyethyl cellulose, hydrophobically modified alkali soluble emulsions
(HASE thickeners such as UCAR POLYPHOBE TR- 116) and hydroobically modified
ethoxylated urethane thickeners (HEUR); or optionally one or more
additional neutralizing agents, e.g. hydroxides, amines, ammonia, and
carbonates. Additional Colorant Components Embodiments of the present
invention may also employ a colorant as part of the dispersion. A variety
of colors may be used. Examples include colors such as yellow, magenta, and
cyan. As a black coloring agent, carbon black, and a coloring agent toned
to black using the yellow/magenta/cyan coloring agents shown below may be
used. Colorants, as used herein, include dyes, pigments, and
predispersions, among others. These colorants may be used singly, in a
mixture, or as a solid solution. In various embodiments, pigments may be
provided in the form of raw pigments, treated pigments, pre-milled
pigments, pigment powders, pigment presscakes, pigment masterbatches,
recycled pigment, and solid or liquid pigment predispersions. As used
herein, a raw pigment is a pigment particle that has had no wet treatments
applied to its surface, such as to deposit various coatings on the surface.
Raw pigment and treated pigment are further discussed in PCT Publication
No. WO 2005/095277 and U.S. Patent Application Publication No. 20060078485,
the relevant portions of which are incorporated herein by reference. In
contrast, a treated pigment may have undergone wet treatment, such as to
provide metal oxide coatings on the particle surfaces. Examples of metal
oxide coatings include alumina, silica, and zirconia. Recycled pigment may
also be used as the starting pigment particles, where recycled pigment is
pigment after wet treatment of insufficient quality to be sold as coated
pigment.Exemplary colorant particles include, but are not limited to,
pigments such as yellow coloring agent, compounds typified by a condensed
azo compound, an isoindolynone compound, an anthraquinone compound, an
azometal complex methine compound, and an allylamide compound as pigments
may be used. As a magenta coloring agent, a condensed azo compound, a
diketopyrrolopyrrole compound, anthraquinone, a quinacridone compound, a
base dye lake compound, a naphthol compound, a benzimidazolone compound, a
thioindigo compound, and a perylene compound may be used. As a cyan
coloring agent, a copper phthalocyanine compound and its derivative, an
anthraquinone compound, a base dye lake compound, and the like may be used.
Forming the Dispersion The dispersion according to the present invention
can be formed by any number of methods recognized by those having skill in
the art. In one embodiment, one or more base polymers, one or more
subparticles, and optionally one or more stabilizing agents are
melt-kneaded in an extruder along with water and a neutralizing agent, such
as ammonia, potassium hydroxide, or a combination of the two to form a
dispersion. In another embodiment, one or more base polymers and one or
more subparticles are compounded, and then the base polymer/subparticles
compound is meltkneaded in an extruder in the presence of an optional
stabilizing agent, water, and one or more neutralizing agents thereby
forming a dispersion. In some embodiments, the dispersion is first diluted
to contain about 1 to about 3% by weight water and then, subsequently,
further diluted to comprise greater than about 25% by weight water. Any
melt-kneading means known in the art may be used. In some embodiments, a
kneader, a BANBURY(r) mixer, single-screw extruder, or a multi-screw
extruder, e.g. a twin screw extruder, is used. A process for producing the
dispersions in accordance with the present invention is not particularly
limited. For example, an extruder, in certain embodiments, for example, a
twin screwextruder, is coupled to a back pressure regulator, melt pump, or
gear pump. Exemplary embodiments also provide a base reservoir and an
initial water reservoir, each of which includes a pump. Desired amounts of
base and initial water are provided from the base reservoir and the initial
water reservoir, respectively. Any suitable pump may be used, but in some
embodiments, for example, a pump that provides a flow of about 150 cc/min
at a pressure of 240 bar is used to provide the base and the initial water
to the extruder. In other embodiments, a liquid injection pump provides a
flow of 300 cc/min at 200 bar or 600 cc/min at 133 bar. In some
embodiments, the base 



and initial water are preheated in a preheater. One or more base polymers,
in the form of pellets, powder, or flakes, are fed from the feeder to an
inlet of the extruder where the resin is melted or compounded. One or more
subparticles may be fed simultaneously with one or more base polymers into
the extruder via the feeder; or in the alternative, one or more
subparticles may be compounded into one or more base polymers, and then fed
into the extruder via the feeder. In the alternative, additional one or
more subparticles may further be metered via an inlet prior to the
emulsification zone into the molten compound comprising one or more base
polymers and optionally one or more subparticles. In some embodiments, the
dispersing agent is added to one or more base polymers through and along
with the resin and in other embodiments, the dispersing agent is provided
separately to the twin screw extruder. The resin melt is then delivered
from the mix and convey zone to an emulsification zone of the extruder
where the initial amount of water and base from the water and base
reservoirs are added through an inlet. In some embodiments, dispersing
agent may be added additionally or exclusively to the water stream. In some
embodiments, further dilution water may be added via water inlet from water
reservoir in a dilution and cooling zone of the extruder. Typically, the
dispersion is diluted to at least 30 weight percent water in the cooling
zone. In addition, the diluted mixture may be diluted any number oftimes
until the desired dilution level is achieved. In some embodiments, water is
not added into the twin screw extruder but rather to a stream containing
the resin melt after the melt has exited from the extruder. In this manner,
steam pressure build-up in the extruder is eliminated and the dispersion is
formed in a secondary mixing device such as a rotor stator mixer. In one
embodiment, the present invention further provides a process for producing
a dispersion comprising the steps of (1) selecting one or more subparticles
having an average particle size diameter in the range of 0.01 to 9 mm; (2)
selecting one or more base polymers; (3) selecting one or more stabilizing
agents; (4) selecting a liquid media comprising water; (5) optionally
selecting one or more neutralizing agents; (6) melt-blending the one or
more base polymers in the presence of the one or more one or more
subparticles; (7) thereby at least partially encapsulating the one or more
subparticles with the one or more base polymers; (8) contacting said at
least partially encapsulated one or more subparticles with the liquid media
and the one or more stabilizing agents and optionally the one or more
neutralizing agents; (9) thereby dispersing said at least partially
encapsulated one or more subparticles; wherein said at least partially
encapsulated subparticles have an average particle size diameter in the
range of 0.05 to 10 mm in the liquid media; and (10) thereby forming the
dispersion. End-use Applications The dispersions of the present invention
may be used, for example, in different coating applications such as
architectural coating applications, automotive coating applications, paper
coating applications, seed coating applications, conductive coatings and
industrial coating applications, adhesives applications, sealant
applications, foam applications, toner applications, and controlled
released coating applications.Examples The following examples illustrate
the present invention but are not intended to limit the scope of the
invention. Inventive dispersion samples 1-4 Inventive dispersion samples
1-4 were prepared according to the following process. Inventive dispersion
sample 1 Aqueous dispersions of TiO encapsulated by AFFINITY GA 1900, an
ethylene/octene copolymer having a density of approximately 0.87 g/cm3,
available from The Dow Chemical Company, were prepared via an extruder
where 50 g/min of AFFINITY GA 1900 resin, 116 g/min of TiO (TI-PURE
R-902plus, available from DuPont Corporation) and 6 g/min of the surfactant
Pluronic F-108, available from BASF, were fed into a twin screw extruder to
melt the resin and surfactant and incorporate the TiO2. The resin/TiO
2/surfactant melt blend was forwarded and combined with 8.8 ml/min water
and 6.4 g/min of the surfactant DOWFAX 2Al, available from The Dow Chemical
Company. The resulting aqueous dispersion was forwarded within the extruder
to the dilution zone where additional water was added to adjust the solids
level to 56.1 weight percent. The product was cooled, and exited out of the
extruder into a collection vessel. The resulting product had an average
particle size diameter of 0.46 microns. A summary of the dispersion
components is reported in Table 1. The tested properties of the inventive
dispersions are reported in Table II. Inventive dispersion sample 2 Aqueous
dispersions of TiO2 encapsulated with PRIMACOR ethylene acrylic acid
copolymer were prepared via an extruder where 50 g/min of PRIMACOR 598Oi ,
available from The Dow Chemical Company, and 118 g/min of TiO2 (TI-PURE
R-902plus, available for DuPontCorporation) were fed into a twin screw
extruder to melt the resin and incorporate the TiO . The resin/TiO 2 melt
blend was forwarded and combined with 16 ml/min water containing 7 g/min of
potassium hydroxide. The resulting aqueous dispersion was forwarded within
the extruder to the dilution zone where additional water was added to
adjust the solids level to 48.9 weight percent. The product was cooled and
exited out of the extruder into a collection vessel. The resulting product
had an average particle size diameter of 0.48 microns. A summary of the
dispersion components is reported in Table 1. The tested properties of the
inventive dispersions are reported in Table II. Inventive dispersion sample
3 Aqueous dispersions of TiO2 encapsulated with polyester resin were
prepared via an extruder where 29 g/min of FINETONE T-382-ES, available
from Reichhold Chemical Company, and 24 g/min of TiO2 (TI-PURE R-902plus,
available from DuPont Corporation) were fed into a twin screw extruder to
melt the resin and incorporate the TiO2. The resin/TiO 2 melt blend was
forwarded and combined with 13.5 ml/min water containing 1 g/min of
triethanolamine. The resulting aqueous dispersion was forwarded within the
extruder to the dilution zone where additional water was added to adjust
the solids level to 38.7 weight percent. The product was cooled and exited
the extruder into 



a collection vessel. The resulting product had an average particle size
diameter of 0.58 microns. A summary of the dispersion components is
reported in Table 1. The tested properties of the inventive dispersions are
reported in Table II. Inventive dispersion sample 4 An aqueous dispersions
of nanofine TiO2 encapsulated with PRIMACOR ethylene acrylic acid copolymer
was prepared via an extruder where 32.5 g/min of PRIMACOR 598Oi, available
from The Dow Chemical Company, and 21.7 g/min of nanofine TiO2 (TAYCA
MTlOOTV, available from Presperse, Inc.) were fed into a twin screw
extruder to melt the resin and incorporate thenanofine TiO . The
resin/nanofine TiO melt blend was forwarded and combined with 17.6 ml/min
water containing 3.6 g/min of potassium hydroxide. The resulting aqueous
dispersion was forwarded within the extruder to the dilution zone where
additional water was added to adjust the solids level to 40.3 weight
percent. The product was cooled and exited out of the extruder into a
collection vessel. The resulting product had an average particle size
diameter of 0.1 microns. A summary of the dispersion components is reported
in Table 1. The tested properties of the inventive dispersions are reported
in Table II. Table ITable IIInventive Coating Compositions 1-8 Inventive
coating compositions 1-8 were prepared utilizing inventive dispersion
sample 1, as described hereinabove, according to the following process.
Initial masterbatch solutions consisting of an initial grind step where the
inventive dispersion sample 1, a UCAR POLYPHOBE TR-1 16 thickener, water
and base were added and mixed for 10 minutes at 1500 RPM with a Cowles
blade. Additional latex and water was then added during mixing with a
propeller type blade at 400 RPM. The masterbatch solutions were blended to
obtain the desired range of pigment concentrations resulting in the final
formulations listed in Table III. The formulation components of inventive
coating compositions 1-8 are reported in Table III. The opacity properties
of the inventive compositions 1-8 were also tested, and further reported in
Table III, and Fig. 2.Table III PVC = Volume of TiO2/ (Total Volume of
Solids) * 100Inventive Coating Compositions 9-16 Inventive coating
compositions 9 -16 were prepared using inventive dispersion sample 2
without any stabilizing agent according to the following process. Initial
masterbatch solutions consisting of an initial grind step where the
inventive dispersion sample 1, CELLOSIZE QP 4400H HEC thickener, water and
base (AMP-95) were added and mixed for 10 minutes at 1500 RPM with a Cowles
blade. Additional latex and water was then added during mixing with a
propeller type blade at 400 RPM. The masterbatch solutions were blended to
obtain the desired range of pigment concentrations resulting in the final
formulations listed in Table IV. The formulation components of inventive
coating compositions 9-16 are reported in Table IV. The opacity properties
of the inventive compositions 9-16 were also tested, and further reported
in Table IV, and Fig. 2.Table IV PVC = Volume of TiO2/ (Total Volume of
Solid) * 100Comparative Coating Compositions 1-7 Comparative coating
compositions 1-7 were prepared according to the following process.
Comparative coating compositions 1-7 were prepared by first formulating a
set of masterbatches. Initial masterbatch solutions consisted of an initial
grind step where the TI-PURE R-942 TiO dispersion, commercially available
from Du Pont Corporation, CELLOSIZE QP 4400H HEC thickener, water and a
base (AMP-95) were added and mixed for 10 minutes at 1500 RPM with a Cowles
blade. Additional latex and water were then added during mixing with a
propeller type blade at 400 RPM. The masterbatch solutions were blended to
obtain the desired range of pigment concentrations resulting in the final
formulations listed in Table V. The formulation components of comparative
coating compositions 1-7 are reported in Table V. The opacity properties of
the comparative compositions 1-7 were also tested, and further reported in
Table V, and Fig. 2.TableVInventive dispersion samples 5-8 Inventive
Dispersions 5-8 were made according to the following process. Inventive
dispersion samples 5-6 The inventive dispersions were made according to the
following procedure. One or more base polymer resins, one or more polymeric
stabilizing agent resins, and one or more hydrophobic particulate fillers,
as shown in Table VI, were selected, and fed into a twin screw extruder
simultaneously. Pellets of AFFINITY 8200 and pellets of PREVIACOR 5980 were
physically mixed together in a ratio of 85 parts AFFINITY to 15 parts
PREVIACOR 5980 prior to addition to the extruder with a Schenck Mechatron
loss in weight solids feeder. The pressure in the extruder was maintained
at 300 psi throughout the run. These components were melt blended in the
compounding zone of the extruder thereby forming a melt blended compound.
Subsequently, water and base was metered into the extruder, and the melt
blended compound was contacted with water in the presence of the base.
Further water was metered into the extruder thereby further diluting the
dispersion. The formulations for inventive dispersions are reported in
Table VI. The extrusion conditions are reported in Table VII. The inventive
dispersions were tested for their properties, and those properties are
listed in Table VIII. The inventive dispersions were applied to a
cellulosic based substrate, i.e. paper boards supplied from Stora Enso Oyj.
Having a gramage of approximately 240 g/m2. The properties of the inventive
coated substrates 1-2 were tested, and reported in Table IX. The
comparative dispersions were made according to the following procedure. One
or more base polymer resins, and one or more polymeric stabilizing agent
resins, as shown in Table VI, were selected, and fed into a twin screw
extruder simultaneously. These components were and melt blended in the
compounding zone of the extruder thereby forming a melt blended
compound.Subsequently, water and base was metered into the extruder, and
the melt blended compound was contacted with water in the presence of the
base. Further water is metered into the extruder thereby further diluting
the dispersion. The formulation components for comparative dispersions are
reported in Table VI. The extrusion conditions are shown in Table VII. The
comparative dispersions were tested for their properties, and those
properties are listed in Table VIII. The comparative dispersions were
applied to cellulosic based substrates, i.e. paper boards supplied from
Stora Enso Oyj. Having a grammage of approximately 240 g/m . The properties
of the comparative coated substrates 1-3 were tested, and reported in Table
IX. 



Inventive dispersion sample 7 This inventive dispersion was made according
to the following procedure. One or more base polymer resins, one or more
polymeric stabilizing agent resins, and one or more hydrophobic particulate
fillers, as shown in Table VI, were selected, and fed into a twin screw
extruder simultaneously. Specifically pellets of PRIMACOR 3150 and pellets
of PREVIACOR 5980 were physically mixed together in a ratio of 70 parts
PRIMACOR 3150 to 30 parts PREVIACOR 5980 prior to addition to the extruder
with a Schenck Mechatron loss in weight solids feeder. The pressure in the
extruder was maintained at 300 psi throughout the run. These components
were melt blended in the compounding zone of the extruder thereby forming a
melt blended compound. Subsequently, water and base was metered into the
extruder, and the melt blended compound was contacted with water in the
presence of the base. Further water was metered into the extruder thereby
further diluting the dispersion. The formulations for inventive dispersions
are reported in Table VI. The extrusion conditions are reported in Table
VII.Inventive dispersion sample 8 This inventive dispersion was made
according to the following procedure. One or more base polymer resins, one
or more polymeric stabilizing agent resins, and one or more hydrophobic
particulate fillers, as shown in Table VI, were selected, and fed into a
twin screw extruder simultaneously. Specifically pellets of PRIMACOR 5980
were added to the extruder with a Schenck Mechatron loss in weight solids
feeder. The pressure in the extruder was maintained at 300 psi throughout
the run. These components were melt blended in the compounding zone of the
extruder thereby forming a melt blended compound. Subsequently, water and
base was metered into the extruder, and the melt blended compound was
contacted with water in the presence of the base. Further water was metered
into the extruder thereby further diluting the dispersion. The formulations
for inventive dispersions are reported in Table VI. The extrusion
conditions are reported in Table VII.Table VITable VIITable VIII 3M Kit
Rating Test Results Table IXInventive dispersion sample 9 Aqueous
dispersions of pigments with polyolefin resins were prepared via an
extruder where 30 g/min of PRIMACOR 598Oi, available from The Dow Chemical
Company, and 70 g/min of a low density polyethylene based red pigment color
concentrate (15151 Red PE MB, available from Ampacet Corporation) were fed
into a twin screw extruder to melt the resin and incorporate the pigment.
The resin/pigment melt blend was forwarded and combined with 14.7 ml/min of
a 26.3wt% potassium hydroxide solution. The resulting aqueous dispersion
was forwarded within the extruder to the dilution zone where additional
water was added to adjust the solids level to 35.0 weight percent. The
product was cooled and exited the extruder into a collection vessel. The
subparticle types, grades, and Average Particle Size (in microns) for
inventive dispersion samples 1-9 are reported in Table X. Table XTest
Methods Test methods include the following: The Cobb water resistance test
was measured via Tappi Test Method T 441 om-90 under the following
conditions for coated paperboards: - Test period: 2 minutes - Sample size:
13 cm2 - Amount of deionized water: 100 ml The oxygen transmission rate
(OTR) measurement was performed by measuring oxygen permeability using a
measuring apparatus (Model OX-TRAN Model 2/21, manufactured by Mocon, Inc.)
at a temperature of 23 0C and a relative humidity (RH) of 50 percent.
Within this instrument, each measurement unit is composed of two cells,
which are separated by the sample. In one cell carrier gas (nitrogen) is
routed, where the other cell is flushed with a test gas (oxygen). Both
gases have a defined temperature and relative humidity (RH). After the
measurement is started, oxygen is allowed to enter the Coulox sensor. This
sensor, when exposed to oxygen, generates an electrical current which is
proportional to the amount of oxygen entered. The water vapor transmission
rate (WVTR) was measured using ASTM E96- 80 dish test. The test measures
the transmission of moisture from a wet chamber through a test specimen
(sheet) and into a dry chamber containing a desiccant. 3M Kit Test Grease
and oil kit testing liquids are made according to formulas shown in Table
XL Castor oil (USP Grade 99-100%), toluene (ACS Grade, 99.5% min. by gas
chromatography), heptane (Reagent grade, 99.9% min. with 99.0% n-heptane)
are purchased from VWR International.TableXI The oil and grease resistance
"Kit Test" is performed on the samples according to TAPPI UM 557
"Repellency of Paper and Board to Grease, Oil, and Waxes (Kit Test)." The
Kit Test is a procedure for testing the degree of repellency of paper or
paperboard having a coating. The Kit Test i s conducted as follows. Obtain
five representative samples (5.08 cm x 5.08 cm) of each of the coated base
papers. Deposit one drop of the Kit Rating Number test reagent onto a flat
surface of the coated base paper having the coating composition of the
present disclosure from a height of 2.54 cm. After 15 seconds, wipe away
the excess Kit Rating Number test reagent with a clean tissue or cotton
swatch. Immediately examine the surface of the coated base paper. The
coated base paper is assigned a failure if the test surface shows a
pronounced darkening as compared to an untested coated base paper. If,
however, the coated base paper passes, repeat the above described test with
a new sample of coated base paper with the next higher Kit Rating Number
test reagent until a failure Kit Rating Number test reagent is found. The
average of the five highest passing Kit Rating Number test reagent rounded
to the nearest 0.5 is reported as the flat Kit Rating Number for the
coating composition on the coated base paper. The present invention may be
embodied in other forms without departing from the spirit and 



the essential attributes thereof, and, accordingly, reference should be
made to the appended claims, rather than to the foregoing specification, as
indicating the scope of the invention.We Claim: 1. A process for producing
a dispersion comprising the steps of: selecting one or more subparticles
having an average particle size diameter in the range of 0.01 to 9 mm;
selecting one or more base polymers; selecting one or more stabilizing
agents; selecting a liquid media comprising water; optionally selecting one
or more neutralizing agents; melt-blending said one or more base polymers
in the presence of said one or more one or more subparticles; thereby at
least partially encapsulating said one or more subparticles with said one
or more base polymers; contacting said at least partially encapsulated one
or more subparticles with said liquid media and said one or more
stabilizing agents and optionally one or more neutralizing agents;
dispersing said at least partially encapsulated one or more subparticles in
said liquid media; wherein said at least partially encapsulated inorganic
particles have an average particle size diameter in the range of 0.05 to 10
mm and thereby forming said dispersion; 2. A dispersion comprising: one or
more subparticles:one or more base polymers at least partially
encapsulating said one or more subparticles; wherein said at least
partially encapsulated one or more subparticles have an average particle
size diameter in the range of 0.05 to 10 mm; one or more stabilizing
agents; and a liquid media comprising water. 


